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Abstract
The aim of this study was to evaluate results of fractionated stereotactic radiotherapy (FSRT) in patients with residual or
recurrent nasopharyngeal carcinoma (NPC) in terms of local progression-free (LPFS) and overall survival (OS) rate and
complications after treatment. There were 32 residual or recurrent NPC patients treated with FSRT using linac-based
radiosurgery system. Time from the previous radiotherapy to FSRT was 1�165 months (median, 15). Two patients were
treated for the second and one for the third recurrence. Thirteen patients (40.6%) also received chemotherapy with FSRT.
Tumor volume ranged from 6.2�215 cc (median, 44.4). Average FSRT dose was 17�59.4 Gy (median, 34.6) in 4�25
fractions (median,6) in 1�5.5 weeks (median, 3). Median follow-up time was 25.5(3�67) months. LPFS rate at 1 and 3
years after FSRT was 67.8% and 37.9%. OS rate at 1 and 3 years was 89.7% and 71.2%. If all patients who had tumor
progression with no further follow-up were assumed dead, the OS rate at 1 and 3 years would be 75.0% and 37.9%.
Univariate analysis showed better local tumor control in patients with tumor volume 5/100 cc (p�/0.04) or in those without
chemotherapy (p�/0.0005). Only chemotherapy retained significance in multivariate analysis (hazard ratio 5.47, 95%CI
1.86�16.04). Eight patients (25%) had complications after FSRT, all grade 2�3 except 1 grade 4 with complete recovery.

Stereotactic Body Radiotherapy(SBRT) is one of the

emerging novel technique in the radiotherapy com-

munity, as evident from the Third Acta Oncological

Symposium on SBRT held in Copenhagen in June

2006 [1]. Most presentations focused on lung and

liver tumors. However this technique had been

adopted for treatment of the skullbase and naso-

pharyngeal lesions for some time using the brain

stereotactic radiosurgery/radiotherapy system. As

nasopharyngeal carcinoma (NPC) is the most com-

mon head and neck cancer in Thailand [2] and local

recurrence still remained an important site of failure

in patients with higher initial T stage, this article

aimed to review a single institutional data regarding

the results of fractionated stereotactic radiothera-

py(FSRT) in patients with residual or recurrent

NPC. Primary endpoint was local-progression-free

survival rate (LPFS) and predictive factors. Second-

ary endpoints included overall survival rate (OS) and

complications after treatment. The study was ap-

proved by the institutional review board.

Material and methods

Patient characteristics

From August 1998�March 2004 there were 32

consecutive residual or recurrent NPC patients

treated with FSRT. Patients were included for

FSRT when the lesion was considered not suitable

for brachytherapy and the expected survival was
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longer than 6 months. Written informed consent was

obtained before FSRT in every case. There were 23

males and 9 females. Age ranged from 27�84 years

(median,46). All patients, except one with an

unknown histology, had squamous cell carcinoma

(2 WHO type 1, 15 WHO type2, 14 WHO type3).

Twenty-one patients (65.6%) had initial T3 or 4

disease (AJCC 1992 & 1998). Initial treatment

consisted of radiotherapy with chemotherapy in 25

patients (78.1%) and radiotherapy alone for the rest.

Initial radiotherapy consisted of external beam

radiotherapy (XRT) alone in 28 patients (87.5%)

and XRT with brachytherapy in 4 (12.5%). Naso-

pharyngeal XRT dose ranged from 63�82 Gy

(median,68.6) in 32�45 fractions (median,36).

Time from the finish of initial radiotherapy to the

detection of persistent / recurrent tumor was 1�165

(median,15) months. Histologic confirmation of

persistent / recurrent tumor was achieved in 21 cases

(65.6%). Two patients (6.3%) were treated for the

second and one (3.1%) for the third recurrence. At

the time of FSRT, three patients (9.4%) also had

positive neck nodes and three (9.4%) had distant

metastasis ( 2 at liver and 1 at bone). Karnofsky

performance status at FSRT was 90 in 27 patients

(84.4%), 80 in three patients (9.4%) and 70 in two

(6.3%).

For the local treatment of the residual / recurrent

tumor FSRT was given as the sole modality in 30

patients (93.8%). One patient had upfront XRT (30

Gy / 15 fractions) followed by FSRT and high dose

chemotherapy with stem cell transplantation, the

other one had surgical tumor removal before FSRT.

Thirteen patients (40.6%) also received systemic

chemotherapy. Chemotherapy regimen varied de-

pending on the patient’s condition and previous

treatment, it was platinum-based in combination

with 5-fluorouracil or paclitaxel or paclitaxel alone.

Tumor volume at the time of FSRT was 6.2�215 cc

(median,44.4). Three patients with positive neck

nodes also received local neck XRT. Three patients

with distant metastasis also received local treatment

for the metastatic site (local XRT at the liver mass in

one, wedge resection of the liver mass in one, and

local XRT at the bony metastases in one).

After FSRT all patients were clinically evaluated

every 1�6 months and imaging (CT or MRI) was

performed at varying intervals depending on the

patients’ symptoms. There were 24 patients (75%)

who had follow-up imaging available for the analysis.

The time of last follow-up imaging was 3�49 months

(median,14) after FSRT.

FSRT technique

Treatments were performed using the linear accel-

erator base system (6 MV dedicated LINAC, Varian;

with X-Knife planning system version 3 & 4, Radio-

nics). The relocatable Gill-Thomas-Cosman frame

was used for patient immobilization and target

localization. Individual treatment planning was

done based on a contrast-enhanced CT scan, 1.5-

mm-slice thickness, with or without gadolinium-

enhanced MRI. The prescribed dose could be 6

Gy x 6 fractions (2�3 weeks, Biologically Effective

Dose-BED�/57.6 Gy) for small lesions away from

critical structures (the brainstem, spinal cord, optic

pathway, brain parenchyma), 2 Gy x 25 fractions (5

weeks, BED�/60 Gy) or 3 Gy x 10 fractions (2

weeks, BED�/39 Gy) for larger lesions near critical

areas. The dose should cover at least 90% of the

lesion volume (the GTV). Each physician then

would adjust the dose at the margin to keep normal

tissue dose to the range accepted. If the dose was

considered not adequate chemotherapy would be

given as an adjuvant treatment. In this series FSRT

was given in 4�25 fractions (median,6) in 1�5.5

weeks (median,3). Number of isocenter used was 1�
14 (median,7). Average FSRT dose given to the

tumor was 17�59.4 Gy (median,34.6), minimum

tumor dose was 0.2�45 Gy (median,15.9) and

maximum tumor dose was 18.5�86.6 Gy (med-

ian,54.5). Total dose covering 90% of the tumor

volume was converted into biologically effective dose

(BED-D90) using the equation BED�/total dose x

(1�/d / a/b) where d�/dose per fraction and a/b �/

10, no correction was made for tumor proliferation

since 90% of the treatment was finished within 4

weeks. Total maximum dose to the tumor was

converted the same way into BED-Dmax. In one

patient with upfront XRT before FSRT the XRT

dose was also converted and combined in the BED

calculation. Median BED-D90 was 42.9 (11.3�
95.2) Gy and median BED-Dmax was 97.6(49.1�
197.5) Gy.

Data analysis

Primary endpoint, the LPFS, was defined as the

time from the date of FSRT until local tumor

progression (detected from clinical examination or

imagings) or the date of last follow-up. Secondary

endpoint, the OS, was defined as the time from the

date of FSRT until the patient’s death or the date of

last follow-up. Adverse events after FSRT was

graded according to the Common Terminology

Criteria for Adverse Events version 3.0 [3].
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The survival probability was estimated by the

Kaplan-Meier methods. Log-rank test was used to

determine the association between various factors

and the LPFS. Cox proportional hazard regression

was used in the multivariate analysis to determine

the independent factor associated with LPFS. All

statistical analysis was performed using STATA

software version 8 (STATA corporation, Texas,

USA).

Results

Follow-up time ranged from 3�67 months (med-

ian,25.5). At the time of last follow-up there were

seven deaths, six from cancer (at 4�30 months after

FSRT) and one from aspirated pneumonia with

sepsis (at 8 months post FSRT). Local tumor

progression after FSRT was detected in 16 patients

at 3�34 months (median,10). Two patients devel-

oped nodal progression and three had distant

metastasis after FSRT. The LPFS rate at 1 and 3

years after FSRT was 67.8% (95%CI, 48.4�81.3%)

and 37.9% (95%CI, 17.6�58.2%). Median LPFS

time was 31 months (Figure 1). The OS rate at 1 and

3 years after FSRT was 89.7% (95%CI, 71.3�
96.6%) and 71.2% (95%CI, 48.1�85.5%). Median

survival time was not reached (Figure 2). Most

patients maintained regular follow-up visit post

FSRT until disease progression was detected, after

which many sought supportive treatment elsewhere

near their habitat and the clinical details could not

be retrieved. So we tried making an assumption of

death right after the last visit for patients who were

lost to follow-up after the detection of tumor

progression, and the OS rate at 1 and 3 years

dropped to 75.0% (95%CI, 56.2�86.6%) and

44.2% (95%CI, 26.0�61.0%) with the median

survival time of 30 months (Figure 3).

Table I showed baseline characteristics of the

patients who had local control after FSRT compared

to those with local tumor progression. Five factors

including time from the previous radiotherapy (5/12

VS �/12 months), BED-D90 (5/40 VS �/40 Gy),

BED-DMAX (5/90 VS �/90 Gy), tumor volume

(5/100 VS�/100 cc), and receiving chemotherapy

with FSRT (no VS yes) were included in the

univariate analysis to detect the association with

LPFS. As shown in Table II, only tumor volume and

chemotherapy were significantly associated with the

local control. Better local tumor control was seen in

patients with tumor volume 5/100 cc (p�/0.04) or

in those without chemotherapy (p�/0.0005). Multi-

variate analysis showed that chemotherapy was the

only significant factor, patients receiving chemother-

apy had worse LPFS with the hazard ratio of 5.47

(95% CI, 1.86�16.04).

Eight patients (25%) had adverse events after

FSRT. There were four patients with more trismus

(grade 2), four patients with more decreased hearing
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Figure 1. Local-progression-free survival curve (months)
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Figure 2. Overall survival curve (months)
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Figure 3. Overall survival curve assuming death for all patients

with tumor progression who were lost to follow-up (months)
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(3 grade 2 and 1 grade 3 requiring hearing aid), one

patient with transient ischemic brain symptoms �/24

hr. (grade 4) with complete recovery, one patient

with dysphagia and hoarseness from cranial nerves

dysfunction (grade 2), and one patient with head-

ache and earache (grade2).

Discussion

Evidences have shown that retreatment of locally

recurrent nasopharyngeal cancer was feasible, pa-

tients were relieved from local suffering symptoms

and some experienced a long term survival. Several

techniques have been reported including reirradia-

tion using external beam and/or brachytherapy.

Wang [4] et al. showed that high-dose reirradiation

was required if long-term control was the goal, in

their series none receiving doseB/60 Gy survived at 5

years compared to 45% 5-year survival rate in the

group treated with higher dose. However patients

receiving high dose reirradiation were subjected to

high rates of severe complications such as brain

necrosis, cervical myelopathy, swallowing dysfunc-

tion, mandibular or soft tissue necrosis [5], thus

significantly compromised the quality of life gained.

In a large series of 654 recurrent NPC patients

treated with reirradiation reported by Lee and

associates [6], 5-year local salvage rate was 23%

and the complication-free rate was 52%. They

suggested a combination of teletherapy and bra-

chytherapy when feasible. Although widely available

and a familiar technique limitation remains for

Table I. Baseline characteristics of the patients who had local tumor control after FSRT compared to those with local tumor progression.

Characteristics No local progression

after fsrt

With local progression

after fsrt

Age (median, year) 46.5 (27�84) 46 (34�70)

Sex (female: male) 5:11 4:12

Median time from previous radiotherapy (months) 10 (1�56) 17 (1�165)

Tumor volume at FSRT (median, cc) 48.1 (6.2�128.6) 41.1 (6.7�215)

BED-D90 (median, Gy)* 42.3 (29.8�64.1) 43.5 (11.3�95.2)

BED-Dmax (median, Gy)* 99.6 (69.9�197.5) 96.4 (49.1�169.2)

Chemotherapy at/after FSRT (no. of patients) 2/16 (12.5%) 11/16 (68.8%)

Dead after FSRT (no. of patients) 3/16 (18.8%) 4/16 (25.0%)

*Total dose covering 90% of the tumor volume was converted into biologically effective dose (BED-D90) using the equation BED�/total

dose x (1�/d / a/b) where d�/dose per fraction and a/b �/10, no correction was made for tumor proliferation. Total maximum dose to the

tumor was converted the same way into BED-Dmax.

Table II. Univariate analysis exploring factors associated with local-progression-free survival.

Factor

Number of local

progression

1-yr LPFS

(%)

3-yr LPFS

(%)

Median time to

local progression after

FSRT (months) p-value

Time from previous radiotherapy

5/12 mo 5/13 76.9 56.1 NA 0.2

�/12 mo 11/19 61.1 28.5 17

BED-D90

5/40 Gy 7/12 58.3 29.2 21 0.16

�/40 Gy 9/20 71.7 45.1 34

BED-Dmax

5/90 Gy 7/12 47.6 31.8 10 0.15

�/90 Gy 9/20 79.4 42.8 34

Tumor volume

5/100 cc 12/27 69.3 43.7 34 0.04

�/100 cc 4/5 60.0 0.0 15

Chemotherapy

no 5/19 83.9 68.4 NA 0.0005

yes 11/13 40.4 0 10

NA�/not applicable.
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brachytherapy in treating irregular leions infiltrating

high into the skullbase and brain.

Stereotactic radiosurgery was originated as the

mean to give single high dose radiation intracranially

to the small volume, usually by a diameter not

exceeding 3 cm. Later development enabled fractio-

nated treatment more suitable for malignancy or

larger lesions abutting critical structures. Many

institutes adopted this technique to treat skullbase

lesions including the nasopharyngeal tumors. Both

single dose radiosurgery and fractionated stereotac-

tic radiotherapy were used as the sole modality or in

combination with XRT or brachytherapy for the

locally persistent / recurrent tumors or as a booster

dose after conventional treatment [7�18]. At our

hospital the linac- based radiosurgery system was

installed in 1997 and we started treating nasophar-

yngeal cancer cases in 1998. Our preliminary results

[19] showed that the crude local control rate was

much different in the boost group (controlled 8/8

cases, follow-up time 2�33 months) compared to the

retreatment group (controlled 6/11 cases, follow-up

time 4�19 months). This study was conducted to

explore the results from longer follow-up of the

retreatment group.

From the univariate analysis, patients who had the

detection of persistent / recurrent tumor within 1

year from previous radiotherapy and patients receiv-

ing higher FSRT dose (BED-D90 and BED-Dmax)

tended to have better local control but statistical

significance was not reached. Larger tumor volume

(�/100 cc) resulted in poorer local control (p�/

0.04). However patients receiving chemotherapy

also had worse local control (p�/0.0005), the result

remained significance in multivariate analysis con-

trolling for tumor volume (hazard ratio 5.47, 95%

CI, 1.86�16.04). However the wide 95% CI re-

flected a small sample size of this study. It was not

possible to conclude that chemotherapy led to the

poor local control because there were selection

factors which could lead to the worse outcome.

The patients who received chemotherapy had larger

tumor volume (median 46 cc VS 35.8 cc in the

group without chemotherapy) and also had a larger

proportion of those with disease outside the naso-

pharynx (30.8% VS 10.5%). Although having dis-

tant disease at the time of FSRT could not directly

explain the poor local control but it might indicate

the more aggressive behavior of the residual/recur-

rent tumor. To address the role of chemotherapy in

this setting further randomized trials are necessary.

.The assumption of death right after the last visit

for patients with tumor progression after FSRT and

didn’t have further follow-up data was the way we

used to estimate the OS. So the assumed OS rate at

1 and 3 years of 75.0% and 44.2% with the median

survival time of 30 months would be worse than in

reality since many lived for some period longer after

tumor progression before they succumbed to the

disease. Due to the incomplete end point data, the

analysis to assess factors associated with OS was not

performed in this study.

The complication-free survival was not reported in

this study because almost all patients had at least one

type of complication from the previous treatment.

The crude complication rate of 25% expressed the

new symptoms after FSRT. There was no fatal

hemorrhage after FSRT in the local controlled cases

as previously reported [11] but there were five

patients with uncontrolled tumor who experienced

tumor bleeding during the end stage. The optimal

dose-fractionation of FSRT has yet to be defined as

the lower dose per fraction might decrease severe late

complications but requires more resources and

probably would result in decreased tumor control

probability.

With variations in the patients’ characteristics,

tumor volume, radiation dose-fractionation, and

the use of systemic chemotherapy the only conclu-

sion this series could contribute was that this

technique was feasible for nasopharyngeal reirradia-

tion with minimal toxicity. Many questions remain

that need further studies including the way to detect

early residual/recurrent disease, optimal dose-frac-

tionation, the benefit of systemic chemotherapy and

the role of this technique in the era of all the modern

techniques like the intensity modulated radiotherapy

or the image-guided radiotherapy.
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