
Full Terms & Conditions of access and use can be found at
https://informahealthcare.com/action/journalInformation?journalCode=ionc20

Acta Oncologica

ISSN: 0284-186X (Print) 1651-226X (Online) Journal homepage: informahealthcare.com/journals/ionc20

Local tumor control after retreatment of spinal
metastasis using stereotactic body radiotherapy;
comparison with initial treatment group

Ung-Kyu Chang, Won-Ik Cho, Mi-Sook Kim, Chul Koo Cho, Dong Han Lee &
Chang Hun Rhee

To cite this article: Ung-Kyu Chang, Won-Ik Cho, Mi-Sook Kim, Chul Koo Cho, Dong Han Lee
& Chang Hun Rhee (2012) Local tumor control after retreatment of spinal metastasis using
stereotactic body radiotherapy; comparison with initial treatment group, Acta Oncologica, 51:5,
589-595, DOI: 10.3109/0284186X.2012.666637

To link to this article:  https://doi.org/10.3109/0284186X.2012.666637

Published online: 13 Mar 2012.

Submit your article to this journal 

Article views: 2278

View related articles 

Citing articles: 13 View citing articles 

https://informahealthcare.com/action/journalInformation?journalCode=ionc20
https://informahealthcare.com/journals/ionc20?src=pdf
https://informahealthcare.com/action/showCitFormats?doi=10.3109/0284186X.2012.666637
https://doi.org/10.3109/0284186X.2012.666637
https://informahealthcare.com/action/authorSubmission?journalCode=ionc20&show=instructions&src=pdf
https://informahealthcare.com/action/authorSubmission?journalCode=ionc20&show=instructions&src=pdf
https://informahealthcare.com/doi/mlt/10.3109/0284186X.2012.666637?src=pdf
https://informahealthcare.com/doi/mlt/10.3109/0284186X.2012.666637?src=pdf
https://informahealthcare.com/doi/citedby/10.3109/0284186X.2012.666637?src=pdf
https://informahealthcare.com/doi/citedby/10.3109/0284186X.2012.666637?src=pdf


  Correspondence: U.-K. Chang, Korea Institute of Radiological and Medical Science, Neurosurgery, Nowon-ro 75, Nowon-ku, Seoul, 139   -   706 Republic of 
Korea. E-mail: changungkyu@yahoo.co.kr  

 (Received   29   November   2011  ; accepted   9   February   2012  ) 

                        ORIGINAL ARTICLE    

 Local tumor control after retreatment of spinal metastasis 
using stereotactic body radiotherapy; comparison with initial 
treatment group      

    UNG-KYU     CHANG  1  ,       WON-IK     CHO  1  ,       MI-SOOK     KIM  2  ,       CHUL KOO     CHO  2  ,  
     DONG HAN     LEE  3    &        CHANG HUN     RHEE  1    

  1Department of Neurosurgery, Korean Cancer Center Hospital, Korea Institute of Radiological and Medical Science; 
2Department of Radiation Oncology, Korean Cancer Center Hospital, Korea Institute of Radiological and Medical Science; 
3Cyberknife Center, Korean Cancer Center Hospital, Korea Institute of Radiological and Medical Science                                

 Abstract 
  Background.  The aim of this study is to evaluate local control rates after stereotactic body radiotherapy (SBRT) 
in recurrent spinal metastasis after external beam radiotherapy (EBRT) and new spinal metastatic lesions. 
 Material and methods.  Retrospective review of medical records and radiological data was performed on 54 retreatment 
and 131 initial SBRT patients. To compare various fractionation schedules, the biologically effective dose (BED) was 
applied. SBRT dose was calculated with linear-quadratic model and normalized to a 2-Gy equivalent dose (nBED, 
 α / β   �    2 Gy for spinal cord,  α / β   �    10 Gy for tumor). Doses to a point within the spinal cord that received the maximum 
dose (Pmax) were checked. Local control failure was defi ned as progression by imaging study. Overall survival, pro-
gression free survival, delivered radiation dose to tumor and spinal cord, and spinal cord Pmax nBED were compared 
in two groups.  Results.  The mean delivered radiation doses to tumor margin during SBRT were 51.1 Gy2/10 (retreat-
ment) and 50.7 Gy2/10 (initial treatment). Mean survival was 29.6 months (overall)/20.7 months (retreatment)/
32.4 months (initial treatment). Mean progression free period was 23.9 months (overall)/18.0 months (retreatment)/
26.0 months (initial treatment). Radiological control rates of retreatment and initial treatment group were 96%/95% 
at six months, 81%/89% at 12 months and 79%/90% at 24 months. Among 54 retreatment lesions, 13 lesions showed 
local control failure during follow-up. With regard to spinal cord radiation dose during SBRT, Spinal cord Pmax nBED 
was 46.2 Gy2/2 (retreatment) and 48.7 Gy2/2 (initial treatment). In retreatment group, total nBED to spinal cord 
was a mean of 83.4 Gy2/2. There was no case of radiation myelopathy detected.  Conclusions.  Retreatment of spinal 
metastases using SBRT provided effective local control without neurological complications.   

 In the management of spinal metastasis, conventional 
external beam radiation therapy (EBRT) has been 
the primary treatment option. A review on palliative 
EBRT for painful bone metastasis including spine 
demonstrated an overall response rate of 60% and a 
complete response rate of 30% [1]. Many patients 
develop recurrent symptoms such as pain or neuro-
logical defi cits after EBRT. In patients who are 
expected to survive long and experience symptoms 
of relapse after conventional EBRT, re-irradiation of 
spinal metastasis at greater biological effective dose 
than the previous radiation may be required to 
achieve tumor control. However, local recurrence 
within a previously irradiated fi eld presents a thera-
peutic challenge because the radiation tolerance of 
the spinal cord precludes additional delivery of 

tumoricidal doses of radiation with conventional 
technique. As such, retreatment radiation can be 
performed with the technique of modifi ed linear 
accelerator, Intensity Modulated Radiation Therapy 
(IMRT), Fractionated Stereotactic Conformal Radio-
therapy (FSCT), helical tomotherapy, and SBRT 
including Cyberknife [2 – 6]. 

 Owing to advances in radiation delivery technol-
ogy, it is now possible to deliver ablative radiation 
doses to spinal metastatic disease safely and effec-
tively in previously irradiated patients. Although data 
from the literature suggest early onset and longer 
duration of pain relief, and high rate of local control 
with SBRT for untreated spinal metastases [7,8], 
retreatment result of spinal metastasis using SBRT 
remains scarce. Re-irradiation of spinal tumors using 
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SBRT was performed in some institutes, and their 
results showed a meaningful interval of local control 
with improved symptoms and safety [3,4,7,9 – 11]. 
Many authors have reported pain relief and neuro-
logical symptom improvement after re-irradiation, 
but not radiological response. The guidelines for 
spinal cord tolerance in re-irradiation treatment were 
different between authors and optimal dose for 
spinal cord re-irradiation remains unestablished. 

 The aim of this study was to evaluate local con-
trol rates in patients who received SBRT due to the 
recurrences of pre-irradiated vertebral metastases 
and those in patients who received SBRT for newly 
developed spinal metastases.  

 Material and methods 

 SBRT process using the Cyberknife has been previ-
ously described in detail [8]. The planning target 
volume (PTV) was contoured according to gross 
tumor volume (GTV) plus a 2 – 3 mm margin 
(GTV  �    2 – 3 mm  �  PTV). The spinal cord margin 
was consisted of the dura mater contoured at the 
level of the tumor. Similarly, for the cauda equina the 
dural sac margin represented neural margin. To com-
pare various fractionation schedules, the biologically 
effective dose (BED) was calculated. SBRT dose 
was calculated to 2-Gy equivalent normalized BED 
(nBED). The nBED was calculated by dividing BED 
by (1  �  d/ α / β ), where d is 2 Gy, and for spinal cord 
late effect  α / β  is 2 (Gy2/2), and for tumor tissue early 
effect,  α / β  is 10 (Gy2/10). The nBED is analogous 
to the equivalent EBRT dose in 2-Gy fractions. The 
total nBED was calculated by adding the nBED of 
the fi rst course of radiation (EBRT) to the nBED of 
the second (SBRT). For conventional EBRT, the 
nBED of the spinal cord were considered to be 
homogenous. 

 A retrospective review of medical records and 
radiological data was performed on 185 patients who 
underwent SBRT due to metastatic spinal tumors. 
From June 2002 to December 2008, a total of 185 
spinal SBRT was done in 142 patients with spinal 
metastasis at the Korea Cancer Center Hospital. The 
study cohort included the cases in which: 1) newly 
diagnosed symptomatic spinal metastasis; 2) asymp-
tomatic or symptomatic progressed spinal metastasis 
after prior irradiation; 3) one or two consecutive ver-
tebral bodies were involved; 4) spinal canal encroach-
ment was less than 25%; 5) motor function was 
greater than Grade 4; and 6) expected survival was 
longer than three months. 

 Among them, 54 tumors were retreatment lesions 
(retreatment group) and 131 tumors were newly 
developed lesions (initial treatment group). Radio-
sensitivity of the primary cancer was classifi ed as 

radiosensitive, moderate and radioresistant. Renal 
cell cancer and hepatocellular carcinoma were 
deemed radioresistant, breast cancer and prostate 
cancer were classifi ed as radiosensitive, and the 
remaining pathologies as moderate. Lesion level was 
classifi ed into spinal cord and cauda equina levels. 
Lesions above T12 vertebral body level belonged to 
the spinal cord level and lesions below L1 vertebral 
body level were classifi ed as the cauda equina level. 

 All treatment plans were reviewed and dose-
volume histogram (DVH) data collected. Local con-
trol was assessed by follow-up radiological image. 
Therefore, local control failure means evidences of 
mass regrowth on magnetic resonance imaging 
(MRI) or reappearance of hypermetabolic lesion on 
positron emission tomography CT (PET-CT). 
Regarding follow-up imaging, MRI or PET-CT was 
performed at three, six, and 12 months after SBRT. 
After one year, MRI or PET-CT would be performed 
every six months. Pain and neurologic status were 
also investigated by retrospective review. If more than 
one tumor per patient had been treated at different 
times, survival and local control would be evaluated 
for each tumor separately. Overall survival, local-
progression free survival, and factors affecting local 
control were investigated.  

 Statistical analysis 

 Progression free period for each tumor was defi ned 
from the date of completion of SBRT to last known 
documented tumor status. Descriptive statistics 
were shown as mean and median value for continu-
ous variables, and frequencies and proportions for 
categorical variables. Student ’ s t-test and the Mann-
Whitney non-parametric test were used for continu-
ous variables and the  χ  2  and Fisher ’ s exact test were 
used for categorial variables. Univariate and multi-
variate analyses were performed to identify prognos-
tic factors affecting local control by using the Cox 
proportional hazard model. Overall survival and pro-
gression free survival were calculated according to 
the Kaplan-Meier method. Time-to-progression for 
the retreatment and initial treatment groups was 
compared and differences between survival curves 
were analyzed with the log-rank test. A p-value  �    0.05 
was considered to be statistically signifi cant. All 
the analyses were performed by using SPSS 16.0 
(Chicago, IL, USA).    

 Results 

 Patient characteristics and tumor types were presented 
in Table I. There was no statistical difference in age, 
radiosensitivity of primary cancer histology, distribu-
tion of lesion level, and radiation dose delivered to 
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tumor between retreatment and initial treatment 
groups. In retreatment group, the mean EBRT dose 
was 39.2 Gy2 and total radiation dose to tumor was 
90.3 Gy2/10 (Table I). However, regarding tumor 
volume and proportion of patients with epidural 
mass, signifi cant difference was noted between two 
groups. 

 The overall follow-up period for the cohort was 
21.8 months. Mean follow-up periods in the retreat-
ment and initial treatment groups were 17.3 months 
and 23.7 months (p  �    0.047). The mean overall sur-
vival (OS) of the entire study cohort was 29.6 months. 
In the OS, mean values in the retreatment and initial 
treatment groups were respectively, 20.7 months and 
32.4 months, and median values were respectively, 11.0 
months and 19.0 months (p  �    0.022) (Figure 1). 

 Mean progression free period (PFP) was 23.9 
months in the entire study cohort. Mean PFPs in the 
retreatment and initial treatment groups were respec-
tively 18.0 months and 26.0 months and median 
PFPs were 13.0 months and 19.0 months (p  �    0.03) 
(Table II, Figure 2). Pain control rate was 86/93% at 
six months, 81/89% at 12 months, and 86/90% at 
two year follow-up. Radiological control rate was 
96/95% at six months, 81/89% at 12 months, and 
79/90% at two-year follow-up. Local control rates 
evaluated at specifi c time points were not different 
between the two groups (Table II). Regarding prog-
nostic factors for local control, tumor volume and 
the presence of epidural mass were identifi ed as sig-
nifi cant factors on univariate analysis (p  �    0.024, 
0.026). However, on multivariate analysis, only the 
presence of epidural mass was found to be signifi cant 
(p  �    0.002). 

Table I. Demographic characteristics and radiotherapeutic parameters (N � 185).

Group
Retreatment 

(N � 54)
Initial treatment 

(N � 131) p-value

Number of lesions/patients 54/49 131/93
Age (years)

Mean 54.5 � 11.8 50.1 � 13.2 0.088
Median 55.5 51.0

Radiosensitivity of primary tumor 0.079
Sensitive; breast ca, prostate ca 7 (13.0%) 36 (27.5%)
Moderate 34 (63.0%) 63 (48.1%)
Resistant; RCC, HCC 13 (24.0%) 32 (24.4%)

Ratio of spinal cord level/cauda equina level 30 : 24 86 : 45 0.131
Proportion of cases with epidural mass (%) 25/54 (46.3%) 38/131 (29.0%) 0.024
Interval between RTx. and SBRT (months) 24.5 (range, 3–80)
Tumor volume (ml)

Mean 58.4 � 61.0 36.4 � 51.2 0.013
Median 34.3 20.5

Radiation dose to tumor during SBRT
Margin dose, single equivalent (Gy) 20.6 � 5.9 19.9 � 3.3 0.400
Margin dose, nBED (Gy2/10) 51.1 � 15.9 50.7 � 16.6 0.887
Maximal dose, single equivalent (Gy) 23.7 22.8
Minimal dose, single equivalent (Gy) 18.2 17.9

Total radiation dose to tumor (Gy2/10) 90.3 � 19.9
Maximal spinal cord dose

SBRT nBED (Gy2/2) 46.19 � 35.21 48.68 � 29.97 0.547
Total nBED (Gy2/2) 83.37

Conformity index 1.24 1.29
Coverage (%) 95.8 96.1
Isodose line (%) 78.3 79.3

HCC, hepatocellular carcinoma; nBED, normalized biological effective dose; RCC, renal cell carcinoma; 
RTx, radiation therapy; SBRT, stereotactic body radiotherapy.

Figure 1. Survival curve in the retreatment and the initial treatment 
groups; mean value was 20.7 months and 32.4 months in each 
group, which showed statistical difference (p � 0.022).
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 Among 54 lesions that were re-irradiated with 
SBRT, 13 lesions showed local control failure on 
follow-up. When these 13 patients were compared 
with remaining 41 patients, no factor was found to 
correlate to local control failure. Analysis was per-
formed on age, radiosensitivity of the primary pathol-
ogy, ratio of lesion level (spinal cord vs. cauda equina 
level), the fraction of patients with epidural mass, 
interval between EBRT and SBRT, post-SBRT sur-
vival, tumor volume, radiation dose in SBRT, and 
total radiation dose (Table III). 

 With regards to radiation dose delivered to the 
spinal cord during SBRT, maximal point dose (Pmax) 
nBED was 46.2 Gy2/2 (retreatment group) and 48.7 
Gy2/2 (initial treatment group), which showed no 
statistical signifi cance. When EBRT dose and SBRT 
spinal cord maximal dose were summated in the 

retreatment group, the mean total radiation dose to 
the spinal cord was 83.4 Gy2/2 (Table I). Regarding 
radiosurgical toxicity, patients were assessed for tox-
icity using the National Cancer Institute Toxicity 
Criteria, version 2.0. Toxicity was commonly grade 
1 or 2 fatigue in acute period. Late delayed neuro-
logical complications were not noted. Symptomatic 
vertebral compression fractures following SBRT 
were found in 12 lesions. Symptom was relieved with 
vertebroplasty in fi ve lesions and with conservative 
treatment in the remaining lesions.  

 Discussion 

 A few publications are available with regard to 
retreatment spinal SBRT for recurrent spinal metas-
tases after previous irradiation [2 – 4,11 – 15]. The fi rst 
retreatment trial was conducted with modifi ed linear 
accelerator technique by Hamilton et   al. In fi ve 
patients, local control rate was 100% over a median 
follow-up period of six months [2]. The largest series 
of retreated tumors (344 tumors) was published by 
Gerszten et   al., who reported a local tumor control 
rate of 88% over a median follow-up period of 21 
months [7,10]. As reported, current studies on 
retreatment with spinal SBRT for recurrent spinal 
metastasis showed 60 – 100% local control rate over 
a follow-up period of 6 – 21 months (Table IV) 
[2 – 4,10,11]. In our series, a mean of 20.6 Gy (single 
session equivalent dose) was delivered for retreat-
ment group. As a result, PFP was 18.0/13.0 months 
(mean/median). This result suggests that retreatment 
spinal SBRT can confer signifi cant benefi t of local 
control on patients with recurrent spinal metastasis. 
Compared to the initial treatment group, retreatment 
group experienced poorer PFP. As yet, there is no 
evidence to suggest that local control rate after spinal 
SBRT in retreatment group is different from that in 

Table II. Follow-up result in the retreatment SBRT and the initial treatment groups (N � 185).

Group
Retreatment 

(N � 54)
Initial treatment 

(N � 131) p-value

Follow-up period (months) 17.3 � 16.7 23.7 � 20.8 0.047
Pain control rate

At 6 month 38/44 (86.4%) 105/113 (92.9%) 0.314
At 1 year 21/26 (80.8%) 74/83 (89.2%) 0.093
At 2 years 12/14 (85.7%) 46/51 (90.2%) 0.236

Radiologic control rate
At 6 month 42/44 (95.5%) 107/113 (94.7%) 0.699
At 1 year 21/26 (80.8%) 74/83 (89.2%) 0.093
At. 2 years 11/14 (78.6%) 46/51 (90.2%) 0.138

Progression free period (months)
Mean 18.0 � 2.4 26.0 � 2.2 0.029
Median 13.0 19.0

Survival time (months)
Mean 20.7 � 3.2 32.4 � 3.0 0.022
Median 11.0 19.0

Figure 2. Progression free probability curve of the retreatment and 
the initial treatment groups; mean value was 18.0 months and 
26.0 months in each group, which was statistically different 
(p � 0.03).
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initial treatment group. Also in brain metastases, the 
argument that radiosurgery applied to previously 
irradiated lesions results in poorer outcome than that 
in unirradiated cases was not confi rmed [9,16]. 

 In most publications on SBRT for the treatment 
of vertebral metastasis, treatment result was usually 
determined by clinical symptoms and/or imaging 
studies. However, four studies that determined tumor 
local control according to progression by imaging did 
not consider symptomatic progression as a failure 
[5,7,10,13]. Chang et   al. reported a one-year pro-
gression free rate of 84% [13] and Yamada et   al. 
showed 81% of local control rate based on median 
follow-up of seven months [5]. In our study, the pri-
mary end point was image-based tumor progression 
without consideration of pain status. When SBRT is 
performed for asymptomatic vertebral metastasis, 
evaluation of SBRT effect should be made with 
imaging studies. Particularly in patients whose tumors 
are confi ned to the vertebral body without epidural 
component, MRI cannot be used for the evaluation 
of treatment result. Instead, PET-CT or bone scan 
with which metabolic activity can be measured 
should be used. 

 Spinal cord radiation tolerance was estimated to 
be 45 – 50 Gy over 22 – 25 fractions [17,18]. In reirra-
diation of spinal cord, Nieder et   al. estimated a risk 
less than 3%, when a total BED2/2 was less than 

135.5 Gy2/2, interval was longer than six months 
between fi rst irradiation and second one, and a limit 
of each irradiation was less than 98 Gy2/2 [19]. In 
Nelson et   al .  ’ s publication, they limited the SBRT 
dose, calculating the time-discounted prior BED to 
the spinal cord by assuming dose recovery of 25%, 
33%, and 50% at six months, one year, and two years, 
respectively. And they assumed spinal cord tolerance 
of 59 Gy in 2 Gy/fraction (BED  �    121.5 Gy2) [14]. 

 Radiation myelopathy (RM) following initial 
SBRT has been reported by some authors. Sahgal 
et   al .  reported fi ve cases, in which Spinal cord Pmax 
doses were nBED of 33.8, 49.5, 61, 94.5 and 95 
Gy2/2 [20]. Ryu et   al. reported one case, in which 
Spinal cord Pmax was 14.6 Gy in a single session 
(nBED of 60.7 Gy2/2) [21]. In comparison to SBRT, 
Macbeth et   al .  reported RM cases following homog-
enous hypofractionated radiotherapy [22]. Five cases 
of RM were noted after thoracic radiotherapy in 
1048 lung cancer patients. Three patients developed 
RM following 17 Gy in 2 fractions (nBED of 45 
Gy2/2) and two cases with 39 Gy in 13 fractions 
(nBED of 48.8 Gy2/2). They found no RM cases in 
114 patients with 10 Gy in 1 fraction (nBED of 30 
Gy2/2). Their data suggest that exceeding 10 Gy in 
a single fraction to the spinal cord has some risk of 
RM, which has been widely accepted as a safe guide-
line for spinal cord protection in SBRT planning. 

Table III. Comparison between local control failure cases and controlled cases in retreatment group 
(N � 54).

Group
Local control failure 

(N � 13)
Controlled cases 

(N � 41) p-value

Age
Mean 56.4 � 7.5 53.9 � 12.9 0.510
Median 55.0 57.0

Radio-sensitivity
Breast, prostate 1 (7.7%) 6 (14.6%) 0.708
Moderate 8 (61.5%) 26 (63.4%)
RCC, HCC 4 (30.8%) 9 (22.0%)

Ratio of spinal cord level/cauda equina level 7 : 6 23 : 18 0.887
Proportion of cases with epidural mass (%) 7/13 (53.8%) 18/41 (43.9%) 0.531
Interval between RTx. and SRS (months)

Mean 19.6 � 13.4 26.1 � 42.6 0.592
Median 15.0 12.3

Survival time (months)
Mean 17.4 � 3.1 22.5 � 4.2 0.835
Median 15.0 10.0

Tumor volume (ml)
Mean 67.2 � 65.2 55.6 � 60.2 0.555
Median 47.9 33.4

Radiation dose (SBRT dose)
Single equivalent (Gy) 20.2 � 3.8 20.7 � 6.5 0.767
Conventional 2 Gy 52.3 � 15.2 50.7 � 16.2 0.747

Total radiation dose
Conventional 2 Gy 91.4 � 20.2 90.0 � 20.1 0.829

HCC, hepatocellular carcinoma; nBED, normalized biological effective dose; RCC, renal cell carcinoma; 
RTx, radiation therapy; SBRT, stereotactic body radiotherapy.
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58.4 cm 3 . The reason of high tumor volume was the 
proportion of the sacral metastasis. The mean tumor 
volume of sacral metastasis (N  �    14) was 124 cm 3 . The 
mean volume in patients whose tumors were located in 
the cervical and thoracic levels was 26.5 cm 3 . In Choi 
et   al .  ’ s 51 cases of retreatment, 90% of all cases were 
cervical and thoracic metastasis and the median value 
of tumor volume was 10.3 cm 3  (0.2 – 128.6 cm 3 ) [11]. 
In another series by Sahgal et   al . , the mean tumor vol-
ume was 21 cm 3  (0.4 – 177 cm 3 ) [10]. In terms of tumor 
volume, lesions with large volume tend to show local 
failure after treatment. In Gerszten et   al .  ’ s report, local 
failure was seen in 6/60 cases treated, of which the 
mean tumor volume was 102.6 ml [26]. In our study 
population, tumor volumes of the retreatment and the 
initial treatment groups were 58.4 cm 3  and 36.4 cm 3 . 
Lesions with large volume frequently accompany 
epidural mass in the spinal canal. The reason why pro-
gression free period in the retreatment group was 
shorter than that of the initial treatment group was the 
high proportion of patients with epidural mass. Whether 
local control can be maintained or not is determined 
by the minimum distance from the PTV to the spinal 
cord margin [9,12]. 

 In conclusion, retreatment of spinal metastasis 
using SBRT appears to provide effective local control 
without neurological complications. Owing to the 
high precision of SBRT, radiation distribution is 
sharply delineated and steeply graded between tumor 
and the spinal cord. Spinal cord tolerance to retreat-
ment SBRT was variable and was estimated to be 
slightly higher than previous reports. 

   Declaration of interest:   The authors report no 
confl icts of interest. The authors alone are respon-
sible for the content and writing of the paper. 

 Several authors reported RM cases after retreat-
ment SBRT and proposed guidelines based on their 
data. In Gibbs et   al. ’ s series, two previously irradiated 
patients (25.2 Gy and 40 Gy) developed RM after 
SBRT, in which SBRT dose was nBED of 46 – 81 
Gy2/3 [8]. Choi et   al. reported one case of T5 level 
RM in 51 lesions of retreatment SBRT series [11]. 
In that case, total spinal cord Pmax was nBED of 
88.9 Gy2/3. Saghal et   al. analyzed total Pmax nBED 
of spinal cord in patients who received retreatment 
SBRT and found difference between those who devel-
oped RM and those who did not [23]. The SBRT 
re-irradiation spinal cord mean Pmax nBED was 20.0 
Gy2/2 in non-myelopathy patients and 67.4 Gy2/2 in 
myelopathy patients. The mean total spinal cord Pmax 
nBED was 62.3 Gy2/2 in non-myelopathy patients 
and 105.8 Gy2/2 in myelopathy patients. Based on 
their data, they proposed a guideline for retreatment 
SBRT in terms of spinal cord Pmax nBED. Retreat-
ment SBRT spinal cord Pmax nBED should be less 
than and 25 Gy2/2 and total spinal cord Pmax nBED 
should be less than 70 Gy2/2. In our study, retreat-
ment SBRT spinal cord mean Pmax nBED was 46.2 
Gy2/2 and mean total spinal cord Pmax nBED was 
83.4 Gy2/2. During follow-up, no patients showed 
RM. Based on our data, in terms of spinal cord Pmax 
nBED, spinal cord tolerance to radiation appears to 
be higher than we expected. In addition, BED calcu-
lation to combine doses from homogenous radiation 
used in conventional EBRT and partial volume irra-
diation of SBRT may not provide correct measure-
ment of spinal cord irradiation. 

 The size of the tumor is a major determinant of 
the steepness of the dose gradient and only tumors 
measuring about 50 cm 3  or less can be treated radio-
surgically [24,25]. Lesion volumes of our retreatment 
group ranged from 1.3 cm 3  to 265 cm 3  with a mean of 

Table IV. Current studies on spinal SBRT with reported local control rates for patients with image-based tumor progression and previous 
irradiation.

Authors/year
Number of 

retreated tumors
Follow-up 

period (months)
Local control 

rate (%)
Radiation dose/ 

fractionactions (Gy/fx.)
Previous irradiation 

dose (Gy)

Hamilton/1995 5 Median, 6 (range 1–12) 100 10/1 Median, 45
Milker-Zaber/2003 19 Median, 12(range 4–33) 95 Median, 39.6/20 Median, 38
Mahan/2005 8 Mean, 15.2 100 Median, 30/15 Median, 30
Gerszten/2007 344 Median, 21 (range 3–53) 88 Mean, 20/1 NM
Sahgal/2009 37 Median, 7 (range 1/48) 92 Median, 24/3 Median, 36/14fx
Chang E/2007 35 12 84 30/5 or 27/3 NM
Tsai/2009 15 10 97 15.5/2 NM
Nelson/2008 22 NM 87.5 Median, 18/3 Median, 35
Amdur/2009 12 NM 96 15/1 NM
Yamada/2005 21 11 90.5 Median, 20/5 30
Choi/2010 51 12 75 Median, 20/2 Median, 40
Wright/2006 37 8 60 Median, 20/5 Median, 30
Gibbs/2007 50 9 NM NM NM
Chang∗/2011 54 Median, 17.3 79 Median, 27/3 Median, 39.2
Garg/2011 63 Median, 17.7 76 30/5, 27/3 NM

Chang∗, current authors’ data; NM, not mentioned.
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