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Quality assurance in 
radiotherapy 
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ccording to WHO's estimates, 
about 9 million new cancer 
cases occur each year world

wide. This number is expected to 
increase to about 15 million by the 
year 2015, with about two-thirds of 
these in the developing countries. A 
recent European Union document 
states that radiotherapy is no longer 
the key research topic but is the most 
widely used treatment for cancer. In 
the developed countries it is involved 
in almost half of the administered 
cancer treatment, either on its own or 
in combination with surgery and/or 
chemotherapy. In the future, radio
therapy will undoubtedly play an 
increasingly important role in most 
countries. 

Exact diagnosis and tumour 
size 

The decision to use radiotherapy 
must be based on careful determina
tion of the histological type and 
extent of the tumour. Traditionally, 

X-ray pictures delineated the 
tumour 's position and volume in the 
patient. A simple cross-section on a 
scale of 1: 1, based on the contour of 
the patient, was constructed to show 
the suspected volume of the tumour 
for radiotherapy and also to indicate 
the healthy tissues that should have a 
low dose. The uncertainty in the 
delineation of the tumour was often 
large, and the radiotherapist had to 
increase the radiation field in order 
not to miss parts of the tumour. The 
prescribed dose had to be reduced 
when large volumes were irradiated, 
and this decreased the chance of 
eradicating the tumour. In spite of 
these problems many patients were 
cured. 

The introduction of computerized 
tomography (CT) has improved the 
possibility of delineating some tu
mours accurately. When this method 
was first introduced the tumour's 
position was often determined by 
using both conventional X-ray equip
ment and CT-scanners. In several 
centres it was discovered that the 

Reviewing computed tomography images: CT-scanners delineate tumours very accurately. 
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conventional method missed part of 
the tumour in up to 40% of the cases 
examined. Much research is being 
devoted to improving the accuracy 
with which the tumour's position in 
the body can be determined. 

Dose planning 

For curative radiotherapy an accurate 
dose plan is required. In many ad
vanced radiotherapy centres, dose 
planning was still being done without 
a computer at the beginning of the 
1980s. Today even small depart
ments can often afford a treatment 
planning system, as it can be run on 
an ordinary personal computer. 
Computer-based dose planning 
generally increases the accuracy of 
dose determination, but it can also 
cause errors, especially in the hands 
of untrained persons. Input data, 
determined by the medical physicist, 
must be available from the local 
radiotherapy machines. The incor
rect use of dose planning systems has 
been known to lead to large errors; 
for example in one centre doses that 
were 20-30% too low were given to 
several hundred patients. The dose 
planning system should therefore be 
handled by a competent medical 
physicist and a quality assurance 
programme is essential. 

Dose measurement 

Modern radiotherapy is based on the 
experience of a large number of 
radiotherapy departments all over the 
world. The amount of radiation that 
is required to control a certain type of 
cancer without causing serious com
plications is a matter of continuous 
discussion in scientific journals. The 
difference between a dose level 
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which achieves local control of the 
cancer and one which causes serious 
or fatal complications is sometimes 
very small. The radiation oncologist 
must therefore make sure that his 
department can measure the dose so 
that it complies with the international 
standard, and determine the dose to 
the tumour and organs at risk with a 
high degree of accuracy (generally to 
within 5% of what is prescribed). 

Several international organiza
tions are involved in the standardiza
tion of dose measurements. The 
International Bureau of Weights and 
Measurements in Paris has estab
lished an international reference 
standard, and IAEA and WHO have 
jointly promoted the establishment of 
a system known as the secondary 
standards dosimetry laboratory 
(SSDL) network, which now covers 
most of the world. IAEA is respon
sible for checking the quality of the 
calibration services used by the 
individual laboratories in the net
work. To check individual centres, 
IAEA and WHO have organized 
services for hospitals ; 1000 radio
therapy centres have now been 
checked and about half of them are 
able to calibrate the treatment beams 
to within 5%. 

Irradiation of the patient 

The radiation field arrangement 
planned for the patient is checked 
with a special X-ray diagnostic unit 
which serves as a simulator. The 
beam directions and field sizes are 
set up as for treatment with the ther
apy machine. If there is a risk of the 
patient moving during treatment for 
which the precision of the field 
settings is critical, fixation should be 
used for both the simulation and the 
therapy irradiation. 

The first treatment of the patient 
at the therapy machine is crucial as 
the same parameters are used in 
subsequent treatments, of which 
there are usually 30 or 40. The 
whole team responsible for this 
procedure- i.e. the radiation oncol
ogist, the medical physicist and the 
radiographer- should participate in 
it (see Figure, below left) . Dosi
meters for in vivo measurements are 
recommended for checking the 
correct dose to the patient (see 
Figure, below right). 

Future 
In advanced countries today there is 
one high-energy therapy unit (accel
erator or Cobalt-60) for every 500 to 
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1000 new cancer cases occurring in a 
given year, about half of which are 
treated with radiation . It would 
therefore require at least 10 000 
radiation machines for external 
radiotherapy plus a large number of 
radiation sources for brachytherapy 
in developing countries by the year 
20 15 if the need is to be met. There 
is concern about the spread of radio
active material to a large number 
of hospitals. For instance, what 
happens when these sources are no 
longer in use? International agencies 
such as WHO and IAEA can greatly 
help in organizing activities such as 
setting up SSDLs, but the direct 
responsibility must be shouldered by 
the countries themselves. Adequate 
staff, with qualified radiation oncol
ogists and medical physicists, as well 
as equipment for dose measurements 
and a programme for quality assur
ance are needed. Certainly, with 
adequate infrastructure and skill, 
radiotherapy will cure or give pallia
tive relief to a large percentage of the 
world 's cancer patients without 
undue ri sk. • 
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A radiographer, a radiation oncologist and a medical physicist plan the 
dose of radiation to be given to o patient. 

Dosimeters applied to the skin allow radiation oncologists to monitor the 
optimal irradiation dose. 


