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Abstract

Introduction: The radiotherapy profession has learned from errors made during treatment planning and
delivery. Quality assurance in radiotherapy (QART) procedures are implemented to reduce the risk of an error
occuring. The chief medical officer, along with others, has recommended that the QART of all departments
includes in vivo dosimetry (IVD) to ensure that the delivered dose equals the planned dose.

Why we need IVD: A lot of effort goes into field verification and it is just as vital that dosimetry is
verified. Overdose to normal tissue can cause devastating side effects, even death, whilst tumour
underdose may compromise control. Without IVD, there is no way of knowing that a patient is receiving
an overdose until it is too late. Underdoses are unlikely to manifest without IVD. IVD allows radio-
therapists and physicists to correct for dose errors in a timely manner.

Why IVD is unnecessary: Radiotherapy accidents are rare. Implementing IVD is expensive, time consuming
and takes resources away from developing techniques which will improve patient outcomes. Current IVD
methods are not suitable for modern techniques such as intensity modulated radiotherapy (IMRT).

Discussion: IVD appears to be a useful QART tool, particularly as dose escalation techniques develop
allowing a higher dose to be delivered to the tumour. Departments may be unwilling to spend time and
money on an IVD system that is costly and time consuming if it cannot perform IVD on modern tech-
niques. Electronic portal imaging devices (EPIDs) can be utilised to perform IVD on complex techniques,
such as IMRT and arc therapy, which current IVD methods cannot, however there is currently no EPID IVD
system available commercially.

Conclusion: Ideally, all departments would conduct IVD on all new patients. IVD has proven to be an
important QART tool, however, until technology is developed to allow EPID to include IVD, the procedure
is not likely to be implemented countrywide.
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INTRODUCTION

Radiotherapy has played a part in the treatment
of cancer in the UK for a century1 initially as a
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rather novel, experimental modality. Now,
radiotherapy is an important part of cancer
treatment, with 40% of patients receiving radio-
therapy as part of their treatment.2

Over the years, radiation accidents causing
severe side effects and even death have high-
lighted the need for quality assurance in radio-
therapy (QART). This relates to all aspects of
the patient’s journey through radiotherapy,
from radiation prescription to the final treat-
ment and follow-up.3 Major overdoses occur
in the absence of written protocol and checking
procedures, therefore QART is crucial to
ensure the safe delivery of radiotherapy.3

Currently, in the UK, all departments imple-
ment QART and radiation overdoses greater
than 10% of the prescribed course (or 20% of
one fraction) are reportable under the Ionising
Radiation (Medical Exposure) Regulations
(IR(ME)R). Underdoses are not, even though
they may lead to inadequate tumour control.
It has been suggested that underdoses are harder
to detect, particularly as complications caused
by overdose usually manifest whilst the patient
is on treatment, whereas underdoses are less
obvious.4

The potential risks and complications of
radiotherapy have been well documented and
assessed for emerging treatment techniques.5,6

All patients undergoing radiotherapy are advised
of the potential side effects and long-term com-
plications during the consent process and are
given information on how to cope with
them.7 Common early effects are generally
observed in tissues with rapid cell proliferation,
such as the skin and bowel, whereas late effects,
such as telangiectasia and radiation-induced
cancers, can happen many years after complet-
ing a course of radiotherapy.8 Radiation over-
dose causes early onset and increased severity
of acute side effects, as well as amplifying late
effects.8

QART is now an integral part of radio-
therapy in the UK and was developed to reduce
radiotherapy accidents, including radiation un-
der or overdose. With the effects of incorrect
dosimetry so devastating, even life threatening

on occasion, it follows that dose verification
should be an important part of QART. UK
departments test machine outputs on a daily basis
and have a rigorous checking procedure for the
planning stages. It could be argued that it is
equally important to check patients’ treatment
plans during treatment to ensure that the dose
received by each field is as planned. In vivo dosi-
metry (IVD) provides us with a mechanism in
which to conduct this important check and vari-
ous methods are available, including diodes and
thermo luminescent detectors (TLDs) which are
explained in more detail below.

In his annual report, the Chief Medical
Officer, Sir Liam Donaldson, stated that IVD
offers ‘an opportunity to add another safeguard
in the process of care to protect patients’.9 A
report published by theRoyal College ofRadiol-
ogists (RCR) recommends that all departments
implement IVD protocols, conducting IVD
measurements for patients at their first fraction.10

The report states that IVD has the potential to
detect dosimetric errors, for example, the use of
an incorrect wedge, in time for corrective action
to take place, thus reducing patient harm.Despite
the recommendations, only 30�40% of UK
radiotherapy centres11 conduct IVD and this is
not increasing rapidly.12 Cost, time and effective-
ness have been blamed for the slow uptake of
IVD.11 This paper will put forward the argu-
ments for and against implementing IVD, pro-
vide a balanced discussion and attempt to
conclude whether or not IVD is a worthwhile
investment.

METHODS OF CONDUCTING IVD

TLDs

These devices usually contain lithium fluoride,
or a similar material, which absorbs and stores
the energy of an x-ray beam. Upon heating,
the TLD emits the energy absorbed from the
x-rays in the form of light, which can be meas-
ured by a photomultiplier tube.13 In practice,
the device would be placed in the centre of
the radiation field to absorb the x-rays as they
are delivered. The device is then sent off for
processing by a photomultiplier tube and the
dose delivered can be recorded.
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Semiconductor diodes

Semiconductor diodes are the preferred method
of conducting IVD as the reading is available
immediately. The diodes are made from silicon
placed in a small, solid case and are also used by
placing in the radiation field. During irradiation,
ionisations occur within the detector which can
be measured by the current they generate.13

The result is viewed digitally on a computer
monitor via specialist software.

Electronic portal imaging device (EPID)

EPID technology is currently available for field
verification via portal imaging. Recent
research14 shows that the pixel grey levels on
the images produced can also be used to deter-
mine exit dose. Although this is a promising
development in IVD technology, no system
for EPID IVD is currently available.

THE ARGUMENT FOR: IVD IS AN
ESSENTIAL PART OF QA

In radiotherapy, there are many factors that may
contribute to occurrence of an error.15 QART
guidelines aim to reduce the possibility of an
error occuring and the reporting of incidents
allows us to learn from previous mistakes. But,
as we know from the media and IR(ME)R
reported incidents, errors still occur. A total of
181 incidents occurred between May 2000 and
August 2006.10 A highly publicised16 example
of a radiation overdose happened in Glasgow
in 2006 because the incorrect output figure
was entered into the treatment planning system
(TPS) and the senior planner who checked the
plan failed to notice the mistake.17 IVD would
not prevent all radiation incidents, but it would
allow us to discover a dose discrepancy in time
to take corrective action.

Verification is an important aspect of
QART, from confirming a patient’s identifica-
tion to independently checking monitor unit
(MU) calculations. Geometric field verifica-
tion, using portal images, account for a large
proportion of the radiotherapists’ workload.
This is justified because it allows us to ensure
that field placement is correct and creates a
permanent record of where we are treating.

Dose verification is just as important as it
allows us to ensure that each field is receiving
the planned dose.

Critical errors causing incorrect dose delivery
occur all over the world. A review18 investi-
gated reported radiotherapy incidents over three
decades, discovering 3,125 errors that caused
harm to the patient. The authors admit that
the results may be skewed as the recent intro-
duction of QART has dramatically reduced
error rates; but not all errors are reported and
many may not even be discovered.

An RCR document10 looked into IR(ME)R
reported incidents and made some recommen-
dations, many of which are beyond the scope
of this paper. Here, we are interested in only
one; that all radiotherapy departments introduce
IVD at the beginning of treatment for most
patients, excluding only those that meet clear
departmental exclusion criteria.

Delivering the correct dose to the patient is
essential. Adequate tumour control can be
achieved if the dose is delivered as planned;
whereas underdose may compromise tumour
control. Overdose can cause debilitating or
even fatal complications, as we have seen in
the Glasgow incident.16,17 The report on the
investigation into the Glasgow incident recom-
mends the use of IVD during the first fraction
of radiotherapy, suggesting that the error could
have been noticed after the first fraction.17

IVD can potentially detect dose errors before
it is too late. Common dosimetry errors include
wedge misuse, MU calculation error and incor-
rect machine calibration.4 The use of IVD at
the first fraction highlights dose errors, the cause
can be investigated and corrective action taken,
thus minimising harm to the patient.

An extensive study into IVD19 reports on
5 years experience using IVD. The article
appears to be valid as the authors were extremely
stringent in the collection of their results,
although its age must be taken into consideration.
At the time, no record and verify system was
available and the TPSs and machinery are likely
to have been updated since the study began.
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Researchers conducted IVD at the central
axis for each field. Factors affecting the dosi-
metry were corrected for, such as obliquity,
wedges and source-skin distance, although tem-
perature corrections were not made. Any mea-
surements exceeding the 5% action level were
referred to physicists, who checked and verified
all treatment parameters before repeating IVD
on the next fraction. If repeated measurements
were out of tolerance, a plan check using IVD
on a phantom was performed. This phantom
check allowed physicists to ensure that there
were no problems with the calibration of the
machine or the TPS. The results showed that
IVD was able to detect dose errors resulting
from incorrect normalisation, wedge misuse
and inaccurate data entry as well as changes in
patient separation. During the 5 years, 11 major
dose errors were found and corrected for. This
may not seem like many, but if they had not
been picked up by IVD each one would have
been reportable to IR(ME)R and may have
caused severe side effects for the patients. If
the dose errors had not been picked up, and
the patients had suffered unnecessarily, media
attention and legal involvement may have
occurred.

The authors draw valid conclusions from
their investigation, stating that IVD is an
important tool for QART. The results of the
study suggest that IVD is important in discover-
ing errors which may affect many patients if un-
corrected, for example an error in the TPS.

It has been argued that the introduction of IVD
is pointless, as the procedure is not a viableQART
technique for modern treatment plans such as
intensity modulated radiotherapy (IMRT) and
image-guided radiotherapy (IGRT).20 This paper,
however, is merely the opinion of two people and
the only reference used is Sir Liam Donaldson’s
recommendations for IVD.Without any evidence
to back up their claims, this paper should be disre-
garded. Many other authors have researched the
problems that complex techniques may pose to
IVD and discovered ‘future proof’ methods. A
recent paper14 reviewed the literature available
on the use of EPIDs for IVD. The literature search
conducted for the review was not very thorough,
only searching one journal database, using limited

search terms and not stating inclusion or exclusion
criteria.However, a large number of recent articles
on the use of EPIDs for IVD were included. The
review highlights a number of studies that suggest
EPIDs can be used to verify the dose delivered to
the patient during IMRT.21�23 In their conclu-
sion, the authors state that EPIDs are the best
way to verify the dose delivered to IMRT
patients, as other methods only measure point
doses. This review shows that IVD is not only
possible when delivering simple radiotherapy
techniques.

Overall, QART has proven to be invaluable
in protecting patients, and IVD is an important
part of this. Dose verification must, therefore,
be worth implementing in all departments, as
recommended. Although initial costs may be
high and workload is likely to be increased,4

IVD is justified by the benefits. A report by
the Institute of Physics and Engineering in
Medicine (IPEM) conducted a cost-benefit ana-
lysis of IVD and concluded that the IVD is cost
effective.24 However, it is important to look at
the arguments against IVD before drawing any
conclusions.

THE ARGUMENT AGAINST: IVD
IS EXPENSIVE AND
UNNECESSARY

Radiotherapy is generally considered a safe treat-
ment.10 From May 2002 to August 2006, only
338 patients were involved in IR(ME)R report-
able incidents and only 24 of them were likely to
be severely clinically affected (three per 100,000).
Patients are 69,000 times more likely to die from
cancer than radiotherapy error and radiotherapy
is much safer than surgery, hospital admission
and chemotherapy.4 It is unrealistic to expect
all risk to be eliminated from a procedure as
complex as radiotherapy, but as a profession we
try to reduce risks as much as possible. IVD is
yet another method of protecting the patient,
but some papers25 suggest that dose errors are
picked up so infrequently that no overall
improvement in patient outcome will be shown.
The authors state that the IPEM report24 is
flawed and it is wrong to conclude that IVD is
cost effective. They correctly point out the flaws
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in the IPEM model, for example, the model only
evaluates underdoses and assumes that an under-
dose leads to death, however the authors go on
to extrapolate the IPEM model to include over-
doses and make their own assumptions, such as
an overdose in one patient cancels out an under-
dose in another. Although models provide us
with a scientifically valid method of testing a the-
ory, as all extraneous variables are controlled,
they lack ecological validity.26 In reality, models
only provide us with an idea of what may hap-
pen but we cannot assume they are reliable until
tested in real life. Mckay and Williams’25 paper
appears to show that IVD may not be cost effect-
ive; however, their results come from a model
that they have already shown to be flawed. The
paper provides an interesting but unreliable the-
ory, and goes on to suggest (without proof)
that the reports recommending IVD are driven
by politics and the media to improve public con-
fidence in radiotherapy and the National Health
Service (NHS).

Time, cost and effectiveness appear to be the
reasons that IVD is still not routine in all hospi-
tals for all patients.24 Malicki et al.27 attempted
to assess the extra cost IVD implementation
has on a radiotherapy department in Poland
and compare it to the quality of radiotherapy,
quantified by accuracy of irradiation. A total of
6864 patients were analysed over 4 years and
mean deviations between planned and delivered
dose appeared to decrease, suggesting that IVD
was having an impact. Monthly radiotherapy
costs more than doubled. The results state that
after the initial costs of purchasing IVD equip-
ment and software, labour was the most expens-
ive factor. Physicists were required to calculate
entrance doses, calibrate dosimeters and assess
the plan on a phantom if IVD results were not
as expected. Radiotherapists had to place dosi-
meters on the patients thus increasing appoint-
ment times and two extra radiotherapists were
employed to assist with the extra workload.
From the study, it would appear that IVD is
expensive but it also increases the accuracy of
radiotherapy. However, as the study lasted for
4 years, other improvements were made to the
radiotherapy department and QA systems dur-
ing that time so it is impossible to attribute the
increased cost and accuracy to IVD alone.

From this paper, even though we cannot quant-
ify exactly how much time and money went
into IVD, we can expect that the implementa-
tion of other new techniques may have suffered,
as a result of IVD taking up resources.

A recent study24 attempted to calculate the
cost of diode IVD to an average department.
The following costs were identified;

* Initial purchasing of diodes costs £6000 for a
basic system.

* Linear accelerator capacity is reduced by 3%,
assuming each patient’s diodes take 5 minutes
to set up.

* Staff must be trained to use diodes, at an
average of 30 minutes per staff member, tak-
ing them away from their normal duties.

* Physics staff are required to calculate the dose
each diode should receive, as well as investig-
ating when IVD readings are not as expected
and calibrating diodes on a monthly basis.

Using 2007 data, the paper suggests that IVD
using diodes costs an average of £18,882 per
linear accelerator per year. The authors arrive
at this figure by making some assumptions and
averages, all of which seem sensible. For
example, they assume that placing diodes on
the patient takes 5 minutes and they use mid-
point of band 6 as an average for calculating
staffing costs. Overall, the financial costs sug-
gested by this paper appear to be reasonable
and a valid guide. As a profession, we need to
decide whether it is worth spending so much
money to improve patient safety in a procedure
that is relatively safe.10

DISCUSSION

Due to the many official recommenda-
tions,3,9,10,17,30 it appears to be inevitable that
eventually all departments will be conducting
IVD. A short paper by the RCR provides
recommendations on how IVD can gradually
be introduced into departments to minimise
the effect of IVD on linear accelerator capacity.30

The paper recommends that departments begin
IVD on a select group of patients, ideally treat-
ments that carry a higher risk than others. Once
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the staff groups involved are confident conduct-
ing IVD, it can be phased in for other treatment
categories. In the author’s opinion, if the RCR
recommendations are followed, there is no rea-
son why IVD should become a burden to radio-
therapy departments whilst they introduce the
practice. Of course, there is likely to be some
disruption, for example, staff having to leave
the treatment units to undergo IVD training24

but introducing IVD gradually, as recom-
mended, will keep disruption to a minimum.

From a funding point of view, it is under-
standable why many radiotherapy departments
are still not implementing IVD for all patients.
With the NHS making cutbacks, all depart-
ments have to restrict their spending and it is
reasonable that money should be spent for
developing new techniques that could have a
real impact on patient outcome, rather than fur-
ther attempting to reduce errors in an already
safe treatment.10 However, in the current cli-
mate where the NHS is forced to hand out
thousands of pounds in compensation claims,28

it could also be argued that IVD is important
in reducing patient risk. Although there is no
proof that current IVD recommendations are
motivated by politics and the media, going
against these recommendations will not
improve public confidence in our profession.

The most time consuming part of IVD using
diodes is calibrating the diodes and calculating
correction factors.29 This time can be reduced
by using TLDs instead of diodes, however,
TLDs are more expensive and do not give online
readings.29 As most departments use portal
imaging to verify patient position, and as EPIDs
can be used in IVD, surely it makes sense to
use this method of IVD. Modern techniques
with steep dose gradients, such as IMRT, can
be more accurately measured using EPID. Van
Elmpt14 suggests that EPID is a promising
method of verifying dose to the patient, either
as a pre-treatment exercise or in vivo, as complex
procedures such as arc therapy, IGRT and
IMRT can also undergo IVD. Once the systems
are in place, analysis of the dosimetric data can
potentially be automated, so radiographers and
physicists incur limited extra work. However, it
appears that there is a lack of commercial systems

available utilising EPIDs as online IVD tools.
The systems used in the literature are generally
developed in-house and are confined to aca-
demic centres. This paper recommends that
commercial systems are developed to utilise
EPIDs for IVD, as departments are unlikely to
invest in a system such as diodes which cannot
accurately be used to verify dose in modern
treatments. With radiotherapy becoming increas-
ingly advanced and dose escalation increasing
radiation prescriptions, it is more important
than ever to ensure that the delivered dose equals
the planned dose.

CONCLUSIONS

Those of us in the radiotherapy profession know
that it is a safe treatment,10 but we also appreciate
how easily accidents can happen. This paper has
presented the evidence for and against the IVD
recommendations and discovered that the papers
suggesting IVD is worthwhile carry more weight
than those suggesting it is unnecessary. It is the
author’s belief that investing in IVD is worthwhile
because protecting our patients must be a priority,
particularly as treatments become increasingly
complex and doses are escalated. In an ideal world,
where departments are fully staffed and have end-
less money, there would be no excuse for not
implementing IVD. In the real world, perhaps
funding is better spent on developing new techni-
ques that can drastically improve patients’ out-
comes. Many departments may have researched
IVDmethods and decided not to invest in techno-
logy that cannot verify dose in IMRT, IGRT and
other modern radiotherapy techniques. When
EPID IVD systems become available, that will be
the time for departments to invest in IVD, thus
improving the quality of radiotherapy they deliver
to their patients.
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