
Journal of Radiation Research, Vol. 57, No. 5, 2016, pp. 541–547
doi: 10.1093/jrr/rrw038
Advance Access Publication: 29 May 2016

Radiation therapy for nasopharyngeal carcinoma:
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ABSTRACT

Pretreatment characteristics are suggested as predictive and/or prognostic factors for nasopharyngeal carcinoma
(NPC); however, individual tumor radiosensitivities have previously not been considered. As boost planning is
recommended for NPC, we performed interim assessments of magnetic resonance (MR) images for boost plan-
ning and retrospectively evaluated their predictive value for the survival of NPC patients. Radiation therapy via
elective nodal irradiation (median dose: 39.6 Gy) with/without chemotherapy was used to treat 63 NPC patients.
Boost irradiation (median total dose: 70 Gy) was performed based on the interim assessment. The largest lymph
node (LN) was measured on MR images acquired at the time of interim assessment. The site of first failure was
local in 8 (12.7%), regional in 7 (11.1%), and distant in 12 patients (19.0%). All 7 patients with regional failure
harbored LNs ≥15mm at interim assessment. We divided the 63 patients into two groups based on LN size
[large (≥15 mm), n = 10 and small (<15mm), n = 53]. Univariate analysis showed that 5-year overall survival
(OS) and cause-specific survival (CSS) rates for large LNs were significantly lower than for small LNs (OS: 12.5%
vs 70.5%, P < 0.001 and CSS: 25.0% vs 80.0%, P < 0.001). Multivariate analysis showed that large LNs were a sig-
nificantly unfavorable factor for both OS (hazard ratio = 4.543, P = 0.002) and CSS (hazard ratio = 6.020,
P = 0.001). The results suggest that LN size at interim assessment could predict survival in NPC patients.

KEYWORDS: nasopharyngeal carcinoma, radiation therapy, lymph node metastasis, adaptive radiation therapy,
predictive factor, tailored therapy

INTRODUCTION
Nasopharyngeal carcinoma (NPC) is a malignant entity distinct
from other head and neck cancers and may be associated with
Epstein–Barr virus (EBV) infection. Most NPCs are poorly differ-
entiated or undifferentiated radiosensitive carcinomas. Because of
its anatomic characteristics, NPC is rarely treated surgically; radi-
ation therapy (RT) is generally delivered with or without chemo-
therapy [1, 2].

In patients with head and neck cancer, RT elicits substantial ana-
tomic changes due to tumor shrinkage, decreased salivary gland vol-
ume, and body weight loss [3, 4]. Because these changes occur
during the first 3–4 weeks of treatment and affect the dose distribu-
tion to the target volume and organs at risk (OARs), replanning
based on repeated computed tomography (CT) simulations at 30–
40 Gy for boost irradiation is recommended, particularly for patients
with NPC [3–5]. For RT planning, particularly high-precision RT
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used to treat NPC, such as 3D conformal RT (3D-CRT) and
intensity-modulated RT (IMRT), the target volume must be clearly
identified. Magnetic resonance (MR) imaging, which has excellent
soft tissue contrast resolution, facilitates accurate tumor delineation
and is, therefore, an essential imaging modality for treatment plan-
ning [6]. Accordingly, we routinely use interim assessments of
NPCs on MR images for boost planning.

Although the standard NPC treatment is RT at 66–70 Gy with
cisplatin-based chemotherapy, more intensive treatment options
such as RT dose escalation and adjuvant chemotherapy have been
recommended [2, 7, 8]. However, these aggressive options have
adverse effects and should only be used in selected patients with
poor outcomes. Age, performance status (PS), histology, and TNM
stage are suggested as predictive and/or prognostic factors for NPC
[9–11]; however, individual tumor radiosensitivities have previously
not been considered. Prediction of the treatment outcomes during
RT through interim assessments may facilitate treatment modifica-
tions based on tumor radiosensitivity.

The predictive value of interim assessment in patients with
head and neck cancer has been reported. According to Jaulerry
et al. [12], tumor regression at 55 Gy is an independent predict-
ive factor of local control, whereas Ohizumi et al. [13] found a
locoregional response at 40 Gy to independently predict locore-
gional control. However, these reports were mainly based on
clinical and endoscopic examinations and may have lacked object-
ivity. Hong et al. [14], who evaluated the predictive value of MR
imaging for NPC, found that fractional changes in the apparent
diffusion coefficient of the primary lesion from pretreatment to
2 weeks after RT initiation could predict the presence of a residual
tumor 3 months after the end of RT. However, its predictive value
for survival was not assessed. Here we investigated the value of
interim assessment for predicting survival in patients with NPC.

MATERIALS AND METHODS
Patients

This retrospective study was approved by the institutional review
board of the Kumamoto University Hospital. Prior informed con-
sent for treatment was obtained from all patients. Between February
1996 and October 2012, 66 patients with pathologically diagnosed
NPC who had undergone pretreatment physical, endoscopic and
radiological examinations were treated with RT with or without chemo-
therapy. Of these, 63 were included in this study (Table 1); 3 patients
were excluded because of distant metastasis at initial diagnosis, neck
dissection for diagnostic purposes before treatment, or coexisting thy-
roid cancer. The remaining patients were staged or re-staged according
to the 7th edition of the Union for International Cancer Control.

Radiological examinations
Pretreatment examinations included ultrasonography (US), MR
imaging, CT and/or 2-deoxy-2-[18F]fluoro-D-glucose (FDG)-positron
emission tomography (PET)/CT. MR studies were performed
before RT and before boost irradiation on a 1.5-T MR scanner
(Magnetom Symphon; Siemens, Erlangen, Germany). A neck coil
was used for pretreatment, interim, and post-treatment assessments.
Axial T1-weighted spin-echo (SE) [repetition time (TR)/echo time

(TE): 600–670/14–17], T2-weighted fast SE (TR/TE: 3700–
4000/96–102), and triplanar contrast-enhanced T1-weighted SE
sequences were obtained after bolus injection of gadopentetate dime-
glumine (0.1 mmol/kg body weight; Magnevist; Bayer HealthCare
Pharmaceuticals, Osaka, Japan). The MR images were acquired at
a section thickness of 4 mm and an intersection gap of 0.8 mm.
All patients were instructed to breathe quietly and refrain from
coughing or swallowing.

Table 1. Patient characteristics (n = 63)

Characteristics n (%)

Age (years) Median 63 (range 17–85)

Gender

Male 49 78

Female 14 22

WHO histology

Type I 10 16

Type II 25 40

Type III 28 44

ECOG PS

0 25 40

1 31 49

2 7 11

T stage

T1 7 11

T2 24 38

T3 6 10

T4 26 41

N stage

N0 13 21

N1 13 21

N2 31 49

N3 6 10

Clinical stage

I 2 3

II 11 17

III 21 33

IVA–IVB 29 46

WHO = World Health Organization, ECOG = Eastern Cooperative Oncology
Group, PS = performance status.
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Treatment
Of the 63 patients, 52 received chemoradiotherapy (CRT), whereas
11 underwent RT alone (because of old age in 7, impaired renal func-
tion in 2, hepatitis in 1, and patient’s refusal in 1). Chemotherapy
consisted of 1–3 cycles of cisplatin and 5-FU [cisplatin 50–70mg/m2/d
intravenously (i.v.) for 1–2 days, 5-FU 500–800 mg/m2/d i.v. for
4–5 days]. Elective nodal irradiation was delivered to the upper or
whole neck at a median dose of 39.6 Gy. Interim MR assessment
was performed before boost irradiation (i.e. 4 weeks after RT initi-
ation). Based on this assessment, boost irradiation (median total
dose: 70 Gy) was delivered to the primary lesion and suspicious
metastatic lymph nodes (LNs). Of the 63 patients, 43 underwent
3D-CRT and 20 received IMRT. Post-RT neck dissection, defined
as neck dissection within 6 months after RT, was performed in
9 patients with suspicious residual LN metastases, despite a complete
response (CR) of the primary lesion.

Interim assessment
During the interim assessment, we recorded our findings based
on the Response Evaluation Criteria in Solid Tumors (RECIST)
guidelines (version 1.1). CR was defined as the disappearance of all
target lesions and reduction in the short axis of any pathological
(≥10 mm) LNs to <10 mm, partial response (PR) as a ≥30%
decrease in the summed diameter of the target lesions, progressive
disease (PD) as a ≥20% increase in the summed diameter of the
target lesions, and stable disease (SD) as insufficient shrinkage or
increase to qualify as PR or as PD. Because pretreatment LN images
were not available for some patients, we defined CR as disappear-
ance of the primary lesion and a shortening of the short axes of all
LNs to <10 mm. Non-CR was recorded when CR criteria were not
fulfilled. Only the treatment responses of primary lesions were
assessed based on RECIST criteria [15]. Because no precise criteria
for CR of the LNs are available, we measured the short axis of the
largest LN.

Follow-up
After treatment completion, patients were evaluated every 1–2
months during the first year, every 3 months during the second year,
and every 6 months thereafter. All patients underwent physical and
endoscopic examinations at each follow-up visit. Post-treatment US,
MR imaging, and/or CT studies were performed within 1–2 months
after treatment completion and every 6 months thereafter or when
clinically indicated. A diagnosis of treatment failure was based on the
results of follow-up studies or neck dissection specimens indicating
persistent disease, relapse, or disease progression. Failures were classi-
fied as involving the primary lesion (local), neck LN metastases
(regional), or distant metastases (distant).

Statistical analysis
Overall survival (OS), cause-specific survival (CSS), local control
(LC), regional control (RC), and distant control (DC) rates were cal-
culated from treatment initiation using the Kaplan–Meier method.
Candidate variables for predictive factors of survival, including age,
World Health Organization histology, Eastern Cooperative Oncology
Group performance status, T stage, N stage, chemotherapy, radiation
type, interim assessment results based on RECIST, interim assess-
ment of the primary lesion, and interim LN size were evaluated using
log-rank statistics. Multivariate analyses were performed to test the
independent significance of variables, using the Cox proportional
hazards model. Differences with P-values <0.05 were considered stat-
istically significant. Statistical calculations were performed with SPSS
software, version 22.0 (SPSS Inc., Chicago, IL, USA).

RESULTS
The median follow-up duration was 43.5 (range: 4.6–176.4) months.
During the follow-up period, 36 (57.1%) patients experienced tumor
control and 27 (42.9%) suffered treatment failure. The 5-year OS and
CSS rates were 61.6% and 71.0%, respectively (Fig. 1). The site of first
failure was local in 8 (12.7%), regional in 7 (11.1%), and distant in

Fig. 1. Overall (A) and cause-specific (B) survival curves for patients with nasopharyngeal carcinoma treated with radiation
therapy and with or without chemotherapy.
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12 (19.0%) patients. In the 7 patients with regional failure, the LN size
was ≥15mm at the interim assessment. Among 9 patients who under-
went post-RT neck dissection for their suspicious residual LN metasta-
ses, a LN ≥15mm at the interim assessment was observed in 6 (66.7%)
patients. The current study did not show the benefit of post-RT neck
dissection on the outcome; 6 (66.7%) suffered treatment failure.

We divided the patients into large and small LN groups (lar-
gest LN ≥ 15 mm, n = 10 and smallest LN < 15 mm, n = 53).

Among 10 patients of the large LN group, at initial diagnosis,
9 patients were classified as N2 and 1 as N3. A univariate ana-
lysis found that age, PS, chemotherapy, and interim LN size
were significant variables for OS, and that PS, chemotherapy,
and interim LN size were significant for CSS (Table 2). PS,
chemotherapy, and interim LN size remained independent vari-
ables for both OS and CSS in a multivariate analysis (Table 3,
Fig. 2).

Table 2. Univariate analysis of the survival of 63 patients with nasopharyngeal carcinoma

Variable n 5-year OS (%) P-value 5-year CSS (%) P-value

Age

<65years 32 83.3 0.004 83.3 0.096

≥65years 31 39.6 55.9

Histology (WHO)

Type I 10 60.0 0.785 60.0 0.358

Type II–III 53 62.0 73.2

ECOG PS

0–1 56 66.1 <0.001 75.1 0.001

2 7 28.6 33.3

T stage

1–2 31 66.3 0.220 75.8 0.170

3–4 32 57.4 67.0

N stage

0 13 64.8 0.926 81.5 0.448

1–3 50 61.4 69.0

N stage

0–2 57 61.0 0.789 71.5 0.819

3 6 66.7 66.7

Chemotherapy

Yes 52 71.8 <0.001 78.2 0.010

No 11 0 32.0

Radiation type

3D-CRT 43 59.7 0.470 72.7 0.926

IMRT 20 63.4 63.4

Interim assessment by RECIST

CR 7 71.4 0.518 100 0.108

Non-CR 56 60.1 67.3

Continued
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The site of overall failure was local in 10 (15.9%), regional in
7 (11.1%) and distant in 15 (23.8%) patients. The 5-year LC rate
was 84.6%; there were no significant differences between patients
with large and small LNs (77.1% vs 86.0%, P = 0.485). The overall
5-year RC and DC rates were 87.1% and 72.4%, respectively; they
were significantly lower among patients with large LNs than among
those with small LNs (RC: 0% vs 100%, P < 0.001 and DC: 31.1%
vs 78.7%, P = 0.005).

DISCUSSION
Our study, which was based on long-term follow-up data, revealed
that the LN size measured during the interim assessment was pre-
dictive of treatment outcomes in patients with NPC. Our findings
are similar to those of Jang et al. [15], who reviewed 50 patients
with node-positive head and neck cancer, including 25 patients
with NPC who underwent RT, and found that a post-RT nodal
size >15 mm was associated with poor RC. Our study further sug-
gests that the LN size at interim assessment predicts not only RC
but also survival. Accordingly, interim assessment could be used as a
predictive surrogate imaging marker of survival in patients with
NPC. In addition, the risks of distant failure and poor survival have
been more strongly correlated with LN metastasis than with the pri-
mary lesion [16]. Our findings similarly suggest a significant associ-
ation between large LNs and poor DC. Large LNs appear to reflect
poor tumor radiosensitivity and a strong potential for distant

metastasis, resulting in poor survival. As previously reported [1, 2,
8], our results also suggest the significant survival benefit of the add-
ition of chemotherapy to RT. The use of chemotherapy might be
essential for reduced distant metastasis, which improves the survival
of NPC patients.

Meanwhile, the treatment response of the primary lesion at
interim assessment was not found to predict survival. Until the
1990s, NPC was evaluated using conventional 2D RT. At this time,
the LC of patients with NPC was poor, with rates of 75–85% at dis-
ease Stages T1 and T2 and 40–65% at Stages T3 and T4, and the
primary lesion status was considered to be among the most import-
ant factors for survival [17, 18]. Recent advances in irradiation tech-
niques for 3D-CRT and IMRT provide highly conformal dose
distribution to the planning target volume while minimizing doses
to the OAR, resulting in dose escalation to the target volume and
excellent tumor control, with a reported LC of 80–95%, regardless
of T stage [16, 19]. Early results of these treatments suggested that
the primary lesion has no significant impact on survival [16].
Because of the improvements in LC, which are attributable to
advanced RT techniques, the impact of the primary lesion on sur-
vival appears to be decreasing. Similarly, RECIST, which is generally
used for post-treatment assessment and requires evaluation of mul-
tiple target lesions, cannot predict survival outcomes. In addition to
the decreasing impact of the primary lesion on survival, the cut-off
value of 10 mm for LN size appears inadequate for predicting sur-
vival at interim assessment. van den Brekel et al. [20] used dissected

Table 2. Continued

Variable n 5-year OS (%) P-value 5-year CSS (%) P-value

Interim assessment of primary lesion

CR 10 70.0 0.633 87.5 0.346

PR 33 60.8 69.3

SD 20 58.7 66.9

Interim assessment of primary lesion

CR + PR 43 62.5 0.451 72.4 0.431

SD 20 58.7 66.9

Interim LN size

<10 mm 32 69.8 <0.001 78.8 <0.001

≥10 mm to <15 mm 21 73.0 82.5

≥15 mm 10 12.5 25.0

Interim LN size

Small group (<15 mm) 53 70.5 <0.001 80.0 <0.001

Large group (≥15 mm) 10 12.5 25.0

Total 63 61.6 71.0

OS = overall survival, CSS = cause-specific survival, WHO = World Health Organization, ECOG = Eastern Cooperative Oncology Group, PS = performance status, 3D-
CRT = 3D conformal radiation therapy, IMRT = intensity-modulated radiation therapy, CR = complete response, PR = partial response, SD = stable disease, LN = lymph node.
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specimens to evaluate the accuracy of radiological criteria for detect-
ing cervical LN metastases in patients with head and neck cancer.
They reported that the rates of metastasis and non-metastasis in
LNs with sizes of 11–15 mm were 75% and 25%, respectively, indi-
cating that non-metastatic LNs may be larger than 10 mm during
treatment.

Patients with head and neck cancer were subjected to prediction
of treatment outcomes at different time points during RT at doses
of 20–55 Gy [12–14]. It may be too late to change the radiation
dose if assessments are performed at doses exceeding 50 Gy because
the NPC target volume is surrounded by several radiosensitive
structures (e.g. spinal cord, brain stem, optic chiasm, optic nerves,
retina, and lenses) with tolerance doses ranging from 10 to 50 Gy.
In addition, because significant anatomical changes occur during the
first 3–4 weeks of NPC treatment [3, 4], MR imaging at a dose of
~40 Gy appears appropriate for both interim assessments and
changes in therapeutic strategies.

As MR imaging has better soft tissue contrast resolution than
CT, it is essential for boost planning [6]. The use of MR imaging at
interim assessment provides information about anatomical changes
and prediction of survival in one examination. Our method of pre-
dicting survival is easy and practical because it does not require the
evaluation of multiple target lesions or the addition of imaging stud-
ies to routine MR studies for boost planning. Based on the interim
assessment findings, RT dose escalation and/or adjuvant chemo-
therapy should be considered for patients with NPC who have a
poor prognosis [2, 7, 8].

Our study has some limitations, including the retrospective
design, relatively small number of patients, and variability in RT

Table 3. Multivariate analysis of the survival of 63 patients with nasopharyngeal carcinoma

Variable n OS CSS

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

Age

<65 years 32 1 0.172 NA

≥65 years 31 2.025 (0.736–5.572)

ECOG PS

0–1 56 1 0.018 1 0.024

2 7 3.938 (1.264–12.274) 4.560 (1.218–17.071)

Chemotherapy

Yes 52 1 0.008 1 0.040

No 11 3.487 (1.376–8.832) 3.153 (1.057–9.409)

Interim LN size

Small group (<15 mm) 53 1 0.002 1 0.001

Large group (≥15 mm) 10 4.543 (1.764–11.699) 6.020 (2.118–17.112)

Total 63

OS = overall survival, CSS = cause-specific survival, HR = hazard ratio, CI = confidence interval, ECOG = Eastern Cooperative Oncology Group, PS = performance
status, LN = lymph node, NA = not applicable.

Fig. 2. Pretreatment and interim magnetic resonance (MR)
images of two representative patients with T4N2M0 Stage IVA
nasopharyngeal carcinoma. Their lymph nodes (LNs) were
similarly sized before treatment. (A) The largest pretreatment
LN was 24mm (left). This LN measured 11mm at the interim
assessment (right). This patient remains alive without
recurrence 62 months after therapy. (B) The largest
pretreatment LN was 22mm (left). This LN measured 19mm
at the interim assessment (right). This patient suffered multiple
regional failures and died 9 months after treatment initiation.
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doses, radiation types, and chemotherapy regimens. We also cannot
rule out physician bias with respect to post-RT neck dissection.
These factors may affect treatment outcomes. In addition, we
divided the interim responses, recorded based on RECIST, into CR
and non-CR because no pretreatment LN images were available for
some patients. This categorization may have resulted in a failure to
detect patients with poor outcomes. Further investigations are
underway to address this issue.

In conclusion, the interim assessment of LNs provides informa-
tion that may serve as a surrogate imaging marker predictive of
treatment outcomes in patients with NPC, specifically that a large
LN size at interim assessment is predictive of an unfavorable sur-
vival outcome.
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