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ARTICLE INFO ABSTRACT

Keywords: Stereotactic body radiotherapy (SBRT) for lung tumours has been gaining wide acceptance in lung cancer. Here,
SBRT we review the technological evolution of SBRT delivery in lung cancer, from the first treatments using the
SABR stereotactic body frame in the 1990’s to modern developments in image guidance and motion management.

Image guided radiotherapy
Hypofractionation

Finally, we discuss the impact of current technological approaches on the requirements for quality assurance as
well as future technological developments.

1. Introduction

Radiotherapy has changed dramatically during the last decades,
following advances in information technology and the wide progress in
computer power and processing. Yet, there is a wide discrepancy in the
distribution of technology not only between countries and institutions,
but also among patient groups. Stereotactic body radiotherapy (SBRT)
for lung tumours, also referred to as stereotactic ablative radiotherapy
(SABR), is perhaps unique in the sense that it was originally targeted to
patients with poor performance status (inoperable stage I lung cancer),
but due to its success it is now gaining acceptance in operable patients.
A large part of this success is attributable to technological advances in
image guidance and motion management: increased precision in
radiotherapy delivery enabled treatment of more challenging cases,
which in turn meant that more patients became candidates for SBRT.

As the pool of patient candidates increases, the delivery of SBRT for
lung cancer can no longer be limited to high-throughput academic
centres. In this context, we observe the trend that SBRT is adopted by
smaller and non-academic centres. We also observe that many tech-
nological solutions are available (see Table 1) and the investment in
terms of equipment cost and human resources varies widely.

Lung SBRT is delivered in few fractions, typically 3-5.
Hypofractionated treatment has benefits of preventing repopulation of
neoplastic cells, a better cost effectiveness and is more convenient for
patients compared to compared to conventional fractionation [1].
Bauman et al. [1] were the first to introduce the idea of cornerstones of
SBRT in 2006; in a modern context these would be: 1) target

localisation, 2) treatment planning and dose calculation, 3) hypo-
fractionation and 4) motion management during treatment delivery. In
this review, we aim to present the evolution of SBRT practice from the
earliest clinical trials to today’s practice. We will review the impact of
the progressive technological advances on each cornerstone in terms of
clinical workflow and patient outcome, where appropriate. In addition,
we provide a discussion on patient selection and which technologies
are, in today’s perspective, considered a minimum standard (“must
have”) and which offer incremental improvements (“nice to have”).

2. Target localization

Target localisation encompasses patient immobilisation, imaging for
SBRT treatment planning, and in-room imaging for image guidance and
verification. The choices made for each of these steps will have an
impact on inter- and intra-fractional accuracy of dose delivery, and
should be mirrored with appropriate treatment margins and a dose
prescription level adapted to the target localisation method.

2.1. Patient immobilisation

Proper immobilisation permits reproducible positioning of the pa-
tient during the course of treatment, and is of crucial importance in
highly precise treatments such as SBRT. Lax et al. developed a so-called
stereotactic body frame enabling the first lung SBRT treatments [2].
This specially developed frame (see Fig. 1) served two purposes: it
ensured the reproducible position of the patient through a head-to-
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