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Lung stereotactic radiation therapy: Early results from the Salah Azaiez Institute
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AbstrAct
Introduction: Stereotactic Body Radiation Therapy (SBRT) has transformed lung cancer care, delivering precise treatment with minimal harm to 
healthy tissue. 
Aim: This study examined the experience at the Salah Azaiez Institute (SAI) in lung cancer patients.
Methodology: we conducted a retrospective study on patients treated with SBRT from 2019 to 2022. Planification imaging included four-
dimensional CT scans and delineation of target volumes and organs-at-risk was done as per international guidelines. Treatment doses were tailored 
based on tumour location.
Results: A total of 10 cases were included. The male-to-female sex ratio was 4:1, with a median age of 69.5 years. Three had unconfirmed primary 
lung tumours, while five had inoperable stage I-IIA adenocarcinomas primarily due to compromised respiratory function. Two had oligometastatic 
lung diseases. All underwent recent thoracic-CT and PET-CT evaluations to exclude pulmonary fibrosis. The median lesion size was 40mm. 
Karnofsky’s performance status ranged from 70 to 90, with no contraindications to the supine position. Eight out of 10 patients received 8 fractions 
of 7.5 Gy at the 80% isodose. For that regimen, the D95%, D99%, and Dmax were respectively, 60 Gy, 56 Gy, 73 Gy. All organs-at-risk dosimetric 
criteria were met. Acute toxicities included worsened coughs in 2 patients and fatigue in 6. After a mean follow-up of 23 months, no rib fractures 
or haemoptysis were observed, and no local recurrence was reported on the last chest CT scan.
Conclusion: SBRT demonstrates promise for lung cancer treatment, though challenges persist in precise targeting and motion management. 
Effective multidisciplinary collaboration and local protocols are crucial for successful implementation.
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résumé
Introduction: La radiothérapie stéréotaxique (SBRT) a révolutionné les soins oncologiques en offrant un traitement précis. 
Objectif: Cette étude a évalué l'expérience à l'Institut Salah Azaiez (SAI) chez les patients atteints de cancer du poumon.
Méthodologie: nous avons mené une étude rétrospective sur les patients traités par SBRT entre 2019-2022. La planification de traitement a 
été faite sur des scanners quadridimensionnels en délimitant les volumes cibles et les organes-à-risque. Les doses étaient adaptées en fonction 
de la localisation tumorale.
Résultats: Au total, 10 cas ont été inclus. Le sex-ratio homme/femme était de 4:1, avec un âge médian de 69,5 ans. Trois avaient des tumeurs 
pulmonaires primitives non confirmées histologiquement. Cinq avaient des adénocarcinomes inopérables de stade I-II, en raison d'une fonction 
respiratoire altérée. Deux présentaient des maladies pulmonaires oligométastatiques. Le statut de performance de Karnofsky était de 70 à 90. 
La taille médiane des lésions était de 40 mm.  Les D95%, D99%, Dmax étaient respectivement de 60 Gy, 56Gy, 73Gy pour la prescription de 8x7,5 
Gy sur l'isodose 80%. Les critères dosimétriques des organes-à-risque ont été respectés. Les toxicités aiguës comprenaient une aggravation de 
la toux chez 2 patients et de la fatigue chez 6. Après un suivi médian de 23 mois, aucune fracture de côte ou hémoptysie n'a été observée, et 
aucune récidive locale n'a été signalée.
Conclusion: La SBRT est une technique prometteuse, bien que des difficultés persistent dans le ciblage précis et la gestion des mouvements. 
Une collaboration multidisciplinaire et des protocoles internes sont essentiels pour une mise en œuvre réussie.
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INTRODUCTION

Stereotactic body radiotherapy (SBRT) is an innovative 
radiation therapy technique delivering a high dose per 
fraction. SBRT integrates modern imaging, simulation, 
treatment planning and delivery technologies to 
achieve high gradient of dose, high conformality, and 
heterogeneous dose distribution within the target (1). It 
is also referred to as “stereotactic ablative radiotherapy” 
(SABR) since the convergence of the different beams 
results in creating a hotspot with a rapid falloff of dose 
outside of the target, which in turn creates a lethal 
‘ablative’ effect (2). SBRT is also shown to induce vascular 
damage and to have an immunological effect, both of 
which indirectly cause cell death  (3).  Hypo-fractionated 
radiotherapy, such as SBRT, offers advantages including 
a reduced treatment duration with fewer sessions 
compared to conventional radiotherapy, and minimized 
exposure of surrounding healthy tissues to radiation.
Since 2019 our patients have started to benefit from 
this innovative technique in Tunisia at the Salah Azaiez 
Institute (SAI). The purpose of this study is to present 
our results of SBRT lung cancer patients in terms of local 
control and tolerance. 

METHODS

We conducted a retrospective, descriptive study from 
2019 to 2022. This study enrolled lung cancer patients 
treated with SBRT. We included inoperable patients 
with primary lung tumours, stage I-IIA, up to 5 cm in 
greatest size. An FDG PET-CT was mandatory for staging. 
For metastatic patients, SBRT was indicated for patients 
presenting with oligometastatic lung disease (1–5 
metastatic sites, in up to 3 organs, excluding serous 
lesions), measuring less than 5 cm in size, with slow 
growth and whose primary tumour is controlled (4). We 
didn’t include patients with ultra-central lesions

Data collection

We collected clinical data including smoking habit, cardio-
pulmonary history, tumour size and localisation, number 
of lesions, TNM classification, Karnofsky performance 
status (KPS), and respiratory function. Dosimetric data 
were collected from the treatment planning system (TPS) 
Eclipse (Varian Medical System Inc., version 13.7). The 
conformity index (CI) and the homogeneity index (HI) 
were calculated to evaluate the quality of the treatment 
plan. The CI was defined as the ratio of the volume of 
the PTV covered by the prescription dose to the total 
volume of the PTV, while HI was defined as the ratio of 
the maximum dose to the prescription dose (5).

Treatment setup

A complete and recent radiological workup (≤ 4 weeks) 
with a thoracic CT and a PET-CT was required for optimum 
disease staging. Patients need to be fit to tolerate the 
supine position. Adequate pulmonary function was 

needed (FEV1 higher than 40% predicted and DLCO 
higher than 40% predicted). In case of altered pulmonary 
function or pre-existing pulmonary fibrosis, the decision 
was left up to be made during the RT doctors’ board 
meeting for a less hypofractionated SBRT and consequent 
adaptation of dosimetric objectives and constraints. 
(appendix 1)
We performed a four-dimensional (4D) acquisition on 
10 respiratory phases (with non-forced inhalation, non-
forced exhalation and free breathing) with diaphragmatic 
compression to reduce motion (Fig .1). The scan series 
are then exported to the Eclipse TPS where we generate 
the “average” CT to calculate the radiotherapy dose and 
the Maximum Intensity Projected CT (MIP) to define the 
treated volumes. (Fig .2)

Target volumes and prescriptions

We used the Eclipse software to import images and to 
register the PET-CT with the planning-CT. The definitions 
of target volumes are summarized in table 1. The organs 
at risks (OAR) were outlined on the average CT according 
to the RTOG recommendations and contouring atlases 
(Radiation Therapy Oncology Group). (appendix 2)
Treatment planning was performed using volumetric-
modulated arc-therapy (VMAT), Treatment delivery used 
coplanar or non-coplanar 6 MV photon arcs from a Varian 
iX Linac with an MLC of 80 pairs of 0.5 cm thickness 
projected at the isocentre. (Fig.3).
Following the ESTRO/ACROP recommendations for 
dose prescription,  We aimed to set up risk-adapted 
fractionation regimens according to the location of the 
tumour, with 48h in-between fractions (4).  The main 
locations were defined as follows (Table 2).  

 
Figure 1. Immobilization setup: A. Long base plate with cushions for 
arms, knees, and feet.  B. Abdominal compression plate

 
Figure 2. Coronal sections from the reconstruction of a 
4D-acquisition synchronized with the patient's breathing.
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The control of positioning was performed using portal 
imaging, low energy on board two-dimensional imaging 
(kV orthogonal pair), and three-dimensional repositioning 
by cone beam computed tomography (CBCT). A CBCT is 
performed before each treatment arc under the direct 
supervision of the radiation oncologist (Fig.4).

RESULTS

From 2019 to 2022, the SAI radiotherapy department 
experienced an interest in SBRT. Among the first 20 
patients who consulted our department to benefit from 
SBRT, a selection process based on established indications 
was applied. For each patient meeting the criteria for 
SBRT was reviewed at the radiotherapy board meeting, 
where the indication for treatment was discussed. 
Ultimately, only 10 patients were eligible for SBRT. The 
cohort included 8 men and 2 women, giving a sex ratio 
of 4:1. The median age was 69.5 years, with a range 
from 60 to 81 years. Out of the 10 patients, seven were 
smokers and all had a medical history involving heart or 
lung disease. Three had primary lung tumours without 
histological confirmation, while five were diagnosed with 
inoperable stage I-IIA (T1-T2a N0, according to the 8th 
TNM edition) adenocarcinomas due to compromised 
respiratory function or comorbidities. Additionally, two 
patients had oligometastatic lung diseases. Notably, the 
maximum selected tumor size was 5 cm and these lesions 
displayed slow growth and the primary tumours (located 
contralaterally in the lung and breast) were under 
control. The tumor was peripheral in 7 cases and central 
in 3 cases. They all had to perform a recent chest CT scan 
and a PET-CT scan as part of the disease evaluation.
We identified and evaluated targeted lesions, with a 
maximum accepted size of 50 mm. Clinical evaluation 
based on the KPS varied between 70 and 90. The forced 
expiratory volume in the first second of expiration (FEV) 
was less than 70% in 9 of 10 cases [50-80%]. Eight 
patients with a central tumour, received 8 fractions of 7,5 
Gy, while the 2 others with a parietal tumour received, 
respectively, 8 fractions of 6 Gy and 6 fractions of 7,5 
Gy at the 80% isodose. For all patients, 100% of the 
prescribed isodose covering the PTV between 95% and 
100%. In 8 out of the 10 cases, the maximum dose within 
the PTV did not exceed 125% of the prescribed dose. 
Furthermore, all D99% values were at least 90% of the 
prescribed dose. For OAR constraints, V20Gy for lung-PTV 
was <10% for 5 patients and D10cc for great vessels was 
<44Gy in all patients (Table 3).  
In terms of acute toxicity, 2 patients experienced an 
exacerbation of cough, while 6 reported temporary 
fatigue. Importantly, there were no occurrences of 
grade 3 or 4 adverse events, according to the criteria 
set out in CTCAE V5.0. After a median follow-up of 23 
months, no incidents of rib fractures or hemoptysis were 
detected. Additionally, it is important to highlight that 
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Structure definitions
Gross tumour volume 
(GTV)

We contour the GTVs on the 10 phases and MIP 
scan. We use the parenchymal window (-600HU 
± 1600) for parietal and peripheral lesion, 
or the mediastinal window (20HU ± 400) for 
central lesions.

Internal target 
volume (ITV or MIP-
GTV) 

GTVs from all 10 phases are transferred to the 
MIP, the union of which make up the ITV. 

Clinical target volume 
(CTV)

No margin from the ITV is made (ITV=CTV). 
There is no supportive pathological sectional 
studies but this decision is well supported by 
data from trials, and any microscopic disease 
extending from the tumour would be dealt with 
by the dose spillage or penumbra. 

Planning target 
volume (PTV) 

Corresponds to the ITV with a 5 mm margin 
which accounts for set-up variability and 
tumour motion.

Table 1. definitions of target volumes in SBRT

A.    B.  

Figure 3. A. Linear Accelerator, B. LINAC Treatment Head

Tumour 
location

Description Dose and fractionation

Peripheral In the pulmonary 
parenchyma, excluding 
central and juxta costal 
lesions (at least 2 cm 
away from the proximal 
bronchial tree or critical 
mediastinal structures).

4 fractions of 11-12Gy 
prescribed on the 
isodose 80%. (Biological 
Equivalent Dose - BED10 
= 105.6Gy)

Parietal In contact with a costal 
arch.

5 fractions of 11Gy 
(BED10 = 115Gy)

Central Within a 2 cm radius of 
the proximal bronchial 
tree or critical mediastinal 
structures, such as the 
oesophagus, heart, 
major vessels, spinal 
cord, phrenic nerve, and 
recurrent laryngeal nerve. 

8 fractions of 6-7.5Gy on 
the isodose 80%. (BED10 
= 105Gy) 

Hyper-central Extend to the mediastinum 
or hilum, or directly 
adjacent to the trachea 
and main bronchi. 

10 fractions of 5Gy 

or 13 fractions of 3Gy 

Table 2. prescription dose and fractionation according to tumour 
location

 
Figure 4. Special care and attention need to be put while matching 
the planning CT image (A) with the in-treatment Kv CBCT (B) known 
to be highly sensitive to artifacts, in this case due to a prosthetic heart 
valve.
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50% of patients had ground glass opacities on their CT 
scan, suggesting the presence of fibrous changes in the 
irradiated tissue. The CT scans were performed every 4 
to 6 months, our findings revealed a median progression-
free survival of 11 months, with a 1-year progression-

free survival rate of 70%. Median overall survival was 12 
months (4- 36). It is regrettable to note that one patient's 
death, occurring four months post-treatment, was linked 
to complications arising from COVID-19.

Patients 1 2 3 4 5 6 7 8 9 10
Technique IMRT DCA IMRT VMAT VMAT DCA VMAT VMAT VMAT VMAT
Algorithm AAA AAA AAA AAA AXB AAA AXB AXB AAA AXB
Number of fields/arcs 7 3 9 2 2 2 2 2 4 4
Dose 7.5Gy*8 7.5Gy*8 7.5Gy*8 7.5Gy*6 7.5Gy*8 7.5Gy*8 7.5Gy*8 7.5Gy*8 6Gy*8 7.5Gy*8
Maximal dose (%) 124.1 102.3 96.2 125 129.6 112.9 121.8 119.6 126.4 122.6
V(prescribed dose) (%) 98.25 94.69 98.5 99.62 99.59 98.9 94.65 97.8 94.97 95.39
D99% (Gy) 59.4 56.22 59.4 45 61.07 59.9 56.95 59.04 46.66 58.77
Volume PTV (cm³) 158.2 98.92 44.22 26.41 11.51 18.77 17.57 53.12 118 11.73
CI 1.06 1.21 1.31 1.22 1.31 1.18 1.05 1.08 1.11 1.01
HI 1.24 1.02 0.96 1.25 1.29 1.13 1.22 1.19 1.26 1.23
Gradient 1.78 1.5 1.64 1.21 0.95 1.18 0.94 1.33 1.88 1.09
Iso50% (cm³) 589 395.9 277.618 120 63.87 84.52 71.718 215.21 534.99 65.47
R50% 3.7 4 6.3 4.54 5.55 4.5 4.08 4.05 4.53 1.11
Iso100% (cm³) 167.6 119.11 58.14 31 15.08 22.29 18.37 57.12 131.31 11.87
R100% 1.1 1.2 1.3 1.17 1.3 1.19 1.05 1.08 1.11 1.01
Lung-PTV (V20Gy) 11.21 6.92 14.3 4.8 10.18 - - 7.71 6.17 3.83
tracheobronchial 
tree (Dmax)

40.74 37.44 37.47 17.49 23,66 1.6 24.62 15.88 12 -

Great vessels (Dmax) 16.64 8.286 33.77 - 56.41 1.7 4.63 - 19.7 35.74
Great vessels (D10cc) - 2.87 17.14 - 11.07 0.788 0.98 - 9.3 10.54
Spinal cord (Dmax) 15.39 12.19 18.85 5.79 6.83 21.3 11.47 13.84 9.97 7.3
Spinal cord 
(D1.2/5cc)

5.29 9.338 7.5 0.55 5.119 12.08 2.23 7.89 6,68 0.61

Oesophagus (Dmax) 14.14 13.71 20.553 8.95 9.498 28 14.32 18.38 14.48 7.16
Oesophagus (D5cc) 12.19 10.54 6.77 5.07 6.02 19.57 2.29 12.45 9.09 4.08
Chest wall 
(D1cc/5cc)

62.86 65.9 42.56 - 5.08 34.33 50.78 24.76 49.22 19.25

Table 3. dosimetric data

IMRT: Intensity modulated radiotherapy, DCA: dynamic conformal arc therapy, VMAT: volumetric modulated arc therapy, AAA: Anisotropic Analytical Algorithm, AXB: AcurosXB, CI: conformity 
index. V(prescribed dose) is the volume of the PTV receiving the prescribed dose of radiation.

DISCUSSION

The primary treatment for early-stage NSCLC has been for 
a long time anatomical surgical resection by lobectomy, 
segmentectomy, or wedge resection (6). Other treatment 
options have been applied including conventional 
radiation therapy or radiofrequency ablation.  In recent 
decades there has been growing interest in SBRT for 
early primary NSCLC. Compared to surgery, SBRT is a 
non-invasive, organ-sparing outpatient treatment that 
typically lasts 1-2 weeks without requiring anaesthesia 
and allowing immediate return to activities. Furthermore, 
while segmentectomy offers good local control (LC) for 
small lesions less than 20 mm, achieving 98.1%, this result 
is not maintained for larger lesions, with LC falling to 
62.9% (7). Compared with wedge resection, there was a 
trend toward reduced local recurrence with SBRT (4% vs. 
20%; p = 0.07). SBRT also achieves high LC rates reaching 
97%, regardless of tumour size (8,9). Radiofrequency 
ablation, on the other hand, provides a significantly lower 
5-year LC rate compared to SBRT (42% vs. 86%; p < 0.001) 
(10). The CHISEL trial highlighted the superiority of SBRT 
over conventional radiotherapy, showing a decrease in 
local failure (31% vs. 14%) and an increase in survival 

(median overall survival of 3 years vs. 5 years; p = 0.027) 
compared to conventional radiotherapy (11). 
SBRT is an option for the management of stage I-II (T1-T2a 
N0) NSCLC, measuring up to 5 cm, for inoperable patients 
(major medical comorbidity, severely limited lung 
function) or patients refusing surgery (4). It is also indicated 
for primary lung tumours without histological evidence, 
particularly those increasing in size on 2 consecutive CTs 
performed 8-12 weeks interval, hypermetabolic on PET-
CT and without other proven etiology (12).  Note that 
systematic screening for tuberculosis is necessary in our 
institute to exclude it in cases of suspicion, as our country 
has intermediate endemicity.
For lung metastases in oligometastatic patients, two 
randomized phase II trials suggest that patients with 
synchronous oligometastatic or oligo persistent cancer 
can benefit from curative treatment once the disease has 
stabilized with initial systemic therapy (13,14). 
 Eligibility for SBRT requires certain conditions. A 
complete and recent radiological workup (≤ 4 weeks), 
including thoracic CT and PET-CT, is required for optimal 
disease staging. Targeted lesions should not exceed 5 cm 
in size (12).  While SBRT is feasible for tumours larger 
than 5 cm, low-quality evidence limits its use in these 



896 897

  Mousli & al. Lung stereotactic radiation therapy

cases (15).  Patients need to have a KPS of at least 70 
and with no contraindication to a supine position. Special 
considerations are taken into account for patients with 
cardiac implantable electronic devices (16). In case of 
altered pulmonary function or pre-existing pulmonary 
fibrosis, the decision is made during the RT board 
meeting for a less hypo-fractionated SBRT and adaptation 
of dosimetric constraint (17).
There is no single standard scheme for all tumour 
presentations. Published data generally reflect the 
experience of individual institutions, which to some 
extent explains interinstitutional differences in total 
dose, fractionation schedule, total treatment time, 
and dose delivery technique. These differences make it 
difficult to standardize dosing regimens and the feasibility 
of SBRT. However, the recommended fractionation 
regimens are all equivalent to a minimum Biological 
Effective Dose (BED) of 100 Gy (17). LC is significantly 
improved with a BED>100Gy, and BED at the peripheral 
tumour margin was found to be the strongest predictor 
of LC. As per the ESTRO/ACRO recommendations, risk-
adapted fractionation regimens were set up according 
to the location of the tumour, with 48 hours in-between 
fractions (4). Some tumours might be “too central” to 
be safely treated with SBRT when applying a BED10>100 
Gy (3). These are called ‘hyper-central’ tumors, and they 
extend directly to the bronchial tree or critical mediastinal 
structures. In this case, an 8-fraction regimen results in a 
high risk of grade 3 to 5 toxicities as well as treatment-
related death, and thus a more fractionated schedule is 
recommended (18).
When planning treatment, dose inhomogeneity within 
the PTV does not pose a problem; it is sought after in the 
case of SBRT to obtain a steep dose profile (3). Additionally, 
as we are dealing with small fields and high doses per 
fraction, appropriate dose calculation algorithms must 
be used. Another important dosimetric indicator to be 
considered is ensuring rapid dose fall-off. Depending on 
the PTV volume, RTOG metrics for limiting dose spillage 
are R50% (the ratio of 50% isodose volume to the PTV) 
and D2cm [%] (the maximum dose at 2 cm from PTV 
in any direction)  (19) (appendix 3). Concerning OAR, 
dose-volume limits are well established for conventional 
radiotherapy (1.8 to 2.0 Gy per fraction) and moderately 
fractionated radiotherapy. Although dose equivalence 
can be established using linear quadratic models, there is 
uncertainty about when the extreme hypofractionation 
doses (≥6 Gy) used in SBRT are applied to small volumes, 
particularly to serial OARs (15). Therefore, dose-volume 
constraints specific to different dose fractionation 
schemes have been systematically defined in prospective 
clinical trials and correlated with toxicity rates. Several 
guidelines have been published by national and 
international bodies aimed at standardizing the practice 
of SBRT for early-stage NSCLC. In our practice, we refer to 
the RTOG, JCOG and EORTC recommendations for dose 
constraints per number of fractions (20). 
Patients are informed of the risks of radiation before 
starting treatment. Monitoring is crucial for early 
detection and treatment of side effects. Acute 
toxicities may manifest as asthenia, cough, dyspnoea, 

subacute radiation pneumonitis and esophagitis (21). 
Late toxicity includes pulmonary fibrosis, rib fracture, 
oesophageal stenosis, radiation plexitis, and rarely 
massive haemorrhage or tracheoesophageal fistula(21). 
Risk factors for such toxicities include proximal tumour 
topography or contact with the chest wall or a BED >120 
Gy. It is important to note that radiation-induced fibrotic 
changes are difficult to distinguish from residual tumours 
and in this situation, PET-CT can prove very useful.
The 1-year progression-free survival rate of 70% observed 
in our cohort is encouraging. However, our preliminary 
findings regarding survival and loco-regional control 
outcomes should be interpreted within the context of 
our study’s limitations, namely the small sample size, the 
inclusion of both metastatic and not metastatic patients, 
and the relatively short follow-up period. To substantiate 
our findings and enable meaningful comparisons with 
the literature, future research should prioritize larger 
patient cohorts and longer follow-up periods. 

CONCLUSION

SBRT has emerged as a promising and non-invasive 
paradigm in the management of lung cancer. Its potential 
for better outcomes in lung cancer treatment is evident. 
Nevertheless, implementing SBRT presents significant 
challenges related to accurate target delineation, efficient 
motion management, and optimized dosimetry to spare 
OAR. We emphasize the importance of implementing local 
departmental procedures and efficient multidisciplinary 
communication to carry out SBRT in the safest and 
best conditions. This collaborative approach reinforces 
our commitment to providing high-quality care and 
underscores our dedication to advancing the field of 
radiation oncology in pulmonary cancer treatment.
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