
136

ed
uc

at
io
n

J R Coll Physicians Edinb 2010; 40:136–44
doi:10.4997/JRCPE.2010.209

© 2010 Royal College of Physicians of Edinburgh

IntroductIon 

Cancer treatment is typically multidisciplinary, and 
radiotherapy (RT) is a key component in the management 
of as many as 50% of patients.1 Radiotherapy can be used 
as single treatment modality, for example high-dose 
stereotactic body radiotherapy (SBRT) for early-stage 
non-small-cell lung cancer (NSCLC), or as part of a 
multimodal strategy such as organ-preserving concurrent 
chemo-radiation for head and neck cancer or chemo-
radiation followed by surgery for locally advanced rectal 
cancer.  Treatments have generally been defined as radical 
when they are given with curative intent, or palliative 
when designed to relieve symptoms. However, the 
distinction between the two is increasingly blurred, with 
improvements in survival the aim of many palliative 
treatments2,3 and an appreciation that for some tumour 
sites radical treatments cure a minority of patients.4

The history of modern RT dates back about 100 years. 
Understanding of how RT works and its interaction with 
tumours and normal tissues is still incomplete. The latter 
is made more difficult by the fact that late effects in 
normal tissues can sometimes take several years to 
appear and there is currently a lack of reliable, predictive 
biomarkers for toxicity and efficacy. As a result, there 
remains a necessary element of empiricism in the design 
of RT treatment schedules. The vast majority of RT 
treatments use external beam RT (EBRT), which is 
characterised by high-energy X-ray photons delivered  
to the patient from a source outside the body, typically 
a linear accelerator.5 This paper therefore focuses  
on EBRT. It does not specifically address brachytherapy 
(radiotherapy delivered from internal/implanted  
sources), particle therapy (e.g. protons) or therapeutic 
radioisotopes.

Figure 1 illustrates the design of a conventional linear 
accelerator and shows the treatment couch on which the 
patient is positioned. Electrons are accelerated along a 
waveguide before colliding with a metal target and 
releasing high-energy mega-voltage X-ray photons that 
can penetrate tissues and reach tumours inside the body. 
The photons exit from the gantry head, which can be 
rotated around the patient to deliver RT intermittently 
from discrete angles, or continuously using partial or 
complete revolutions (arcs) that encircle the patient. 
Individual beams summate in the tumour to deliver the 
desired dose that can vary with tumour type, stage and 
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Figure 1 Conventional medical linear accelerator.  The 
patient (illustrated by a thermoplastic immobilisation mask, A) 
lies on the robotic treatment couch that can be moved in six 
directions. The gantry head (B) rotates around the patient. 
Just before the photon treatment beam exits the gantry head 
it is shaped by the multi-leaf collimator. To position the patient 
correctly, in-room imaging technologies include gantry-mounted 
X-rays and cone beam computed tomography (C), infrared 
surface markers (D) and megavoltage imaging (E). 
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clinical indication. Tumour eradication often requires high 
doses of RT, but critical normal tissues such as spinal cord 
or bowel that are sensitive to the damaging effects of 
ionising RT are frequently located close to the tumour 
and limit the total dose that can be delivered to it.  

the rAdIotherApy proceSS 

The RT process is summarised in Figure 2. The main 
components are treatment simulation, planning, quality 
assurance and delivery. Simulation is the acquisition of 
treatment planning images that will be used in the design 
of the RT treatment plan. In determining where the 
radiation dose is to be deposited, the RT plan takes into 
account the location of the target (e.g. tumour) and 
normal tissues, the prescribed radiation dose and the 
relative radiation tolerance of specific organs at risk. The 
images need to be obtained with the patient in the 
treatment position so that the spatial geometry of 
tumour and normal tissues is correct. If necessary, the 

patient is immobilised in this position using external 
fixation systems that increase the accuracy and precision 
of treatment delivery. Depending on the treatment site, 
positioning accuracy of less than one millimetre may be 
achievable. Methods of fixation include thermoplastic 
shells moulded to fit the relevant part of the patient’s 
body and fixed to the treatment couch, which are 
commonly used in patients being treated for head and 
neck or brain cancer (Figure 1), and bags filled with small 
polystyrene beads that form a customised cradle to 
support and hold the patient in the desired position 
when the patient lies on them and the air is evacuated. 
The latter are more commonly used for patients 
undergoing treatments in the thorax, abdomen or pelvis. 

As radiotherapy treatment planning (RTP) requires the 
correct and precise identification of tumour and normal 
tissues, it is now usually based on volumetric three-
dimensional computed tomography (CT) images rather 
than two-dimensional radiography or limited cross-
sectional images. In addition to detailed anatomical 
information, CT scans contain electron density information 
for each tissue (can be correlated to Hounsfield units). 
Developments in RTP computer algorithms now allow 
them to account for heterogeneity in this density when 
they model the behaviour of X-ray photon beams passing 
through different tissues in the body. This means that they 
can more accurately predict the actual delivered dose to 
normal tissues and tumours in the final treatment plan.

treAtment plAnnIng And delIvery 

The treatment volume and relevant normal tissues need 
to be accurately identified. Once the planning CT scan has 
been acquired, these structures are contoured on it using 
tools contained in the RTP system.  Although high-quality 
three-dimensional CT scans help, target delineation 
remains prone to inter-observer variation and is one of 
the weaker links in the RT process. This is one reason for 
growing interest in automated and semi-automated 
tumour delineation (e.g. contouring based on a specified 
standardised uptake value [SUV] or percentage of 
maximum SUV, in the case of positron emission tomography 
[PET] imaging). However, at the present time, this has yet 
to enter routine clinical use. The validation of tumour 
segmentation algorithms is complex and may necessitate 
detailed radiology–pathology correlation studies. 

There is also substantial effort being invested in normal 
tissue segmentation, which can be a time-consuming 
process. If the tumour is better visualised on modalities 
other than CT, such as magnetic resonance imaging (MRI) 
or fluorodeoxyglucose (FDG) PET-CT, the images from 
these can often be imported into the RTP system and 
fused with the planning CT scan using rigid or non-rigid 
registration. The visible gross tumour volume (GTV) can 
then be contoured with the aid of multimodal imaging 
(Figure 3).6 If possible, all additional studies are also 
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Figure 2 An outline of the radiotherapy process.  
Key personnel include therapy radiographers, treatment 
planners, radiotherapy physicists, radiation oncologists, 
administrative staff and treatment nurses.

DeCiSiON TO TreAT: Radiotherapy recommended, 
treatment explained and consent gained.

rADiOTHerAPY SiMuLATiON: Acquire images 
of tumour and normal tissues for treatment planning; 
typically CT, but increasingly multimodal (e.g. CT-MRI, CT-
PET), motion can be detected with four-dimensional CT. 

TreATMeNT PLANNiNg: RT plan is designed to 
deliver specified dose to intended target (e.g. tumour) 
and spare critical normal tissues. CT density is used by 
the treatment planning algorithm to more accurately 
model photon-tissue interactions and calculate the 
delivered RT dose. 

QuALiTY ASSurANCe: Before the treatment 
schedule commences the ability of the linear accelerator 
to accurately deliver the RT plan is assessed by 
irradiating an inert device called a ‘phantom’. This can 
measure the delivered dose, which should be seen  
to agree closely with the calculated dose. 

TreATMeNT PLANNiNg AND DeLiVerY 
TeCHNiQueS: Advanced techniques allow the RT 
beam to be shaped to the tumour and avoid normal 
tissues with increasing finesse, for example 3-D 
conformal RT, intensity-modulated RT or volumetric 
modulated arc therapy. The accuracy of delivery is 
increased with image-guided RT. 



obtained in the treatment position using standardised 
protocols. In the case of MRI scans, these may need to be 
corrected for geometric distortion. Imaging modalities 
such as PET afford the possibility of identifying regions of 
different metabolic activity within the GTV. It has been 
postulated that some of these sub-volumes may be more 
resistant to the effects of RT than others and benefit from 
higher RT doses. This strategy, termed dose painting, has 
been made technically possible by advances in RT 
treatment planning and delivery methods (see below), but 
it is not currently in routine clinical use.7 Factors to be 
established in various tumour sites include the spatio-
temporal stability of these sub-volumes, their validation as 
appropriate targets for dose escalation and the amount of 
additional RT dose that needs to be delivered.  

Radiotherapy beams are frequently used to target the 
tumour from multiple angles. In order to avoid exceeding 
the radiation tolerance of normal tissues, it is desirable 
that the shape of the beam and the high-dose RT volume 
conform to the tumour profile. Beam shaping to match 
the tumour profile is typically achieved with a multi-leaf 
collimator, a computer-controlled device that is located in 
the gantry head (Figure 1). It consists of two opposing sets 
of 2.5–10 mm-wide leaves, each of which can be 

positioned independently to allow for rapid and precise 
changing of the beam shape. This is known as three-
dimensional conformal RT (3DCRT)8 and can be combined 
with other strategies to further limit the high-dose RT 
region to the tumour. For example, the number of 
radiotherapy treatment beams can be increased from the 
3–5 commonly used, up to 10–15. In addition, by methods 
including moving the multi-leaf collimator (MLC) leaves 
across the radiotherapy beam the photon intensity (fluence) 
can be varied, greatly increasing the ability to conform RT 
dose to complex target shapes and avoid normal tissues, 
even when they are partially or completely encircled. This 
is referred to as intensity-modulated RT (IMRT).9

Recent developments have combined new RT planning 
algorithms with the ability to deliver IMRT in a continuous 
arc around the patient whilst simultaneously varying the 
gantry speed and the radiation dose rate. RapidArc™ is 
an example of what has been called volumetric-modulated 
arc therapy (VMAT).10 Although it does not always result 
in gains in the quality of treatment plans over conventional 
IMRT, VMAT can increase the freedom available to the 
RTP system and it may also help to increase the speed 
of treatment delivery. In some situations this may help to 
reduce patient movement which could compromise 
treatment accuracy. 

AccountIng for uncertAIntIeS 

Geometric margins are used to account for uncertainties 
in the RT process and are added to the GTV to create the 
planning target volume (PTV), which by convention denotes 
the actual treatment target. Margins can be used to account 
for microscopic tumour extension that cannot be identified 
on imaging, tumour motion not identified by standard fast 
CT imaging of moving tumours or imprecision in patient 
positioning during treatment sessions.  Although margins 
have typically been based on population data, recent efforts 
have focused on creating patient-specific margins for more 
individualised RT plans. The impact of margins on the final 
treatment volume is illustrated by assuming that the PTV 
approximates a sphere, in which case its volume is 
proportional to the radius to the power 3. This means that 
a small reduction in radial margins can substantially reduce 
the PTV volume. Advances in technology (e.g. four-
dimensional CT and image-guided RT, see below) are 
helping to reduce uncertainty and mean that some margins 
can now be individualised. This can facilitate margin 
reduction and help to reduce the PTV volume, which 
makes it more feasible to escalate the RT dose to the 
tumour to try to improve local control and cure rates. 

ImAgIng tumour motIon wIth four-
dImenSIonAl computed tomogrAphy 

Many lung and upper abdominal tumours move, typically 
because of respiration. The use of conventional fast 
helical CT for RT planning results in snapshot images of 
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Figure 3 Multimodal imaging datasets can be imported 
into the radiation treatment planning system and 
co-registered to better delineate the tumour and normal 
tissues. In this example of CT (top left) and MRI (top right) 
fusion in the spine, the spinal cord and tumour are better 
seen on the MRI. When fused (bottom), the added detail 
from the MRI can be incorporated into the CT-based 
contours of the tumour and critical structures.



the tumour, usually while the patient is in quiet respiration. 
This means that a mobile tumour will only be imaged at 
one point along its trajectory, which will remain unknown 
to the treatment planner.  Although this uncertainty can 
be accounted for by adding generic margins, this 
approach may not be optimal. Advances in CT imaging 
mean that individual tumour motion can now be 
visualised with four-dimensional CT (4DCT), allowing 
patient-specific motion to be incorporated into the 
PTV.11 In essence, multiple CT images are acquired 
during quiet respiration and linked to specific phases of 
the breathing cycle, which is monitored throughout 
scanning. These phases can be sorted into the correct 
sequence and the images composited to identify tumour 
excursion during breathing (Figure 4). 

Tumour motion can change if the breathing pattern 
changes; for example, the amplitude of tumour motion 
may increase with a larger tidal volume. This means that 
a treatment plan based on 4DCT imaging may not 
adequately treat the tumour if the breathing and 
therefore tumour motion during treatment differ 
appreciably from that during simulation. There are 
various approaches to making breathing more consistent, 
or reducing its impact on tumour motion. One approach 
is audio-visual coaching, which may make use of audio 
prompts like ‘breathe in’ and ‘breathe out’, and visual 
biofeedback such as a visible trace of real-time abdominal 
wall motion which the patient tries to keep at a constant 
amplitude. The aim of this is to standardise breathing and 
therefore tumour motion during simulation and 
treatment.12 Four-dimensional CT also images organs 
that move with respiration and can be used to provide 
greater confidence that these have been avoided during 
treatment planning. Other imaging modalities, including 
PET and MRI, can be acquired in 4D mode; however, at 
present, these are not as widely available as 4DCT.

gAted rAdIotherApy

The association between breathing and tumour motion 
makes it possible to design strategies to mitigate the effect 
of motion. For example, if the breathing cycle is monitored 
during RT simulation and treatment delivery, a plan can be 
developed that only treats the tumour during that part of 
the breathing cycle when it moves the least.  Although this 
means that the tumour will only be treated for a part of 
each breathing cycle, potentially lengthening the overall 
treatment time, effectively limiting motion allows the size of 
the PTV to be reduced – an approach termed gated RT 
delivery.13 The trigger for RT delivery may be an easily 
accessible surrogate for the moving tumour such as chest 
wall excursion, or in some cases it may be decided to track 
the tumour itself or fiducial markers inserted inside or near 
to the tumour. If a surrogate is used then a consistent 
relationship between the motion of the surrogate and the 
location of the tumour is assumed, although in practice 
there is some uncertainty in this. 

Alternative approaches to motion management include 
breath-hold techniques that intermittently suspend 
breathing and only deliver RT when there is no breathing 
and therefore minimal tumour motion, or tumour-
tracking techniques such as those that continuously 
modify the MLC leaf position to conform to the moving 
tumour (dynamic MLC) or real-time tumour tracking 
with a compact linear accelerator mounted on a robotic 
arm. Tracking a target throughout the breathing cycle 
allows a smaller PTV than accounting for motion in one 
large volume and may help to reduce normal tissue 
irradiation. Repeatedly suspending respiration for short 
periods (e.g. using a breath-hold technique) may not be 
practical for all patients, including those with marked 
dyspnoea and impaired lung function. Dynamic MLC 
tracking is not in routine clinical use in most clinics.

ImAge-guIded rAdIotherApy 

The highly conformal nature of advanced RT techniques 
and the presence of steep dose gradients near to critical 
normal tissues mean that high levels of accuracy in 
patient, tumour and critical organ positioning are 
required. It is insufficient to position the patient based 
solely upon external skin marks made during simulation. 
There are a number of ways in which positioning 
certainty can be increased, collectively termed image-
guided RT (IGRT).14 Online IGRT is now commonly used, 
which means that the patient and tumour can be imaged 
before and during treatment delivery and their position 
can be corrected immediately. Typically, the IGRT image 
acquired at the treatment unit is overlaid on the planning 
image and matched using appropriate landmarks (e.g. 
spine) and/or the tumour itself (Figure 5). 

Mismatch between the images due to incorrect positioning 
can be corrected by moving the treatment couch manually 
or robotically in at least three (vertical, longitudinal and 
lateral) and in some cases up to six directions (the 
addition of roll, pitch and yaw). Once the patient is 
correctly positioned, RT delivery can begin. As not all 
tumours are well visualised, it may be necessary to place 
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Figure 4 This shows the ability of 4DCT to identify 
motion. The left image illustrates the tumour as it appears 
during expiration (black arrow = superior border), while 
the right image demonstrates the location of the tumour 
during inspiration (grey arrow = superior border). The 
extent of motion and the gain in spatial information for 
mobile tumours is clearly visualised.



fiducial markers in or near to the tumour.  A common 
example of this is gold seed markers in the prostate. 

Image-guided RT can be based on two-dimensional 
technology, such as orthogonal kilovoltage (kV) or 
megavoltage (MV) images, or three-dimensional data, 
such as kV CT from cone-beam CT (CBCT) units 
mounted on the linear accelerator as shown in Figure 1. 
It is now also possible to track markers on the patient’s 
surface or scan their body surface and identify when 
they have moved during treatment. The increased 
accuracy in patient positioning with IGRT means that a 
smaller margin is needed for any remaining positional 
uncertainty, reducing the PTV. A further advantage of 
IGRT technologies such as CBCT is that changes in 
tumour size or location which might invalidate the 
original treatment plan can be identified and prompt a 
new RT plan to be created – adaptive RT.15 Table 1 
summarises these important advances in radiotherapy.

the ImpAct of recent technIcAl AdvAnceS  

Improving patient outcomes
Advances in RT technology are improving outcomes for 
patients and several examples of this are given in Table 2. 
Technologies such as IMRT and VMAT are enabling new 
treatment approaches and are making it possible to offer 

individual patients treatment where before this might not 
have been feasible. For example, certain regions within a 
treatment volume can be simultaneously boosted or 
spared. This might be the hippocampus in patients receiving 
cranial irradiation, with the aim of reducing neurocognitive 
side effects,22 or dose escalation to multiple low volume 
cerebral metastases in patients receiving whole-brain RT,23 
with the aim of improved local control and survival. 

Stereotactic body radiation therapy

Although it is not new,24,25 recent advances in technology 
have facilitated SBRT, creating new treatment options and 
improving survival in selected patients. Conventional RT is 
frequently delivered in once-daily fractions of 1.8–2.75 
Gray (Gy), Monday to Friday, for a total of 4–8 weeks. In 
comparison, SBRT uses a small number (e.g. 3–8) of large 
fractions (e.g. 20–7.5 Gy) to increase the biological 
potency of treatment. Normal tissues such as the spinal 
cord, bowel or central mediastinal structures are less 
tolerant of the doses used in SBRT. This means that PTV 
needs to be kept as small as possible, multiple beams or 
arcs are used to design compact and conformal high- and 
medium-dose regions that spare normal tissues, and 
treatment needs to be delivered with high precision. In 
this way, contemporary SBRT often incorporates all of the 
technologies discussed so far: 4DCT for mobile tumours, 
multimodal imaging for target delineation, advanced RT 
planning algorithms, IMRT/VMAT and IGRT. 
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Figure 5 Image-guided RT using kilovoltage cone-beam 
CT is illustrated. Cone-beam CT images (top left) in this 
patient undergoing stereotactic spine RT are acquired before 
and during RT.  The simulation CT images (top right) are 
available at the treatment unit and the two image sets are 
matched (lower image). During this process any discrepancy 
in localisation of the target or other selected landmarks can 
be quantified as a displacement in specific directions. This can 
then be corrected. Blending tools such as the one shown in 
the lower image are used to verify the alignment of 
structures in the matched images (arrows).

TAbLe 1 Selected key changes that have taken place in 
radiotherapy over the past decade

radiotherapy 
process

1990s Current state of art 

Treatment 
simulation 
(acquisition 
of images for 
radiotherapy 
planning) 

Two-dimensional 
radiographs, 
anatomical 
landmarks, 
conventional  
CT scans

Multimodality image 
fusion using MRI and 
PET-CT (Figure 3); 
tumour and normal 
tissue motion captured 
by 4DCT (Figure 4)

Treatment 
planning

Simple 3D 
programs to 
model dose 
deposited 
by photon 
beam without 
accounting 
for tissue 
heterogeneity

Planning programs to 
better account for 
variations in tissue 
density and more 
accurately model 
dose deposition from 
photons

Treatment 
delivery

3D-conformal 
RT with static 
radiotherapy 
beams shaped by 
blocks or multi-
leaf collimator to 
conform to the 
tumour profile 
(Figure 1) 

Dynamic beam shaping 
using multi-leaf 
collimator (Figure 1); 
intensity-modulated 
radiotherapy and 
volumetric-modulated 
arc therapies; gated RT 
delivery; image-guided 
RT (Figures 1 and 5); 
adaptive RT



Stereotactic body RT in early stage NSCLC gives 
substantially better outcomes than conventional RT in non-
randomised comparisons21 and it has become a paradigm 
for the technique. Because lung SBRT has historically been 
recommended for patients who are medically inoperable, 
significant co-morbidities compromise overall survival but 
local control rates of about 90% are possible, as much as 
two to three times those obtained with conventional RT. 
However, there are data from Japan on medically operable 
patients who have undergone SBRT and achieved 
survival rates comparable to surgical resection.26 There 
is now a randomised study (‘ROSEL’) under way in the 
Netherlands comparing lung SBRT and surgery in 
patients with medically operable stage I NSCLC. 

Modified dose/fractionation schedules are required for 
central tumours because midline structures including 
the oesophagus, trachea and bronchi are susceptible to 
damage from large fraction sizes that are unforgiving to 
normal tissues. Vigilance is also required for specific 
patterns of normal tissue toxicity that may be seen post-
SBRT; for example, rib fracture or chest wall pain can 
sometimes occur after treating tumours close to the 
chest wall. Stereotactic body RT can also be used in sites 
other than the lung; local control rates above 90% and 
high rates of analgesia have been reported for patients 
with spine metastases27 and recently published data on 
the use of SBRT for patients with one to three hepatic 
metastases and median follow-up of 16 months showed 
actuarial local control of 92% at two years.28 

New platforms for radiation delivery

There are now several different advanced linear 
accelerators available, including the TomoTherapy®, 

CyberKnife® and Novalis Tx™ systems.29–31 Although 
these may be designed for specific applications such as 
IMRT, IGRT and SBRT, they are all capable of delivering 
high precision mega-voltage photon radiotherapy.

the chAllengeS of technologIcAl chAnge 

Side by side with the rapid development of new 
technologies and their entry into the clinic is a need for 
robust clinical data with which to describe and predict the 
effects of treatments on normal tissues and tumours. At 
the present time this means that patients need to be 
adequately followed up for expected and unexpected 
toxicity that may take many years to develop. For example, 
there have been cautionary notes that the larger volumes 
of low-dose RT associated with IMRT or VMAT may be 
associated with higher rates of RT-related cancers, 
especially in tumour sites associated with long-term 
survival.32 More detailed knowledge of such factors will 
mean that they can be taken into account during RT 
treatment planning and management recommendations.  

Technologies continuously evolve and so effective 
approaches to allow the timely evaluation of competing 
products are needed. It is perhaps relevant to distinguish 
between individual vendors’ technologies in the same 
class, new classes of technology and new clinical 
treatments.  Although frequently considered the standard 
for clinical comparisons, the need to gather randomised 
data for new technologies per se is debatable.33 Apart 
from financial and time implications, the ethics of study 
design would require that there was equipoise between 
new and older technologies, and consideration given as to 
whether all new technologies should be evaluated equally 
and whether they should be subjected to randomised 
testing across all clinical scenarios. Furthermore because 
technology moves on quickly, lengthy studies could easily 
be rendered outdated and provide an inadequate return 
on patient altruism and societal resources. 

There are several possible non-randomised approaches 
to evaluating new technologies that may merit 
consideration in specific scenarios. For example, 
surrogate endpoints such as RT treatment plan dosimetry, 
treatment delivery time and treatment efficiency are 
gaining in popularity. Cost–benefit metrics have also 
been used. Radiation therapy probably accounts for a 
small fraction of the total cost of cancer care: a 2001 
assessment estimated that external RT accounted for 
about 5% of the total oncology spend in Sweden.34 Initial 
costs for new technologies could add to this expenditure, 
but if they improve efficiency and outcome and lower 
toxicity, they could also reduce overall costs. 

Although cost–benefit analysis is a potential tool for 
technology assessment, it is challenging, and deriving 
accurate and complete costs takes time, necessitating 
extended follow-up and considerable resources. Real-
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TAbLe 2 Advances in RT technology are being used to 
improve patient-centered outcomes

Technology benefit Comments ref

CT-planning 
and 3DCRT

Improved survival 
in NSCLC

Minimum 
requirements

16

IMRT Parotid sparing 
head and neck RT

Reduced 
xerostomia

17

IMRT Dose escalation 
and rectal sparing in 
prostate cancer RT

Improved local 
control and 
biochemical 
disease-free 
survival

18

IMRT For breast RT Reduced acute 
skin toxicity

19

Gated RT 
delivery

For locally advanced 
NSCLC

Relative sparing 
of lung tissue 
facilitates dose 
escalation

20

SBRT For early-stage 
NSCLC

Higher survival 
rates than 
conventional RT 
in meta-analysis 

21



world confounders will include falling costs over time, cost 
sharing between institutions and negotiable prices and 
technology. Accurately representing these factors is a 
formidable challenge. Prospective cohort studies and 
treatment registries may be a practical means of gathering 
toxicity data, but more immediate and important for 
individual clinics is acquiring data on their own patterns of 
failure (documenting where tumours have recurred or 
progressed), treatment toxicity and survival, all of which will 
help to inform the efficacy and safety of new technologies 
and treatments, and ultimately aid clinical teams in making 
management recommendations to their patients.  Additional 
work is required to develop robust criteria and frameworks 
for the evaluation of new technologies.

When introducing new RT technologies into the clinic, 
challenges that are common to many change and 
transformation projects are encountered. These include 
operating in a resource-limited environment, getting the 
team right, having senior management buy-in, 
communicating and creating a vision, setting a challenging 
timeline and developing resilience. The organisational 
response to such factors may be among the most 
important variables in determining whether a new 
technology is successfully implemented.35 Rapid 
technological change mandates vigilance to maintain the 
historically favourable safety profile of RT. Effective 
communication and robust data transfer processes have 
been identified as important factors in RT safety and 
new treatments with a reduced margin for error 
reinforce the pivotal role of quality assurance in the RT 
chain and necessitate optimal design of human–
technology interfaces.36 Robust reporting mechanisms 
are needed to obtain accurate estimates of the incidence 
of adverse events and to ensure rapid and appropriate 
action if safety concerns are identified. 

concluSIon

There have been rapid technical developments in 
radiation oncology that are already opening up new 
treatment options for patients, playing a role in redefining 
management paradigms and pushing the boundaries of 
what is possible. Some of these advances have already 
been shown to improve patient outcomes. However, it is 
clear that they are only one part of the patient’s global 
management, and specific challenges need to be overcome 
to allow the effective integration of new technologies 
into the clinic so that their full potential can be realised. 
At the same time the overall process from diagnosis to 
intervention needs to be designed so that disease 
progression during this period does not threaten to 
negate advances in therapy.37 
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•	 Radiotherapy	 (RT)	 is	 used	 in	 the	 management	 of	
about 50% of cancer patients. 

•	 The	RT	process	includes	simulation,	planning,	quality	
assurance, treatment delivery and follow-up.

•	 New	 technologies	 and	 treatments	 can	 help	 to	
facilitate normal tissue sparing and increase the 
tumour dose in order to improve patient outcomes.

•	 Developments	 in	 radiation	 oncology	 include	 four-
dimensional CT scanning, image-guided RT, intensity-
modulated RT and stereotactic body RT.

•	 Organisational	 factors	and	project	management	are	
important in the successful implementation of new 
technologies and treatments.

•	 Technological	 advances	 are	 one	 facet	 of	 patient	
treatment. Direct patient care, implementing optimum 
treatment schedules and the design of the overall 
patient journey remain of the utmost importance.
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1. The vast majority of radiotherapy (rT) 
treatments use: 

A. External beam RT. 
B. Brachytherapy. 
C. Particle therapy.
D. Therapeutic radioisotopes. 
E. Intra-operative RT.

2. Which one of the following is true of rT?

A. Palliative radiotherapy cannot improve survival.
B. Radiotherapy doses are rarely limited by normal tissues 

surrounding the tumour.
C. Modern radiotherapy planning is based on two-

dimensional images.
D. Radiotherapy beams are frequently used to target the 

tumour from multiple angles.
E. Radiotherapy beams cannot be shaped to avoid normal 

tissues and conform to the tumour.

3. Some tumours (e.g. those in the lung and upper 
abdomen) can move during breathing. Which 
one of the following statements is false?

A. Tumour motion can increase the target volume that 
needs to be irradiated.

B. Other imaging modalities, including positron emission 
tomography and magnetic resonance imaging, can be 
acquired in four-dimensional (4D) mode. However, at 
present these are not as widely available as 4D 
computed tomography.

C. In general, tumour motion is reduced by an increase in 
the depth of respiration.

D. Individual tumour motion can now be visualised with 
4D computed tomography scanning.

E. Audio-visual respiratory coaching, gated RT, tumour 
tracking and RT delivery during breath-hold are all 
techniques that have been designed to be used in the 
treatment of mobile tumours.
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4. Which one of the following statements relating 
to improvements in patient outcomes is false?

A. Intensity-modulated RT has been associated with 
increased acute skin toxicity in patients with breast 
cancer.

B. Non-randomised data show that stereotactic body RT 
has been associated with improved outcomes for 
medically inoperable early-stage non-small-cell lung 
cancer.

C. Intensity-modulated RT can reduce xerostomia in 
patients with head and neck cancer.

D. Three-dimensional CT planning and conformal RT has 
been associated with improved outcomes in non-small-
cell lung cancer.

E. New treatments may be associated with new patterns 
of toxicity requiring vigilance during follow-up.

5. Which two of the following are challenges 
associated with new rT technologies?

A. Radiotherapy already accounts for a large proportion 
of cancer care costs and new technologies will only 
increase this.

B. Technology assessment methods need to be able to 
adapt to rapid change while taking into account the 
possibility of toxicity arising many years post treatment.

C. Most new designs of linear accelerator deliver 
fundamentally different types of RT with an expectation 
of substantially different patient outcomes between 
such devices. 

D. Technological advances mean that improvements in the 
patient pathway from diagnosis to intervention become 
less important.

E. Organisational and project management factors may be 
among the most important determinants of success 
when implementing new technologies and treatments. 

For the answers, please turn to page 190.
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