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Objective: To investigate the treatment outcomes, failure patterns and surveillance strategy in patients with nasopharyngeal 
carcinoma (NPC) after intensity-modulated radiotherapy (IMRT).
Methods: A cohort of patients with NPC who had received the full course of IMRT between 2008 and 2012 were retrospectively 
analyzed. The failure patterns, time to recurrence, and detection methods were recorded. The survival was calculated using the 
Kaplan–Meier method. Multivariate proportional hazard regression models were used to test the prognostic factors.
Results: In total, 2607 patients with NPC treated with IMRT were recruited. After the median follow-up of 112 months, 402 (15.4%) 
patients experienced distant metastasis, 225 (8.6%) patients had local recurrence, and 77 (3.0%) patients had regional recurrences. The 
10-year overall survival (OS), local recurrence-free survival (LRFS), and distant metastasis-free survival (DMFS) rates were 74.5%, 
90.1%, and 79.3%, respectively. The factors of male sex, age >50 years, lactate dehydrogenase >245 IU/L, advanced T classification, 
and advanced N classification were associated with poor OS. The N disease classification was the most important factor in predicting 
distant metastasis, and advanced T disease classification for high risk of local recurrence. For patients with T1 disease, the incidence of 
local recurrence was less than 2%, and the incidence of distant metastasis was less than 5% for patients with N0 disease. About 83% of 
the recurrence occurred in the first 5 years, and 20% of the recurrences showed no symptoms.
Conclusion: High rate of local-regional control can be achieved for patients with NPC after IMRT, while distant metastasis remains 
as the major cause of failures. Patients with advanced N classification has high risk to develop distant metastasis, and most occurred 
within 5 years. Developing rational and individualized surveillance strategies based on the high risk factors of recurrence is helpful to 
balance the survival benefit and medical cost.
Keywords: failure patterns, intensity-modulated radiotherapy, nasopharyngeal carcinoma, surveillance

Introduction
Nasopharyngeal carcinoma (NPC) is a unique head and neck malignancy with an extremely unbalanced global distribu
tion, which is commonly seen in Southeastern Asia and Northern Africa.1,2 According to the global cancer statistics, in 
2020, about 133,354 new cases of nasopharyngeal carcinoma are diagnosed, and more than 70% of new cases are in 
Southeastern Asia.3 Because of the high sensitivity to radiation and the anatomic constraints, radiotherapy is the main 
curative treatment modality for patients with non-metastatic NPC.4,5

With the development of radiotherapy techniques, especially for the common application of intensity-modulated 
radiotherapy (IMRT) in NPC, the incidence of local recurrence has been reduced to less than 10%. However the 
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incidence of distant metastasis is still up to 20–25%, which becomes the most common part of treatment failure.6–8 

Regular surveillance after definitive treatment plays an important role in patient management, with earlier detection and 
better treatment of recurrences. However, the evidence on the optimal surveillance frequency and regimen for patients 
with NPC is limited. Furthermore the recommendations from the NCCN, ESMO, or other cancer centers on the method 
and frequency of surveillance are also various and represent the major dilemma in clinical practice.4,5,9 Furthermore, the 
significantly various schedules in the surveillance always causes unreasonable waste of medical resource because of the 
misapplied utilization or the delayed diagnosis of recurrence due to the underutilization in certain patients.10 The 
individual surveillance strategies based on the risk of treatment failure and frequency of recurrence may better balance 
survival benefit and the cost.

This study was to evaluate: (1) the failure patterns and time to occurrence of failure after definitive chemoradiother
apy; (2) the methods used to detect the recurrence; and (3) the salvage treatment and outcomes for patients with 
recurrence. The main goal was to investigate the failure patterns and a rational follow-up regimen for surveillance of 
patients with NPC after IMRT.

Methods and Materials
Materials
The retrospective cohort study included 2607 NPC patients treated with IMRT from 2008 to 2012 from Sun Yat-Sen 
University Cancer Centre and Huizhou Central People’s Hospital. The inclusion criteria were: (1) pathologically proven 
NPC (WHO I–III types); (2) no evidence of distant metastasis (classified as M0); (3) completion of the full course of 
radiotherapy. To make comprehensive evaluation of tumor stage, patients had fiberoptic endoscope examination of the 
nasopharynx, contrast-enhanced magnetic resonance imaging (MRI) of nasopharynx and neck, X-ray or computed 
tomography scan (CT) of chest, ultrasound or CT of abdomen, and single photon emission computed tomography 
(SPECT). Positron emission tomography (PET-CT) was recommended in patients with advanced disease. All the patients 
were re-staged according to the new 8th edition AJCC staging system.11

The protocol was in accordance with the Helsinki declaration and approved by the institutional ethics committee of 
Huizhou Central People’s Hospital. Written informed consent was obtained from all participants. All methods were 
performed in accordance with the relevant guidelines and regulations.

Treatment
All patients underwent intensity-modulated radiotherapy (IMRT). Patients were immobilized in the supine position by 
a thermoplastic head and shoulder mask. Planning computed tomography (CT) images were obtained from the CT 
simulator with serial 3-mm slices, and scanning from the vertex to the clavicles. The gross tumor volume (GTV) included 
the primary tumor in nasopharynx (GTV-nx) and the metastatic lymph nodes in the neck (GTV-nd) as shown by clinical, 
endoscopic, and radiologic examinations. The clinical target volume (CTV) included the high-risk CTV (CTV1) and the 
low-risk CTV (CTV2). The CTV1 was defined as the GTV-nx plus a margin of 0.5–1.0 cm encompassing the whole 
nasopharyngeal mucosa. The CTV2 was defined by adding a margin of 0.5–1.0 cm to CTV1 and the lymph node regions 
including the posterior nasal cavity, the parapharyngeal space, the skull base, the pterygoid fossae, the inferior sphenoid 
sinus, the anterior clivus, and upper+lower neck regions. An additional 0.2–0.3 cm margin was added to the CTV2 to 
create the planning target volume (PTV). The prescribed radiation doses were 66–70 Gy to GTV-nx, 64–66 Gy to GTV- 
nd, 60 Gy to CTV1, and 50–54 Gy to CTV2 in 30–33 fractions. The details of target contouring and organs at risk 
(OARs) were described in the previous study.8

According to the treatment recommendations in the center, concurrent chemoradiotherapy (CCRT) was the standard 
choice for patients with stage II–IVa disease if no major medical comorbidity precluded its use; furthermore, patients 
with more advanced T stage (i.e T4) or N stage (i.e N2-3) would also receive neoadjuvant (NACT) or adjuvant 
chemotherapy (AC). Of the 2607 patients, 885 patients were treated with radiotherapy alone and 1722 patients were 
treated with chemoradiotherapy including 891 patients with CCRT alone, 705 patients with NACT+CCRT, 101 patients 
with CCRT+AC, and 25 patients with NACT+CCRT+AC.
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The platinum-based regimens most commonly used in NACT or AC included TP (docetaxel and cisplatin), PF 
(cisplatin and 5-fluorouracil), and a triplet of them (docetaxel, cisplatin, and 5-fluorouracil). For patients receiving 
concurrent chemotherapy, 2–3 cycles of cisplatin (80–100 mg/m2) every 3 weeks were administered.

Definition of Recurrence
When there was local recurrence disease, biopsy was made for the pathology diagnosis; however, when the recurrence 
disease was deeply seated in skull base, intracranial space, and orbit, the radiological manifestations (i.e contrast- 
enhancement mass) and clinical symptoms would also be helpful to the diagnosis of local recurrence.

When the regional recurrence was suspected from the neck mass or radiological finding, the fine-needle was 
administrated to make the histology diagnosis; however, the recurrence of retrospective parapharynx node would also 
be diagnosed by the radiological evidence because of the difficulty in biopsy.

For the recurrence in the distant organs, most diagnoses were based on the radiological examination including the 
bone metastasis by the SPECT or MR, the lung metastasis by CT of chest, and the liver metastasis by the CT, MR, or 
ultra-sound, and the biopsy was also recommended when the metastatic lesions detected by the imaging were atypical.

Follow-Up and Statistical Methods
After the completion of treatment, patients were subsequently followed-up every 1–3 months during the first 2 years, 
every 6 months in years 2 to 5, and annually thereafter. During the follow-up, a medical history, physical examination, 
endoscopy, and repeated imaging methods including MRI of nasopharynx and neck, X-ray or CT of chest, ultrasound or 
CT of abdomen, and SPECT were recommended.

The local recurrence-free survival (LRFS), regional recurrence-free survival (RRFS), local-regional recurrence-free 
survival (LRRFS), distant metastasis-free survival (DMFS), progression-free survival (PFS), and overall survival (OS) 
rates were calculated using the Kaplan–Meier method. Endpoints of different groups of patients were compared by using 
the log rank test. Multivariate analysis was performed using the Cox proportional hazards model. LRFS, RRFS, LRRFS, 
and DMFS were calculated from the date of histologic diagnosis to the first local, regional, or distant failure. OS was 
defined to the date of death from any cause.12 All statistical tests were two-sided, and P<0.05 was considered statistically 
significant.

Results
Patient Characteristics
Table 1 summarizes the patients’ characteristics. The median age for the all patients was 43 years (range, 13–68 years) 
with a male (n = 1957) to female (n = 650) ratio of 3.0:1. The overall stage distribution was: stage I, 3.2%; stage II, 
17.5%; stage III, 46.6%; stage IVA, 32.7%. The T stage distribution was: T1, 9.8%; T2, 24.5%; T3, 45.5%; T4, 20.2%; 
and the N stage was: N0, 7.4%; N1, 47.2%; N2, 30.8%; N3, 14.3%.

Survival and Pattern of Failure
After the median follow-up of 112 months (range 1–148 months), 142 (5.4%) patients were lost after 6–83 months. The 
5- and 10-year OS rates for all the patients were 82.7% and 74.5%. The 10-year OS rates for patients with stage I, II, III, 
and IVa disease were 94.2%, 87.3%, 77.5%, and 57.4%, respectively. A total of 675 patients died; distant metastasis was 
the most common cause in 360 patients, followed by local/regional failure in 201 patients, both in 20 patients, radiation- 
related complications in 37 patients, other cancer in 29 patients including lung cancer and other head and neck cancer, 
internal medication in 13 patients, and unknown in 15 patients. The survival curves are shown in Figure 1.

The 5- and 10-year LRFS, RRFS, and LRRFS rates were 92.5%, 97.0%, and 91.5%, and 90.1%, 95.0%, and 88.4%. 
A total of 289 (11.0%) patients experienced local or regional failure, including 212 patients with local recurrence, 64 
patients with regional recurrence, and 13 patients with local-regional recurrence. The median time to the occurrence of 
local/regional recurrence was 33 months (range, 3–132 months). Furthermore, about 75% (212/289) of the local/regional 
recurrence occurred in the 5 years after the treatment, and only 25% (77/289) of them occurred after 5 years.
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The 10-year actuarial LRFS rates for patients with T1, T2, T3, and T4 disease were 98.0%, 92.5%, 92.1%, and 78.4%, 
respectively. The patients with T4 disease had significantly poorer local control than those with T1-3 disease (p<0.001). The 
10-year actuarial LRFS rates for patients with stage I, II, III, and IVa disease were 97.6%, 94.0%, 91.9%, and 81.1%, 
respectively. The 10-year actuarial RRFS rates for patients with N0, N1, N2, and N3 disease were 100.0%, 97.0%, 94.5%, 
and 90.5%, respectively. The patients with N3 disease had significantly poorer regional control than those with N0-2 disease 
(p<0.001). Furthermore, no patients with N0 disease developed regional recurrence during the follow-up.

The 5- and 10-year DMFS rates for all the patients were 85.4% and 79.3%, respectively, and 83.5% and 74.3% for PFS. The 
10-year DMFS rates for patients with stage I, II, III, and IVa/b were 98.8%, 93.2%, 86.3%, and 72.6%, respectively. Patients with 
advanced disease of primary tumor and nodal metastasis showed higher risk to develop distant metastasis. The 10-year DMFS 
rates were 89.2% and 75.4% for patients with N0-1 and N2-3, and 90.3% and 79.5% for patients with T1-2 and T3-4.

Distant metastasis occurred in 402 patients (15.3%), including 245 patients with single organ metastasis and 157 patients with 
multiple organ metastasis. The median time to the occurrence of distant metastasis was 22 months (range, 1–148 months). Similar 
to the local/regional recurrence, most of distant metastasis occurred in the first 5 years with a rate of 87.7% (352/401), and only 
13.3% (49/401) of them occurred after 5 years. The cumulative incidences of LR, RR, and DM are shown in Figure 2.

Detection of Recurrence
In the 225 patients with local recurrence, about 77.3% of them had more than one of the suspicious symptoms, including 
headache, nasal obstruction, ear symptoms, and cranial nerves palsy, which were helpful to the diagnosis of recurrence; 
however, 22.7% of them were asymptomatic, and their recurrences were only detected by the physical examination, 
endoscope examination, and/or imaging. Surveillance nasopharyngoscopy could only detect 78% of recurrence (179/ 
225), including all recurrence in rT1 disease (5/5), 84.6% in rT2 disease (33/39), 79.2% in rT3 disease (65/80), and 

Table 1 Characteristics of 2607 Patients and Survival Outcome

Characteristics No. (%) 5y-LRFS (%) 10y-LRFS (%) 5y-DMFS (%) 10y-DMFS (%) 5y-OS (%) 10y-OS (%)

Gender
Male 1957 (75) 90.7 88.1 86.1 81.5 80.7 78.7

Female 650 (25) 93.2 91.5 89.7 85.4 86.4 71.5

Age (year)
<45 y 1348 (51) 92.9 92.5 86.6 84.1 84.9 76.9

≥45 y 1259 (49) 90.5 86.2 87.3 81.4 79.6 69.2

LDH
≤245 IU/L 2405 (92) 93.5 91.5 88.0 84.7 83.9 75.3

>245 IU/L 157 (8) 84.1 82.1 72.8 69.4 62.2 52.2
T stage

T1 257 (10) 98.8 98.0 97.6 94.9 95.7 92.1

T2 640 (24) 94.9 92.5 90.5 88.3 88.3 80.1
T3 1187 (46) 93.7 92.1 85.9 82.4 82.2 73.9

T4 523 (20) 84.3 78.4 79.5 74.1 70.8 56.0

N stage
N0 196 (7) 93.7 90.9 97.8 95.6 91.2 90.1

N1 1233 (47) 93.8 91.1 91.4 88.1 88.6 78.5

N2 803 (31) 92.7 90.1 84.7 82.8 81.0 73.5
N3 375 (15) 90.9 88.3 70.9 67.0 64.4 54.1

TNM stage

I 84 (3) 97.6 97.6 98.8 98.8 95.2 94.3
II 456 (18) 95.8 94.0 95.5 93.2 94.4 86.7

III 1214 (47) 94.2 91.9 89.4 86.3 86.4 78.4

IVa 853 (32) 84.8 81.1 77.5 72.6 69.9 58.4
Chemotherapy

Yes 2049 (92) 92.6 89.2 85.8 82.6 81.0 72.2

No 558 (8) 93.2 91.2 91.3 85.8 88.2 80.6
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75.2% in rT4 disease (76/101). Compared to nasopharyngoscopy, MR imaging had a higher probability in detecting the 
abnormal signs of recurrence with a rate of 90%, including 80% of the recurrence in rT1 disease (4/5), 89.7% in rT2 
disease (35/39), 88.7% in rT3 disease (71/80), and 89.2% in rT4 disease (90/101). Finally, about 20% of the recurrences 
were diagnosed based on the evidence of clinical symptoms and radiology findings when no biopsy of tumor can be 
acquired.

Figure 1 Kaplan–Meier curves showing OS for all the patients (A), stratified by gender (B), age (C), LDH (D), T stage (E), and N stage (F).

Figure 2 The cumulative incidence of local recurrence (LR) by T stage (A), regional recurrence (RR) by N stage (B), and distant metastasis (DM) by N stage (C).
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In the 77 patients with regional recurrence, 60 patients (77.9%) presented with palpable neck mass and 16 patients 
(22.1%) could be only detected by MR imaging. Finally, 68 patients (88.4%) were pathology-diagnosed by fine-needle 
biopsy, and 9 patients (11.6%) with recurrence of retropharyngeal lymph node were diagnosed by MR imaging and PET-CT.

Among the 402 patients with distant metastasis, 269 patients (66.9%) presented with suspicious symptoms, and 133 
patients (33.1%) were asymptomatic which were detected by routine surveillance including CT of chest and abdomen and 
SPECT. Biopsy/surgery was administered in 51 patients (12.6%). The details are shown in Table 2.

Salvage Strategies for Patients with Recurrence
The median OS time of the 225 patients with local recurrence (from diagnosis of recurrence) was 23.0 months (95% CI, 
2.0 to 108.0 months). As of this analysis, 181 (80.4% of 225) patients have died. The salvage treatments for the 225 
patients included 66 patients receiving re-irradiation, 21 patients with surgery, 5 patients with both re-irradiation and 

Table 2 The Characteristics of Recurrence in 
NPC Patients

Failure Pattern N (%)

Local recurrence (n=225)
Clinical symptoms
Yes 174 (77.3)
No 51 (22.7)

Nasopharyngoscopy finding
Abnormal 177 (78.6)
Normal 48 (21.4)

MR imaging finding
Abnormal 203 (90.2)
Normal 22 (9.8)

Pathology diagnosis
Yes 180 (80.0)
No 45 (20.0)

Regional recurrence (n=77)
Palpable mass
Yes 60 (77.9)

No 17 (22.1)

MR imaging finding
Abnormal 77 (100%)

Normal 0

Pathology diagnosis
Yes 68 (88.4)

No 9 (11.6)

Distant metastasis (n=402)
Clinical symptoms
Yes 269 (66.9)
No 133 (33.1)

Distant organ
Bone alone 93 (23.8)
Lung alone 71 (19.1)

Liver alone 65 (15.2)

Distant lymph nodes alone 16 (3.5)
Bone+lung 33 (7.0)

Bone+liver 31 (8.1)

Lung+liver 10 (2.5)
≥3 organs 72 (17.5)

Others 11 (2.8)
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surgery, 95 patients with only palliative chemotherapy with or without target drugs, 25 patients with only palliative 
support, and 13 patients with no record of subsequent therapy. For 76 patients with local recurrence who survived more 
than 36 months, almost 76% patients (58/76) received local therapy for recurrence of disease including re-irradiation or 
surgery.

For the 77 patients with regional recurrence, the median OS time was 37.0 months (95% CI, 3.0 to 131.0 months) 
after the diagnosis, and 40 (51.9% of 77) patients have died. A total of 51 patients received neck dissection with or 
without chemotherapy, and 16 patients received only chemotherapy±radiotherapy for the extensive disease. After salvage 
treatment, 28 patients (36.3% of 77) developed distant metastasis.

For the 402 patients with distant metastasis, the median OS time was 18.0 months (95% CI, 2.0 to 125.0 months), and 
380 (94.5% of 402) patients have died. A total of 352 (87.5% of 402) patients received at least one cycle of 
chemotherapy, and 50 (12.5% of 402) declined any treatments. Local therapy including the radiotherapy or surgery to 
the metastatic disease was administered in 189 (47.0% of 402) patients.

Univariate and Multivariate Analysis
In the univariate analysis, the factors of male sex, lactate dehydrogenase (LDH) >245 IU/L, advanced T classification, 
N classification, and overall stage were associated with poor OS, PFS, and DMFS. Furthermore the factor of age ≥45 years 
was also associated with poor OS. The factors of male sex, lactate dehydrogenase (LDH) >245 IU/L, advanced 
T classification, and overall stage were associated with poor LRFS. The factor of advanced N classification was associated 
with poor RRFS. However, in the multivariate analysis, the factor of advanced overall stage shows no association with poor 
OS, PFS, DMFS, and LRFS. The details of the univariate and multivariate analysis are shown in Tables 3 and 4.

Table 3 Univariate Analysis of Prognostic Factors

Variables OS LRFS DMFS

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

Gender 1.41 (1.18–1.70) <0.01 1.36 (0.99–1.89) 0.06 1.46 (1.13–1.87) <0.01
Age 1.34 (1.15–1.56) <0.01 1.39 (1.07–1.81) <0.01 1.06 (0.87–1.29) 0.55

LDH 2.47 (1.94–3.15) <0.01 2.67 (1.77–4.03) <0.01 2.45 (1.83–3.39) <0.01

T stage 1.72 (1.57–1.90) <0.01 2.18 (1.83–2.61) <0.01 1.63 (1.45–1.85) <0.01
N stage 1.67 (1.47–1.78) <0.01 1.10 (0.83–1.30) 0.20 2.08 (1.85–2.34) <0.01

TNM stage 2.12 (1.90–2.38) <0.01 2.10 (1.72–2.55) <0.01 2.33 (2.01–2.72) <0.01

Chemotherapy 1.56 (1.27–1.92) <0.01 1.23 (0.84–1.82) 0.20 1.60 (1.22–2.10) <0.01

Table 4 Multivariate Analysis of Prognostic Factors

Variables HR value 95% CI P value

OS

Age 1.42 1.21–1.65 <0.01

Gender 1.44 1.12–1.71 <0.01
T stage 1.65 1.49–1.82 <0.01

N stage 1.59 1.35–1.51 <0.01

LDH 1.82 1.42–2.34 <0.01
PFS

Gender 1.45 1.18–1.78 <0.01

LDH 1.68 1.29–2.18 <0.01
T stage 1.63 1.48–1.80 <0.01

N stage 1.66 1.35–1.97 <0.01

(Continued)
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Discussion
With the advantage of dosimetric distribution between target coverage and the adjacent organs, the IMRT has become the 
main treatment in patients with NPC. Series studies have demonstrated that IMRT provides satisfactory long-term 
outcomes and reduced complications.13,14 Patients with NPC achieved a high rate of local-regional control of 85–90% 
after IMRT with or without the additional chemotherapy.6–8,13 Consistent with these results, the present study indicated 
that the 10-year LRFS rates for patients with T1-3 disease after IMRT were 92–98%, which was significantly higher than 
those reported in the era of conventional RT with the rate of only 60–70%.15 However, the local control rate for T4 
disease was only about 78%, and local failure was still a main cause of treatment failures for these patients. Dosimetric 
inadequacy of the primary tumor volume constricted by the critical organs may contribute to the recurrence.16 In the 
study reported by Ng et al, an under-dose GTVp of 3.4 cm3 was associated with high rate of local failure.17 Our previous 
studies indicated that patients with the early local recurrence still had the chance to achieve long-term survival after 
salvage treatment.18 However, more than 70% of the local recurrence were advanced, and salvage treatments were 
difficult. The present study indicated that about 22% of the local recurrences presented with no symptom and were only 
detected by the regular follow-up. Besides the physical examination, the nasopharyngoscopy and MR imaging are 
important methods to detect the local recurrence during the follow-up.19–21 Bagri et al found that nasopharyngoscopy 
showed 77.8% sensitivity and 93.0% specificity in diagnosing the residual/recurrence of tumor, significantly better than 
the CT scan.19 The main disadvantage of the nasopharyngoscopy is that it may easily neglect the deeply seated 
recurrences including the skull base and intracranial lesions. A meta-analysis also indicated that the MR showed 78% 
sensitivity and 76% specificity in diagnosing local recurrence; however, distinction between post-irradiation changes and 
recurrent tumors was always difficult.21 The present study indicated the MR has higher possibility in detecting the 
abnormal signs of local recurrence than nasopharyngoscopy since about 20% of the local recurrence was deeply seated. 
Therefore, the combination of nasopharyngoscopy and MR can be more accurate in detecting the local recurrence during 
the follow-up.

Although a high rate of local-regional control was achieved after the IMRT, about 15% of the patients developed 
distant metastasis and this became the most common cause of treatment failure. Our study showed that the factors of 
male sex, elevated LDH, and advanced T classification and N classification were independent adverse prognostic 
factors for DMFS. Similar findings were also reported by others.6,7,22 In the study relating to 3328 patients reported 
by Au et al, the 8-year DMFS rates were 92.1%, 86.6%, 78.0%, and 62–64% for patients with N0, N1, N2, and N3a/ 
3b disease.7 In the study by Lan et al, the 5-year DMFS rate for patients with N3 disease was only 74.9%, 
significantly poorer than for those with N1-2 disease with the rate of 83–91%.22 In the present study, 
N classification was also the most important determinant of distant metastasis with hazard risk of 2.0. The 10-year 
DMFS rates for patients with N0-N1 disease was more than 88%, while the rate decreased to 82.0% and 67% for 

Table 4 (Continued). 

Variables HR value 95% CI P value

DMFS

Gender 1.42 1.11–1.83 <0.01

T stage 1.59 1.40–1.81 <0.01
N stage 2.02 1.79–2.28 <0.01

LDH 1.63 1.19–2.23 <0.01

LRFS
Gender 1.36 1.04–1.78 0.04

T stage 2.22 1.38–3.54 <0.01

LDH 2.12 1.47–3.35 <0.01
RRFS

N stage 1.98 1.51–2.61 <0.01
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patients with N2 and N3 disease. Furthermore, the patients with T4 also showed high risk of distant metastasis. The 
10-year DMFS rate for patients with T4 disease was only 74.1%, significantly poorer than those with T1-3 disease. 
The intracranial extension and/or involvement of cranial nerves may lead to the high risk of metastasis, which had 
been demonstrated in other head and neck cancers after surgery. Batsakis’s study indicated that carcinoma prolifer
ated along the nerves within the lymphatics of the epineurium and the perineural sheaths.23 Liu et al reported that the 
patients with clinical and/or MRI-detected cranial nerve involvement have much higher risk to develop distant 
metastasis than those without cranial nerve involvement, with the 3-year DMFS rates of 74.6% vs 84.6%.24 The 
addition of chemotherapy to radiotherapy is a crucial development to reduce the distant metastasis for those with N2- 
3 disease and T4 disease. A number of trials have demonstrated the mainstay treatment of concurrent chemora
diotherapy (CCRT) in advanced disease with significant survival benefit.25,26 Furthermore, induction chemotherapy 
followed by concurrent chemoradiotherapy showed the advantage in patient tolerance and eradicating micrometas
tases. In a large-scale multicentre phase 3 trial reported by Sun et al, the 3-year DMFS for patients with induction 
chemotherapy plus CCRT was significantly higher than for those with CCRT alone (90% vs 83%).27 Furthermore, the 
study by Ou et al indicated that the induction chemotherapy reduced the grade 3–4 late radiation toxicities when 
compared with the CCRT alone because of the high responsiveness of induction chemotherapy and smaller volume of 
tumor was irradiated.28 Although the adjuvant chemotherapy of conventional regimens after CCRT shows no survival 
benefit because of the poor tolerance, series studies indicated that metronomic chemotherapy with the advantages of 
good compliance, low toxicities, and convenience substantially reduced distant failure and improved survival in high- 
risk patients.29,30

Patients with various factors showed different patterns of treatment failure; however, the current NCCN guidelines 
only highlight the use of a pretreatment imaging modality to detect the recurrence, and there are no detailed 
recommendations from the ESMO guideline.5 Zhou et al analyzed the expenditure to detect the 95% of recurrences 
for patients with various T disease and found that the cost per recurrence in patients with T1/2 disease was almost three 
times that in patients with T3/4 disease since there was excellent local control and fewer recurrences in T1/2 patients.10 

In the present study, the intensive follow-up strategies applied in the T3-4 disease to detect the local recurrence for 
patients with T1-2 disease seem not reasonable for the high rate of local control. Patients with T1-3 N0 disease had 
seldom developed distant metastasis, with a10-year DMFS rate of 98.2%, which indicated that the conventional imaging 
to detect distant metastasis including CT of chest or abdomen shows little survival benefit during the follow-up. Patients 
with nodal metastasis have high risk to develop distant metastasis, and most of them occurred within 5 years with the rate 
of 87.7%. Furthermore, about 33% of patients with distant metastasis were asymptomatic and can only be detected by the 
routine imaging. Therefore, more intensive follow-up with the routine imaging methods were recommended during the 
first 5 years for the patients with high risk factors of distant metastasis. In addition, follow-up should also continue 
because about 12% of the recurrences occur after the first 5 years. Therefore developing individual and accurate follow- 
up strategies based on the patient’s risk factors of recurrence and the failure pattern will better balance the survival 
benefit and medical cost.

Our study has some limitations. First, this is a retrospective study from only two institutions; therefore, selection bias 
related to the treatment might have influenced the results. Second, the serum EBV-DNA has been demonstrated as 
a valuable factor in detecting the recurrence during the follow-up.31 However, only some patients’ EBV-DNA data were 
collected in our study, therefore we had excluded the factor to avoid the potential bias.

In conclusion, high rate of local-regional control can be achieved for patients with NPC after IMRT, while distant 
metastasis remains as the major cause of failure. Patients with advanced N classification have high risk to develop distant 
metastasis, and most occurred in the first 5 years. Developing rational and individualized follow-up strategies based on 
the high risk factors of recurrence is helpful to balance the survival benefit and medical cost.
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