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What is the most effective immobilisation method in 
minimising lung tumour motion during Stereotactic 

Ablative Radiotherapy?
Sarah Fisher MSc BSc (Hons), Cath Holborn MSc PGCert BSc (Hons)

Introduction
Surgery remains the treatment of choice for early stage Non Small 
Cell Lung Cancer. For those patients unable to undergo surgery due 
to comorbidities, Stereotactic Ablative Radiotherapy (SABR) provides 
excellent rates of local control. SABR allows delivery of high dose, in 
fewer fractions, to a small target volume. To enable the accurate 
delivery of SABR, it is essential to minimise the influence of 
respiratory and cardiac motion on lung tumour motion. With so many 
established and novel immobilisation methods available, this review 
seeks to find the most effective form of immobilisation available to 
minimise tumour motion. 

Method 
The Citation Pearl Growing strategy was employed to find relevant 
articles. All abstracts and full texts were assessed regarding topic 
relevancy. Quantitative studies to be included in the systematic 
review consist of cohort, cross sectional and before-after study 
designs. The SIGN (2014) critical appraisal checklist ensured 
thorough critical appraisal of all articles within the review.

Results
Tumour motion is thought to be statistically significant in the 
Superior-Inferior direction within many of the studies analysed. In 
comparison, some studies suggest lack of statistical significance of 
tumour motion in the Left-Right and Anterior-Posterior direction. It is 
clear that when no immobilisation is used, the degree of tumour 
motion is the greatest.  In terms of the immobilisation device used, 
the results demonstrate that the vacuum cushion provides the least 
tumour motion in the three translational directions. The BodyFIX and 
Stereotactic Body Frame (SBF) devices also demonstrated 
favourable results but these were more varied, with a wider range of 
tumour motion values reported.  

Discussion and Conclusions
In addition to the immobilisation device used, several other 
factors were identified that could influence the lung tumour 
position. These included; the degree of respiratory motion, 
tumour location, method of tumour motion detection and the 
correlation between time and tumour motion. Although, the 
latter correlation was not significant in many studies. 

Extremes in intra-fraction motion have been influenced by other 
factors relating to the study design and/or the techniques 
applied, in addition to the immobilisation method used. For 
example; the use of more reliable image verification/tumour 
detection methods in some studies. Also, those with a larger 
sample size arguably represent a more accurate picture of the 
intra-fraction motion present within the given population 
studied. Some studies also used abdominal compression, 
specifically with the aim of reducing large breathing motions, in 
patients for whom this was an issue. 

As SABR practice develops, information may become available 
regarding the intra-fraction tumour motion of different lung 
tumour histology and stage. To further improve the precision of 
lung SABR delivery, rotational errors could also be measured 
and corrected for, as part of image verification practice. This 
may lead to a greater understanding of lung tumour motion, 
and methods in which to minimise this. Additionally, increased 
image verification will increase confidence in the accurate 
delivery of high dose to the small target volume. Future 
systematic reviews may benefit from focusing their study on the 
impact of breath hold and gating on intra-fraction lung tumour 
motion.
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