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BACKGROUND: Reirradiation for locoregionally recurrent nasopharyngeal carcinoma (NPC) after a definitive dose of radiotherapy

(RT) is challenging and usually associated with severe toxicities. Intensity-modulated carbon ion RT (IMCT) offers physical/biologic

advantages over photon-based intensity-modulated RT. Herein, the authors report their initial experience of IMCT in previously irradi-

ated patients with locoregionally recurrent NPC. METHODS: Patients with locoregionally recurrent, poorly differentiated or undifferen-

tiated NPC who underwent salvage therapy with IMCT at the Shanghai Proton and Heavy Ion Center between May 2015 and August

2017 were included in the current study. The IMCT doses were 50 to 66 Gray equivalent (GyE) (2.0-3.0 GyE/daily fraction), delivered

via raster scanning technology. The 1-year overall survival, disease-specific survival, progression-free survival (PFS), local recurrence-

free survival, regional recurrence-free survival, and distant metastasis-free survival were calculated. Univariate and multivariate analy-

ses of PFS were performed to identify possible predictive factors. RESULTS: Among the 75 patients included, 4 patients, 14 patients,

29 patients, and 28 patients, respectively, had recurrent American Joint Committee on Cancer stage I, stage II, stage III, and stage

IVA/B disease. With a median follow-up of 15.4 months (range, 2.6-29.7 months), the 1-year overall survival, disease-specific survival,

PFS, local recurrence-free survival, regional recurrence-free survival, and distant metastasis-free survival rates were 98.1%, 98.1%,

82.2%, 86.6%, 97.9%, and 96.2%, respectively. A higher fraction size of 3 GyE (vs <3 GyE) or a higher biological equivalent dose signif-

icantly improved the PFS rate on univariate analysis, but not on multivariate analysis. No patient developed acute toxicity of grade

�2 during IMCT. Late treatment-induced severe (grade 3 or 4) toxicities were infrequent, but included mucosal necrosis (9.3%), xero-

stomia (1.3%), and temporal lobe necrosis (1.3%). CONCLUSIONS: This initial experience in the first 75 patients with locoregionally

recurrent NPC was encouraging. Carbon ion RT could provide promising survival rates with infrequent severe toxicities for patients

with locoregionally recurrent NPC. Cancer 2018;124:2427-37. VC 2018 The Authors. Cancer published by Wiley Periodicals, Inc. on

behalf of American Cancer Society. This is an open access article under the terms of the Creative Commons Attribution-NonCommer-

cial License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited and is not

used for commercial purposes.
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INTRODUCTION
To the best of our knowledge, radiotherapy (RT) is the only curative modality for patients with nonmetastatic nasopha-

ryngeal cancer (NPC). The prevailing use of photon-based intensity-modulated RT (IMRT) and the concurrent chemora-

diotherapy strategy have significantly improved treatment outcomes.1-3 Nevertheless, locoregional disease recurrence after

IMRT remains a major mode of treatment failure. Approximately 10% to 15% of patients with NPC will fail locoregion-

ally after receiving definitive treatment.4

Reirradiation remains the most important modality for salvaging patients with locoregionally recurrent NPC (LR-

NPC). To our knowledge, surgery, stereotactic radiosurgery, and brachytherapy are effective only in patients with disease

with limited recurrent tumor volume,5,6 and IMRT currently is the most effective method for salvaging patients with LR-

NPC of any stage, including more extensive disease. However, reirradiation with IMRT to a definitive dose is associated

with a considerable risk of severe complications, including mucosal necrosis, massive bleeding, cranial neuropathy, and

temporal lobe necrosis.7-10 Limited efficacy and a high probability of fatal complications limit the 2-year overall survival

(OS) rate for patients with recurrent (r) T3/T4 LR-NPC to only approximately 40%.10
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Accelerated beams of heavy, charged particles and pro-

tons have a finite range and a distant Bragg peak.11 Dosime-

try studies have shown that carbon ion RT (CIRT) enables

the delivery of high-dose RT to the target volume(s) while

sparing organs at risk (OAR), thereby enhancing the thera-

peutic ratio over IMRT in patients with head and neck can-

cer.12 Early data also have suggested that the use of proton or

heavy ion (noncarbon) RT for patients with LR-NPC is fea-

sible and potentially effective.13,14

Carbon ions have a relative biologic effectiveness

ratio of 2 to 5:1 compared with photons and protons.15,16

It is reasonable to postulate that the more precise

intensity-modulated CIRT (IMCT) used to salvage

patients with LR-NPC who failed prior courses of high-

dose RT may provide improved disease control and an

improved toxicity profile compared with photon-based

IMRT due to the physical and biological characteristics of

the carbon ion beam. However, to the best of our knowl-

edge, the effectiveness and potential benefits in the toxic-

ity profile of IMCT in the treatment of patients with LR-

NPC have never been addressed clinically. The objective

of the current study was to present the initial results in

terms of early efficacy and toxicity profiles among a group

of patients with LR-NPC who were treated prospectively

according to our ongoing institutional protocols with

IMCT.

METHODS AND MATERIALS

Patients and Pretreatment Evaluation

All patients diagnosed with LR-NPC who were previously

treated with and reirradiated with IMCT >6 months after

the completion of definitive photon-based RT were treated

prospectively with IMCT (raster scanning technology)

using either a standardized treatment protocol or 1 of the 3

dose-escalating phase 1/2 clinical trial protocols at the

Shanghai Proton and Heavy Ion Center (SPHIC).17,18

All protocols were registered to the institutional

review board (IRB) of the SPHIC. IRB approvals were

obtained for the 3 projects as well as the treatment proto-

col involved herein. All mentioned clinical trials were per-

formed in accordance with the ethical standards

established in the 1964 Declaration of Helsinki and its

later amendments. Informed consent was obtained from

all patients who were treated on the research protocols.
Required pretreatment baseline evaluations consisted

of a complete history and physical examination, nasophar-

yngoscopy, complete blood counts, serum electrolyte tests,

liver and renal function tests, electrocardiogram, and urinaly-

sis. Magnetic resonance imaging (MRI) of the head and

neck and whole-body positron emission tomography (PET)-

computed tomography (CT) were mandatory for all patients

to evaluate the extent of disease, unless clinically contraindi-

cated. Patients who presented with distant metastasis were

eligible if reirradiation was deemed beneficial for the patient’s

outcome, and those who had regional lymphadenopathy

were required to be evaluated for potential neck dissection.

The protocols also required that all patients were restaged

according to the seventh edition of the American Joint Com-

mittee on Cancer staging classification for their recurrent

disease.

Intensity-Modulated CIRT

All patients were immobilized in the supine position with

thermoplastic masks. CT simulation without intravenous

contrast from the vertex to the inferior margin of the cla-

vicular heads was performed at a 1.5-mm cut. MRI-CT

fusion was performed for all patients planned.
The gross (macroscopic) tumor volume (GTV) of

the primary site and neck included all disease noted on

CT, PET-CT, and MRI. The clinical target volumes

(CTVs) of both the GTV of the primary site and neck

were designed to include 5 mm beyond the GTV for

microscopic extension (limited to as little as 1 mm near

OAR), and a variable margin for occult tumor spread. An

additional 3-mm to 6-mm margin was added to the CTV

to create the planning target volume to allow for setup var-

iability and uncertainty with regard to dose distribution.

For patients whose tumors shrunk after chemotherapy,

the prechemotherapy tumor volumes were defined uni-

versally as subclinical disease and were included in the

CTV. Prophylactic irradiation to any uninvolved regions

regardless of the probability of disease involvement was

not administered. OAR required for all patients were

defined according to the following priorities: brainstem,

spinal cord, optic nerves/chiasm, temporal lobes, pituitary

gland, eyes (including lens), temporomandibular joints,

and parotid glands. Recovery from a previous IMRT dose

was set at 70%, based on the radiobiological conclusions

of Nieder et al,19 regardless of the latent time between the

2 courses of RT. The dose constraints of the OAR were

based on TD5/5 (5% chance of injury showing up over

the next 5 years) described by Emami,20 except for the

optic nerve (dose to 20% of the volume (D20)<30 Gray

equivalent [GyE]), brainstem (maximum dose <45

GyE), spinal cord (maximum dose <30 GyE), and tem-

poral lobes (V40<7.66 cm2; V50<4.66 cm2), which were

based on previous experience from the National Institute

of Radiological Sciences in Japan.21
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Treatment planning for IMCT was performed using

the Syngo treatment planning software system (versions

VC11 and VC13; Siemens Healthcare, Erlangen,

Germany).
The protocols for patients with LR-NPC differ with

regard to the total dose and fractionation used. The dose/

fractionation of the pilot study used 50 to 66 GyE (2.0

GyE/daily fraction, 2.5 GyE/daily fraction, or 3.0 GyE/

daily fraction, 5 days/week). The doses of the two phase

1/2 dose escalation trials (with or without concurrent che-

motherapy) started at 55 GyE and 57.5 GyE (2.5 GyE/

day, 5 days/week), respectively. The third dose escalation

trial started at a dose of 54 GyE (3 GyE/day, 5 days/week)

prescribed to the macroscopic disease. Treatments typi-

cally consisted of 2 to 3 beams. Individual factors such as

reproducibility of patient positioning and/or beam angles

were chosen for optimal dosimetry. A treatment plan for a

patient with local disease recurrence in the postnasal space

only is illustrated in Figure 1.
All patients were examined on a weekly basis for poten-

tial adverse events. Weekly CT scans of the head and neck

were performed as per protocol requirement after week 2 of

IMCT to ensure the consistency of the body contour and

the dose distribution because any changes in the air/fluid

composition in the sinuses or body anatomy may signifi-

cantly alter the dose distribution of IMCT.

Chemotherapy

Induction chemotherapy was encouraged for all patients

with locoregionally advanced recurrent disease, but no

particular regimen was required by any of the protocols.

Concurrent chemotherapy during IMCT was not encour-

aged except for patients enrolled into the phase 1/2 dose

escalating study receiving concurrent IMCT plus chemo-
therapy. Adjuvant chemotherapy was not encouraged.

Follow-Up

All patients were required to be followed by their primary
radiation oncologist within 4 to 6 weeks after the comple-
tion of IMCT, every 3 months within the first 2 years,
every 6 months in the following 3 years, and then annually
thereafter. Complete history and physical examinations,
nasopharyngoscopy examinations, and MRI scans of the
head and neck were required at each follow-up session,
with the first scan performed during the last week of
IMCT. PET-CT was optional and was ordered at the dis-
cretion of the radiation oncologist.

Data Analysis

The duration of OS was calculated from the time of diag-
nosis of locoregional recurrence until death or the date of
the last follow-up visit for patients still alive at the time of
last follow-up. The duration of time to local, regional, or
distant failure was measured from the time of diagnosis of
disease recurrence until documented treatment failure.

The responses to treatment were based on the results
of imaging studies such as MRI performed during the last
week of IMCT and at each follow-up session after the
completion of salvage IMCT using the Response Evalua-
tion Criteria In Solid Tumors (RECIST) (version
1.1).22Adverse events that occurred within 90 days after
the initiation of IMCT were described as “acute,” and
were measured using the Common Terminology Criteria
for Adverse Events (version 4.03). Long-term treatment-
induced side effects, which were defined as symptoms first
occurring 90 days after or lasting>90 days after the initia-
tion of IMCT, were graded according to the Radiation

Figure 1. A typical intensity-modulated carbon ion radiotherapy treatment plan for a patient with rT3N0M0 locally recurrent
nasopharyngeal carcinoma.
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Therapy Oncology Group criteria.23 Univariate analysis
regarding progression-free survival (PFS) was performed
using both the Kaplan-Meier method (with the log-rank
test) and the univariate Cox proportional hazards model,
whereas the Cox proportional hazards model was used for

multivariate analysis of PFS. Potential prognostic factors,
including sex, age, time to disease recurrence, stage of the
primary tumor and cervical lymph nodes, receipt of either
induction or concurrent chemotherapy, GTV dose, frac-
tionation, and biological equivalent dose (BED), were
included in the multivariate analysis. The total dose (to
the GTV) and fractionation as well as the BED were ana-
lyzed separately in multivariate analysis. P values <.05
were considered to be statistically significant. All statistical
analyses were performed using R statistical software (ver-
sion 3.4.1; R Foundation, Vienna, Austria).

RESULTS

Study Population

A total of 75 consecutive and nonselected patients with
LR-NPC (poorly differentiated or undifferentiated squa-
mous cell carcinoma [SCC]) were treated at SPHIC
between May 2015 and August 2017. Locoregional dis-
ease recurrences were diagnosed histologically or clinically
using repeated MRI and PET-CT scans. No patient pre-
sented with distant metastasis. Among these patients, 9
presenting with both local and cervical lymph node dis-
ease recurrence underwent neck dissection before IMCT,
and 3 patients underwent neck dissection after IMCT.
The dose of the initial RT to the GTV of the primary site
and lymphadenopathy ranged from 66 to 76 Gy in 28 to
38 fractions among all analyzed patients.

The characteristics of the patients and their disease
are detailed in Table 1.

With the exception of 1 patient, all patients com-
pleted their planned treatments without a treatment break
for any reason. One patient declined planned further

TABLE 1. Characteristics of All Patients and Their
Disease

Characteristics No. (%)

Total 75 (100%)

Sex

Male 54 (72%)

Female 21 (28%)

Age at time of locoregional disease recurrence, y

Median (range) 48 (17-70)

�50 40 (53.33%)

>50 35 (46.67%)

Initial radiation dose, Gy

Median (range) 70 (66-75.75)

AJCC stage of disease at time of initial diagnosis

I and II 17 (22.67%)

III and IVA/B 58 (77.33%)

Initial radiotherapy technique (IMRT)

IMRT 72 (96%)

Non-IMRT 3 (4%)

Time to disease recurrence

Median (range), mo 28.70 (7.36-214.95)

�2 y 31 (41.33%)

>2 y 44 (58.67%)

AJCC stage of disease at time of disease recurrence

I and II 18 (24%)

III and IVA/B 57 (76%)

Recurrent T/N classification

rT0 (retropharyngeal lymph node positive) 4 (5.33%)

rT1 5 (6.67%)

rT2 11 (14.67%)

rT3 28 (37.33%)

rT4 27 (36%)

rN1 22 (29.33%)

Interval between diagnosis of NPC

recurrence and re-IMCT, mo

Median (range) 2 (0-8)

Interval between first RT and re-IMCT, mo

Median (range) 29 (11-216)

Total dose of re-IMCT, GyE

Median (range) 57.5 (50-66)

<60 39 (52%)

�60 36 (48%)

Fractionation of re-IMCT, GyE

Median (range) 3

2 3 (4%)

2.5 29 (38.67)

3 43 (57.33%)

Induction chemotherapy

TP 19 (25.33%)

GP 17 (22.67%)

Others 10 (13.33%)

No induction chemotherapy 29 (38.67%)

Concurrent chemotherapy

Cisplatin (wkly dose at 40 mg/m2) 8 (10.67%)

Cisplatin (3-wk dose at 80 mg/m2) 4 (5.33%)

No concurrent chemotherapy 63 (84%)

Abbreviations: AJCC, American Joint Committee on Cancer; GP, gemcitabine

plus cisplatin; Gy, gray; GyE, Gray equivalent; IMCT, intensity-modulated car-

bon ion radiotherapy; IMRT, intensity-modulated radiotherapy; NPC, naso-

pharyngeal carcinoma; RT, radiotherapy; TP, docetaxel plus cisplatin.

Figure 2. The 1-year overall survival (OS) rate for patients
with locoregionally recurrent nasopharyngeal carcinoma
treated with intensity-modulated carbon ion radiotherapy.
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IMCT after a total dose of 50 GyE (the planned total dose

was 54 GyE at 2.0 GyE/daily fraction) due to concerns

regarding side effects, although no side effects were

observed during IMCT.
A total of 46 patients received 1 to 6 cycles of induc-

tion chemotherapy consisting of docetaxel plus cisplatin,

gemcitabine plus cisplatin, or 5-fluorouracil plus cisplatin

before IMCT. Twelve patients received concurrent cis-

platin (8 with a weekly dose of 40 mg/m2 and 4 patients

with a 3-weekly dose of 80 mg/m2); of these, 6 patients

were in the IMCT plus concurrent chemotherapy proto-

col. One patient who did not receive induction or concur-

rent chemotherapy because he was recovering from a

cerebrovascular accident received adjuvant chemotherapy.

OS, Local, Regional and Distant Failure, and PFS

All patients were followed according to the planned sched-

ule. At a median follow-up of 15.4 months (range, 2.6-

29.7 months), 2 patients had died. One patient developed

mucosal necrosis 3 months after the completion of salvage
IMCT and subsequently died of massive hemorrhage 4
months thereafter. Another patient had experienced no
moderate or severe acute or late adverse events and died of
a cardiovascular accident unrelated to LR-NPC or retreat-
ment at 16 months after her diagnosis (or 12 months after
the completion of salvage IMCT). The 1-year OS
rate and disease-specific survival (DSS) rate both were
98.1% (95% confidence interval [95% CI], 94.4%-
100%) (Fig. 2).

At the time of the current analysis, 21 patients, 1
patient, and 2 patients, respectively, developed local,
regional, and distant failure. The 1-year PFS, local
recurrence-free survival (LRFS), regional recurrence-free
survival (RRFS), and distant metastasis-free survival
(DMFS) rates were 82.2% (95% CI, 72.8%-92.9%),
86.6% (95% CI, 77.8%-96.4%), 97.9% (95% CI,
94.0%-100%), and 96.2% (95% CI, 91.2%-100%),
respectively (Fig. 3).

Figure 3. The 1-year (A) progression-free survival (PFS), (B) local recurrence-free survival (LRFS), (C) regional recurrence-free
survival (RRFS), and (D) distant metastasis-free survival (DMFS) rates of patients with locoregionally recurrent nasopharyngeal
carcinoma treated with intensity-modulated carbon ion radiotherapy.
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Among the patients who developed local recurrence
or disease progression after IMCT reirradiation, 3 patients
were recruited into a phase 2/3 trial (chemotherapy with
radiosensitization) at SPHIC. The only patient who devel-
oped neck disease recurrence alone (out of the IMCT
field) was salvaged successfully with surgery. All other
patients who developed local or distant disease recurrence
were treated with salvage chemotherapy, including 7
patients who also underwent nasopharyngectomy.

Acute and Late Adverse Events

Reirradiation with IMCT after a definitive dose of IMRT
for LR-NPC was found to be well tolerated. None of the
75 patients developed grade �2 reirradiation-induced
toxicity during or within 90 days after the initiation of
IMCT. The only observed acute adverse events associated
with IMCT were grade 1 erythema of the nasopharyn-
geal/oropharyngeal mucosa in 9 patients. No patient
experienced persistent alopecia or skin erythema.

Seven patients developed necrosis at the tumor bed
after 3 months of follow-up. However, at the time of the
onset of tumor bed necrosis, no necrosis or erythema was
observed in the adjacent mucosa. One of the 7 patients
who was not salvaged with debridement subsequently
died of massive hemorrhage (grade 5) at 10 months after
the diagnosis of disease recurrence (or 7 months after the
completion of IMCT). Late toxicity profiles are detailed
in Table 2.

Predictive Factors for Local and Regional
Disease Control

Using both univariate and multivariate analyses, we
assessed the value of all significant predictive factors for
local and regional disease control previously reported in
the literature for LR-NPC after reirradiation using IMRT
excluding tumor volume. These potential prognosticators
included age, sex, stage of disease at the time of disease
recurrence, time to disease recurrence, use of chemother-
apy (induction and/or concurrent chemotherapy), dose of
salvage IMCT to the GTV, fractionation (dose/fraction),
and BED. Because only 2 patients in the current study
cohort had died and only 1 patient had died of disease/
treatment-associated factors, analysis for predictive indi-
cators of OS or DSS was not performed.

On univariate analyses using the log-rank test (Table
3), the fraction size (<3 GyE vs 3 GyE) and BED (<74.1
GyE vs �74.1 GyE) were found to be significant for the
prediction of PFS (P 5.027 and .035, respectively) (Fig.
4). Cox regression analysis was used to examine the factors
on univariate and multivariate analyses of PFS (Tables 4
and 5). Both fraction size (hazard ratio, 0.27; 95% CI,
0.08-0.94 [P 5.039]) and BED (hazard ratio, 0.91; 95%
CI, 0.94-0.99 [P 5.031]) were found to be significantly
associated with PFS on univariate analyses. No significant
association was observed on multivariate analyses.

DISCUSSION
In the current study, we analyzed the 1-year treatment
outcomes for the first 75 consecutive patients with LR-
NPC (poorly or undifferentiated SCC) who failed locore-
gionally after definitive RT and were salvaged with IMCT
at SPHIC. To the best of our knowledge, the current
study is the first to examine the treatment of patients with
LR-NPC using CIRT. At the time of this analysis, all
patients with the exception of 2 were alive. One patient
died of massive hemorrhage 7 months after the comple-
tion of IMCT and another died of an interconcurrent car-
diovascular incident unrelated to recurrent NPC. With a
median follow-up of 15.4 months, the OS, DSS, PFS,

TABLE 2. Type and Frequency of Late Toxicitiesa

Grade 1 or 2 �Grade 3

Toxicity

No. of

Patients (%)

No. of

Patients (%)

Nasopharyngeal mucositisb 0 7 (9.3%)b

Temporal lobe necrosis 7 (9.3%) 1 (1.3%)

Xerostomia 1 (1.3%) 1 (1.3%)

Hearing loss 1 (1.3%) 0

Cranial nerve neuropathy 1 (1.3%) 0

a Toxicities were graded according to the Radiation Therapy Oncology

Group criteria.
b All necrosis initiated at the tumor bed without evidence of mucosal necro-

sis or erythema. One patient died of hemorrhage (grade 5).

TABLE 3. Univariate Analysis by the Kaplan-Meier
Methoda

Characteristic PFS LRFS RRFS DMFS

Sex 0.15 0.059 0.56 0.42

Age (�50 y vs >50 y) 0.37 0.70 0.38 0.12

Time to disease recurrence

(�2 y vs >2 y)

0.23 0.37 0.30 0.18

T classification (T1/2 vs T3/4) 0.38 0.59 0.50 0.49

N classification (N1 vs N-) 0.14 0.12 0.56 0.42

Chemotherapyb 0.13 0.43 0.50 0.51

GTV dose (<60 GyE vs �60 GyE) 0.19 0.30 0.61 0.37

Fractionation (<3 GyE vs 3 GyE) 0.027 0.058 0.48 0.24

BED (<74.1 GyE vs �74.1 GyE)c 0.035 0.10 0.50 0.26

Abbreviations: BED, biological equivalent dose; DMFS, distant metastasis-

free survival, GTV, gross (macroscopic) tumor volume; GyE, Gray equiva-

lent; LRFS, local recurrence-free survival; PFS, progression-free survival;

RRFS, regional recurrence-free survival.
a Bold type indicates statistical significance.
b Induction and/or concurrent chemotherapy.
c The median BED was 74.1 GyE.
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LRFS, RRFS, and DMFS rates at 1 year were 98.1%,
98.1%, 82.2%, 86.6%, 97.9%, and 96.2%, respectively.
No patient developed acute toxicity of grade �2 during
IMCT. Late treatment-induced severe (grade 3 or 4) tox-
icities were infrequent, and included xerostomia (1
patient) and temporal lobe necrosis (1 patient). Seven
patients developed necrosis at the tumor bed but had no
evidence of a severe mucosal reaction at the onset of the
analysis. Only 1 patient who did not receive sufficient
debridement subsequently died of massive hemorrhage
(grade 5 toxicity). Although the median follow-up of 15.4

months is relatively short, the outcomes of patients in the
current study, including the short-term survival data and
the absence of acute serious adverse events (SAEs) and
infrequently observed late SAEs, are encouraging. This is
especially apparent given that in previous reports regard-
ing salvage treatments for patients with LR-NPC in which
IMRT or conventional RT was used, the median time to
the development of SAEs was reported to be approxi-
mately 6 months, and the majority of the reported rates of
developing SAEs were >50%, while significantly contrib-
uting to patient mortality.7-10,24 Therefore, the current
study data provide early evidence that IMCT may be a
potentially superior modality compared with current and
traditional treatment approaches for patients with locore-
gionally recurrent head and neck malignancies who have
failed prior high-dose RT. Not surprisingly, the results of
the current study also indicated that fractionation and/or
BED could be important predictive factors for PFS after
IMCT. On univariate analysis, a dose of 3 GyE per frac-
tion (compared with smaller fraction sizes) and a higher
BED were found to significantly improve PFS. However,
no significant covariates were detected on multivariate
analysis.

To the best of our knowledge, RT is the only cura-
tive treatment modality for patients with nonmetastatic
NPC. Despite the improved outcome with the prevailing
use of IMRT and combined chemoradiotherapy, approxi-
mately 10% of patients will fail locally after receiving
definitive treatment.4 The treatment of patients with LR-
NPC is challenging, and precision radiation technologies
such as stereotactic radiosurgery and brachytherapy can be
used only to treat small recurrent foci in the postnasal

TABLE 4. Univariate Analysis of PFS by Cox
Regression

Variable

Univariate Analysis

HR (95% CI) Pa

Sex (female as referent)

Male 0.53 (0.22-1.28) .15

Age, y 0.99 (0.95-1.03) .55

Time to disease recurrence, y 1.23 (1.03-1.46) .023

T classification (T1/2 as referent)

T3/4 1.62 (0.55-4.83) .38

N classification (N- as referent)

N1 0.41 (0.12-1.39) .15

Chemotherapy (no chemotherapy as referent)

With chemotherapy 2.25 (0.76-6.68) .14

GTV dose, GyE 0.90 (0.80-1.02) .095

Fractionation (<3 GyE as referent)

3 GyE 0.27 (0.08-0.94) .039

BED, GyEb 0.91 (0.84-0.99) .031

Abbreviations: 95% CI, 95% confidence interval; BED, biological equivalent

dose; GTV, gross (macroscopic) tumor volume; GyE, Gray equivalent; HR,

hazard ratio; PFS, progression-free survival.
a Bold type indicates statistical significance.
b The BED was analyzed as a continuous variable.

Figure 4. Progression-free survival (PFS) of patients with locoregionally recurrent nasopharyngeal carcinoma treated with
intensity-modulated carbon ion radiotherapy stratified by (A) fractionation or (B) biological equivalent dose (BED). GyE, Gray
equivalent.
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space, but their application is highly limited by the tumor
volume.5,6 Therefore, IMRT remains the mainstay treat-
ment technology for patients with LR-NPC. To our
knowledge, however, results from all published series to
date have demonstrated that retreatment using IMRT is
potentially curative for patients with LR-NPC but at the
cost of a high incidence and severity of radiation-induced
toxicities. IMRT doses ranging from 50 to 70 Gy in con-
ventional fractionations have been used for patients with
recurrent NPC in those reports; however, to our knowl-
edge, the optimal dose is unknown. Long-term side
effects, especially mucosal necrosis and fatal hemorrhage,
after reirradiation using high-dose IMRT (>66 Gy) for
patients with recurrent NPC were considered unaccept-
able in 2 larger series.8,9 To our knowledge, according to
the largest series published to date regarding IMRT reirra-
diation for patients with LR-NPC, 120 of the 239
patients studied died. Approximately 70% of the dead
patients died of SAEs such as mucosal necrosis, cranial
neuropathy, and/or symptomatic brain necrosis, whereas
<30% died of local or distant failure.9 These findings
were echoed by a more recently published series of 77
patients (60% with early recurrent stage and 40% with
locally advanced recurrent stage NPC) who were treated
with reirradiation using IMRT after failing IMRT.10 In
essence, although IMRT was the best treatment modality
available for locally advanced NPC, it conversely also was
the major cause of death in patients undergoing
reirradiation.

The majority of the patients included in the above-
mentioned publications developed local recurrence after

conventional RT. Tumor volume coverage is considered
suboptimal with 2-dimensional RT, and marginal miss
of disease, especially subclinical disease, could occur
more frequently compared with IMRT. At the same
time, doses to normal nasopharyngeal mucosa surround-
ing the primary NPC lesion might be uneven. Locore-
gional recurrence of NPC after high-dose IMRT, which
to our knowledge has been the standard technology for
the past decade, represents a new scenario and its man-
agement could be more challenging. Recurrence of a typ-
ically radiosensitive malignancy such as NPC after highly
conformal, high-dose irradiation appears to select for
greater resistance to a second course of photon-based
RT. Normal tissues such as the mucosa, temporal lobes
of the brain, cavernous sinus, and brainstem encom-
passed within the planning target volume for the reirra-
diation usually have been irradiated intensely in the
previous IMRT, especially for patients with locoregion-
ally advanced disease. In a recently analyzed series, Kong
et al discovered that patients with NPC who failed initial
IMRT and were reirradiated with a second course of
IMRT demonstrated particularly poor outcomes.
Approximately 40% of patients experienced mucosal
necrosis but, more important, approximately 67% of
cases of mucosal necrosis occurred within 6 months after
the second course of IMRT.10 The majority of dead
patients died of treatment toxicities, and the 3-year OS
rate in patients who developed SAEs was 26.1%. There-
fore, it is reasonable to postulate that patients with LR-
NPC after definitive IMRT are more prone to develop
severe adverse events and are more resistant to

TABLE 5. Multivariate Analyses of PFS

Variable

Fractionation and
Total Dose Included BED Included

HR (95% CI) P HR (95% CI) P

Sex (female as referent)

Male 0.59 (0.20-1.71) .33 0.67 (0.24-1.85) .44

Age, y 0.96 (0.92-1.01) .13 0.97 (0.93-1.02) .20

Time to recurrence, y 1.14 (0.90-1.44) .29 1.16 (0.93-1.44) .19

T classification (T1/2 as referent)

T3/4 0.86 (0.26-2.86) .80 0.84 (0.25-2.80) .78

N classification (N- as referent)

N1 0.37 (0.09-1.48) .16 0.34 (0.09-1.36) .13

Chemotherapy (no chemotherapy as referent)

With chemotherapy 1.42 (0.39-5.24) .60 1.80 (0.51-6.29) .36

GTV dose, GyE 0.96 (0.85-1.09) .55 NA NA

Fractionation (<3 GyE as referent)

3 GyE 0.32 (0.08-1.23) .097 NA NA

BED, GyE NA NA 0.94 (0.86-1.03) .17

Abbreviations: 95% CI, 95% confidence interval; BED, biological equivalent dose; GTV, gross (macroscopic) tumor volume; GyE, Gray equivalent; HR, hazard

ratio; NA, not applicable; PFS, progression-free survival.
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reirradiation after a second course of IMRT. Previous
results regarding reirradiation with IMRT for patients
with LR-NPC who have failed conventional RT might
not be applicable to patients with NPC treated in the
modern era, including those in the current series because
the majority of patients herein were treated in the IMRT
era.

High doses from previous irradiation to the critical
organs adjacent to disease foci always limit the doses of
reirradiation that are required for disease control. Despite
the prevailing use of IMRT for patients with NPC, reirra-
diation with IMRT to the postnasal space is limited by
doses delivered to the brainstem, temporal lobes, optic
nerve, and chiasm, as well as the nasopharyngeal mucosa.
Therefore, it is important to limit the reirradiation dose to
the disease foci only, without overdosing the normal sur-
rounding tissues.

Heavy charged particles such as carbon ion have a
finite range and a distant Bragg peak, and have been
applied successfully in the treatment of malignancies of
the skull base such as chordoma, chondrosarcoma, and
meningioma. Early data also have suggested that the use
of proton, neon, or helium for the management of
patients with locally advanced NPC or the reirradiation of
patients with LR-NPC is feasible and potentially effec-
tive.13,14,25 In an early study of 16 patients with LR-NPC
who were treated with proton beam RT, Lin et al discov-
ered that a local control rate of 60% can be achieved if a
sufficient dose (>60 GyE at 1.8 GyE or 2.0 GyE/daily
fraction) can be delivered. With a cumulative dose of
133.5 Gy (range, 110-148 Gy) for both initial and proton
beam reirradiation, only 2 of the 9 surviving patients
(22.2%) developed grade 3 or 4 late toxicity (osteonecro-
sis and mucosal necrosis), and no patient experienced a
neurological deficit.13 Neon or helium also were used suc-
cessfully in the management of patients with LR-NPC. In
a series of 11 patients with NPC who failed initial high-
dose RT, retreatment at the Lawrence Berkeley National
Laboratory using helium or neon to a median dose of 50
GyE (range, 31.8-62.3 GyE) achieved a local control rate
of 45% and a median survival of 42 months. No fatal
complications were observed.14 It is important to mention
that the salvage treatment for all patients included in these
2 small series had no support from modern imaging tech-
nologies such as MRI or PET-CT for diagnosing and
defining the recurrent disease foci and ruling out distant
metastasis. In fact, some of the patients who received
heavy ion RT at the Lawrence Berkeley National Labora-
tory had distant metastasis at the time of salvage treat-
ment. Under such suboptimal circumstances, we consider

the outcome after reirradiation with proton, neon, or

helium particles acceptable.
Previous experience has demonstrated that more

effective dose distributions in terms of vital tissue sparing

can be achieved with IMCT compared with IMRT in

patients with head and neck cancer.12 However, to the

best of our knowledge, CIRT has never been used in the

treatment of patients with LR-NPC, and there is no litera-

ture to date suggesting the proper dose of CIRT to be

used for reirradiation in patients with head and neck can-

cer recurrences. CIRT has a higher linear energy transfer

compared with photon or proton RT, and the estimated

relative biologic effectiveness of CIRT is 2 to 5 times that

of photon RT depending on the irradiated tissues and

cells.15,16 Therefore, it is reasonable to postulate that

CIRT is more effective for disease control for patients

with photon-resistant NPC recurrences after previous

conventional RT. Nevertheless, to the best of our knowl-

edge, the proper dose of CIRT for patients with NPC

who failed initial definitive RT is unknown. Although a

dose of �60 Gy with photon RT traditionally was sug-

gested for improved control of recurrent SCC of the head

and neck area,26,27 such a dose scheme may or may not be

applicable for CIRT.
The initial findings of the current study suggested

that reirradiation with IMCT at a dose of 50 to 66 GyE

(at 2.0-3 GyE/daily fraction) is feasible and potentially

effective for controlling locoregionally recurrent foci of

NPC. With a median follow-up of 15.4 months, all

patients except for 2 were alive, and only 1 patient had

died of NPC or a treatment-related cause. Acute and late

adverse events of grade �2 were infrequent. These out-

comes are highly comparable to those among head and

neck cancer patients with base-of-skull recurrences who

are treated with similar technology and at a similar facility

at the Heidelberg Ion Therapy Center. In a recently pub-

lished series of 18 patients with recurrent skull base dis-

eases of various diagnoses who underwent reirradiation

with IMCT, the median dose of 51 GyE (over 17 daily

fractions, 7 days/week) was found to be well tolerated.28

Grade 1 or 2 early or late toxicities only were observed in

5 patients. No patient developed grade 3 or 4 early or late

toxicities after a median follow-up of 2 years. Further-

more, in our previously published data regarding reirra-

diation with IMRT, only 40% of patients had T3/4

lesions, which is substantially less than the rate of 73%

reported in the current series.10 However, the 1-year OS

rate of approximately 98% is far superior after IMCT,

whereas the PFS rates were similar between the 2
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technologies. We attribute such a phenomenon to the
superb toxicity profile of IMCT.

The results of univariate analyses indicated that both
BED (<74.1 GyE vs �74.1 GyE) and fraction size (3
GyE vs<3 GyE) were potential significant prognostic fac-
tors for PFS. With limited severe adverse events observed
at all CIRT dose levels, it is reasonable to observe an
improved outcome with a higher BED and fraction dose.
However, patients who received lower total and fraction
doses were those who were treated soon after the initiation
of the clinical practice at SPHIC. Although target volume
delineation had been consistent for all patients, less expe-
rience at the beginning of the learning curve might well be
a potential confounding factor for less optimal PFS.

The outcomes after IMCT for patients with locally
recurrent skull base tumors were exciting, but we are
unable to explain the underlying reason for such a low
incidence of moderate or severe toxicities. A recently pub-
lished translational research article studied the effects of
ultra-high dose rate RT in normal and cancer tissues, and
discovered that RT delivered in <500 milliseconds could
spare normal lung tissue whereas the efficacy against can-
cer tissue remained unchanged.29 It is possible that the
ultra-high scanning speed of 100 milliseconds per slice of
our IONTRIS particle therapy system could play a role in
limiting the acute adverse events in this group of patients.
Nevertheless, this topic will be one of the foci of radiobiol-
ogy research at SPHIC. The addition of concurrent che-
motherapy to definitive RT was found to significantly
improve local control and OS in patients with locally
advanced NPC.30 Concurrent chemotherapy, when used
with salvage IMRT, also can improve such clinical out-
comes based on the long-term results of a randomized
phase 2 trial.31 To our knowledge, the question of
whether the addition of concurrent chemotherapy to sal-
vage IMCT can improve disease control further in
patients with LR-NPC after they fail definitive RT is
unknown. This is the subject of one of the dose escalating
trials that currently is ongoing at SPHIC.17

The use of Epstein-Barr virus (EBV) DNA as a prog-
nosticator and to guide treatment has been a focus of
investigation for patients with NPC. In a pivotal study
published by Lin et al,32 a higher pretreatment plasma
EBV (pEBV) DNA concentration was found to be a sig-
nificant predictor of worse outcome. In addition, patients
with persistently detectable pEBV DNA after RT were
found to have worse OS and recurrence-free survival rates
compared with those without detectable pEBV DNA.
The same institute confirmed that pEBV DNA load is a
significant independent predictor of treatment outcomes

in patients with locally advanced NPC after long-term fol-
low-up.33 Such findings are important to guide additional
treatments for patients with a high probability of persis-
tent or recurrent disease. More aggressive combinations
can be provided to patients with high pretreatment pEBV
DNA, and adjuvant therapy could be recommended for
those with detectable pEBV DNA after treatment. Unfor-
tunately, to the best of our knowledge, to date pEBV
DNA has not been investigated and reported for patients
with LR-NPC. Because the 1-year PFS rate was 86.6% in
the current study cohort of patients with LR-NPC after
CIRT salvage therapy, the accurate identification of
patients who may develop locoregional or distant failure
could provide more precise guidance for additional treat-
ment to improve prognoses further. At SPHIC, the
peripheral blood of patients with NPC has been preserved
based on an IRB-approved study. pEBV DNA will be
investigated for its predictive value for prognosis in
patients with LR-NPC who are treated with CIRT.

Conclusions

The use of IMCT for salvage treatment among patients
with LR-NPC appears to be safe and effective. With a
median follow-up of 15.4 months, the 1-year OS, DSS,
PFS, LRFS, RRFS, and DMFS rates were 98.1%, 98.1%,
82.2%, 86.6%, 97.9%, and 96.2%, respectively. No acute
SAEs of any type were observed. Although 1 patient expe-
rienced grade 5 treatment-induced mucosal necrosis and
massive hemorrhage, the probability of a treatment-
induced late SAE remained infrequent compared with
conventional IMRT. However, long-term follow-up is
needed to determine the optimal dose and fractionation
of IMCT for patients with LR-NPC, as well as the long-
term outcome and late toxicities.
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