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Abstract

Purpose:

Re-irradiation for locally recurrent nasopharyngesicinoma (NPC) is challenging as prior
radiation dose delivered in the first course igoftlose to the tolerance limit of surrounding
normal structures. A delicate balance between sitigdocal salvage and minimizing treatment
toxicities is needed. However, high-level evideisckacking as available reports are mostly
retrospective studies on small series of patighisgmatic consensus guidelines, based on an
extensive literature search and the pooling ofiop# by leading specialists, will provide a

useful reference to assist decision-making foretficult decisions.

Methods and Materials:

A thorough review of available literature on reeummtrNPC was conducted. A set of questions
and preliminary draft guideline was circulated tpamel of international specialists with
extensive experience in this field for voting omttoversial areas and comments.

A refined second proposal, based on a summaryeahttial voting and different opinions
expressed, was re-circulated to the whole panekfaew and reconsideration. The current

guideline was based on majority voting followingeated iteration for final agreement.

Results:

The initial round of questions showed variationslinical practice even among the specialists,
reflecting the lack of high-quality supporting datad the difficulties in formulating clinical
decisions. Through exchange of comments and teratvisions, recommendations with high-
to-moderate agreement were formulated on geneathtient strategies and details of re-

irradiation (including patient selection, targetsitouring, dose prescription and constraints).

Conclusion:

This paper provides useful reference on radicakbsm treatment strategies for recurrent NPC
and optimization of re-irradiation through revieWwpoiblished evidence and consensus building.
However, the final decision by the attending climcmust include full consideration of an
individual patient’s conditions, understanding loé delicate balance between risk and benefits,

and acceptance of risk of complications.



Introduction

Management of recurrent nasopharyngeal carcinorR&Ns one of the most difficult
challenges. With complex problems related to tlkateon doses to various organs at risk (OAR)
by the primary course of treatment, individualimgic radio-biologic characteristics, extent and
location of the recurrent tumor, there is no ‘omeedits-all’ treatment. The decision on trade-off
between the chance of salvage and the risk ofisetaxicity is a daunting dilemma both to the
oncologist and the affected patient [1,2]. Unfodtaty, because high-quality data on optimal
treatment are lacking, it is almost impossibledme-up with a good evidence-based guideline.
Amidst all the uncertainties, it is especially \athle to provide a pragmatic reference for clinical
consideration by gathering the views from expemehgpecialists to build a consensus

‘recommendation’.

This guideline is a continuation of our effortsdievelop international guidelines on the
delineation of the clinical target volumes (CTV] ghd on dose prioritization and acceptance
criteria in radiotherapy planning for primary tneent of NPC [4]. The panel consists of top
opinion leaders from major centres in Asia, Ausardlorth America, Middle East and Europe.
Our objective is to provide a practical refererfa®tigh a comprehensive review of existing

literatures and sharing of different views on cowérsial areas in re-irradiation.

M ethodology

The following processes were used for evidencechegay and development of the guideline:
First, an initial literature search (conducted b¥)Xn clinical outcomes of recurrent NPC
treated with re-irradiation (re-RT) was performedJune 2020 in PubMed, Scopus and
EMBASE using the following search terms: “nasophgeal carcinoma” OR “npc” OR
nasopharyngeal cancer” AND “intensity-modulatedatdn therapy” OR “imrt” OR “intensity-
modulated radiotherapy” AND “re-irradiation” ANDdtal recurrence” (Supplementary Figure 1
& Supplementary Table 1). Articles from January @8® June 2020 were reviewed by YY and
ZZ independentlywe included both prospective studies and retrospective stwdignsreported
survival and/or toxicity outcomes and articles teritin English for synthesizing the evidence on
specific issues relating to treatment strateggeidelineation, dose prescription and OAR dose

constraint criteria. We then summarized these ssgue a preliminary list of questions, which



was then circulated to international specialistdridial voting and exchange of comments based
on a modified Delphi process [5,6]. Next, a parfehternational specialists was convened to
develop the guideline. To ensure appropriate recenaations with international representation,
criteria were set to include only members with prailons on treatment outcome (tumour
control and toxicity), and/or extensive experieapecific to NPC in major academic centers
from different parts of the world (including Asiléliddle East/Mediterranean Region, Oceania,
Europe and North America).

Based on the summary of feedback through repetedions, a list of questions on
controversial issues was re-circulated for a secondd of voting if the agreement was below
85%. The respective degree of agreement on eactisdisd item was defined as higl8%%
agreement), moderate (75-84%) or low (<75%), amlimprevious consensus guideline [3], to
reflect the strength of each recommendation. Thosgss is adopted as the consensus-building
form the fundamental bases for the recommendagiven the scarcity of high-quality, level 1,
published data on this clinical problem [5,7].

The strength of the recommendations was rated dicgpto the Grading of
Recommendations Assessment, Development and Enasl{@&RADE) system (Supplementary
Table 2) [8]. The GRADE level of evidence assigfe@deach question was initially discussed
and drafted by the three senior authors (XX, YY);4&4#d circulated to all the authors as part of
the manuscript review. There were no objectionshanges to the suggested GRADE
assignments. The percentages of agreement amopgrieemembers in the final vote (together
with the exact number of votes) were listed inrr@nuscript and Table 1-2.

Results (Table 1) and Discussion on the Recommendations
General principlesin primary treatment modality for resectable recurrence

1. The preferred option is surgical resection, provided that expertise is available and clear
margin is likely to be achievable, to avoid the added morbidities associated with second
course radiotherapy [ Consensus. high (24 of 24 voters, 100%), GRADE of recommendation:
High],

2. For patients who are salvaged by surgery, re-RT should be considered for positive resection



margin [ Consensus. high (24 of 24 voters, 100%), GRADE of recommendation: High] ,;

3. For patients who are salvaged by surgery, re-RT should be considered for resection margin
less than 2-5mm [ Consensus. moderate (19 of 24 voters, 79%), GRADE of recommendation:

Moderate] .

Upon the diagnosis of local recurrence, thorougtessment of physical condition and re-staging
are needed. In addition to magnetic resonance mgg®RI) + computed tomography (CT)
scanning of the head and neck region, full metiastairk-up, preferably by°F-
fluorodeoxyglucose'fF-FDG) positron emission tomography (PET)-CT sésingeded to

exclude concomitant nodal and/or distant metasf&eshe role of plasma Epstein Barr Virus
(EBV) DNA for the detection of local recurrencdess well defined as only about 50% of cases

have detectable levels [10].

The interval from the primary course and detailtheftreatment [both radiotherapy (RT)
and chemotherapy] given should be reviewed. It bélluseful to retrieve the original RT plan to
assess whether the recurrence is likely to rept@sgaographical miss or failure within the high
dose zone, which would be suggestive of radiot&ste. Furthermore, it is important to know
the doses given to the OARs and the late toxicétie=sady incurred by the primary course. All
patients with local recurrence should ideally benatged by a multi-disciplinary team. Other
important factors including age, performance statasmorbidities and patient’s preference
should also be considered in decision-making. Bisicin with the patient and family about the
trade-offs on benefit/risk is always crucial. Theaf decision on trade-off depends on what the

patient accepts rather than what the clinician iclems as ‘acceptable’.

While our panel unanimously agrees that surgetlyaddreatment of choice for resectable
recurrence [1,11-14], the availability of surgieapertise is a serious consideration. In the study
by Ng et al. [2] on the patterns of care and trestihoutcomes for local recurrence of NPC in
Hong Kong, where experienced surgical expertisaaslable, only 31% of recurrent NPC had
surgical salvage. Among the patients treated bgesyr the outcomes were encouraging with 5-
year post-recurrence survival of 56% and peri-dperdareatment mortality of 2.4%. Hence,

surgical option should be discussed with patienukhexpertise be available.

Due to the anatomical location of the nasophargpen surgical approach is always

challenging, given the need to dissect throughtamtial normal tissue, much of which may



have been previously irradiated, in order to actiessliseased area [15]. It is thus preferable that
the surgical procedure is performed by someone veth experience in skull base surgery. With
the advancement in endoscopic instruments, conteanpoase series based on endoscopic
approach have reported comparable local contrdl significantly fewer morbidities compared
with re-RT [12,16,17]. Irrespective of which sut@i@approach is adopted, patient selection is of
utmost importance. Careful preoperative assessamehplanning are needed in order to

maximize the chance of achieving clear resectiorgma

With regards to the indication for post-operativi, Bhere is little controversy that R1
resection mandates additional treatment [18], tastéontroversial in the situation of ‘close
margin’. Opinions vary widely from liberal use adgioperative radiotherapy irrespective of
margin status, margin less than 2 to 5 mm, or wilttihg re-RT so long as the final resection
margin is negative regardless of the proximity aénmscopic tumor. The reasons for such
discrepancies include concerns about differenticalrgpproaches (open vs endoscopic),
accuracy of margin assessment (especially vehdahoc resection might not be easily performed
with endoscopic resection), patient’s performaragus, and toxicities due to prior RT. While no
specific study for NPC has been reported, a rangeadrstudy on patients with salvage surgery
for other head and neck cancers showed that addifipostoperative re-RT combined with
chemotherapy resulted in significantly increasbath acute and late toxicity (3996 10% at 2
years post-treatment) without any OS benefit whampared with salvage surgery alone [19].
Clearly, a comprehensive multi-disciplinary diséarsswith the operating surgeon, diagnostic

radiologist and pathologist is needed.

It should be noted that re-RT (including the useraichytherapy [20] and stereotactic
radiotherapy [21]) have been shown to be a higfigctve treatment for small and potentially
resectable recurrences. Though there were conabma increased risks of late toxicities from
two courses of treatment, re-RT remains a valuapi®n especially in areas where surgical

expertise is limited or unavailable.

Consideration for avoiding radical re-irradiation

Multiple factors are known to affect the efficacyiridities of re-RT [22-26]. These include

age, performance status, latency of recurrencarmat T-category, size of the recurrent tumor



and the presence of prior radiation complicati¢texe, we highlight the key factors for

treatment decision-making.

4. Short latency of less than 6-12 months following completion of primary RT [ Consensus. high
(23 of 24 voters, 96%), GRADE of recommendation: Moder ate]

After exclusion of geographical miss or persistemtor that is potentially salvageable by RT
boost, most specialists believe that an early lomalrrence within the high dose target volume
reflects intrinsic radio-resistance, making re-Rilikely to be effective. In addition, there are
concerns that there is inadequate time for padiavery of normal tissues. 96% of the panel
would not give radical re-RT for patients with latg <6 months (63% even preferred to use 1
year as the cut-off). However, a more flexible mom latency time could be considered if there

are no alternative options and the patient undedgst#he risks.

5. Existing mgjor RT-induced late toxicity [ based on Common Terminology Criteria for Adverse
Events (CTCAE)]:

> G1 toxicity at brainstem, spinal cord or optic chiasm [ Consensus: high (24 of 24 voters,
100%), GRADE of recommendation: High/;

> G3 toxicity for temporal lobe, optic nerve or brachial plexus [ Consensus: high (23 of 24
voters, 96%); GRADE of recommendation: High] ;

> G3 toxicity for soft tissue or bone [ Consensus: high (24 of 24 voters, 100%); GRADE of

recommendation: High]

While late toxicities do occur in a substantialgodion of patients following their first course of
RT, there are concerns that patients who havedlréaveloped debilitating toxicities (except
xerostomia or endocrine dysfunction) may not be &blolerate another course of RT.
Furthermore, individuals with severe toxicitiesnadiltiple OARS, especially after a course of RT
with acceptable normal tissue dosimetry, may hatrsic sensitivity leading to extra risks of
excessive toxicities. On the other hand, the decien re-RT should also take into consideration
the type of toxicity, the location of the speci®&R in relation to the recurrence, and the

estimated dose to the affected OAR if re-RT is giveor instance, re-RT may still be



recommended for patients with grade 4 hearingdssadditional dose to the damaged cochlea
would not lead to further detrimental effect. Thogh assessment of existing damage and

individual consideration is always required.

6. Bulky recurrent tumor is not a factor for exclusion from re-RT [ Consensus. moder ate (19 of
24 voters, 79%); GRADE of recommendation: Moderate]

Multiple series have shown that size of the recurtemor is a significant factor affecting local
control [27]. The studies by Tian et al. [25] andrtet al. [23] showed that recurrent tumor
volumes exceeding 30 cc and 38 cc, respectivelye wegative prognostic factothe study by
Hong Kong NPC Study Group (HKNPCSG) further demiatst that the local control rate
decreased rapidly to <10% if the gross tumor vol@rédV) exceeded 80 cc [27]. However, the
panel believes that any cut-off criterion for vokeims likely to be arbitrary, and 79% would not
consider bulkiness of the recurrent tumor alonarasxclusion factor. Other factors including
rT-category, extent of intracranial extension, #reldegree of tumor shrinkage following
induction systemic treatment may also be importansiderations.

Li et al. [24] have jointly developed a prognostidex, PRANCIS (Predicting
RAdioresistant Nasopharyngeal Carcinoma SurvivahilPRANCIS.Medlever.com]), basing
on a training cohort of 251 patients and a valaatohort of 307 patients from two academic
institutions. Five parameters (rGTV; rT-category age; previous RT toxicity and planned RT
dose) were included in the formulation to strafiftients into different prognostic groups. The
study showed that high PRANCIS score predicts nbt poor survival outcome, but also a high
risk of re-treatment mortality. This tool may héfye clinician and the patients in decision-

making on re-RT.

I ntegration with systemic therapy

7. Systemic therapy (irrespective of sequence) should be integrated with second course
radiotherapy [ Consensus: high for rT3-4NO (23 of 24 voters, 96%), GRADE of
recommendation: Moderate; high for rT1-4N+ (23 of 24 voters, 96%), GRADE of
recommendation: Moderate; low for rT1-2NO (9 of 24 voters, 37%); GRADE of

recommendation: Moder ate]



Despite the lack of concrete evidence of benefisfstemic therapy in the treatment of recurrent
NPC, the majority of the panel (96%) would recomthére incorporation of systemic therapy,
based on extrapolation of data from primary treati® address the needs for eradication of
micro-metastases and potentiation of RT efficacywelver, 63% of the panel believe that small

rT1-2NO recurrence can be adequately treated wHRTr alone.

When chemotherapy is to be recommended, all theajsts preferred the sequence of
induction with or without concurrent chemotherap$,p8-37] 67% recommended induction-
concurrent chemotherapy based on extrapolation frias showing survival benefit for
locoregionally advanced primary tumors [38,39].deered benefits with induction therapy
include buying more time for recovery, especidllghe latency of recurrence is less than 12
months, down-sizing the recurrent tumor bulk arailifating better sparing of adjacent OARs.

So far, only one prospective phase 2 trial condubiethe HKNPCSG has been reported
on combining re-RT with systemic therapy [40]. T&igdy consisted of 33 rT3-4 NPC patients.
Three cycles of induction docetaxel, cisplatin, 8adrouracil (TPF) were given followed by 60
Gy IMRT with concurrent weekly docetaxel and cetoab. While this regimen achieved
promising outcomes with 3-year progression fregigal (PFS) and overall survival (OS) rates
of 36% and 64%, respectively; the tolerability to induction TPF was poor (with 18% of the
patients failing to complete the induction phase) there was also a high incidence of temporal

lobe necrosis (31%).

No “one-size-fits-all” recommendation could be madehoosing the optimal systemic
agent. Prior exposure to systemic agents, latehogcarrence and previous chemotherapy-
related treatment toxicity from the initial coud®ould be considered collectively. The majority
of the panel would use cisplatin in combinationlvather drugs including gemcitabine, taxane
and/or 5-fluorouracil as induction chemotherapywidwer, if cisplatin is contraindicated or if
recurrence occurs shortly after cisplatin-basedandradiotherapy in the primary course, agent(s)
with non-overlapping toxicity or anti-tumor actiyiof action should be considered. Thus far,
data on the use of targeted therapy (includingemtiermal growth factor receptor agents) have
been disappointing. However, there is emergingasten the use of immunotherapy based on

encouraging data in the palliative setting for rttac/recurrent NPC [41-43] and other head



and neck squamous cell carcinomas [44]. The peatenaiie of combining immunotherapy with

optimal local salvage treatment warrants furthgr@nation [45].

Radical Re-irradiation

8. Choice on the mode of radiotherapy delivery [ Consensus - IMRT/VMAT: high (23 of 24
voters, 96%); GRADE of recommendation: High]

There is little controversy that the most conforteghnique should be used, the final choice
depends on the availability of equipment and exgeih individual institution. As Intensity-
modulated Radiotherapy (IMRT) / Volumetric Moduldt&rc Therapy (VMAT), with dosimetric
advantages compared with 2-dimensional (2D) or 8Bfrmal RT, is now widely available in

most parts of the world, this is the mode most cammrecommended.

The development and increasing availability of pndtheavy ion therapy can potentially
lead to further improvement in dose conformity. tAeeon therapy [46], with its higher linear
energy transfer (LET), leading to a higher relatv@ogical effectiveness, is especially
appealing. The high LET radiation can potentiallgemvent radioresistance due to tumor
hypoxia [47]. However, it must be cautioned tha #nhanced biological effect may also
increase the damage of normal tissues. It is impbtb avoid having critical structures at the
end of a particle range, as there are still dogimanhcertainties about particle ranges and the
biological effects at the end of the particle tr§48]. This concern is particularly relevant for
recurrent NPC as the recurrent tumor is often tyom@rrounded by critical organs like the
brainstem, temporal lobes, and optic apparatuseMata are needed to properly assess the
benefit in therapeutic ratio for particle therapythe treatment of recurrent NPC [46,49-52]. To
date, the largest series consisted of 206 patierdted with carbon ion therapy at a single
institution, with a median follow-up of 23 monthieported a promising 2-year overall survival
of 84% [46]. They showed that acute and late toxiates were low, with the exception of
delayed mucosal necrosis (16%). Based on the &lasvidence, the majority of the panel
(82%) would suggest considering proton/heavy ianfdcility is available, but 36% of the panel
recommend performing comparative treatment planwiitig IMRT versus protons/heavy ions
before deciding on the RT modal[§3] since, depending on the location and the éxién



invasion by recurrence, protons/heavy ions mayaivadys achieve a superior sparing of critical
OARs.

Stereotactic radiosurgery (SRS) or fractionated $RT) with its characteristic dose
conformity and precision set-up, is a potentiatlyantageous modality. Effective tumor control
for low volume recurrence has been reported [25,B4However, serious toxicities (including
damage to the central nervous system, fatal cabbtdidout syndrome, or massive hemorrhage
from mucosal/tissue necrosis) were incurred, aedtithors cautioned against using this mode
for recurrent tumor close to neural tissues [56@hercarotid vessel [21]. Whethtie toxicities
are related to the use of a very high dose petidracs yet uncertairf-urther studies are needed
to explore the optimal dose fractionation, espéciathere may be a potential benefit in

combination with immunotherapy [58].

Since the main purpose of this manuscript is twipea useful guideline on the most
commonly used RT technique, the subsequent seaioterget contouring, dose and

fractionation and OAR constraints hence focus galal IMRT/VMAT.

Contouring of targets

9. Principle of delineation of Clinical Target Volume (CTV): geometric expansion +/-
anatomical editing [ Consensus: high (23 of 24 voters, 96%); GRADE of recommendation:
Moderate/,

10. Expansion margin for CTV: <5 mm[Consensus: high (24 of 24 voters, 100%); GRADE of

recommendation: Moderate/;

11. Expansion margin for Planning Target Volume (PTV): rCTV + 2-3 mm [ Consensus: high (23
of 24 voters, 96%); GRADE of recommendation: Moderate/,

12. Elective nodal treatment is not indicated [ Consensus. high (24 of 24 voters, 100%,);, GRADE

of recommendation: High]

In general, the veracity of rGTV definition reliesavily on the imaging quality at the time of
recurrence, and thus co-registration with MRI insag@&h or without PET-CT is always

recommended. Differentiation between tumor and-padiation changes related to the first



course of treatment could be difficult [59,60], ldeg opinions from experienced head and neck
diagnostic radiologists is crucial.

The evidence to support adding a margin from rGFYQTV is based on the surgico-
pathological series on recurrent NPC reported bgnG#t al. [61]. In this study, the mean
diameters of tumor measured by histological exatiinavere approximately 3-4 mm larger
than those measured by MRI. Hence, 96% of the paoeld recommend adding a margin
where feasible, 79% advocate a geographical expasirGTV by 5 mm with anatomical
editing of natural barrier (e.g. air), while otherggest a tighter margin and accept 0 mm when
the tumor is adjacent to critical OARs. All panetmbers agree not to give elective nodal
irradiation to clinically negative nodal basins.

The margin for PTV should be based on the tygenaiobilization and the set-up
variation of individual institutes. Image-guidandeavailable) should be used, and the majority
(96%) recommends 2-3 mm expansion from rCTV iftteatment is carried out under image-

guidance.

Radiation dose and fractionation

13. Preference on the intended total dose in the second course of IMRT is 60-66 Gy [ Consensus:
high (24 of 24 voters, 100%), GRADE of recommendation: High]

Supplementary Table 1 summarizes the radiation dog#oyed and treatment outcomes in
contemporary IMRT series [23,25,28-37,40,62,63F Tost commonly used total dose for
radical re-RT i$60 Gy (equivalent total doses in 2 Gy fractions [EX)). This is in line with the
study by Lee et al. showing that salvage rate sedtependent, and outcome is significantly
inferior if the total re-RT dose is below 60 Gy [6@n the other hand, several studies also
revealed that dose68 Gy is detrimental for post-re-RT survival duesi@essive fatal toxicities.
In the phase Il randomized study on 117 patientSiay et al. [62], the group treated with 68 Gy
in 34 fractions had a poorer outcome compared thidke given 60 Gy in 27 fractions: 5-year
OS of 30% vs 44%, and the difference reached blimdesignificance (p = 0.06). Similarly, in a
meta-analysis on 1768 NPC patients treated wiRTre©OS was lower for subgroups treated
with >70 Gy vs <70 Gy (39 vs 48%) [22]. The PRANCIS prasfic index concurred with this

observation, the hazard rate for death was 1.42Q93) when the total dose exceeded 68 Gy



[24]. However, it should be cautioned that nonéheke studies accounted for the radiation dose

and technique that were employed in the initialrseof treatment.

The HKNPCSG has conducted a study on the dose eoéiffact of re-RT for 91 locally
recurrent patients following a more homogeneousany course of treatment by IMRT to ~70
Gy [27]. Both the local salvage rate and the fatahplication rate increased with the prescribed
dose with a very narrow therapeutic window, the optirsatvival rate appeared to peak at
around 60 Gy in that study.

14. 1deal fractionation is hyper-fractionation (BID) given twice daily with >6-hour interval
[Consensus: low (17 of 24 voters, 71%); GRADE of recommendation: Moderate 71%)] ,;

While there are biological rationales supporting tise of lower dose per fraction and hyper-
fractionation, the clinical data for such fractitina schedules are sparse in recurrent NPC
[34,37]. A small retrospective study on 20 patieefsorted by Lee et al. showed that hyper-
fractionation to a total dose of 64.8 Gy (in 1.2 G&y fraction, twice daily) achieved similar OS
with substantial decrease in hemorrhage (30% vsp084).06) as compared to 60 Gy in 30
fractions [37]. Similarly, the study by Karam et sthowed that hyper-fractionation (1.1 — 1.2 Gy
per fraction, twice daily) could achieve iso-effeehess in tumor control with fewer treatment-
related toxicities [34]. It is worth noting that%]lof the panel recommend hyper-fractionation

despite the logistic difficulties of arranging twidaily treatment.

For patients treated with standard once daily ibaettion, 75% of the panel recommend
1.8 - 2 Gy per fraction. Only 17% of the panel wbuse fractional dose >2 Gy.

Planning priority and tumor coverage (Table 2)
Preference on dose prioritization are:

15. Priority 1 should be set for brainstem [ Consensus: high (19 of 21 voters, 90%); GRADE of
recommendation: Moderate], spinal cord [ Consensus: high (20 of 21 voters, 95%);, GRADE
of recommendation: Moderate], optic chiasm[Consensus. high (22 of 24 voters, 92%);

GRADE of recommendation: Moderate], bilateral optic nerves[Consensus: high (17 of 19



voters, 89%); GRADE of recommendation: Moderate], rGTV [ Consensus: moder ate (16 of
21 voters, 76%,); GRADE of recommendation: Moderate] ;

16. Priority 2 should be set for PTV [ Consensus. moderate (20 of 20 voters, 100%,); GRADE of
recommendation: Moderate], temporal lobe [ Consensus: moderate (13 of 17 voters, 76%);
GRADE of recommendation: Moderate], unilateral optic nerve [ Consensus: low (11 of 19

voters, 58%); GRADE of recommendation: Moderate] ,

17. Priority 3 should be set for carotid artery [ Consensus. moderate (/5 of 19 voters, 79%),

GRADE of recommendation: Moderate]

Following the principle of giving the maximal pessible dose within the tolerance of critical
OAR, >90% of the panel recommend setting priority 1 dosestraint for brainstem and spinal
cord. Consensus for avoiding bilateral blindness high (92% and 89% for optic chiasm and
bilateral optic nerves as priority 1 structurespestively), and many accept setting lower
priority for unilateral optic nerve or one of thptw nerves if there is a bilateral involvement
(Priority 2 by 58% and Priority 3 by 37%, respeehy).

Regarding tumor doses, there are moderate cons@féig on setting Priority 1 for
rGTV and Priority 2 for PTV (Note: the recommendatior GTV in the guideline for primary
treatment is Priority 2 with 63% agreement). Ningity percent of the panel recommend aiming
for ideal isodose coverag®5% (within the limitations imposed by critical OAR

There are moderate agreements for setting Pridrity temporal lobe (76%), and
Priority 3 for carotid artery (79%). Careful evdiioa is also needed to avoid hotspot at OARS,
and no more than 5% of PTV should receil®7% dose as recommended by ICRU (71%).

Dose constraintsfor Organsat Risk (Table 2)

18. Brainstem: Safe cumulative dose is <130% [ Consensus: high (24 of 24 voters, 100%);
GRADE of recommendation: Moderate], maximal acceptable cumulative doseif safe
cumulative dose could not be met is 150% [ Consensus: high (23 of 24 voters, 96%); GRADE

of recommendation: Moderate] ;

19. Spinal Cord: Safe cumulative dose is <130% [ Consensus. high (24 of 24 voters, 100%);

GRADE of recommendation: High], maximal acceptable cumulative dose if safe cumulative



dose could not be met is 150% [ Consensus: high (23 of 24 voters, 96%), GRADE of

recommendation: Moderate] ;

20. Optic chiasm: Safe cumulative dose is <130% [ Consensus. moderate (18 of 24 voters, 75%);
GRADE of recommendation: Moderate], maximal acceptable cumulative dose if safe
cumulative dose could not be met is 150% [ Consensus: moderate (18 of 24 voters, 75%);

GRADE of recommendation: Moderate] ;

21. Optic nerve: Safe cumulative dose is <130% [ Consensus:. high (24 of 24 voters, 100%),
GRADE of recommendation: Moderate], maximal acceptable cumulative doseif safe
cumulative dose could not be met for bilateral optic nervesis 150% [ Consensus. moderate
(19 of 23 voters, 83%), GRADE of recommendation: Moderate]; and no dose limit if patient
accept therisk of unilateral blindness [ Consensus: high (19 of 20 voters, 95%); GRADE of

recommendation: Moderate] ;

22. Temporal lobe: Safe cumulative dose is <130% [ Consensus: high (23 of 23 voters, 100%);
GRADE of recommendation: Moderate], maximal acceptable cumulative doseif safe
cumulative dose could not be met is 150% [ Consensus: high (23 of 23 voters, 100%);

GRADE of recommendation: Moderate] ,

23. Carotid artery: Safe cumulative dose is <125Gy [ Consensus: low (16 of 24 voters, 67%);
GRADE of recommendation: Low], and up to 65% of the panel did not specify a dose
constraint for carotid artery [ Consensus: low (15 of 23 voters, 65%); GRADE of

recommendation: Low]

Data on re-RT dose constraints for OARs are sparsgkthus far there is only one
comprehensive literature review reported [65]. 3eimentary Table 3 showed some of the
selected constraints reported in the literature3283,36,51,52,66-68]. For the spinal cord, data
from other recurrent head and neck cancers [69pamdal experiments using primate model by
Ang et al. [70] suggested a partial recovery fromnfirst course of treatment by approximately
50% (provided that the interval between the tworsesiis 1 year or more). In addition, a
cumulative spinal cord dose of above 75 Gy EQD2be&s suggested to be safe by some of the
panel members in a multi-national expert consortumme-RT of the spinal cord [71].
Furthermore, Mason et al. reported important radiogical data on re-treatment tolerance of
the spinal cord [72], showing that the greaterdamage inflicted by the first dose, the lower the



degree of possible recovery - ranging from 100% \atv initial doses to 0% when the first dose

to tissues already reached ED50.

Lee et al. showed that, while the tumor salvage wats dependent on the dose at re-RT
irrespective of the dose at primary course, thecttyxwas dependent on the cumulative dose
composite of doses by both courses [64]. They ssigdaising a maximum lifetime biologically
effective dose (BED) of 130% of tolerance dosepiomary treatment for NPC, assuming the
relevant OAR regions have already received a dlmseaximum dose in the primary course,
which is often the case in nasopharyngeal carcindine lifetime BED (witho/[3 ratio = 2.5 Gy)
of spinal cord, brainstem and optic chiasm are GQ§, 130 Gy s and 130 Gys, respectively
[73]. This is basically equivalent to partial reeoy from the first course of treatment by 30% if
maximal limit had been reached in the first cowwkeatment. Using this dose restriction, no
adverse effects were observed in the studies egpost the HKNPCSG and Chan et al. [36;40]
the authors further suggested that lifetime BEDf 150 Gy might be safe for the temporal lobes
[36]. Qiu et al. used more generous dose conssrédit Gy for spinal cord, 50 Gy for the
brainstem and temporal lobes, and 54 Gy for thie oygtrve and optic chiasm) regardless of the
dose delivered in the first course of radiothergg®}. More long-term data on toxicities are

needed to confirm the safety of these dose levels.

In the published series of proton/heavy-ion therapgtment on recurrent NPC, Dionisi
et al. used a maximum 64 Gy for brainstem and asdua80-50% brainstem recovery [51].
They did not assume any recovery in the optic sires and applied a maximum cumulative
dose of 64 Gy, and a maximum 120 Gy cumulative dmsthe carotid artery. On the other hand,
Hu et al. assumed OARs had a 70% recovery fromptingary radiotherapy course, the reported
incidence of temporal lobe necrosis was 13% aftaeedian follow-up of 23 months.
Furthermore, a high incidence of massive hemorriiag#) secondary to mucosal necrosis was

observed leading to a 5% treatment mortality [4p,52

Massive hemorrhage is one of the most catastrg@aelae of re-irradiation. The
majority are due to RT-induced carotid blowout, lsiome cases are due to mucosal ulceration
with superimposed chronic infection. In the literat review by Dionisi et al. [65] on the
tolerance and dose limits of OARs for the re-RTh@&d and neck cancers, a significantly higher
incidence of the carotid blowout was observedeftiaximum cumulative dose to the carotid



artery exceeds 126 Gy. The current recommendaftisatting safe maximum cumulative dose at
< 125Gy is agreed by 67% of the panel. However,tduts anatomic relationship with the
nasopharynx, avoidance of the artery is seldomifkawithout significantly under-dosing the
rGTV, up to 65% of the panel did not specify a dosestraint for carotid artery, but all advocate
avoiding a hotspot directly within the vessel. Amatobservation is the relationship of high
incidence to total dose and fractional dose as showhe trial by Tian et al [62]: the incidence
of carotid blowout was as high as 31% in the Grgiwpn 68 Gy (2 Gyl/fraction) and 19% in the
Group given 60 Gy (2.2 Gy/fraction).

The guiding principle should always be ALARA (Aswd@\s Reasonably Achievable), as
per radiation safety principles. Amidst all the ertainties and difficulties, we have reached a
consensus on the principle of recommending 130%utive dose as goal-setting with an
agreement that 150% can be used for estimatinmgxémal permissible cumulative dose for
critical OARs and important neurological structutdswever, less stringent dose constraints
with acceptance of potential sacrifice of less@itOAR with the patient’s consent may be

considered to minimize salvage failure due to in@d¢e dose at rGTV.

Summary

All locally recurrent NPC patients should have dethwork up to exclude co-existing nodal
and/or distant metastases. For patients with isdlktcal recurrence, a multi-disciplinary review
is mandatory to select the treatment option withliast possible therapeutic ratio. To avoid the
risk of excessive morbidities with a second cowfST, surgical resection is preferred for
resectable recurrence if expertise is availablecka margin is likely to be achievable. For
patients treated with re-RT, the most conformahmégue should be used. IMRT/VMAT is most
often empbyed; while proton/heavy ion therapy (if available) may potentialky lbeneficial,
comparative evaluation against IMRT/VMAT treatmplans is advised for the selection of
modality. A tight margin ok5 mm from the gross tumor is recommended to acdourthe
microscopic disease, with further anatomical edifor natural barriers and critical OARs. An
additional margin of 2-3 mm is needed to accounsét-up error under image-guidance.
Prophylactic treatment to the regional lymph node®ot indicated. Re-RT dose of 60 Gy to 66
Gy EQD2 is recommended. Hyper-fractionation atIL2Gy per fraction, twice per day (with at

least>6-hour inter-fraction interval) is desirable. Althgh there is no concrete evidence of



therapeutic benefit, cisplatin-based induction cbir@rapy with or without concurrent
chemotherapy is reasonable for maximizing the ohafclisease control. While studies showed
thatthe spinal cord could tolerate a cumulative dosE30150% from both courses of
radiotherapy, the tolerance of other neurologiacitires (especially the optic chiasm) and
carotid artery to re-RT were less well understdddticulous attention is, therefore, necessary to
minimize the dose to the OARSs to observe the ALARIAcIple, and patients should be duly
informed of the risk-benefit trade-offs and possitsteatment sequelae.



Reference

[1] Lee AWM, Ng WT, Chan JYW, et al. Managementaxfally recurrent nasopharyngeal
carcinomaCancer Treat Rev 2019;79:101890.

[2] Ng WT, Wong ECY, Cheung AKW, et al. Patternscafe and treatment outcomes for
local recurrence of NPC after definite IMRT-A stualy the HKNPCSGHead Neck
2019;41:3661-3669.

[3] XXX.

[4] XXX.

[5] Milholland AV, Wheeler SG Heieck JJ. Medicakassment by a Delphi group opinion
technic.N Engl J Med 1973;288:1272-1275.

[6] Jones J Hunter D. Qualitative Research: Consenwethods for medical and health
services researcBMJ 1995;311:376.

[7] Boulkedid R, Abdoul H, Loustau M, et al. Usiagd Reporting the Delphi Method for
Selecting Healthcare Quality Indicators: A SystemBReview.Plos One 2011;6.

[8] Guyatt GH, Oxman AD, Vist GE, et al. GRADE: amerging consensus on rating quality
of evidence and strength of recommendati@&hé] 2008;336:924-926.

[9] Ng SH, Chan SC, Yen TC, et al. Comprehensivagimg of residual/recurrent
nasopharyngeal carcinoma using whole-body MRI'Bt8mpared with FDG-PET-CT.
Eur Radiol 2010;20:2229-2240.

[10] Wong ECY, Hung JLC Ng WT. Potential pitfalls incorporating plasma Epstein-Barr
virus DNA in the management of nasopharyngeal nama.Head Neck 2020;42:446-
455.

[11] Hao CY Hao SP. The Management of rNPC: Sah&gegery vs. Re-irradiatioCurr
Oncol Rep 2020;22:86.

[12] Yang J, Song X, Sun X, et al. Outcomes of resnt nasopharyngeal carcinoma patients
treated with endoscopic nasopharyngectomy: a nretbsis.Int Forum Allergy Rhinol
2020;10:1001-1011.

[13] Tsang RK Wei WI. Salvage surgery for nasophgeal cancei\brld J Otorhinolaryngol
Head Neck Surg 2015;1:34-43.

[14] You R, Zou X, Hua YJ, et al. Salvage endosca@isopharyngectomy is superior to
intensity-modulated radiation therapy for localueence of selected T1-T3
nasopharyngeal carcinoma - A case-matched compaRadiotherapy and Oncol ogy
2015;115:399-406.

[15] Wei WI, Chan JY, Ng RW, et al. Surgical salearf persistent or recurrent
nasopharyngeal carcinoma with maxillary swing appho- Critical appraisal after 2
decadestHead Neck 2011;33:969-975.

[16] Zou X, Han F, Ma WJ, et al. Salvage endoscopisopharyngectomy and intensity-
modulated radiotherapy versus conventional radraghein treating locally recurrent
nasopharyngeal carcinontdead Neck 2015;37:1108-1115.

[17] LiuJ, Yu H, Sun X, et al. Salvage endoscamsopharyngectomy for local recurrent or
residual nasopharyngeal carcinoma: a 10-year expezilnt J Clin Oncol 2017;22:834-
842.

[18] Na'ara S, Amit M, Billan S, et al. Outcomepattients undergoing salvage surgery for
recurrent nasopharyngeal carcinoma: a meta-anafysisSurg Oncol 2014;21:3056-
3062.

[19] Janot F, de Raucourt D, Benhamou E, et aldBarzed trial of postoperative



[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]
[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

reirradiation combined with chemotherapy after agés/surgery compared with salvage
surgery alone in head and neck carcinodr@in Oncol 2008;26:5518-5523.

Cheah SK, Lau FN, Yusof MM, et al. Treatmentanme with brachytherapy for
recurrent nasopharyngeal carcinomgian Pac J Cancer Prev2014;14:6513-6518.
Ozyigit G, Cengiz M, Yazici G, et al. A retiosctive comparison of robotic stereotactic
body radiotherapy and three-dimensional conformdiatherapy for the reirradiation of
locally recurrent nasopharyngeal carcinohméJ Radiat Oncol Biol Phys2011;81:e263-
268.

Leong YH, Soon YY, Lee KM, et al. Long-termtoames after reirradiation in
nasopharyngeal carcinoma with intensity-modulagetiotherapy: A meta-analysidead
Neck 2018;40:622-631.

Han F, Zhao C, Huang SM, et al. Long-term ouates and prognostic factors of re-
irradiation for locally recurrent nasopharyngeaicg@oma using intensity-modulated
radiotherapyClin Oncol (R Coll Radiol) 2012;24:569-576.

Li YQ, Tian YM, Tan SH, et al. Prognostic mader stratification of radioresistant
nasopharynx carcinoma to curative salvage radiafiyed Clin Oncol 2018;36:891-899.
Tian YM, Tian YH, Zeng L, et al. Prognostic dwl for survival of local recurrent
nasopharyngeal carcinoma with intensity-modulagetiotherapyBr J Cancer
2014;110:297-303.

Yue Q, Zhang M, Chen Y, et al. Establishmeprgnostic factors in recurrent
nasopharyngeal carcinoma patients who receive@agalintensity-modulated
radiotherapy: A meta-analysi®ral Oncol 2018;81:81-88.

Ng WT, Lee MC, Fung NT, et al. Dose volumeeetf of re-irradiation for locally
recurrent nasopharyngeal carcinofdaad Neck 2020;42:180-187.

Chua DT, Sham JS, Leung LH, et al. Re-irradrabf nasopharyngeal carcinoma with
intensity-modulated radiotheragadiother Oncol 2005;77:290-294.

Koutcher L, Lee N, Zelefsky M, et al. Reirration of locally recurrent nasopharynx
cancer with external beam radiotherapy with or authbrachytherapynt J Radiat

Oncol Biol Phys2010;76:130-137.

Qiu S, Lin S, Tham IW, et al. Intensity-modidd radiation therapy in the salvage of
locally recurrent nasopharyngeal carcinohmé.J Radiat Oncol Biol Phys2012;83:676-
683.

Hua YJ, Han F, Lu LX, et al. Long-term treatmeutcome of recurrent nasopharyngeal
carcinoma treated with salvage intensity modulaselibtherapyEur J Cancer
2012;48:3422-3428.

Chen HY, Ma XM, Ye M, et al. Effectiveness atXicities of intensity-modulated
radiotherapy for patients with locally recurrensapharyngeal carcinomBLoS One
2013:8:€73918.

Kong L, Wang L, Shen C, et al. Salvage intgnsiodulated radiation therapy (IMRT)
for locally recurrent nasopharyngeal cancer afedinitive IMRT: A novel scenario of the
modern eraci Rep 2016;6:32883.

Karam I, Huang SH, McNiven A, et al. Outconadter reirradiation for recurrent
nasopharyngeal carcinoma: North American experigiead Neck 2016;38 Suppl
1:E1102-11089.

Tian YM, Huang WZ, Yuan X, et al. The challenip treating locally recurrent T3-4
nasopharyngeal carcinoma: the survival benefitssavetre late toxicities of re-irradiation



[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]
[48]

[49]

[50]

[51]

[52]

with intensity-modulated radiotheragyncotarget 2017;8:43450-43457.

Chan OS, Sze HC, Lee MC, et al. Reirradiatath intensity-modulated radiotherapy for
locally recurrent T3 to T4 nasopharyngeal carcindread Neck 2017;39:533-540.

Lee VH, Kwong DL, Leung TW, et al. Hyperfraatiation compared to standard
fractionation in intensity-modulated radiation tyay for patients with locally advanced
recurrent nasopharyngeal carcinofaar Arch Otorhinolaryngol 2017;274:1067-1078.
Blanchard P, Lee A, Marguet S, et al. Chemi@thg and radiotherapy in hasopharyngeal
carcinoma: an update of the MAC-NPC meta-analysiscet Oncol 2015;16:645-655.
Ribassin-Majed L, Marguet S, Lee AWM, et alh®¥ is the best treatment of locally
advanced nasopharyngeal carcinoma? An individuamadata network meta-analysis.
Clin Oncol 2017;35:498-505.

Ng WT, Ngan RKC, Kwong DLW, et al. Prospectivaulticenter, phase 2 trial of
induction chemotherapy followed by bio-chemoradéoépy for locally advanced
recurrent nasopharyngeal carcinommé.J Radiat Oncol Biol Phys 2018;100:630-638.

Hsu C, Lee SH, Ejadi S, et al. Safety andtantor activity of pembrolizumab in patients
with programmed death-ligand 1-positive nasophagghgarcinoma: Results of the
KEYNOTE-028 studyJ Clin Oncol 2017;35:4050-4056.

Ma BBY, Lim WT, Goh BC, et al. Antitumor acity of nivolumab in recurrent and
metastatic nasopharyngeal carcinoma: An internakionulticenter study of the Mayo
Clinic phase 2 consortium (NCI-9742)Clin Oncol 2018;36:1412-1418.

Fang W, Yang Y, Ma Y, et al. Camrelizumab (SHRLO) alone or in combination with
gemcitabine plus cisplatin for nasopharyngeal carmia: results from two single-arm,
phase 1 triald.ancet Oncol 2018;19:1338-1350.

Burtness B, Harrington KJ, Greil R, et al. Reolizumab alone or with chemotherapy
versus cetuximab with chemotherapy for recurremhetastatic squamous cell carcinoma
of the head and neck (KEYNOTE-048): a randomisednelabel, phase 3 studyancet
2019;394:1915-1928.

Le QT, Colevas AD, O'Sullivan B, et al. Curtéreatment landscape of nasopharyngeal
carcinoma and potential trials evaluating the vatienmunotherapyd Natl Cancer Inst
2019;111:655-663.

Hu J, Huang Q, Gao J, et al. Clinical outcormesarbon-ion radiotherapy for patients
with locoregionally recurrent nasopharyngeal camma.Cancer 2020;126:5173-5183.
Ohno T. Patrticle radiotherapy with carbon amsEPMA J2013;4:9.

Lee MCH Ng WT. Proton/heavy ion therapy invsage of locally recurrent
nasopharyngeal carcinonfnn Nasopharynx Cancer 2020;4:4.

Lin R, Slater JD, Yonemoto LT, et al. Nasophmgeal carcinoma: repeat treatment with
conformal proton therapy--dose-volume histogramyaia Radiology 1999;213:489-

494,

Feehan PE, Castro JR, Phillips TL, et al. Remt locally advanced nasopharyngeal
carcinoma treated with heavy charged particle iataah. Int J Radiat Oncol Biol Phys
1992;23:881-884.

Dionisi F, Croci S, Giacomelli I, et al. Cloal results of proton therapy reirradiation for
recurrent nasopharyngeal carcinoreta Oncol 2019;58:1238-1245.

Hu J, Bao C, Gao J, et al. Salvage treatmsimigucarbon ion radiation in patients with
locoregionally recurrent nasopharyngeal carcindmisial results.Cancer
2018;124:2427-2437.



[53]

[54]

[55]
[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]
[66]

[67]

[68]

[69]

[70]

Langendijk JA, Boersma LJ, Rasch CRN, et &hi€al trial strategies to compare
protons with photonsSemin Radiat Oncol 2018;28:79-87.

Dizman A, Coskun-Breuneval M, Altinisik-Inan, @t al. Reirradiation with robotic
stereotactic body radiotherapy for recurrent naaopigeal carcinomasian Pac J
Cancer Prev2014;15:3561-3566.

Seo Y, Yoo H, Yoo S, et al. Robotic systemdzhfractionated stereotactic radiotherapy in
locally recurrent nasopharyngeal carcinofReadiother Oncol 2009;93:570-574.

Leung TW, Wong VY Tung SY. Stereotactic rattietapy for locally recurrent
nasopharyngeal carcinomat J Radiat Oncol Biol Phys2009;75:734-741.

Chua DT, Wu SX, Lee V, et al. Comparison afgée versus fractionated dose of
stereotactic radiotherapy for salvaging local f&hiof nasopharyngeal carcinoma: a
matched-cohort analysiklead Neck Oncol 2009;1:13.

Lauber K Dunn L. Immunotherapy mythbustersi@ad and neck cancer: The abscopal
effect and pseudoprogressidm Soc Clin Oncol Educ Book 2019;39:352-363.

Lai V, Li X, Lee VH, et al. Intravoxel incohent motion MR imaging: comparison of
diffusion and perfusion characteristics betweeropharyngeal carcinoma and post-
chemoradiation fibrosi€ur Radiol 2013;23:2793-2801.

Mao J, Shen J, Yang Q, et al. Intravoxel irer@mt motion MRI in differentiation
between recurrent carcinoma and postchemoradifbimsis of the skull base in patients
with nasopharyngeal carcinombMagn Reson Imaging 2016;44:1556-1564.

Chan JY, Wong ST Wei WI. Whole-organ histoatigical study of recurrent
nasopharyngeal carcinomaaryngoscope 2014;124:446-450.

Tian YM, Zhao C, Guo 'Y, et al. Effect of totdse and fraction size on survival of
patients with locally recurrent nasopharyngeal icama treated with intensity-
modulated radiotherapy: a phase 2, single-cergedamized controlled triaCancer
2014;120:3502-35009.

Kong F, Zhou J, Du C, et al. Long-term survVigad late complications of intensity-
modulated radiotherapy for recurrent nasopharyncgainomaBMC Cancer
2018;18:1139.

Lee AW, Foo W, Law SC, et al. Reirradiatiom fecurrent nasopharyngeal carcinoma:
factors affecting the therapeutic ratio and waysrfgprovementint J Radiat Oncol Biol
Phys 1997;38:43-52.

Dionisi F, Fiorica F, D'Angelo E, et al. Orgaat risk's tolerance and dose limits for head
and neck cancer re-irradiation: A literature revi®nal Oncol 2019;98:35-47.

Bots WTC, van den Bosch S, Zwijnenburg EMaktReirradiation of head and neck
cancer: Long-term disease control and toxi¢itgad Neck 2017;39:1122-1130.

Spencer SA, Harris J, Wheeler RH, et al. RT@B=10: reirradiation with concurrent
hydroxyurea and 5-fluorouracil in patients with aqous cell cancer of the head and
neck.Int J Radiat Oncol Biol Phys2001;51:1299-1304.

Langer CJ, Harris J, Horwitz EM, et al. Phdsgtudy of low-dose paclitaxel and
cisplatin in combination with split-course concoanit twice-daily reirradiation in
recurrent squamous cell carcinoma of the head aokt mesults of Radiation Therapy
Oncology Group Protocol 9913 Clin Oncol 2007;25:4800-4805.

Sulman EP, Schwartz DL, Le TT, et al. IMRTrradiation of head and neck cancer-
disease control and morbidity outcomies.J Radiat Oncol Biol Phys 2009;73:399-409.
Ang KK, Jiang GL, Feng Y, et al. Extent anaédics of recovery of occult spinal cord



[71]
[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

injury. Int J Radiat Oncol Biol Phys2001;50:1013-1020.

Nieder C, Gaspar LE, Ruysscher D, et al. Repgaadiation of the spinal cord: multi-
national expert treatment recommendati@sahlenther Onkol 2018;194:365-374.

Mason KA, Withers HR Chiang CS. Late effectsadiation on the lumbar spinal cord of
guinea pigs: re-treatment toleranba.J Radiat Oncol Biol Phys 1993;26:643-648.

Lee AW, Foo W, Law SC, et al. Total biologiadfect on late reactive tissues following
reirradiation for recurrent nasopharyngeal carciadmt J Radiat Oncol Biol Phys
2000;46:865-872.

Lu TX, Mai WY, Teh BS, et al. Initial experiea using intensity-modulated radiotherapy
for recurrent nasopharyngeal carcinohmi.J Radiat Oncol Biol Phys2004;58:682-687.
Roeder F, Zwicker F, Saleh-Ebrahimi L, etlatensity modulated or fractionated
stereotactic reirradiation in patients with recatreasopharyngeal cancBadiat Oncol
2011;6:22.

Qiu S, Lu J, Zheng W, et al. Advantages oésity modulated radiotherapy in recurrent
T1-2 nasopharyngeal carcinoma: a retrospectiveysBMC Cancer 2014;14:797.

Tian YM, Guan Y, Xiao WW, et al. Long-term siwal and late complications in
intensity-modulated radiotherapy of locally recatr&l to T2 nasopharyngeal
carcinomaHead Neck 2016;38:225-231.

Puebla F, Lopez Guerra JL, Garcia Ramirez&i\a. Effectiveness and toxicity of
helical tomotherapy for patients with locally re@nt nasopharyngeal carcinon@in
Trand Oncol 2015;17:925-931.

Liu LT, Chen QY, Tang LQ, et al. With or withoreirradiation in advanced local
recurrent nasopharyngeal carcinoma: a case-caitrdy.BMC Cancer 2016;16:774.
Zhang HH, Zhang XW Jiang H. Clinical efficaapd prognostic factors of locally
recurrent nasopharyngeal carcinoma with intensitjuated radiotherapyournal of
Shanghai Jiaotong University (Medical Science) 2018;38:662-669.



Table 1. Consensus Recommendation for Radical Salvage Treatment for Recurrent Nasopharyngeal Cancer

Questions

Recommendation

Results of final voting

Option for resectable loca
recurrence

First preferred option —
surgical resection (if expertise available and
clear margin achievable)

First preferred option is surgical resection, if
expertise is available and clear margin likely ¢o
achievable

1) Agree: 24/24,100%

2) Disagree: 0

For patients salvaged by
surgery, re-RT should be
considered for positive
resection margin

For patients salvaged by
surgery, re-RT should be
considered for close
resection margin less thar
2mm after surgery

Indication for Re-RT after surgery
positive resection margin
or close margin <2 mm

Re-RT if positive margin
1) Agree: 24/24,100%
2) Disagree: 0

Re-RT if close margin

1) <2 mm: 16/24, 67%

2) <5 mm: 3/24, 12.5%

3) Other: 5/24, 21% [gross residual only; 0 mm;
depends on multiple factors including site of
close margin, past toxicity]

Exclude patients with shot
latency of recurrence from
completion of primary RT

tRe-RT not recommended if latensyl2 months

Exclusion if shortest interval between two cours
of RT (especially for recurrence within high dos
zone)

1) <6 months: 8/24, 33%

1) <12 months: 15/24, 63%

1) Other: 1/24, 4% [no exclusion]

es

D

Exclude patients with
existing major RT-toxicity

Re-RT not recommended if toxicity

Grade>1 at brainstem, spinal cord or optic
chiasm

Grade>3 at temporal lobe, optic nerve, brachi:
plexus, soft tissue or bone

Xerostomia, hearing or endocrine toxicity:
No exclusion
1) Agree: 24/24, 100%

al2) Other: 0%

Toxicity at critical OAR (brainstem, spinal cord

Dr




optic chiasm):
Exclusion if Grade-1

1) Agree: 24/24, 100%
2) Other: 0%

Toxicity at other neurological structures (tempo

lobe, optic nerve or brachial plexus): Exclusion |i

1) Grade>3: 23/24, 96%
2) Grade>4: 1/24, 4%

Toxicity at Soft tissue or bone: Exclusion if
1) Grade>3: 18/24, 75%
2) Grade>4: 6/24, 25%

ral

Exclude patients with
bulky recurrent tumor

No exclusion of re-RT based on tumor bulk
alone

Bulkiness is NOT a factor for exclusion
1) Agree: 19/24, 79%
2) Disagree: 5/24, 21%

Additional of systemic
therapy

Addition of systemic therapy if
rT3-4NO or
rT1-4N+

Adding systemic therapy for
rT1-2NO

1) Agree: 9/24, 37%

2) Disagree: 15/24, 63%

rT3-4NO
1) Agree: 23/24, 96%
2) Disagree: 1/24, 4%

rT1-4N+
1) Agree: 23/24, 96%
2) Disagree: 1/24, 4%

Choice of time-sequence

Induction with or withoomhcurrent

First choice of chemotherapy sequencbultiky
or T3-4 recurrence abutting critical OAR:




1) IC: 8/24, 33%
2) IC-CC: 16/24, 67%
3) CC alone: 0%

Choice of cytotoxic drugs

Induction — cisplatin-edsombination
Concurrent - cisplatin

For patients with more than 6-month interval frg
previous radiotherapy + chemotherapy and goag
renal function:

For Concurrent phase

The core cytotoxic drug is

1) Cisplatin alone: 23/24, 96%
2) Other: 1/24, 4%

For Induction phase

The preferred cytotoxic drug combination is

1) Cisplatin-Gemcitabine: 17/27, 63%

2) Cisplatin-doxetaxel-5FU: 4/27, 15%

3) Cisplatin-capecitabine: 1/27, 4%

4) Cisplatin-5FU: 2/27, 7%

5) Other: 3/27, 11% [carboplatin-gemcitabine if
prior >3 cycles of cisplatin; cisplatin +
docetaxel]

Addition of
immunotherapy

No

Adjuvant phase

1) Yes — Adjuvant phase: 7/25, 28%
2) Yes — Induction+/- concurrent phase: 1/25, 4
3) No: 13/25, 52%

4) Other: 4/25, 16% [only on trial]

1%

Choice of RT mode

Choice of RT mode:
IMRT/VMAT

Choice of RT mode (can choose more than 1
option)
1. IMRT/VMAT: [23 / 24, 96%]

2. SRT/SRS: [9/ 24, 38%]




Consider proton if available, but preferable to
have comparative plans vs IMRT for final
selection

3. Proton/heavy ion: [15 / 24, 63%)]
4. Others (such as brachytherapy): [5/ 24, 219

Additional details

First choice if proton is available:

1) Proton: 13/28, 46%

2) Alternative plan with IMRT/VMAT for
comparison before decision: 10/28, 36%

3) IMRT/VMAT: 5/28, 18%

Principle for delineation of
rcTv

Geometric expansion * anatomical editing (e.
air, skull base)

j1) No expansion from rGTV: 1/24, 4%

air, skull base): 23/24, 96%

Margin for rCTV

<5mm expansion margin

Expansion margin from rGTYQ®V (by
IMRT/VMAT)
5 mm with differential curtailing for critical OAR
1) Agree: 19/24, 79%
2) Other: 5/24, 21% [0mm; 2-3mm; 2-5mm; <3
mm]

Margin for PTV

2-3 mm (with image guidance)

Margin from rCTV to rPTV (RT under image
guidance)

1) 2-3 mm: 23/24, 96%

2) Other: 1/24, 4% [specification by physicist]

Aimed total dose 60-66 Gy Aimed total dose by daily fractionation schedule
(equivalent dose by 2 1) 60-66 Gy: 24/24, 100%

Gy/Fr) 2) Other: 0%

Fractionation 1 choice: Ideal fractionation —

Hyper-fractionation (if can be arranged)
Dosel/fraction for BID schedule: 1.1-1.2 Gy/Fr

1) QD: 7/24, 29%

2) BID with>6-hr interval: 17/24, 71%

(=)

]

2) Geometric expansion + anatomical editing (&.g.



(>6 hours inter-fraction interval)
Dose/fraction for QD schedule:

1) 1.8-2 Gy/Fr: 18/24, 75%

2) 2.12 GylFr: 2/24, 8%

3) Other: 4/24, 17% [always BID (2); 3.0 Gy/Fr if
If conventional daily fraction is used: target is >5 mm away from critical neural

Dosel/fraction for QD schedule: 1.8-2 Gy/Fr structures; otherwise 2.5 Gy/Fr; Not <2 Gy/Fr
and overall time not >6 weeks]

Dose/fraction for BID schedule:
1) 1.1-1.2 Gy/Fr: 22/24, 92%
2) Other: 2/24, 8% [1.8Gy/Fr BID]




Table 2. Consensus Recommendation on Dose Prioritization and Acceptance Criteria for Radical Re-irradiation by
IMRT/VMAT for Recurrent Nasopharyngeal Cancer

Priority

Acceptance criter
(Cumulative dose of both primary and 2nd coufses)

Critical En?g(raerl(range Desirablt Acceptabl
OAR Agree Disagree dose for 1
Alternative course
priority: Cumulative Cumulative
Organ Priority n/N (%) n (%) dosgEQD2) | n/N (%) dosgEQD2) | n/N (%}
Brainsten 1 19/21 (90% | 2:1 (5% D0.03ct | <70.2 Gy | 24/24(100% |81 Gy 23/24 (96%
3:1 (5%) 54 Gy
Spinal cort | 1 20/21 (95% | 3:1 (5% D0.03ct |<58.5GY |24/24(100% |67.5GY 23/24 (96%
45 Gy
Optic 1 23/24 (96% 3:1(4% D0.03 c« <70.2 GY 18/24 (75% 81 Gy 18/24 (75%
chiasma 54 Gy
Optic nerve | Unilateral D0.03cc <70.2 Gy 24/24 (100% | Unilateral
2 11/19 (58%) | 1:1 (5%) 54 Gy No dose 19/20 (95%)
3:7 (37%) constraint if
patient
accepts
Bilateral: Bilateral:
1 17/19 (89%) | 2: 2 (11%) 81 Gy 19/23 (83%)
Temporal 2 13/17 (76% 3:4 (24% D0.03 c« <91 GY 23/23 (100% | 105 GY 23/23 (100%
lobes 70 Gy
Carotid 3 15/19 (79% 4:2 (11% D0.03 c« <125 Gy 16/24 (67% No 15/23 (65%
artery Not 70 Gy constraint
specified: 1
(5%)
No
constraint: 1
(5%)
Tumor

tar get




GTV-rP 1 16/21 (76% 2:5 (24% Min >98% dos 19/21 (90% >95% dos 23/24 (96%

V 2 20/20(100% <10% <5% PTV | 15/21 (71% | <10% PT\ | 18/23 (78%

PT
(%)* The percentage among those who vpted
Gyg: Equivalent dose in 2 Gy fractions for desiralid acceptable doses are based on desirable t@etadt for the primary course
x 130% and 150%, respectively as stated in theiqus\guideline on dose prioritization and accepgasrderia in RT planning for
NPC [4}

Gy": Based on a literature review by Dionisi et ab][6

*Example of the estimation of the second dose to@rd®ased on the cumulative dose of both coursssimaing that the maximal
tolerable dose of brainstem in the first courseedtment was 54 Gy (EQD2) [4], the cumulative ddde dose (130%) and
acceptable dose (150%) will be 70.2 Gy (EQD2) ah&8 (EQD?2), respectively. If a patient had alreaelyeived 50 Gy EQD2 in

the first course, the desirable and the accepfahleby the second course using conventional fractionadf 2 Gy daily to the
brainstem will be 20.2 Gy and at 31 Gy, respecfiidbwever, if a patient receives 60 Gy EQD?2 infirst course, the corresponding
desirable and acceptable tolerance to the brainsi#tine 10.2 Gy and 21 Gy RxEQD2, respectively. This is based on the
assumption that the same spatial region of theabigin is re-irradiated, and the patient has redesl@se to the maximal dose in the
first course of treatment, which is often the dasenasopharyngeal carcinoma.



