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Stereotactic body radiation therapy 
(SBRT) has evolved over the past 
15 years and revolutionized the 

management of early stage non-small 
cell lung cancer (NSCLC). Compared 
to conventional radiation therapy, 
SBRT offers superior outcomes, lower 
costs and greater patient convenience.1 
SBRT likewise offers local control and 
cancer outcomes approaching surgi-
cal resection2-8 with lower risk of treat-
ment-related morbidity, making SBRT 
the treatment of choice for medically 
inoperable and many high-risk surgical 
candidates. Encouraging results in this 
population have led to the investiga-
tion of SBRT’s role in operable stage I 
NSCLC, lung oligometastasis, stage I 
small cell lung cancer, and potentially 
as a boost to conventional radiation 
therapy for locally advanced NSCLC. 
The lessons learned in the lung SBRT 
experience also serve as a model for de-
veloping SBRT in other mobile soft-tis-

sue sites, including the liver, pancreas, 
adrenal gland and prostate.

Technique
SBRT treatment planning begins with 

careful immobilization of the target with 
motion limited to <5-10 mm. This may 
be accomplished by abdominal compres-
sion (Figure 1), respiratory gating using 
either controlled breath-hold or external 
surrogates, or tumor tracking/respiratory 
modeling. Immobilization should be as-
sessed by either fluoroscopy or 4DCT 
imaging at simulation, and verified by 
cone-beam CT (CBCT) or other imaging 
during treatment. 

Historically, the planning target vol-
ume (PTV) was created from a fixed 
expansion (1 cm superior-inferior, 5 mm 

axially) of the contoured gross tumor 
volume (GTV),7 although this can al-
ternatively be derived from the union of 
multi-phasic CT GTV’s (free-breathing, 
inhale, exhale) or 4DCT images into an 
internal target volume (ITV), which is 
then expanded uniformly by 5 mm yield-
ing the PTV. Expanding the 4DCT ITV 
typically results in a smaller PTV, and 
likely more consistently represents the 
actual tumor motion, as well as center  
of mass.9

Beam arrangement may consist of 
6 or more non-coplanar open beams, 
intensity-modulated radiation therapy 
(IMRT) beams, non-coplanar volumet-
ric arcs (typically at least 3 arcs, each 
offset by 30-40 degrees), intensity-
modulated arc therapy, or alternatively, 

Stereotactic body radiation therapy 
(SBRT) for lung cancer
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particle-based therapy.10,11 The use of 
IMRT in treating small moving lung tar-
gets is controversial due to concerns of 
potential underdosing, although IMRT 
is allowed by recent protocols such as 
RTOG 0813,10 and reported outcomes 
with IMRT have been on par with other 
techniques.12 Planning should utilize col-
lapsed cone convolution or Monte Carlo 
algorithms, as there is a suggestion that 
pencil-beam algorithms may compro-
mise tumor control due to more variable 
under-dosing.13 Our institution uses the 
4D-derived average CT as the planning 
image for the best estimate of density and 
tumor center-of-mass. Planning should 
focus on maximizing conformality and 
rapid dose fall-off. Heterogeneity is ac-
ceptable and may be desirable for pur-
poses of faster fall-off, provided critical 
serial structures are not overexposed 
(Figures 2 and 3). Constraints should 
be based on appropriate protocols for 
the target being treated, such as RTOG 
0236, 0813, 0915, or large institutional 
experiences. 

Image guidance during treatment 
initially consisted of bony registration 
followed by port films, although mod-
ern approaches typically rely on CBCT 
(Figure 4). Free-breathing CT may not 
represent the true tumor center-of-mass 
due to respiratory motion, and a pitfall 
can be created by matching free breath-
ing CT to a CBCT tumor at the time of 
treatment, potentially introducing a sys-
tematic error that occasionally exceeds 
the PTV expansion.9 One should either 
use the average CT as the reference for 
matching, or otherwise localize only to 
bony anatomy if using a free-breathing 
image while verifying that the CBCT 
tumor falls within the ITV. 

Patients should be routinely rei-
maged with CT after treatment for 
response assessment realizing that sig-
nificant fibrotic reactions may occur 
(Figure 5).14 Concerning features on CT 
include an enlarging mass-like density, 

FIGURE 1. Abdominal compression positioning for SBRT treatment.

FIGURE 2. Representative dose distribution for a central lesion. Proximal bronchial tree con-
straints were unable to be met for 50 Gy in 5 fractions, and the patient was thus treated to 60 
Gy in 8 fractions based on a risk-adapted approach. 


