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Background: Nasopharyngeal carcinoma (NPC) is one of the most highly radiosensitive

malignancies; however, some locally advanced NPC patients experienced local recurrence

even though they received aggressive treatment regimens. Defining the tumor volume precisely

is important to escalate the total dose required for the primary tumor. In this study, we aimed to

investigate the feasibility and efficacy of dose escalation guided by DW-MRI in patients with

locally advanced NPC.

Patients and Methods: A total of 230 patients with locally advanced NPC treated with

intensive modulated radiotherapy (IMRT) at Sichuan Cancer Hospital between January 2010 and

January 2015 were enrolled in this retrospective study. All the patients were treated with all-

course of simultaneous integrated boost-IMRT. DW-MRI-guided dose escalation with 2.2–2.5

Gy/F, qd for 1–3 days or 1.2–1.5 Gy/F, bid for 1–3 days were prescribed to 123 patients. Survival

and complication of the patients were evaluated, and multivariate analysis was performed.

Results: The median follow-up of patients in the DW-MRI-guided dose-escalation group

and the conventional group was 48 months (range 8–88 months) and 52 months (range 6–90

months), respectively. The 5-year overall survival rate, distant metastasis-free survival rate,

progression-free survival, and local recurrence-free survival (LRFS) of patients in the dose-

escalation group and the conventional group were 88% vs 82.5% (p = 0.244), 86.1% vs

83.3% (p = 0.741), 82.2% vs 76.6% (p = 0.286), and 89.1% vs 80.1% (p = 0.029),

respectively. Multivariate analysis showed that dose escalation was independent prognostic

factor for LRFS (HR 0.386, 95% CI 0.163–0.909, p = 0.03).

Conclusion: DW-MRI-guided dose escalation is a feasible strategy to improve local control

of patients with locally advanced NPC. The treatment-related complications are tolerable.
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Background
Nasopharyngeal carcinoma (NPC) is one of the most highly radiosensitive malignan-

cies, with a growing prevalence year by year in China.1 Patients at a locally advanced

stage have relatively worse survival than those at an early stage. Although multiple

efforts, such as enhancing the intensity of chemotherapy, adding the anti-EGFR drugs,

and dose escalation, have been made to improve local control and decrease distant

metastasis,2 some patients, however, still experienced local recurrence even with such

aggressive regimens. Intensive modulated radiotherapy (IMRT) can offer better target

coverage and normal organ protection and allow escalation of the radiation dose of

gross tumor volume (GTV),3 which has been confirmed to improve local control.4 Due
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to the radiotherapy complications brought from higher dose,

the therapeutic gains from different strategies that escalating

the total dose of GTVare unclear and the total dose and time/

fraction are still controversial.2

Methods to escalate the total dose of primary tumor

usually include altering fraction, sequentially boosting

with stereotactic radiotherapy (SRT) or brachytherapy

and dose-painting with IMRT.5–7 Pan et al found that

patients with altered fraction (1.2 Gy/F bid to 48 Gy

followed by 30 Gy in 20 fractions at 1.5 Gy bid) had

better local control and overall survival (OS) than the

conventional group with 70 Gy/35F over 7 weeks in the

2D radiotherapy era (without chemotherapy, stage was

confirmed by CT).5 Wang et al showed that patients with

bid radiotherapy (RT) regimen had a superiority of 5-year

local control, but not in disease-specific and OS, over

patients with conventional radiotherapy in T3–4 tumors.8

The preliminary results of the NPC-0501 trial showed that

accelerated fractionation was not recommended for

patients with concurrent chemoradiotherapy (CCRT) in

loco-regional advanced stage.9 On the other hand, it has

been confirmed that dose escalation after the primary

course of 66–70 Gy might improve local control (without

chemotherapy) of patients in T1/T2a and T3/4 tumors.4

The precise definition of the tumor volume, so that it can

receive a higher dose, has attracted much attention.

Fluorine-18-fluorodeoxyglucose positron emission tomogra-

phy/computed tomography (18F-FDG-PET/CT) or
18F-fluoromisonidazole PET-guided dose-escalation has

been proven tolerable and valuable for locally advanced

NPC;10,11 however, the low spatial resolution and accessibil-

ity, as well as the affordability of PET-CT in low- and

middle-income countries restricted its clinical application.

Diffusion-weighted magnetic resonance imaging (DW-

MRI) and contrast-enhanced MRI, available in most hospi-

tals, which can clearly detect soft tissue circumscription, skull

base infiltration, and intracranial extension of NPC,12,13 have

been widely used as diagnosis, staging, and treatment assess-

ment tool in NPC. In this study, we aimed to compare the

effects of DW-MRI-guided dose escalation on survival and

local control in NPC patients. This is the first attempt of dose

escalation based on DW-MRI for locally advanced NPC.

Patients and Methods
Patients
The Institutional Review Board of Sichuan Cancer

Hospital approved this retrospective study. Written

informed consent was obtained for patients included in

the study, which was conducted in accordance with the

Declaration of Helsinki. Patients with locally advanced

NPC treated with IMRT at Sichuan Cancer Hospital

between January 2010 and January 2015 were enrolled in

this study. Inclusion criteria for this retrospective study

were: 1) 18–65 years old; 2) the pathology was confirmed

as WHO type II nasopharyngeal carcinoma; 3) the stage of

patients was T3-4N0-3M0; 4) patients had received CCRT

with or without neoadjuvant chemotherapy (NAC) with

all-course of IMRT; 5) patients had finished the course of

radiotherapy with or without DW-MRI-guided dose esca-

lation to primary tumor volume; 6) the ECOG was 0–1,

without serious concomitant disease. Conventional written

informed consent form was signed for each patient prior to

treatment. Patients who received dose escalation needed to

approve the regimens and re-signed the written informed

consent form for dose escalation. Details of age, gender, T,

N, and clinical stage, pathology type, hemoglobin (HGB),

radiotherapy dose/fraction, and chemotherapy and targeted

therapy regimens were obtained from the medical record

system.

Radiotherapy
All the patients were treated with all-course of simulta-

neous integrated boost (SIB)-IMRT. The Eclipse™

Treatment Planning System (Eclipse 11.0, Varian) was

used to design and optimize the IMRT radiotherapy plan-

ning, which was implemented in the Novalis Tx linear

accelerator (NTX, Varian). Thermoplastic masks of head

and neck were used to maintain a stable fixation position

for CT/MRI simulation and treatment implementation. CT/

MRI fused images were used for target contouring and

then CT and RT structure data were transferred to the

planning system for planning optimizing. The plan should

meet the following conditions: the planning target volume

(PTV) should range from 95% to 110% of the prescription

dose, and the maximum dose of the plan should be in the

target volume. The total doses to organs at risk should be

limited according to the Radiation Therapy Oncology

Group protocol 0225 (RTOG0225).

The Basic SIB-IMRT Course
All the patients in the study received the basic radiother-

apy dose and fraction course as follows: the gross tumor

volumes (GTV-nx) D95 2.10–2.25 Gy/F to a total dose of

68.0–72.0 Gy, clinical target volumes (CTV) 1 D95

1.8–2.05 Gy/F to a total dose of 62–64 Gy, CTV2 D95
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1.7–1.8 Gy/F to a total dose of 50–56 Gy; positive neck

lymph node (GTV-ln) D95 2.10–2.25 Gy/F to a total dose

of 68.0–70.0 Gy; CTVln D95 1.7 −1.8 Gy/F to a total dose

of 50–56 Gy. The total number of fractions was 28–33.

DW-MRI-Guided Dose Escalation
All the patients in this study were scheduled with DW-MRI

and a contrast-enhanced MRI scan of the nasopharyngeal at

the end of the SIB-IMRT course. Patients with a residual

lesion on the MRI image had two options, to finish the

radiotherapy or to receive dose escalation. An informed

consent form regarding which option was made should be re-

signed, with an explanation of the possible advantages and

disadvantages of the two options. The patients’ decisions

were made after they were told about the possible advantages

and disadvantages of dose escalation.

For patients who received DW-MRI-guided dose escala-

tion to the primary tumor, the T2WI, DW-MRI, enhanced

T1WI image and CT image with contrast were merged in the

same system and presented on the same screen. The primary

tumor volume of dose-escalation was defined on the basis of

the multimodal image of MRI and CT. The volume of dose

escalation was firstly outlined based on the enhanced region

on the TIWI MRI and CTwith contrast; afterward, the target

was corrected and adjusted based on information on DWI

and T2WI (Figure 1). Notably, the necrosis region (hyper-

intensity on T2WI and hypointensity on T1WI) should be

avoided and the diffusion restricted area (hyperintensity on

DWI) should be included in the volume of dose-escalation.

Patients received dose escalation within one week after fin-

ishing the SIB-IMRT course. Prescription dose and fractions

for the dose-escalation course were as follows: 2.2–2.5 Gy/F,

qd for 1–3 days for the patients with good response to the

former treatment (≥80% regression) or 1.2–1.5 Gy/F, bid for

1–3 days for the patients who are not as sensitive to the

former treatment (<80% regression) .

Figure 1 DW-MRI-guided dose escalation in a 68-year-old NPC patient with T4N1M0. (A) T1WI with contrast prior to radiotherapy. (B) T2WI prior to radiotherapy. (C)

T1WI with contrast at 70 Gy. (D) T2WI at 70 Gy. (E) ADC map based on DWI at 70 Gy. (F) CTwith contrast at 70 Gy, targets were defined on CT data. (G, H) iso-dose

curves on CT imaging, 70 Gy in red represents areas of 2.2 Gy per fraction. Dose-escalation prescription for this patient was 2.2 Gy/F*2F, the total dose to GTV was 74.8

Gy.
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Chemotherapy and Targeted Therapy
The regimens of NAC were docetaxel 60 mg/m2 + cispla-

tin 60 mg/m2 + fluorouracil 600 mg/m2 d1–5 (TPF), doc-

etaxel 75 mg/m2+ cisplatin 75–80 mg/m2 (TP) or

gemcitabine 1.0 g/m2 d1, d8+ cisplatin 75–80 mg/m2 for

2–3 cycles at intervals of 3 weeks. For CCRT, regimens

were cisplatin 80–100 mg/m2 d1 or TP, repeated after 21

days for 2–3 cycles.

Anti-EGFR drugs, nimotuzumab or cetuximab, were

prescribed in some of the patients. Nimotuzumab was

used at a dose of 200 mg, every week for 6–8 weeks

during radiotherapy. Cetuximab was used at a dose of

400 mg/m2 for the first time and 250 mg/m2 weekly for

6–8 weeks afterward.

Follow-Up
Follow up was scheduled every 3 months for the first 2

years, every 6 months for the next 3 years, and then

annually. The OS was calculated from the date of diag-

nosis to the date of the death or last follow-up. Distant

metastasis-free survival (DMFS) was defined from the day

finishing treatment to the day when distant metastasis

occurred; progression-free survival (PFS) was calculated

from the date for the end of treatment to the date of the

local or regional relapse, or distant metastasis. The local

relapse-free survival (LRFS) was defined as the time from

the end of the treatment to the appearance of local relapse.

Physical examination, laboratory examination (including

plasma EBV DNA test), nasopharyngoscopy, abdominal

B-ultrasound, MRI scan of nasopharynx + neck with con-

trast, chest X-ray or CT scan and SPECT (annually) should

be included in the follow-up. According to the Radiation

Therapy Oncology Group (RTOG) criteria, early and late

toxicity of radiotherapy were evaluated and recorded.

Statistical Methods
All statistical analyses were performed using SPSS 22.0

statistical software. The Kaplan Meier method and log-

rank text were applied to survival analysis. The chi-square

test was used to compare the difference between clinical

pathological markers and treatment toxicity of each group.

Quantitative data were compared with the independent

sample t test. The log-rank test was used for univariate

analyses. The COX regression model was used for the

prognostic analysis of multiple factors. The difference

was considered statistically significant when p<0.05.

Results
Characteristics of Patients
Among the 230 patients included in this study, 127 patients

were treated with the base course of chemoradiotherapy plus

DW-MRI-guided dose escalation and 103 patients were trea-

ted with chemoradiotherapy with the standard dose/fraction.

Age, gender, T, N, and clinical stage (all patients were

restaged according to American Joint Committee on Cancer

(AJCC) 8th edition), pathology type, HGB, chemotherapy

regimen (CCRTor NAC+CCRT), cumulative dose of cispla-

tin and targeted therapy distribution between the DW-MRI-

guided dose-escalation group and the conventional group

were all comparable (Table 1).

Fifty-one out of 57 in the dose-escalation group and 39

out of 46 in the conventional group had skull base inva-

sion. Meanwhile, 67 out of 70 in the dose-escalation group

and 52 out of 57 in the conventional group had an intra-

cranial invasion. Of which were comparable between the

dose escalation group and conventional group (p>0.05).

Patients in the conventional arm received a total dose

of D95 70.9±1.3 Gy in the GTV (T3 70.7±1.1 Gy, T4 71.1

±1.4 Gy, respectively). The total dose of GTV in the DW-

MRI-guided dose-escalation group was D95 74.3±1.4 Gy

(T3, 73.6±1.3 Gy; T4 74.8±1.2 Gy), which was signifi-

cantly higher than that in the conventional arm (p<0.05).

In addition, the doses of GTV in the T3 and T4 subgroup

in the dose-escalation arm were significantly higher than

that of the conventional arm (Table 2).

The escalation dose was 2.5–6.6 Gy in the qd arm (n=74);

among them, 7 patients received 2.5 Gy/F for 1 day and 13

patients received 2.2 Gy/F for 3 days, while the other patients

received 2.2–2.5 Gy/F for 2 days. Meanwhile, the escalation

dose was 3–7.2 Gy in the bid arm (n=53), with 5 patients

receiving 1.5 Gy/F bid for 1 day and 8 patients receiving

1.2Gy/F bid for 3 days; the other patients received 1.2–1.5

Gy bid for 2 days. All the patients in this study received

CCRT. Among them 184 patients received 2–3 cycles of

NAC prior to CCRT (99 patients in dose-escalation group

and 85 in the conventional group); 33 patients in the dose-

escalation group (19 patients with nimotuzumab and 14

patients with cetuximab) and 29 patients of the conventional

group (16 patients with nimotuzumab and 13 patients with

cetuximab) received anti-EGFR treatment.

Survival Outcome
Themedian follow-up time in this study was 55months (range

6–90 months). During the period of follow-up, 14 deaths were
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observed in the dose-escalation group and 17 deaths were

observed in the conventional group. Eight patients experi-

enced local recurrence in the dose-escalation group while 13

patients experienced local recurrence in the conventional

group. The median time-to-local recurrence was 43 months

(range 26–56 months) in the dose-escalation group and 36

months (range 19–52 months) the conventional group, respec-

tively. Seventeen patients developed distant metastasis in the

dose-escalation group and 13 patients developed distant

metastasis in the conventional group.

The 5-year OS, DMFS, PFS, and LRFS of patients in the

dose-escalation group and the conventional group were 88%

vs 82.5% (p=0.244), 86.1% vs 83.3% (p=0.741), 82.2% vs

76.6% (p=0.286) and 89.1% vs 80.1% (p=0.029), respec-

tively (Figure 2). Subgroup survival analysis of T3 patients

showed that the 5-year OS, DMFS, PFS, and LRFS of the

dose-escalation group and the conventional group were

94.7% vs 90.6% (p=0.223), 94.1% vs 84.9% (p=0.483),

89.4% vs 79.7% (p=0.468) and 94.7% vs 90.6% (p=0.223),

respectively. Meanwhile, the 5-year OS, DMFS, PFS, and

LRFS of patients with T4 in the dose-escalation group and

the conventional group were 83.7% vs 75.4% (p=0.473),

77.1% vs 87.4% (p=0.333), 76.8% vs 75.1% (p=0.444) and

85.5% vs 79.5% (p=0.037), respectively (Table 3).

Univariate and Multivariate Analysis
Univariate and multivariate analysis showed that dose

escalation was independent prognostic factor for LRFS

(HR 0.386, 95% CI 0.163–0.909, p=0.03). Clinical stage

was an independent prognostic factor for LRFS (HR

3.862, 95% CI 1.146–13.02, p=0.029), PFS (HR 2.3386,

95% CI 1.050–5.421, p=0.038), DMFS (HR 2.758, 95%

CI 1.059–7.184, p=0.038) and OS (HR 3.509, 95% CI

1.288–10.030, p=0.019), N stage was an independent

prognostic factor for DMFS (HR 2.302, 95% CI 1.203–

5.452, p=0.043) (Table 4).

RT-Related Complications
The main early radiation-related complications included

mucositis, dysphagia, skin reaction, and xerostomia. The

incidence rates of grade III/IV mucositis in the dose-

escalation group and the conventional group were 54.3%

and 43.7%, respectively. Additionally, 22.0%, 14.2%, and

8.7% of patients in the dose-escalation group experienced

Table 1 Clinical-Pathological Characteristics of Patients in the

Study

Group DW-MRI-

Guided Dose

EscalationArm

N =127(%)

Conventional

Arm N=103

(%)

p

Age (years) 46.1±11.6 45.5±11.0 0.698*

Gender 0.829**

Male 77(60.6) 61(59.2)

Female 50(39.4) 42(40.8)

T Stage 0.973**

T3 57(44.9) 46(44.7)

T4 70(55.1) 57(55.3)

N Stage 0.587**

N0-2 100(78.7) 78(75.7)

N3 27(21.3) 25(24.3)

AJCC Stagea 0.868**

III 42(33.1) 33(32.0)

IVA 85(66.9) 70(68.0)

Pathology Type 0.304**

IIA 47(37.0) 45(43.7)

IIB 80(63.0) 58(56.3)

HGB 0.670**

<140 g/L 64(50.4) 49(47.6)

≥140g/L 63(49.6) 54(52.4)

EBV-DNA 0.260**

≥400 copy/mL 19(15.0) 13(12.6)

<400 copy/mL 108(85.0) 90(87.4) 0.389**

Treatment option

CCRT 28(22.1) 18(17.5)

NAC+CCRT 99(77.9) 85(82.5

Cumulative CDDP 0.513**

<200mg/m2 56(44.1) 41(39.8)

≥200mg/m2 71(55.9) 62(60.2)

Notes: *p-values were calculated with an independent sample t-test; **p-values
were calculated with the chi-square test; aStage was re-staged according to AJCC

8th edition based on MRI.

Table 2 Cumulative Dose of Gross Tumor Volume (GTV) in

Each Group

Group DW-MRI-

Guided

Dose

Escalation

Arm (Gy)

Conventional

Arm (Gy)

p*

The whole group 74.3±1.4 70.9±1.3 <0.001

Subgroup by T Stage

T3 73.6±1.3 70.7±1.1 <0.001

T4 74.8±1.2 71.1±1.4 <0.001

Note: *p-values were calculated with an independent sample t-test.
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grade 3 dysphagia, skin reaction, and xerostomia; 15.5%,

10.7%, and 3.9% of patients in the conventional group

experienced grade 3 dysphagia, skin reaction, and

xerostomia.

No grade III or higher late complications were

observed in the study. Of patients in the dose-escalation

group and conventional group, 27.6% and 33%, respec-

tively, developed late grade II xerostomia. Of patients in

the dose-escalation group and the conventional group,

5.5% and 3.9%, respectively, experienced temporal lobe

necrosis (TLN) (grade I). Of patients in the dose-

escalation group, 19.7%, 37.8%, and 7.1% developed

grade I skin fibrosis, hearing loss, and hypopsia, respec-

tively, while 33.0%, 14.6, and 7.8% of patients in the

conventional group developed grade I skin fibrosis, hear-

ing loss and hypopsia, respectively. Overall, the incidence

rates of early or late complications between the two groups

were not significantly different (p>0.05) (Table 5).

Discussion
Research on dose escalation of NPC has a relatively long

history. Early in 1997, Cmelak et al found that

a stereotactic radiosurgical boost of 12 Gy (range 7–16

Gy) following a fractionated dose of 66 Gy (range 64.8–70

Gy) without chemotherapy for locally advanced NPC pro-

vided excellent local control.14 Zi-qiang Pan et al con-

firmed that late course accelerated hyper-fractionated

radiotherapy achieved higher local control rates and OS

than conventionally fractionated radiotherapy.5 However,

most of the studies regarding dose escalation were based

on two-dimensional radiotherapy (2D-RT) or on patients

without concurrent chemotherapy.4,5,14 Notably, in the

IMRT era, the survival of locally advanced NPC was

significantly longer than that in 2D-RT or 3D-conformal

RT era,3,15,16 and CCRT was considered as the standard

optimal regimen.17 However, strategies of dose escalation

for locally advanced NPC with CCRT in the IMRT era are

Figure 2 Survival curve of patients in the conventional arm and dose-escalation arm.

Abbreviations: OS, overall survival; DMFS, distant metastasis-free survival; PFS, progression-free survival; LRFS, local relapse-free survival.
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not well understood but may provide important clues to

further improve tumor control and OS of these patients.

In this study, we aim to further explore the feasibility

and value of CCRT plus DWI-MRI-guided dose escalation

for locally advanced NPC with IMRT. We found that the

local recurrence-free survival of the dose-escalation group

(especially in patients with T4 stage) was significantly

higher than that of the SIM-IMRT group without boost

(89.1% vs 80.1%, p=0.029). Multivariate analysis showed

that the clinical stage and the dose escalation were inde-

pendent prognostic factors for LRFS. The HR of dose

escalation is 0.386 (95% CI 0.163–0.909, p=0.03), indicat-

ing that dose escalation is a protection factor for reducing

local recurrence.

The most widely accepted dose fraction regimens of

NPC are sequential IMRT with a single fraction of 2.0 Gy

over 35 fractions or SIB-IMRT with a single fraction of

2.12–2.36 Gy over 27–35 fractions.2,18 For patients with

bigger GTV (≥64 mL) or with the invasion of the skull

base or brain, it is preferred to give a higher radiation dose

of more than 72 Gy.19 Dose/fraction of escalation in the

history ranged from 6 to 15 Gy in a single fraction or 8 to

15 Gy in 3–5 fractions.2 Kwong et al found that he GTV

received 2.17 Gy daily to a total dose of 76 Gy with

simultaneous modulated accelerated-radiation therapy

boost technique is feasible with T3–T4 NPC and can be

combined with chemotherapy.20 However, the study only

explored the feasibility of the dose/technique with a 2-year

follow-up; there were no further reports on survival and

complications for those patients. In this study, all the

patients received CCRT, most of the patients (184)

received NAC prior to CCRT, a small number of patients

(62) even received anti-EGFR targeted treatment, which

was a relatively strong treatment regimen. Given that

a higher dose of escalation might result in more serious

complications that offset the local control benefit from

dose-escalation, we prescribed a boost dose of 2.2–2.5

Gy/F, qd for 1–3 days or 1.2–1.5 Gy/F, bid for 1–3 days;

the total dose of our study (74.3±1.4 Gy) was in line with

the dose reported by Kam et al in 2004. Patients (T2b-T4)

in the study received 8 Gy/4 fractions boost after the first

course with 66 Gy to the GTV (total dose, 74 Gy).21

Dose escalation beyond 70 Gy may increase the inci-

dence of RT complications. The target volume of dose

escalation is required to be accurate and narrow to ensure

the safety of the treatment. The application of MRI,

together with the positioning of CT in the same gesture

with thermoplastic masks, improved the accuracy and

safety of radiotherapy in head and neck cancer. Adding

DWI to the contrast MRI can better differentiate active

tumor tissues from necrosis or inflammatory regions and

help to delineate target localization.13,22 In this study, we

found the incidence rate of TLN in the dose-escalation

group was 5.5%, which was slightly higher but not sig-

nificantly than the group without boost (3.9%). With strict

restriction to the normal temporal lobe, the incidence rate

of TLN was lower than that of the data we have published

before.23 In this regard, DW-MRI is a feasible, accessible,

and affordable imaging method to guide the precise defini-

tion of GTV delineation, which is worthy of clinical appli-

cation and further study.

Patients’ OS in the dose-escalation group was not

statistically higher than in the conventional group (88%

vs 82.5%, p=0.244). Multivariate analysis showed that the

clinical stage (restaged according to AJCC 8th edition),

not the dose escalation, was the independent prognostic

factor for OS. However, the survival curve of patients in

the dose-escalation group is separated from that of patients

in the conventional group from the third year after radio-

therapy (Figure 2). Distant metastasis was still the predo-

minant pattern of failure. The benefit of dose escalation on

OS might be overlapped by distant metastasis or other

patterns of failure. Further prospective, large sample, ran-

domized control studies on dose escalation of locally

advanced NPC may highlight the benefit of dose escalation

on OS in the future.

Table 3 Subgroup Survival Analysis of T3 and T4

Survival DW-MRI-Guided Dose

Escalation Arm

Conventional

Arm

p*

OS

T3 94.7% 90.6% 0.223

T4 83.7% 75.4% 0.473

DMFS

T3 94.1% 84.9% 0.483

T4 77.1% 87.4% 0.333

PFS

T3 89.4% 79.7% 0.468

T4 76.8% 75.1% 0.444

LRFS

T3 94.7% 90.6% 0.223

T4 85.5% 79.5% 0.037**

Notes: *p-values were calculated with the log rank test. **LRFS in T4 patients

who received dose escalation was significantly higher than that of patients who

received conventional dose.
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Table 5 Early and Late Treatment Toxicity

Grade DW-MRI-Guided Dose Escalation Arm

(N=127) N(%)

Conventional Arm (N=103) N (%) χ2

value

p*

0 I II III IV 0 I II III IV

Early

Mucositis 0(0) 10(7.9) 48(37.8) 63(49.6) 6(4.7) 0(0) 13(12.6) 45(43.7) 41(39.8) 4(3.9) 3.071 0.381

Dysphagia 14(11.0) 18(14.1) 67(52.8) 28(22.0) 0(0) 11(10.7) 15(14.6) 61(59.2) 16(15.5) 0(0) 1.701 0.637

Skin reaction 0(0) 33(26.0) 76(59.8) 18(14.2) 0(0) 0(0) 37(35.9) 55(53.4) 11(10.7) 0(0) 2.811 0.245

Xerostomia 0(0) 39(30.7) 77(60.6) 11(8.7) 0(0) 0(0) 39(37.9) 60(58.2) 4(3.9) 0(0) 2.903 0.234

Late

Xerostomia 39(30.7) 53(41.7) 35(27.6) 0(0) 0(0) 42(40.8) 34(33.0) 27(26.2) 0(0) 0(0) 2.819 0.244

Skin fibrosis 102(80.3) 25(19.7) 0(0) 0(0) 0(0) 88(85.4) 15(14.6) 0(0) 0(0) 0(0) 1.039 0.308

Hearing loss 79(62.2) 48(37.8) 0(0) 0(0) 0(0) 60(58.3) 43(41.7) 0(0) 0(0) 0(0) 0.372 0.542

Brain necrosis 120(94.5) 7(5.5) 0(0) 0(0) 0(0) 99(96.1) 4(3.9) 0(0) 0(0) 0(0) 0.243 0.622

Hypopsia 118(92.9) 9(7.1) 0(0) 0(0) 0(0) 95(92.2) 8(7.8) 0(0) 0(0) 0(0) 0.006 0.940

Note: *p-values were calculated by the chi-square test.

Table 4 Univariate and Multivariate Analyses of Prognostic Factors for Different Outcomes

LRFS DMFS

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

X2 p* HR 95% CI p** X2 p* HR 95% CI p**

Gender 0.169 0.681 0.008 0.930

Age 2.038 0.153 0.79 0.778

Pathology type 0.174 0.677 0.612 0.434

HGB 0.182 0.670 1.095 0.295

T stage 1.353 0.245 2.344 0.126

N stage 0.651 0.420 4.397 0.036 2.302 1.203–5.452 0.043

Clinical stage 5.211 0.022 3.862 1.146–13.02 0.029 4.916 0.027 2.758 1.059–7.184 0.038

EBV-DNA 2.411 0.120 2.602 0.107

Treatment option 0.163 0.686 0.201 0.654

Cumulative CDDP 0.360 0.549 0.937 0.333

Dose escalation 10.276 0.006 0.385 0.163–0.909 0.030 1.168 0.280

PFS OS

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

X2 p* HR 95% CI p** X2 p* HR 95% CI p**

Gender 0.017 0.896 0.030 0.863

Age 0.355 0.552 0.600 0.439

Pathology type 0.695 0.404 0.301 0.583

HGB 0.965 0.326 1.469 0.225

T stage 0.120 0.729 0.047 0.829

N stage 2.218 0.145 1.825 0.177

Clinical stage 4.985 0.026 2.386 1.050–5.421 0.038 6.247 0.012 3.509 1.288–10.030 0.019

EBV-DNA 2.843 0.092 0.523 0.470

Treatment option 0.315 0.574 0.935 0.334

Cumulative CDDP 1.619 0.203 0.284 0.594

Dose escalation 1.517 0.218 1.596 0.207

Notes: *p-values were calculated with the log rank test. **p-values were calculated with a forward Cox proportional-hazards model.

Abbreviations: HR, hazard ratio; 95% CI, 95% confidence interval.
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There are still some intrinsic limitations of this retro-

spective study. Firstly, the selection bias was not avoided.

In addition, the inconsistency of the dose/fraction of boost

and chemotherapy as well as targeted therapy regimens

might confuse the benefit of dose escalation. Secondly,

long-term follow-up is needed to observe late complica-

tions. Despite these limitations, this study still provides

useful suggestions for the treatment of locally advanced

NPC in the era of IMRT. To our knowledge, this is the first

study to evaluate the feasibility and value of dose escala-

tion guided by DWI-MRI for locally advanced NPC.

Conclusion
This study confirmed that DW-MRI-guided dose escala-

tion is a feasible strategy to improve local control of

locally advanced NPC patients in the era of IMRT. The

radiation-related complications are tolerable. Further

large-sample, prospective, randomized clinical studies are

warranted.

Abbreviations
NPC, nasopharyngeal carcinoma; IMRT, intensity-

modulated radiotherapy; CCRT, concurrent chemora-

diotherapy; NAC, neoadjuvant chemotherapy; GTV,

gross tumor volume; OS, overall survival; DMFS, distant

metastasis-free survival; PFS, progression-free survival;

LRFS, local relapse free-survival; DW-MRI, diffusion

weighted magnetic resonance imaging; FDG-PET/CT,

positron emission tomography/computed tomography;

SRT, stereotactic radiotherapy.
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