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Lung cancer is the second most common form of
cancer and the commonest cause of cancer
death in the UK, with Non-Small Cell Lung

Cancer accounting for ~80% of cases.  
Current optimal management of peripheral stage I

and II NSCLC is surgical resection with a lobectomy
and nodal sampling/dissection,  giving 5-year
survivals of 60-80% and 30-50%, respectively.
Unfortunately, in an ageing population, many
patients with apparently surgically operable lung
cancer have multiple co-morbidities, making them
medically inoperable. It is sometimes thought that
these early stage tumours are of an indolent nature
and therefore no intervention is required in the face
of multiple, apparently life-limiting, co-morbidities.
Whilst no randomised trial is available to assess the
appropriateness of this approach, observational
studies of McGarry et al. [1] suggest that the median
survival for this group is ~14 months, with the
majority of patients dying of their lung cancer
despite the presence of multiple co-morbidities.
Previously the treatment of choice for the inoperable
group of patients was 3D conformal radiotherapy.
Radiotherapy improves survival compared to taking
no active treatment [2]. In the UK, the dose used in
radical radiotherapy varies depending on the
institution and the availability of continuous
hyperfractionated accelerated radiotherapy (CHART).
However,  in those treated with radical intent, 5-year
survival of 15-45% and 10-30% for stage I and II
disease, respectively, can be expected. 

It is clear that more effective methods of treatment
are required. Martel et al. [3] showed that a dose-
response relationship in NSCLC, with 84.5Gy in two
Gray fractions being required to get 50% probability
of tumour control at three years. Therefore, higher
doses are required; doses in excess of 90Gy have
been given in North America, using conventional
doses per fraction (1.8-2Gy). These  long regimes are
often inconvenient for a frail patient population and
can have significant side effects.

Stereotactic body radiotherapy (SBRT) for
inoperable lung cancer is not new. The technique
originated from the Karolinska Institute in Sweden,
with the first clinical paper being published in 1995
[4]. There is now a wealth of literature on lung SBRT,
though much of the published data is from
institutional series and phase I/II trials.

SBRT for lung cancer is now possible in many
more centres due to implementation of recent
advances in radiotherapy planning and image-guided
radiotherapy. It is based on the technique established
in cranial radiosurgery where many more
conformally shaped radiotherapy beams are used.
This enables a very high ‘radioablative’ dose to be
delivered to the tumour with a rapid fall-off of dose
outside the target volume. 

However, in contrast to cranial tumours, the thorax
is a dynamic structure and the tumour moves with
respiration. Therefore the use of 4DCT (4th
dimension = time) for radiotherapy planning
improves the accuracy of tumour outlining, and
enables precise quantification of tumour motion. It
also identifies patients where the tumour motion is
significant (>1cm) and where respiratory
management methods can be considered to reduce
motion. These methods include; 
1. Abdominal compression, e.g.using a stereotactic

body-frame (Elekta Inc, Crawley, UK).
2. Respiratory gating with the aim of treating the

tumour in a predetermined portion of the
breathing cycle. 

3. Tumour tracking, as used with the Cyberknife
(Accuray Inc, Sunnyvale CA, USA) can also be
used to deal with tumour motion due to
breathing.

4. Breath holding techniques, e.g. Active Breathing
Control (ABC) system (Elekta Inc, Crawley UK).

Once the target has been defined, a highly conformal
plan (Figure 1) can be devised using  combinations
of many radiotherapy beams (typically ≥ 7 beams) all
focusing on the target, or with arc therapy, e.g.
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Figure 1: 7 Field Coplanar SBRT Plan for right middle lobe tumour with the 80% treatment dose conforming to the planned
target volume and a rapid fall off of dose outside the target.
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VMAT (Elekta Inc. Crawley UK), RapidArc
(Varian Inc, Palo Alto, CA. USA) or
TomoTherapy (Madison, WI, USA). 

The evidence for SBRT is strong, though
it comes mainly from retrospective
institutional series or phase I/II studies.
The results from SBRT are impressive;
provided a high biological dose (BED
>100Gy) is given, local control rates of
>85-90% are achieved at 3-5 years [5].
We summarise three key trials below:
1. In Indiana University, investigators

performed an initial phase I dose-
escalation study from 24Gy in three
fractions up to a maximum tolerated
dose of 72Gy in three fractions [6].
This was followed by a phase II study
of 60Gy in three fractions (T1 tumours)
or 66Gy in three fractions (T2 tumours)
[7]. The phase I study found no local
failures above 54Gy, leading to a larger
phase II study treating stage I disease
with 60Gy in three fractions and stage
II disease with 66Gy in three fractions.
A subsequent publication illustrated
the importance of the tumour position
within the bronchial tree in terms of
serious toxicity; >40% of those with
disease close to the proximal bronchial
tree (Figure 2) suffered grade 3-5
toxicity compared with <20% of
patients treated for more peripheral
lesions at two years [8].   

2. From the VU University Hospital in
Amsterdam, a large (~200 patients)
study was reported [9] in which a
variable dose schedule (60Gy in three,
five or seven fractions) was used
depending upon tumour position, with
97% local control and median survival
of 34 months (64% alive at two years). 

3. The RTOG 0236 (Radiation Therapy
Oncology Group) studied the effects of
54Gy in three fractions. This large
multi-institutional trial recruited 59
patients in North America all of whom
had histological conformation of
NSCLC and were deemed inoperable
by an experienced thoracic surgeon.
Trial entry, treatment planning and
quality assurance were all to very strict
criteria with independent quality
assurance performed at each centre
and each radiotherapy plan. The
results were impressive, with 98% of
patients having local control at 36
months with only two regional failures
beyond ten years post-treatment. The
distant recurrence rate was 20% (11%
within one year), giving a disease-free
survival of 48% at three years and a
median survival of 48.1 months. There
were no treatment related deaths;
however, 17% of patients suffered
grade three toxicity or greater, three
patients having grade three skin/rib
toxicity [10].  

These and other studies have shown that
SBRT is well tolerated irrespective of co-

morbidities and provides excellent rates of
local control with moderate levels of toxicity.

A UK SBRT Lung Consortium was set up
in January 2006 with the aim of  bringing
SBRT into routine practise nationally. It is a
multidisciplinary group that includes >20
radiotherapy centres. These all collaborated

to produce and approve the first national
guidelines in May 2009. These guidelines
provide the basic framework for the patient
selection (Table 1), dose fractionation
regimes  and quality assurance required to
set up SBRT in a radiotherapy centre. 

The first UK patient was treated in Leeds

• MDT confirmed diagnosis of NSCLC based on positive histology, positive PET scan
or growth on serial CT scans.

• Clinical stage: T1 N0 M0, T2 (<5cm) N0 M0, T3 (<5cm) N0 M0. Radiologically
enlarged nodal disease should not preclude treatment if confirmed histologically
negative at mediastinoscopy/endoscopic bronchial or oesophageal ultra-sound
guided biopsy.

• Medically inoperable through medical co-morbidity, technically inoperability or
patient decision after surgical review.

• WHO performance status 0-3.

• Peripheral lesions outside a 2cm radius of main airways and proximal bronchial tree
(defined as 2cm from the bifurcation of the second order bronchus).

Table 1 Eligibility criteria for treatment by UK SBRT consortium guidelines:

Figure 2: Zone of
Proximal Bronchial Tree
as per RTOG 023610

Figure 3: Online Cone Beam CT matching with Elekta Synergy. The CBCT tumour is matched to the ITV (red) and
PTV (yellow) to ensure an accurate match with a tolerance of <3mm. The position of critical organs at risk (eg
spinal cord) can also be checked.
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in May 2009, and there are four other
NHS centres in the UK offering SBRT,
Clatterbridge Cancer Centre, Guys’
and St Thomas’ London, James Cook
Middlesborough and the Royal
Marsden Hospital, with many other
hospitals now setting up their SBRT
service.

In Leeds, we started planning for
lung SBRT in October 2007 and, after
moving the radiotherapy service to a
new centre at St James’s Institute of
Oncology, began planning for a
clinical SBRT service in Spring 2008. A
multi-disciplinary team consisting of
clinicians, medical physicists and
radiographers was formed to identify
the key components to implement this
new technique. We use 4DCT for
treatment planning, seven to nine
radiotherapy beams and Cone Beam
CT (Synergy, Elekta Inc, Crawley, UK)
to localise the tumour on the
treatment bed to an accuracy of
<3mm (Figure 3). In addition, we also
use 4D Cone Beam CT (an enhanced
method for checking tumour motion
during treatment for those that move
significantly) to improve the accuracy
of the treatment.

Since May 2009 >90 patients have
been treated in Leeds with SBRT and
>140 patients have been treated in
the UK. Although it is very early to

draw conclusions, SBRT given here in
Leeds has been very well tolerated by
patients and there have been no local
recurrences to date. 

Given the success of SBRT, we are
now setting up the SOS (Surgery or
SBRT) trial for patients that are at a
higher risk from surgery to see if SBRT
could be an alternative  to resection.

Conclusion
We are convinced that SBRT is a huge
step forward in the treatment of lung
cancer. For medically inoperable
patients with tumours ≤5cm located
in the periphery of the lung, SBRT
increases the chance of local control
to >90%. This is achieved with
fewer visits to hospital for the
patients, and similar or less side
effects than conventionally
fractionated radio-therapy. As a
result, lung SBRT is now included as
a treatment option for medically
inoperable stage 1 peripheral NSCLC
in the new NICE lung cancer
guidelines and National Radiotherapy
Implementation Group  (NRIG)
report. In the future, SBRT may be
given safely to more central cancers
and hopefully the SOS trial will
determine whether it offers an
alternative to surgery for patients at
higher operative risk. n
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