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Effective local control of vertebral metastases by simultaneous 
integrated boost radiotherapy
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future randomised controlled trial comparing conventional 
radiotherapy (10 fractions of 3 Gy) with hypofractionated 
dose intensified SBRT (12 fractions of 3 Gy + integrated 
boost 12 fractions of 4 Gy) for improvement of local tumour 
control and pain.
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Stabilität von Wirbelsäulenmetastasen bei Brustkrebs 
nach Radiotherapie

Eine retrospektive Analyse von 157 Fällen

Zusammenfassung
Hintergrund und Ziel Das primäre Ziel der Studie war die 
Verbesserung der lokalen Tumorkontrolle von Patienten 
mit Wirbelkörpermetastasen mittels stereotaktischer Radio-
therapie (SBRT) mit Dosiseskalation durch einen simultan 
integrierten Boost (PTV-Boost). Dabei wurde der ganze 
Wirbelkörper konturiert (PTV-Elektive). Zu den sekun-
dären Endpunkten der Studie gehörten der Schweregrad 
von akuten und chronischen Nebenwirkungen sowie das 
Gesamtüberleben.
Patienten und Methoden 33 Patienten mit spinalen Meta-
stasen wurden am Universitätsklinikum Erlangen behan-
delt. SBRT wurde in 12 oder 10 Fraktionen appliziert. Die 
erreichte Maximaldosis in der Metastase (PTV-Boost) war 
42,0 Gy (24,36–48,0 Gy) bei einer Einzeldosis von 3,6 Gy 
(Spanne 3,0–4,51 Gy). Die mediane Referenzgesamtdosis 
im Wirbelkörper (PTV-Elektiv) betrug 32,39 Gy (Spanne 
21,60–38,0 Gy) bei einer Einzeldosis von 2,85 Gy (Spanne 
1,8–3,6 Gy). Die Nachsorge der Patienten wurde in 3-mona-
tigen Abständen durchgeführt.

Abstract
Background The primary endpoint was to improve local tu-
mour control of patients with metastatic spinal tumours by 
stereotactic body radiotherapy (SBRT) and dose escalation 
by simultaneous, integrated boost (PTV-boost). We used a 
whole vertebral body (PTV-elective) contouring approach. 
Secondary endpoints were severity of acute and chronic ad-
verse effects and overall survival.
Methods In all, 33 patients with metastases of the vertebral 
column were treated at Erlangen University Hospital. SBRT 
was given in 12 or 10 fractions. The metastatic lesion (PTV-
boost) received 3.6 Gy (range 3.0–4.51 Gy) per fraction for 
a total of 42.0 Gy (24.36–48.0 Gy) and the whole vertebra 
(PTV-elective) received 2.85 Gy (range 1.8–3.6 Gy) per 
fraction for a total of 32.39 Gy (range 21.60–38.0 Gy). Pa-
tients were followed up every 3 months.
Results Local control rate of all patients was 93 % at 12 and 
24 months. The overall survival rate was 54 % at 12 months, 
38 % at 24 months and 18 % at 36 months. No radiation my-
elopathy occurred. The most frequently observed adverse 
events in 3 cases was oesophagitis grade 2.
Conclusion SBRT with simultaneous, integrated boost 
was associated with excellent local control of 93 % after 
24 months. This result shows the possibility of delivering 
escalated doses to the target while still keeping the inci-
dence of side effects low. This study forms the basis for a 

Dorota Lubgan and Anke Ziegaus contributed equally to this work.

D. Lubgan, Ph.D. () · A. Ziegaus · S. Semrau, M.D. · 
U. Lambrecht, Ph.D. · S. Lettmaier, M.D. · R. Fietkau, M.D.
Department of Radiation Oncology, Erlangen University Hospital,
Universitätsstraße 27,
91054 Erlangen, Germany
e-mail: dorota.lubgan@uk-erlangen.de



2

1 3

D. Lubgan et al.

Ergebnisse Nach einer Beobachtungszeit von 12 und 
24 Monaten waren 93 % der Läsionen lokal kontrolliert. 
Das Gesamtüberleben belief sich nach einem Jahr auf 54 %, 
nach 2 Jahren auf 38 % und nach 3 Jahren auf 18 %. In kei-
nem Fall trat eine Myelitis auf, in 3 Fällen wurde eine Öso-
phagitis (Grad 2) als akute Nebenwirkung berichtet.
Schlussfolgerung Die SBRT von Wirbelkörpermetastasen 
mit integrierter moderater Boostbestrahlung zeigt exzel-
lente Ergebnisse. Die lokale Kontrolle beträgt 93 % nach 
24 Monaten. Dies Daten belegen, dass es möglich ist, die 
Dosis zu eskalieren, ohne die Nebenwirkungsrate zu erhö-
hen. Diese Arbeit bildet die Basis für eine randomisierte, 
kontrollierte Studie, die eine konventionelle Radiotherapie 
(10 × 3 Gy) mit einer hypofraktionierten, dosisintensivier-
ten SBRT (12 × 3 Gy + integriertem Boost 12 × 4 Gy) ver-
gleicht, um so die lokale Tumorkontrolle zu verbessern und 
Schmerzen zu verringern.

Schlüsselwörter Wirbelsäule · Strahlentherapie · 
Integrierter Boost · Dosissteigerung · 
Tumormetastasierung

The spine is the third most common site for metastatic dis-
ease, following the lung and the liver [22]. Radiation therapy 
(RT) plays an important role in the treatment of vertebral 
metastases, including palliation of pain, control or preven-
tion of neurological symptoms and prevention of pathologic 
fractures [6, 21].

It is generally accepted that patients with very short life 
expectancy should be treated with single-fraction (8–10 Gy) 
or short course RT (e.g. 20 Gy in 5 fractions) to keep overall 
treatment short [15]. The schedule 10 fractions of 3 Gy is 
recommended for patients with better prognosis [13].

In a multivariate analysis by Rades et al. [14], it was 
shown that local control remained significantly (p = 0.018) 
associated with the radiation schedule only, whereas the 
tumour type was not significant. In the patients who received 
short-course radiotherapy with 1 fraction of 8 Gy, the local 
control rates at 12 months were 59 % whereas after long-
course radiotherapy with 10 fractions of 3 Gy, the 12-month 
local control rates were 83 %. The protracted schedule has 
resulted in fewer in-field recurrences, but nevertheless 17 % 
of patients showed local failure after 12 months [14].

Recently, new approaches such as intensity-modulated 
radiotherapy (IMRT) [8] or stereotactic body radiotherapy 
(SBRT) [6, 10] have been suggested for the treatment of verte-
bral metastases. Outcome data show high rates of local control 
and suggest better efficacy than with conventional palliative 
therapy [20]. Furthermore, it has been shown that the use of 
different contouring approaches—whole versus partial verte-
bral body contouring for stereotactic radiation therapy—has a 
beneficial effect on the local in-field recurrence [12].

The aim of our trial was to improve local tumour con-
trol by stereotactic body radiotherapy through an increase 
in total and single dose compared to the standard irradiation 
with 10 fractions of 3 Gy and contouring using the whole 
vertebral body approach (PTV-elective). Dose escalation 
was realized by simultaneous, integrated boost by means of 
image-guided stereotactic radiotherapy (IGRT and hfSRT). 
Secondary endpoints were severity of acute and chronic 
adverse effects and overall survival.

Material and methods

Study design

Patient selection

Between February 2010 and March 2013, 33 patients with 
metastases of the vertebral column were treated at Erlan-
gen University Hospital by stereotactic radiotherapy with 
an integrated boost.

Eligible patients were aged 18 years or older with verte-
bral metastasis confirmed via radiology or biopsy. Further 
inclusion criteria were pain in the involved spinal region, 
Karnofsky Index ≥ 60 % and a life expectancy > 6 months. 
Exclusion criteria included short life expectancy, > 3 
involved vertebral levels, spine instability, metastatic neo-
plasms involving the spinal cord, previous radiotherapy at 
the involved metastasis and more than 6 distant metastases 
outside of the spine. The study was conducted in accordance 
with the current version of the Declaration of Helsinki [7] 
and according to Good Clinical Practice [3].

Treatment planning

Fractionated stereotactic radiotherapy was performed using 
the dedicated stereotactic radiosurgery system Novalis™ 
(BrainLAB, Feldkirchen, Germany). Intensity-modulated 
radiotherapy (IMRT) was used to treat 64.1 % of patients. 
Patients were treated on consecutive workdays, with one 
fraction per day.

PTV-boost was defined as involved parts of the vertebra 
based on T1 sequence with 1 mm margin in the x/y/z axes 
without spinal cord and PTV-elective as whole vertebra. 
The target volume concept can be seen in Fig. 1a, b. Organs 
at risk—the spinal cord and oesophagus—were contoured 
according to the MRI. The dose was prescribed according to 
the ICRU guidelines.

Outcome measurements and statistical analysis

Local progression-free survival (local control) was assessed 
through repeat MRI or CT imaging. Local progression was 
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5 (15.2 %) prostate cancer, 2 (6.1 %) rectal cancer, 2 (6.1 %) 
multiple myeloma, and 1 (3.0 %) malignant melanoma, thy-
roid cancer, hypopharyngeal cancer, GIST of the duodenum 
and cancer of unknown primary respectively.

Spinal metastases of 10 patients (30.3 %) were synchro-
nous and of 23 patients (69.7 %) were metachronous. The 
median interval from primary cancer diagnosis to irradia-
tion was 29.57 months (range 0.36–166.79 months). Metas-
tases occur most frequently in the thoracic spine (51.3 %) 
followed by the lumbar (35.9 %) spine, then the cervical 
(5.1 %), sacrum (5.1 %) and coccyx spine (2.6 %). In all, 
38.5 % of spinal metastases involved the vertebral body and 
foramen, 30.8 % vertebral body, foramen and the spinous 
process followed by the vertebral body (17.9 %) and the spi-
nous process alone (12.8 %); 24 (72.7 %) patients showed 
other extraspinal metastases.

Treatment

Two patients received a previous operation at the involved 
metastasis. Systemic therapy consists of chemotherapy, 
hormone therapy and immunotherapy, which was admin-
istered concurrently with the irradiation in 33.3, 17.9 and 
10.3 % of patients respectively. Radiotherapy was given in 
12 (71.8 %), 10 (25.6 %) or 16 (2.6 %) fractions. The PTV-
boost received 3.6 Gy (range: 3.0–4.51 Gy) per fraction 
up to a total of 42.0 Gy (24.36–48.0 Gy). Radiotherapy on 
PTV-elective (whole vertebra) was delivered to a median 
total dose of 32.39 Gy (range 21.60–38.0 Gy) in single frac-
tions of 2.85 (range 1.8–3.6) Gy daily (Fig. 1, Table 1). GTV 
and PTV-elective values were 23.60 cm3 (0.60–157.30 cm3) 
and 184.10 cm3 (36.20–477.70 cm3) respectively.

Outcome

Patients were followed up as described in Table 2. The 
median follow-up at the time of overall survival (OS) analy-
sis was 13.01 months (range 1.08–41.77 months). OS rate 
of all patients was 54 % at 12 months, 38 % at 24 months 

evaluated using RECIST criteria as previously described 
[4]. In order to permit adequate analysis, the patients were 
examined according to the scheme in Table 2. The study 
used the International Common Terminology Criteria for 
Adverse Events (CTCAE) version 4.0 for toxicity and 
adverse events reporting. An assessment of pain during and 
after irradiation was not documented due to the heteroge-
neous patient collective with extraspinal metastases, and 
with it the associated administration of diverse amounts of 
analgesia.

Continuous variables were evaluated using descriptive 
statistics, and unless indicated otherwise, results are pre-
sented as mean and/or median ± standard deviation (SD). 
Standard summary statistics and two-tailed 95 % confidence 
intervals (CI) were calculated as appropriate. All statistical 
analyses were performed using the Statistical Package for 
the Social Sciences (SPSS) version 21 (IBM Corp., Armonk, 
NY, USA). The level of significance for all analyses was set 
at α = 0.05 (two-tailed).

Kaplan–Meier curves for local progression-free survival, 
progression-free survival (PFS) and overall survival (OS) 
were calculated starting from the first day of treatment. The 
date of progression was selected as the date of first event 
including local progression or distant metastases. OS was 
defined as the time from the first day of irradiation until 
death due to any cause. Surviving patients were censored at 
date of last contact.

Results

Patient characteristics

A total of 27 patients with one and 6 patients with two 
metastatic lesions of the vertebral column were enrolled in 
the study. Baseline characteristics were performed for all 
patient data sets (Table 1).

The types of cancer were as follows: 9 (27.3 %) patients 
suffer from renal cell carcinoma, 6 (18.2 %) breast cancer, 

Fig. 1 Definition of irradiation 
planning. GTV (gross tumour 
volume) based on CT alone = 
metastasis; PTV-boost (plan-
ning target volume) based on T1 
sequence MRI with 1 mm margin 
in x/y/z axes without spinal cord, 
PTV-elective whole vertebra (a, 
b)
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General data/medical history (N = 33 patients)
Age (years)
Mean ± SD 65.67 ± 11.910
Median (range) 70.00 (41–85)
Sex
Male 18 (54.5 %)
Female 15 (45.5 %)
Primary cancer diagnosis
Renal cell carcinoma 9 (27.3 %)
Breast cancer 6 (18.2 %)
Prostate cancer 5 (15.2 %)
Rectal cancer 2 (6.1 %)
Multiple myeloma 2 (6.1 %)
Liposarcoma 2 (6.1 %)
Chondrosarcoma 1 (3.0 %)
Sacroma 1 (3.0 %)
Malignant melanoma 1 (3.0 %)
Thyroid cancer 1 (3.0 %)
Hypopharyngeal cancer 1 (3.0 %)
GIST of duodenum 1 (3.0 %)
Cancer of unknown primary 1 (3.0 %)
Metastases
Spinal metastases
Synchronous 10 (30.3 %)
Metachronous 23 (69.7 %)
Interval from cancer diagnosis to irradiation (months)
Mean ± SD 47.68 ± 45.20
Median (range) 29.57 (0.36–166.79)
Other distant metastases (outside of spine)
No 10 (30.3 %)
Yes 23 (69.7 %)
Number of other distant metastases (outside of spine)
0 10 (30.3 %)
1 13 (39.4 %)
2 1 (3.0 %)
3 4 (12.1 %)
4 3 (9.1 %)
> 5 2 (6.0 %)
Number of spinal metastases/patient
1 27 (81.81 %)
2 6 (18.19 %)
Total 39 metastases
Site of spinal metastasis (N = 39 metastases)
Cervical 2 (5.1 %)
Thoracic 20 (51.3 %)
Lumbar 14 (35.9 %)
Sacrum 2 (5.1 %)
Coccyx 1 (2.6)
Site of metastasis in vertebra
Vertebral body 7 (17.9 %)
Vertebral body + foramen 15 (38.5 %)
Spinous process 5 (12.8 %)
Vertebral body + foramen + spinous process 12 (30.8 %)

Table 1 Patient characteristics Therapy
Previous therapy of spinal metastasis
No 37 (94 %)
Yes (surgery) 2 (5.1 %)
Concurrent therapy during irradiation
No 15 (38.5 %)
Chemotherapy 13 (33.3 %)
Hormone therapy 7 (17.9 %)
Immunotherapy 4 (10.3 %)
Irradiation
Fractionation regimen
10 × 3 Gy (total dose 30 Gy) 10 (25.6 %)
12 × 3 Gy (total dose 36 Gy) 28 (71.8 %)
16 × 2.5 Gy (total dose 40 Gy) 1 (2.6 %)
IMRT
Yes 25 (64.1 %)
No 14 (35.9 %)
PTV-boost dose to a reference point (Gy)
PTV-boost total dose (Gy)
Mean ± SD 41.49 ± 4.69
Median (range) 42.0 (24.36–48.0)
PTV-boost single dose (Gy)
Mean ± SD 3.70 ± 0.29
Median (range) 3.6 (3.0–4.51)
Max total dose (Gy)
Mean ± SD 45.56 ± 16.85
Median (range) 49.19 (29.64–58.48)
Max single dose (Gy)
Mean ± SD 4.14 ± 0.47
Median (range) 4.15 (2.88–5.00)
PTV-elective dose to a reference point (Gy)
PTV-elective total dose (Gy)
Mean ± SD 30.99 ± 3.59
Median (range) 32.39 (21.60–38.0)
PTV-elective single dose (Gy)
Mean ± SD 2.7 ± 0.30
Median (range) 2.85 (1.8–3.6)
GTV/PTV-elective (cm3)
GTV (cm3)
Mean ± SD 33.16 ± 34.47
Median (range) 23.60 (0.60–157.30)
PTV-elective (cm3)
Mean ± SD 210.63 ± 135.72
Median (range) 184.10 

(36.20–477.70)
Organs at risk maximum dose (Gy)
Spinal cord total dose (Gy)
Mean ± SD 35.31 ± 4.06
Median (range) 32.39 (23.52–41.70)
Spinal cord single dose (Gy)
Mean ± SD 3.02 ± 0.55
Median (range) 3.09 (0.0–3.59)
Spinal cord biological effective dose BED (Gy2)
Mean ± SD 87.32 ± 16.10
Median (range) 76.10 (0.0–114.15)
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Adverse events

Overall the incidence of adverse events (AEs) suspected to 
be related to the irradiation was low. No deaths occurred 
during irradiation. No cases of radiation myelopathy were 
observed. Patients received a median spinal cord maximum 
total dose of 32.39 Gy (range 23.52–41.70 Gy) at a 3.09 Gy 
(0.0–3.59 Gy) single dose per day. A median of maximum 
BED and EQD2 values to the myelon assuming an alpha–
beta ratio of 2 Gy were 76.10 (0.0–114.15) and 38.05 (0.0–
57.08) respectively.

The most frequently observed AEs was oesophagitis 
grade 2 in 3 of 39 irradiated cases. The median oesophagus 
maximum total dose was 26.48 Gy (range 0.00–38.47 Gy). 
An MRI scan confirmed the presence of a pathological 
fracture in the L4 irradiated vertebra body of 1 patient. The 
pathological fracture occurred 4 months after irradiation 
with 10 fractions of 3 Gy (PTV-boost total dose: 38.00 Gy).

Discussion

The use of stereotactic body radiotherapy has been increas-
ing in the management of metastatic spinal tumours [6, 17]. 
This study examined the effect of SBRT with simultaneous, 
integrated boost on local tumour control of patients with 
spinal metastases. Especially appealing is the possibility of 

and 18 % at 36 months (Fig. 2a). Progression-free suvival 
rates were 48 % at 12 months, 27 % at 24 months and 9 % 
at 36 months.

The major efficacy outcome measure of the trial was 
local progression-free survival. Of the 33 evaluable patients 
(39 irradiated metastases), 32 show no progression of their 
metastasis (Figs. 2b and 3a–c) and 1 patient experienced dis-
ease progression (Figs. 2b and 4a–c). The median follow-up 
for the cohort was 11.85 months (range 0–41.77 months). 
The local control rate of all patients was 93 % at 12 and 24 
months (Fig. 2b). At the last follow-up, all of the 9 surviving 
patients were disease-free.

Table 1 (continued) 
Spinal cord EQD2 (Gy)
Mean ± SD 43.64 ± 8.02
Median (range) 38.05 (0.0–57.08)
Oesophagus total dose (Gy) n = 26
Mean ± SD 21.51 ± 13.15
Median (range) 26.48 (0.00–38.47)
Oesophagus single dose (Gy)
Mean ± SD 1.87 ± 1.12
Median (range) 2.4 (0.0–3.21)
Data are number of patients (%) unless otherwise stated. GIST 
gastrointestinal stromal tumor, SD standard deviation, IMRT 
intensity-modulated radiotherapy, PTV planning target volume, GTV 
gross tumor volume, BED biological effective dose, EQD2 equivalent 
2 Gy dose

Table 2 Patient follow-up and assessment scheme
Assessment Prior RT Weekly during RT 1 month 3 months 6 months Every 3 months
Physical examination X X X X X X
Karnofsky performance index X X X X X X
NCI CTCAE v4 toxicity X X X X X X
MRI/CT imaging X X X X X X
NCI CTCAE v4 National Cancer Institute Common Terminology Criteria for Adverse Events version 4, MRI/CT magnetic resonance imaging/
computed tomography, RT radiotherapy

Fig. 2 Overall survival, 
progression-free survival (a) and 
local progression-free survival (b) 
rates of the complete study group. 
Survival rates are given in % for 
the 3-year survival (36 months)
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Outcome data show high rates of local control for spine 
metastases treated with SBRT and suggest better efficacy 
than with conventional palliative radiotherapy [20]. For 
conventional irradiation, one of the largest series consist-
ing of 603 patients with radiological follow-up showed a 
1-year local control rate of 86 % for tumours located within 
the vertebral bone [11, 20]. No longer follow-up is reported 
up to day.

We have shown that 1-year local control was improved 
(93 %) in patients receiving 12 fractions of  3 or 10 fractions 
of 3 Gy as SBRT with integrated boost compared with find-
ings of Rades et al. (86 %) after 10 fractions of 3 Gy con-
ventional irradiation (standard regimen in Germany) [14]. 
The 2-year local control was 93 % too. No significant differ-
ence was found between the three fractionation schedules 

shaping the dose distribution within the target in such a way 
that areas with a high tumour cell load received increased 
doses (PTV-boost), while the whole vertebral body was con-
toured and also irradiated (PTV-elective).

The definition of PTV-boost presented here differs from 
the study of Guckenberger et al. [6]. The PTV-boost in our 
study based on T1 sequence MRI with 1 mm margin in the 
x/y/z axes without the spinal cord was considerably smaller 
(GTV 23.69 cm3 and PTV-elective 184.10 cm3) compared 
to that employed by Guckenberger al. [6]. As a result, 
patient selection has been typically oriented to those with 
fewer than six metastases outside the spine and patients 
with radioresistant histologies such as renal cell carcinoma, 
colorectal cancer and sarcoma.

Fig. 4 Local progression 7 months after stereotactic therapy of a 
51-year-old patient with liposarcoma metastasis in the T1 vertebral 
body. Bone metastasis size estimated by MR imaging with gadolin-
ium-based contrast agents prior to (a) and 7 months after irradiation 

(b), axial CT slice of the dose distribution (c), dosage: total dose 36 Gy 
to a reference point for the 12-fraction regimen, PTV-boost: total dose 
46.80 Gy, single dose 3.9 Gy

 

Fig. 3 Example: Local control after stereotactic therapy of a 52-year-
old patient with prostate cancer metastasis in the L2 vertebral body. 
Bone metastasis prior to irradiation (a), sclerotisation of irradiated me-
tastasis 20 months after stereotactic therapy (b), axial CT slice of the 

dose distribution (c), dosage: total dose 36 Gy to a reference point for 
the 12-fraction regimen, PTV-boost: total dose 45.60 Gy, single dose 
3.8 Gy
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radiation-induced myelopathy. We have shown that a higly 
conformal isodose distribution of SBRT sparing of the spine 
cord is possible.

A more frequent and yet serious late effect is spinal 
SBRT-induced VCF. Although VCF is a fairly low-risk 
adverse event (approximately 5 % risk) after conventional 
radiotherapy, crude risk estimates for VCF after spinal 
SBRT range from 11–39 % [20]. We have observed one 
pathological fracture 4 months after irradiation of renal cell 
carcinoma metastasis in the L4 vertebral body.

We recognize that the results of our study are based on a 
limited number of cases and that there are no reliable data 
concerning pain. In our institution, efforts have been made 
with the goal of increasing the local control rate and decreas-
ing the irradiation-induced adverse effects after SBRT as 
compared to conventional irradiation. The excellent 2-year 
local control of 93 % was probably owed at least to some 
extent to our contouring of the whole vertebral body (PTV-
elective) approach and dose escalation by simultaneous, 
integrated boost focused only on the involved parts of the 
vertebra.

Conclusion

Hypofractionated stereotactic body radiotherapy with 
simultaneous, integrated boost was associated with excel-
lent local control of 93 % after 24 months, comparable 
to historical results of 61 to 81 % of conventional pallia-
tive radiotherapy of spinal metastases (1 fraction of 8 Gy, 
10 fractions of 3 Gy). This raises the possibility of applying 
escalated doses to the target (PTV-boost), while still keeping 
the incidence of side effects low. The intention of this study 
was to form the basis for a future randomised controlled 
trial comparing conventional radiotherapy (10 fractions of 
3 Gy) with hypofractionated dose intensified radiation by 
IGRT hfSRT mediated boost (12 fractions of 3 Gy + inte-
grated boost 12 fractions of 4 Gy) for improvement of local 
tumour control and pain.
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(10 fractions of 3 vs. 12 fractions of 3 vs. 16 fractions of 
2.5 Gy). Other outcome measures included progression-
free survival (PFS) and overall survival (OS). OS rate of all 
patients was 54 % at 12 months, 38 % at 24 months and 18 % 
at 36 months. OS was predominantly limited by systemic 
progression.

Chang et al. [2] investigated patterns of failure after SBRT 
of 74 spinal metastatic lesion. The actuarial 1-year tumour 
progression-free incidence was 84 % for all tumours. Pat-
tern-of-failure analysis showed two primary mechanisms of 
failure: (1) recurrence in the bone adjacent to the site of pre-
vious treatment probably due to in part to radiation under-
dosing in the region as a result of spinal cord constraints, 
and (2) recurrence in the epidural space adjacent to the spi-
nal cord, probably due to the fact that these structures were 
not routinely included in the target volume unless visibly 
involved with tumour. In our study only a single patient had 
local progression 7 months after SBRT outside the previ-
ously irradiated PTV-boost but within PTV-elective.

A retrospective study for the clinical outcomes of 
154 metastatic lesion of the spine treated with SBRT using 
either a whole (WB) or partial (PB) vertebral body contour-
ing approach has shown that the WB group had a lower 
retreatment rate (11 %) versus 18 % in PB group [12]. Our 
findings confirm the analysis of Patel et al. [12] that con-
touring of whole vertebral body for PTV-elective shows 
potential benefits by reducing the risk of recurrence.

Moreover, no recurrence in adjacent vertebral after 
SBRT of 500 patients was observed [5]. This confirms that 
irradiation of the involved vertebra only, without the ver-
tebrae above and below was an adequate treatment option 
in relation to the rate of local control and acute or chronic 
adverse effects.

Using higher doses in PTV-boost is a clinical decision in 
which tumour control is weighed against toxicity. Unfor-
tunately, the higher biologically equivalent doses (BED) 
conferred by stereotactic body radiotherapy can also result 
in acute radiation toxicity such as oesophagitis [1] and late 
toxicity notably myelitis [16, 18, 19] or vertebral compres-
sion fracture (VCF) [20]. Overall, the observed incidence 
of radiation-induced oesophagitis is low in clinical trials 
and retrospective studies [9]. We reported three cases (3/39; 
7.7 %) of oesophageal toxicity grade 2 associated with 
SBRT for spinal metastases.

Radiation myelopathy is one of the most serious late radi-
ation-induced toxic effects after spinal SBRT and although 
rare, can cause both paralysis and death [19]. The maxi-
mal irradiation dose delivered to the spinal cord was about 
32.5 Gy. Usually it was administered in 12 or 10 fractions, 
with a 3 Gy single dose per day. During a follow-up ranging 
from 1–42 months (median 13 months), there were no clini-
cally detectable neurologic signs that could be attributed to 
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