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Abstract
Background: Two-dimensional high-dose-rate brachytherapy (2D-HDR-BT) is an effective method of dose escalation
for local tumor control in early T-stage nasopharyngeal carcinoma (NPC). Treatment outcomes for 3D-image-guided
high-dose-rate brachytherapy (3D-image-guided-HDR-BT) after external beam radiotherapy (ERT) have not been examined
in early T-stage NPC patients. The current study was designed to evaluate whether addition of 3D-HDR-BT to ERT showed
further improvement in treatment outcomes in patients with early T-stage NPC when compared to 2D-HDR-BT after ERT.
Methods: The current study retrospectively analyzed and compared treatment outcomes for patients with
nonmetastatic stage T1-2b NPC treated with 2D-HDR-BT (n =101) or 3D-HDR-BT (n =118) after ERT. Patients in
both groups were treated with ERT at a mean dose of 60 Gy and a brachytherapy dose of 12Gy (8 ~ 20Gy),
2.5 ~ 5Gy per fraction under local anesthesia.
Results: Compared to patients treated with 2D-HDR-BT after ERT, patients treated with 3D-HDR-BT after ERT
showed improvement in five-year actuarial local control survival rates (p = 0.024), local/regional relapse-free survival
rates (p = 0.038), and disease-free survival rates (p = 0.021). Multivariate analysis showed that NPC patients treated with
3D-HDR-BT had improved local control survival (p = 0.042). The incidence rates of acute or chronic complications were
similar between two groups.
Conclusions: The current study showed that 3D-image-guided HDR-BT after ERT was an effective treatment modality
for patients with stage T1-2 NPC with acceptable complications. The improvement in local tumor control and disease
free survival is likely due to improved conformal dose distributions.
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Background
Nasopharyngeal carcinoma (NPC) is a radiosensitive
disease, and radiotherapy is the standard therapy for
non-disseminated NPC. Previous studies of radiotherapy
treatment of NPC have reported good local control and
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overall survival rates [1,2]. Teo et al. [3] have proposed a
dose-tumor-control relationship above the conventional
effective dose levels for early T-stage NPC patients.
Brachytherapy has been used to apply high doses of
radiation directly to the primary tumor. Due to the steep
nature of the rapid dose fall-off associated with the
brachytherapy source, brachytherapy techniques can provide a higher nasopharyngeal tumor dose in comparison to
the techniques of external beam therapy. Brachytherapy
provides dose escalation for improving local tumor control
and overall survival in early T-stage NPC patients [4,5]. 3-D
CT-based high-dose-rate brachytherapy (3D-HDR-BT) is a
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treatment method developed from 2D-HDR-BT as imageguided brachytherapy. This modern image-adpated 3DHDR-BT can provide a higher conformal dose and higher
precision distributions relative to 2D-HDR-BT. Previous
studies have reported that 3D-HDR-BT after ERT treatment
was effective in cervical cancer [6], breast cancer [7] and
prostate cancer patients [8]. Ren et al. [9] reported 3Dimage-guided CT-based HDR-BT achieved excellent local
tumor control rate as salvage treatment to primary IMRT
for patients with locally persistent NPC disease, especially
for those with T1-2 disease at the initial diagnosis. However,
no studies reported the use of 3D-HDR-BT after ERT for
the treatment of stage I or II NPC.
In the current study, treatment outcomes of early Tstage NPC patients treated with ERT followed by 3DHDR-BT or 2D-HDR-BT were analyzed retrospectively to
evaluate the relative effectiveness of 3D-HDR-BT versus
2D-HDR-BT in NPC patients and to establish guidelines
for future studies to determine whether improved conformality is associated with better therapeutic outcomes.

chest X-ray, bone scan, and magnetic resonance imaging
(MRI)/computed tomography (CT) scans of the nasopharynx and neck. NPC disease progression was monitored carefully in each patient during the course of the
study.
All MRI/CT materials and clinical records were
reviewed to minimize heterogeneity in restaging. Two
radiologists specializing in head-and-neck cancers evaluated all scans, and any disagreements were resolved by
consensus. All patients were restaged according to the
American Joint Committee on Cancer Staging System
(6th edition) [10]. All patients had nonmetastatic (M0)
NPC. The T-stage distribution was determined for all
NPC patients in Groups A and B. Group A consisted of
65 patients with stage T1 NPC, 34 patients with stage
T2a NPC (nasal cavity tumors), and 19 patients with
stage T2b NPC (parapharyngeal space extension). Group
B consisted of 42 patients with stage T1 NPC, 41 patients with stage T2a NPC, and 18 patients with stage
T2b NPC.

Methods

Treatment methods

Patient populations and characteristics

All patients were treated with definitive intent radiation
therapy: the primary nasopharyngeal tumor received a
mean dose of 60 Gy (range, 56 Gy to 62 Gy), followed
by brachytherapy of 12Gy (8 ~ 20Gy), 2.5 ~ 5Gy per fraction. The external beam radiotherapy techniques have
previously been reported [11]. During ERT, patients in
both groups were evaluated fiber optically every week to
assess tumor response to treatment.

A total of 118 patients with T1-2 stage NPC who were
treated with 3D-HDR-BT after ERT at our center between May 2005 and January 2010 were enrolled in
Group A. To evaluate the efficacy of this new technique
relative to 2D-HDR-BT, 101 patients with T1-2 stage
NPC who were treated with 2D-HDR-BT after ERT at
our center between February 2003 and January 2005
were included in Group B. Eligible patients were aged
18–70 years with non-metastatic, histologically proven
non-keratinising stage I or II nasopharyngeal carcinoma
(6th AJCC). All participants had Karnofsky scores of at
least 70, and adequate bone marrow, renal, and liver
function. When combined, the male: female ratio of
Groups A and B was 3:1, which included 162 males and
57 females. Histological examination showed that 97.7%
of the patients in Groups A and B had World Health
Organization (WHO) Type III disease, three patients
had WHO Type I or II disease, and two patients had
adenocarcinoma. The study was performed in accordance with the Declaration of Helsinki and was approved
by the ethics committee of Sun Yat-Sen University Cancer Center. Written consent was given by the patients
for their information to be stored in the hospital database, and we obtained consent to publish figures from
the patient involved in this study.
Clinical staging

All patients were diagnosed with biopsy-confirmed primary NPC. The extent of the disease was evaluated by
thorough physical examination, direct fiber-optic examination, complete blood count, blood chemistry test,

Group A

The 3D-HDR-BT for Group A was delivered after the
completion of EBRT. All patients were treated with a
high-dose-rate (HDR) afterloading machine (microSelectron, Nucletron, Veenendaal, the Netherlands) using a
192
Ir source. For T1-2a patients, a custom designed
nasopharyngeal brachytherapy applicators 10-90°tube set
(Figure 1a) was positioned under local anesthesia with
fiberoptic endoscopic guidance via the inferior meatus
to the treatment locations. Patients were immobilized
externally by a head-frame. For T2b patients, a ProGuide
Needle was used as a nasopharyngeal applicator (microSelectron, Nucletron, nylon tube technique) (Figure 1b).
The interstitial portion of the implant consisted of two
to four stationary ProGuide Sharp Needles and was
placed in the parapharyngeal tissues of the primary lesion. Treatment with 3D-HDR-BT was performed as
follows: two to four applicators were placed at treatment
positions near the primary lesion under local anesthesia
with fiberoptic endoscopic guidance via the inferior meatus and the applicators were then immobilized, their
correct position is verified by MRI and the procedure is
generally well tolerated CT scanning of the nasopharyngeal
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Figure 1 Two nasopharyngeal applicators. (a) Nasopharyngeal intracavitary brachytherapy applicator custom designed for T1-2a patients.
(b) A ProGuide Needle (189.601 ProGuide Needle Set 6 F, sharp) was used as a nasopharyngeal applicator (microSelectron, Nucletron, nylon tube
technique) for stage T2b NPC patients.

region was performed (0.2 cm step and 0.2 cm slice thickness (Figure 2). The primary nasopharynx tumor received
60 Gy of EBRT, the neck region received an accumulated
radiation dose of 50 Gy, while the involved areas of the
neck received 60–62 Gy. For 3D-BT,the GTV was determined by a radiation oncologist as the macroscopic extent
of the persistent disease area, the CTV included the persistent disease area and the nasopharyngeal primary tumor
area. For patients with complete response, The GTV do
not delineate, the CTV included the nasopharyngeal primary tumor area. All patients received 12Gy (8 ~ 20Gy),
2.5 ~ 5Gy per fraction over the entire implant volume
Following all target volumes defined and the applicators
reconstruction, The PLATO PBS was used to calculate the
dosimetry for a HDR 192Ir stepping source. The distance between each source step was 2.5 mm, the dose optimization
was done step by step manually. This planning strategy
enables us to build up the real time isodose distribution in
all CT slices to increase accurate delivery of the prescribed
dose, the isodose distribution can be calculated and demonstrated in coronal and sagittal planes, see Figure 3.
Group B

The 2D-HDR-BT for Group B was delivered after the
completion of EBRT. The intracavitary brachytherapy

applicators were positioned with fiberoptic endoscopic
guidance via the inferior meatus to the treatment locations abutting on the posterosuperior wall of the nasopharynx. The patients were then immobilized externally
by a head-frame. The separation between the central

Figure 2 Two customer designed applicators for nasopharyngeal
brachytherapy were immobilized in the supine position.
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points were defined as follows: local control survival
(LCS), time to local recurrence; overall survival (OS),
time to death from any cause; disease-free survival
(DFS), time to disease recurrence, disease progression,
metastasis, or death from disease-related causes; causespecific survival (CSS), time to death due to disease;
local/regional relapse-free survival (LRFS), time to recurrence/progression involving the primary site with or
without regional involvement (deaths from local or regional recurrences were included in this definition); and
distant metastasis-free survival (DMFS), time to distant
metastatic recurrence, with or without prior or concurrent local/regional recurrence.

Figure 3 Axial computed tomography (CT) image of a stage
T1-2a NPC patient showing two brachytherapy intracavitary
applicators in situ with 2.5 Gy, 2.25 Gy, 1.75 Gy, 1.25 Gy, and
0.75 Gy isodose lines.

axis of the applicators ranged from 1.1 - 1.5 cm. The
dose was prescribed at a distance of 1 cm from the
center of the surface as defined by the sources.

Results
Between May 2005 and January 2010, a total of 118 patients with stage T1-2 NPC were treated with 3D-HDRBT after ERT at our center were enrolled. 101 patients
with stage T1-2 NPC were treated with 2D-HDR-BT
after ERT between February 2003 and January 2005 in
Group B. The median follow-up was 57 · 8 months
(range 33.9–117 · 0). The two treatment groups were well
balanced in terms of baseline demographic and clinical
characteristics, and radiotherapy technique (Table 1).
Local and regional control

All patients were seen and carefully monitored during
follow-up with a radiation oncologist after the treatment
schedule was completed. Acute and late complications
were scored according to the criteria of the Radiation
Therapy Oncology Group (RTOG) scoring system during each follow-up visit.

Local control was defined as no relapsed tumor within
6 months of completion of primary radiotherapy, and
local recurrence, which was proven pathologically by
biopsy to have local persistence, was failure beyond
6 months. Seven patients in Group B developed local recurrence beyond six months after the completion of the
treatment schedule, and none of the patients in Group
A developed local recurrence. The five-year actuarial
LCS rates for Groups A and B were 100% and 93.1%, respectively (p = 0.024) (Figure 4a). One patient in Group
A and one patient in Group B developed regional nodalinvolved recurrence. The five-year actuarial LRFS rates
in Groups A and B were 99.2% and 92.1% (Figure 4b),
respectively; the LRFS curves for the two groups were
statistically significant (p = 0.038).

Statistical analyses

Survival rates

The Statistical Package for Social Sciences (SPSS,
Version 13.0, Chicago, IL) was used for statistical analyses. Comparisons of patient clinical-pathologic characteristics between Groups A and B were evaluated by the
chi-square test. Survival rates were calculated from the
radiotherapy start date. Estimates of the actuarial survival rate were determined by Kaplan-Meier estimate
[12]. The log-rank test was used to compare survival
curves [13]. Multivariate analysis of outcome data was
performed using Cox regression analysis [14]. A p value
of ≤0.05 was considered statistically significant. End

The five-year actuarial OS, DFS, CSS, and DMFS curves
between the two groups were determined (Figure 5 a ~ d),
and the corresponding rates for Groups A and B were
98.3% and 85.1% (OS, p = 0.063), 97.5% and 86.1%
(DFS, p = 0.021), 98.3% and 88.1% (CSS, p = 0.078), as
well as 98.3% and 94.1% (DMFS, p = 0.326), respectively. The DFS rates were statistically significant between the two groups. There was a trend toward
improvements in other endpoints in Group A, but the
difference was not statistically significant between the
two groups.

Chemotherapy

Three cycles of adjuvant chemotherapy were given to patients in the concurrent chemoradiotherapy by intravenous
infusion of 80 mg/m2 cisplatin on day 1 and 800 mg/m2
per day fluorouracil on days 1–5 (120 h infusion).
Follow-up
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Table 1 Demographic and clinical characteristics of the
two patient groups
Variables

Group A

Group B

p-value

Side effects and complications

3D-HDR-BT (n =118) 2D-HDR-BT (n =101)
Age (years)

0.594

≤ 45

65 (11.9%)

52 (20.8%)

> 45

53 (88.1%)

49 (79.2%)

Mean

44.6

47.1

Median

43

45

Range

19 - 80

18 - 73

Gender

0.100

Male

88 (74.6%)

65 (64.4%)

Female

30 (25.4%)

36 (35.6%)

WHO type I/II

2 (1.7%)

3 (3.0%)

WHO type III

116 (98.3%)

98 (97.0%)

Histology

0.529

T-stage

0.079

T1

65 (55.1%)

42 (41.6%)

T2a

34 (28.8%)

41 (40.6%)

T2b

19 (16.1%)

18 (17.8%)

N-stage

0.740

N0-1

85 (72.0%)

74 (73.3%)

N2-3

33 (28.0%)

27 (26.7%)

Given

33 (28.0%)

27 (26.7%)

Not given

85 (72.0%)

74 (73.3%)

2D-CRT

96 (81.4%)

88 (87.1%)

3D-CRT

19 (16.1%)

13 (12.9%)

3 (2.5%)

0 (0%)

Chemotherapy

0.740

EBRT modality

IMRT

LRFS. Group A had a lower hazard of LCS than Group
B (DFS = 0.232, 95% CI: 0.057 - 0.949, p = 0.042).

0.662

Abbreviations: 2D-BT, two-dimensional high-dose-rate brachytherapy; 3D-BT,
three-dimensional high-dose-rate brachytherapy; WHO: World Health
Organization; 2D-CRT = two-dimensional radiotherapy. IMRT = intensity-modulated
radiotherapy. 3D-CRT = three-dimensional conformal radiotherapy.

Multivariate analyses

All potential prognostic factors, including gender, age
(≤45 years; >45 years), T-stage (T1, T2a, T2b), N-stage
(0–3) and brachytherapy techniques (the administration
of 3D-HDR-BT or 2D-HDR-BT) and EBRT techniques
(2D-CRT, 3D-CRT & IMRT) were included in the Cox
proportional hazards model by backward elimination of
the insignificant explanatory variables. The results of
multivariate analyses are summarized in Table 2. The
Cox proportional hazards analysis showed that the T category was an unfavorable prognostic variable with regard
to LCS, DFS, and LRFS endpoints. Multivariate analysis
also showed that the N category was an unfavorable
prognostic factor with regard to DFS, OS, CSS, and

Toxicity was acceptable for the patients in Groups A
and B. Five patients experienced RTOG grade III-IV
hematological toxicity; of those patients with N-stage
(N2-3) NPC treated with concurrent chemoradiotherapy
(DDP 40 mg/m2), three patients experienced grade-III
mucositis. Complication rates were similar between
Groups A and B when all patients were compared. The
most common radiation-related complication was xerostomia. Almost all patients developed xerostomia via
large parallel opposed fields. Slight xerocheilia were seen
commonly, there was no severe xerocheilia. Total hearing
loss, neck fibrosis limiting movement, severe epistaxis requiring blood transfusion, pituitary-endocrine dysfunction,
and neurological complications (temporal lobe necrosis
and cranial nerve palsy) were not seen in this series. No
significant late toxicities were caused by brachytherapy.
Complications associated with nasopharyngeal grade-II
ulceration/necrosis were observed in three in Group A
patients with foul-smelling crust and/or headache, and in
two patients in Group B. A total of 19 patients with stage
T2b disease experienced small amounts of blood loss in
Group A; the average blood loss was approximately 5 cc
during the course of the interstitial implantation and removal. All patients were managed with conservative treatment measures and the bleeding was always self-limiting.

Discussion
Carcinoma of the nasopharynx has a propensity to local
recurrence, and has always been a challenge to the radiotherapist [15-18].With advances in remote-controlled
HDR after loading systems and the ease of applicators, the
treatment plans can easily be carried out [19].
In the current study, the treatment outcomes of CTbased 3D HDR-BT versus 2D HDR-BT were evaluated
in early T-stage NPC patients. CT-based 3D HDR-BT
with stepping source provided good coverage of the target
volume, and dose distribution optimization. Meanwhile,
CT-based 3D treatment planning obtained excellent
visualization of the persistent disease and normal structures. A 100% isodose line was selected to cover the entire
target as optimally as possible, then manual optimization
on each CT slice was done interactively by dragging the
100% isodose line to cover the target volume as conformally as possible in this study. Our experience shows that
this CT-based-3D planning approach improved target volume delineation and optimal coverage, and is more accurate and much easier the conventional orthogonal film
dosimetry. The follow-up results showed that 3D-HDR
BT arm was an effective treatment modality for patients
with stage T1-2 NPC with acceptable complications. We
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Figure 4 Five-year actuarial survival curves for the 3D-HDR-BT group and the 2D-HDR-BT group. (a) local control survival (LCS); (b) local/
regional relapse-free survival (LRFS).

speculate the improvement in local tumor control and disease free survival is likely due to improved conformal dose
distributions in 3D-HDR BT arms, or may be because of
the short follow-up time.
Improved NPC treatment outcomes with 3D-HDR-BT

The results of the current study showed that 3D-HDR-BT
after EBRT was more effective in the treatment of T1-2

NPC than 2D-HDR-BT after EBRT, as shown by a statistically significant improvement in LCS and DFS. Conformality can be improved by using the CT-based 3D-HDR-BT
treatment plan, and we hypothesized that improvements
in LCS and DFS with 3D-HDR-BT were due to the conformal dose distributions [3,20]. The dose distribution of
3D-HDR-BT can also cover the target for patients whose
tumors are associated with the parapharygeal space better.

Figure 5 Five-year actuarial survival curves. (a) disease-free survival (DFS); (b) overall survival (OS); (c) cause-specific survival (CSS); and (d) distant
metastasis-free survival (DMFS).
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Table 2 Summary of multivariate analysis of prognostic
factors
Factors
LCS

B

p-value

Exp (B)

Exp (B) (95% CI)

T category

2.298

0.005

9.959

1.977 - 50.169

N category

1.460

0.042

0.232

0.057 - 0.949

3D-BT vs. 2D-BT
DFS

0.973

0.031

2.647

1.093 - 6.407

N category

2.950

< 0.001

19.113

5.621 - 64.997

< 0.001

13.800

4.128 - 46.127

0.025

4.083

1.192 - 13.989

< 0.001

22.324

6.073 - 82.067

< 0.001

57.020

9.307 - 349.347

3D-BT vs. 2D-BT
OS

CSS

DMFS

NS

T category

NS

N category

2.625

3D-BT vs. 2D-BT
LRFS

NS

T category

NS

T category

1.407

N category

NS

3D-BT vs. 2D-BT

NS

T category

NS

N category

3.106

3D-BT vs. 2D-BT

NS

T category

NS

N category

4.043

3D-BT vs. 2D-BT

with a previous study by Leibel SA et al. [24], which
showed that nasopharyngeal tumors have a higher probability of micrometastatic dissemination at initial diagnosis, and concluded that the effect of local tumor control
on survival cannot be determined without more effective
methods to treat disseminated disease.
To determine the effect of local tumor control on distant tumor control, we should detect distant metastases
as soon as possible after the initial diagnosis. A study by
Chang JT et al. [25] used 18 F-fluorodeoxyglucose positron emission tomography (FDG-PET) and found that
11% of distant metastases in NPC patients were not discovered using the conventional staging workup (CWU).
Based on this finding, they suggested that FDG-PET diagnosed stage M NPC disease more accurately and sensitively than CWU. However, the cost of FDG-PET was so
high that it was not performed for each patient. Therefore,
it was uncertain whether improved local tumor control by
3D-HDR-BT was associated with improved distant tumor
control.
Complications

NS

Abbreviations: CI, confidence interval; 2D-BT, two-dimensional high-dose-rate
brachytherapy; 3D-BT, three-dimensional high-dose-rate brachytherapy;
NS, not significant.

Retrospective analysis of the two groups showed that
five patients with stage T2b disease who developed local
recurrence were in the arm of 2D brachytherapy. The
role of brachytherapy in patients with stage T2b disease
is controversial [9,21]. Levendag et al. [22] reported that
some patients with stage T2b NPC lesions may benefit
from dose-escalation by brachytherapy boost when the
tumor had regressed to the clinical target volume after
EBRT pretreatment. In the current study, when stage
T2b NPC patients in Group A were implanted interstitially and the nylon afterloading tubes were placed in the
parapharyngeal tissues of the primary tumor site, the
3D-HDR-BT led to enhanced conformal optimization.
Local tumor control may be improved by 3D-HDR-BT
in patients initially diagnosed with T2b disease, which is
in accordance to the report by Rosenblatt E et al. [23]
that the addition of an imaging guided brachytherapy
boost to external beam radiotherapy significantly improved local tumor control in patients with T1-2 nasopharyngeal carcinoma. None of the Group A patients with
stage T2b NPC developed local recurrence, although five
Group B patients with stage T2b NPC relapsed.
Unimproved NPC treatment outcomes with 3D-HDR-BT

Despite showing improvements in LCS and DFS, 3DHDR-BT treatment did not improve the distant control
rates of all N category tumors. These results are consistent

In the current study, the side effects associated with 3DHDR-BT after EBRT were less severe than some of the
toxicity reports associated with conventional dose levels
of EBRT alone [26]. Due to the rapid dose fall-off of the
radiotherapy source, brachytherapy can deliver a high
radiation dose to the parapharyngeal tumor region while
delivering a low radiation dose to the pituitary fossa, the
optic nerve/chiasm, the temporal lobes, the temporomandibular joint, and the middle ear. Therefore, severe
complications were not commonly observed, and the
complication rates were similar for the 3D-HDR-BT and
2D-HDR-BT treatment groups. Both 3D-HDR-BT and
2D-HDR-BT treatment modalities can provide highly
conformal dose distribution and improved normal tissue
sparing. Patients in the 3D-HDR-BT and 2D-HDR-BT
groups did not show significant differences in the acute
or chronic incidence rates of radiation complications.
Mild chronic radiation nasopharyngeal ulceration/necrosis
was seen in both groups, which included a foul-smelling
crust and/or headache. Many patients experienced xerostomia as a long-term side effect, which may not be due to
the brachytherapy. During the long-term follow-up, the
only minor complication related to brachytherapy was
synechiae of the nasal mucosal linings, which can be
treated easily. In future treatment plans, synechiae of the
nasal mucosal linings can be reduced using these measures. In the current study, patient mortality was not
related to complications.
The interstitial implantation procedure was well tolerated by all stage T2b NPC patients in Group A. Some
patients experienced small amounts of blood loss during
the course of interstitial implantation. Bleeding was
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managed with conservative treatment measures and was
always self-limiting: no patients required blood transfusions
due to excessive bleeding during the course of treatment.

Conclusions
External beam radiation therapy combined with interstitial/intracavitary 3D-image-guided HDR-brachytherapy
showed improved local tumor control relative to traditional 2D-HDR-BT with acceptable toxicity levels. The
use of 3D-image-guided HDR-BT for stage T2b NPC patients is relatively complex but well tolerated, the administration of interstitial 3D-HDR-BT achieved excellent
local control. Improved therapeutic benefits associated
3D-image-guided HDR-BT may be due to enhanced
target volume coverage and improved conformality.
Prospective, randomized studies should be conducted to
further evaluate the therapeutic benefits of 3D-imageguided HDR-brachytherapy for NPC patients.
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