
The safety of radiotherapy treatments is a major issue for ASN in
its role as regulator, just as it is for other players in the health and
safety sector, organised around the national radiotherapy action
plan executed by the Minister for Health and supervised by the
French National Cancer Institute (INCa).

Since 2007, ASN has conducted annual inspections of all radio-
therapy centres, with results presented in regional and national
inspection reports. ASN has also reinforced regulations by publi-
shing a technical decision on quality management, along with
methodology guidelines on quality assurance and risk analysis in
radiotherapy. A severity scale, established in cooperation with the
French Society of Radiation Oncology (SFRO), can now be used to
classify reported events or incidents, providing clearer informa-
tion for the public.

Three years after the most recent issue of Contrôle magazine to
be devoted to radiation protection for patients1, ASN decided to
organize an international conference on “Advances and
Challenges in Radiation Protection of Patients” to review the state
of measures taken in France (Part I in this issue of Contrôle), to
analyse current knowledge on radiotherapy-related risks and to
present feedback on risk reduction obtained through various
experiences from around the world (Part II).

The various articles presented in this issue of Contrôle magazine,
as well as the speeches and oral presentations to be made at the
conference and the debates to be held during the two round-table
discussions on challenges in radiotherapy and informing patients,
will contribute to advances in medical knowledge and help ASN to
refine its doctrine and adapt its approach in order to improve the
safety of radiotherapy treatments.

I thank you for your interest in ASN’s activities.

Jean-Christophe Niel
ASN Director-General  

Paris, October 29, 2009
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The international conference organised by ASN, the
French Nuclear Safety Authority, on safety in radiothe-
rapy will provide an opportunity to take stock of chal-
lenges and advances in radiation protection for patients.
As Minister of Health, I would like to take this opportunity,
in consideration of the contributions made by the various
stakeholders, to express my unshakable commitment to
guaranteeing the safety to which patients and professio-
nals are entitled.

In this respect, I would like to go over the measures of the
cancer plan that has just come to an end and those of the
forthcoming plan and underline how they help and
 support radiotherapy practices.

The 2003-2007 cancer plan was devised as a response to
the expectations expressed by patients and their families
during the convention organised by the Ligue nationale
contre le cancer in 1998 and those expressed by doctors,
nurses and researchers during the first World Summit
Against Cancer in 2000.

The plan set out to improve the quality of patient care in
terms of equal access, coordination between the parties
involved and professional practices.

Eight of the plan’s seventy measures were related to
radiotherapy.

They addressed the following issues: licensing proce-
dures for cancer treatment at public- and private-sector
health centres, renovating equipment, identifying new
specialist fields in the profession, training and supervi-
sion of professionals, fees for service and, lastly, research
and innovation.

I had barely arrived at the Ministry of Health and Sport in
May 2007, when I was confronted with the radiotherapy
accident in Toulouse which, though quite different from
the Epinal accident, nonetheless represented in some
ways an unfortunate repeat incident.

Both accidents had dramatic consequences for the
patients and their loved ones and triggered a health crisis.

The first priority was to take action on the spot to ensure
that the patients received urgent medical treatment as
well as the necessary subsequent health and social
care.

It struck me immediately that we were faced with a sys-
temic crisis in radiotherapy and that the next urgent step

was to complete the work of the radiotherapy working
group set up after the Epinal accident.

This major task involved all categories concerned with
radiotherapy (Government departments and agencies,
professional unions and learned societies) and was com-
pleted in six months. It was this work that finalised the
nation-wide measures for radiotherapy which I presented
on 29 November 2007.

The purpose of these measures is to rebuild the trust of both
patients and professionals in a tool that is vital for cancer
treatment and constantly progressing. Every year, seventy
per cent of cancer patients benefit from curative or palliative
radiation therapy, representing 180,000 new cases treated
per year. With the growing number of cancer cases and the
fact that the screening strategies now implemented allow
increasingly early diagnosis of certain tumours, which thus
become curable, these figures could rise.

The national radiotherapy measures are aimed at making
practices safer, improving quality of care and keeping a
closer watch to prevent unwanted events.

I have set up a follow-up committee, chaired by Professor
Dominique Maraninchi, to see that the measures are
implemented. A number of organisations are associated
with the committee including the French National Cancer
Institute, the General Directorate for Health, the
Directorate for Hospitalisation and Health Care, the
Nuclear Safety Authority, the Agency for the Safety of
Health Products, the National Authority for Health, the
French Society of Radiation Oncology, the French Society

Mesures taken by the French Health Minister to ensure
safety in radiotherapy treatments
by Roselyne Bachelot-Narquin, French Health Minister

Roselyne Bachelot visiting the new facilities at the Radiotherapy
and Oncology Unit at Jean Monnet Hospital in Epinal (France) –
April 2008
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of Medical Physics, the CISS (the inter-association col-
lective on health) and, whenever necessary, representa-
tive federations of public- and private-sector hospitals
with a radiation oncology department and any other
 persons with special expertise in the field.

I would like to pay tribute to the commitment and tena-
city of the committee, which is not simply another control
body. It keeps me informed of the progress made in the
implementation of the measures on the ground and sug-
gests ways of overcoming any problems encountered.

Eighty per cent of the 33 measures had been implemen-
ted at the time of the first progress report in May 2009.
The remaining measures will come into effect gradually
between late 2009 and late 2011, depending, for example,
on the time allowed hospitals and medical centres to
meet licensing requirements or the duration of
 professional training schemes.

I would now like to focus particularly on two measures
included in the first cancer plan and which the national
radiotherapy measures have backed up.

Regional health care provision schemes are currently
being revised under the decrees of March 2007. All radio-
therapy centres will now need a special licence to treat
cancer patients and, to this end, will be required to meet
the seventeen approval criteria published by the National
Cancer Institute in December 2007.

Mandatory use of in vivo dosimetry is among these crite-
ria. Had this technique been used in Epinal, the overex-
posure accident could have been mitigated or even
 completely avoided.

Radiophysicists were given official recognition in the
public sector under a decree in May 2005, while the prin-
ciple of payment for trainee radiophysicists was establi-
shed by a circular in December 2008.

I would now like to take things further by doubling the
number of radiophysicists in five years, from 300 in 2007
to 600 in 2012. The number of trainees in this speciality
rose from 42 in 2007 to 81 in 2009 and 105 places are avai-
lable to successful candidates for 2010, which goes to
show that our target could well be within reach.

A few weeks ago, the President of France introduced the
second cancer plan.

A number of measures have been integrated to support
radiotherapy, based on proposals put forward by the
national radiotherapy monitoring committee and
Professor Jean-Pierre Grünfeld’s recommendation and
drawing on the resources made available under the
"Hospitals - Patients - Healthcare - Regions" Act of
21 July 2009.

We shall all have to work together to implement these
measures which are designed to guarantee standardised
safe, high quality treatment throughout the country and
equal access for all to a full range of care and treatment,
including the latest technical innovations, in radiotherapy.

The first cancer plan led to significant advances in cancer
treatment. By reorganising radiotherapy centres in parti-
cular and supporting progress in practices, the second
cancer plan aims to provide professionals in the field with
highly specific resources to offer cancer patients the very
best in treatment and care. ■
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ASN, the French Nuclear Safety Authority, is tasked with
regulating nuclear safety and radiation protection on
behalf of the State and keeping the public informed in
these matters. Its control and regulation tasks are parti-
cularly concerned with the medical field as the highest
doses of artificial radiation are given to patients, espe-
cially in radiotherapy.

The serious radiotherapy accidents that occurred at
Epinal Hospital (2004-2005) and Rangueil Hospital in
Toulouse (2006-2007), together with other radiotherapy-
related events reported to ASN after 2005, highlight the
significant role played by human and organisational
 factors in such incidents.

In the light of these events, ASN has drawn on its expe-
rience in regulating basic nuclear installations to set up a
new regulation strategy aimed at promoting safety culture
at all radiotherapy centres, together with an information
initiative targeting patients and the general public. Since
2007, yearly inspections have been carried out at 178
radiotherapy centres (see ASN article, page 129). 

The considerable efforts made by all the personnel and
institutions concerned have brought about some impro-
vements. At certain centres, however, the situation
remains delicate owing to persistent organisational and
human shortcomings for which provisional measures
have been taken. Progress must still be made to prevent
the occurrence of radiotherapy accidents.

The radiotherapy profession must also consider and
overcome risks relating to side effects and complications.
In its capacity as observer and regulator, it is ASN’s duty
to bring all parties together to discuss the issues at stake
and find ways to address the challenge that radiotherapy
represents for all parties involved in radiation protection.

Radiotherapy accidents, side effects and complications
are observed all over the world. The protection of radio-
therapy patients is a challenge that must be considered
from an international perspective.

Radiotherapy

Radiotherapy is a powerful tool in the local treatment of
cancer and is based on the use of a beam of ionising
radiation. The energy absorbed by the cancer cells helps
to kill them by preventing them from multiplying. The
purpose of irradiation is to destroy all the cells of the
tumour, while minimising damage to the healthy tissue
surrounding it, which has a greater ability to recover.

Radiotherapy must strike the best balance between deli-
vering the highest possible dose to the tumour while
ensuring that the dose remains acceptable to the healthy
tissues and organs at risk nearby. This means that it is
not an option in the treatment of some types of cancer.

In the developed countries, cancers are the cause of 25%
of deaths among women and 30% of deaths among men.
Radiotherapy is used to treat about 60% of cancers.
Around 80% of cancers treated by radiotherapy are cured.
Radiotherapy can be used on its own or in combination
with surgery and chemotherapy. The decision as to whe-
ther or not radiotherapy should be prescribed is based on
the type of tumour, its location, the stage it is at and the
patient’s general state of health.

External radiotherapy is particularly useful because the
source of radiation, located outside the body, can reach
tumours in a non invasive manner, which is something
surgery cannot do. The radiation beams delivered by the
accelerators can also get to tumours in areas that are dif-
ficult for a surgeon to reach. The latest accelerators are
equipped with multileaf collimators that are used to
change the radiation beam size in real time. It is used in
what is known as conformal radiotherapy. This type of
therapy has two advantages: 1) the beam targets the
region of interest more precisely, whatever the angle of
attack, allowing a higher dose to be delivered straight to
the tumour and 2) by targeting the tumour more effecti-
vely, the healthy surrounding tissue receives less radia-
tion and the patient is better protected. Multiplying
 irradiation angles, however, means that the radiation

▼

Radiotherapy: meeting the challenge of radiation
 protection for patients 
by Michel Bourguignon, Commissioner at the French Nuclear Safety Authority (ASN) – Paris (France)
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An illustration of early radiotherapy treatment in Copenhagen,
 published in “L’illustration” – March 23, 1901 
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beam passes through a relatively larger volume of heal-
thy tissue farther away from the tumour, even though the
dose to this tissue is lower. The change in healthy tissue
exposure does not seem to have any significant effect.
The cost of radiotherapy is relatively low compared with
the overall cost of cancer treatment, especially chemo-
therapy. This is another of the advantages radiotherapy
offers for cancer treatment.

Every year, some 320000 new cases of cancer are repor-
ted in France. Most cancers occur in the elderly as the
cancerisation phenomenon is caused by cell ageing due
to the loss of certain cell and tissue control functions. As
the population grows older, the incidence of cancer rises,
leading to a growing number of patients in radiotherapy.

Reinforced regulations for more reliable
 internal procedures

Quality assurance in services using ionising radiation for
medical purposes became compulsory under French law
in 2003 (Article R.1333-59 of the French Public Health
Code) in application of Euratom Directive 97/431. Its
content, however, was left to the initiative of professionals
and was never formally documented. Only quality control
regarding medical devices was brought within a regula-
tory framework and supervised by organisations appro-
ved by the AFSSAPS, the French Agency for the Safety of
Health Products.

On 1 July 2008, ASN adopted a technical decision (ASN-
2008-DC-103) laying down the main requirements rela-
ting to quality management in external radiotherapy and
brachytherapy and defining the implementation schedule
until 2012. The decision was approved in January 2009 by
the Minister of Health and Sport and has been enforcea-
ble since March 2009. A guide, produced with the help of
professionals and distributed by ASN in March 2009,
includes a proposal for a specific management baseline
concerning safety and quality of care. A second docu-
ment, also produced with the assistance of professionals,
focuses on methodology and risk analysis in external
radiotherapy. Risk analysis must be completed by March
2011 and the quality management system set up by
September of the same year.

This decision shall be implemented gradually and coor-
dinated with action by INCa, the French National Cancer
Institute, to ensure that quality criteria are met before
authorising radiotherapy activities.

Strengthening human resources at radio -
therapy centres

Care needs to be made safer at many radiotherapy cen-
tres. This cannot be achieved, however, without a signifi-
cant increase in human resources, which means not only
more medical radiation physicists and dosimetrists, but
also more radiation oncologists and radiation therapy
technicians.

ASN already drew attention to the shortage of medical
radiation physicists in France in 2007. Representing
around 410 full time jobs, the number per million inhabi-
tants is two to three times lower there than in the coun-
try’s main European neighbours. This shortage can be
explained by the fact that the profession does not have the
benefit of a proper status in France. Considering training
schemes, ASN estimates that it will take between five and
ten years for numbers to rise sufficiently.

Many accelerators (>50) were renewed as part of Cancer
Plan I (2004 – 2009). As a consequence of this and impro-
ved performance, operating these machines has become
a more complex task, making the shortage of medical
radiation physicists even more sorely felt.

The measures introduced by the Ministry of Health to
increase the number of people training as medical radia-
tion physicists are steps in the right direction but it will be
some time before their effects are felt. In 2009, the conti-
nuing acute shortage of medical radiation physicists has
destabilised the work force in the medical physics field
and remains a critical organisational problem at about
20% of centres. ASN has had to temporarily suspend
accelerator operating licences at three centres owing to
a total lack of medical radiation physicists (now hired by
other centres).

Efforts to build up human resources in the radiotherapy
field must therefore be sustained over the next few years.
It should also be pointed out that medical radiation phy-
sicists in France do not benefit from anywhere near the
same status as their counterparts in other major neigh-
bouring countries.

Reporting events to ASN with a view to organi-
sing feedback and keeping the public informed

In order to encourage and share feedback, ASN has
endeavoured to set up an event reporting system in the
medical field, as some events can lead to serious inci-
dents. Such events should be first recorded at the radio-
therapy centre and the causes analysed by the doctor in
charge and his/her personnel. This would help to gua-
rantee safe care and set up and implement corrective
action where necessary. As of March 2010, it will be man-
datory for all radiotherapy centres to have an internal
system for recording and analysing malfunctions.

Within this context, ASN published an experimental guide
for reporting significant radiation protection events in
July 2007, including events relating to patients exposed to
ionising radiation during radiotherapy. Events that are not
expected to have any impact on health are also to be
reported. Once the guide has been evaluated, ASN will
make a technical decision, subject to approval by the
Minister of Health, to make compliance with the guide
mandatory in 2009.

ASN has also produced an experimental severity scale in
association with a number of learned societies.
Distributed in July 2007, the scale aims to provide the
public with clear and simple details of radiation
 protection events concerning patients during external

▼
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the dangers of ionizing radiation in relation to medical exposure.
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radiotherapy procedures. After one year of practical use,
the scale was updated and published in July 2008
(www.asn.fr).

ASN – a stakeholder in the national radio -
therapy action plan

In response to the radiotherapy accidents in Epinal and
Toulouse, the Ministry of Health launched a national
action plan for radiotherapy, to which ASN has made a
significant contribution. It works alongside other players
in the health and safety sector on the national monitoring
committee of the plan, headed by the Chairman of the
INCa (see INCa article), where it plays a major role.

At the national level, ASN has signed collaboration agree-
ments with HAS (the French National Authority for
Health, December 2008), the French Agency for the
Safety of Health Products (AFSSAPS, July 2009) and the
French Institute for Public Health Surveillance (InVS,
September 2009) and will soon be signing an agreement
with INCa, the French National Cancer Institute. These
collaboration initiatives are aimed in particular at setting
up or consolidating information sharing procedures bet-
ween ASN inspections, the healthcare organisation
accreditation system supervised by HAS, the medical
device monitoring activities carried out by AFSSAPS, as
well as InVS surveillance of serious events and the moni-
toring of the most at-risk radiotherapy centres across the
country by INCa.

Individual radiosensitivity

Cancer is a serious disease. Effective treatment calls for
the use of high-dose radiotherapy, with the attendant risk
of the healthy tissue surrounding the tumour being ove-
rexposed to radiation. Radiotherapy is not without side
effects or even complications.

The radiotherapist has no choice but to offer patients a
treatment that involves striking a delicate balance. On the
one hand, doses need to be reduced to significantly
reduce side effects, although doing so would increase the
risk of relapse. On the other hand, if the tumour is to be
destroyed once and for all, doses must be increased,
which leads to the risk of healthy tissue overexposure and
other complications. What is the solution?

More needs to be known about the biological mecha-
nisms at play in radiation, especially on the subject of
individual radiosensitivity. This is because patients do not
all exhibit the same degree of sensitivity to ionising radia-
tion. Although radiobiologists and radiotherapists are
aware of this phenomenon, it is not taken into account at
the clinical level. This will have to change.

Radiotherapists first described individual hypersensitivity
to high doses of ionising radiation many years ago. The
pathologies related to severe hypersensitivity to radiation
are documented and concern homozygous genetic disor-
ders in DNA repair and cell signalling (both chromo-
somes are affected). According to the international litera-
ture, individual hypersensitivity to radiation also exists,
but to a lesser extent, in patients who would appear to be

heterozygous (a single chromosome affected) for the
same genes. It is thought that this concerns about 5% of
the population.

Radiotherapists also report that about 5% of the patients
they treat present varying degrees of overdose-related
complications, even though no errors have been made in
the dose delivered or in the volumes exposed. The num-
ber of complications of this type seems to be rising with
the current upward trend in radiotherapy doses.

Are the patients concerned by complications during
radiotherapy the same as those exhibiting individual
hypersensitivity? If, as seems likely, this is so, then radio-
therapy complications are the world’s most serious
radiation protection problem. In France, these determi-
nistic effects could affect 10,000 patients every year. Yet
we have no reliable statistics on this topic at present. This
must be remedied.

Conversely, 5% of patients could be considered less sen-
sitive to radiation than average, based on a normal distri-
bution (bell curve) assumption. In such cases, the radio-
therapy dose given might be too low to sterilise the
tumour. How can the dose be increased to guarantee
effective treatment here? This is a tremendous challenge
for radiotherapists and cancer specialists alike.

Individual sensitivity to ionising radiation is therefore a
central issue in radiotherapy. It is also a matter of great
concern for radiation protection; in fact, it is probably the
single most important question in this area.

It is not known whether individual radiosensitivity exists
at low doses. As the hyper-radiosensitivity phenomenon
is related among other things to a DNA repair deficiency,
cell signalling defects and abnormal genes, all of which
play a role in cancerisation, we cannot rule out the possi-
bility of a stochastic risk, in other words, a risk of radio-
therapy-related secondary cancer. This assumption takes
on a particular significance if we consider that some peo-
ple have genes that make them especially fragile with
regard to DNA repair deficiencies (for example, in fami-
lies where the women have breast cancer and carry
genes from the BRAC family). Is the risk of developing
secondary cancer after radiotherapy higher for these
people? Until now, no radiological signature for a cancer
has been observed, meaning that no characteristic cell

▼
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A comprehensive quarterly report of level 1 events (on
the ASN/SFRO scale) declared to ASN can be consulted
on the ASN website (www.asn.fr). Note that:
• As at 1 October 2009, 50% of centres (of a total 178) had
declared at least one event to ASN.
• As at 1 October 2009, 73 events were declared whose
five events were classified as level 2 on the ASN-SFRO
scale and described in an incident report on the ASN
website. Level 2 events are those resulting in or likely to
result in moderate alteration of an organ or function.
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lesion has been found to indicate that the cancer is due to
ionising radiation. Recent research indicates that this
problem could be overcome with the development of DNA
chips designed to analyse thousands of genes - if not all
the genes in a cell - simultaneously.

Lastly, individual radiosensitivity is variable and could
encompass several different situations: 
– is individual radiosensitivity with deterministic effects
at high doses any different from that with possible sto-
chastic effects at low doses?
– is radiosensitivity identical in normal cells and in can-
cer cells in the same patient?
– what are the mechanisms behind different degrees of
radiosensitivity in tissues and organs and why are chil-
dren and women more radiosensitive than adult men?

We have no answers to these questions as yet.

Is it possible to test for individual hyper-
radiosensitivity?

A great deal of research is concerned with screening for
individual hyper-radiosensitivity. For patients who have
presented complications during radiotherapy, the possi-
ble existence of individual hypersensitivity can be
demonstrated by testing for DNA fragility and repair
mechanisms and the presence of abnormal genes. Other
work focuses on ways to carry out this screening before
treatment begins. A scientific monitoring effort is there-
fore required in this area and research activities should
be supported to find simple methods for detecting indivi-
dual hyper-radiosensitivity. Detecting radiosensitivity

prior to radiotherapy would allow the radiotherapist to
“customise” the dose for each patient and, hopefully,
reduce risks to a minimum.

Predictive tools would open the way to molecular epide-
miology: how many people are hypersensitive? how
hypersensitive are they? how is hypersensitivity connected
with deterministic or stochastic risks? what is the risk of
hypersensitivity at low doses? what effect does the dose
rate have? This would be extremely useful, although the
ethical issues would have to be discussed beforehand.

Treating lesions

Deterministic lesions due to the overexposure of tissue to
radiation are highly inflammatory. They are also painful
and particularly resistant to pain killers. Once a dose
threshold is overrun, tissue necrosis seems unavoidable.
New treatments for damage caused by overexposure
must therefore be developed.

Since 2006, specialist teams at Percy Military Hospital in
Clamart and IRSN have demonstrated that mesenchymal
stem cell grafts can produce outstanding and previously
unhoped-for results. Although it is true that the lesions in
question have concerned young people suffering from the
effects of accidental overexposure from sealed sources,
they do not differ fundamentally from the more severe
lesions observed in more elderly patients in radiotherapy.

Here, too, research into MSC grafting should be promo-
ted because, even if the occurrence of severe, lasting
complications may never be completely eradicated, an
effective treatment must nevertheless be found.

10
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▼
Conclusions and prospects

Radiotherapy is an effective tool in cancer treatment. It
has more than proved its worth and, on the whole, radio-
therapy available in France is of high quality.

The regular occurrence of incidents can be explained by
human error and defective organisational procedures. A
constant effort must be made to minimise the number and
consequences of these incidents. ASN inspections continue
to maintain a high level of risk awareness in the profession.
The Ministry of Health, however, should also press on with
its efforts to remedy the problem of understaffing at radio-
therapy centres in France. This problem is particularly sen-
sitive among medical radiation physicists and makes it dif-
ficult to meet the stringent safety requirements in this area.

About 5% of radiotherapy patients present side effects
and complications, which represent the most serious
problem in radiation protection. Research into individual
radiosensitivity is doing a great deal to improve our

understanding of the mechanisms behind lesions.
Screening for individual radiosensitivity would make it
possible to "fine tune" the doses given to patients and
minimise side effects and complications outside accident
situations. Mesenchymal stem cells show great promise
for treating any lesions that do occur.

In the same way that improved radiation protection for
patients drives progress in radiotherapy, radiotherapy
drives progress in radiation protection.

Lastly, patient radiation protection does not only serve a
purpose in radiotherapy. Interventional radiology allows
high-quality, diagnostic and therapeutic procedures, with
real-time image guidance. It involves the use of high
doses of radiation leading to significant side effects and
even complications and has been the focus of close atten-
tion from ASN since 2009.

This is ASN’s road map regarding patient radiation
 protection. ■
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Since 2005 some twenty radiotherapy or interventional
radiology accidents involving almost 600 patients have
been declared in France. At the request of the minister for
health or of ASN, the French nuclear safety authority, the
French institute for radiation protection and nuclear
safety (IRSN) has conducted an in-depth expert assess-
ment of the causes and the consequences of nine of these
accidents, the most serious in terms of clinical complica-
tions for the patients1. For the most dramatic, in Épinal,
the minister for health also asked IRSN to apply its know-
how in radiopathology to propose innovative therapy for
volunteer patients. In relation to the number of radiothe-
rapy or radiosurgery procedures in France (more than
180,000 patients treated each year, with constantly
improving results), these accidents, gradually becoming
better known thanks to the obligation to declare them, in
no way cast doubt on the use of ionising radiation for
 therapeutic purposes. 

Nevertheless, through its expert reports, the most signi-
ficant of which are available on its website www.irsn.fr2,
IRSN has drawn the attention of the public authorities to
a number of fundamental causes on which it is possible
and necessary to take action by means of appropriate
measures. The most important recommendations put
forward by the have now been incorporated by the public
authorities in the “radiotherapy road map” which the
national cancer institute, INCa, was tasked with drawing
up in cooperation with the bodies concerned and with the
professions.

Moreover, the complications inherent in overdoses to
organs at risk justify not only more detailed knowledge of
the risks associated with the implemented protocols but
also the development of innovative therapeutic strate-
gies. IRSN has undertaken new research programmes in
these two areas.

The principal recommendations on improvements to
practices and the research priorities that IRSN has iden-
tified from the accident assessments with which it has
been tasked are described in the following paragraphs.

In radiotherapy, IRSN has identified four
priorities for improvement

• Better knowledge of the doses effectively delivered

The evolution of techniques towards more individualised
radiotherapy delivering a high dose to a complex volume
necessitates the most detailed possible knowledge of the
doses effectively delivered. This demands improved know-
ledge of the doses delivered by the cutting-edge tech-
niques. In addition, the growing complexity of techniques
increases the risk of errors. Only the introduction of in vivo
dosimetry provides a reliable way of detecting serious ano-
malies potentially leading to substantial overdoses or
underdoses. Although possible at present for conventional
radiotherapies, in vivo dosimetry suitable for innovative
radiotherapy techniques such as intensity-modulated
radiotherapy, tomotherapy or the CyberKnife has yet to be

Lessons from expert assessments of radiotherapy and
interventional radiology accidents
by Jacques Repussard, Director-general, and Pr Patrick Gourmelon, Director of human radiation protection – French Institute for
Radiation Protection and Nuclear Safety (IRSN) – Fontenay-aux-Roses (France)

A FRENCH POINT OF VIEW

1. Seven radiotherapy accidents were included in the study: Lyon (2004); Epinal, with

three phases corresponding to different situations (2004-2005, 2001-2006 and 1987-

2000); Tours (2006) and Toulouse (2006-2007). Two interventional radiology accidents

were assessed: Lyon (2007) and Strasbourg (2009).

2. In the section “Avis et rapports” (opinions and reports).

“Rando” anthropomorphic phantom for patient dosimetry
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developed. The increasing use of imaging for treatment
monitoring also necessitates better knowledge of the
associated doses, so that, if necessary, they can be taken
into account in the calculation of the therapeutic dose.

Lastly, studies and research must be undertaken to
define the most suitable detectors and/or the protocols to
be followed in order to characterise the beams, particu-
larly in the case of innovative techniques. In particular,
improvement of techniques and protocols for dosimetry
of narrow beams is one of the priorities necessitating the
most urgent efforts. In the longer term, the development
of 2D, 3D and dynamic in vivo dosimetry, taking account
of patient morphology and potentially going as far as real-
time control of the delivered dose, will considerably
improve the dosimetric management of the most
 complex radiotherapy protocols.

• Enhanced monitoring of practices

Complex techniques must be restricted to establish-
ments that have the appropriate skills and the necessary
human and equipment resources. Checks when systems
are commissioned and quality controls during their use
must be appropriate for the types of beam actually used
for treatments. The number of professional personnel, in
particular medical physicists, must be sufficient in rela-
tion to the number of patients treated and the treatment
techniques used. Lastly, the organisation of medical
 physics in the establishment must guarantee the
 indispensable separation of authority between the person
responsible for prescribing the treatment and the person
responsible for its implementation.

• Better personnel training

The rapid development of techniques and protocols and
their increasing complexity necessitate regular updating
of the knowledge and maintenance of the skills of the
personnel. As soon as possible, professional training in
medical physics must be brought into line with best
European practices, based on a two-year curriculum,
rather than one year at present. This requires the intro-
duction of university status for medical physics.

• Development of a safety culture

The increased complexity of techniques, software and
systems makes it indispensable to design high-
performance human-machine interfaces enabling the
user to maintain control of the physical process imple-
mented. Industrial firms in the sector (hardware and soft-
ware), users and human and organisational factors spe-
cialists must work together to develop a safety culture,
similar to that introduced in the nuclear industry.

In interventional radiology, the IRSN has
 identified three priorities for improvement

• Better information on the delivered dose

Dosimetric information must be available in real time to
the operating doctor on all systems and a warning device
must be activated whenever the skin dose exceeds 2 Gy.
For each interventional radiography procedure, a detailed

dosimetric record must be included in the patient file.
Studies must be conducted to develop in vivo dosimetry,
at least for long procedures likely to generate determi-
nistic effects. Reference dose levels must be established
at national level for diagnostic procedures and at local
(establishment) level for therapeutic procedures.

• Enhanced monitoring of practices

Before a system is put into service, the planned proce-
dures must be optimised. A medical physicist must
always be involved in this process. For long and complex
procedures, the operating doctor must be assisted by an
operator tasked solely with selection of exposure para-
meters, given the difficulty of optimising these parame-
ters while carrying out a diagnostic or therapeutic proce-
dure. The procedure guide drafted by the professional
personnel must be revised to give better definitions of the
procedures and to take better account of the technical
means of dose optimisation. Industrial firms must ensure
that the ergonomics of their systems facilitate access to
the adjustment of the various factors influencing the dose
and that the dosimetric information supplied to the users
is standardised.

• Better personnel training

Each operating doctor must be trained in the use of the
displayed dosimetric information so that it can be easily
interpreted and compared with a reference value specific
to the system and to the procedure. Given the increasing
complexity of the systems, the manufacturers must pro-
vide training for the operators on the use of their system,
giving details of all the means of dose optimisation.

IRSN has also issued several recommendations
concerning research priorities

• Better understanding of clinical data relating to the
side effects of the use of ionising radiation in medical
practice

In the course of its expert assessments, IRSN has noted
a deficiency of knowledge on the assessment and

▼

Homepage of the IRSN website: www.irsn.fr
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 quantification of the risk of complications that appear not
only during innovative radiotherapies but also in conven-
tional radiotherapy. Conventional and molecular epide-
miology studies should be conducted to obtain a better
understanding of radiotherapy complication rates, based
on data obtained from the medical follow-up of patients.
In the area of interventional radiology, use of which has
been shown by European studies to be increasing by 10%
to 20% per year, little work has been done on the thres-
holds of appearance of radiation-induced adverse effects.
Epidemiological studies coordinated both by radiologists
and by doctors in the various medical specialities concer-
ned by the different types of complication encountered
would contribute to better assessment and thus preven-
tion of this risk of adverse effects.

IRSN has now undertaken studies on these lines by  parti -
cipating in clinical and scientific follow-up studies on tar-
geted cohorts of patients who have developed radiothe-
rapy complications (EPOPA study on patients involved in
the Épinal radiotherapy accident) and epidemiological
studies on cohorts of patients and of medical personnel
exposed in radiology (O’cloc study, study on the cancer
risk of paediatric CT scanners, feasibility study on the
cataract risk of paediatric CT scanners).

• Increased research on the side effects of irradiations

The technical facilities for radiotherapy have become
substantially more complex in recent years, with the
introduction of new technologies derived from particle
accelerators, capable of delivering sophisticated irradia-
tions based on complex ballistics or beam intensity
modulations. The use of these new technologies in
patients must be accompanied by mastery of the know-
ledge of biological effects on each of the organs at risk
from this type of treatment. However, there remain a
number of unknowns concerning the definition of tissues
and organs at risk and their clinical radiosensitivity, for
example with regard to the central nervous system, as
shown by feedback from the Toulouse stereotactic radio-
therapy accident.

With regard to better understanding of side effects, IRSN
has joined forces with the Institut national de la santé et
de la recherche médicale (INSERM – French national ins-
titute for health and medical research) to develop a
research programme (ROSIRIS) on the assessment of
risks related to treatments using ionising radiation for
medical purposes. This research programme is based on
the combination of new concepts in the modelling of
radiation-matter interactions and the radiobiology of
integrated systems. In the longer term, the objective is
the development of tools for estimating the risk of com-
plications after radiotherapy and of predictive biomarkers
for better screening of at-risk patients. This programme
should eventually lead to improvement of the dosimetric
models used routinely at present in human clinical medi-
cine. The IRSN is also participating in the European
research programme Cardiorisk on the non-cancer

effects of irradiation. This programme aims to demons-
trate the biological reality underlying epidemiological
studies revealing an excess risk of the development of
cardiovascular pathologies for doses greater than 1 Gy.

• Increased research on treatment of the side effects of
radiotherapy

The complications of radiotherapies in the most severe
cases are today still beyond the reach of conventional the-
rapeutic regimens. IRSN considers that the development
of translational research programmes with the objective
of validating the use of cell therapy in the treatment of
severe radiotherapy complications and ensuring its safe
clinical transfer is necessary in order to provide the best
possible care to the patients in these critical situations.

In the area of medical management of the side effects of
radiotherapy, IRSN has taken this path by setting up an
ambitious research programme on the application of cell
therapy to the treatment of severe radiation-induced
damage. The objective of this programme is to describe
the modes of action of the adult stem cells responsible for
accelerating the healing of such damage and to demons-
trate the therapeutic efficacy of the grafting of autologous
adult stem cells in appropriate experimental models.

In the very rapid development of radiotherapy in France
in recent years, boosted by the cancer plan and technolo-
gical innovations, risk management has clearly been the
poor relation of progress. This has resulted in serious
medical accidents, which have drawn the attention of opi-
nion, patient associations, the public authorities and pro-
fessional personnel to the urgent necessity of taking bet-
ter account of the associated risks. The road map adopted
by the public authorities proposes a raft of appropriate
measures, some regulatory, for improving practices. But
the essential may lie elsewhere: in the minds of the pro-
fessional personnel, who should place at the same level
of their preoccupations their concern to accomplish the
optimum medical procedure for the benefit of their
patient and their concern to master the risk associated
with that procedure, which may be detrimental to the
same patient. This is the fundamental meaning of the
principles of justification and optimisation that guide
radiation protection. On their own, along with the deter-
mination to apply them resolutely, these two principles,
which have proven their worth in the nuclear industry, can
generate considerable progress for the safety and the
trust of patients and guide the pursuit of technical and
therapeutic progress. 

The IRSN experts and researchers in radiobiology, dosi-
metry and radiopathology have invested considerably in
these topics following the accidents mentioned in this
article. In cooperation with INSERM and hospital teams,
IRSN will continue its research work to advance know-
ledge of the risks related to the use of ionising radiation
for medical purposes and the techniques and  profes -
sional practices that will reduce their scope and potential
consequences. ■
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Radiotherapy is a major discipline in cancer treatment in
France, but it must adapt to the change in the profile of
the disease in our country. Cancers are diagnosed earlier,
and early diagnosis is a major factor in recovery.

With nearly 180,000 patients treated per year in 176 cen-
tres, radiotherapy is a curative treatment, contributing to
the recovery of many cancer locations; it provides access
to non-mutilating treatments, which is a major advance.

These advances are amplified by the growing use of high-
precision techniques. Their aim is to optimise the dose
over the entire volume of the tumour target while redu-
cing the doses received by adjacent healthy tissues.

Moreover, the quantitative and qualitative upgrading of the
installed base of radiotherapy systems has been rapid and
substantial in recent years, with almost 50% of systems
less than fiver years old. It is also marked by the disap-
pearance of cobalt sources in favour of linear accelerators.

After the Epinal and Toulouse tragedies, in November
2007 the French Minister for Health and Sport announced
national measures intended to ensure the safety and the
quality of radiotherapy procedures.

A genuine emergency plan, these measures resolved a
health crisis and initiated a calmer transition period
(2009-2010) leading up to the deadline for bringing all the
radiotherapy centres into compliance (2011).

An emergency plan: 2007-2009

These measures, implemented in 33 actions, were inclu-
ded in a ministerial road map which also defined the
timetable and the responsibilities of the various institu-
tional and professional partners.

Produced by institutions concerned (learned societies,
ministry with responsibility for health, French Nuclear
Safety Authority and agencies), the national measures
were divided into seven areas of action1: quality and safety
of practices (7 measures), radiation protection monito-
ring (4 measures), human resources and training (7 mea-
sures), safety of systems (5 measures), relations with
patients and the public (4 measures), reinforcement of
inspections (1 measure) and knowledge of the discipline
(4 measures).

By March 2009 more than 80% of these measures were
fully implemented2. The remaining actions were being
finalised.

All the measures set out down in the ministerial road map
concerning the safety of practices were fully implemented.
ASN inspections conducted systematically since the emer-
gency plan have been one of the factors of knowledge of
organisations; they have generated input for discussions
on the functioning of radiotherapy departments, in parti-
cular in the organisation of medical radiation physics.

The national radiotherapy monitoring
 committee

Following the emergency plan, a national committee3 was
set up in December 2008, chaired by INCa. This commit-
tee followed on naturally from the working group

Dossier : Safety in external radiotherapy treatments

The actions of the national radiotherapy plan
by Dominique Maraninchi, President and Evelyne Fournié, radiotherapy task force manager, French national Cancer Institute (INCa) –
Paris (France)

A FRENCH POINT OF VIEW

French installed base of radiotherapy systems
from 2000 to end-2007

Composition of the French radiotherapy
installed base
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1. For further information, refer to the first report of the national radiotherapy moni-

toring committee, available at www.e-cancer.fr

2. Table of implementation of the 33 national measures.

3. Orders of 8 July 2008 on the establishment of a national radiotherapy measures

monitoring committee.
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 coordinating the implementation of the national
 radiotherapy measures.

It is tasked with guiding and coordinating the introduction
of new measures, in particular for providing guidance to
the centres between now and 2011. It will also be invol-
ved in the implementation and monitoring of the next
cancer plan.

This monitoring committee is organised in 5 topic
groups4:
– radiotherapy professions, group coordinated by the
Société Française de Radiothérapie Oncologique (SFRO –
French society for oncological radiotherapy) and the
Société Française de Physique Médicale (SFPM – French
society for medical physics);
– radiation protection monitoring and quality, coordinated
by the Direction Générale de la Santé (health directorate-
general);
– cooperation between centres, coordinated by the
Direction de l’Hospitalisation et de l’Organisation des
soins (DHOS – hospital admission and healthcare organi-
sation directorate);
– national support group, coordinated by the Institut
National du Cancer (INCa – French national cancer
 institute);
– research and development group, coordinated by INCa,
the CEA (French atomic energy commission) and
INSERM (French national institute for health and medical
research).

These working groups have already implemented very
practical actions, in particular for guidance during the
transition period.

An interim period: 2009-2010

Initially, regulatory actions were shown to be indispensa-
ble for managing medical radiation physics practices up
to 2011: interim measures have thus been proposed pen-
ding the application of the 2007 decrees on the establish-
ment conditions and approval criteria:

– the decree of 29 July 2009 on certain technical opera-
ting conditions applicable to the cancer treatment care
activity introduces the concept of the radiation physics
team;
– the order of 29 July 2009 amending the order of
19 November 2004 on the training, tasks and working
conditions of persons specialised in medical radiation
physics incorporates these new provisions.

But the priority remains the improvement of the recruit-
ment of the necessary human resources, particularly in
radiation physics:
– the order of 29 July 2009 amending the order of
19 November 2004 on the training, tasks and working
conditions of persons specialised in medical radiation
physics broadens the conditions of access to the diploma;
– the DHOS circular of 17 June 2009 on the hosting of trai-
nees within the framework of initial training requires that
the CHRUs (regional university hospitals) and CLCCs
(cancer treatment centres) accept at least two trainees. A
grant of € 5000 is paid to the establishments for the pur-
chase of technical equipment for trainee supervision.

The objective, announced by the minister in 2007, is to
attain the figure of 600 physicists in radiotherapy in 2011.
The figure below illustrates the increase in the number of
radiation physicists.

This increase is driven by the increase in the number of
physicists in training since 2007, which has doubled, from
42 students in 2007 to 85 for the start of the 2009-10
 academic year.

Other actions are under discussion to recognise the tea-
ching activity of radiation physicists; university recogni-
tion of this activity is being considered.

The other key posts in radiotherapy also have the full
attention of the national committee:
– a new post of dosimetry technician is to be established;
– skills in the area of quality need to be organised;
– the increase in the number of radiology technicians
must be sustained in order to meet the needs in radio-
therapy.

Other subjects are covered concerning radiation protec-
tion monitoring, cooperation between radiotherapy
 centres, organisation of healthcare activities during the

4. First report of the national radiotherapy monitoring committee, available at:

www.e-cancer.fr
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Status of radiotherapy road map actions

Actions

1.1 Publish an ISO 9000 type quality assurance baseline for radiotherapy 

1.4 Draw up an external radiotherapy procedures guide

1.7 Draw up a guide to good practice in medical physics

1.2 De�ne, circulate and assess the implementation of approval criteria in radiotherapy, 
including in vivo dosimetry 

1.5 Include criteria on the radiotherapy quality approach in the certi�cation 
of establishments

1.6 Provide support for radiotherapy centres in the integration of the quality and safety approach

1.3 Draw up clinical cancerology recommendations incorporating radiotherapy indications 
and their place in patient management strategies

2.1 Draw up procedures ensuring the consistency of all radiation protection 
monitoring procedures in radiotherapy and draw up a guide to statutory declaration 
obligations

2.4  Pilot noti�cation of healthcare-related severe adverse events involving 
all medical specialities, including a section on radiotherapy

2.2 Issue a guide for use by professional personnel on the noti�cation 
of radiation protection events

2.3 Draw up an incident classi�cation scale for use in communication 
with the public

3.1 Conduct a study on the demographics of radiotherapy professionals 
(radiotherapists, radiation physicists and technicians)

3.2 Establish the recognition of private radiotherapy practices 
with a status similar to that of health establishments

4.2 Reinforce the checks on irradiating devices placed on the market (systems and software), 
and in particular reinforce the checks on the language of the software and the manuals

4.4 Extend internal control to multileaf collimators, portal imaging, treatment planning 
systems and data veri�cation and recording systems

5.1 Inform the public: prepare an information document intended for the general public

5.3 Draw up recommendations on communication by the establishment 
and the authorities to the patients concerned and the public – crisis management 
communication (IGAS/ASN recommendations)

5.4  Set up a working group on the answers to give patients, families and 
associations on the consequences of radiotherapy treatments

3.3 Publish a decree and an order intended to ensure better 
recognition of radiation physicists in public-sector establishments

3.4 Increase the number of radiation physicists in training (year of the 
qualifying diploma in radiological and medical physics)

3.5 Improve the place granted to radiology technicians in radiotherapy

4.1 Improve the safety of software

4.3 Reinforce external quality control

4.5  Improve the acceptance conditions for radiotherapy systems

5.2 Inform general practice doctors

6.1 Reinforce the ASN inspection programme

7.1 Report on ASN inspections

7.2 Radiotherapy monitoring unit

Action in progress Action completed No started

7.3 Survey of radiotherapy practices

7.4 Report on radiation protection monitoring declarations

3.6 Draw up a continuing training programme and a module for risk analysis 
and management in radiotherapy for health professionals

3.7 Update the initial training baseline for radiation physicists and 
reinforce continuing training

PART 1 :  QUALITY AND SAFETY OF PRACTICES – QUALITY ASSURANCE

PART 2 :  SET UP A RADIOTHERAPY MONITORING SYSTEM

PART 3 :  HUMAN RESOURCES/TRAINING

PART 4 :  SYSTEM SAFETY

PART 5 :  RELATIONS WITH PATIENTS AND THE PUBLIC

PART 6 :  INSPECTIONS AND CONTROLS

PART 7 :  KNOWLEDGE OF THE DISCIPLINE: ANNUAL REPORT DOCUMENTED FROM VARIOUS SOURCES
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transitional period in relation with the DHOS/INCa circu-
lar of 14 April sent by the minister to the regional hospi-
tal agencies (ARH), which reviews the importance of the
authorisation procedure for radiotherapy activities, the
timetable and the requirements of this transitional regu-
latory process, while confirming the maintenance of the
2011 deadlines.

Cancer plan 2

The Grünfeld report5 outlined the major priorities of the
future cancer plan6. For, as the minister stated, the fight
against cancer must be pursued rigorously, as it is still
the leading cause of mortality in France and the disease
most feared by the French.

Radiotherapy will be the subject of specific actions in the
plan, which will be monitored by the national committee. ■

5. Available at www.e-cancer.fr

6. This plan has been announced by the French President, November 2nd, 2009
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Report by Professor Jean-Pierre Grünfeld to the French President
for the National Cancer Plan 2009-2013
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AFSSAPS contribution to the enhancement of the safety
and the quality of radiotherapy procedures
by Dr Gérard Berthier, AFSSAPS deputy medical devices assessment director, and Nathalie Marliac, head of the  medical equipment
 monitoring unit, AFSSAPS – Paris (France)
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Radiotherapy is one of the medical specialties that is
most dependent on the use of medical devices. It calls
upon devices emitting ionising radiation and software for
optimising the delivery of radiation, with a marked ten-
dency for interconnection of the various links in the chain
of devices by means of computer networks. This sector,
characterised by its technological complexity necessita-
ting continuous support for radiotherapists by specialist
scientific personnel, is also experiencing hectic
 innovation.

In 2006 and 2007 French radiotherapy was confronted
with two major accidents which revealed the difficulties
linked with this complexity, leading the public authorities
to undertake unprecedented efforts to reinforce the
safety and effectiveness of radiotherapy procedures. As a
consequence, in Spring 2007 all the professionals and
institutions concerned started working together to imple-
ment the actions set out in the ‘road map’ drawn up by
the minister for health.

AFSSAPS, the authority responsible for the health and
safety of health products, has been heavily involved in this
road map with regard to the aspects related to the safety
and quality of medical devices used in radiotherapy. All
stages of the life cycle of the medical devices concerned
have benefited from this commitment. The work has also
been an opportunity to establish close links between
AFSSAPS and ASN (French nuclear safety authority),
given concrete form in July 2009 by the signature of a fra-
mework agreement between the two institutions with a
view to extending to other sectors a cooperation until
then mainly focused on radiotherapy.

Design of medical devices used in
 radiotherapy

The marketing of medical devices used in radiotherapy is
governed by Directive 93/42/EEC, the so-called ‘new
approach’ directive: free movement within the European
Union of devices marked CE by their manufacturers, the
CE marking indicating conformity with basic health and
safety requirements stipulated by the directive.
Conformity with the basic requirements is assessed by
independent bodies approved by the competent authori-
ties. The application by the manufacturers of harmonized
European standards for the design of devices entails
 presumption of conformity with the basic requirements.

The authorities do not take an active role in placing medi-
cal devices on the market, this being under the responsi-
bility of the manufacturers. However, the authorities can
influence the level of safety imparted by the harmonised
standards by participating in their drafting.

As part of the road map, in July 2007 AFSSAPS conduc-
ted a survey of manufacturers to determine the use made
of harmonised European standards to design the safety
and ergonomics of their devices: linear accelerators
(13 devices on the market, 14 standards concerned),
treatment planning systems (14 devices, 8 standards) and
radiotherapy recording and verification systems
(4 devices, 7 standards). In parallel, a second survey was
conducted on the availability of a manual in French, the
language of the human-machine interface, the operator
profile recommended by the manufacturer and the user
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Report on the notifications received by AFSSAPS and ASN within
the framework of increased vigilance in radiotherapy (external
 radiotherapy) – July 2007 to June 2008



20

training materials. This dual survey led in August 2007 to
a notice to the manufacturers reminding them of the
measures that had to be implemented to cover the basic
requirements of the directive for medical devices used in
radiotherapy.

During the same period, AFSSAPS also examined the
potential weak link represented by the use by radiothe-
rapy centres of ‘in-house’ calculation software. Such
software, developed by the centres themselves and so not
placed on the market, does not benefit from the confor-
mity assessment provisions stipulated by CE marking. It
was revealed that 55% of the 180 radiotherapy centres
were using ‘in-house’ software, which led AFFSAPS in
July 2008 to draw the attention of the centres to the safety
problems raised specifically by such software.

Acceptance of medical devices used in
 radiotherapy

The acceptance of radiotherapy systems newly acquired
by the radiotherapy centres or after their modification is
an eminently critical operation, a potential source of acci-
dents in routine use of such systems. For this reason the
issue of acceptance was also highlighted by the road map
as needing to be covered by specific recommendations.

Technically difficult, acceptance also involves a number of
participants, who must be coordinated, each having to be
clearly aware of the task they have to accomplish during
the various steps, including procurement of the device,
installation, acceptance testing, technical acceptance,
device commissioning, user training, and statutory qua-
lity control before putting into service. Some of the ope-
rations are under the responsibility of the supplier, others
that of the radiotherapy centre.

With the collaboration of an ad hoc working group inclu-
ding representatives of the professions concerned, in
March 2008 AFSSAPS published recommendations
intended to offer suppliers and centres a method for for-
mal implementation of each step of acceptance and cla-
rification of the responsibility of each of the protagonists
involved in these steps.

This document, general in scope, was supplemented in
July 2009 by joint publication with ASN of recommenda-
tions concerning the conduct of dosimetric measure-
ments for calibration of ‘minibeams’ used in stereotactic
radiotherapy, based on the conclusions of a report pro-
duced by IRSN (French institute for radiation protection
and nuclear safety) at the request of AFSSAPS and ASN.

Market monitoring and incident monitoring

Although they are not involved directly in the process of
placing medical devices on the market, the authorities
nevertheless have two a posteriori levers for ensuring the
safety of devices placed on the market from the health
point of view.

Market monitoring consists in verifying that devices are
placed on the market in accordance with the regulatory
provisions in force. If necessary, it may lead to the issue

of conformity requests to the manufacturers. Since 2002,
France has introduced statutory provisions requiring
manufacturers to communicate to AFSSAPS all informa-
tion on devices newly placed on the market, including
those in class IIb to which devices used in radiotherapy
belong. In this area the number of communications has
increased from an average of 6 per year during the period
2003-2006 to an average of 23 per year for the period
2007-2008. Since 2007 AFSSAPS has monitored these
devices closely, particularly with regard to the standards
referred to by the manufacturers, the human-machine
interface and the instruction manual.

Incident monitoring is based on incident reports submit-
ted to the authorities by health professionals. Two inci-
dent monitoring systems cohabit in radiotherapy: equip-
ment monitoring, which is an AFSSAPS responsibility,
concerns incidents or risks of incidents involving medical
devices during their use. In addition, persons responsible
for nuclear activities must declare to ASN any incident or
accident likely to harm the health of persons exposed to
ionising radiation.

In radiotherapy, the number of reports received by
 AFSSAPS increased five-fold between 2006 (18 reports)
and 2008 (89 reports), while the total number of equip-
ment monitoring reports remained stable (about 8,000
per year). From July 2007 to June 2008, corresponding to
the experimental period for introduction of the ASN noti-
fication system, 87 reports concerning serious incidents
or risks of serious incidents were communicated to
 AFSSAPS.

Half of these 87 reports came from industrial firms and
half from radiotherapy centres: over this period, 23 radio-
therapy centres declared directly to AFSSAPS 31 inci-
dents involving radiotherapy devices. The large propor-
tion of reports from industrial firms, which is not
observed in other medical device categories, can be at
least partly explained by AFSSAPS work on raising awa-
reness among industrial firms in this area.

Of the 87 declared reports, 82 have now been assessed
and 58 reports have led to one or more safety actions on
the device: modification of the device design (software
updates), modification of manufacture, mailing of infor-
mation and/or recommendations for use of the devices
concerned to the users by the manufacturer or by
 AFSSAPS, AFSSAPS user survey, etc. Only 7 of these
87 reports included evidence of established inappropriate
treatment, with or without clinical consequences.

The substantial increase in the number of equipment
monitoring reports concerning radiotherapy devices and
the potential seriousness of such incidents led AFSSAPS to
set up a group of specialist experts in radiotherapy (radio-
therapists, radiation physicists, biomedical engineers,
dosimetrists) and radiologists, tasked with issuing opi-
nions on the causes of incidents and the measures to be
taken. AFSSAPS has also introduced a file of radiotherapy
centres enabling very rapid (within an hour) distribution by
fax of safety-related information or surveys to all the
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 radiotherapy centres potentially concerned. Lastly,
exchange of information relating to equipment monitoring
incidents between European competent authorities has
been increased.

When reports also concern a radiation protection pro-
blem, joint AFSSAPS/ASN actions are implemented. This
collaboration began in 2005 following an accident at the
Grenoble university hospital, resulting in the issue of a
joint AFSSAPS/ASN circular and the introduction of an
information exchange procedure. Over the period June
2007 – July 2008, 11 mixed radiation protection monito-
ring events in external radiotherapy, falling within the
definitions of a significant radiation protection event and
an equipment monitoring incident or risk of incident,
were subject to coordinated investigations of industrial
firms and users by AFSSAPS and ASN. Five of the
11 mixed events necessitated investigations by the autho-
rities in order to identify the centres potentially concer-
ned and/or the consequences for the patients. In this
context, 6 inquiries were conducted by AFSSAPS and
ASN, including two joint inquiries.

This collaboration between AFSSAPS and ASN resulted
in the preparation of a joint statement for the period June
2007 - July 2008, as stipulated by the road map.

Quality control of external radiotherapy
 systems in use

Quality control of medical devices was introduced by a
provision of the 1998 act on the reinforcement of health
monitoring and control of the safety of products intended
for humans and its implementation decree published in
December 2001. The order of March 2003 initially limited
the list of medical devices subject to quality control to
devices emitting ionising radiation. This control is both
internal, carried out under the responsibility of medical
device operators, and external, carried out by inspection
bodies approved by AFSSAPS, according to procedures
defined by AFSSAPS decisions in both cases.

In March 2004, AFSSAPS issued two decisions defining
the internal and external quality control procedures for
external radiotherapy systems, undertaking to review
these decisions after an initial three-year control cycle.

The review work on this programme, undertaken in 2006,
was finalized within the framework of the road map. As a
result, three further decisions were issued by AFSSAPS
in July 2007, in consultation with the professions concer-
ned, in order to reinforce the quality control of external

radiotherapy systems: extension of internal controls to
multileaf collimators, portal imaging systems, treatment
planning systems and data verification and recording sys-
tems; introduction of an additional external control — 
for any modification of any component of the radiotherapy
chain, the operator must now have a new external quality
check carried out; and lastly, introduction of an annual
internal control audit.

Current and future work

On 15 December 2008 the minister of health and sport
inaugurated the national committee for monitoring of
national radiotherapy measures, chaired by Professor
Dominique Maraninchi, president of INCa (French natio-
nal cancer institute), tasked with monitoring the imple-
mentation of road map actions and also with preparing
for 2011, date of application of the radiotherapy centre
approval criteria. Radiation protection monitoring is one
of the working priorities of this committee.

In addition ASN and AFSSAPS, both members of the
national monitoring committee, have signed a framework
agreement to strengthen the synergies between the two
institutions in the area of health products emitting ioni-
sing radiation. The 2009-2010 work programme includes
the establishment of a joint portal for online notification
of mixed radiation protection monitoring events, a critical
analysis of the basic health and safety requirements of
Directive 93/42/EEC with regard to radiation protection,
and reinforcement of the monitoring of quality control
implementation.

Conclusion

In November 2007, 33 national measures intended to
reinforce the safety and the quality of radiotherapy pro-
cedures were set out in a road map intended for the
health professionals and institutions concerned. An
unprecedented mobilisation resulted in the implementa-
tion of 80% of the planned measures by December 2008,
and even 100% of those coordinated by AFSSAPS. The
establishment of the national radiotherapy monitoring
committee consolidates these achievements.

A substantial part of the road has been travelled, but
much remains to be done between now and 2011, date on
which French radiotherapy will have accomplished its
transformation. In this perspective, as in the past and in
accordance with its mission, AFSSAPS will continue to
make its contribution to reinforcing the safety and the
quality of French radiotherapy. ■
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The tasks of the Haute Autorité de Santé (HAS – French
national health authority) include the improvement of the
quality of care in healthcare establishments and medical
practices, based on the following procedures:
– certification of healthcare establishments as a manda-
tory procedure, applicable every four years to all esta-
blishments: this represents an appraisal of the quality of
an establishment and, from the second procedure
(ANAES, 2004), incorporates a section on assessment of
professional practices (APP);
– assessment of professional practices, mandatory,
every five years for doctors: it requires clinical practice
based on recommendations and its analysis with regard
to these recommendations. This system is being revised
as part of the definition of the new obligation of continuing
professional development;
– drafting of recommendations on good professional
practices and definition of protocols for care pathways for
patients with long-term diseases (ALD) such as ALD30
“Malignant tumour, malignant disease of the lymphatic
or haematopoietic tissue”;
– implementation of quality indicators.

Certification of healthcare establishments and
external radiotherapy (ERT)

The procedure for certification of healthcare establish-
ments appraises the quality and the safety of the care
according to a generalist and cross-functional approach
at establishment level: general baseline, non-exhaustive
inspection, generalist experts-inspectors. It is not a spe-
cific certification of each of the sectors of activity accom-
modated in the establishment.

V2007 certification procedure for healthcare
establishments and external radiotherapy

Following the Epinal radiotherapy accident (Inspection
générale des affaires sociales (General inspectorate of
social affairs), 2006) and in accordance with the national
external radiotherapy road map (Ministry for Health,
2007), the HAS introduced into the 2007 certification
manual (HAS, 2007), which will be operational until 2010,
a criterion (33a) for the introduction of quality assurance
in external radiotherapy (ERT), in consultation with the
Autorité de Sureté Nucléaire (ASN – French nuclear
safety authority) (HAS – ASN agreement, 2008), the
Institut National du Cancer (INCa – French national

 cancer institute) (HAS – INCa agreement, 2007), the
Mission Nationale d’Expertise et d’Audit Hospitaliers
(MEAH - French national hospital expert assessment and
audit task force) and the Société Française de
Radiothérapie Oncologique (SFRO - French oncological
radiotherapy society).

To assess the extent to which the ERT sector satisfies this
criterion, the expert-inspectors, as well as taking into
account the opinions and recommendations of the moni-
toring and inspection agencies, examine the quality docu-
mentation and the application of national baselines, verify
the adequacy of the human resources and the plan for
personnel training on new equipment and techniques,
the management of equipment resources and their
maintenance logs, the organisation of patient manage-
ment (from initial appointment to post-treatment follow-
up) and the interfaces with the other sectors of activity,
prevention of healthcare-related risks and management
of dysfunctions, including their analysis and feedback
from experience in order to avoid their repetition, and the
introduction of improvement actions.

Changes in the V2010 healthcare establishment
certification procedure

In the V2010 procedure, the HAS has revised its informa-
tion sharing with ARH (regional hospital agencies) and
ARS (regional health agencies), both upstream and
downstream of inspections. Upstream, this involves
reception by the HAS, five months before the inspection,
of the HAS – ARH/ARS interface document which reviews
the specific features of the establishment and its situa-
tion with regard to statutory health safety and conformity
of healthcare activities subject to authorisation.

ERT among the major risk activities in V2010 
(criterion 26b)

The expert inspectors are not competent to appraise the
safety of equipment, treatment preparation and execu-
tion steps and treatment validation, systematic controls
and, in particular, in vivo dosimetry, falling within the
scope of ASN inspections. The HAS expectations with
regard to patient management quality are:
– in terms of coordination, organisation (E1):

• the production of an inventory of the risks related to
the activity (ASN, 2009) and the prioritisation of these
risks, with a view to defining a quality policy with
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 precise objectives and implementing a programme of
preventive actions and monitoring. The documents
made available might include, for example, the project
of the sector and the partnership agreements, the per-
sonnel continuing training plan [training on equipment
and techniques, in particular when they are new, and
on the notification of adverse events (refer to criteria
3a, 3b, 8f)], the patient booklet providing information
about ERT, the quality manual/written procedures,
protocols, updated as required, the thesaurus of good
practices and, if appropriate, the ISO 9001 (quality
management system) certificate of the declared
 sector(s) of activity;
• a reliable system of information exchange with the
other sectors, ideally integrated into the hospital infor-
mation system, and taking account of the radiotherapy
system maintenance programme in patient scheduling.

– in terms of implementation (E2): 
• effective operation of the quality approach under the
responsibility of the person tasked with quality
 assurance;
• application by the professional personnel of the pro-
cedures and standard protocols derived from INCa,
SFRO and HAS good practice recommendations throu-
ghout patient management and follow-up;
• recording of the decisions of the multidisciplinary dis-
cussion meeting, and of the procedures and verifica-
tions carried out, in the patient file/individual care
 programme;

– in terms of assessment-analysis-improvement (E3):
• activity report with any deviations from the defined
objectives, their analysis and proposed solutions;
• existence of an adverse event log, adverse event ana-
lysis documentation, internal communication on impro-
vement actions in the context of feedback from expe-
rience (refer to criteria 8f, 8i, 28a);
• internal audit report, tracking of quantitative (volume
of activity with respect to resources) and qualitative
(ERT waiting times according to pathology, morbidity,
survival time, patient satisfaction, etc.) indicators (refer
to criterion 28c);
• implementation of improvement actions and assess-
ment of their effectiveness.

Statutory equipment and radiation protection monito-
ring in V2010 (criterion 8i). The newly-introduced radia-
tion protection monitoring organisation (Art L.1333-3 of
the French public health code, ASN 2007) is designed to
enable professional personnel to notify any significant
event likely to harm the health of a patient, a user or a
third party by exposure to ionising radiation.

The APP approaches in cancerology in V2010 
(criterion 28a) are incorporated into the relevant section.

A number of generic criteria, often in the form of priority
required practices1 (PRP), are also applicable to the ERT
activity (refer to box 3).

Assessment of professional practices in the
health establishment certification procedure

APP consists of “analysis of professional practice with
reference to recommendations and according to a
method developed or validated by the HAS and includes
the implementation and follow-up of practice improve-
ment actions” (decree of 14 April 2005).

APP in the V2/V2007 procedure

Starting with the second establishment certification proce-
dure (V2) (ANAES, 2004), implemented between 2005 and
mid-2008, HAS set itself the objective of appraising the
therapeutic value to the patient by APP. The topic of exter-
nal radiotherapy was not included in V2. The V2 manual
was revised and entitled V2007. V2007 includes a criterion
concerning ERT, and its APP section was improved com-
pared with V2 by the definition of appraisal points for any
APP approach and of the number of actions to be comple-
ted according to the characteristics of the establishment,
but without fundamental modification of the references.

In the V2/V2007 procedures APP is the subject of three
approaches:
– relevance of practices (reference 44 in V2, 40 in V2007);
– care-related risk (reference 45 in V2, 41 in V2007);
– medical management of the main pathologies or health
problems (reference 46 in V2, 42 in V2007).

HAS headquarters building at Saint-Denis La-Plaine (France)

Upstream data for establishments treating cancer 
by ERT
The observations on safety formulated by the MRIICE
(regional and interdepartmental inspection, control and
assessment office) and the ARH/ARS may lead the HAS
to postpone the certification inspection, and this deci-
sion is made public on the HAS website. In the absence
of statutory controls in a critical health safety area, the
HAS asks the establishment and the competent super-
visory authority to take all necessary measures to im-
plement the control actions rapidly and to inform the
ARH/ARS of this. 1. PRPs are criteria subject to systematic standardised examination by the expert-

inspectors and to a more stringent scoring scheme than that of the other criteria.
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The appraisal points applicable to the three approaches
are set out as follows:
– choice of a topic with potential for improvement;
– analysis of the organisation and practices according to
a method appropriate for the objective (ANAES, 2003,
2004, HAS 2005, 2006, 2006, 2006, 2008);
– positioning with respect to references (recommenda-
tions, baselines, etc.);
– definition of improvement objectives;
– implementation of improvement actions;
– measurement of the results of the improvements
 (indicators or other follow-up method).

Overview of V2/2007 APPs “assessment of the
relevance of practices” in ERT

Assessment of the relevance of practices consists in ana-
lysing the match between the diagnostic or therapeutic
procedures and the needs of the patient against a valida-
ted grid. This approach has been very rarely (and not at
all in V2) chosen by the ERT sectors. Examples:
– assessment of the relevance of palliative radiotherapy
by case file audit in 2004 and 2006, using a grid construc-
ted on the basis of literature data and previous experience
at the centre: the nature of the defined improvement
actions was not specified, but they were implemented
and assessment of their effectiveness was planned;
– audit of multidisciplinary discussion meetings for bron-
chial cancer set up since 2001, approved by a cancerology
network: in fact, only the completeness of these meetings
with regard to all new files and the effective application of
the decisions taken at the meetings were analysed, with
no assessment of the relevance of the therapeutic
 decision with regard to the cited good practices. 

Overview of V2/2007 APPs “assessment of
care-related risk” in ERT

In V2, the rareness of choice of ERT-related topics is
confirmed. Two establishments assessed the risks rela-
ted to patient management in radiotherapy with regard to
the regulations. Failure mode, effects and criticality ana-
lysis (FMECA) was used. In one case, the following impro-
vement actions were identified: “use the electric hoist
whenever possible, replace the machines, generalise
radiographic controls for curative treatments, control
patient positioning by infrared detection”. In the second
case, organisational changes were made (new proce-
dures), while measures necessitating investment in
equipment were postponed.

In V2007 a significant increase in APP on this topic is
observed, as a result of the media coverage of the Epinal
accident, the establishment of experience feedback com-
mittees (CREX) in the radiotherapy sectors (MEAH, sum-
mary report 2009) and the availability to professional per-
sonnel of reference guides, including those relating to
external radiotherapy procedures 2007 (SFRO 2008) and
to the notification of significant events (ASN, 2007):
 organisational improvement, formal procedures for
parameter controls, development of task protocols, veri-
fications of patient identity (inclusion of the patient’s

 photograph in the file) and the side to be treated are
reported, along with sector computerisation to facilitate
data recording, follow-up and feedback to the professio-
nal personnel. Benchmarking is initiated with other cen-
tres and the assessment is reported as continuous.

Overview of V2/2007 APPs “assessment of
management of the main pathologies and
health problems” in ERT

The topics of general, medical or surgical oncology are
more frequent than those of ERT. The choice by the
 establishment of the management to be assessed is
motivated:
– most often, by the frequency of the pathology (breast
cancer, colon cancer) or by its seriousness: for example,
aiming for conformity of radiotherapy waiting times for
patients with breast cancer, with guidance from MEAH;
– by aiming for improvement of multidisciplinary manage-
ment through better organisation, traceability and exhaus-
tiveness of multidisciplinary discussion meetings or better
coordination of the participants in complex management
cases (example of ENT cancer with concomitant radioche-
motherapy and supportive care  indication);
– sometimes by management cost;
– by the status of the establishment as reference centre
for the management of a rare cancer (example of
 sarcomas);
– by the complexity of the management and the existence
of poorly-coded data (example of medulloblastomas in
children).

The initial informing of the patient was also the topic of an
APP with actions to improve the announcement system
(conditions and content of the information, announce-
ment training for professional personnel, traceability of
the delivered information).
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In summary, whereas APPs related to ERT were rare in V2
(2005 to mid-2008), with the choice of the establishments,
including the cancer treatment centres, more oriented
towards general practice topics relating to supportive care,
in V2007 a cultural change is perceptible, probably a conse-
quence of the MEAH work and the national radiotherapy
road map measures. The majority of the pathology mana-
gement improvement actions are at the definition stage
and their implementation is scheduled. The V2010 certifi-
cation reports should throw some light on their results. 

APP changes in the V2010 procedure

APP changes essentially concern:
– the PRP status of the criterion on APP policy and orga-
nisation (1e): the establishment must demonstrate conti-
nuity of the assessment culture and rollout of APP to all
sectors of activity by monitoring its APP management
chart, produced in a format defined by the HAS which
includes the results of improvement actions (HAS 2009);
– the obligation of APP approaches in cancerology (28a)
concerning respectively:

• holding and assessment of multidisciplinary discus-
sion meetings (HAS 2006, Institut National du Cancer
2007) with regard to their exhaustiveness and the qua-
lity of the therapeutic decision based on good practice
baselines, and

• analysis of morbidity and mortality according to the
HAS methodology (HAS 2009), similar to the experience
feedback committees, recommended by the MEAH
(MEAH 2009), which the establishments started to
report on in the V2007 procedure;

– the use of indicators for monitoring the quality of mana-
gement of pathologies (28c). 

In addition, the assessment of the relevance of practices
(28b) is maintained. 

APP approaches, individual or collective (medical care
and/or multidisciplinary), on freely-chosen topics are
possible, subject to their consistency with the quality
improvement programme of the establishment and their
methodology conforming to that recommended by the
HAS. 

Conclusion 

The health establishment certification procedure and its
APP section based on day-to-day application of good
practices and, in V2010, generalised to all activities,
contributes through a generalist approach to improving
the quality and the safety of care and probably the results
of patient management. However, the procedure has not
been designed to assess complex multidisciplinary
 specialties such as ERT. ■
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Radiotherapy, introduced more than a century ago, has
become one of the essential therapeutic means of cancer
treatment. Over the last decade it has benefited from
unprecedented technological development, in parallel
with the increasing power of computers and the progress
in three-dimensional imaging. The patient is offered
treatment by techniques that would have been difficult to
imagine possible at the end of the last century. As a corol-
lary, professional personnel are confronted with the
necessity of continuous and rapid updating of their know-
ledge. They are thus responsible for finding a compro-
mise between two risks, that of not rapidly offering their
patients technical developments with undisputable bene-
fits, and that of making treatments available before all the
safety conditions have been satisfied. Recent events, in

particular those in Épinal and Toulouse, remind us of this
compromise [8]. It must be added that good practice of
optimised techniques also requires that the various per-
sonnel involved devote more time to it, which, in a period
when their number is not increasing, raises further
 problems.

Under these conditions it is easy to understand that rein-
forcing the quality and the safety of treatments has
become more than ever the primary objective of radiation
oncology. The ministry for health has clearly realised this
and nearly three years ago proposed to both guide and
help the professional personnel of the speciality within
the framework of what is commonly referred to as the
“road map”. This is a series of measures to be taken over
a period of about five years which supplement those
already implemented as part of the Cancer Plan and
which cover investment in equipment, recruitment of
personnel, equipment safety, treatment safety, improve-
ment of practices, organisation of departments,  decla -
ration of serious adverse events, and other matters.

Support for management of overexposed
patients and resumption of activity at the
Centre Jean-Monnet in Epinal

The external irradiation accident that occurred at the
Centre Jean Monnet in Épinal led the authorities to halt
all treatments completely [8]. The management of the
medical activities of the centre, including the victims of
the accident, was taken over, in collaboration with IRSN,
by a group of seconded doctors and physicists, initially
from the Centre Alexis-Vautrin in Nancy (D. Peiffert,
A. Noël and coworkers), SFRO (F. Eschwège), the Pitié-
Salpêtrière hospital group in Paris (J.-M. Simon), and the
Centre G.-F. Leclerc in Dijon (P. Maingon). This enabled
treatment activities to be resumed in March 2008 within
the framework of a Groupement de coopération sanitaire
(GCS – health cooperation group) with the Centre Alexis
Vautrin.

Main SFRO actions within the road map
 framework

The road map is a series of actions to be completed in
order to improve the safety of practices, the quality of
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healthcare, and monitoring in radiation oncology. It was
drawn up by the ministry for health, and INCa was tas-
ked with monitoring its implementation. It defines the
timetable of the actions and the respective responsibili-
ties of the various institutional and professional part-
ners. It includes regular meetings attended by repre-
sentatives of SFRO, SNRO (Syndicat des
radiothérapeutes oncologues – association of radiation
oncologists), SFPM (Société française de physique
médicale – French society of medical physics), ASN
(Autorité de sûreté nucléaire, the French nuclear safety
authority), HAS (Haute autorité de santé - French natio-
nal health authority), DHOS (Direction de l’hospitalisa-
tion et de l’organisation des soins – hospitalisation and
healthcare organisation directorate), IRSN (Institut de
radioprotection et sûreté nucléaire – institute for radia-
tion protection and nuclear safety), AFSSAPS (Agence
française de sécurité sanitaire de produits de santé –
French health product safety agency), InVS (Institut
national de veille sanitaire – national health monitoring
institute), SFOM (Syndicat national des oncologues
médicaux – national association of medical oncologists)
and AFPPE (Association française du personnel para-
médical d’électroradiologie – French association of
paramedical radiology personnel). To date more than
70% of the tasks planned in the road map have been
completed. Those in which SFRO is or has been involved
are summarised below.

Participation in the INCa working group tasked with pro-
posing approval criteria for the practice of external radio-
therapy

Since 2005 INCa has organised a series of meetings with
the objective of supplying the regional hospitalisation
agencies with a list of approval criteria for the practice of
external radiotherapy. The INCa board approved the final
list of 18 criteria by a vote at the end of 2008. These cri-
teria will come into effect in 2011 [6].

Establishment of a national monitoring unit

The introduction of measures decided as part of the can-
cer plan cannot be assessed unless there are reliable and
above all regularly-updated statistical data on the installed
base of radiotherapy equipment; the demography of radia-
tion oncologists, practising or in training, hospital physi-
cists, radiology technicians; the activity of radiation onco-
logy centres; the introduction of new techniques, etc. The
first survey was conducted in 2007, backed by INCa, ASN,
SFPM, SNRO and CNAM (Caisse nationale d’assurance
maladie – national health insurance fund) and in collabo-
ration with ONDPS (Observatoire national des professions
de santé – national health professions monitoring unit).
The responses to the questionnaire sent to each radiation
oncology centre were collected by INCa and analysed. The
results of this first survey covering 161 centres were pre-
sented at the annual congress of SFRO in 2007 and publi-
shed in Cancer Radiothérapie, issue 5, 2008. A new survey
has been conducted recently [2] and it is planned to repeat
the survey each year.

Guide to external radiotherapy procedures

A working group, in collaboration with INCa, ASN and
HAS (which contributed its methodology), has produced
a guide to “good practices” in radiation oncology [7]. The
objective of the guide, which includes chapters of gene-
ral information and others covering the cancers encoun-
tered most commonly, is to give recommendations for
performing high-quality radiotherapy under optimum
safety conditions. These recommendations naturally
take account of the available equipment, and although
3D conformal radiotherapy has most often been consi-
dered as the “standard”, two-dimensional radiotherapy
has by no means been sidelined where the group of
experts judged that it was still applicable, and at the
opposite end of the technological spectrum intensity-
modulated conformal radiotherapy (IMRT) has been
recommended where they considered that it contributed
a benefit and could be performed under good safety
conditions. The guide, which it should be remembered is
not binding, was published in issue 3-4 of Cancer
Radiothérapie (2008) [4]. Its principal objective is to
achieve uniformity of practices throughout France. The
guide is currently being updated.

ASN-SFRO incident/accident scale

The declaration of patient radiation protection events, i.e.
differences between the dose (total or per fraction)
 delivered to the tissues as specified by the treatment plan
signed jointly by the physicist and the radiation oncologist
and the dose effectively delivered, whether such over-
doses could be partially or completely “corrected” or not,
defines, according to ASN, an incident or an accident
(term employed when the overdose has caused or is likely
to cause severe effects). The confusion that has arisen
between major events and others that can be qualified as
minimal or minor, for example when communicating to
the public, has made it necessary to develop a scale of
seriousness of such events. This work was done by a wor-
king group led by ASN in 2007, resulting in the ASN-SFRO
scale, derived from the scale used for nuclear installa-
tions (INES, international nuclear event scale) [3]. The
ASN-SFRO scale has eight levels (0 to 7), and has com-
pleted its one-year trial period. It has been assessed by
means of a questionnaire addressed to the radiation
oncology centres, and undergone minor revision after
analysis of the responses.

Monitoring of unexpected serious adverse events

At the end of 2006 SFRO reached agreement in principle
with InVS to institutionalise the declaration of serious
adverse events, i.e. severe unexpected complications of
radiotherapy, with the objective of monitoring such
events, as must be done in the other medical specialities
[5]. SFRO has nevertheless requested that these declara-
tions to InVS exclude those already made to ASN for
radiation protection events (these declarations would be
transmitted to InVS by ASN). It also requested that all
event declarations (including equipment monitoring
 declarations to AFSSAPS) be made through a single entry
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point, to be defined, so as to simplify the procedures. With
the same concern to facilitate procedures, a declaration
guide is being drafted by InVS.

Ministerial mission conferred on SFRO

Prepared by the then minister for health, solidarity and
the family, Xavier Bertrand, with the help of his staff,
mandated by his successor, Philippe Bas, and finally
confirmed by the present minister, Roselyne Bachelot, a
mission was conferred on SFRO to “make proposals so
that the measures that will be implemented take into
account the demographic situation of professional radio-
therapy personnel and the high level of skill required
(training pathways; career development; collaboration
with  medical oncologists, interns and assistants; delega-
tion of tasks; pooling of human and equipment resources
between the public and private sectors”. Mr Bolla coordi-
nated this mission, which involved representatives of the
societies and professional associations concerned. The
mission was completed early in 2008 by the submission
of a report to the minister [1].

Support unit for radiation oncology centres in difficulty

In 2007 ASN inspected all French radiation oncology cen-
tres and then wrote to the heads of establishment asking
them, if necessary, to review a number of safety points,
such as the physics organisation plan, equipment
checking procedures and patient identification
 procedures. Following these inspections a number of cen-
tres were in difficulty, and a small number were even obli-
ged to close down temporarily in the absence of imme-
diate measures. INCa set up a support unit for these
centres, in which SFRO, SFPM and the hospital federa-
tions participated. This led to several members of the sup-
port unit conducting on-site inspections in order to help
identify solutions.

ASN quality management baseline

At the request of the ministry for health, ASN has produ-
ced a quality management baseline derived from the ISO
9001 standard. SFRO, SFPM and SNRO participated in
several meetings at which the text was adapted to the
practice of radiation oncology. The application of the
baseline in each establishment will require the assis-
tance of a quality specialist, and financial aid has been
requested from the ministry for health. The baseline will
be applied in several stages according to the resources
made available. The first obligation will concern the ana-
lysis of deviations, the second the analysis of risks. In
parallel, a guide to risk assessment in radiotherapy, the
fruit of multidisciplinary work coordinated by the Nantes
division of the ASN with broad participation by the Centre
René Gauducheau, has been issued.

Meanwhile, HAS is working on the inclusion of criteria on
the radiotherapy quality approach in the certification of
establishments.

Aid for the organisation of radiotherapy centres

In recent years the Mission nationale d’expertise et d’au-
dits hospitaliers (MEAH – national hospital assessment

and audit office) has audited several dozen centres with
the objective of improving their organisation. Particular
attention has been paid to patient management waiting
times. Two reports on the results of these audits have now
been published. It was decided to audit some forty centres
in 2008, with aid from INCa. One of the main objectives of
these audits is to inculcate a genuine culture of risk, par-
ticular attention being paid to raising the awareness of the
personnel regarding the concept of a precursor event and
feedback from experience. The methodology proposed by
MEAH, based on the use of feedback from experience,
comes from air transport [9], where it has proven its effec-
tiveness since 1975. The consensus among experts is that
without feedback and given the increase in the number of
flights, there would be about four aircraft crashes per
week world-wide (based on the 1975 accident rate).
Feedback from experience seems to have been the vector
of substantial improvements in terms of the safety of can-
cerology departments. Its transfer from air transport to
radiotherapy has appeared satisfactory, and initial expe-
rience on a limited number of sites should improve the
rate of implementation on a  larger scale.

Informing the public and general medicine specialists

SFRO and SJRO (Société des jeunes radiothérapeutes
oncologues – society of young radiation oncologists) have
participated in an INCa commission which prepared a
patient information leaflet on radiotherapy techniques,
the machines, the side effects, etc. Another leaflet has
been drafted for general medicine specialists. These lea-
flets have been widely distributed and can also be viewed
on the INCa and SFRO websites.

Radiotherapy indications

SFRO participates in the INCa and HAS working groups
on radiotherapy indications as part of therapeutic strate-
gies for cancer of the breast, prostate, the ENT region and
the rectum, and also lymphomas. These groups submit-
ted their conclusions in 2008. Updating every five years is
planned.

Discussion

French oncological radiotherapy was and still is conside-
red to be among the best in the world. Nevertheless, over
the last two decades it has lagged behind some industria-
lised countries in terms of technology. To a large extent
this gap can be attributed to administrative and financial
difficulties in updating equipment and techniques rapidly.
Much certainly remains to be done in order for patients to
benefit rapidly and safely from the many technical
advances of the past decade. This effort must include:
– an increase in staff numbers, primarily physicists and
dosimetrists, but also radiation therapists, doctors and
quality specialists;
– modernisation of the installed base of simulation
(CT scanners) and treatment (linear accelerators)
 systems;
– development of new techniques: intensity-modulated
conformal radiotherapy, image-guided radiotherapy,
breathing adapted radiotherapy, etc.;
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– development of leading-edge techniques: brachythe-
rapy, proton therapy, stereotactic radiotherapy, etc.

The challenge in coming years will also be to manage
new modes of organisation. The development of equip-
ment and the shortage of medical and physics time are
going to necessitate grouping of professional personnel
in expanded technical facilities. This type of organisation
should meet the needs of patients for innovative tech-
niques while complying with stricter regulatory require-
ments. This reorganisation must be accomplished in a
way that takes account of current and future practices. It
will be implemented over about ten years, time essential
for planning groupings of sites and facilities (in terms of
system lifetimes and investment amounts). This policy
must have political and financial support from the public
authorities. It will involve firm political choices to guide
patients towards treatment sites sometimes further
away but providing them with all the guarantees of  quality
and safety of care in cancerology.

Lastly, it is clear that these objectives will not be achie-
ved without revision of the financial envelope dedicated to
radiation oncology. Unfortunately, to the incomprehen-
sion of the professional personnel from whom much has
been demanded in recent years, the public authorities
have reduced the reimbursement of procedures in the
hospital sector, which obviously does not encourage
 hospital managers to invest. It is therefore indispensable
to review the tariffs, introducing a schedule which fosters
both innovation and quality in real time.

Conclusion

The recent external irradiation accidents have led the
ministry for health, SFRO and SFPM, in collaboration with
the various institutes, authorities, agencies, trade unions,
federations, societies and associations, to set up a work
programme intended to drive our discipline, radiation
oncology, into the third millennium. However, all the work
accomplished in recent decades must not be forgotten,
particularly in terms of safety and quality control. The
unhappy occurrence of a series of accidents, due to a
large extent to disparities between the practices of the
establishments, has caused a sudden acceleration of the
processes of modernisation and safety improvement
made necessary by the formidable technological
advances of recent years. The road map has been and
remains its catalyst, but it would have had no effect
without the day-to-day work of the professional person-
nel, in particular those of SFRO and SFPM, to make
radiation oncology as rapidly as possible the discipline of
excellence to which we aspire. Of course much remains
to be done, but it is now certain that many innovative solu-
tions imagined in the emergency situation in which SFRO
and SFPM found themselves are going to be used as
models for radiation oncologists in other countries and
probably also for specialists in the medical and surgical
disciplines with whom we are used to working. ■
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Radiotherapy has seen a number of technological revolu-
tions since the introduction of the first cancer treatments
using X-rays at the very beginning of the 19th century.
They have brought with them huge changes in practice
and significant improvements in outcomes. The first of
these developments was the arrival of what were too has-
tily called cobalt “bombs” towards the middle of the
1950s. The first linear particle accelerators appeared
10 years later in the late 1960s. The technical complexity
of these devices that were nearly 8 metres long, required
a treatment room with a retractable floor and offered a
huge range of X-ray energy and electron treatments led
the French Government to issue the Order of 23 April
1969. This Order required that medical physicists be on
hand in radiotherapy centres equipped with what was
then called a ‘Sagittaire’, a treatment device developed by
Thomson CSF.

After about thirty years without any significant develop-
ments in these medical accelerators, multileaf collima-
tors appeared during the 1990s and beam intensity
modulation in the early 2000s. As we approach the end of
this decade robot-assisted radiotherapy equipment or
cyber-radiotherapy (CyberKnife) are joining the fray at the
same time as what may be, for the moment, the peak of
the technology – the Tomotherapy machine which brings
together the scanner and the accelerator in one device.

Alongside all this, significant developments in medical
imaging at the beginning of the 1990s improved the pro-
cess of locating target tumours and at-risk organs from
a simple 2-D snapshot to definition down to the nearest
millimetre thanks to 3D Computed Tomography (CT),
Magnetic Resonance Imaging (MRI) or Positron Emission
Tomography (PET). Now these different techniques can
even be used together and include the time factor (4D
imaging) to take into account the movement of internal
organs or the breathing of the patient.

The third pillar of treatments which use ionising radiation
is a computer system. This has developed from single-
point calculations to computer-aided 2D calculations in
the 1970s to what we have now, where each patient
receives a 3D personal treatment calculation, including
the time factor and soon the biological clock.

In fact, since the beginning of this decade we have been
witnessing a sort an exponential improvement in

 radiotherapy technology, with dosimetric calculations
that have increased from 10 min per patient (telecobalt
therapy and two opposite fields) to several hours (robotic
radiotherapy, Tomotherapy or Intensity-Modulated
Radiation Therapy (IMRT). This major and unprecedented
development in high-tech medicine has taken place
without any significant discussion of the changes it
demands in user training, without a culture of risk mana-
gement and without a proactive approach to the neces-
sary advances in safety, organisational structures and
staff.

A new Order was issued by the French government on
19th November 2004 which defined the role of the medi-
cal physicist. This came after 35 years of uncertainty
about radiotherapy regulations (1969 – 2004) and failure
to rigorously observe those that were in place, in particu-
lar with regard to the correct numbers of medical physi-
cists who had to be present, an issue which had not been
consistently monitored by the authorities and therefore
not observed by all institutions.

This Order took us on from the ambiguous notion of the
“presence” of medical physicists, and gave them respon-
sibility for “guaranteeing the dose”. Subsequent legisla-
tion required them to co-validate the preparation of each
treatment with a doctor certified in radiotherapeutic
oncology or nuclear medicine (Article R.1333-60 of the
French Public Health Code and Decree no. 2007-389 of
21 March 2007 relating to the technical operating condi-
tions applicable to the operation of cancer treatments).

Major legislative and regulatory changes (radiation pro-
tection of staff and patients, risk management policy,
French health service health and safety agency decisions)
which have come about largely under the banner of
Cancer Plan 1 initiated by the French President have
strengthened this initial legislation, and encourage better
quality and safety for medical treatments using ionising
radiation. The result of all these developments is to
increase the activities of the medical physics department.
Medical physicists, who are the hospital specialists in
ionising radiation, now get involved in radiotherapy, bra-
chytherapy, nuclear medicine, radiodiagnostics, radio-
surgery and radiation protection. In these contexts, they
bring their specific knowledge of theoretical physics and
practice to bear in the service of patients, workers and
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the public. We have no doubt that Cancer Plan 2, initiated
by President Nicolas Sarkozy and based on work carried
out by Professor Jean-Pierre Grunfeld will continue to
improve quality, safety and “dose awareness” for
 treatments using ionising radiation.

Medical physicists obtain an understanding of dosimetry
and radiological risks through a two-year Masters course
in specialised physics, often supplemented by a PhD in
the field. This is followed by a year, soon to be two, of
additional training in a hospital involved in care, scree-
ning, teaching and research (university hospitals or
 specialist cancer hospitals).

The need to guarantee the doses given by medical
devices, to know how to operate all the tools needed to
calculate those doses and ensure that they are correctly
measured in all medical processes using ionising radia-
tion means that medical physicists now have greater res-
ponsibility and require new organisational structures.
Their roles are now precisely defined and they are having
to rethink their activities and their ongoing professional
development training and practices in terms of personal
and/or shared responsibility with the other medical prac-
titioners. These changes require a completely new way of
thinking on the part of institutions or heads of functional
care units who are not very used, or even very interested,
in working with medical scientists. These changes in par-
ticular require that “a medical physics department com-
mensurate with the activities of the institution be defined
and implemented in concert with the head of the institu-
tion” (2004 regulations). They thus establish the basis for
new medical physics departments in France and affirm
that they are cross-organisational bodies.

Organisational and human factors are implicated in 94%
of radiotherapy incidents or accidents. It is therefore
extremely surprising that it has taken over five years for
some very straightforward and sensible French legisla-
tion relating to the organisation of medical physics to be
broadly accepted and implemented. The truth is that
healthcare institutions and certain health groups which
should have been leading the way have been inordinately
slow, or have simply failed to implement this new policy
ordered by the Government in the interests of patient
safety.

The role of medical physicists

Medical physicists have a role whenever physics is asso-
ciated with the practice of medicine, and especially in
areas which use ionising radiation in any way, whether as
a therapy, for screening or imaging, as part of diagnostic
imaging or nuclear medicine. They are highly trained
individuals who are genuine project managers responsi-
ble for organising the technical and functional handling of
standard and/or innovative radiological procedures,
ensuring safety and guaranteeing dose levels and exami-
nation quality.

The role of medical physicists is therefore to understand
and use the fundamental concepts and principles of phy-
sics and the recognised protocols of medical physics to

ensure optimal dose delivery during medical procedures
involving radiation exposure. They also provide a guaran-
tee of quality and safety, and ensure that examination
procedures are up to date. They offer training to ensure
that routine treatments follow the standards and/or the
regulations in force, but they also need to foster problem-
solving skills by implementing a rigorous scientific
approach in any new, atypical or emergency situation. In
particular they:
– calibrate radiation beams and characterise them;
– manage equipment quality assurance;
– manage physics and technology procedures and risk
management;
– write device and system specifications and commission
equipment;
– assess and implement innovative techniques and
equipment;
– assess image quality;
– optimise imaging systems and procedures;
– offer their expertise in radiation protection in order to
limit the exposure of patients, their families and friends,
the general public and any environmental damage;
– determine and optimise the doses integrated by
patients and third parties through a diagnostic or thera-
peutic procedure;
– prepare treatments together with practitioners in order
to assess the dose to be given.

Medical physicists are trained in research, often by doing
research, and they are also scientists who develop the
treatment and imaging techniques of the future. Together
with other professionals they monitor the latest scien tific,
technological and safety advances.

However, there seems to be a real failure in our country
in this field. As far as we know, France is the only coun-
try, or one of the only countries in the 27 European Union
nations without a University Chair in medical physics, and
thus without a research laboratory in this discipline.
Without a clear political will, or desire on the part of tea-
ching and research institutions to develop medical

Particle accelerator for radiotherapy
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 physics departments, the research which is a driver for
the creation, use and understanding of “radiation beams”
simply will not take place here. All radiotherapy and bra-
chytherapy equipment, all measurement systems (ioni-
sation chambers), integrating dosimeters, two or three-
dimensional beam explorers, all computerised control
and management systems for radiotherapy equipment
(R & V), and, with only one exception, all treatment plan-
ning systems (TPS) currently in use have been developed
in American, English, German or Scandinavian universi-
ties and companies. The same applies to heavy imaging
equipment and nuclear medicine.

Training medical physicists

As explained in the introduction, students wishing to fol-
low a career in medical physics must have a solid basic
training in fundamental physics. A Masters in physics or
a diploma in engineering from a specialist physics school
is a pre-requisite. This basic training must be supple-
mented by specialised training via a two-year’s Master
course in medical physics. There are currently five such
courses in France, and there seems to be no reason why
in time there should not be a Masters course in every can-
cer centre or regional partnership. Finally, a training
course in the clinical practice of medical physics, which is
accessed via a competitive entrance exam, concludes the
theoretical part of this training. This additional training in
teaching and research healthcare institutions (CHU-
CLCC) lasts 1 year in France, but 2 years in the UK, 3 years
in Spain and Switzerland, and 4 years in Italy.

The training takes place in hospitals with “validating”
medical physics departments that are managed by senior
physicists in partnership with the French National
Institute of Science and Nuclear Technologies (INSTN)
and in association with the licensed radiotherapy, nuclear
medicine and imaging departments of the relevant insti-
tution. This leads to the Diplôme de Qualification en
Physique Radiologique et Médicale (DQPRM – Certifying
Diploma in Radiological and Medical Physics) issued by
the INSTN.

In order to fulfil their research and development roles in
health institutions that participate in teaching and
research, medical physicists can supplement their trai-
ning with a doctoral thesis which then licenses them to
lead research work (HDR certification). This profession is
full of genuine scientific potential, but it is surprising that
physics teaching on medical courses is never provided by
medical physicists, when our country has some top qua-
lity physicists and medical physics dosimetry specialists.

Professional ethics

Once they have finished their initial training, medical phy-
sicists can register on the professional register set up by
the French Society for Medical Physics in line with the
recommendations of the European Federation of
Organisations for Medical Physics (EFOMP) arising from
the European directives. They thereby undertake to follow
the profession’s rules of conduct and ethics and to main-
tain their level of competency throughout their career in

order to guarantee high-quality services. This is a “rough
and ready” approach which relies on medical physics pro-
fessionals volunteering to maintain the professional
development register, and the sense of duty of those who
are registered. It is not a model that can be relied upon to
sustain a culture of radiological risk management and
the safety of ionising radiation treatments.

The technical advances in imaging and high-tech therapy
demands the restructuring of a system which is starting
to show signs of wear. A medical physicist can no longer
be certified for the entirety of their professional life, and
“re-certification” after a year without work in the hospital
system must now be brought in. In the same way, certifi-
cation must be reviewed by a national commission for
medical physics after 5 years of professional practice, or
there is no doubt that we will see more major accidents
like those that we experienced in France in 2006 and
2007. We have seen too much suffering to be satisfied
with a mere patch-up operation. We need an "intellectual
revolution", and in this area again, some of our neigh-
bouring countries are ahead of us.

Towards a delegation of certain tasks

A team of physicists must not be like General Alcazar’s
army in the Tintin story “The Broken Ear”. Just as the
radiologist is assisted by radiographers, the surgeon by
qualified theatre nurses, physicists who frequently have a
PhD in physics and additional training in radiological or
nuclear physics need to share their training and their
work with dosimetry technicians, known in France as TDM
(Techniciens de Dosimétrie Médicale). Patients end up at

▼

Practical Guidelines on the implementation of daily in vivo dosime-
try in external radiotherapy, October 2008
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the centre of a huddle of specialists including an organ
specialist, an imaging specialist or radiologist, a cancer
specialist or oncologist/radiotherapeutic oncologist, and a
dosimetry specialist, or medical physicist. Each of these
individuals is supported by highly trained assistants such
as nurses, radiographers or dosimetry technicians. These
comparisons with other professions bear more than sim-
ple organisational similarity. Just as mammograms are
required to have a second opinion in the systematic scree-
ning of breast cancer and we are steadily moving towards
a second opinion in anatomopathology, a second calcula-
tion is now required by the quality criteria of the French
National Cancer Institute, which will come into effect in
2011.

A number of reports, inquiries or audits carried out by the
institutional agencies on the radiotherapy accidents that
have occurred in France have been insisting for years on
the fact that it is essential to create functional medical
physics units.

The goals of a new organisational structure for medical
physics (delegation of tasks and functional medical phy-
sics units) should be specified in the plan for the organi-
sation of medical physics and must be established in
agreement with the executives and management of the
relevant functional care and imaging units. The goals will
obviously depend on the technical infrastructure, the type
and number of examinations carried out, the treatment
and imaging techniques used, and teaching and research
tasks. This reference document, which is reviewed every
three years and validated by the management committee
and the medical commission of the establishment, thus
allows the plan for the organisation of medical physics to
become part of a driving force within an institution. It
could then be included in the contract of goals and
resources which is agreed with the regional agency for
hospitalisation in order to identify and release the
resources required for it to be achieved. Reasonable esti-
mates of required staff numbers were published in
Appendix 1 of a DHOS circular of 3 May 2002:
– for radiotherapy centres in health institutions involved
in training, teaching and research (cancer centres and
university hospitals), the medical physics team should
include 1 full-time equivalent medical physicist for 300 to
400 external radiotherapy treatments per year, 1 full-
time equivalent medical physicist for 250 brachytherapy
treatments per year, and 1 dosimetry technician for 300
to 500 planned treatments per year;
– for other radiotherapy centres (other public centres,
PSPHs (private institutions offering public healthcare
services) other than cancer centres and private health

centres), the medical physics team should have one
medical physicist for 350 to 500 treatments per year, with
at least 1 full-time equivalent per centre, and at least
1 dosimetry technician.

These numbers recommended by professionals as part
of the Cancer Plan correspond to the standards in many
countries. They are, however, a long way from becoming
reality in France, more than 7 years after they were publi-
shed. We need to ask if the interests of patients and
 treatment safety have really been taken into account
amidst the corporate battles and private interest groups,
which have put France so far behind in medical physics in
research, teaching, healthcare and imaging. Before the
first Cancer Plan was launched we were among the poo-
rest examples in the European Union. The Health
Minister set a target of 600 medical physicists by 2012,
and there should be 900 to 1000 in another ten years or
so. This aggressive policy will do no more than bring us
up to the average ratio in Europe.

Notwithstanding this major development, it is no longer
reasonable to allow new equipment and treatment tech-
niques to be taken on without an external Authority or
Agency to verify if the medical physics team has sufficient
numbers of licensed staff and sufficient equipment to
ensure the safety of treatments. Is it right that nobody
today can give a full list of the teams using IMRT tech-
niques, or the number of patients receiving radiotherapy
treatments or stereotactic radiosurgery every year?

Conclusion

If we look at the development of radiotherapy in France
over recent years, we have to acknowledge that we have
fallen from our position of technological leader and inno-
vator in brachytherapy and radiotherapy, to a position of
user and importer of therapies, diagnostic systems and
specialist software packages. This fact demonstrates
that the lack of an established position for teaching and
research in medical physics in the universities has left a
gap that we must fill in order to take back the place that
should be ours among the ranks of the great scientific
nations.

For French radiotherapy get back to the top of the class,
political decisions must be taken now because these
affect the healthcare budget and also the quality of treat-
ment using ionising radiation for patients. We can really
only come to one conclusion – let us do everything we can
to avoid a repeat of disasters like the Epinal tragedy in
2004-2005! We have the results of the audits and opera-
ting feedback. The solutions are out there. We just need
to find the will to implement them. ■

▼
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The two official programmes governing the studies lea-
ding to the State diploma and Higher Technician diploma
for medical radiology technicians (MRT) date from 1990
and 1992 respectively. They already introduced the basic
concepts of quality in the application of radiotherapy
treatments, but without formalizing them precisely.

However, from 1995 the publication by the European
Radiotherapy Technologist as part of the European
Commission action plan “Europe against Cancer” has
been taken into account by radiotherapy educators, par-
ticularly in the part relating to the general patient safety
and quality assurance. The role of the MRT in the safety
of radiotherapy treatments is undisputable and in fact
growing in the scheme of current methods, so particular
emphasis has been placed, in both theoretical and clini-
cal training, on strict application of treatment procedures.

The planned re-engineering of the training is an opportu-
nity to use activity and skills baselines to reinforce the
involvement of technicians in the various phases of treat-
ment setup, making use of their knowledge of imaging
and anatomy.

The learning methodology centred on the individual
approach, questioning, self-criticism and assessment
will contribute to the development of genuine skills in this
area.

In radiotherapy departments, technicians fulfil missions
and tasks in the different sectors of the specialty, inclu-
ding reception, positioning-simulation-CT, dosimetry,
triggering of the irradiation, and, for some technicians, in
brachytherapy. In each of these sectors of activity, the
presence of this professional contributes to treatment
safety, as he or she plays an important role in the orga-
nisation and the management of these treatments.

This observation is confirmed in part in view of analyses
of the causes of the radiotherapy incidents and accidents
that have occurred over the last two years or more; orga-
nisational weaknesses and human factors are often pre-
cursor factors in the reported incidents or accidents
(transmission of knowledge, consistency of practices,
training on the equipment used, translation of user
manuals, etc.).

Although technicians, as medical auxiliaries tasked with
performing procedures “under the responsibility and the
supervision of a physician capable of monitoring their
execution and intervening immediately…” (Art R. 4351-2),

cannot be held directly responsible for errors (except
intentional or repeated faults), it is nonetheless the case
that their involvement in the various steps of the treat-
ment process give them a substantial place in ensuring
safe patient management.

This contribution to treatment safety takes different
forms according to the sectors of activity mentioned
above:
– on reception of the patient, at the beginning or during a
step of the treatment, thorough verification of the
patient’s identity and the location of his or her pathology
is a basis for safety; the information delivered in the case
of a paramedical appointment for announcement of diag-
nosis also contributes to improving management quality
and safety;
– on positioning or simulation, the technician is tasked
with verification of identity and treated pathology, acqui-
sition of anatomical data of the regions to be treated and
application of procedures, in order to maintain a level of
patient safety and radiation protection complying with
recommendations and with the applicable regulations,
whatever type of apparatus is used;
– in dosimetry, a position often occupied by technicians
with specific training, the medical prescription is prepa-
red and organised. The technician participates in treat-
ment planning, performs the dosimetry and the dose cal-
culations checked and confirmed by the radiotherapist
and the medical physicist. This double validation is an
essential step for high-quality management;
– during treatment, the technician is given responsibility,
as the last link in the chain, for analysing, interpreting and
understanding the treatment sheet parameters, and for
setting and starting the irradiation complying in all res-
pects with the medical prescription. In addition, reference

The role of X-ray technologist in the safety of
 radiotherapy treatments
by Roger Husson, national president, French  association of paramedical radiology personnel – AFPPE  – Paris (France)
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images are produced by the technician before and during
treatment and subjected to medical validation, thus moni-
toring the conformity of the treatment to the prescription;
– in brachytherapy, the preparation and the handling of
the radioactive sources are covered by procedures inten-
ded to ensure the safety of the actions of the technician,
which have potentially serious consequences.

Other factors influence the maintenance of an optimum
level of safety:
– technological and computing developments in the
medical devices used (latest-generation accelerators
with embedded imaging, tomotherapy, CyberKnife, etc.)
necessitate regular individual refresher training;
– maintenance of the clinical knowledge of the technician
for patient monitoring and for accomplishment of
conservative procedures;
– assimilation by the technicians of changes in practices
(treatment protocols, irradiation techniques, etc.).

Training on the management of radiotherapy risks is offe-
red regularly to the various professional personnel:

radiotherapists, medical physicists, dosimetrists, radio-
logy technicians. The latter participate in the rollout of the
quality approach and safety in radiotherapy. A large num-
ber of radiotherapy departments are aware of risk mana-
gement or even trained in risk analysis.

Involved in experience feedback committees, radiology
technicians participate in the analysis of the identified
precursors (a priori and a posteriori risk mapping), and
propose and implement defence barriers, if appropriate.
They also participate in follow-up and assessment of the
actions undertaken.

Through their various actions within a radiotherapy
department, radiology technicians have a multiple role in
treatment safety. They are one of the links in a chain,
having to use a language common to the specialty. Their
knowledge of pathologies, therapeutic protocols and the
equipment used enables them to deliver irradiations in
accordance with medical prescriptions, while remaining
vigilant.

As such they contribute to safety in radiotherapy. ■
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Radiotherapy occupies a major place in cancer treat-
ment, a place tending to expand under the impetus of
several factors: constant progress of the techniques
used, which provide new treatment options and now
enable precision management of tumours with complex
shapes; the development of conservative surgery with
which it is combined; the ageing of the population, which
should on its own lead to a 10% increase in treatments
over the next few years.

At the beginning of the third millennium French radiothe-
rapy has experienced a major crisis with the occurrence
in 2006 and 2007 of accidents which have had very serious
consequences on the health of the patients involved. This
crisis led the public authorities to introduce a “national
road map” to avoid the occurrence of further accidents in
the future and to guarantee treatments of optimal quality
to the patients. The mobilisation of all concerned has
been at the level of the challenge, and the implementa-
tion of measures to ensure treatment safety is now well
under way in the radiotherapy establishments and cen-
tres. In his report preparing the way for the drafting of the
Second Cancer Plan 2009-2013, Professor Grunfeld1

notes that “a major paradigm change in the discipline”
has been initiated as a consequence. Our system of care
in radiotherapy nevertheless still has a worrying weak-
ness; it concerns the fragility of the human resources of
the radiotherapy teams, which it is essential to consoli-
date rapidly.

Although the majority of the events declared to the
Autorité de sûreté nucléaire (ASN, the French nuclear
safety authority) in 2008 were without consequences on
the health of the patients2, the specific characteristics of
radiotherapy nevertheless demand a very high level of
rigour in the management of risks. It uses high doses of
radiation which are focused directly on the patients. Any
significant error in positioning can thus have serious
consequences for the patients. Complications, when they
occur, become detectable a relatively long time after the
treatment, and this delay contributes to a biased view of
the risks, particularly in cancers with good prognosis.

For this reason the coordination and regulation system
introduced by the national road map combines several

approaches through the reinforcement of the regulations
and inspections, but also the development of tools for
sustained and continuous improvement of the quality of
practices in the centres. The principal measures are:
– obligation for the radiotherapy centres to meet the
approval criteria published by the Institut national du can-
cer (INCa – national cancer institute) in order to be autho-
rised to treat patients suffering from cancer; the criteria
include an obligation to implement in vivo dosimetry;
– reinforcement of the safety of equipment and systems
by means of the measures implemented by the Agence
française de sécurité sanitaire des produits de santé
(AFSSAPS – French health product safety agency) to not
only monitor the conformity of the equipment placed on
the market but also guarantee this level of safety throu-
ghout its operating lifetime;
– inspection of all radiotherapy centres by the ASN in
order to identify organisational weaknesses that might
lead to events likely to affect the health of patients;
– a requirement for organisations to develop a quality
assurance approach based on the baseline published by
ASN, along with a risk management policy to identify inci-
dent precursor elements. Some fifty volunteer centres,
with support from INCa and MEAH (hospital assessment
and audit office), have rolled out a methodology based on

▼

Homepage of the FHF website: www.fhf.fr

Safety of radiotherapy treatments and future prospects
by Claude Évin, President, Hospital Federation of France – Paris (France)
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1. Report to the President of the French Republic, recommendations for the 2009-

2013 Cancer Plan, for a new impetus, 14 February 2009, Professor J-P Grunfeld. 

2. ASN 2008 annual report: in external radiotherapy, out of 208 declared events,

4 were classified at level 2 on the ASN-SFRO scale. 
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feedback from experience, drawing inspiration from the
risk management model developed by the aircraft
 industry.
– new requirements for transparency with regard to the
patients: declaration of incidents to the ASN on the basis
of a scale drawn up for communicating with the general
public;
– introduction of a radiation protection monitoring
 system.

What is the present balance sheet of the introduction of
these measures?

Although it is still too early to appraise the overall effec-
tiveness of this national system, which dates from
November 2007, a number of advances are already
 perceptible: 
– facilitated acceptance of the measures through a policy
based on collaboration between the ministry, INCa, ASN,
the Institut de radioprotection et sûreté nucléaire (IRSN –
institute for radiation protection and nuclear safety),
 AFSSAPS, the Institut de veille sanitaire (InVS – institute
for health monitoring), the Haute Autorité de santé (HAS
– national health authority), learned societies and profes-
sional associations. The framework agreement signed in
December 2008 between HAS and ASN is a good exam-
ple of this. One of its aims is to develop synergies between
the inspection of radiotherapy centres and the healthcare
establishment certification procedure as part of the gra-
dual introduction of quality assurance, but also in the
areas of drawing up clinical practice recommendations
and of assessment of professional practices (clinical
audits);
– raised awareness of all involved of the importance of
the organisation factor in risk prevention;
– more detailed understanding of the overall organisation
of radiotherapy and its changes, through the setting-up of
the radiotherapy monitoring unit by the Société française
de radiothérapie oncologique (SFRO – French society of
radiation oncology) and INCa;
– continuous monitoring of the operational effectiveness
of the road map measures by a committee which also
includes representatives of patients and of establishment
federations. The role of this committee is to identify the
difficulties encountered and propose suitable assistance
measures to deal with them;

What are the remaining challenges to be met in order to
achieve this objective of guaranteed safety of treatment
everywhere and maintain it over time?

The major challenge concerns the fragility of the radio-
therapy teams, and this will remain the case for several
years, even though measures have been taken. At pre-
sent the radiotherapy centres do not have the human
resources that they need to meet the quality criteria
required of them. This inadequacy at national level has
led the FHF (French hospitals federation) to request the
application of transitional measures, for example
because of the fact that for one-third of the centres it is

impossible to ensure that a radiation physicist is on duty
at all times. To accomplish this at least 600 would be
required, while at present there are a little more than 400.
Looking beyond the most sensitive issue at present, that
of medical radiophysics staffing levels, the expansion of
all radiotherapy disciplines, including radiation oncolo-
gists, dosimetrists and medical physics technicians and
quality specialists, is necessary in order to achieve the
defined objectives. Answers are expected within the
 framework of the Second Cancer Plan 2009-2013.

It will also be necessary to continue the effort to moder-
nise the technical facilities in radiotherapy, because
although the risk of overdose is well known, the risk of
“underdose” related to equipment that is too old is at
least as important, as it leads to relapses. The 2007
report of the national radiotherapy monitoring unit
shows that the equipment upgrading effort still has
some way to go: 13% of the accelerators in the centres
at present are more than 15 years old and 36% are at
least 10 years old.

It would also be necessary to achieve a better match bet-
ween funding and technical and human resources. It is
somewhat paradoxical at a time when requirements in
terms of safety and quality are being raised that the tariffs
applied to radiotherapy are being reduced. It is true that
one-off funding has been granted to the centres, but it is
insufficient. It is important that the radiotherapy funding
system includes the quality aspects and provides greater
incentive to replace equipment and introduce technical
innovations, as is the case in other areas.

Lastly, the crisis that French radiotherapy has been
through has shown the necessity of developing collabo-
rations between centres. At present each centre still
functions in a fairly isolated manner. Cooperation would
foster mutual aid and the identification of solutions, for
example to the staffing problems that a number of cen-
tres encounter each summer given the general shortage
of radiation physicists. It would also ensure that care
pathways were implemented and thus provide access to
quality healthcare for all, including, where necessary,
more sophisticated technical facilities.

Conclusion

One of the most notable advances obtained through the
national road map is improved transparency with regard
to the patients, an essential factor in restoring complete
patient trust in radiotherapy.

In the final analysis, the issues raised by the radiotherapy
crisis and the response to them concern the choice of
how the safety and the quality of treatments are regula-
ted. What is the most effective system to ensure treat-
ment safety? Is a system specific to each speciality nee-
ded? The answer is perhaps to develop a common
certification model, based on that recently selected for
laboratory medicine, which is then adapted according to
each speciality. ■

▼
Dossier : Safety in external radiotherapy treatments



38

The techniques used in the field of radiotherapy are the
same everywhere, but the organisation and scope of acti-
vities vary depending on the country, and sometimes
depending on the specific region. The International
Radiotherapy Conference held in Paris and devoted to the
radiation protection of radiotherapy patients provides us
with an opportunity to discuss some of the specific cha-
racteristics of the French health care system. These past
years, the context of workforce shortage associated with
strong government initiatives, the implementation of
several successive National Cancer Plans, the transposi-
tion of European Directives into French law
(Euratom 96/29 and 97/43) and the accident in Epinal
have had a rapidly restructuring effect on the French
radiotherapy sector.

Radiotherapy and specific characteristics of
the organisation of the French health care
 system

• In France, the conditions of admission of patients for
radiotherapy treatment are no different from the general
conditions of admission in hospitals. The principle is that
of health care access for all. All French citizens are now
covered by the National Health Insurance system. This
does not mean that there are not a relatively significant
number of individuals unable to exert their right to health
care access, but such deficiencies do not contradict the
existence of this right. Cancer patients are treated as
long-term affliction (ALD) patients, with 100% coverage
of treatment expenses.

• The majority of radiotherapy patients (over 53%) are
treated by private practice doctors in private hospital
structures. However, when explaining these issues to an
international public, it is important to note the following:
for a French patient, there is no financial difference bet-
ween receiving treatment in a private or public hospital
structure. This is based on the legal principle of "free
choice". The patient is free to choose the doctor (private
practice or staff) and therefore the hospital structure
where treatment is to be received (public structure, or
profit-making or non-profit-making private structure),
with equivalent health coverage and patient-borne

expenses. The only condition is that the doctor be quali-
fied and that the hospital structure be authorised. This
does not mean that the actual cost and the cost borne by
society will not differ depending on the legal status of the
doctor and hospital structure. But the patient is protected
from this. Overall, the private sector is significantly less
expensive for society than the public sector.

For those familiar with the French health care system, it
must be noted that these past years government and
social security agencies have been tempted to develop a
commercial medical system. This is in principle prohibi-
ted by the code of deontology, but in order to fight the
social security deficit, government and social security
agencies are currently allowing and encouraging the loo-
sely structured development of "non-reimbursable
expenses" (possibility of charging the patient more than
what is reimbursed) in private practices and in the "pri-
vate sector" of public hospitals. Fortunately, these devia-
tions from the principle whereby "medical care is not a
business" and from the principle of solidarity remain
marginal and insignificant in the field of radiotherapy,
but in the absence of rapid measures they could a signi-
ficant modification of the French health care system.

• The third specific characteristic worth noting is that all
medical activities within a hospital structure are subject
to prior authorisation. This prior authorisation is consi-
dered as a right to exert a health care activity. It is gran-
ted by a government administrative authority after verifi-
cation of compliance with minimum quality and safety
requirements regarding personnel qualifications and
technical infrastructures and procedures. Three main
principles for the quality control of medical services in
health care establishments dominate and structure the
French health care system:

– minimal conditions for proper treatment: personnel
qualifications, technical infrastructures and procedures
(i.e. prior authorisation);

– compliance between the service provided and that sti-
pulated and paid for: cost, quality, schedule (i.e. resource
allocation control);

▼
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– development of good practices through increased com-
pliance with baseline requirements and increased
 monitoring of result indicators (i.e. certification and
accreditation procedures).

The logic behind this approach is clear and well founded,
even though it should be considered in light of institutio-
nal practices, which are marked by a certain confusion
and a more or less effective implementation. The fact that
the French health care system has become a govern-
ment-controlled system currently contributes to a certain
confusion of roles, where all participants feel legitimately
entitled to handle all aspects. This confusion often results
in a certain loss of perspective and in bureaucratic
 inflation.

In France, the verification of compliance between the ser-
vice provided and that stipulated and paid for is superfi-
cial. It is entrusted to the health insurance system, which
is government-controlled but draws its legitimacy from
social, employer and employee contributions. This duality
has a paralysing effect, making the French health service
purchaser a blind payer, particularly in the case of public
hospitals.

What is interesting in France as compared to other coun-
tries is the existence of this prior authorisation frame-
work based on minimum national criteria regarding
infrastructures and procedures. This paves the way for
the assessment of service quality, leaving French certifi-
cation and accreditation authorities free to adopt an
approach based exclusively on medical results. Many
countries wish to adopt such an approach, and the litera-
ture on the subject is abundant, but most initiatives in that
direction are slowed down or even stopped by the
absence of this prior authorisation framework. Quality
control ensures this role, focusing on the assessment of
infrastructures and procedures. This is not the case in
France: It is therefore all the more regrettable that France
has not seized this historic opportunity to take a lead in
the implementation of a result-based assessment
approach. This leads us to question the mobilisation
capacity of medical assessment professionals. We will
discuss this point further below.

Institutional framework

The institutional framework concerned with quality
control and risk management within the French health
care system is characterised by the following:

– major role played by the government. These past years,
the government’s presence within the health care system
has grown considerably. It now effectively or legally
controls all major organisations involved in planning,
scheduling, regulation or funding within the health sys-
tem. This control is centralised and plan-oriented. As a
result, the French government is very vulnerable to
patient safety issues. In order to alleviate this situation,
particularly after the contaminated blood scandal that led
the highest French officials to appear in court, it has crea-
ted a multiplicity of "independent" agencies. These agen-
cies are all dependent on the government (with the

exception of the Nuclear Safety Authority), but their func-
tion is to create a protective framework reducing the
government’s exposure to media pressure and allowing
issues and deadlines to be handled objectively;

– multiplicity of official participants. As mentioned ear-
lier, recent years have witnessed the creation of a multi-
plicity of agencies. It should be noted that cancer issues
are handled by a specialised agency, the National Cancer
Institute (INCa). Initially intended as “an open house for
patients, professionals and researchers”, it is now a
government agency under the supervision of the Ministry
of Health and the Ministry of Research. Cancer patients
therefore have the privilege of a specific agency entirely
devoted to them, but this privileged status also weakens
the institute, since it remains and will always remain an
exception. As coordinator of the national radiotherapy
programme, the National Cancer Institute legitimately
participates in all aspects of the programme, with all
relevant parties. France is fortunate to have an agency in
charge of coordinating the radiotherapy and radiation
protection sectors;

– weakness of professional organisations. Professional
organisations are numerous and cover the entire range of
participants. For example, the two main scientific socie-
ties, the French Society of Radiation Oncology (SFRO) and
the French Society of Medical Physics (SFPM), each
encompass all the respective specialists, regardless of
their status (public staff, private staff, private practice).
Syndicates for doctors, physicians and specialised per-
sonnel and establishments (including training establish-
ments) also exist. These organisations are, of course,
highly specialised. But what is to be noted is the weakness
of all of these organisations, both in terms of scope and
budget. There is one exception, the National Federation of
Cancer Treatment Centres (FNCLCC), which has conside-
rable resources and a significant influence. As in other
countries with specialised anticancer centres, the number
of patients treated in these centres is relatively low, i.e.
less than in each of the three other types of hospital struc-
tures (university hospitals, general hospitals and private
clinics). The same applies to radiotherapy. Even though
anticancer centres are traditionally very active in this field,
the number of patients treated in private structures
remains much higher. The influence of these centres
stems from their high degree of specialisation, their abi-
lity to provide high-quality  training (equivalent to that pro-
vided by university hospitals) and their often leading role
in research and innovation. However, they have been
unwilling or unable to play a leading role in terms of qua-
lity control and safety assessment in the field of cancero-
logy in general or in that of radiotherapy in particular;

– failure of the National Health Care Accreditation and
Evaluation Agency. The history of the French hospital sys-
tem is very significant and stimulating in terms of chal-
lenges and progress regarding the institutional frame-
work of quality control and safety assessment. The first
national specialised institution was the National Agency
for the Development of Medical Evaluation (ANDEM). It

▼
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enabled significant and rapid progress in the appropria-
tion and/or development of specialised tools and
methods. In 1996, it became the National Health Care
Accreditation and Evaluation Agency (ANAES). This insti-
tution gathered all participants in a manner similar to the
agricultural associations existing in numerous countries
(such as France’s National interprofessional association
for seeds and plants). For example, for issues directly
concerning evaluation and accreditation, government
agencies, health insurance companies and extended
health insurance companies had no vote in the
Administration Council. Only private practice and staff
doctors and public and private and public hospital struc-
tures had a right of vote. Moreover, in a manner also simi-
lar to existing agricultural associations, an "accreditation
committee" was created, with strictly professional legiti-
macy but officially acknowledged by the government. The
assessment of medical treatment quality and safety was
therefore entirely entrusted to professionals benefiting
from the support (and non-interference) of government
and funding agencies. The code of deontology guarantees
the independence of individual practice. The ANAES gua-
ranteed the collective independence of our professions.
This reform did not result from demands or struggles on
the part of professionals. It instutionalised the societal
acknowledgement of the fact that medical evaluation can
only be performed by peers. Needless to say, what society
expected in return was an accreditation system based on
“medical results”. Experience has shown that French
professionals were not able to seize this opportunity. The
particular circumstances and the political opportunism of

a French minister led to the replacement of the ANAES
with the newly created National Health Authority (HAS).
There is therefore no longer an institution devoted to col-
lectively protecting the independence of our professions.
On the contrary, they are now dependent on the political
sphere. The legitimacy of the HAS for replacing the
ANAES lies in the fact that it is also a very strong institu-
tion, but its source is exclusively political and no longer
professional. In France, the recent history of the institu-
tionalisation of quality control (and therefore of the col-
lective protection of professional independence) reflects
a paradigm shift much more pronounced than in other
developed countries. At the collective level, medical legi-
timacy is no longer a question of professional indepen-
dence. It is now a political issue. It is still too early to eva-
luate all the consequences. Articles unaware of these
changes can still be found in the literature, but professio-
nal initiatives remain rare and with little impact on the
organisation of the system. The same applies to the field
of radiotherapy1. For example, the French Society of
Radiation Oncology (SFRO) has decided to establish a
national system to report and manage undesirable inci-
dents, which will protect those reporting the incidents
(therefore more efficient than the official system). To date,
this initiative has not been implemented;

– recent creation of patient organisations. French culture
tends to privilege a "patient-oriented" approach rather
than a "client-oriented" approach. The role of "citizen"
representation was normally entrusted to social security
organisations. In their struggle against the government,
these organisations have not developed this aspect of
their responsibilities. As for the government, it has
 actively supported the creation and development of orga-
nisations representing patients. In the field cancerology,
the dominant organisation is the League Against Cancer.
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1. G. Parmentier, Qualité-sécurité en radiothérapie : pour une stratégie profession-

nelle (Quality & Safety in radiotherapy: Advocacy for a professional strategy),

Cancer/Radiothérapie 12(2008) 584-600.
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This is actually a charity collection organisation that was
almost exclusively devoted to the funding of anticancer
centres, particularly research centres. In the late 1990s,
the League Against Cancer developed patient-oriented
initiatives and organised information campaigns that suc-
ceeded in attracting the attention of political authorities.
As a result, the government has now given it an important
role. Similarly, the government has supported the crea-
tion and development of the Interassociative Committee of
Health Care System Users (CISS), intended to federate all
patient-representing organisations. These recent evolu-
tions are very positive. However, the difficulty of finding
patients that can receive training and assume a long-term
commitment, together with the difficulties encountered
with funding, make these organisations highly dependent
on their relations with public authorities and professional
opinion leaders. The fact that their managers are often
practicing oncologists, their frequent indulgence towards
public authorities, and the fact they sometimes continue
to finance equipment already funded by tariffs (and there-
fore paid for twice) are all indicative of the lack of maturity
of these patient organisations, which often still lack the
capacity for genuine independence.

Due to this tendency to privilege a patient-oriented
approach rather than a client-oriented approach, French
consumer organisations show very little interest in safety
and quality issues regarding the health care system. There
is only one exception: "non-reimbursable expenses" resul-
ting in an increase of fees "payable by patients". To date,
consumer organisations are the only ones to freely address
the matter, to question the principle itself (i.e. not just the
sums not reimbursed) and to organise fully independent
evaluation and information campaigns.

In addition, local accident victim associations are establi-
shed after every accident or incident affecting patients,
with a view to protecting their interests.

Impact of National Cancer Plans and recent
accidents

Two major events have had a significant impact on the
French radiotherapy sector in recent years:

– National Cancer Plans, particularly the last one (2003-
2007). A new National Cancer Plan (it will be the fourth)
should follow shortly. These National Cancer Plans are
marked by a strong initiative on the part of the highest
government authorities, and by significant funding (parti-
cularly the last one). The National Cancer Plan of 2003-
2007 had a significant impact on professionals by raising
the minimum requirements for good practice. Emphasis
was placed on the announcement of the disease and on
the organisation of the pluridisiplinary concertation mee-
ting. Significant progress was made in both of these
areas. The quality and safety of patient treatment and the
professionalism of participants were both reinforced. The
same can be said of the "personalised treatment pro-
gramme", which is being progressively implemented and
whose content is evolving toward a genuine contract bet-
ween the patient and the doctor responsible for

 treatment. The implementation of funding assistance to
upgrade the radiotherapy infrastructures of public or
assimilated hospitals is also to be noted. This assistance
was significant and presented multiple aspects.
Curiously, the private sector did not benefit from it (effec-
tively, not legally). This is partly due to the fact that private
practice professions are under the supervision of the
social security authority, which only feels concerned by
the strictly public health aspects of government-backed
public health plans, and which considers everything
concerning private practice professionals as its specific
domain not to be interfered with by the government. As
for the government, it is very cautious when it comes to
private practice doctors, which it is unfamiliar with and
fears (whether rightly or wrongly).

On the whole, a plan such as the National Cancer Plan
constitutes an advantage for the professionals and institu-
tions targeted. Responses such as the politicalisation of
technical issues and the struggle for power or to obtain
public funding have severe adverse effects and develop
strong iniquities. These plans are therefore very costly for
the nation. Nevertheless, they do have positive effects. In
France, they are still implemented without assessment.
There is an inconsistency between the potential assess-
ment schemes and the objectives sought. The National
Public Health Council is now requesting that the govern-
ment accompany each measure of a public health plan with
a set of assessment criteria defined after verification of the
availability of the necessary databases. There is nothing to
suggest that this common sense recommendation will be
quickly followed by an effect. Beyond the adverse effects
mentioned earlier, we can nevertheless assume that these
plans contribute to the implementation of requirements
that are on the whole beneficial to everyone;

– accidents in Epinal and Toulouse. They are regrettably
well known and will be largely commented (and rightly
so) during the present international conference. It should
be noted that the two accidents are not at all comparable.
However, one of the lessons learned from them is preci-
sely that the media coverage makes all accidents or inci-
dents comparable regardless of the effective conse-
quences for patients. In France, as elsewhere, the public
authorities are far more sensitive (and therefore more
attentive) to the safety of medical treatments than to their
quality. This also applies to radiotherapy. Beyond the
indispensable progress to be made (improvement of per-
sonnel training, development of quality and safety aware-
ness, better consideration of organisational quality indi-
cators, development of simple and robust assessment
tools for comparison purposes and for use as alert sys-
tems), what are the lessons to be drawn? Progress has
been achieved in each of these areas, e.g. systematisa-
tion of in vivo dosimetry, implementation of the ASN-
SFRO indicator scale, renewal of training programmes to
decrease the severe deficit of trained personnel
 (radiotherapists and radiation physicists in particular),
preparation of procedure and certification manuals, etc.
Two difficulties rather typical of the French context are to
be noted in particular:

▼
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– as is well known, France is a country of written law,
and the inclination to produce regulatory texts is stron-
ger than anywhere else. What is less well known is the
record-breaking number of health-related texts produ-
ced. The number of regulatory texts currently applicable
in the health sector nearly doubles those available in
other highly regulated sectors (legal, economic, etc.).
The health sector amounts to 23% of the entire produc-
tion of French regulatory texts (labour and employment:
6%, defence: 4%, education: 2.4%, etc.), and the growth
rate is one of the highest (14% increase per year). This is
far from consistent with the recommendations of the
IOM "To Err is Human" report, which indicated that apart
from minimum safety measures, regulations tend to be
decreasingly effective. The field of radiotherapy is the
caricature of this French defect. In addition to texts devo-
ted to the general evolution of the system, this field
includes the vast workload associated with the transpo-
sition of European directives into French law. The
National Cancer Plans significantly accelerated the text-
production machine, and the accidents in Epinal and
Toulouse drove it crazy. With the implementation of
National Cancer Plan measures currently in progress,
an extensive roadmap document stipulating further
measures has also been published. Each text may be
justified in itself, but this avalanche can only have an
adverse, discouraging and demotivating effect on pro-
fessionals, thereby producing avoidance responses
rather than facilitating the development of the quality
and safety awareness needed to restructure organisa-
tions and behaviours. Even the administration has fallen
into the trap. Through its management of student

 training quotas, the administration has generated the
workforce shortage, self-justifying itself with the theory
of regulation based on supply, according to which fewer
resources will cut down expenses. There is therefore a
severe shortage of physicians. But recent accidents
implicate them at the core of the process. Instead of
consolidating this profession and assigning it a specific
sphere of responsibility (which would lead to complaints
from university students), we have opted for an approach
unique in the world, but highly promising from a media
perspective: we impose regulatory requirements accor-
ding to which the physician must be  present throughout
the patient’s treatment! Salaries skyrocket and savage
competition creeps in. And it is not certain that the level
of safety increases accordingly. The rigidity of the French
legal system is partly responsible for the difficulties
encountered in the necessary development of the inci-
dent report system. In France, it is difficult to implemen-
ted protective measures such as those successfully
implemented in Anglo-Saxon countries. In the absence
of protection, professionals  hesitate to issue reports;

– what is most important for political authorities (and
therefore for government-controlled agencies) is the
communication framework ensuring their protection.
Until recently, the culture of the Nuclear Safety Authority
(ASN), which is responsible for both nuclear safety and
radiation protection, was civilian nuclear industry-orien-
ted. In the event of an accident, the classification accor-
ding to a severity scale allows for the implementation of
a population protection and supervision plan, which can
be indispensable for survival purposes. Communication
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quality is one of the key factors determining the success
of such a plan. This requires significant know-how. A
radiotherapy accident involving one or more patients is
very different from an accident in a nuclear power plant.
The risk management culture and know-how imple-
mented are very different. The patient needs to be
contacted and provided with a satisfactory analysis,
including compensation measures if applicable. The real
catastrophe would occur if the patient were to find out
about the accident through the press. That is what hap-
pened in Toulouse. The causes of this catastrophic infor-
mation leak have never been fully determined. We are
therefore dealing with two different risk management
processes, incompatible in certain respects. In the case
of civilian nuclear accident, the only issue is the excess
dose. In the case of a radiotherapy accident, it is not clear
whether insufficient doses are statistically more or less
deadly than excess doses. In France, the development of
a proper understanding and control of these two risk
management processes is still in progress. The diffe-
rentiation of communication systems will constitute one
of the indicators of our progress in this respect;

– beyond these issues, what experience shows are the
government’s difficulties and contradictions regarding
regulation based on supply. Earlier we mentioned the
issue of contradictions between training policies and per-
sonnel qualification requirements. The same can be said
of the "investments required to guarantee safety and
quality" (expression used in official statements and docu-
ments). Since the abandonment of the overall budget for
public hospitals, two resource allocation approaches pre-
vail in France. The first approach is based on the justifi-
cation of costs. All experiences (industrial experiences in
particular) show that this approach is expensive for public
funds and inefficient for professionals, creating guaran-
teed income and causing inefficiency and lack of produc-
tivity. Despite this, it is the prevailing approach in govern-
ment spheres and among professionals. The second
approach, consisting of price-based regulation, has been
implemented up to now by health insurance companies
with regard to private radiotherapists. It is far more effi-
cient and shows that medical care need not be treated as
an exception. Although there is no single explanation for
it, private radiotherapy is indeed considerably more effi-
cient than public radiotherapy. It requires a good mixture
of competitiveness (which does not mean submitting to
the "free market"), incentives and inspections. All the
technical ministries of the French government are aware
of this, but not the Ministry of Health. Planning, adminis-
tration of production sectors, cost-based allocation, fear
of inspections, "cooperation" (mostly consisting of the
consolidation of public hospitals through the assimilation
of activities handled by other structures), overevaluating
the form as opposed to the content, absence of contrac-
tual culture, assisting those behind schedule instead of
implementing performance-based incentives, etc. The
fear of abandoning this paradigm or the lack of

 knowledge of other operating modes are such that, to
date, the government prefers to not subject private
radiotherapy centres to the obligation of declaring their
activities as per PMSI rules (French equivalent of a DRG-
type system). Rather than dealing with the comparison
of the two sectors (public and private), it prefers to ignore
who does what and where for over half of French radio-
therapy activities. This affects the capacity to control
quality and safety factors, thereby perpetuating the
recurrent problems associated with the monitoring and
assessment of investment quantity and quality. Even
though more efficient, the private practice sector
remains the poor relation in National Cancer Plans and
radiotherapy roadmaps. Moreover, the weakening effect
of the disappearance of entrepreneurial culture in young
doctors, combined with the lack of interest in this pro-
blem among supervisory authorities, poses a risk of
 collapse of the private sector and of increased costs for
the nation.

It is always difficult to briefly summarise the characteris-
tics of such a highly complex health care system, parti-
cularly for a foreign public, so as to identify its specific
characteristics and thereby establish the grounds for a
fruitful and mutually enriching discussion. These reflec-
tions therefore constitute a risky and necessarily biased
attempt to identify the issues that are most relevant with
regard to foreign experience. Privileging a challenge-
based approach may give a negative impression. In
France, the challenges and expected progress in the field
of the radiation protection of radiotherapy patients
remain numerous. The French radiotherapy sector is
undergoing a period of rapid change and progress in
terms of technical capacities, organisation and practices.
In a context of workforce shortage and strong and gro-
wing bureaucratic pressure, it is characterised by the
relatively weak involvement of professionals in the for-
malised implementation of quality and safety assess-
ment functions, the relinquishment on the part of profes-
sionals in favour of government-controlled planning,
scheduling and regulation, and the overevaluation of a
safety approach mainly focusing on the prevention of
media repercussions, in a manner not necessarily
consistent with the requirements of patients. This safety
approach is also reflected in terms of research funding,
with larger budgets currently being devoted to the analy-
sis of low-dose exposure risks than to the analysis of the-
rapeutic dose effects and interactions with living matter.
Apart from the fact that there is no waiting list and that
access to treatment is guaranteed (which are points not
to be neglected), there is still an absence of robust, sys-
tematised, national and public indicators for assessing
the quality and safety of radiotherapy treatments in
France. This by no means implies a qualitative judge-
ment, but it confirms that even though the increase in
requirements reflects a positive trend, the challenges and
expected progress also remain significant and important
in France. ■
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What information should patients be given before
radiotherapy?
by Philippe Bergerot,France’s National Anti-Cancer League (LNCC) – Collective international voluntary health (CISS) – Paris (France)

A FRENCH POINT OF VIEW

Following a number of accidents at radiotherapy units, at
Épinal and Toulouse hospitals in particular, and the pro-
blems encountered in the summer 2008, mainly caused
by a shortage of radiation physicians and probably due to
legislation that bears little relation to reality, a national
radiotherapy monitoring committee was set up on
15 December 2008 in the presence of Roselyne Bachelot-
Narquin, France’s Minister for Health and Sport. A first
progress report was submitted to the Minister in
May 2009.

Twelve members sit on this national monitoring commit-
tee, including a CISS representative and a person that has
received radiotherapy treatment. This demonstrates the
seriousness and the commitment required of users on
this issue.

Radiotherapy, one of the main treatments for cancer, is a
loco-regional treatment that uses radiation capable of
destroying cancer cells. It can be used on its own, or
before, during or after another treatment method (sur-
gery or a medical treatment such as chemotherapy, for
example). The decision to treat a patient by means of
radiotherapy is based on the opinions of healthcare pro-
fessionals discussed at a multidisciplinary team meeting,
the minutes of which are sent to the various doctors
involved.

The radiotherapy treatment prescribed (the technique,
total radiation dose, length of the treatment, number of
sessions, etc.) is adapted to the individual situation of
each patient. It is designed to be as effective as possible
in light of the tumour pathology, while protecting neigh-
bouring organs as far as is possible.

What do patients and the people close to them
want to know before starting radiotherapy
treatment? They want to know that:

a. they will be given the most suitable, cutting-edge,
effective and least toxic treatment in the very safest
conditions, i.e. in accordance with the regulatory and
medical planning procedures;

b. the treatment received by the patient takes account of
them as a whole person, not just someone with cancer.
Thus, objectively informed of the various treatment
options, the possible benefits but also any likely risks,
they can have a say in the proposed treatment and the
care pathway;

c. if these 2 conditions are met:
• they can be treated close to home, wherever possible,
so that the entire course of treatment (specific treatment
and transportation) has the least negative impact on work
and family life;
• and this, most often; regardless of who the healthcare
provider is, while keeping the costs that the patient has to
bear to the minimum.

To this end, the patient wants to know that:

1. the radiotherapy unit
a. is not isolated, but, on the contrary, an integral part
of a chain of care, through the intermediary of the
structure in which it is based, which organises its can-
cer care activity within the framework of a “3C”, a
Centre de Coordination en Cancérologie (cancer coor-
dination centre), within the local network that set it up
in liaison with the regional cancer network, or even in
direct liaison with the latter.
b. complies

• with the INCa accreditation criteria relative to
radiotherapy practice, including the requirement
relative to in vivo dosimetry;

Preparing a patient for cancer treatment by brachytherapy



• with the enforceable requirements regarding qua-
lity assurance in radiotherapy (ASN reference frame-
work) and the stepwise implementation schedule;

c. applies the measures regarding vigilance in radio-
therapy published by the ASN in a guide for healthcare
professionals on notifying radiation protection events;
d. is gradually developing records of notifications of
serious adverse events related to treatment.

2. patients are treated by the healthcare professionals
collectively, as part of an organisation, as recommended
in Circular DHOS/SDO/2005/101 of 22 February 2005
relative to care planning in oncology. This Circular sets
out all the organisational measures. The first section
focuses on the patient, with recommendations as to the
various organisational procedures to be implemented at
each establishment and site. The second section des-
cribes the links between structures and how the provi-
sion of care is organised and its accessibility at regional
and local level, with an appendix on cancer coordination
centres (intra- or inter- establishment), the responsibili-
ties of which are clearly defined and include:

• providing doctors and carers with good practice refe-
rence guides (INCa, SFRO, ASN, HAS, IRSN, etc.)

• ensuring:
1. that multidisciplinary teamwork functions effectively;
2. that a procedure for announcing the disease and
informing patients is implemented;
3. that every patient receives his/her personalised care
plan;

• being able to inform patients, and provide guidance
within the care structures;
• producing information on cancer care, medical, surgi-
cal and pharmaceutical activities carried out at the
 establishment,

3. the number of healthcare professionals involved in
providing the treatment is adequate and complies with
the recommendations applicable and that they work as
part of a team, including:

• The Radiation Oncologist, a doctor specialising in
oncology, who, in addition to attending the multidisci-
plinary team meeting, is in charge of specifying, plan-
ning and ensuring smooth implementation of the
 radiotherapy treatment. It is s/he that:

– draws up the irradiation plan;
– defines the volume(s) to be irradiated and the
organs and tissue that must be protected;
– prescribes the total dose to be delivered and the
number of sessions this will entail;
– ensures monitoring throughout the treatment;
– checks that everything goes according to plan and
deals with any side effects;
– together with the other doctors involved in the case,
monitors and provides long-term follow-up of the
patient following treatment.

• The Medical Physicist, who specialises in medical
radiation physics:

– ensures that the radiation dose received by tumour
tissues is the dose prescribed by the Radiation

Oncologist and validates the treatment plan in
conjunction with the Radiation Oncologist;
– is responsible for checking the different parameters
of the equipment used in the treatment.

• The Dosimetrist, together with the Radiation
Oncologist and the Medical Physicist, is involved in cal-
culating the radiation dose required for the radiothe-
rapy and in planning the treatment.
• The Radiation Therapist performs the irradiation
according to the treatment plan defined and validated
by the Radiation Oncologist and the Medical Physical.

4. the radiotherapy treatment satisfies the quality
 criteria:

• Following the consultation, the first major step prior to
any treatment, since it is the first time that the patient
and the Radiotherapist meet. The treatment is generally
first announced during this consultation. The
Radiotherapist explains the practical procedures invol-
ved in the treatment and is involved in drawing up the
Personalised Care Plan. Time is usually allowed for dis-
cussion so that the doctor can answer any questions the
patient or his/her family may have, especially with regard
to side effects during treatment and the risk of sequelae
and possible complications. In some units, this consul-
tation may be followed by a second consultation, this
time with the Radiology Operator, to go over any points
the patient may not have fully understood. Other services
may also be proposed as part of what is known as patient
support.

• External radiotherapy is divided into four main stages:
– imaging and locating, the first essential preparatory

45

Dossier : Safety in external radiotherapy treatments

▼

French National Anti-Cancer League (LNCC) publication on 
radiotherapy



▼
Dossier : Safety in external radiotherapy treatments

stage in the treatment, during which the patient is pre-
sent. This is known as the imaging or simulation stage.
The Radiation Oncologist, assisted by an Radiation
Therapist, locates the target to which the radiation will
be directed, as well as any high-risk organs that must
be protected;
– dosimetry, consisting, for the Medical Physicist and
the Dosimetrist, in carrying out a computer-assisted
study of the dose distribution to be applied to the area
being treated, and optimising the irradiation technique
with the help of the Radiation Oncologist. The definitive
treatment plan, which mainly defines the dose and deli-
very program (dose per session, number of sessions,
interval between sessions, etc.) is jointly validated by
the Radiation Oncologist and the Medical Physicist;
– daily treatment, since radiotherapy entails several
sessions, usually once a day, for four or five days a
week, over a period of several weeks. This program
may be modified depending on the patient’s general
state and/or the area being treated. On the first day, the
planned treatment is checked and the patient is posi-
tioned under the treatment device. By 2011, at all
authorised radiotherapy centres, in vivo dose measure-
ments will systematically be taken at the first or second
session, and every time any change is made to the
treatment. This in vivo dosimetry technique entails
measuring the dose received directly on the patient
during irradiation;
– monitoring during and after radiotherapy, entails
monitoring in the short- and the long-term on a regu-
lar basis and adapted to the patient and his/her cancer,
designed to check the effectiveness of the radiotherapy

treatment and to deal with any side effects that may
occur;

– during radiotherapy treatment, progress is revie-
wed each week during a consultation with the
Radiation Oncologist. S/he checks that the treatment
is going as planned, checks for the onset of any side
effects and, if necessary, proposes additional
 treatment;
– once the treatment is over, follow-up visits serve to
regularly review the patient’s state of health, thus
monitoring the stages in improvement and detecting
(and treating) any late onset side effects of the
 radiotherapy.

Is this information available?

In order to monitor and know more about radiotherapy,
four measures have been taken by the national monito-
ring committee:
– ASN publishes its report on inspections carried out at
all the different radiotherapy departments;
– INCa/SFRO publish the “Observatoire de la  radio -
thérapie” (Radiotherapy Observatory) annual report;
– an annual report on notifications within the framework
of increased vigilance in radiotherapy is published;
– INCa survey on radiotherapy practices.

Some useful websites
– The French National Cancer Institute (INCa) 
www.e-cancer.fr
– the French Nuclear Safety Authority (ASN) www.asn.fr
– The French National Anti-Cancer League (LNCC)
www.ligue-cancer.net ■
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Medicine has achieved excellence by focusing its efforts
on scientific research, dissemination of knowledge and
development of technical resources. These choices have
evidently turned out to be beneficial in view of the quality
of our healthcare system and the competency proficiency
of our professional staff. Isn’t time now to consider the
human dimension of medicine as offering new and
genuine potential for improvement? That is the thought
inspired by my first steps in the area of health and the
safety of healthcare since the establishment of a Health
Unit within the office of the Mediator of the French
Republic in January 2009. Subsidary we should wound if
what the medical world has considered and secondary is
not  becoming the new priority.

There are obviously a number of scientific and medical
issues in risk management. There are latent social and
human issues in risk management; my role as Mediator is
to let this voice be heard. I am not a doctor, but I have the
weakness of believing that this lack of qualification is an
advantage: it gives me a different outlook on these issues
and allows me to focus on their human impact.

I distinguish two major issues in risk management, which
I will discuss consecutively: the first is the organisational
management of risk, the second is the human manage-
ment of the relationship with the patient.

The organisational management of risks has three objec-
tives:
– minimize the probability of accidents throughout
patient management;
– manage accidents when they occur, limit their impact
and their potential propagation;
– investigate the accident, analyse its causes, and if
necessary implement appropriate measures.

The quality of a system depends as much to the individual
quality of its members as to the quality of the processes
and the organisation. What is true for an industrial enter-
prise is all the more so for a hospital. There is nothing new
in this; nevertheless, it is useful to bear this precept in mind
in view of the evolution of our societies. The increasing spe-
cialisation and technical complexity of systems requires
allocation of tasks, circulation of information and constant
improvement of the monitoring of the activity.

How can the quality of the organisation be
improved?

Each visit to a university hospital, each fact-finding trip in
the field has been an opportunity for me to discover new

processes, new methods, new experiments. I think that
awareness has come as a consequence of resounding dra-
mas such as the contaminated blood scandal, or the Epinal
scandal which concerned you, as radiotherapy professio-
nals, directly and painfully. These shocks for the profession
have led to the setting-up of effective monitoring and
reporting processes. These approaches must be encoura-
ged, good practices identified and disseminated. Today the
work done on blood transfusion safety can be held up as
an example to follow. I would also like to put forward the
example of mortality and morbidity reviews: their intro-
duction in each establishment seems to me to be a good
thing. These reviews are intended to cast a critical eye over
the way the patient has been managed, ask questions
about the avoidable character of an event (morbid or fatal)
and collectively seek the causes of any failure occurring
during management, backed by expert assessments.

How can the individual quality of practitioners
be  improved?

Obviously individual practitioner quality is not in question. In
France we have medical personnel among the best trained
in the world. But I think that we still have plenty of room for
progress; the answer will require not only updating of
knowledge but also a change of culture in medical circles,
with the ultimate objective of enabling everyone to practise
and develop their skills in a climate of trust or, perhaps one
should say, thanks to this climate of confidence. I am effec-
tively calling for a change of culture, and I formulate this
wish: transition from a culture of fault to a culture of error.
In France we have a strong Judaeo-Christian culture which
condemns the person at fault, who has the need to punish.
Like the scapegoat, loaded with all the sins and chased out
of the city in times gone by, the person at fault takes full and
sole responsibility for a collective failure. Take the recent
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examples of the deaths of young children in hospital early
this year which shook public opinion and medical circles:
the investigation is not completed and consequently obliges
us not to comment. But I can take a look at the media cove-
rage of this story: it would appear that there was a
sequence of adverse events that led to this tragic conclu-
sion. Opinion only retained the connection of the wrong bot-
tle by a nurse. This quasi-Pavlovian behaviour has a unfor-
tunate consequence: the incident is closed when the guilty
person is identified and punished. The desire for justice for
the victims is assuaged, the profession is blamed through
the condemnation of one of its members and not shaken to
its foundations. Work on the analysis of the causes
becomes anecdotal, whereas it is fundamental.

This transition from a culture of fault to a culture of error
is based on different attitudes: a change from the clan-
destine nature of a person at fault, their isolation and their
shame, to a discussion by all persons involved; a change
from questioning the reliability of persons to investigation
of the causes of the accident; a change from a repressive
reflex to a preventive view; a change from secrecy to trans-
parency; stop seeing a report as an accusation, an indis-
cretion or an act of denunciation; see an error or the dis-
content expressed by a user as an opportunity to learn and
improve, not a new source of constraint.

The ultimate objective is to restore trust in an environ-
ment beset by doubt. This climate of mutual distrust bet-
ween the parties leads to turning inwards and attitudes of
self-protection. Shelter is taken behind a statute, the
authority of a superior, knowledge. The principle of pre-
caution is hijacked and used as a shelter to the point of
maximum protection: inaction. In the end the comfort of
the organisation and personal comfort is preferred to the
comfort of the user and the patient.

This brings me to the second part of this contribution:
how is risk management linked with the problem of the
relationship with the patient? The relationship with the
patient has changed profoundly. An accident often reveals
latent discontents, buried frustrations, tensions in this
relationship. Managing risks includes providing the
human response to contribute to these extreme situa-
tions, where emotional stress reaches a peak; it means
managing the relationship all the way.

Thought must be given to this relationship between
health professional and patient. It seems to me that
 several parameters have modified the situation.

The figure of the doctor has lost its sacred character, it no
longer has ‘natural’ authority. By natural authority I mean
the spontaneous attitude of the patient to respect and lis-
ten to the doctor. In itself it has nothing natural, in the
sense of innate, since this respectability came to the doc-
tor through social status, the role of the doctor as a nota-
ble, and essentially through his or her knowledge. I think
that today there is practically no longer any limit to ques-
tioning. We are in an environment of continuous questio-
ning: the opinion of the doctor, the expert, the specialist
is no longer accepted as authoritative.

At the moment we are working on legal medical expert
assessments, and we observe this phenomenon: for the
victims, the good expert is first of all the one who agrees
with them rather than the one who clarifies their situa-
tion. Anyone in a position of authority or possessing any
decision-making power is today likely to be questioned.
This questioning can take various forms. Consumer-like
questioning when changing doctor until finding the one
that gives the right diagnosis. Violent and litigious ques-
tioning when legal action is taken against a doctor; this
judicialisation of disputes between patients and doctors,
observed even though the number of medical accidents
has not really increased in recent years, has increased
the discontent. Fear of legal proceedings now hangs over
the health professional before any medical procedure.
Lastly, violent questioning, uncontrolled because outside
the procedures established for this purpose and fed by
very deep feelings of distress, is also observed. My per-
sonal fear is that this latter manifestation will increase.

A successful medical procedure is now the norm, and no
longer a prowess. In a way medical practice has become
commonplace, and the concepts of risk have been set
aside. Success is what one has the right to expect from the
doctor. Under these circumstances, the concept of the no-
fault medical accident is difficult to grasp intellectually: a
probable risk, incompressible and sometimes inexplica-
ble. The same considerations apply for the concept of
strict liability. Under these circumstances, a medical acci-
dent is a real shock. How can one not understand the
incomprehension of the patient or the family in view of this
shock? How can one not understand their anger? The doc-
tor then plays the difficult role of interface and can expect
to be the recipient of all this accumulated distress.

Everybody then manages the situation in their own way,
according to their personality, and if there were a miracle
recipe, no doubt it would be taught today in all the medi-
cal faculties. So I shall allow myself to give just one piece
of advice: make sure not to add one pain to another, one
incomprehension to another. I think that a person can
understand a medical accident, even though it may take a
long time, even if it is distressing. Conversely, a person will

Guy Jacquel, aged 72, treated for prostate cancer
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not understand why no-one explains to him or her what
has happened. If the effort to explain is not made, the pro-
fessional generates additional frustration and arouses
suspicion. We see this at the health unit, in our organisa-
tion: 90% of the persons who request our services aban-
don their litigation proceedings after they have been given
a detailed explanation. In general, in the Mediator’s office,
50% of the 65,000 cases we handle each year are requests
for information. This need for explanation is vital.

Obviously there is no such thing as zero risk. I am one of
those who think that there is certainly such a thing as zero
disdain.

Today we are condemned to excellence and transparency
in our relations with the public. Our behavior can be
governed by two attitudes: turning inward for protection,
or openness in the quest for improvement and restora-
tion of a relation of trust. Do I still need to specify which I
choose and recommend? ■
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It is both a great honour
and a pleasure for me in
my capacity as President of
the French Nuclear Safety
Authority to open this
"International Conference
on Modern Radiotherapy:
Advances and Challenges
in Radiation Protection of
Patients".

Radiotherapy is a remarkable and fully proven method of
treating cancer. It is used to treat more than half the total
number of cancers, a family of diseases that affects or
will affect 30% of men and 25% of women. It is also an
effective method of treatment as it succeeds in curing
some 80% of the patients treated.

The Nuclear Safety Authority has been in charge of regu-
lating radiation protection in the medical field since 2002,
when the French authorities responsible for nuclear
safety and radiation protection were brought together. At
that time, we immediately identified the radiation protec-
tion of patients as a major concern, for the doses delive-
red to radiotherapy patients are very high compared with
those received by workers in the nuclear industry.

Unfortunately, the radiotherapy accidents that occurred
in Epinal in 2004-2005 and in Toulouse in 2006-2007 jus-
tified this concern. These repeated accidents, as well as
other isolated occurrences in France, have shown that
incidents caused by organisational and human factors
and equipment failures can still arise. The consequences
for patients can be serious.

The ASN implements a rigorous and comprehensive
policy for supervising radiation protection in the medical
field:
– all radiotherapy services in our country have been ins-
pected on a yearly basis since 2007;
– inspection reports highlighting good points and areas
requiring improvement can be consulted on the ASN
website: www.asn.fr;.
– a quality assurance policy has been developed in coor-
dination with professionals in the sector;
– according to regulations, all incidents and unwanted
events must be reported. A register exists for recording
minor events which, though not serious in themselves,
may be precursors of an accident;

– an event severity scale has been developed in associa-
tion with radiotherapists to give the public and the media
a clearer understanding of the situation. It is based on the
International Nuclear Event Scale (INES) used for acci-
dents at large nuclear facilities and during the transport
of radioactive materials. Like the INES, the severity scale
ASN/SFRO for radiotherapy has seven levels. It is cur-
rently used as the basis for work aimed at developing an
international scale under the aegis of the IAEA.

According to available ASN statistics on reported events,
few serious radiotherapy accidents have been reported.
Only five level-2 events are reported each year, level 2
being the first level at which there may be clinical effects
for the patient.

The new accelerators used at today’s radiotherapy units
are increasingly robotised. They are designed to increase
the doses delivered to tumours and thus improve the
chances of a cure. The increased dose is made possible
by the use of multileaf collimators in conjunction with
high-resolution imaging systems to target tumours more
precisely. Any error, however, whether in the dose delive-
red to the tumour or in the irradiated volume, can have
very serious consequences.

We are confident that radiotherapy professionals, radio-
therapists, medical radiophysics specialists, dosime-
trists and operators are suitably qualified. But their num-
bers must be increased to handle the heavy work load.
This is a problem in France, for there is a shortage of phy-
sicists. The Ministry of Health has taken significant mea-
sures to address this problem but it will be some time
before the effects are felt.

It should also be noted that in addition to accidents, compli-
cations and side effects can be observed, even when no error
has been made in delivered dose or irradiated volume.

In the international literature, radiotherapists have repor-
ted that some 5% of patients presented serious side
effects, although no error had been made concerning the
delivered dose or irradiated volume. Radiobiologists
believe that these side effects could be related to indivi-
dual hypersensitivity to ionising radiation. These serious
side effects must be taken into consideration as they could
concern around 10,000 people in France. Improvements
must be made in three areas regarding these side effects:
documentation, prevention and treatment.
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André-Claude Lacoste
President of ASN – Paris (France)

▼

51

Advances and Challenges in Radiation Protection of Patients

OPENING SESSION: 
WELCOME ADDRESS AT THE INTERNATIONAL CONFERENCE ON MODERN RADIOTHERAPY



▼
Advances and Challenges in Radiation Protection of Patients

Modern radiotherapy is making significant advances.
Radiation protection for patients must move forward at
the same pace. A good way of achieving this is to assess
each patient’s radiosensitivity before radiotherapy
begins.

As these issues do not concern France alone, we believe
that all parties concerned - safety and radiation protec-
tion authorities, professionals and patients - should have
an opportunity to share their experience on an  interna -
tional level.

This international conference was organised to that end.

I would like to thank all those who helped in this organi-
sation work, and first of all the International Atomic

Energy Agency (IAEA), the World Health Organisation
(WHO) and the European Commission. Secondly, I would
like to thank all the professionals for their involvement on
a personal level or in their capacity as members of a lear-
ned society or professional organisation. I am especially
grateful to all the members of the Scientific Council who
prepared the conference programme, in particular its
Chairman, Professor Jean-Marc Cosset. Lastly, my
thanks go to all the ASN staff members who have worked
so hard to make this congress a success.

This international conference will address every aspect of
modern radiotherapy, focusing on the advances and chal-
lenges in the radiation protection of patients. I hope your
work will be both stimulating and profitable and wish you
a very pleasant stay in Versailles and Paris. 
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The use of ionizing radia-
tion in medicine has
brought tremendous
health benefits to the
population globally, even
though these benefits are
not evenly distributed

around the world. It should not be forgotten, however,
that the use of ionizing radiation has an associated risk.
It is a statutory function of the International Atomic
Energy Agency (IAEA) to establish standards of safety for
protection of health and minimization of danger to life and
to provide for their use. A core element of safety is setting
and promoting the application of international safety
standards for the management and regulation of activi-
ties involving nuclear and radioactive materials.

Radiation safety in radiotherapy means protecting
patients against radiation risks as a consequence of inci-
dents, as well as radiation risks under normal circums-
tances. We should also consider that when radiation is
used for therapeutic purposes, there is also a risk for the
patient when less radiation than intended is used, thereby
compromising the tumour control. Two reports from 2008
showed examples of incidents involving systematic under
dosage of 869 patients in Australia and 620 patients in
Canada.

Activities and challenges for the IAEA regarding safety
in medical exposure

The key standards in this area are the International Basic
Safety Standards for Protection against Ionizing Radiation
and for the Safety of Radiation Sources, also known as the
International BSS. These standards mark the culmina-
tion of efforts that have continued over the past several
decades towards the harmonization of radiation protec-
tion and safety standards internationally. Sponsoring
organizations of the International BSS, in addition to the
IAEA, are the Food and Agriculture Organization of the
United Nations, the International Labour Organisation,
the Nuclear Energy Agency of the Organisation for
Economic Co-operation and Development, the Pan
American Health Organization and the World Health
Organization. The Standards have been developed with
specific objectives to establish requirements for

 protection against the risks associated with exposure to
ionizing radiation, and are presently being revised with
participation from representatives of the sponsoring
organizations and the IAEA Member States. In the
Standards are mentioned what “shall” be done in relation
to accidental medical exposures, e.g. what incidents to be
promptly investigated and a “to-do”-list in relation to
these  required investigations.

There are many challenges in working towards safety in
medical exposure on a world-wide scale. Medical expo-
sure is a massive and increasing global activity. Every day,
throughout the world, ionizing radiation is used in more
than ten million diagnostic procedures and one hundred
thousand nuclear medicine procedures, while more than
twenty thousand radiotherapy courses are started. In
order to coordinate international efforts and enable the
provision of international guidance on radiation protec-
tion of patients, the International Action Plan (IAP) for the
Radiological Protection of Patients has been in effect
since 2002, forming a framework for the joint efforts of
the IAEA with WHO, EC and other organizations. Under
this framework, many challenges have been met, in rela-
tion to radiation protection of patients undergoing medi-
cal exposure using ionizing radiation, such as the deve-
lopment of the website dedicated to protection of
patients. This web site can reach regulators, millions of
health professionals and billions of patients, dissemina-
ting relevant information, standards, guidance and
 training material.

In the rapidly developing technology for anatomical ima-
ging of patients, several safety reports have been publi-
shed in the last couple of years to guide health professio-
nals and regulatory authorities on radiation protection in
newer medical imaging, such as cardiac CT and CT-colo-
nography. Training course packages on issues such as
these have also been compiled and made available to all
interested parties. Also in functional/anatomical imaging
using ionizing radiation, such as PET/CT, have there been
safety guides and training material published, on radia-
tion protection of patients. Interventional radiology is
another rapidly expanding field, and one of the
approaches made here under the IAP is the creation of an
educational safety reporting system called “Safety in

International Atomic Energy Agency (IAEA)

Eliana Amaral
Director, Division of Radiation, Transport and Waste Safety
(NSRW), IAEA – Vienna (Austria)

▼

53

Advances and Challenges in Radiation Protection of Patients

OPENING SESSION: 
WELCOME ADDRESS AT THE INTERNATIONAL CONFERENCE ON MODERN RADIOTHERAPY



▼
Advances and Challenges in Radiation Protection of Patients

radiological procedures” (SAFRAD). This system is now
starting a pilot-period through hospitals in several
Member State through the Technical Cooperation activi-
ties of the IAEA.

Despite these efforts, there are many challenges remai-
ning in the area of medical exposure. The global annual
per caput effective dose is increasing rapidly, nearly
exclusively due to the increasing medical exposure.
Contrary to other exposures to ionizing radiation such as
occupational exposure in nuclear installations, which
have remained constant or decreased over the past
decades, medical exposures have increased at a remar-
kable rate. Furthermore, occupational exposure of medi-
cal workers is becoming an increasingly challenging
area, with more than half of all radiation exposed workers
presently in the medical field, and with substantial occu-
pational exposure arising from new and expanding tech-
niques such as interventional radiology. While much of
these increases reflect on positive issues, e.g. better
access to medical procedures using ionizing radiation,
there is also evidence that many diagnostic imaging pro-
cedures are unnecessary (sometimes several tens of
percent), and many procedures are also lacking in opti-
mization. This will require more work and more coordi-
nation of international efforts.

Efforts by the IAEA specific to safe radiotherapy

Regarding radiotherapy, the IAEA is undertaking many
activities. The Programme of Action for Cancer Therapy
(PACT) was created within the IAEA in 2004 to build upon
the experience in radiation medicine and technology,
enabling developing countries to introduce, expand or
improve their cancer care capacity and services in a sus-
tainable manner by integrating radiotherapy into a com-
prehensive cancer control programme that maximizes its
therapeutic effectiveness and impact. PACT was laun-
ched as an IAEA initiative but its vision is to build a global
alliance and fund for cancer control. The IAEA recently
signed an agreement with the World Health Organization
on a Joint Programme on Cancer Control. It is envisioned
that in the period leading to 2011, up to 12 new PACT
Model Demonstration Sites (PMDS) will be established
and plans are also underway for a regional cancer control
training network in Africa and the creation of a Virtual
University for Cancer Control.

The IAEA has a long history in the transfer of radiation
medicine technology and skills, including the diagnosis
and treatment of cancer, to low and middle income coun-
tries. The Human Health programme, which focuses on
prevention, diagnosis and treatment of diseases, espe-
cially cancer using radiation and nuclear techniques, is
playing a key-role in this.

Through its programme on radiation protection of patients,
the IAEA is also addressing radiation protection of radio-
therapy patients. Two specific training courses, on radia-
tion protection in radiotherapy and on prevention of acci-
dental exposure in radiotherapy, have been put together.

These training courses have been given on a regional and
a national level many times over the last number of years.
The accident prevention course uses a multi-disciplinary
approach, to reflect the important part that teamwork
plays in the provision of safe and effective radiotherapy.

An educational safety reporting system called “Safety in
radiation oncology” (SAFRON) is being created by the
IAEA. This system aims to enable reporting and learning
from incidents and near incidents in radiotherapy; inte-
grate retrospective reporting and prospective risk analy-
sis; and integrate with existing systems so that it com-
plements national and mandatory reporting systems.

There has also been much guidance and information
published by the IAEA on specific radiotherapy safety
issues over the last number of years, such as several
booklets with information on lessons to learn from spe-
cific radiotherapy accidents, and safety reports on radio-
therapy, all of which are freely available on the Internet.

With the continued appearance of reports on radiotherapy
accidents, it is however clear that there remains many
challenges to be addressed in this area. While 8 million full
treatment courses are given annually in the world, this
figure is expected to grow. It has been estimated that 50-
60% of cancer patients could benefit from radiotherapy.
Only few countries reach this level of treatment yet. In
areas where radiotherapy is available, the fraction of can-
cer patients treated with this modality has, however, been
shown to be increasing. In many cases, regulatory over-
sight of medical exposure is lacking, even in highly develo-
ped countries, and the sharing of experience among prac-
titioners needs to be further developed. This technology is
now increasingly reaching developing countries with less
developed infrastructure, making these issues even more
crucial. Therefore joint international and multidisciplinary
actions are necessary to reach an improved and harmoni-
sed radiation safety in application of ionizing radiation for
medical purposes, in particular in radiotherapy. Such
actions should reflect the need to strengthen international
efforts on ensuring learning from past accidental expo-
sures, as well as prospectively assessing safety in radio-
therapy and implementing appropriate measures based
on these assessments. In this approach to safety, radio-
therapy can learn from high-reliability activities, such as
nuclear installations. Actions should also reflect the need
for further strengthening of efforts in education and trai-
ning for all groups of health professionals and engineers
involved in the radiotherapy treatment chain. A chain is
only as strong as its weakest link. As radiotherapy is a
highly complex and rapidly developing activity, measures to
ensure the safety of the patient in radiotherapy should be
developing at the same pace, at least.

Therefore it is expected from this Conference a good
exchange of lessons learned and good practices and
enough input to develop a roadmap of integrated actions
to be implemented by international organizations, regu-
lators and health professionals in the direction towards a
more effective and safe use of radiotherapy.
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Ladies and Gentlemen,

It is a privilege to welcome
you on behalf of WHO to
this International
Conference on Modern
Radiotherapy- advances
and challenges in radia-
tion protection of patients.

I wish to congratulate the French Nuclear Safety Authority
(ASN) for organizing this Conference on such an important
topic. I wish to thank the other co-sponsoring organiza-
tions, the EC and the IAEA, for contributing to our joint
effort for its concretion. I also congratulate the Scientific
Committee for putting together the exciting programme
you will develop during the next three days. Your joint pre-
sence here today demonstrates that radiation protection
of patients established itself as an important topic not only
for regulatory bodies and health authorities, but also for
health care providers, scientists, medical devices manu-
facturers, patients, and general public.

Through the rapid development of diagnostic radiology,
imaging-guided interventions, nuclear medicine and
radiotherapy, ionizing radiation is today one of the most
important diagnostic tools and a key component of can-
cer treatment. Medical research, technological advance-
ments, the global burden of disease and a population that
is living longer are all reasons that influence the greater
demand of such technologies in terms of public health.
Although the global resource base for health has been
growing, the health sector remains under-resourced in
many countries and considerable health inequalities still
exist between and within countries. While on one hand,
low and middle income countries lack adequate capacity
and resources to provide these services, on the other
hand high income countries are increasingly facing the
risk of overuse of these technologies. 

An area of special concern is the unnecessary use of
radiation imaging when clinical evaluation or other ima-
ging modalities could provide an accurate diagnosis. To
optimize protection, methods for dose reduction should
be applied, keeping the dose commensurate with the
medical purpose. Justification and optimization are par-
ticularly critical in pediatric healthcare. Children are
especially vulnerable to environmental threats and have

longer life-span to develop long-term radiation induced
health effects like cancer. 

While the development of modern technology is bringing
new applications and medical equipment continues to
become safer, inappropriate or incorrect handling can
cause potential health hazards for patients and staff. A
number of accidents have been reported in patients
undergoing radiological medical procedures, some of
them resulting in severe health consequences, even
death. Improving radiation protection and safety in
healthcare calls for a public health approach to control
and minimize health risks, while maximizing the benefits.

The International Basic Safety Standards (BSS) for
Protection against Ionizing Radiation and for the Safety of
Radiation Sources embody the international benchmark
for radiation safety requirements, with major implica-
tions for policy and decision making in the area of radia-
tion and human health. Co-sponsored by six international
organizations, the BSS represent the culmination of
unprecedented international efforts towards global har-
monization of standards for radiation protection. As a co-
sponsor of the BSS, WHO is fully engaged in its current
revision process and will continue supporting MS for the
implementation of the BSS. 

The involvement of health authorities in the implementa-
tion of BSS in the medical field is weak in many countries
and this is still a matter of concern. Through its program
on Radiation and Environmental Health WHO is conduc-
ting a Global Initiative on Radiation Safety in Health Care
Settings to mobilize the health sector towards safer use
of radiation in medicine. This initiative brings together
health authorities, international organizations, professio-
nal bodies, scientific societies and academic institutions
in concerted action to improve BSS implementation in
healthcare settings. Addressing a number of activities in
the areas of risk assessment, risk management and risk
communication, this initiative seeks to complement the
International Action Plan for the Radiological Protection
of Patients established by the International Atomic
Energy Agency (IAEA) in 2002. 

The engagement in the promotion of radiation safety in
healthcare has a long history within WHO. This has been
reflected in several resolutions of the World Health
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Assembly (WHA), the governing body of the WHO.
Following a request of the WHA to "study the optimum
use of ionizing radiation in medicine and the risks to
health of excessive or its improper use", a further WHA
resolution (WHA 25.57) urged WHO to continue technical
assistance to governments in the promotion of radiation
medicine, .... and to cooperate with IAEA, UNSCEAR and
other international organizations in evaluating the world
situation as regards the medical use of ionizing radiation
and the effects of radiation on populations".

The World Alliance for Patient Safety (WAPS) was laun-
ched by WHO in 2004 in response to a resolution of the
WHA urging to establish and strengthen science-based
systems, necessary for improving patients’ safety and the
quality of health care (WHA55.18). The Alliance facilitates
the development of patient safety policies and practices
in Member States (MS). Regarding risk reduction in
radiotherapy WAPS established a Radiotherapy Safety
Expert Consensus Group and produced the WHO
Technical Manual on Radiotherapy Risk Profile, which will
be presented during this conference.

WHO provides leadership to prevent and control cancer,
among other major chronic diseases. The World Health
Assembly resolution on cancer prevention and control
(WHA58.22) called on MS to intensify action against can-
cer by developing and reinforcing cancer control pro-
grammes including the four basic components of cancer
control: prevention, early detection, diagnosis and treat-
ment, and palliative care. Trough the Global Action
Against Cancer WHO provides for better cooperation bet-
ween MS as well as with other international organiza-
tions, including the IAEA’s Programme of Action for
Cancer Therapy (PACT). Through the International
Agency for Research on Cancer (IARC) WHO coordinates
and conducts experimental and epidemiological research
on the causes of cancer and the mechanisms involved in
carcinogenesis, and develops evidence-based strategies
for cancer prevention and control. 

In accordance with a later resolution of the WHA urging
Member States (MS) to draw up guidelines to ensure the
quality, safety and efficacy of medical devices 
(WHA 60.29), WHO assists MS in establishing and optimi-
zing the use of health technologies, including diagnostic
imaging services and equipment. The Diagnostic Imaging
and Medical Devices program aims to make safe and
reliable diagnostic imaging services available to as many

as possible and to provide advice, guidance and technical
support for developing and maintaining diagnostic
imaging services. 

All of these WHA resolutions mention the need for a
stronger WHO voice in this area and stress on the need
for increased cooperation with other major actors. WHO
has a unique role to bring together stakeholders and
partners in the health sector and is determined to provide
a platform to engage the health community to join the
international efforts towards a safer and effective use of
radiation in health care. 

The main purpose of RT is to deliver the prescribed dose
to the target volume while sparing healthy tissues, in
order to maximize tumor control and minimize risks (i.e.
radiation toxicity, second cancer). Advances in imaging
technology improved not only cancer diagnosis but also
RT planning. Modern RT allows today to deliver higher
doses with a better target definition. But this also implies
new challenges in terms of quality assurance, equipment
safety, education, training and staffing and requires a
stronger safety culture in healthcare providers. According
to ICRP publication 86 annually worldwide more than
2,000 patients are being reported as accidentally overex-
posed during RT and many other accidental or uninten-
ded exposures not recognized or reported may occur. The
consequences of RT accidents can be very severe and
affect many patients. Since RT is increasingly used,
unless effective preventive strategies are implemented, it
may be expected that the frequency of accidental and
unintended exposures in RT will also increase. Primary
prevention being essential, error reporting systems can
contribute to risk profile analysis and dissemination of
lessons identified. This Conference will give you a unique
opportunity to enhance international cooperation in this
field. 

During the next three days you will have the chance to
influence the way to face these and other emerging chal-
lenges. Your deliberations and conclusions can substan-
tially contribute to improve the capacity for responding to
these public health problems and to ensure that the avai-
lable tools are used in the most effective way. I wish you
a productive and successful conference and an enjoyable
stay in this wonderful place with such a long distingui-
shed history. 

Thank you very much.
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On behalf of the European
Commission I am deligh-
ted and honoured to wel-
come all participants to
the International
Conference on Modern
Radiotherapy: 'Advances

and Challenges in Radiation Protection of the Patients'
organised by the French Nuclear Safety Authority in
cooperation with the International Atomic Energy Agency,
the World Health Organization and the European
Commission. 

Radiotherapy has been in use in the cancer treatment for
more than hundred years, with its earliest roots traced to
the discovery of X-rays. Nowadays, more than 40% of all
cancer patients in the European Union are treated with
this technique in more than 1000 radiotherapy centres,
either alone or in combination with other types of treat-
ment. While new equipment and techniques in radiothe-
rapy bring new benefits for the patients, it also increases
the risk of accidents due to the high complexity of these
techniques and required involvement of many groups of
professionals. Severe radiotherapy accidents occurred
during the last years, which call for action to be taken,
both at national and at international level. 

Therefore the Directorate-General for Energy and
Transport of the European Commission undertook a
series of initiatives including proposals for legislative
changes in the new draft of the EURATOM Basic Safety
Standards. The development of European guidance
materials, for example on Clinical Audit for Medical
Radiological Practices, on Radiation Criteria for
Acceptability of Radiotherapy Installations and on
Medical Physics Expert will also contribute to improving
radiation protection in medical applications. Radiation
protection, in particular in the medical application of ioni-
zing radiation, is one of the policy priorities of the
Commission nuclear energy policy. In line with this com-
mitment the European Commission plans for next year
the adoption of a Communication defining our long-term
policy in the medical area. Another important aspect I
would like to mention here, is our cooperation with other
international organisations like the IAEA and the WHO
which also undertake many initiatives on radiation safety
in radiotherapy practices. 

I am convinced that this conference will allow reaching a
consensus about further activities to be undertaken to
strengthen existing international actions for prevention of
accidents in radiotherapy. I am also sure that the confe-
rence will provide an excellent forum to exchange expe-
rience and provide a deep insight into specific aspects of
radiotherapy such as risk acceptability and individual
radiosensitivity.

I wish you a fruitful conference!

European Commission

Dominique Ristori
Deputy Director-General
Directorate-General for Energy and Transport – Brussels
(Belgium)
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Historically, Radio therapy,
now more than one cen-
tury old, stands as the
second treatment of can-
cer, after Surgery (the only
existing cancer therapy for
centuries), before
Chemotherapy (which only

appeared in the sixties-seventies), and well before the
newborn “targeted therapies”, based on a better unders-
tanding of the molecular bases of carcinogenesis.

In spite of its age, Radiotherapy remains in 2009 one the
main weapons in the oncologist’s armament.

In France, among the 320000 patients who are diagnosed
yearly with cancer, between 180000 and 200000 benefit
from Radiotherapy. In the entire world, some data sug-
gest that about 5 to 6 millions people receive radiotherapy
each year.

How efficient is it? It is usually recognized that about half
of the patients who are cured from their cancer benefit-
ted from Radiotherapy, either used alone or in combina-
tion with one or several other cancer therapies (So far,
mostly Surgery and Chemotherapy).

Maybe surprisingly, the remarkable advances in Surgery
and Chemotherapy, as well as the very recent emergence
of the targeted therapies, did not lead to a decrease of the
Radiotherapy’s indications.

The explanation may be found in the known perfor-
mances of Radiotherapy in terms of local control of the
tumors, for which it often matches Surgery, while most of
the more recently introduced cancer weapons are rather
directed towards the systemic extensions of cancer 
(i.e., metastases).

Moreover, the oncologists have well understood since the
very beginning of the last century that “United we stand,
divided we fall”; more and more, Surgery, Radiotherapy
and Chemotherapy (and very soon the targeted therapies)
are used together in a logical way. The more obvious
example is the widely used association of a local treat-
ment (Surgery or/and Radiotherapy), aimed at eradica-
ting the primary tumor, with systemic Chemotherapy,
aimed at destroying the distant metastases.

But other examples of successful associations include
the combined schedules allowing the so-called “conser-
vative treatments”. The now universally accepted asso-
ciation of limited breast surgery (“lumpectomy”) and
post-operative irradiation has allowed thousands of
women to be cured from their cancer while conserving
their breast. Other examples of such conservative treat-
ments can be found in head and neck tumors, or rectal
cancers, only to mention these ones.

In parallel, one should not forget the impressive efficacy
of Radiotherapy for cancer pain, as well as its ability to re-
calcify bones destroyed by cancer; often – unrighteously-
poorly considered, this “palliative” Radiotherapy still
stands as one the main available weapons to help
patients with advanced non-curable tumors.

However, one of the main reasons why Radiotherapy,
after more than a century, remains unavoidable is the
huge recent advance of its technology and its biology.

Our 2009 Radiotherapy has very little to do with the radia-
tion treatments given to the patients in the 70-80s…
Conformal techniques, based on a three-dimensional
reconstruction of the anatomical structures and irradia-
ted volumes, are now almost universally used, while
more sophisticated developments, such as intensity-
modulated Radiotherapy (IMRT), tomotherapy and
cyberknife, are expanding rapidly. Last but not least,
some pioneer centers are proposing the unrivalled preci-
sion of protontherapy, while carbon ions are being eva-
luated by a few other groups.

Brachytherapy (known as “Curiethérapie” in french)
found a second youth, with the arrival on the market of
new small radioactive seeds (mainly for prostate cancer),
while the use of more and more performant source “pro-
jectors” benefitted patients with gynecological tumors…

In parallel, a much better understanding of radiobiology
has allowed the oncologists to increase the local cure
rate while decreasing both the incidence and severity
complications.

Unfortunately, the dark side of those technological deve-
lopments has been the increase, in the past few years
(real or apparent?), of the risks of accidents; new techno-
logies, new risks…

Conference Scientific Committee

Jean-Marc Cosset
Professor, M.D., Vice-Chairman, ICRP committee 3,
Institut Curie – Paris (France)
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Whether or not those accidents are more frequent and/or
more severe today than a few years ago remains a mat-
ter of debate. It could be also the result of a better trans-
parency towards the public and the authorities (a trans-
parency which was far from being the rule some decades
ago…). The sure thing is that, while technology has chan-
ged, the accidents have changed, and that they are now
more often and more precisely reported.

Those “dark side” effects have to be reported, discussed,
analyzed, because it is only the detailed analysis of those
new types of accidents which will allow us to decrease
both their frequency and their severity, with the hope of
seeing them disappear totally.

Nevertheless, while doing that, we must not forget that
Radiotherapy has cured and will cure thousands of can-
cer patients; the necessary transparency about
Radiotherapy accidents must not occult the crude fact
that they remain rare, and even very rare.

It would be a societal disaster if patients, frightened by an
inaccurate information, decide to turn down a radiation
treatment which would have saved their life!

In conclusion, the communication to the public and
patients should remain well balanced, recognizing the
problems arising from an increased technological
sophistication (The present meeting has been organized
for that reason), but also insisting on the quality and on
the efficacy of the work performed by a large majority of
radiation oncologists all over the world.
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Current practice of external beam radiotherapy

External beam radiotherapy (RT), as an effective curative and
palliative treatment for localised malignant disease is generally
delivered as photons (X-rays) by linear accelerator and the stan-
dard technique of localised treatment is described as 3 dimen-
sional conformal radiotherapy (3D-CRT). Further advances in
3D-CRT either aim to improve clinical outcome or aid the radio-
therapy process by offering safer, faster and less labour
 intensive treatment.

The general objective of advances in 3D-CRT is to concentrate
high dose irradiation onto the tumour and limit the amount deli-
vered to surrounding normal tissues. This can be exploited to
reduce treatment related toxicity, to allow for dose escalation to
improve disease control and ultimately survival or a combination
of both. Modern techniques of treatment delivery can also shape
radiation to avoid specific critical normal structures in the vici-
nity of the tumour and vary the dose within the tumour to allow
for differential doses to more radioresistant or more aggressive
parts of the tumour although the latter approaches are at
 present somewhat speculative.

The radiotherapy process which can be considered akin to sur-
gical intervention requires visualisation of the tumour and the
surrounding normal tissues. This is achieved with CT, MRI and
functional imaging prior to treatment and subsequently as close
to the time of the delivery of treatment as possible to ensure
radiation is accurately targeted onto the tumour. Imaging around
the time of treatment is described as image guided radiotherapy
(IGRT). Accuracy can also be improved with improved immobili-
sation of the patient and the tumour sometimes with the use of
3D “fiducial” markers and this has become known as stereotac-
tic radiotherapy. Stereotactic radiotherapy has been initially used
for the treatment of localised intracranial targets (cranial SRT)
and more recently for extracranial tumours described as
 stereotactic body radiotherapy (SBRT).

New techniques of treatment suggested to be of clinical value
should be introduced into routine practice after prior evaluation
firstly to establish an improvement in physical parameters of
dose delivery; secondly, studies should ensure that the physical
benefit claimed is sustainable in a real clinical situation; and
thirdly is likely to be of clinical significance. Ultimately, the pre-
sumed benefit should be demonstrated in appropriately des-
igned prospective clinical studies. Notable examples of success-
ful introduction of new technologies combined is radiotherapy of
localised prostate cancer where the combination of highly
conformal radiotherapy with dose escalation led to improved
tumour control albeit with some increase in toxicity. The use of
IMRT to avoid the parotid gland in the treatment of head and neck
cancer resulted in preservation of salivary function.

While introduction of new technologies should be led by clinical
need, technical advances are frequently commercialised and
marketed without fulfilling the criteria for benefit. As in other
commercially led ventures, new technologies tend to be marke-
ted by the creation of new niche indications not previously

 clinically validated. In a commercially driven health care system
the boundaries between commercially and clinically driven
advances tend to become blurred.

Advances in the radiotherapy process

Conformal radiotherapy

The principal advances in conformal delivery of radiation have
come from improved imaging. New generation fast CT scanners
and advances in anatomical and functional MRI imaging together
with the introduction of PET may provide new information of
value to the treatment planning process. However, clinical prac-
tice should only be altered after the full evaluation to understand
the clinical meaning of such advanced imaging modalities and
this particularly applies to biological imaging.

3D computerised planning is part of standard RT practice.
However, with modern algorithms dose-volume calculations
have improved which has lead to the recognition that previous
dose prescriptions may not have provided accurate information
on the actual dose distribution. The conformity of photon radia-
tion has improved in some defined situations with intensity
modulated radiotherapy (IMRT) and this is being exploited
 further for specific normal tissue avoidance.

Proton therapy (and to some extent heavy charged particle the-
rapy) is considered as more conformal means of delivering
radiation. The perceived clinical advantage is not always fully
supported by benefit in physical dose distribution which is likely
to be of clinical significance. At present, despite thousands of
patients treated, there is absence of clinical evidence of benefit
of protons over best photon radiotherapy in any of the clinical
situations where it has been applied.

Image guidance

Imaging technology applied close to the treatment process with
either megavoltage imaging, cone beam CT attached to the
linear accelerator gantry or treatment room CT/MRI, has been
described as image guided radiotherapy (IGRT) and this
improves the accuracy of treatment delivery. It has also led to the
recognition of temporal changes both within each treatment and
during the course of fractionated radiotherapy not previously
accounted for. The recognition of the importance of time factor
has been embodied in the concepts of “4 dimensional (4D)”
radiotherapy and “adaptive radiotherapy” allowing for adjust-
ment of the treatment to the new circumstances during the
course of radiotherapy.

Introduction of new technology into clinical practice

Requirements for new therapy

The introduction of new systemic therapy into routine clinical
practice is subject to a licensing process to satisfy criteria set by
FDA (in US) and EMEA (in Europe). For new agents it needs to
demonstrate safety and improved efficacy of new treatment. The
introduction of new technology is not subject to such stringent
requirements and only needs to demonstrate safety of the new
equipment. This facilitated clinical introduction of new technolo-
gies which largely involve technical innovations and modifica-
tions of linear accelerator and cobalt radiation delivery techno-
logy. The introduction of new equipment into clinical practice is
frequently accompanied by claims of benefit especially in niche
markets. The current examples include irradiation of the spine
with the Cyberknife (robotic arm mounted small linear accele-
rator), the treatment of some brain tumours with the gamma
knife (multiheaded cobalt unit) and the treatment of skull base
tumours with protons. The use of the internet and standard
media for good news stories mostly by equipment users and

Advances in external beam
 radiotherapy
by Michael Brada, BSc, MB ChB, FRCP, FRCR, Professor of Clinical
Oncology, The Institute of Cancer Research and The Royal Marsden NHS
Foundation Trust, London and Sutton (United Kingdom)
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hard marketing by manufacturers are equivalent to “direct to
patient” marketing which not infrequently precede evidence
from clinical trials.

Improving radiation treatment

The aim of improving treatment delivery is an entirely appro-
priate activity for research and development of radiotherapy and
should be supported. However, new techniques of conventional
external beam radiotherapy and new equipment should be sub-
ject to scrutiny and successful introduction should be accompa-
nied by high level evidence of physical benefit (as above) and cli-
nical benefit obtained from prospective studies perhaps
mandated by regulatory authorities. The appropriate initial clini-
cal endpoints should focus on gain in tumour control without
increased toxicity; ultimately studies should demonstrate impro-
ved survival and quality of life of cancer patients.

In a commercially driven society, especially where patients seek
solutions on an unregulated internet, there is a need for inde-
pendent academic examination of new technologies. This should
be supported by funding away from commercial interest to allow
for impartial evaluation of new equipment independent of the
manufacturers and of commercial medical interests.

Increased complexity of more sophisticated treatments and sys-
tems is subject to potentially unrecognised operator, equipment
and system error. Independent system research can shed light
on the whole process compared to the evaluation of new machi-
nery on the basis of selective unidimensional endpoints of com-
mercial interest. This should protect the individual patient and
the healthcare system from the use of inappropriate and expen-
sive technology and promote new treatments of real worth to the
cancer patient. ■
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Brachytherapy is a cancer treatment involving the clinical use of
radioactive isotopes to deliver a high radiation dose to small tar-
get volumes surrounded by radiosensitive structures.
Radioactive sources (or seeds) are placed in or in contact with
the tumour, while the dose to tissue around the target volume
drops rapidly. The treatment thus offers several advantages
compared with the best intensity-modulated, conformal, stereo-
tactic radiation therapy techniques available today. The risk of
radiation-induced cancer is minimal as the dose transmitted to
the body from a distance is low. Brachytherapy delivers a fast,
conformal, concentrated and hyper-fractionated dose of radia-
tion with an optimum therapeutic index.

In use for 100 years, brachytherapy is improving with technolo-
gical progress and changes in the medical world. Rules for
determining the optimum source position and prescription have
been defined, based on clinical correlations between the clinical
stage, target volume, radiation dose and dose rate.

Brachytherapy offers another, unique, advantage: the position of
the sources in relation to the target volume does not change,
thus avoiding any problems due to organ or patient motion.

The technology has been made possible by source miniaturisa-
tion and the development of dose-computing systems based on
3D imaging. Also, dose-volume histograms can be used to study
dose constraints regarding organs at risk and prospective
research is being conducted in this area.

In the 1990s, experiments were carried out in France to test
mobile, computer-controlled sources and optimised dosimetry
systems in high dose rate (HDR) brachytherapy (dose rate
> 12 Gy/h) and pulsed dose rate (PDR) brachytherapy (< 2 Gy/h).
Progress in the field was boosted at the end of the 1990s with the
use of permanent iodine-125 implants in prostate cancer
 treatment.

Changes in practices and techniques, together with the neces-
sary investment, have made it possible to pool resources. These
must now be organised to ensure that all patients for whom
 brachytherapy offers a curative or functional advantage over
other radiation and cancer therapy techniques have access to it.

New techniques

Shortly after Marie Curie discovered radium-226 in 1898, the
first treatments were developed, using skin applicators and
intracavitary utero-vaginal devices that were improved empiri-
cally to ensure optimum distribution of the radiation dose.

The 1970s saw a revolution with the appearance of radioactive
sources, or seeds, made from man-made radioelements such
as caesium-137, composed of pellets or strings of pellets and,
more especially, iridium-192 wires. These were less than one
millimetre in diameter, malleable and easy to insert into body
tissue. They led to the increased use of interstitial brachytherapy
in various indications, particularly in the head and neck, peri-
orificial areas, the breast and skin. The same period saw the
development of tomography, radioscopy and the use of orthogo-
nal radiography to model source position. This led on to the cli-
nical application of theoretical dosimetry models and then to the
use of dedicated dose computing software. Implant geometry

has been optimised in clinical terms with the use of radioactive
source afterloading to replace inactive “phantom” sources.
Treatment plan dosimetry is used for any subsequent  
fine-tuning required.

With recent developments in 3D imaging technology, implants
can now be viewed directly (ultrasonography, scanner, IRM) as
they are placed. Tumours that were once inaccessible can now
be treated. The use of brachytherapy in the treatment of prostate
cancers, in conjunction with endorectal ultrasonography sys-
tems, is a perfect example of this. Methods guaranteeing good
reproducibility, novel implantation systems and progress in rules
relating to the prescribed doses to the target volume and organs
at risk have led to rapid improvements and development built on
retrospective and prospective studies. The use of brachytherapy
in the treatment of prostate cancer now serves as a reference
model for the development of a more elaborate, optimised,
conformal technique. The use of real-time imaging is also used
for other interstitial applications. In gynaecological brachythe-
rapy, the use of diagnostic MRI and ultrasonography during
implantation has improved seed positioning accuracy and the
use of optimised applicators.

Brachytherapy can now be used to treat deep-seated, moving
pulmonary, hepatic, thoracic and pelvic tumours.

The development of the first source projectors, originally inten-
ded for intracavitary gynaecological applications using 
caesium-137, guaranteed perfect protection for medical teams
during treatment procedures. Another improvement came with
the arrival of computer-controlled projectors using highly
radioactive, miniature iridium-192 sources. These could adjust
the dwell time of the source along the implant catheters and
thus ensure optimum dose distribution. The use of less radioac-
tive controlled sources reproduces the biological effect of expo-
sure to low dose rates, which are known for their role in the local
control of tumours and the side effects on organs at risk. The
dose rate can now be prescribed.

Dose distribution calculation and optimisation systems are used
to deliver the prescribed dose to the target volume and organs
at risk and guarantee a uniform dose. Reverse dosimetry sys-
tems are now appearing, making use of the geometry of the
implants on an empirical basis or serving as a guide for optimum
implant positioning.

Overall, these innovations lead to the concept of intensity-modu-
lated, conformal radiation therapy in which the system delivering
the radiation dose is directly connected to the target volume.

Advances in brachytherapy
by Didier PEIFFERT, Professor-Hospital Practitioner, Head of Radiology
Department at the Centre Alexis Vautrin Regional Cancer Centre and, on an
 interim basis, at Jean Monnet Hospital in Epinal (France)

SESSION I. PARADIGMS OF EXTERNAL RADIOTHERAPY AND BRACHYTHERAPY:
“NEW TECHNIQUES, NEW BENEFITS AND NEW RISKS”

Head and neck brachytherapy (velotonsillar carcinoma): 3D reconstructions of the target volume and organs at
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New advantages

The main clinical advantage for brachytherapy patients is to do
with the use of 3D imaging and systems for computing and opti-
mising dose distribution, either directly, in the case of prostate
implants, or at a later stage in the case of HDR or PDR tech-
niques using point sources. In order to observe the dose
constraints given in the dose-volume histograms, the dose dis-
tribution within the target tumour and the organs at risk must be
known.

Local control is improved with the factual demonstration of the
benefit of increased dose, as seen in implants for prostate [ref.
Stone] and cervical [ref. Potter] cancers. In the prostate, for
example, 90% local control is attained if the D90 (dose delivered
to 90% of the prostate) is above 140 Gy, compared with only 61%
if it is lower. Similarly, for locally advanced cases of cervical can-
cer, 85% local control is attained if a higher dose is delivered
using the HDR technique.

This increased dose is possible provided the constraints regar-
ding the organs at risk are known. These are defined for long
series of prostate cancer and are currently being updated for
gynaecological brachytherapy [STIC PDR].

Apart from the purely clinical advantages they offer, these new
techniques allow prostate cancer treatment and HDR brachy-
therapy to be carried out under outpatient conditions. Spread
over several days, PDR techniques also allow nursing care to be
given between each period of treatment (or pulses), which leave
30 to 45 minutes free every hour.

Lastly, HDR and PDR techniques avoid any risk of radiation
 exposure for the personnel and visitors.

New risks

The minimum activity of the point sources used in HDR or PDR
radiotherapy is respectively 10 Ci (370 GBq) and 0.5 Ci (18.5 GBq).
There is no comparison between these values and the radioac-
tivity of the iridium-192 wires used earlier, which is in the region
of 1 to 2 mCi/cm. In addition to possible calibration uncertainties
(difference between the radioactivity measured by the supplier
and user) [7], minor changes to the dwell time in the predefined
positions can significantly affect dose distribution inside body tis-
sues. The worst-case scenario where the source becomes trap-
ped in a given position or is even lost in the catheter (as in an
accident in the USA) has extremely serious, if not fatal, conse-
quences. For this reason, the automatic verification of source
return must be supplemented by external detection.

The use of sources with different radioactive levels for several
projectors in the same department induces a risk of error
 (activity error during dosimetry).

Brachytherapists are aware of the risk of source positioning
errors; the tube’s position in the patient can shift during treat-
ment. Although the risks of HDR or PRD point source or implant
positioning errors may be real, they are hard to detect.
Declarations have been recently submitted to the ASN for each
of these systems. Precise procedures have been drawn up
concerning these points.

While it is possible to check total Kerma rate data for these new
techniques, there may be some risks concerning the local
instantaneous effects in patients.

Prostate cancer brachytherapy using permanent implants

a.

b.

c.
Intracavitary, gynaecological PDR brachytherapy of epidermoid cervical cancer: reconstruction of catheter position
and 3D dosimetry for treatment plan (a) sagittal, (b) frontal-oblique; (c) transverse
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There is no additional risk to personnel, except in the case of
emergency procedures requiring an HDR or PDR source to be
removed from a patient manually. Rooms are equipped with a
container, screen and long forceps and cable-cutter for this
 purpose.

On the whole, the latest brachytherapy techniques are of clinical
benefit to the patient. Their use does, however, involve some
risks of error that could have more serious clinical conse-
quences.

For this reason, these techniques call for the use of procedures
prepared by a specially trained and evaluated team. ■
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The question of innovation and its relation to safety
remains complex

The methods and scope of patient safety may be considered in a
narrow sense or globally.

From a narrow perspective, patient safety involves correcting
and gradually reducing the defects in solutions that are already
known and readily available.

Viewed from a broad perspective, patient safety entails signifi-
cant progress to reduce, directly (by improving instruments and
methods) or indirectly (by radically changing instruments and
methods), errors and unpleasant consequences hitherto recor-
ded in practice.

This is as true in medicine as it is in industry. The use of reinfor-
ced concrete in construction has led to improved safety of buil-
dings by reducing the risk of prematurely increased wear in the
materials used in the past, enabled taller buildings to be
constructed and meant that they are more resistant to earth-
quake. The use of cyclosporine A in liver transplants has meant
reduced transplant rejections and has led to increased survival
rates by a factor of 10.

In this broader view, most innovations bring with them major
gains in safety, whether they involve new health products
(drugs), new equipment (medical devices), or new working prac-
tices (often linked to technological progress).

This outlook is shared by all health professionals.

For most of them, innovation is perceived as a tool to enable a
potentially considerable breakthrough in the advancement of
safety, while traditional Quality and Safety methods are simply
the means of optimisation.

Whereas innovation can tilt the balance in the direction of safety
by several orders of magnitude (e.g. the discovery of blood
groups increasing the safety of blood transfusions exponen-
tially), Quality and Safety processes more often than not only
result in a small-time benefit as regards the final prognosis
(compared to gains as a result of innovation, the “safety first”
quality approach rarely results in gains amounting to more than
a few percent) [1].

Nonetheless, the qualitative contribution to safety made by both
approaches is not exactly the same and fully justifies their com-
plementary use. Innovation quickly removes problems related to
techniques previously used by changing the paradigm (“let’s
start with a tabula rasa”), whereas the Quality approach slowly
removes existing problems by optimising the available metho-
dology (specifically by combating the faults and failures related
to actual practice). It is worth noting that with innovation, the new
situation may have simply shifted the risk: the former risk has
disappeared, and the overall benefit is positive, but new errors
and failures appear, once again requiring implementation of a
Quality approach in order to resolve them. This is typically the
case with laparoscopy in surgery.

The conflict between the Quality approach and Innovation
is more evident in medicine than elsewhere

Innovation is particularly difficult to manage in medicine due to
a rate of innovation which far exceeds that in the ultra-safe
nuclear and aviation industries which are usually used as bench-
marks.

For example, major innovations in nuclear power occur at 
30-year intervals, while in civil aeronautics the figure is just
under 20 years. In surgery, in the last 15 years alone we have
seen the emergence of laparoscopy, a full range of guided and
robotic exploration, and more recently techniques involving non-
invasive intervention, not to mention developments in equipment
(endoprosthesis) and techniques of anaesthesia (blocks, combi-
nation blocks, etc.). For some surgical interventions, dramatic
changes in technology occur over a cycle of less than 5 years.

But the conventional complete cycle (the PDCA, or Deming
wheel) to deploy a Quality approach is more than 8 to 10 years,
especially if this involves full national deployment including all
sites and all professionals (plus their training). This means that
the short cycles of medical innovation come into conflict with the
long cycles of Quality, and it is the latter that are sacrificed. Time
is never taken to safely stabilize methodology, rapid change is
preferred.

Shaken by the intense pace of innovation and the extent of the
progress that it has enabled (which is nigh on miraculous com-
pared to what had gone before), doctors have naturally adopted
a culture that is very supportive of these innovations, and are
naturally inclined to neglect the limited - but real - benefits of a
formal Quality and Safety approach to care. Not merely do they
have only limited belief in the benefits that result from formal
approaches, but they even come to regard these as potentially in
conflict with those that result from innovation: for example, a
surgeon who would like to use a new prosthesis with a cost-
benefit ratio that is well supported by randomised trials publi-
shed in a major journal in the field will be reproached by the qua-
lity expert for not following the quality approach, because this is
breaching guidelines concerning the expected safety benefit that
has resulted from standardising procurement and rationalising
medical equipment stored in the operating theatre. In this case,
few surgeons would consider the argument advanced by the
quality team to be valid.

Worse still, in the numerous cases where one holds back inno-
vation on the basis of being cautious, particularly when introdu-
cing health products where the standards imposed on the mar-
ket are severe, we see that the results remain highly debatable.
For example, Vioxx® was quickly withdrawn by the laboratory fol-
lowing a few negative side-effects, but this left on the market
drugs of the same sort that were much less effective and in any
event much less evaluated (under old AMM QA procedures), such
that the American authorities have issued several reports ulti-
mately regretting the withdrawal of the molecule and the
 rejection of innovation [2,3].

This acknowledgement forms the basis of the main topic of
 discussion in this article.

Controlling the specific innovation

It will be understood that an attitude of excessive caution regar-
ding innovation is irrelevant in medicine. The safety gains rela-
ted to innovation and included in time for the patient are unques-
tionably superior to the gains that the quality-based approach
can provide.

At the same time, the quality approach involving the reduction of
the defects and adverse effects associated with a method,

The impact of new technologies on
the risk of accident
by René Amalberti, Prof., MD, PhD, Senior Adviser Patient Safety at the
French National Health Authority (HAS) – La-Plaine Saint-Denis (France)
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 technique, or given organizational structure, at some point bet-
ween two stages of innovation, remains absolutely necessary
and is a legitimate objective.

The real debate therefore hinges on the suitability of innovation
and the conditions of its introduction so as to remain compatible
with the efforts of quality control to instil a ‘win-win’ dynamic, on
the potentiation of the two approaches [4, 5].

We can learn from safe industries, even if their pace of innova-
tion is at a lower level. Safe industries control innovation using
two strategies:

• The decision regarding the adoption of innovation is completely
removed from the hands of frontline players, and completely
entrusted to those charged with regulating the system, whether
private or public (those providing certification, national and inter-
national authorities, the central management of companies).
These bodies grant permission for use, determine the conditions
of such use, and the specific conditions of introduction applica-
ble to each industrial site or economically involved stakeholder.

• Once the decision has been taken by these bodies, a national
or international training plan for all personnel concerned must
perforce precede its introduction.

In the sphere of medicine, one must admit that such conditions
are completely lacking. At best, the authorities give permission
for medical devices and products entering the market (even then,
there is a huge gap between the very restricted introduction of
health products, and the more liberal introduction of innovative
devices). There is virtually no authorisation for the use of innova-
tions, with each individual participant choosing his moment and
his way of getting to grips with a product that has recently been
launched on the market. The participants are scattered, their
autonomy is still extensive, scientific journals and lobbyists
remains considerable weight in incentivising use (with all their
influence in terms of access and endorsement). The advertising
and marketing policies of innovative companies continue to focus
primarily on professionals since they make the final decision.
Professional bodies and authorities often intervene, after some
delay, to eliminate the most critical aspects of risk and

 sometimes by sponsoring training. In short, nothing is required
to engage in the use of a new technique or a new medical product
(insofar as it is authorised for use), no term of supervised training,
still less verification of knowledge by the authorities.

This anarchic introductory mechanism logically clashes with
efforts of the quality approach by constantly shifting the goal-
posts in terms of the errors and failures to be overcome, leaving
no time to deal with the actual safety of the techniques involved.

A mere statement of these defects serves to explain the pro-
blems encountered. It also points towards three sensible recom-
mendations that all address the need for an enhanced role for
professional bodies and authorities.

• It should be the case that professional bodies and authorities
have an enhanced role in the interpretation and review of scien-
tific journals and proposals for innovation in the industry, to
inform and regulate innovation collectively, possibly with test
areas under strict experimental supervision. The economic eva-
luation aspects of innovation are also crucial both from an ethi-
cal perspective (equal opportunity for client access) as well as in
terms of the overall cost effectiveness balance of the system.
This aspect is sorely lacking in scientific journals and in the
 commercial aims of innovators.

• There should be a validation process that not only focuses on
the marketing of health products and equipment, but also
focuses on the use of the product, including the early establish-
ment of a concerted quality approach suitable for the particular
innovation, including personalised evaluation.

• Lastly, individual certification of usage - a license – should be
given to professionals after (supervised) training and prior to use
of the device.

Efforts are being made here and there in the medical profession
to adopt these recommendations, but in medicine the road is still
rather long, when it comes to mastery of the marvellous tool that
innovation represents [6]. There is no shortage of examples of
poor control of such innovation in radiotherapy both in France
and abroad and these lend support to the present argument. ■
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The International Atomic Energy Agency (IAEA) organized a
conference called the ‘International Conference on Advances in
Radiation Oncology’ (ICARO) in Vienna on April 27-29, 2009. The
Conference dealt with the requirements demanded by the tran-
sition from conventional radiotherapy to advanced technologies,
staff training, treatment planning and delivery, quality assurance
and optimal use of available resources. The current role of
advanced technologies in clinical practice and future trends were
discussed. 

It was emphasized that advanced technologies in radiation medi-
cine should not be universally adopted until certain require-
ments have been met. These include; 1) the availability of ade-
quate diagnostic imaging services, 2) experience with 3D
conformal radiation therapy and advanced treatment planning,
3) that clinical studies demonstrate a universal benefit of advan-
ced technology, 4) that the staff have adequate training in plan-
ning, implementation, and quality assurance of advanced tech-
nology, and 5) continuous medical education and
self-assessment occurs.

Implementation of advanced radiation technologies requires
good diagnostic imaging facilities, modern treatment planning
capabilities, ongoing quality assurance processes, and expe-
rience with three dimensional techniques, all of which require
increased levels of training, support and quality assurance. It
was underscored that more clinical studies are needed to
demonstrate a clinical and cost- benefit advantage prior to
implementing advanced technologies in general practice.

The meeting was organized by the IAEA and co-sponsored and
supported by European Society for Therapeutic Radiology and
Oncology (ESTRO), American Society for Radiation Oncology
(ASTRO), American Brachytherapy Society (ABS), American
Association of Physicists in Medicine (AAPM), International

Association of Radiation Research (IARR), and International
Commission on Radiation Units and Measurements (ICRU), with
cooperation from Asociacion Latino Americana de Terapia
Radiante Oncologica (ALATRO), European Association of Nuclear
Medicine (EANM), Asia-Oceania Federation of Organizations for
Medical Physics (AFOMP), European Federation of Organisations
for Medical Physics (EFOMP), International Network for Cancer
Treatment Research (INCTR), International Organization for
Medical Physics (IOMP), Trans Tasman Radiation Oncology

Highlights of the IAEA International
Conference on Advances in
Radiation Oncology (ICARO) 
by Rethy K. Chhem,Director, Division of Human Health, IAEA, Vienna (Austria)

Overview Topics

Clinical sessions/clinical practice Advances in Chemo-RT in Cervical and H&N cancer
Current Trends in Brachytherapy
Radiotherapy in Paediatric Oncology
Reducing Late Radiation Toxicities
Altered Fractionation in Cure and Palliation

Training sessions/educational How to set up a QA programme
Commissioning and Implementing a QA Programme for New Technologies
Transition from 2D to 3D and IMRT
Training, Education and Staffing: Getting ready for new technologies
Cost and Economic Analyses in Radiation Oncology

Planning future activities PACT meeting with manufacturers of diagnostics and radiotherapy equipment
Clinical Trials: Global Quality Improvement 

“Controversial” topics Co-60 - No time for retirement?
Debates IMRT- Are you ready for it?

Do we need proton therapy?

Table 1: Topics covered at ICARO 2009
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Group (TROG), and International Union Against Cancer (UICC).
Additional financial support was given from several industries
and manufacturers. Participants submitted research contribu-
tions, which were reviewed by members of the scientific com-
mittee and presented via 46 lectures and 103 posters. There
were 327 participants from 70 Member States (29 high income
and 41 low- and mid- income MSs).

The programme included multiple sessions, or refresher
courses with the opportunity for audience participation, covering
topics as shown in Table 1. Invited speakers were known for their
expertise within their field, many with experience in LMI coun-
tries. Parallel sessions were held in specialized topics directed
towards a relevant audience (medical physicists and radiation
oncologists) along with side events to discuss very specific
issues such as QA in clinical trials and collaboration with
 commercial companies.

Main points:

– There are many low income countries with no or very basic
diagnostic and treatment facilities.
– Low and middle income (LMI) countries have an increasing
number of cancer patients many with advanced stage disease
and with fewer radiation facilities per capita. Palliative treatment
is common, but there are an increasing number of curative
patients.
– Demand for radiotherapy service in LMI countries will increase
dramatically over the next 20 years.
– There is a worldwide shortage of qualified medical physicists,
dosimetrists, therapists, nurses, and radiation oncologists.
– Improved education and training must increasingly be provided
to match the demand for technology development. Distance
learning may help meet some of this demand in the short term
but in the longer term there will be a large increase in the
demand for teachers and trainers in all component fields of
radiation oncology.
– There is competition for health care resources, so radiation
treatment must be affordable, safe and of good quality.

– Equipment and technical support has to be adapted to the level
of development and to the infrastructure (available resources
and staff) of each country.
– In LMI countries, service and maintenance are often not avai-
lable and must come from large distances. Spare parts are often
not available. For curative treatment, the impact of “down-time”
may be significant and measurably detrimental.
– There remains a role for Cobalt teletherapy. New technical
developments may allow the introduction of highly-conformal
treatment techniques with Cobalt.

Recommendations

1. The minimum of basic radiation therapy services should be
made available to all patients with cancer who need them.
2. Assistance should be made available to LMI countries, to deve-
lop education and training programs to enable radiation therapy
services to be improved.
3. Advanced technologies in radiation therapy should not be
 universally adopted until the following conditions are met

3.1. That a need for the advanced technology exists 
(i.e.,  curative patients).
3.2. That experience with 3D conformal radiation therapy and
advanced treatment planning exists before implementation of
advanced technologies.
3.3. That adequate diagnostic imaging services are available.
3.4. That studies demonstrate a universal advantage to each
aspect of advanced technology, either in improving local
control or in reducing toxicity.
3.4. That personnel have adequate training in planning, imple-
mentation, and quality assurance of the advanced technology.
3.5. That continuous medical education and self-assessment
occurs

4. Clinical studies should be done to demonstrate a clinical and
cost-effective benefit to advanced technologies.
5. Each country must decide whether adequate resources exist
for implementation of advanced technology. ■



Radiosensitivity

Some clear examples exist in the human population of extreme
radiosensitivity. The inherited genetic condition Ataxia telangiec-
tasia (AT) is characterised by extreme cellular radiosensitivity
(Woods and Taylor, 1992) and these individuals show extreme
reactions to radiotherapy. The original findings of the association
of extreme reaction to therapy and cellular sensitivity (Taylor et
al., 1975) were followed by several similar studies (e.g. Woods et
al., 1988; Plowman et al., 1990). ATM is involved in DNA damage
signalling and therefore provided the model for DNA damage
response as being critical to radiosensitivity. Recent investiga-
tions have identified human disorders such as Cornelia de Lange
syndrome and dyskeratosis congenita as having links to DNA
damage response through sister chromatid cohesion and the
telomerase complex respectively (Vrouwe et al., 2007; Kirwan
and Dokal, 2008). Furthermore genetic screens for novel radio-
sensitivity genes using lower eukaryotes have identified new
genes in pathways that affect radiosensitivity such as chromatin
remodelling, RNA processing and protein degradation (Bennett
et al., 2001; van Haaften et al., 2006). New cellular radiosensiti-
vity syndromes with DNA damage response defects continue to
be identified (e.g. Stewart et al., 2007).

Syndromes exhibiting sensitivity to radiation carcinogenesis also
exist, for example Gorlin Syndrome where multiple skin cancers
form in radiation fields and retinoblastoma where soft tissue sar-
comas frequently occur in radiation fields (e.g. Kleinerman, 2009).

More subtle radiosensitivity might be expected to be observed in
heterozygous carriers of the genes mutated in the extremely
radiosensitive conditions. The possibility of elevated breast can-
cer risk in heterozygous carriers of AT disease causing mutations
has been a topic studied and discussed over many years. While
the situation remains controversial a recent large study identified
a ~2.4 fold elevated breast cancer risk in AT mutation carriers
(Renwick et al., 2006). Some cellular assays such as the G2 chro-
mosomal radiosensitivity, apoptosis and cell cycle delay assays
can detect a modest elevation in radiosensitivity in AT heterozy-
gote populations (e.g. Scott et al., 1994; Finnon et al., 2008).

Population surveys

Wider surveys of cellular radiosensitivity in clinically normal
individuals not known to be carrying any specific genetic predis-
position have been carried out. Despite initial optimism no rela-
tionship between cellular radiosensitivity and normal tissue
reactions has been reliably established (e.g. Peacock et al.,
2000). Studies of this type established that there is a range of cel-
lular radiosensitivity in the human population. Other surveys
have focused on alternative measures of radiosensitivity, often
with a focus on the relationship with cancer risk. For example,
reports exist indicating that G2 chromosomal radiosensitivity
(Scott et al., 2004), radiation-induced apoptosis (Camplejohn et
al., 2003) and radiation-induced cell cycle delays (Hu et al., 2002)
each correlate with cancer risk.

The relationship between the severity of clinical reaction to
radiotherapy and subsequent cancer risk is of course uncertain.
Nonetheless several studies have now made estimates of the
contribution of heritable factors to the range of cellular radio-
sensitivity. These studies have frequently exploited the power of
human twin studies. Monozygotic twins are genetically identical
while dizygotic twins share 50% of their genes. Well established
methods are available for the analysis of twin data sets that allow
estimation of the contribution of genetic factors and environ-
mental factors to specific phenotypes.

Using a G2 chromosomal radiosensitivity assay Wu et al., (2006)
estimated that genetic factors accounted for ~59% of the pheno-
typic variation in radiosensitivity identified. Using an assay for
apoptosis in lymphocytes Camplejohn et al., (2006) estimated an
81% contribution of genetic factors to radiosensitivity. The work
of Finnon et al., (2008) provides estimates of a 68% contribution
of genetic factors to radiation-induced cell cycle delay and a 59%
contribution of genetic factors to radiation-induced apoptosis.
Therefore genetics plays a significant role in determining indivi-
dual radiosensitivity. This opens the way in principle for the deve-
lopment of genetic tests for radiosensitivity.

It has been suggested that variation in telomere length, DNA
damage response and radiosensitivity are linked (e.g.
Slijepcevic, 2004, 2006). However one limited study did not
observe a relationship between telomere length and acute skin
reactions to radiotherapy (Iwasaki et al., 2008).

Gene expression analysis

The potential power of newer genomic-based methods for pre-
diction of reactions to radiotherapy is now being explored and
many reports are now available. For example Svensson et al.,
(2006) developed gene expression array classifiers for late tissue
reactions in prostate cancer patients. Reiger et al., (2004) report
the development of a gene expression classifier for prediction of
acute reactions to radiotherapy. While these studies identify a
range of genes that associate with reaction severity there is not
yet a consensus of those that are predictive for differing types of
reaction. The genes identified span a wide range of pathways and
networks including DNA damage response, apoptosis, ubiquiti-
nation and stress signalling amongst others. In some cases even
single gene assays, in this case for the cell cycle regulator
CDKN1A, appear to hold promise for the prediction of acute skin
reactions to radiotherapy (Badie et al., 2008).

Conclusions

In radiotherapy practice it is commonly held that approximately
5% of patients will show severe normal tissue reactions. Human
population studies confirm that there exists a range of human
cellular radiosensitivity and that genetic factors contribute signi-
ficantly to the observed variation. Searches for markers predic-
tive of normal tissue reactions to therapy have tended to focus
on identifying the sensitive sub-group. However, it is clear that
there must also exist a relatively hyposensitive portion of the
population.

While we have this knowledge that there is a range of radiosen-
sitivity we as yet have only a very incomplete knowledge of the
genes, proteins and pathways that determine radiosensitivity. It
is entirely possible that each of the clinically important aspects
of radiosensitivity – i.e. acute normal tissue reactions, late nor-
mal tissue reactions and induced cancers may have different
causes and indeed these may be different in different tissues. To
help resolve some of these uncertainties Barnett et al., (2009)
advocate that large genome-wide association studies seeking
genes that associate with severe normal tissue reactions to
radiotherapy are needed.

The range of radiosensitivity in the
human population: hyper- and
hypo-sensitivity
by Simon Bouffler, Head of the Radiation Effects Department, Health
Protection Agency, Centre for Radiation, Chemical and Environmental Hazards,
Chilton, Didcot, Oxfordshire (United Kingdom)
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In developing a more complete understanding of human radio-
sensitivity it will be important to determine the relationship bet-
ween the different aspects of radiosensitivity. It is notable that
many of the cellular assays showing some relationship to reac-
tions to radiotherapy also appear to associate with cancer sus-
ceptibility. One further area where it will be important to gain fur-
ther knowledge is in the relationship between the intrinsic
radiosensitivity of an individual and the radiosensitivity of
tumours occurring in the individual. For example, in an individual
intrinsically hyposensitive, are tumours also likely to be relatively
hyposensitive? Some early studies indicate some correlation

between somatic fibroblast radiosensitivity and tumour radio-
sensitivity (Fertil and Malaise, 1981). Further it is known that
cancer phenotype is affected by the nature of inherited muta-
tions in Li-Fraumeni syndrome and this is likely to also affect
tumour radiosensitivity (Monti et al., 2007)

Fuller understanding of the mechanisms and genetics of human
radiosensitivity should help the refinement of treatments to
maximise rates of cure by radiotherapy while minimising severe
normal tissue reactions. ■
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Whether radiotherapy is successful or not largely depends on
the total dose delivered and evenly distributed to the tumour.
However, dose delivery is limited by the degree to which healthy
tissue, in the irradiated area, can tolerate the dose [16].

Radiotherapy can cause various side effects [34], without it being
possible to identify the risk of toxicity at an individual level. In fact,
radiotherapy treatments are prescribed according to general
protocols that do not take account of specific phenotypes or
genotypes [5].

Two types of radiation-induced deterministic side effects (acute
and late) are monitored from the start of a course of radiothe-
rapy treatment, but only late side effects are described in detail
in this review, in light of their irreversible nature and the impact
they have on the patient’s quality of life [13, 14, 24]. Acute reac-
tions appear during or immediately following radiotherapy, and
then usually disappear in the months following treatment
without leaving any sequelae [24].

It is with this in mind that various predictive radiosensitivity tests
performed on healthy tissue are being or have been developed
to identify patients at an inherently high risk of late toxicity [15].

Late radiation-induced side effects

Damage is usually caused to healthy tissues at a lower dose than
that required to sterilise a tumour. Following a course of radio-
therapy, the late side effects usually appear after a period of
three months, although this is disputed (some people say the
period is longer than six months). The symptoms may be mild or
severe and become worse in the course of time. Late side effects
occur in tissue with slow renewal rates, such as the superficial
fascia, fatty tissue, the muscles or tissue that also contains tis-
sue with fast renewal rates, such as the wall of the digestive tract
[29]. There are many forms of microscopic late radiation-
induced lesions, including fibrosis, necrosis, atrophy and vascu-
lar damage [29]. Little is known about the mechanisms involved
in the occurrence of late radiation-induced lesions although
several avenues of research support the hypothesis of perpetual
localised production of cytokines and growth factors. In addition,
the physiopathology of late-response radiation-induced lesions
in healthy tissue is characterised by the direct destruction of
stem cells, vascular impairment and the progressive formation
of an interstitial fibrosis [24]. This kind of radiation-induced fibro-
sis, which is practically always found in irradiated tissue, is an
abnormal accumulation of the extracellular matrix.
Remodelling the matrix deposits is a permanent process that
spontaneously evolves towards a deterioration due to disruption
of local homeostatic equilibrium. In clinical terms, this can be
extremely variable in terms of time (from the inflammatory
phase to the "aged" fibrosis) and intensity (from simple indura-
tion to disabling retractile sclerosis) [9, 10, 14].

The key objective of a number of studies is to reveal and assess
the side effects induced by radiation [32]. The "National Cancer

Institute (NCI) Common Toxicity Criteria system (CTC v1.0)" was
first developed in 1983 to help assess and grade the side effects
of chemotherapy treatment. This was brought up-to-date and
improved upon in 1998, as version 2 (CTC v2.0), still focused on
acute side effects [31]. Recently, and with a view to creating a
single classification system that would include late toxicity, the
NCI has developed a third version of the CTC: the CTCAE v3.0 for
Common Terminology Criteria for Adverse Events version 3.0
(Table 1).

The CTC v3.0 [32] has several advantages over earlier toxicity
assessment scales:
– The RTOG/EORTC, LENT-SOMA and CTC v2.0 scales gave
inconsistent assessment results, hence the interest in develo-
ping a common classification system [11].
They list acute and late side effects together under a single clas-
sification, without factoring in the amount of time before the
onset of symptoms. Investigators can thus describe and grade
the side effect observed at each consultation without concerning
themselves with the "time" parameter.
– This new classification system is the result of broad interna-
tional consensus among oncologists and has been validated by
all the clinical research groups. Many people from all over the
world have been involved in its development, including the RTOG
(Radiation Therapy Oncology Group), the EORTC (European
Organisation for Research and Treatment of Cancer), the
 ACOSOG (American College of Surgeons Oncology Group), the
ESTRO (European Society for Therapeutic Radiology and
Oncology) and the ASTRO (American Society for Therapeutic
Radiology and Oncology).
– In daily clinical practice, it is easy to use and gives fast results.
There are other techniques used to assess late toxicity, mainly in
breast disease, but they are very difficult to use on a large scale
and fail to fully reflect what we are capable of in a clinical
 environment [15].

Radiosensitivity factors in healthy tissue

Radiosensitivity factors can be divided into two subgroups that
remain intricately interrelated during radiotherapy treatment.
Thus, there are factors related to the treatment and factors
 related to the patient.

Factors related to the treatment

The risk, severity and nature of delayed reactions is intimately
dependent on the irradiation procedures used. There are four
factors that determine these reactions:
– The total dose: The majority of late side effects are determi-
nistic and occur above a threshold dose. In addition, the slope for
the dose-effect relationship is more inclined in the case of late-
response tissue than for early-response healthy tissue [30]. A
moderate reduction of the dose delivered to the healthy tissue
may thus have a substantial impact on the incidence and
seriousness of late damage.
– Fractionation and the time gap between fractions: The frac-
tional dose is usually between 1.8 and 2 Gy. Late-response heal-
thy tissues are especially sensitive to modifications in this frac-
tional dose. In fact, using a fractional dose below 1.8 Gy
(hyperfractionation) reduces the incidence and the severity of
radiation-induced sequelae while maintaining the same total
therapeutic dose. In addition, using a hyperfractionation also
makes it possible to deliver a higher total dose to the tumour
without increasing late toxicity.
The interval between fractions is not fully understood, but there
is a great deal of experimental and clinical data that confirms
that an interval of at least 6 hours between two fractions leads
to repair of at least 50% of radiation-induced lesions. This inter-
val is a major factor in late toxicity due to the correlation between
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the considerable capacity of DNA to repair radiation-induced
lesions and the sensitivity of late-response healthy tissue to
fractionation [13].
– Protraction: or the total treatment time, has very little
influence on the risk of late lesions occurring in healthy tissue.
However, the fact of speeding up treatment may cause extremely
acute toxicity and, therefore, late reactions following such a
hyperreaction (or "consequential late effect") [29].
– The volume irradiated: The volume of healthy tissue irradiated
may influence the risk of complications during radiotherapy.
Many mathematical models have been applied to the dose–
volume–effect relationship to try and predict the risk of compli-
cations involved in a given irradiation scheme. The most fully-
developed models concern the late effects of irradiation. Certain
complications are directly dependent on volume: this is so in the
case of radiation hepatitis, the severity of which depends on the
hepatic volume irradiated. In the case of the lung, it is possible
to predict the risk of clinical Grade 2 radiation pneumonitis
(using the RTOG, or Radiation Therapy Oncology Group, classifi-
cation) based on the dose–volume histograms. Apart from
effects on the differentiated cellular compartment, the irradia-
tion volume may also affect an organ’s functional reserve. For
example, in the case of haematopoietic marrow and the salivary
glands, complications are avoided due to the volume of healthy
tissue spared from irradiation. This type of direct relation bet-
ween volume and effect concerns organs with parallel architec-
ture. Its role is thought to be minor, or even nonexistent, in the
case of serial organs [20].

Factors related to the patient

Two main frameworks can be mentioned under this section:
– The genetic framework: some genetic illnesses are characte-
rised by anomalies in cellular mechanisms triggered to repair
radiation-induced molecular damage and are associated with
hypersensitivity in healthy tissue. Patients that carry a mutation
in the ATM gene (Ataxia Telangiectasia) are at a higher risk of late
radiation-induced toxicity [6, 21].
– Predisposing factors: The risk of complications or sequelae
following irradiation appears to be higher when a certain num-
ber of predisposing factors, such as advanced age, treatments
associated with chemotherapy [24] or hormone therapy [1-3],
smoking, microvascular disorders (diabetes, arterial hyperten-
sion) and systemic sclerosis [14].

Predictive toxicity tests

Cancer treatments, including radiotherapy, are mainly limited by
the dose tolerated by healthy tissue, especially tissue that has a
late response. In addition, the doses are not very well unders-
tood and are based on estimates developed a relatively long time
ago [16]. In a population group treated using the same technique
and assessed by the same team, there is clearly a difference in
the intrinsic radiosensitivity of healthy tissue. Research is being
developed into a possible deficit or gene modification and may
result in a high-risk fringe group being identified.

On the technical level, studying the cellular radiobiological cha-
racteristics of healthy tissue poses less of a problem at first sight
than studying those of tumours, mainly in view of tissue acces-
sibility, the quantity of material available and the homogeneity of
cell populations. Moreover, if we assume that there is a genetic
anomaly underlying individual hypersensitivity, diagnosis could
be based on lymphocytes or fibroblasts from a skin biopsy [14].

Lymphocytes would seem to be the most suitable tissue, given
the simplicity of taking samples and the quantity available.
Radiation-induced lymphocyte apoptosis has been examined
over the last few years and represents the type of cell death that
is sensitive and reproducible [27, 33]. Furthermore, lymphocyte
sub-types CD4 and CD8 can be completely separated from other
sub-types using a flow cytometry technique [7, 26]. Other cell
types (especially fibroblasts) and several other assessment
methods (micronuclei or lethal chromosomal aberrations) have

been looked at but the results, in terms of predicting late side
effects remain contradictory [12, 17, 19, 22, 23]. Moreover, initial
studies concerning the lymphocyte apoptosis test showed that
this test is fast and reproducible unlike the other methods
 mentioned above [8, 26, 28].

Ongoing studies

In a prospective study, based on preclinical and clinical (retros-
pective) data, we demonstrated the potential advantages of the
radiation-induced CD8 lymphocyte apoptosis test in predicting
toxicity [25]. In this study, predicting late side effects following
radiotherapy was assessed on the basis of the in vitro radiation-
induced CD8 lymphocyte apoptosis rate. Thus, a 5 ml tube of
heparinised blood was taken from 399 patients who had under-
gone external radiotherapy for curative purposes. Each sample
was prepared and then irradiated by a single 8 Gy dose. Forty-
eight hours later, the lymphocytes were isolated and the apop-
tosis level measured by flow cytometry. All the patients had been
regularly monitored and any late toxicity had been recorded and
rated according to the RTOG/EORTC classification. Six patients
refused external radiotherapy after the blood samples were
taken and were excluded from the analysis. The area under
curve (AUC) for ROC analyses was used to calculate the predic-
tion of late effects based on the radiation-induced CD8 lympho-
cyte apoptosis rate. Competitive risk analysis gave an estimate
of the cumulative incidence of late side effects depending on
radiation-induced apoptosis. The majority of the patients had
breast cancer (n=149, 147 women and 2 men), ENT cancer (n=75)
or prostate cancer (n=36). The rates of Grade 2 and 3 late toxicity
were 31% (121/393) and 7% (28/393) respectively. A low radia-
tion-induced CD8 lymphocyte apoptosis rate was statistically
correlated to the percentage of late toxicity of Grade ≥ 2
(p < 0.0001). A radiation-induced CD8 lymphocyte apoptosis rate
over 24 was found in all the patients who did not present toxicity
of Grade 3 (p < 0.0001). The AUCs were 0.827 for patients pre-
senting late toxicity of Grade ≥ 2. The positive predictive value
was 83% for a radiation-induced CD8 lymphocyte apoptosis rate
≤ 16% and the negative predictive value was 86% for a radiation-
induced CD8 lymphocyte apoptosis rate > 24%. The cumulative
incidence rates of late toxicity of Grade ≥ 2 at two years were 70,
32 and 12% respectively for lymphocyte apoptosis rates of ≤ 16,
16-24 and > 24%.

Of the 399 female patients in the study described above, 147 with
breast cancer were treated by conservative surgery and adjuvant
radiotherapy, and 90 had been started on tamoxifen (TAM,
20 mg/day) before beginning radiotherapy [1]. Fibrosis-free sur-
vival at two years was 51% in the group that received radiothe-
rapy + TAM compared with 80% in the group not given TAM 
(p = 0.029). Furthermore, this difference was distinct in the
female patients at risk of developing late side effects. In the sub-
group of 147 female patients, the women with markedly lower
fibrosis-free survival rates were those who also had a low radia-
tion-induced CD8 lymphocyte apoptosis rate. The fibrosis-free
survival rates depending on whether or not the patient had been
given tamoxifen and on the radiation-induced CD8 lymphocyte
apoptosis rate showed that the patients with a radiation-induced
CD8 lymphocyte apoptosis rate < 16% and who had received
concomitant TAM and radiotherapy had only a 20% rate of fibro-
sis-free survival. On the other hand, the female patients with
high radiation-induced CD8 lymphocyte apoptosis rates showed
very little sensitivity to the concomitant prescription of TAM and
radiotherapy.

More recently, a phase II random study assessed the risk of late
cutaneous toxicity due to the concomitant or sequential combi-
nation of radiotherapy and an aromatase inhibitor (Letrozole) in
150 female patients treated with conservative surgery for locali-
sed breast cancer. In this study, there were several stratification
factors including the radiation-induced CD8 lymphocyte apopto-
sis rate. The results, with a two-year median follow-up study, will
be presented at the ASTRO 2008 congress.
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Given these initial results, we are keen to develop this test in cli-
nical practice. However, there is not a single very large-scale
multi-centre trial available to date. A hospital-based clinical
research programme is currently at the inclusion stage and will
then help us answer several questions:
– the relevance of this test in two pathologies requiring an
 escalating dose (breast and prostate cancer);
– the use of the same toxicity scale (CTC v3.0) at several sites
with an independent assessment by two doctors at each consul-
tation;
– the feasibility of a single biological test (centralised at the CRLC
Val d’Aurelle in Montpellier to begin with) and the involvement of
the French oncology community in this type of study.

Genetic perspectives

This section is covered in detail in the article by Janet Hall of the
Institut Curie. It is remarkable to note that two complementary
approaches have been developed to determine the patients at
risk of developing late radiation-induced toxicity: (i) low radia-
tion-induced CD8 lymphocyte apoptosis rate (ii) four or more
SNP (Single Nucleotide Polymorphism) alterations. We propo-
sed correlating these two approaches [3]. Of the 393 patients
included in the prospective study presented above, 16 developed
Grade ≥ 3 radiation-induced toxicity (group A). All had a radia-
tion-induced CD8 lymphocyte apoptosis rate < 16%. We selected
a further 18 patients with no late toxicity as a control group
(group B). A blood test was taken to isolate the DNA and look for

SNP alterations in the ATM, SOD2, TGFB1, XRCC1, XRCC3 and
RAD21. In group A, 15/16 patients (94%, 95%CI: 70-100) presen-
ted four or more SNPs compared with 6/18 (33%, 95%CI: 13-59)
in group B (p < 0.001). The probability of developing a Grade 3
toxicity was significantly higher (OR 9.3, 95%CI: 1.4-62, p = 0.003)
in patients with four or more SNPs (0.71, 95%CI: 0.48-0.89) com-
pared with those with less than four SNPs (0.08, 95%CI 0.01-
0.32). The median (range) radiation-induced CD8 lymphocyte
apoptosis rate was 11% (6-42) and 25% (5-43) for the patients
with four or more SNPs and less than four SNPs (p = 0.004) res-
pectively. The number of SNPs and the radiation-induced CD8
lymphocyte apoptosis rate were inversely linked (r = -0.53,
p = 0.0011). Considered individually, the total number of SNPs
detected on the ATM, SOD2, TGFB1, XRCC1, XRCC3 and RAD21
was 2 to 4 times higher in group A. Lastly, the median (range)
radiation-induced CD8 lymphocyte apoptosis rates for the
patients with toxicity of Grade ≥ 3 and carriers of four or more
SNPs were 9% (5-16.5) and 11% (6-42%) respectively. We have
shown that, on a healthy tissue model, the low radiation-induced
CD8 lymphocyte apoptosis rate was correlated with the high risk
of late toxicity and corresponded to over four SNP alterations in
ATM, SOD2, TGFB1, XRCCA, XRCC3 and RAD21.

Studies are in progress to confirm these initial results in colla-
boration with Mount Sinai Hospital in New York (Professor
B. Rosenstein) [18]. Analysis based on the total genome, rather
than simply the candidate genes, is being developed. ■
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Some definitions to reconsider?

There was about 12 millions new cases of people suffering from
cancer in the world in 2007. A great majority of them were trea-
ted with radio-chemotherapy. However, 1-10% patients may
exhibit some over-acute tissue reactions, which may limit the
application of the full scheduled treatment. The most frequent
over-acute tissue reactions do not necessarily concern skin with
erythemas and dermatitis but can rectites with prostate cancers,
fibrosis with oesophagus cancer, etc. [e.g. RTOG/EORTC, 1995].
Post-treatment over-acute tissue reactions were longer divided
into early and late ones. However, there is now evidence that
their occurrence may cover a continuum of occurrence time and
intensity from the first treatment session to some years after.
Furthermore, the development of innovating anti-cancer strate-
gies based on massive and local deposition of the radiation dose
has complexified the previous definition of these early and late
reactions [Dörr, 2001]. Lastly, radiodiagnostic sessions that are
intimately included in radiotherapy treatment has changed dras-
tically the assessment of the exact radiation dose that is delive-
red effectively to the patient. Consequently, despite of a number
of attempts and notably a number of efforts provided by the
French authorities after the recent events in the Epinal and
Toulouse anti-cancer centres, the definition and the classifica-
tion of these over-acute reactions is still not consensual: in prac-
tise, to recognize that a patient effectively suffers from over-
acute tissue reactions is still done on the only basis of the local
experience of the clinician. The exact occurrence of the over-
acute tissue reactions in each national anti-cancer centre
remains unknown. Lastly, since some over-acute tissue reac-
tions observed after standard radiotherapy may look like some
tissue reactions occurring after irradiation accidents, they are
too frequently associated with dosimetry errors [Ash, 2007]. To
conclude, biological endpoints correlated quantitatively to  
over-acute reactions are needed.

Some molecular approaches to avoid?

The clinical response to radiation is undoubtedly dependent
upon the organ, the tissue and the genetic status of each indivi-
dual. While individual variations and the notion of continuum in
the responses suggested the development of individual treat-
ments, one must admit that the practical and economical neces-
sities have progressively hidden these notions to the benefit of
standards of anti-cancer treatments. In parallel, although many
works on genetically modified yeasts and rodents have undoub-
tedly contributed to increase our knowledge in DNA damage
repair and signalling and in the control of genomic stability, they
erased the notion of the continuum of responses to radiation.
The use of in vivo and in vitro animal models, maybe very sophis-
ticated, has indeed over-simplified the clinical reality.
Consequently, a number of works have caricatured the response
to radiation as an all-or-none phenomenon with very radioresis-
tant and hyper-radiosensitive cases. Worse, the most  

hyper-radiosensitive animal models generally show mutations
of proteins whose identical homologues did not exist in humans
(e.g. Ku70, Ku80, Rad51, Rad52, etc.). Finally, the obvious neces-
sity to quantify and describe each level of severity of radiation
responses disappeared behind a number of “monogenic” stu-
dies that represent, still to date, the great majority of papers in
radiobiology [Joubert, 2007, 2008].

Some requirements to link tissue reactions with
molecular endpoints

Unlike the all-or-none view described above, the notion of radio-
sensitivity is a relative notion that requires quantifications and
intercomparisons. The evidence of the individual susceptibility,
the specificity of the effects to the irradiated organs and tissues
and the expected continuum in the severities of reactions oblige
together: 

– 1. To work with the widest range of radiosensitivity in order to
define reliable parameters that would predict any situation (from
radioresistance to hyper-radiosensitivity).

– 2. To work with human cells to avoid any biases that would be
due to interspecies differences.

– 3. To choose models and protocols that would be as closest as
possible to the clinical situations (dose, fractionation, tumour,
relevant tumour models generally treated with radiotherapy,
normal tissues, etc... ).

– 4. To provide a universal and clear (operational) definition of
the notion of radiosensitivity that would be quantitatively corre-
lated with the clinical radiocurability of tumours and radiation-
induced over-reactions in normal tissues.

This last point summarizes the first 60 years of radiobiology
(from 1896 to 1956 exactly) when the radiobiologists became
aware that a quantitative approach should succeed to the des-
criptive period during which cellular and tissue effects of radia-
tions were described meticulously. However, endpoints related
to the radiobiological death remained to be defined.

In 1956, by defining the radiobiological death as the loss of pro-
liferation capacities of irradiated cells, Puck and Markus develo-
ped the clonogenic survival assays consisting in irradiating a
given number of cells and thereafter scoring the resulted colo-
nies some days after irradiation [Puck, 1956]. Thank to such
assays, the relationship between dose and the post-irradiation
clonogenicity, as a survival curve, enabled comparisons between
cells, radiation type, experimental protocols, etc. Hence, the sur-
vival assays became the “gold standards” to define the radio-
sensitivity in vitro. Since the tumour local control (i.e. the post-
irradiation decrease of tumour volume) was longer considered
as a reliable parameter to account for tumour radiocurability in
vivo, a number of research groups began systematic studies to
verify the potential link between in vivo and in vitro observations.
A quantitative correlation between tumour local control and clo-
nogenic cell survival was pointed out in 1981 [Fertil, 1981]. In this
paper, it was strongly suggested that radiosensitivity of normal
tissues may be predicted by in vitro clonogenic cell survival
assays.

Some attempts to link tissue reactions with molecular
endpoints

Unfortunately, the clonogenic assays appears rapidly too time-
consuming to be applied in routine. In order to make faster the
prediction of the clinical response to radiation, considerable
efforts were thereafter provided to “molecularize” these in vivo
approaches by developing faster assays. To summarize, three
groups of molecular predictive assays were tested: those based
on gene expression, on gene mutation or on gene functions.

Human radiosensitivity: new
concepts and new tools to predict
over-acute reactions after
 radiotherapy
by Nicolas Foray, Radiology Group, U836 Inserm, Grenoble Institute of
Neurosciences (France)
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Assays based on gene expression

If the hypothesis that expression of a given gene is able to predict
all the human radiosensitivity range is relevant, it implies stricto
sensu that the expression of this gene varies with radiation dose
like the clonogenic survival. However, the major proteins requi-
red for the upstream radiation-induced events (i.e. DNA damage
recognition, DNA repair) are very abundant and do not show
convincing variations with radiation dose. By contrast, some
downstream actors of the radiation response (i.e. proteins invol-
ved in cell cycle checkpoint or cell death pathways) are radio-
inducible. Nevertheless, there is still no convincing data showing
correlation between gene expression and clonogenic cell survival
for a large range of radiation dose. Lastly, since most of these
assays are based on blood samples, it should also be investiga-
ted further whether the choice of the blood model adequately
predicts over-acute reactions observed on other  tissues.

Assays based on gene mutation

The recent findings about single nucleotide polymorphisms
(SNPs) has rendered punctually relevant the first approach evo-
ked. Originally, considerable efforts have been made to identify
mutations and polymorphisms in individuals suffering from par-
ticular cancers. In fact, some SNPs of the ATM, XRCC1, XRCC3,
SOD2, RAD21, TGF-�1 and PARP genes have been identified
and eventually associated with abnormal response to radiation
[e.g. Azria, 2008]. While SNPs may account for certain cases of
radiosensitivity, there is still no quantitative general correlation
between SNPs and intrinsic radiosensitivity. Moreover, some
patients showing the same SNPs may exhibit different degrees
of severity of tissue reaction [e.g. Azria, 2008]. Hence, it is too
early to draw any final conclusion but it seems obvious that the
relative impact of each SNP upon the general radiation response
needs to be better estimated. Altogether, the available data pre-
sent some promising evidence that some SNP may be aggrava-
ting factors of the radiation response but, again, a quantitative

link remains to be established: per se, a single SNP would not
be sufficient to describe all the human radiosensitivity.

Assays based on gene function

Apoptosis is a spectacular cell death pathway, easily detectable
by microscopy. Such phenomenon became so popular in the
radiobiology research area that some authors consider it as a
synonym of radiosensitivity. However, there is still no general
correlation between radiosensitivity (clonogenic survival) and
apoptosis [eg. Schmitz, 2008]. As a representative example, the
skin cells from patients suffering from ataxia-telangiectasia, the
syndrome associated to the highest radiosensitivity in humans,
do not elicit any apoptosis bodies but a number of micronuclei
[Joubert 2007, 2008]. Besides, apoptotic bodies are still too fre-
quently confounded with micronuclei from mitotic death path-
way: this misinterpretation has been notably amplified by the
development of assays based on the use of cytometry with which
DNA fragments are detected. Since micronuclei systematically
contain unrepaired DNA fragments, some false-positive apopto-
sis data may be simply explained by the presence of micronuclei
and the predominance of mitotic death [Joubert 2007, 2008].
Since most of the apoptotic assays are performed with blood
cells, it has rendered again more difficult an objective interpre-
tation of data [Geara, 1992].

Through a plethora of studies, it must be stressed that cytoge-
netics (though chromosomal breaks and micronuclei) provided
early the most reliable indicators of the human radiosensitivity
[Fenech, 2006]. However, a classical argument against the
extensive use of such assays is that a certain period of time
(some hours) after treatment is required for getting metaphases,
indispensable for visualizing chromosomes. During such period
of time, some phenomena like repair may occur. Since chromo-
some damage generate from DNA damage, it appears therefore
natural to investigate the repair of DNA double-strand breaks
(DSB), responsible for the formation of chromosomal breaks and
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Figure 1. Relationship between survival fraction at 2 Gy (SF2) and unrepaired DSB per Gy calculated from pH2AX immunofluorescence technique applied to untransformed human fibroblasts irradiated at 2 Gy followed by 24 h for repair. Data are
from [Joubert, 2008]. Arrows indicate the group of radiosensitivity (group I : SF2 ranging from 45.2 to 65.6%; group II: SF2 ranging from 45.2 to 7.4%; group III: SF2 ranging from 3.7 to 7.4%. Group III contains ATM-mutated cells (IIIa) but also any
cells in which NHEJ repair proteins like LIG4 or DNA-PK are mutated (IIIb). Pink squares represent the most radioresistant and the most radiosensitive rodent cell lines (CHO-K1 and CHO-xrs5, respectively). SF2 was found to be inversely pro-
portional to unrepaired DSB. Solid line result from a general data fitting. Lower inserts show representative example of nuclei with pH2AX foci for radioresistant and radiosensitive cells.
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micronuclei [Fenech, 2006]. However, while our understanding
of DSB repair process has considerably progressed all along the
last years, some unresolved questions remain to finally consider
DSB repair as a reliable predictive factor of intrinsic radiosensi-
tivity: Notably, mammalian cells were long believed to possess
two major mechanisms for repairing DSB, namely, homologous
recombination (HR) and non-homologous end-joining (NHEJ).
However, since HR is only active in S-G2/M phase, this NHEJ or
else HR paradigm that came from molecular models from
rodent and yeast data cannot explain the radiosensitivity of
human cells in G1 that would be NHEJ-proficient [Joubert 2007,
2008]. More recently, it was shown that radiation-induced DSB
can be determined from the number of nuclear foci formed by
the phosphorylation of the variant histone H2AX (pH2AX) and
easily quantifiable using immunofluorescence [Rothkamm,
2003]. The pH2AX immunofluorescence technique revolutionized
our estimation of the radiation-lethal events since it allows the
determination of each individual DSB inside cell nuclei with a
one-to-one correlation between DSB and pH2AX foci.
Unfortunately, again, although successfully tested in hyper-
radiosensitive cells and presented as powerful predictive assay,
some preliminary data showed us that pH2AX immunofluores-
cence does not necessarily predict the whole range of human
radiosensitivity [Joubert 2007, 2008].

Two DSB repair assays instead of one!

From 2003, unlike the majority of studies focusing on mutations
of one single gene, we have deliberately chosen to extend our
investigations to the largest spectrum of radiosensitivity of
human cells, independently of any gene mutation. The  relation -
ship between cellular radiosensitivity and DSB repair data was
examined in a collection of 40 non-transformed human fibro-
blasts representing at least 8 different genetic syndromes
[Joubert, 2008]. The systematic application of the most extensi-
vely used molecular assays, namely immunofluorescence,
 electrophoresis and plasmid assays allowed us to propose a
quantitative correlation between molecular and cellular radio-
sensitivity that is relevant for all mammalian cells: survival frac-
tion at 2 Gy (SF2) was found to be inversely proportional to the
amount of unrepaired DSB, whatever the genes mutations and
the assays applied (Figure 1). Our findings support that the choice
of a specific molecular assay conditions the nature of this corre-
lation. However, no single assay discriminated the full range of
human radiosensitivity. Particularly, pH2AX immunofluorescence
does not predict well the moderate radiosensitivities [Joubert,

2008]. Our findings suggested the existence of an alternative DSB
repair pathway, active in G1, independent of NHEJ and whose
impairment may favour genomic instability. Notably, the MRE11-
dependent pathway appears to be good candidate but this was in
clear contradiction with the NHEJ or else HR paradigm evoked
above.

Interestingly, the yield of MRE11 foci was found correlated to
genomic instability and cancer proneness and with moderate
radiosensitivity in all the syndromes tested [Joubert, 2008]. A
classification of diseases according their cellular radiosensiti-
vity, their molecular response to radiation and the functional
assays permitting their evaluation was therefore proposed
(Figure 1). In the frame of radiotherapy sessions, the group II
cells may notably accumulate a large number of unrepairable
damage up to a level at which clinical overreactions become
significant (Figure 2).

Conclusions

The molecular and cellular bases of radiosensitivity are incredi-
bly complex. However, their elucidation will render possible the
development of reliable assays to predict the efficiency of anti-
cancer radio-chemotherapy against tumours but also to predict
and prevent the occurrence of over-acute reactions in surroun-
ding normal tissues. We have learned from the already long and
rich history of radiation research that:
1. even if they are “time-consuming” features, the clonogenic
assays remain the “gold standard” to reflect quantitatively the
radiocurability of tumours and the in vivo intrinsic radiosen-
sitivity of normal tissues;
2. because of the predominance of mitotic death pathway for
tumours and most of normal tissues, the micronuclei, cytogene-
tics and DSB repair assays remain the most reliable approaches
to reflect the widest range of radiosensitivity;
3. gene expression, gene mutation (SNPs) and apoptosis assays
generally performed from blood cells present some considera-
ble advantages like rapidity of data acquisition but literature sug-
gests that they are still punctually related to a certain range of
radiosensitivity only, if any;
4. the study of a plethora of genetic syndromes has consolidated
the conclusion that predictive assays based on the functionality
of the DSB repair pathways involved in the response of radio- and
chemo-therapy will permit to quantify and prevent the over-
acute reactions occurring after irradiation. However, such
approach with skin fibroblasts is longer than apoptosis blood
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cells but seems to be more relevant for predicting a wide range
of radiosensitivity: further investigations are therefore needed to
better establish the quantified relationships between data from
these two approaches

From our findings, we proposed therefore to apply systematically
the double pH2AX and MRE11 immunofluorescence assays, at
least, to cells from known syndromes and from skin biopsies of
patients [Joubert, 2008]. To date, after gathering and testing
120 cell lines, no exception to our model has been observed
(Foray et al., personal communication). ■
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The previous ICRP report dealing with Radiotherapy procedures
was Publication 44, produced in 1985. Since that time, new tech-
niques of external Radiotherapy have emerged and some of
these have already been introduced into routine practice.

However, a possible disadvantage to a number of these new tech-
niques is the increase in size of the volume of healthy tissues
receiving low doses, and thus the theoretical potential to increase
the risk of radiation-induced second cancers in those areas.
Several authors have calculated that this risk could be doubled
when using new procedures such as intensity-modulated
 radiation therapy (IMRT) (Hall 2003 and 2006, Kry 2005).

ICRP and ICRU each have an interest in this topic and both can
offer complementary experience and competence. Hence, taking
available data into account, they have decided to elaborate a
document aimed at evaluating, as precisely as possible, the risks
of second cancers related to the newly introduced techniques,
and to propose solutions to manage this risk.

Firstly, the document will have to analyze the available clinical
data, taking advantage in particular of the recent NIH publication
“New malignancies among cancer survivors” (2006). Recent
data on second cancers occurring after radiotherapy appear to
confirm the usual clinical experience that “The majority of
second induced cancers occur in or close to the high-dose treat-
ment volume” (Hall, 2006). This important point should be kept
in mind when comparing different techniques of irradiation;
while it is certainly relevant to try to calculate the risks linked to
the irradiation at low doses of large volumes located far away
from the beams, it appears to be at least equally important to
focus on those areas receiving “appreciable” dose (MP Little,
2001), close to the irradiated fields.

This clinical data also emphasizes the role of age, with children
being much more sensitive to the carcinogenic effect of ionizing
radiation than adults.

A last important point is that the “relative risks tend to be lower
in the medical series than in the Japanese A-Bomb survivors”
(MP Little, 2001). A similar observation has also been reported
by Preston (2002) and Rubino (2003). The fractionation /protrac-
tion of most of the therapeutic irradiations, contrasting sharply
with the extremely brief irradiation linked to the atomic bombs,
might explain, at least in part, such a discrepancy.

The second section of the document will focus on the physical
characteristics and on the dose distributions achieved by various
techniques.

In order to aid the comparison of the various techniques and,
after having considered the various dose distributions outside
the beam, we propose to split the dose regions (outside the tar-
get volume) into three groups (the limits given here are still
under discussion): 
– “low dose” region: < 1 Gy;
– “medium dose” region: > 1 Gy and < 30 Gy (this last dose
grossly corresponding to the 50% isodose according to the usual
radiotherapy prescriptions);
– “High dose” region:  > 30 Gy (up to the target dose). 

An important point to be considered here is that a number of
technical parameters can introduce large variations in the doses
received by the healthy tissues outside the target volumes, varia-
tions which could actually be much larger than those introduced
by the simple choice of a given technique. 

The document will therefore have to include the scattered dose
delivered by; the type of wedges, the number of beams and the
modern IGRT (Image-guided Radiotherapy) techniques.

The third section of the document will deal with the risk models
and the radiobiological aspects; the authors showing a potential
doubling of the risk with some modern radiotherapy techniques
(see above) have been using the linear-no threshold (LNT)
model. However, other risk models have been proposed; sche-
matically, models taking into account the “cell killing” at high
doses (often called “competition” models), offering “bell-sha-
ped” curves with a decrease of the risk at high doses, and
models also based on this competition at high doses, but intro-
ducing corrections for repopulation and/or repair. Recent litera-
ture has shown that different conclusions could be drawn from
the same subset of data when using different models (For exam-
ple, the risk varying from double to identical). The ICRP/ICRU
task group will aim at calculating the risks for a number of repre-
sentative cancer sites, using the main proposed models.

The fourth section of the document will focus on recommenda-
tions; it will include a chapter on risk acceptability in the context
of the treatment of a life-threatening disease, a chapter on spe-
cific recommendations on the various techniques, and a specific
chapter about one of the most important parameters when dea-
ling with radiation-induced tumors after radiotherapy; patient’s
age. Children (up to about 15 years of age) are much more prone
than adults to develop a radio-induced cancer after a given dose
of irradiation. The causes for this include a higher “general”
radiosensitivity of children, more frequent genetic syndromes
linked to a higher susceptibility to irradiation at that age (See
ICRP Publication 79) and a higher impact of scattered dose due
to the smaller size of the children’s body.

This ICRP/ICRU document, still in a draft form, is not anticipated
to be published before 2010. Of note, close contacts have been
developed with the NCRP group working on the same topic. ■
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Cure from Cancer comes with a price tag. The nature and the
timing of therapy-induced morbidity differ between the different
treatment options such as surgery, chemotherapy, molecular
therapies and radiotherapy, as do their frequency, their depen-
dence on age, on co-morbidity, their impact on the quality of life
after cure, their risk of fatal outcome, and the challenges they
pose to the responsible doctor. Whereas most treatment-related
side effects of surgery and chemotherapy occur early after treat-
ment, the most serious side effects of radiotherapy occur late.

These differences make any comparison of treatment related
morbidities of different treatment modalities a very difficult,
often emotional and irrational affair. There is no common deno-
minator on which the risks of say surgery and radiotherapy of
prostate cancer, and their acceptability by doctor and patient,
can be compared, yet both yield similar chances of cure from
cancer.

The first to analyse the dilemma of chances of cure versus risk
of late radiation damage in radiotherapy was Dr. Holthusen in
1936. Starting with the clinical observations that the probability
of cancer cure as well as the probability of late normal tissue
damage increase with dose, and assuming that both probabili-
ties depend only on dose and volume but not on each other, he
calculated the dose dependence of probability of uncomplicated
cure and found a bell-shaped curve. This concept has since
become the basis of all cure/risk arguments in radiotherapy
since.

Yet, the main lesson from this argument is that good radiothe-
rapy is not the one which does not cause any serious side effects
in any patient, nor one which cures all patients. Therefore, dose
and dose distribution in radiotherapy are not prescribed on the
basis of which dose the tumour may require for cure but by the
dose which would cause an acceptable level of serious late mor-
bidity.

Whereas the failure of cure is a clear yes or no, the only other
variable being time to recurrence, late morbidity has numerous
clinical features. The spectrum of severity of each type of mor-
bidity in any organ varies enormously between patients, so does
timing, impact on quality of life etc. All this makes a purely quan-
titative approach to the problem of risk acceptability in radiothe-
rapy obsolete.

Micro-vascular radiation damage is the hallmark of late and very
late normal tissue damage after radiotherapy. It is always asso-
ciated with telangiectasia which are visible in the skin but which
occur in all organs. Yet, the clinical consequences vary between
the different organs, from cerebrovascular incidents to rectal
haemorrhage to cosmetic dysfiguration. Telangiectasia is always
associated with a decrease in capillary density, micro-vascular
insufficiency and subsequent atrophy. Micro-vascular radiation
damage is steadily progressive for at least ten to fifteen years.
None of the existing NTCP models is compatible with this most
common and most important mechanism of very late normal
 tissue damage after curative radiotherapy.

This manifestation of very late radiation damage may also be clo-
sely related to another very late radiation damage, which
recently has received considerable attention: cardiovascular
radiation injury. The clinical and radiobiological investigation of

the dependence of very late cardiovascular radiation damage on
dose and volume as well as its pathogenesis is the aim of two
large European FP-7 research projects which are called RACE
which Is co¬-ordinated by Per Hall in Stockholm and CARDIO-
RISK which is co-ordinated by Michael Molls in Munich. The
most informative data which lead to this sudden interest of
radiotherapists in cardiovascular injury come from the study of
Sarah Darby in more than 100.000 breast cancer patients who
received postoperative radiotherapy. The study compared the
mortality from heart failure after radiotherapy of left-sided
breast cancer with the mortality from heart failure after radio-
therapy of right-sided breast cancer. With increasing follow-up,
the mortality from heart failure in those patients with cancer of
the left breast increased steadily by more than one-third in the
radiotherapy group whereas there was no difference between
right and left breast cancer in those patients who did not receive
any radiotherapy. The only reasonable explanation for this side
difference is that radiation caused heart failure ten or twenty
years after radiotherapy of cancer of the left breast, this means,
after mean radiation doses of the heart of less than 5 Gy (i.e.
below the 10% isodose). It appears very likely that modifications
of dose distributions can decrease or increase the risk of very
late cardiovascular radiation damage. Yet, we do not know and
have no means to know now, whether the current treatment
techniques which are very different from those investigated in
the study of Dr. Darby carry a lower risk, or the same risk or even
a higher risk. Any strong statement in this direction now would
be pure speculation. Moreover, volume as such is most unlikely
to be a useful criterion of risk, the few experimental studies so
far demonstrate that different anatomical structures in the heart
which are not randomly distributed display very different radio-
sensitivities. The current research in Europe aims at solving
some fundamental questions:

• What is the nature of radiation-induced heart disease after
radiotherapy?

• Is very late cardiovascular radiation damage caused by radia-
tion damage to the coronary arteries or to the microvasculature?

• How should the heart dose be specified for treatment plan
optimisation?

• how can the risk of very late heart failure be included in the
definition of an acceptable risk, an overall index of harm?

A large number of clinical / epidemiological studies provided
indisputable evidence that patients who have been cured from
their cancer by radiotherapy have an increased risk of developing
a second cancer. Yet, treatment-related second cancers are the
direct consequence of treatment success. Moreover, in most cli-
nical situations (with the possible exceptions of lymphomas and
childhood cancers) more patients die from failure of curing the
first cancer than from treatment-induced second cancers.

In adult cancer patients, the crude absolute risk of developing a
treatment-induced new cancer within the remaining life expec-
tancy of the cured patient is well below 1% and thus much smal-
ler than many risks of commonly accepted life style factors such
as diet. The situation is entirely different in children and young
adults. The cumulative incidence of treatment-associated
second solid tumours increased dramatically as the patients
progressed into their thirties. Cautious extrapolation would sug-
gest that every patient who had been cured by radiotherapy from
childhood cancer and has a normal life expectancy will develop
a radiation-induced second cancer, later in life. The most critical
organs for radiation-induced second cancers in paediatric radio-
therapy in the first 25 years are breast, brain, bone, soft tissues
and thyroid - yet there are great differences in sensitivity with age
and in dose dependence: while sarcomas and brain tumours
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tended to develop in the high-dose volumes of 30 Gy or more,
carcinomas tended to occur in the intermediate to low-dose
volumes. Each organ probably has a different dose effect rela-
tionship which changes with age. In view of this evidence it can-
not be justified to use one shape of dose response relationship
for all organs and all ages in risk estimation. We need organ, age
and sex specific dose risk relationships before we can even start
considering the acceptability of risk of radiotherapy-induced
second cancers in the context of an overall index of harm. The
ongoing European project ALLEGRO is a first attempt to explore
the feasibility of such research.

The main scientific problem is not so much the shape of the dose
risk relationship, even more critical is the specification of dose.
In preventive radiation protection planning procedures, the mean
organ dose has been recommended by ICRP for dose specifica-
tion, if only as it is so simple. But the risk of radiation-induced
second malignancies varies enormously with dose distribution
within the critical organ. The leukaemia risk after the same
mean bone marrow dose by more than a factor of ten. This ques-
tion has not been well investigated, so far, the European FP7 pro-
ject ALLEGRO is arguably the first which attempts to address this
fundamental problem of the most serious though very late nor-
mal tissue risk after radiotherapy, the induction of a new cancer
by the treatment of an existing cancer.

It is high time to stop modelling second cancer risks on the basis
of no or inadequate data and rather concentrate on performing
well controlled clinical, epidemiological studies such as the one
which has been going on for more than ten years now in the
Institut Gustave Roussy and those exploratory studies within the
ALLEGRO project. They will require perseverance and hard work
and have to focus on simple practical questions such as the
dependence of the second cancer risk on dose, on dose-volume-
distributions, on age and sex. We have to face reality rather than
gambling in silico.

The ultimate aim of the Allegro project is to develop new criteria
for treatment plan optimisation and patient information on which
he may accept or reject treatment which would include, besides
the risk of radiation-induced severe early and late normal tissue
damage as is currently done also the risk of radiation-induced
heart disease and radiation-induced second cancer. At present,
no method has been proposed which could be considered safe
or even suitable for this task.

I conclude that radiotherapy is a very effective treatment, simi-
lar to surgery for many common cancers and can cure many
more patients than medical oncology. However there is a price
for cure which in some situations can be very high. In most
cases, the price appears acceptable, yet there is good evidence
that improved treatment planning will be able to decrease ove-
rall risk and increase acceptability. However, despite of decades
of research, there is no acceptable method to optimise treatment
plans on the basis of clinical evidence and radiobiological
science.

A major research effort, such as presently prepared by the
 ALLEGRO project is required to identifiy and resolve the main
problems which, in my eyes are:

In any treatment, several, often independent side effects of dif-
ferent latency, of different severity and of different impact on
quality of life may occur. How can these be combined to arrive at
a simple measure of risk or an index of harm on which to opti-
mise radiation treatment plans and discuss acceptability?

Treatment plans are presently compared on the basis of dose
volume histograms, however, this does not make biological
sense. We need to develop new methods to relate anatomical
dose distributions rather than dose volume histograms to the
different potential late normal tissue risks after curative
radiotherapy. ■
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In line with the general call for ethical thinking in the various
professions, there has been an acknowledgement in radiother-
apy of the urgency and importance of justifying present practice.
This is indeed a welcome development. But in addition to the dif-
ficulty of establishing an ethical criterion that will guide practice
is the complexity of the ethical task itself. Unlike the search for
specific guidelines or the establishment of agreed policies, the
issue of ethical justification involves the individual practitioner as
well as the professional body much more since it involves mak-
ing a judgment or arriving at a decision. This particular chal-
lenge therefore needs to be addressed both by those already in
practice and those still in training. There is a need not just to reg-
ulate professional practice but also to develop ethical awareness
and sensitivity.

“Ethical justification: an urgent
challenge for radiotherapy”
by Santiago Sia, Professor and Dean of Philosophy; Milltown Institute –
Dublin (Ireland)
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ROUND TABLE: 
CHALLENGES IN RADIOTHERAPY

Radiotherapy is in a class of its own when we look at medical
treatments. It is used to treat more than half the total number of
cancers, a family of diseases that affects 30% of men and 25%
of women. It is also an effective method of treatment as it suc-
ceeds in curing some 80% of the patients treated. Radiotherapy
offers high quality treatment. We need it to be perfect!

The radiotherapy accidents in Epinal and Toulouse highlighted
the risk of human and organisational errors. They have severe
consequences for patients. Furthermore, radiotherapists have
observed serious side effects in about 5% of patients (or around
10,000 people in France) which are not due to errors in the dose
delivered or in the irradiated volume. These side effects could be
related to individual hypersensitivity to ionising radiation. 

At a time when the latest models of accelerators used in radio-
therapy allow us to increase the doses delivered to tumours and
thus increase the chances of a cure, it is important to ensure that
the radiation protection of patients progresses at the same pace.
The most likely way of achieving this is to assess each patient's
radiosensitivity before radiotherapy begins.

Round table on “Challenges in
radiotherapy”
by Pr Michel Bourguignon, ASN Commissioner – Professor of Medical
Physics
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When considering risks in radiotherapy, it should always be
remembered that the patient is also gaining a major potential
benefit from the radiotherapy. A patient receiving therapy with
ionizing radiation will be exposed to many potential sources of
harm throughout the medical procedures. While the probability
of harm occurring might be low in many instances in radiothe-
rapy, the consequences of that harm can be very serious for the
individual patient, considering the high doses involved in therapy
and the serious malignant conditions treated in many cases. The
combination of the probability of harm occurring and the conse-
quence of that harm, constitutes the risk for the patient. In order
to prevent future accidents in radiotherapy, it is necessary to
learn from accidents that have occurred in the past. When
aiming to learn from these past accidents, it is of value to ana-
lyze the specific case histories and find the causes, contributing
factors, actual circumstances of discovering the accident as well
as methods for future prevention.

A number of accidents in conventional external radiotherapy
have been extensively investigated and the lessons learned have
been disseminated by the International Atomic Energy Agency
(IAEA) [1-4]. The International Commission on Radiological
Protection (ICRP) has also summarised causes and contributory
factors for conventional external radiotherapy accidents [5].
When a hazard is realised there is usually an initiating event,

which is an act that occurred at some point in time and even-
tually led to the realisation of the hazard. While the IAEA in Safety
Report Series 17 [4] is separating the terms “initiating event”
and “contributing factor” (which is defined as “any circumstance,
condition, action or omission which plays a part in the precipita-
tion of an accident”), the ICRP [5] uses the term “cause” in order
to describe a combination of events contributing to the realisa-
tion of the hazard. In this study, a number of past accidents have
been reviewed. This information was subsequently systemati-
cally evaluated for generalized lessons to learn.

A review of lessons learned from accidents in conventional
external radiotherapy [1-6], indicate patterns showing that most
of these accidents have occurred under certain conditions.
These conditions can be grouped into four categories:

1. Working with awareness and alertness: Accidental exposures
have occurred due to inattention to details, and lack of alertness
and awareness. This condition could also be made worse if the
health professionals have to work in circumstances prone to
distractions.

2. Procedures: Accidental exposures have occurred when there
is a lack of procedures and checks, or when they are not
sufficiently comprehensive, properly documented or fully imple-
mented.

3. Training and understanding: Accidental exposures have
occurred when there is a lack of qualified and well-trained staff,
with necessary educational background and specialised training.

4. Responsibilities: Accidental exposures have occurred when
there are gaps and ambiguities in the functions of personnel
along the lines of authority and responsibility. In these cases,
safety critical tasks have been insufficiently covered.

Learning from accidents that have occurred in the past, means
addressing the above four conditions systematically, so that the
occurrence of accidents in radiotherapy becomes minimized. ■
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Building on solid ground

Radiotherapy brings unquestionable benefits to cancer patients;
on the other hand, radiotherapy has unique safety-critical
 features requiring specific consideration: It is the only applica-
tion of radiation, in which humans are deliberately given very
high radiation doses, of the order of 20 to 80 Gy; often, normal
tissue receives radiation doses that are on the upper edge of
tolerable doses, as a result of which, accidental overdosage has
had sometimes devastating consequences. In addition, underdo-
sage, which may not always be timely detected, can also have
severe consequences [ICRP, 2002]. Recent improvements in
radiotherapy are associated with ever increasing complexity in
both equipment and techniques and, despite of the fact that
radiotherapy equipment is provided with standardized inter-
locks, safety in radiotherapy remains highly dependent on
human actions, involving a complex interrelation among profes-
sionals of a multidisciplinary team through a large number of
steps.

Keeping awareness of these features is essential for hospital
administrators and heads of radiotherapy departments, when
setting up a radiotherapy programme and when introducing new
technologies and techniques. Publication ICRP, 2002, stated that
“purchasing new equipment without a concomitant effort on
education and training and on a programme of quality assurance
is dangerous”. Without these key elements, no radiotherapy
practice should be build up and operate, and therefore, they
should be mandatory requirements by international standards
and equivalent national regulations [IAEA, 1996]. These require-
ments should not be restricted to measurements on equipment,
but should embrace the whole treatment process, the assi-
gnment of responsibilities, training and competence and syste-
matic approaches for purchasing, acceptance testing, calibra-
tion, commissioning, and maintenance.

Moreover, accidental exposures have even occurred in well
structured radiotherapy departments, when procedures or veri-
fications are omitted [ICRP, 2009, in press]. Provisions are thus
needed for supervising that the safety features stay effective over
time, especially when workload increases and when new
 technologies and techniques are introduced.

Lessons from major reported accidental exposures

Lessons from events with major consequences occurred with
conventional radiotherapy have been reported [ICRP, 2002; IAEA,
2000, 1998, 2001, 2003] with the purpose of helping health admi-
nistrators and heads of radiotherapy departments achieve confi-
dence that these types of events are not likely to occur in their
radiotherapy departments. This approach of using the lessons
from past events to prevent reoccurrence can be called ‘retros-
pective approaches’. The following examples of lessons from

conventional radiotherapy are also applicable to new techno-
logies:
– mistakes in beam calibration and commissioning of radiothe-
rapy equipment with catastrophic consequences have shown the
need to have in place an independent determination of the
absorbed dose to the reference point. Some countries have even
made this requirement mandatory;
– reports on major events due improper use of treatment plan-
ning system have taught that there is a need for thorough
understanding of the TPS functionalities, for ensuring that the
TPS is commissioned, tested and used according to instructions,
and when deviations from instructions is unavoidable, the devia-
tions should be validated before clinical use;
– a reported accelerator repair error has provided the lesson
that it is indispensable to ensure notification to the physicist
about any repair, together with a report of the nature of the
repair, so that the physicist can infer the need for control checks,
before resuming patient treatment;
– significant increase in workload and introduction of new tech-
niques may lead to serious mistakes. Revisiting staff needs both
in terms of number of professionals and training and compe-
tence is indispensable.

Serious accidental exposures with new technologies have also
been recently reported, including the following lessons:
– a reported accidental exposure was caused by errors in deter-
mining the absorbed dose in small beams used for radiosurgery
[ASN, 2007, Derreumaux, 2008]. These errors were related to
using conventional protocols for standard sized beams and an
ionization chamber of too large cross section. This event points
to the need for developing specific dosimetry protocols for small
and non-standard radiation fields, and for a thorough review of
the training in radiotherapy physics, before introducing new
technologies;
– an accidental exposure resulting in patient’s death occurred
after an oral request for a collimator setting of “40-40” [meant
to be 40 mm x 40 mm around a radiosurgery applicator], but a
beam of 40 cm x 40 cm was applied instead [Derreumaux, 2008].
This event points to the need for ensuring proper communica-
tion and recording, together with a thorough understanding by
staff of new techniques;
– fatal multiple patient accidental exposure occurred after the
selection of and dose calculation for conventional physical
wedges in treatment plans, for which dynamic wedges were
meant to be used [Ash, 2007, ASN, 2007a, SFPM, 2006, Ash,
2007, Derreumaux, 2008]. One of the reasons for the mistake
was the lack of understanding of the English abbreviation of EW
(enhanced wedge), and of the fact that in this particular design
of equipment, the number of MU required to deliver a dose with
EW was substantially lower than with physical wedges;
– another accidental exposure occurred when data integrity was
lost after a “computer frozen” event. The missing data included
information on the multileaf collimator setting. This resulted in
a treatment with the maximal collimator opening. In addition,
the established procedure to perform a so called “verification
hybrid plan” was not followed [CP, 2005, NYC-DHMH, 2005].
Thus, methods for verification of data integrity after a “compu-
ter crash” are needed and safety-critical quality control proce-
dures should never be omitted;
– a number of new problems have been reported with regard to
the increased used of imaging for radiotherapy. These problems
include the misunderstanding of coordinates and marks from
virtual simulation, the possible errors in tissue density because

Lessons from accidental exposure
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of image artefacts, possible geometrical errors due to image dis-
tortion and significant excess in dose given by daily imaging for
verification [NRC, 2007, ROSIS, 2008a, CIB, 2007], Derreumaux,
2008].

Making case histories and lessons from accidental exposures
part of the training of radiotherapy staff is an effective tool to
raise and maintain awareness. 

Lessons from events without major consequences

As described above, lessons from major accidental exposures
are important, but information from other events without major
consequences is also required. Moreover, focusing only on major
events with catastrophic consequences may lead to overlook
other, more frequent, errors with lower consequences, which
may become severe if occurred elsewhere. Sharing information
on events without major consequences forms the basis for kee-
ping safety under continuous improvement. An example is the
radiation oncology safety information system, ROSIS
(www.clin.radfys.lu.se/default.asp). When a new technology or
technique emerges, it is important that users efficiently share
experience and lessons in the first months/years and early dis-
seminate a concise advice from their experience. Professional
bodies can be instrumental in gathering these efforts.

Anticipating, quantifying and making risk-informed
 decisions

The retrospective approaches described above are highly valua-
ble but have the intrinsic limitation of being confined to reported
experience, thus unreported events or other latent risks remains
unaddressed. This type of risk can only be identified by proactive
methods of finding out “what else could go wrong” or “which
other potential hazards might be present”. These methods are
the subject of other sections of this Conference. Three common
approaches have applied to radiotherapy, namely the failure
mode end effect analysis [Huq, 2008], the risk matrix [Ortiz
López, 2008], and the probabilistic safety assessment [Vilaragut,
2008].

Conclusions

Key requirements for the prevention of accidental exposure
should be mandatory in form of standards and regulations.
Lessons from accidental exposure should be incorporated into
the education and training curricula. First users of a new tech-
nology should collect experience, and disseminate an early
advice to other future users. Proactive safety assesments should
be used, especially for new technologies. ■
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Brachytherapy, term defined by Forsell in 1931, can be adminis-
tered at different dose rates* that have been grouped as low dose
rate (LDR), mediun rate (MDR) high dose rate (HDR) and pulsed
high dose rate (PDR) depending of the dose administered in one
hour. (ICRU Report 38).

Although HDR is defined as more than 12 Gy/h the usual dose
rate employed is around 100-300 Gy/h. (Nag. S., et al 1999a).

Brachytherapy came into use soon after the discovery of radium
by Pierre and Marie Curie in 1898. The “hot loading” radioactive
material is inserted directly into tumors or into cavities but has
the inconveniences of irradiating the medical caregivers, that no
correction of implants is possible, great experience needed, and
in some permanent implants there are problems with the
 discharge of patients. (ICRP Publication 97.)

Manual LDR large temporary hot sources of radium or caesium
procedures are still in use in a few countries particularly for
 cervix cancer treatment. (Pinillos L. 1997.)

To reduce the exposure hazard and allow for corrections of the
implants, manual after loading was introduced.

Manual after loading caesium is used mainly for cervix and vagi-
nal cancers and seeds and wires or plaques are used for pros-
tate, soft tissues and ocular treatments using, 192Ir, 125I, 103Pd
as radioactive sources. (Pinillos L. 2000.)

More than 50,000 patients are treated yearly with hot sources but
few sources have been reported lost and no severe accidents
have been reported. The doses to caregivers and comforters are
below I mSv/years. (ICRP Publication 98.)

As younger patients are diagnosed and treated with brachythe-
rapy, special precautions have to be taken regarding the
 pregnant partner.

The small sources can migrate into the lung, urine, semen or
gastrointestinal tract, rare event for which no adverse effect has
been reported as the activity and photon energy of the source is
small. (Eschleman 2004, Grimm 1993.)

The use of condoms is recommended for the first 5 ejaculations.

Fertility is another issue, and although patients are or become
infertile, fathering is still possible being the risk of genetic
effects, for the child very low. (ICRP Pub. 98, UNSCEAR 2001.)

Cremation is an issue in many countries as activity can be found
in patient ashes as well as airborne dose that can be inhaled by
cremation staff. To overcome it, cremation is recommended
3 months after a 105 Pd implant or 12 months after 125I. If the
time is less, it is indicated to remove the prostate and only scat-
ter the cremation remains 20 months after. (ICRP Pub. 98.)

As mentioned, in order to reduce exposure, manual after loading
was first introduced using hollow needles or tubes that were
inserted in patients and then the radioactive material was inser-
ted. Sievert in 1937 proposed the concept of remote manual after
loading in which the sources that are housed in a shielded
container are driven through transfer cables into the hollow
tubes in the tumors. (ICRP Pub. 97.)

In the 1980, automated remote control was developed that
allows the use of very high activity sources and after-loading
 procedures of MDR, HDR and PDR came into use.

Here considering the high source activity, the concept of protec-
tion acquired new dimensions as not only the caregiver, comfor-
ters and patients are at risk as the technique implies a much lon-
ger chain of events and procedures from the production, the
transport of over 10,000 sources per year, 3 to 4 source replace-
ments a year, 3 to 4 new calibrations per year, over 500,000 pro-
cedures per year, new areas of clinical utilization and due to the
development of the area, many more than 1000 centers using
brachyterapy having different levels of training (ICRP 97).

The high activity also implies that minor errors in the time the
source remains in a given position can severely affect the patient.

It is here where we will emphasize our topic identifying the risks
and the origins of events and accidents.

Although many events have been reported using the high activity
sources it is thought that there is a large under reporting of pro-
blems being noticeable that most reports come from big and
prestige centers with good QA programs and not from centers
without a large experience where more problems are expected
to arise being it an indirect proof of under reporting (ICRP 97).

The reported events have origin in the different phases of the
process needed to administer a treatment and they start with the
manufacture, handling and transport of the sources, inadequate
shielding during transport or in the safe or defects of the bun-
ker, problems with sources in transit from the safe to the
patients and its return, doses incorrectly prescribed or delivered
or duplicated, failure identifying patients or even treatments to a
different anatomical location. (NRC 2002, ICRP 97).

With this great spect of possibilities of exposure, event or acci-
dent, very strict adherence from radiation oncologists, medical
physicists, technical and administrative staff to a QA program is
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*LDR: 0.4 TO < 2 Gy/h
MDR: 2 to < 12 Gy/h
HDR: > 12 Gy/h



mandatory and the importance of reporting events should be
emphasized. (IAEA 2001). A key focus of accident prevention has
long been the use of multiple defences against the conse-
quences of failures. (ICRP 103.)

We will present some examples reported during the
 different phases

Packing and transport

As previously stated, over 10,000 shipments of radioactive
sources occur every year. It is clear that for transport, the
sources have to be installed and secured properly in the shiel-
ded position, the package adequately identified and signaled as
containing radioactive material.

Due to accidental damage of containers or sources inadequately
packaged or secured or due to intentional actions as theft many
persons have been exposed including drivers, handling opera-
tors, administrators and public (ICRP 97).

Some of the reported events include a source outside the trans-
port safe and not secured that was detected and the source
moved to the shielded position, another reported case was a
source being returned, a high dose was detected after 32 per-
sons had been exposed, a driver to a dose of 5.8 mSv, a crating
employee 46.13 mSv in several hours another driver 0.8 mSv
(NRC 2002).

Another reported event was overpack damage after falling from
conveyor that required a new overpack to continue with the
 shipment.

Source Exchange

During the process of source exchange, personnel has bean
exposed for example as a consequence of backward connection
of the transfer guide.

Bunker

Regarding the bunker, there is a report of a case where as a
consequence of a defect in the bunker design and construction,
a public waiting area received a high exposure (260 Sv/h on the
floor of the waiting area above the facility) (NCR 2002).

Operation

Events during operation are the most reported ones, being the
greatest cause of misadministration and or accidents. They are
due to mechanical problems or human errors.

Mechanical

The mechanical events are dependent of the control unit or the
computer, the source cable or the catheter or the applicators
and can be represented by reports of loss of power to the control
unit that stopped its operation requiring a manual procedure to
interrupt the treatment. In other case the power failure affected
the computerized security program which allowed incorrect cal-
culation after wrong data entry another report specified that the
stop button in the console did not retract the wire source.

Regarding the source cable errors reported, this are due to dis-
connection or kinked or interlock failure with the source staying
in the exposure position with resultant clinical consequences.

Dislodged applicators have resulted in irradiation of unrelated
areas.

Other issues reported are blood contaminating the source tube
and the source during the use of open ended catheters that now
are not in use.

Premature and abrupt termination of treatments has also been
reported.

Human errors reported include incorrect medical indication,
patient identification, wrong diagnosis or area of treatment, wrong
prescription or data entry or incorrect catheter or applicator.

The reports include a lip treated instead of the nasopharynx, a
vulva irradiated instead of the uterine cervix, gastric irradiation
instead of the esophagus the cheek instead of the bronchus, etc.

There are reports on double treatment to the same patient,
higher doses because of failure to immediately calibrate a repla-
cement source, errors in dwell times programming due to intro-
ducing the data inversely or programming the steps incorrectly.

Most of the reported events were part of a fractionated treatment
and as such these errors are seldom fatal and maybe compen-
sated eliminating or adjusting subsequent doses or fractions.

Multiples errors

One case of death has been reported related to administration of
HDR brachytherapy. The patient had received pelvic teletherapy
for anorectal cancer. She had flexible tubes inserted transperi-
neally to the anorectal region for an interstitial implant. One of
the planned treatments was aborted because of source transfer
“problems”. The patient was returned to the nursing home and
did not re-attend. A flexible tube fell from the patient 4 days later
and was placed in a waste container. The patient died the sub-
sequent day. After the source was noted to be missing, it was
tracked through the patient to the waste incinerator. As the most
severe case, for its characteristics, we can consider it as an event
that illustrates equipment, human, and organizational errors.
The failure of the weld between the transfer wire and the source
was the initial precipitating event. Subsequently, the staff igno-
red the machine and room radiation monitors that registered the
failure of return of the source to the safe, and the external moni-
tors that identified residual radiation after treatment. These
external monitors had malfunctioned previously but had not
been repaired or replaced. The staff had failed to monitor the
patient for radiation emission after treatment (NRC 2002).

Other accumulation of errors had also been reported as a cause
of events or accidents.

As another example an equipment failure reported as failure of the
weld between the transfer wire and the source was followed by
human errors as staff ignored both machine and room monitors
that showed failure of source return and then as an organizational
error the patient was not monitorized after the procedure.

Other examples of not following the established order of proce-
dures are reported as connecting transfer wire backwards lea-
ding the engineer to briefly touch the guide so as to return the
source receiving 21 mSv to the left thumb and index, 419 mSv to
the tip of the left index finger and 1 mSv whole body.

Other cases

Cases were reported of defective cable in the production as the
source wire was not sufficiently stiff to resist looping which lead
to replacement of the cable it in the 37 machines where the cable
had been installed.

The source has also stuck in extended position as a consequence
of a defective model of HDR that required a technician flown from
the factory to the hospital to replace the assembly.

Other reports show the wire slipped from the wheels that
 protract and re undersized transfer cable diameter.

Regarding applicators, at has been reported they can kink inside
cavities or tissues.

Once the needle is removed the source returns but an overdose
of up to 73% has been reported.

Inadequate default position for start of dwell sites made the
treatment start 6 cms beyond the intended location, a patient
with a double catheter, one for the urethra and one for the blad-
der. The source was placed in the bladder instead of the urethra;
an applicator was placed in the rectum instead of the vagina a
wrong length catheter was chosen and the check and eye were
irradiated instead of the bronchus.
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In summary, remote MDR, HDR and PDR brachytherapy is a
rapidly growing technique with over 500,000 procedures per year
with sources delivering a very high dose per minute where
 mistakes can lead to severe clinical adverse events.

Accidents have been reported in the whole chain of procedures
including one death being human error the prime cause of
events.

An integrated teem following QA procedures is necessary to pre-
vent accidents and reporting accidents and incidents is impor-
tant to share the lessons learned to prevent similar mistakes. ■
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Radiotherapy saves lives, prolongs lives and improves the qua-
lity of life. It is widely known to be one of the safest areas of
modern medicine, yet, for some, this essential treatment can
bring harm, personal tragedy and even death. Radiotherapy
treatment is a multi-stage, complex, process (Figure 1) that
involves treatment of a wide range of cancer conditions through
utilization of various technologies and related professional
expertise. A high level of accuracy is needed at every step so that
the maximum tumour control is produced with minimal risk to
normal tissue. Risks should be managed prospectively and dose
errors should be maintained within acceptable tolerances; the
radiation dose should be delivered within 5% of the prescribed
dose [8]. Several studies have concluded that, for certain types
of tumours, the accuracy should be even better (up to 3.5%)
[6,10,11]. The literature in the area of radiation oncology safety is
limited, and relates mainly to developed countries, or is the
result of investigations of major errors.

According to the IAEA safety standards[1], an “incident” is
 defined as: 
Any unintended event, including operating errors, equipment fai-
lures, initiating events, accident precursors, near misses or
other mishaps, or unauthorized act, malicious or non-malicious,
the consequences or potential consequences of which are not
negligible from the point of view of protection or safety. 

A “near miss” is defined as: 
A potential significant event that could have occurred as the
consequence of a sequence of actual occurrences but did not
occur owing to the plant conditions prevailing at the time. 

Other terms for medical errors include “events”, “mistakes”,
“misadministrations”, “unusual occurrences”, “discrepancies”,
and “adverse events”. 

The WHO World Alliance for Patient Safety general patient safety
taxonomy contained within the International Classification for
Patient Safety uses the following definitions[14]: 
A patient safety incident is an event or circumstance which could
have resulted, or did result, in unnecessary harm to a patient. 
An adverse event is an incident which results in harm to a
patient. 
A near miss is an incident that did not cause harm (also known
as a close call). 
An error is a failure to carry out a planned action as intended or
application of an incorrect plan, and may manifest by doing the
wrong thing (an error of commission) or by failing to do the right
thing (an error of omission), at either the planning or execution
phase.

We have used “incident” and “near miss” wherever possible
within this report. However, this needs further discussion within
the radiotherapy community to determine whether a uniform
terminology as in other medical fields could be used in relation
to radiotherapy safety. 

A review of available literature showed that in the years 1976 to
2007, 3125 patients were reported to be affected by radiotherapy

incidents that led to adverse events. About 1% (N=38) of the
affected patients died due to radiation overdose toxicity. Only two
reports estimated the number of deaths from under-dosage.
The number of incidents that occurred in the planning stage was
1702 (55%), and of the remaining 45% incidents were due to
errors that occurred during the introduction of new systems
and/or equipment such as megavoltage machines (25%), errors
in treatment delivery (10%), information transfer (9%) or in
 multiple stages (1%). 

In the years 1992 to 2007, more than 4500 near misses (N=4616)
were reported in the literature and publically available data-
bases. Misinformation or errors in data transfer constituted the
greatest bulk of incidents in modern radiotherapy services. Of all
incidents without any known adverse events to patients, 9%
(N=420) were related to the ‘planning’ stage, 38% (N=1732) were
related to transfer of information and 18% (N=844) to the ‘treat-
ment delivery’ stage. The remaining 35% of the incidents
 occurred in a combination of multiple stages. 

More system or equipment-related errors documented by medi-
cal physicists were reported, as compared to errors that occur
during initial choice of treatment, dose prescription and other
random errors not related to equipment or system faults.
International safety guidelines have been developed and are
regularly updated to deal with radiotherapy errors related to
equipment and dosimetry. Much effort has been directed at QA
of system and equipment related components of radiotherapy,
such as planning computers, dosimetry audit and machine per-
formance. Little effort has been made so far to standardize
medical processes, including target drawing, the application of
appropriate margins and the verification of setup involved in
radiotherapy. These errors cause variations in time–dose–frac-
tionation schedules, leading to changes in the biological doses
that have the potential for a significant impact on patient safety.
European experts also suggested that taking initiatives to
improve the culture of clinical governance, and setting the stan-
dards of practice through medical peer review of target drawing
and dose prescription, would be a significant positive step in
improving quality in radiotherapy services [7,9]. There is no
consensus as yet as to how best to deal with errors not covered
by regular system quality assurance checks. 

Several interventions are likely to be effective at reducing risks
at multiple stages in the radiotherapy treatment process.
Planning protocol checklists are relevant to 20 identified risks,
independent checking to 12 risks, and specific competency cer-
tification to 11 risks. This may be because there are more risks
in these areas or because the individual risks have been better
identified.

Other high impact interventions include:

– Equipment quality assurance to reduce the risk of systematic
errors such as miscalibration that may affect very large
 numbers of patients.

– Peer review audit to improve decision making that will have
flow-on effects throughout the treatment process.

– In vivo dosimetry may mitigate 24 identified risk areas and pro-
vide an important independent check of the planning, calculation
and delivery elements of the pathway and address 12 of 16 risks
in planning, 5 of 10 in treatment transfer, 4 of 11 in patient set-
up and 3 of 7 in treatment delivery. The costs of establishing and
maintaining a program of routine in vivo dosimetry for all treat-
ments is likely to be high and resource intensive, which may
place it beyond the reach of services in some countries.

In addition there are safety processes that apply to all stages of
the delivery of radiotherapy:

WHO Radiotherapy risk profile
by Michael Barton, Professor of radiation Oncology, University of New
South Wales, Collaboration for Cancer Outcomes Research and Evaluation,
Jesmin Shafiq, Collaboration for Cancer Outcomes Research and
Evaluation, Douglas Noble, Claire Lemer, World Health Organization
Patient Safety Programme (Australia)
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Conclusions

This risk profile for the first time quantifies the process of care in
radiotherapy, and systematically addresses the risks at each
stage. Putting this knowledge to work will require innovative stra-
tegies on behalf of managers and health-care professionals alike.

Redesigning systems to reduce risk involves engaging policy-
makers, managers and patients [13]. Central to this is an ade-
quate and competent workforce, supported by an appropriate
reporting and learning framework. Several efforts have been
attempted, both nationally and internationally to this end, inclu-
ding the Radiation Oncology Safety Information System (ROSIS)
[2], the Calgary incident learning system [4] and the recently des-
cribed United Kingdom framework [12]. Technical solutions offer
hope for the future, including in vivo dosimetry, which offers the
opportunity to reduce some risk, but must be put in the context of
an overall approach to patient safety in radiotherapy. The use of
simple checklists has been proved to be successful in other areas
of patient safety as a way of systematically reducing risk [3].
Similar systems have been suggested in radiotherapy and should
be further promoted and developed [5]. ■
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Lessons from major accidental exposures reported in the biblio-
graphy [IAEA1998, 2000, 2001, 2003, ICRP 2002] point to the fact
that the event sequences leading to them had not been anticipa-
ted and, as a result, no sufficient safety provision were placed. In
this report, a proactive approach to safety assessment is pre-
sented, which up to date has been used to a very limited extent
in radiotherapy [USNRC 1995 a, 1995 b, 1995 c, Thomadsen
2003].

Risk analysis methods

Proactive risk analysis methods [Gertman 1994, IAEA 2006, ICRP
1997, Vilaragut 2004] follow a common pattern, starting with a
search for all potential failures and errors, followed by the esti-
mation of their risk and by a prioritization of efforts to avoid acci-
dental exposure from the events leading to higher risk. In this
work, two proactive methodologies were used: risk matrix (RM)
and probabilistic safety assessment (PSA).

Risk matrix

The risk matrix (RM) is a screening method for discriminating
lower-risk from higher-risk events, in order to focus efforts on
detailed analysis of the higher-risk events. The risk matrix ope-
rates in three steps, 1) identification of all potential initiating
events, 2) discrimination of higher-risk events, and 3) detailed
analysis of the higher-risk events for reducing the risk to a lower
level.

A four-level scale (very low, low, high and very high) was applied
to the following parameters: the frequency of the initiating event,
the failure probability of the safety provisions to detect it and the
severity of the consequences of the accidental exposure, if the
initiating event is not timely detected. The levels of the three
parameters were combined by a logical relation into a level of
risk, which was also expressed in a four-level scale. Events
resulting in higher risk were separated for detailed analysis
[Vilaragut 2006].

The detailed analysis of the higher-risk events consisted of fur-
ther scrutinizing “how robust are the existing safety provi-
sions?”; “can the frequency of occurrence of the event sequence
or its consequences be reduced?”; “is there a need to add one or
more safety provision to reduce the risk to an acceptable level
(low or very low)?” The answers to these questions lead to addi-
tional safety provisions needed to lower the risk of the higher-
risk events to an acceptable level.

The application of the method to high-dose-rate (HDR) brachy-
therapy resulted in the identification of 12 event sequences with

a ‘higher’ risk. These events were subject to a detailed analysis
from which additional safety measures were found necessary.
Only a summary of these safety measures is given below.

An error in preparing the input data tables for manual treatment
(for example, wrong decay data for the sources) is an event lea-
ding to higher risk and catastrophic consequences, i.e. several
deaths or irreversible damage to multiple patients in the case of
HDR brachytherapy. Considering the complexity of the calcula-
tions for HDR brachytherapy, and given the large number of
parameters to be considered, manual treatment planning is not
recommended for HDR brachytherapy.

Verification of source intensity, as determined in the hospital,
against the value given in the source certificate, is crucial to avoid
accidental exposure caused by mistakes in the hospital calibra-
tion of brachytherapy sources. This verification is a very robust
safety provision because a discrepancy in the value of the kerma
rate would reveal an error in either the calibration in the factory
or in the hospital.

Probabilistic safety assessment

Probabilistic safety assessment (PSA) is a method for identifying
initiating events that may trigger accident sequences, for mode-
ling the sequences of events that can evolve to an accidental
exposure if no obstacle stops this development, i.e., if safety
measures fail and quantifying the risk from individual sequences
and the global risk. In this work, the identification of initiating
events was performed using failure modes and effects analysis
(FMEA), a standard method to identify potential failure of an
equipment, system or process and to analyze the resulting
effects [Chiozza 2009, Spath 2003]. Once the initiating events
were identified, the event sequences were modeled by means of
“event trees”.

Once the event sequences were defined, the frequency of occur-
rence of the accidental exposure from each sequence was quan-
tified, using fault-tree analysis. The risk of each event sequence
was computed by means of Boolean equations, combining the
frequency of the initiating event and the probability of failure of
all safety measures involved in the sequence. An analysis of
importance was done to evaluate how many times a risk is redu-
ced or increased when a safety measure is added or removed.
The following information summarizes the results of this study.

As many as 453 failure and human errors were identified which
potentially might cause the undesired events defined. These fai-
lures and errors were grouped into 118 types of initiating events.
120 safety measures, also called “barriers” because they are
actual obstacles to stop the event sequence and avoid the acci-
dental exposure, were identified in the generic radiotherapy
department. 259 failure and errors, which can lead to a failure of
the barriers, were also analyzed and incorporated in the fault
trees. All of this resulted in 434 potential accidental sequences,
half of which involve patients.

Of all event sequences involving patients, the major contributor
to their frequency are incidents which can be compensated for
and therefore do not constitute accidental exposures. Only 0.3%
of the potential accidental sequences involve multiple patients

Methods of risk analysis applied to
radiotherapy
by María Luisa Ramírez Vera M.D.1, Consejo de Seguridad Nuclear,
FORO Ibero Americano de Organismos Reguladores Radiológicos y Nucleares –
Madrid (Spain)
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and severe or catastrophic consequences. Single patient event
sequences, which can not be compensated for and therefore
constitute accidental exposures, amount to 15% of the frequency
of sequences involving patients, and are therefore 50 times more
frequent than multiple patient accidental exposures. Although
much more attention has been devoted so far to reports of catas-
trophic-type, low-probability accidental exposures involving
multiple patients, other events, with less catastrophic, but still
significant consequences, are much more likely to occur. They
may be underreported and deserve increased attention.

As few as nine different imitating events are responsible for 90%
of the potentially catastrophic accidental exposures involving
multiple patients while 90% of the severe consequences on a
single patient are triggered by 21 events.

Errors and faults involving the treatment planning system (TPS)
can lead to a substantial number of accidental exposures. The
study has shown that three safety measures can avoid 77% of the
systematic or catastrophic accidental exposures. These three
measures are: 1) periodic quality control of the treatment plan-
ning computer, the digitizer, and the revalidation of external
beam (i.e. to check the constancy of external beam dose calcu-
lations to safeguard against inadvertent alteration or corrup-
tion), transfer of the treatment plan; 2) validation after any modi-
fication or update of the TPS; and 3) review and validation of any
change in the procedure for the TPS use. Independent verifica-
tion of the TPS calculation substantially reduces the risk of acci-
dental exposure. Absence of this verification increases the risk
by a factor of 10.

Three safety measures were identified that can avoid 55% of
severe accidental exposures involving the whole course treat-
ment of a single patient. These measures are the following: 1)
clinical evaluation by the radiation oncologist; 2) in vivo dosime-
try using reliable, calibrated detectors; and 3) approval of the

treatment plan at a discussion/meeting of radiation oncologist
and physicist.

The following safety measures have a preventive effect on a large
number of initiating event sequences: 1) portal imaging at the
initial session and periodically thereafter; 2) dosimetric tests;
and 3) interlocks of the beam monitoring system. Absence of
such safety measures increases the risk in the initiating events
where they apply by factors of 90, 30 and 6, respectively.

A number of errors relate to unclear delineation of target
volumes and bear a significant contribution to single-patient
accidental exposure. It is recommended: 1) to use a color code
for those volumes and to make it mandatory in the radiotherapy
department; 2) to include in the TPS acceptance tests a verifica-
tion of compliance with the terminology of ICRU [ICRU 1993,
1999]; and 3) to incorporate into the design of the TPS interlocks
and warnings to restrict manipulation of treatment volumes to
alert staff on the potential omission of secondary treatment
volumes.

The ‘record and verify’ system of medical accelerators drastically
reduces the risk of nine initiating events related to daily treat-
ment session delivery. Absence of this system increases the risk
by a factor of 75. New equipment should, therefore, include
record and verify systems.

The presence of two technologists during treatment preparation
and delivery is very important. Failure to comply with this good
practice increases the risk of accidental exposure by a factor of
10. At least one of the two technologists should be the same
during the whole course of treatment, from the initial setup until
the end of treatment.

Important remark: this particular study was devoted to the treat-
ment process, and issues of calibration, commissioning and
maintenance were not in the scope of the study. Therefore, the
findings do not include errors and mistakes that can be made in
these activities.

Strengths and limitations of the risk-analysis techniques
used in this study

Probabilistic safety assessment

PSA provides quantitative information with numerical values
about how much a given safety measure reduces the risk or how
much the absence of a given safety measure may increase the
risk. With this information, the cost-benefit analysis is objective.
Moreover, PSA combines several tools to evaluate safety (quali-
tative, quantitative, and graphical) which allow complementary
inputs to cover the limitations of each tool, if used separately. In
spite of the fact that PSA is an ideal technique for safety assess-
ment, its application is very complex, demands a time-
consuming work and requires experts from outside the hospital.

Risk matrix assessment

The method is relatively easy to apply by individual radiotherapy
departments. Once the initiating events and typical safety mea-
sures are identified for a generic radiotherapy department, it can
serve as template to be used by individual hospitals for tailored
self evaluation. Although the risk matrix approach does not pro-
vide numerical values, it classifies events by risk levels or bands,
and facilitates allocation of efforts on higher-risk event
sequences.

Both methods are complementary

All methods have in common the task of identifying initiating
events and typical safety measures, for example using FMEA.
Effort invested in this identification for a generic department can
be used in individual departments. It is possible to gather a
 multi disciplinary team to perform a probabilistic safety assess-
ment when introducing a new technique, and the insights and
identified events can be used for individual departments.

Treatment of a cerebral tumour with Gamma Knife
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Conclusions

Risk analysis techniques are a valuable resource for risk identi-
fication, evaluation and quantification and risk reduction mana-
gement. In this work, two proactive methods, traditionally used
in the industry, risk matrix and probabilistic safety assessment
have been adapted for radiotherapy treatments. Risk analysis
tools contribute to identify vulnerable aspects of radiotherapy
treatments and provide a fundament for decision making in
choosing safety measures. Proactive methods are not meant to
replace retrospective methods, but rather the strength of these
approaches resides in the synergy among them to improve
 overall safety in radiotherapy practice. ■
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Radiotherapy is one medical speciality where the computers
have been used from the very beginning of informatics, as early
as around 1950. They were originally designed to replace the
manual time consuming task of 2D dose summation from diffe-
rent beams. Computers are now omnipresent in radiotherapy. In
external therapy, at the planning stage, the “Treatment Planning
Systems” (TPS) are used to choose the “best” beam setup allo-
wing to achieve an optimal irradiation of the target volume while
keeping the dose at the organs at risk below an acceptable thres-
hold and the dose at the rest of the body at minimal level.
Advanced imaging methods, also based on computerised sys-
tems, are required to allow accurate delineation of the volumes
of interest and to provide a reference for subsequent patient
 alignment. Computerised water phantom systems are used to
measure the 3D dose distribution that is required to tune the
beam models incorporated into the TPS. At the beam delivery
stage “Record and Verify Systems” (RVS) are linked to the acce-
lerators; they check that the accelerator parameters are consis-
tent with the prescription and they record all accessible techni-
cal data at each fraction. Electronic Portal Imaging Devices
(EPID), attached to the accelerator arm, are used to provide 2D
or 3D “cone beam reconstructed” images to be compared with
electronic images coming from the TPS or from any other “vir-
tual simulation” system. The accelerator itself embarks several
computers, used for beam control, gantry and/or multileaf colli-
mator control and communication with other devices. In brachy-
therapy, image based planning is routinely performed with com-
puterised TPS, followed by treatment completion with a
computer driven afterloading system.

Computers are not any longer standalone system. They are all
interconnected and many data exchanges take place between
the various pieces of equipment, including communication with
the data management systems : administrative hospital infor-
mation system, patient medical record database, etc.
Fortunately the development of standards has greatly facilitated
such exchanges : most technical hardware or software problems
can now be solved relatively easily thanks to Ethernet or WiFi
networks, TCP/IP solutions and DICOM or DICOM RT protocols.
On the other hand, the multiplicity of systems, the large quantity
of exchanged data, the wide spectrum of possibilities offered by
each system, makes it impossible to guarantee an error free pro-
cess from the radiotherapist’s prescription to the actual patient’s
treatment delivery.

Learning from experience

In response to the increased complexity of the techniques and of
the tools that are made available for an up-to-date radiotherapy,
in spite of the efforts of the manufacturers to provide user-
friendly secure solutions, one can fear an increase in the risk of
accident caused directly or indirectly by computerised systems.
Actually, a significant numbers of such accidents has been
reported. The most dramatic of them, all related to the misuse
of a TPS, are given in Table 1.

The common point of these severe incidents is that they are rela-
ted to an error on treatment time (or monitor units) which is
clearly the most important parameter. Only in one case, the error
was on the treatment site (treating the wrong side) which is also
a fundamental issue. The introduction of beam modifiers (wedge
filters, dynamic MLC) is an additional factor of risk. Another
common characteristic, found from the detailed case descrip-
tion, is that the errors were always related to the introduction a
new procedure. 

This list is by no mean complete. It shows only some significant
examples. Many less severe incidents or near misses have been
reported and may be found for instance in the ROSIS database
(www.rosis.info) where it has been observed that almost half of
the reported incidents were “considered to have an  element of

Radiation safety issues linked
to the omnipresence of computers
by Jean-Claude Rosenwald, honory consultant in medical physics,
consultant to Dosisoft, Curie Institute – Paris (France)

Year Country Reference(s) Description

1982-1991 UK Ash and Bates 1994, Underdosage (-5 to -30%) due to a wrong interpretation of the TPS treatment
ICRP 2001, Rosenwald 2002 time calculation algorithm for isocentric treatments (1045 patients)

2000 Panama IAEA 2001, Rosenwald 2002 Overexposure (by a factor 2) of 28 patients treated with irregular field, due to a misuse of
the TPS and absence of interlock for this situation

2003 France Derreumaux 2008 (case 1) Overexposure (+20%) of one patient planned with a motorized wedge filter but treated
 without wedge because of a data exchange failure between TPS and RVS

2004-2005 France Ash 2007, Peiffert 2007, Overexposure (>+20%) of 24 patients planned with mechanical wedges but treated with
Derreumaux 2008 (case 4.1) dynamic wedges, because of incorrect interpretation of the TPS requirement

2005 UK Williams 2007, Mayles 2007 Overexposure (+57%) of one patient due to application of an inadvertent manual correc-
tion to monitor units calculated by TPS and transferred to RVS

2005 USA Will be described in a Overexposure of a head and neck patient during at least 3 consecutive fractions (around
forthcoming ICRP report 13 Gy/fraction instead of 2 Gy) due to absence of leaf movement (open field) for an IMRT
(see footnote 3) plan that was modified on TPS and retransferred to RVS after a computer crash occurred

2007 USA NRC 2007a High dose irradiation of the wrong size of the brain due to incorrect MR image transfer
(understatement of orientation issues) for one patient scanned “head first” and treated
“feet first”

2007 USA NRC 2007b Overexposure (45 Gy instead of 25 Gy) during brachytherapy complementary vaginal 
NRC 2009 irradiation (after 56 Gy IMRT) due to lack of consistency between the TPS dose rate factor

and the units used for source specification

Table 1: examples of dramatic accidents caused (mostly indirectly) by computerised systems
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data transfer which either directly caused or contributed to the
occurrence of the incident” (ROSIS Newsletter- January 2007) .
Errors in patient identification have also be recognised as a rela-
tively frequent cause of misadministration due to the introduc-
tion of computerised systems (ROSIS Newsletter – August 2006),
especially when using a RVS. Actually several authors have
insisted on the fact that the introduction of the RVS, which is pre-
cisely designed to increase the patient safety since it comapres
prescribed and actual treatment parameters, prevents from
most random errors but induces other types of error that may be
more serious because they tend to become systematic (Fraass
1998, Patton 2003, Fraass 2008).

Preventive actions

Learning from experience is important to avoid a repetition of
past accidents, but the variety of the situations and the rapidity
of the technological changes make it difficult to anticipate what
could cause future accidents.

Recommendations for quality assurance of TPS have been
issued by several groups (IAEA 2004, ESTRO 2004). They des-
cribe the tests that should be done during the acceptance and
commissioning phase of a TPS and give some advices about
periodic checks and quality control of individual treatment plans.
They are somewhat difficult to follow strictly since the intent was
to cover as many cases as possible with an impressive number
of tests to be repeated in many situations. More recently, the
IAEA suggested a much more pragmatic approach for TPS
acceptance (IAEA 2007) and commissioning (IAEA 2008). The
SFPM is about to release a report1, inspired by these recom-
mendations but making a clearer distinction between the risk to
produce inaccurate dose distributions and the risk of “accident”.
This report flags the necessity to have a good perception of the
most critical components in using a TPS and provides a tentative
risk analysis. This must be followed by the acquisition of a good
understanding of the TPS functions by browsing all recommen-
ded tests while keeping in mind the possible pitfalls.

To my knowledge, there are no similar recommendations for
quality assurance of RVS. A safety standard IEC document, ori-
ginally directed to manufacturers, exists (IEC 2005), but user’s
verification of RVS is usually treated as an extension of the TPS
quality assurance with a simple statement that the data transfer
must be validated. Actually many more issues should be consi-
dered and IAEA plans to publish a dedicated report.

The French legislation has introduced a requirement for syste-
matic constancy check of the MU calculated by the TPS and of its

transfer to the RVS. This must be repeated at least annually and
after each software or hardware update. The most important
aspect of this measure is to bring the user’s attention on the
potential risk of TPS MU miscalculation or erroneous transfer.
This should help to induce a cultural change with an evolution
from retrospective analysis of incidents and systematic extensive
quality assurance programmes, towards more focused pro-
grammes supported by proactive approaches of risk assess-
ment2 (Amols 2008).

Since most (if not all) incidents have a strong component invol-
ving human and environmental factors, in spite of the efforts to
improve procedures, communication and training, there is still a
significant risk of human failure (e.g. undetected problem during
systematic manual/visual checks of plan data) for such a com-
plex multifactor environment in a situation where resources are
limited. In vivo measurements are likely detect some of the more
serious errors. Secondary MU calculations are also helpful but
their degree of independency relative to the principal MU calcu-
lations must be carefully assessed. The power of the computer-
based solutions could be oriented towards safety and efficiency
improvement by providing automatic solutions of database
mining or filtering of data exchanges, and searching for any ano-
maly with respect to “reference protocols”. Such solutions could
be used wisely as a complement and not a replacement of
human judgment.

Conclusions

The development of computer based radiotherapy information
systems with a multiplicity of data exchanges between many
components is meant to improve treatment quality and produc-
tivity while preserving or improving treatment safety. In the same
time, there is a risk, that the increase of complexity leads to a lost
of human control of the process and that accidents would occur,
mainly due to an insufficient understanding from the user and/or
to a lack of resources. This should be counterbalanced by a
proactive approach, involving both manufacturers and users,
where the major risks must be identified and publicised, com-
plemented by the introduction of computer aided solutions
oriented specifically towards safety management. ■

1. “Recommandations pour la mise en service et l’utilisation d’un système de planifi-
cation de traitement en radiothérapie” to be published shortly by the Société Française
de Physique Médicale (www.sfpm.fr).
2. The overall problem of the risks related to new technologies and the use of proac-
tive approaches to reinforce accident prevention will be discussed in a new ICRP  report
that will be published shortly.
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Treatment safety is a major challenge for the medical world. In
France every year thousands of patients present secondary
events of varying severity directly attributable to the manage-
ment of their pathology (drug toxicity, nosocomial infections,
etc.). Despite all the difficulties inherent in medical practice and
its lack of comparability with the world of industrial production,
the majority of such events are probably avoidable by the intro-
duction of a management quality/safety policy.

The place and the sequence of the various therapies implemen-
ted in cancer treatment are at present defined in a collegial pro-
cess (multidisciplinary discussion meeting) and lead to an indi-
vidual care programme. The choice of this sequence is based on
shared, published and assessed baselines. The implementation
of the treatment scheme necessitates the involvement of various
specialists (surgeon, chemotherapist, radiotherapist, radiolo-
gist, anatomic pathologist, etc.) in an organised and coordinated
environment. Obtaining optimum therapeutic value involves
quality control on persons (assessment of professional prac-
tices), equipment (drug, machines, implantable devices, etc.)
and organisations (accreditation, etc.). Oncology-radiotherapy
occupies a central place in this multidisciplinary management of
cancer: in 2008 more than 190,000 patients benefited from such
treatment. The discipline is particularly sensitive to quality and
safety because of its specific features: management of all types
of tumour, patients of all ages, repetition of therapeutic proce-
dures (fractions) over several weeks using very high-technology
equipment (linear accelerators).

Quality & safety

Radiotherapy has experienced recently-notified accidents that
have raised questions in the media and the public. A complex

process, radiotherapy involves various professions (doctor, phy-
sicist, operator, technician, secretary and administrative per-
sonnel). It is a complex system in which there are a number of
risks of deviation from the required baseline. Nevertheless, the
risk of radiotherapy should not be exaggerated: it is similar to
that of other therapeutic strategies. For example, the incidence
of drug-related iatrogenic errors per hospital admission varies
between studies from 1.8% to 7%. The effects of iatrogenic drug
errors are serious: fatal for 1% to 2.7% of the patients and life-
threatening in 12% to 46.8% of cases.

There are a number of analogies between the world of air trans-
port and that of medicine, including radiotherapy. Accidents are
experienced as unacceptable, generate extreme media coverage
and have very substantial consequences on organisations.
Waiting for such an event before reacting is not an option. Only
prospective recording of events deviating from the norm for the
purposes of analysis and correction can be considered (concept
of precursor events), in preference to analysis, essential though
that remains, of an accident that has occurred (morbidity-
mortality meeting).

Such events occur in a context where the routine treatment
(radiotherapy session) has many analogies with an airline flight.
The patient must be received, identified, directed to the
 appropriate waiting room. He or she is confronted with a
machine, the use of which is regulated by documents and qua-
lity controls, both internal and external to the establishment. The
personnel includes posts tasked with supervision, real-time
management, equipment maintenance, etc.

When the session (flight) ends, the patient leaves, and repeats
the process the next day, sometimes with different personnel
(crew) but in an environment that must provide the same quality
and the same safety of management.

In addition to human, financial and technical resources, a safety
policy necessitates a rigorous, validated methodology. A number
of models of safety of practices have been developed in the
industrial world. After assessment of the existing models, the
model developed in the aviation world seemed without doubt to
be the most robust and the most adaptable to radiotherapy. In Air
France Consulting we found the willingness to work on the
transposition of the model to the medical world and, thanks to
the support of the MEAH, it was possible to run this experiment

Quality and safety in radiotherapy:
precursor events and feedback
from experience
by Pr Eric Lartigau, University Department of Radiotherapy Oscar Lambret
Center and Faculty of Medecine, Université Lille II – Lille (France)
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between 2005 and 2007 on three pilot sites of the national fede-
ration of cancer treatment centres in Angers, Villejuif and Lille.

The experience feedback committee: CREX

The methodology, based on the use of feedback from expe-
rience, thus comes from the aviation world, where it was deve-
loped from the mid-1970s.

The tasks of the experience feedback committee (CREx) are to:
– collect priority precursor events;
– monitor the system analyses performed each month;
– decide and follow up the corrective actions undertaken.

The committee consists of a multidisciplinary team of pairs (one
representative and one substitute per sector of activity): radio-
therapist, physicist, secretary, technician, supervisor, quality
manager. Each member of the committee has received Orion
(method of systemic analysis of precursor events) training given
by Air France Consulting. To encourage exchanges between eve-
ryone, there must be no hierarchy within this group. A quality
coordinator is appointed, with the role of collecting and prioriti-
sing events, preparing and chairing the meetings and drafting
the minutes. This person is also tasked with monitoring the
introduction of corrective actions and making sure that they are
properly applied (assessment). The quality coordinator can col-
lect precursor events in various ways (adverse event notification
form, e-mail, case analysis, etc.). The precursor events are
 entered in a database.

The meetings last 1.5 hours and are monthly. All the items are
discussed at the meetings (presentation of the events of the
month, prioritisation of an event, choice of the person respon -
sible for the analysis, presentation of the analysis of the event
selected the previous month with proposed corrective actions,
choice of corrective actions by the group, selection of the person
responsible for implementing the selected corrective action(s)
and definition of the timetable, and lastly follow-up of corrective
actions undertaken at previous meetings.

In 2007, the recording of 403 precursor events at the Centre
Oscar Lambret revealed a preponderance of events related to
treatment prescription (20%), medical presence (15%), dosime-
try validation (11%) and transmission of information. All these
precursor events were analysed in order to select the events that
the working unit considered the most important to correct 

(11 CREx meetings and 8 adverse events selected for corrective
actions). The Orion analysis identified corrective actions defined
by CREx and then implemented by one of the members. After
implementation of the corrections, a follow-up assessment was
conducted over time. This action follow-up also recorded factors
associated with treatment quality, such as the production of
control images in the example in table 3.

One of the principal causes of potential reluctance to report
events is the difficulty of considering them not as individual faults
but as system failures. The punitive culture present too often in
our organisations is a potential hindrance to experience feed-
back. Radiotherapy Resources Management (RRM) training has
been a powerful lever of change by visual demonstration of
situations that might pose a risk.

Once this step has been taken, the most sensitive is certainly
regular feedback of information to the teams in order to main-
tain continuous mobilisation. The results must be discussed at
the monthly team meetings. To maintain active participation by
all the personnel, it has been essential to inform all the teams
by means of notices, e-mail, meetings, etc.

The establishment of an experience feedback committee thus
seems to us to be an essential step for the implementation of a
safety policy in radiotherapy. It raises team awareness of com-
pliance with and monitoring of procedures. Analysis of precur-
sor events is a powerful tool for throwing light on organisational
dysfunctions. Their correction and the communication about
them is an essential management tool within the “no punish-
ment” framework, a guarantee of trust and loyalty of the
 personnel.

Held upstream of the morbidity-mortality meetings, its meetings
reinforce the safety system within the quality policy of the esta-
blishment. It is currently being introduced in FNCLCC radiothe-
rapy departments. Its sustainability will depend on the involve-
ment of the professional personnel and on the resources
allocated to this “activity”, essential for the future of our
 discipline.

Conclusion

As we have seen, safety in radiotherapy is a long-standing
concern. The concept of feedback from experience corresponds
to an overall process organised around systematic prospective
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notification of observed incidents (precursor events) occurring
during or in association with (secretariat, appointments, etc.) the
healthcare activity. These events are recorded, prioritised, ana-
lysed (ORION method) and addressed (corrective actions) by the
experience feedback committee (CREx) in order to avoid their
repetition and eliminate progression to an accident. Feedback
has the enormous advantage of raising the awareness of all per-
sonnel by making them contributors to safety. The aim is not to
leave this field only to “quality specialists”, but rather to make
everyone, every day, vigilant participants in the detection and
processing of incidents.

Requiring perfect document management (still in too embryonic
a state in our organisations) and personnel awareness-raising
(radiotherapy resource management), it is very certainly the
indispensable base before rollout of “defence in depth” actions.
Pooling of corrective actions is under way in the FNCLCC. ■
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The ROSIS project was initiated in 2001 by Ola Holmberg and
Mary Coffey as part of a wider ESTRO project. One of the main
aims of the project was error reduction and learning from the
experiences of others in this respect. Incidents and near inci-
dents are a fact of life and ROSIS aspired to utilise the experience
gained from these incident to change practice at a local, natio-
nal and international level through a confidential, voluntary,
reporting and learning web based system. The aims of this
 system were defined as:
– establish an international reporting system in radiation onco-
logy and;
– use the system to reduce the occurrence of incidents in radia-
tion oncology by:

• enabling all radiation oncology departments to share reports
on incidents with other departments as well as with other
 stakeholders such as scientific and professional bodies;
• collecting and analysing information on the occurrence,
detection, severity and correction of radiation oncology
 incidents;
• disseminating these results and generally promoting aware-
ness of incidents and a safety culture in radiation oncology.

The first task carried out by the ROSIS group was an evaluation
of the existing legislation at European level relating to incident
and near incident reporting. This was based on a review of the
European Directive on patient safety 97/43/EURATOM to identify
the radiotherapy specific aspects and to try to determine how
these had been translated or incorporated into national legisla-
tion. Questions were devised to illicit information on the laws of
each country which underpinned incident reporting and whether
these laws were based on or independent from EU Directives on
radiation protection.

An extensive search was carried out to try to identify the
Government department/s, in the then 15 member states, res-
ponsible for this legislation. Questionnaires were then circulated
to the relelevant government ministries, the radiological protec-
tion agencies and to a representative group of clinical depart-
ments to illicit information on incident reporting practices. Nine
responses were received all indicating mandatory reporting of
incidents and two indicating mandatory reporting of near or
potential incidents. Simultaneously a review of incident and near
incident reporting in other high reliability organisations was car-
ried out. An ESTRO mail shot then sought expressions of interest
to participate in a pilot project with forty five responses, sixteen

of whom already had an active incident reporting system in
place. Twenty seven sample report forms were received from
22 clinics spanning 9 countries and from these the ROSIS
departmental and incident report forms were developed.

The initial forty five respondents were then invited to participate
in a three month pilot project to validate the ROSIS report forms.
Following analysis of the pilot project the forms were refined and
the web forms and database were put in place.

Consistent with the initial aim of the ROSIS project and the key
aims of a reporting system as identified by Leape [1] the system
is:
– independent of any regulatory activity or authority;
– confidential;
– a learning system focusing on system safety rather than
 individual actions.

ROSIS takes a systems approach to safety and considers the
occurrence of incidents in the context of the infrastructure and
procedures within a clinic. The department form has been des-
igned to reflect this approach by collecting information that
includes the equipment levels, staff numbers, patient numbers,
the complexity of the procedures carried out, the level of elec-
tronic connectivity and the quality assurance programme. This
form is completed on registration and the clinic is then allocated
an identification code which is used to submit subsequent
reports thus ensuring anonymity.

The initial incident form, completed each time an incident or
near incident occurs, collected the following information:
– treatment modality;
– date of occurrence;
– discipline (s) and QA method (s) that detected the incident;
– where in the process it occurred.

Over a six year period a total of 120 clinics registered with ROSIS
and over 1200 reports were submitted. Almost 98% of the
reports relate to external beam. To provide feedback to partici-
pants the anonymised reports can be accessed directly through
the website, www.rosis.info, and a series of spotlight cases have
been prepared and circulated. In addition a short course in risk
management in radiotherapy, based on ROSIS, has been deve-
loped and is in its sixth year.

An analysis of the database and a survey of ROSIS departments
identified some areas where additional functionality would
improve the system. The original forms relied heavily on free text
information making analysis and cross correlation difficult. It
was decided to revise the structure of the database and the
report form to reduce the amount of free text space and to intro-
duce a more comprehensive hazard classification system. This
would facilitate a higher level of analysis, cross correlation and
feedback and would, to a large extent, be language independent.

Future plans for ROSIS include the development of a local repor-
ting form that links with the ROSIS database and the introduction
of a prospective risk assessment component. In the future ROSIS
will provide the system in languages other than English. ■

[1] Leape, LL. Reporting of adverse events. New England Journal of Medicine 2002; 347: 1633-1638.
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Mesenchymal stem cells: adult stem cells with much to
offer

First identified in bone marrow, Mesenchymal Stem Cells
(MSCs) have also been detected in many other types of tissue
(cartilage, thymus, spleen, adipose tissue, etc.) and, more
recently, in placental blood. The name MSC alone covers the
chief properties of this mesodermal cell type: self-renewal, high
proliferation capacity and multipotency. The number of these
cells can be significantly increased under standard culture
conditions (in vitro expansion) and their ability to differentiate not
only into various other types of mesodermal cell (such as chon-
drocytes, osteoblasts and adipocytes) but also endodermal or
ectodermal cells (through the recent concept of cell plasticity)
has been well defined for specific culture media.

MSCs are characterised in vitro as adherent cells similar to
fibroblasts in appearance. Their antigenic profile is clearly defi-
ned by the expression of membrane molecules such as CD105
(SH2), CD73 (SH3, SH4) and CD90 (Thy1). These cells are part of
the medullary microenvironment. In addition to the specifically
structural role they play, they provide functional support for
 haematopoiesis by producing a variety of cytokines and growth
factors. Actually, MSCs fulfil this trophic role in many types of
 tissue, helping to support the specific and inductive microenvi-
ronment of each one.

Phase I and II clinical trials have shown that MSCs amplified ex
vivo can be safely administered on a systemic basis. The trials
also pointed to the potential benefits to be gained from their use
in a vast array of fields, as far apart as reparative medicine and
the treatment of malignant disorders. Recent revelations of
chromosomal anomalies after culture have, however, somew-
hat dampened enthusiasm concerning the use of MSCs in
humans.

With regard to skin lesions caused by ionising radiation, we
recently had occasion to treat victims of radiation burns who
exhibited acute, radiation-induced skin syndromes. The cell the-
rapy approach developed for these patients could be advanta-
geously put to use at a later date in the treatment of other types
of lesion such as thermal burns and lesions related to overexpo-
sure during radiotherapy. Despite the wide range of allogeneic
and autologous transplantation methods available, the progno-
sis for deep and extensive radiation-induced burns is not quite
satisfactory, owing to recurrent inflammations leading to graft
failures. Clinicians and researchers are working to overcome
these problems by developing new techniques for treating burns,
involving the use of MSCs in particular.

Cell therapy for radiation-induced skin burns

Acute, high-dose irradiation accidents have occurred with
increasing frequency in recent years [Georgia (1998), Turkey
(1999), Peru (2000), Panama (2001), Poland (2001), Georgia
(2002), Chile (2005), Senegal (2007), France (2006-2007), Tunisia
(2008)]. These have been due in particular to the misuse of
radioactive sources in industry and hospitals. While the pheno-
menon is generally limited as far as numbers are concerned, its
effects are catastrophic in human terms and particularly difficult
to treat.

Although the literature provides quite good descriptions of the
pathogenesis of acute localised radiation burns, the medical
treatment of this type of pathology remains extremely complex
and delicate. Feedback from the clinicians in charge of these
patients at the burns treatment centre at Percy Military Hospital
highlights the need for new therapeutic strategies. Cell therapy
could bring about significant progress in this area.

One aspect of skin response to localised, high doses of radiation
is the onset of tissue necrosis. This occurs after a clinically silent
phase and develops in successive episodes that are hard to pre-
dict. It is related to an intense local inflammatory process and
characterised by its recurrence. In view of the risks associated
with radiation-induced necrosis and the development of lesions,
underpinned by the feedback given in the literature and the very
precise dosimetric data now available, the use of a new therapy
combining the symptomatic conservative treatments already
implemented and localised cell therapy with mesenchymal stem
cells can now be contemplated.

MSCs are considered for use in this therapy not because of their
multipotency but because they play a trophic role. The cytokines
and growth factors they produce would help to control the local
inflammations that are characteristic of radiation burns. The
therapeutic potential of MSCs was thus studied from a radiopa-
thology point of view by teams at the Army of the Service Health
research centre (CRSSA) and the French National Institute for
Radiological Protection and Nuclear Safety (IRSN) using animal
models. In the past two years, several patients have benefited
from cell therapy of this type, in conjunction with surgical treat-
ment involving exeresis and an epidermal autograft. Each case
concerned severe, highly localised radiation-induced burns
(hands, arms, buttocks) with a high probability of radical ampu-
tation surgery being required later. The MSCs were taken from
autologous bone marrow samples following in vitro expansion
from 15 to 17 days. The culture medium included 8% clinical-
grade platelet lysate. The quality control checks, including in
particular the karyotypes, were all normal and the cells produ-
ced could therefore be administered. 150 to 180 x 106 cells were
injected locally into the lesions following surgical removal of the
necrotic tissue and an epidermal autograft. This cell administra-
tion was repeated two to five times depending on the severity of
the case of each patient and the rate of progress. The effect on
pain was spectacular in all patients and observable as of the day
following injection. This antalgic effect disappeared, however,
after a few days and additional injections were necessary.
Surgeons also noticed the significant impact on how quickly and
how successfully the epidermal graft took. No recurrence of
necrosis was observed in these patients - after a period of four
years in the case of the first. It is our opinion that MSCs played a
role in the local control of inflammation. They also promoted
successful grafting and overall healing of lesions.

There is no doubt that these advances in cell and tissue bio-
engineering will be used to great advantage in the treatment of
severe burns of this type in the future. In this type of therapeutic
approach, multipotent stem cells such as MSCs, integrated into

Use of adult stem cells in the
treatment of radiation-induced
skin burns
by Pr Jean-Jacques Lataillade, Percy Military Hospital, Armed Forces
Blood Transfusion Centre, Research and Cell Therapy Department – Clamart, 
Dr Marie Prat, Percy Military Hospital, Armed Forces Blood Transfusion
Centre, Research and Cell Therapy Department – Clamart, Pr Patrick
Gourmelon, French National Institute for Radiological Protection and Nuclear
Safety (IRSN), Fontenay-aux-Roses and Pr Eric Bey, Percy Military Hospital,
Plastic Surgery Department – Clamart (France) 
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overall skin models, would promote the survival and prolifera-
tion of specialised epidermal, dermal and muscle cells. Animal
experiments are under way to confirm that MSCs injected locally
into lesions play a role in controlling inflammation and helping
grafts to take. The results obtained from animal models are
expected to confirm the positive role of MSCs regarding not only
local-regional inflammation and grafting success, but also reac-
tive fibrosis in chronic, radiation-induced lesions following
 radiotherapy. ■
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In the past few years, technological progress has led to some
major developments in radiotherapy, including innovations such
as helical tomotherapy and robotic radiotherapy. The objective,
however, remains unchanged: to deliver the highest possible
dose of radiation to the target while minimising the risk of
damage to nearby healthy tissue.

Radiotherapy involves a complex therapeutic process. It provides
patients with treatment based on increasingly sophisticated
equipment (Figure 1), techniques and human skills that are clo-
sely interconnected through various machine-machine and
human-machine interfaces.

In the past thirty years, various publications have described
commissioning and start-up procedures for linear accelerators
designed for medical use and for other key medical devices used
in radiotherapy. A number of organisations have largely contri-
buted to this extensive literature, including the International
Electrotechnical Commission (IEC) (1-5) for the preparation of
standards, the ICRU (6) and learned societies in the medical phy-
sics field (AAPM (7 – 12), IPEM, SFPM,...) for the publication of
recommendations to users.

The acquisition, commissioning and start-up (and operation)
procedures are identical for all types of equipment. The first step
involves preparing the specifications for the equipment to be

purchased. These are based on IEC-type standards and recom-
mendations such as quality assurance and quality control pro-
cedures proposed by learned societies in medical physics. In
particular, the specifications stipulate the performance levels
required of the equipment and provide a list of its characteris-
tics, taking into account the medical purpose it is to serve and
planned radiotherapy methods, such as 3D conformal radiothe-
rapy, intensity-modulated radiation therapy (IMRT), image-gui-
ded radiation therapy (IGRT) and intra- and extracranial stereo-
tactic radiation therapy.

Once the equipment has been purchased, the commissioning
and acceptance procedure is the next step. This entails verifying
and validating equipment performance to ensure that it com-
plies with specifications (Figure 2). This step is carried out jointly
by the supplier and the user, represented by the medical physi-
cist. A commissioning report is then written up.
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Figure 1: connections between main items of RT equipment (after J.A. Purdy)

Figure 2: validation setup on a helical CT scanner
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Radiotherapy is seeing such fast innovation that for some of the
most recent and sophisticated equipment, like Accuray’s
Cyberknife or TomoTherapy’s HiArt II system, commissioning
procedures rely on the manufacturers' knowledge (in addition to
IEC standard documents) of their systems (they are in the best
position). Similarly, quality control programmes, based on a
consensus of expert opinions, are not yet ready for the use of this
new equipment.

Commissioning also represents the first step in setting up the
quality control programme. The purpose of this programme is to
guarantee reliability, consistent mechanical and dosimetric per-
formance (in the case of medical linear accelerators) and tech-
nical safety throughout the lifetime (ten years) of the equipment,
in conjunction with the contractual maintenance programme.

From the administrative point of view, equipment commissio-
ning or acceptance opens the equipment guarantee period.

In the case of linear accelerators designed for medical use, phy-
sical commissioning of the equipment alone does not allow pre-
clinical validation. In addition, the main dosimetric characteris-
tics of the radiation beams to be used in treating patients (13)
need to be measured. These measurements are used to make a
mathematical model in the treatment planning system (TPS) of
the dosimetric characteristics of the radiation beams delivered
by the linear accelerator at the radiotherapy centre. The TPS
uses special calculation algorithms to simulate the medical
prescription in terms of the dose to be given to the patient. The
patient’s anatomical data must be available to perform these
personalised calculations. This is obtained from scanner
images, increasingly in conjunction with functional imaging
(MRI, PET).

The linear accelerator and TPS are connected (the X-ray scan-
ner, which is essential for treatment preparation, may also be
included) using the radiation therapy information system (RTIS).
This system regulates the flow of radiotherapy patients and
checks and records the dose fractions the patient receives
during treatment. Nowadays, radiotherapy simply could not exist
without the RTIS. This system is at the heart of the radiotherapy
centre and must consequently follow the same purchasing and
commissioning procedures as the linear accelerators described
above.

Before any clinical use is possible, equipment commissioning
procedures must be supplemented by the validation of the plan-
ned radiotherapy techniques. This is done through process-
oriented checks, such as IMRT, intra- and extracranial stereo-
tactic radiation therapy (14), etc. The aim is to use a test object
and appropriate dosimetric equipment to validate the different
stages of the patient’s RT pathway (the test object represents the
patient), from the scanner used in preparation, through the TPS
and data transfer to the RTIS, up to delivery of the dose by the
linear accelerator.

Radiotherapy equipment must be purchased, selected, installed,
commissioned and calibrated following meticulous procedures.
Any mistakes or oversights during commissioning and calibra-
tion can prove very costly. The medical physicist in charge of such
procedures must assume his/her responsibilities fully and allow
no compromise on any aspect of the process. ■

1. IEC 60601-2-1: Medical electrical equipment – Part 2-1: Particular requirements for
the safety of electron accelerators in the range 1 MeV to 50 MeV Amendment 1 (2002).

2. IEC 60977, Medical electrical equipment – Medical electron accelerators in the
range 1 MeV to 50 MeV – Guidelines for functional performance characteristics (2008).

3. IEC 61217, Radiotherapy equipment – Coordinates, movements and scales (1996).

4. IEC 60976, Medical electrical equipment – Medical electron accelerators –
Functional performance characteristics (2007).

5. IEC 62083, Medical electrical equipment – Requirements for the safety of radiothe-
rapy treatment planning systems (2000).

6. ICRU report 42: Use of Computers in External Beam Radiotherapy Procedures with
high Energy Photons and Electrons (1987).

7. Purdy J.A., Biggs P.J., Bowers C., et al. Medical accelerator safety considerations:
Report of AAPM Radiation Therapy Committee Task Group No. 35. Med Phys 1993;
20:1261–1275.

8. Nath R., Biggs P.J., Bova F.J., et al, “AAPM code of practice for radiotherapy acce-
lerators:Report of AAPM Radiation Therapy Task Group No. 45,” Med. Phys. 1994, 21,
1093–1121.

9. Kutcher G.J., “Comprehensive QA for radiation oncology: Report of AAPM Radiation
Therapy Committee Task Group 40,” Med. Phys. 1994, 21, 581–618.

10. Kubo H.D., Glasgow G.P., Pethel T.D., et al. High dose-rate brachytherapy treat-
ment delivery: Report of the AAPM Radiation Therapy Committee Task Group No. 59.
Med Phys 1998;25: 375–403.

11. Das I., Cheng J.C., Watts R.J., et al, “Accelerator beam data commissioning equip-
ment and procedures: Report of the TG-106 of the Therapy Physics Committee of the
AAPM,” Med. Phys. 2008, 35, 4186–4215.

12. Klein E.E., Hanley J., Bayouth J., et al, Task Group 142 report: Quality assurance of
medical accelerators Med. Phys. 2009, 36, 4197-4212.

13. IAEA-TECDOC-1540 Specification and Acceptance Testing of Radiotherapy
Treatment Planning Systems 2007.

14. Williamson J.F., Dunscombe P.B., Sharpe M., et al. Quality Assurance Needs for
Modern Image-Based Radiotherapy: Recommendations From 2007
Interorganizational Symposium on “Quality Assurance of Radiation Therapy:
Challenges of Advanced Technology”. Int J Radiat Oncol Biol Phys (2008) 71:S2–12.

References



▼

103

Advances and Challenges in Radiation Protection of Patients

The European Federation of Radiographer Societies (EFRS),
which is invited to speak at this occasion, was founded in 2007.
EFRS represents 29 radiographer societies from 27 European
Countries and about 100.000 people in the profession of medical
imaging and radiotherapy. An educational wing is now being set
up with, as affiliate members, educational institutes that provide
radiographer education. The role of the EFRS is to represent,
promote and develop the profession of radiographers in Europe,
within the whole range of medical imaging, nuclear medicine,
and radiotherapy (www.efrs.eu). The EFRS aims are among
others: promoting patient safety and radiation protection, pro-
moting the use of the EFRS reference code of ethics, developing
European standards of professional practice, promoting evi-
dence based practice and the principle of ‘science in society’ and
promoting harmonisation of initial and post-graduate education.
The EFRS aspires to achieve these aims in cooperation with all
related organisations and groups in Europe. As a result patients
will benefit of a good standard of care delivered by high quality
professionals. 

Developments in Radiation Oncology (RO)

RO was practically born with the discovery of X-rays in 1895
[Despeignes, 1896]. Since RO highly evolved and, especially in the
last two decades, has known a strong acceleration in technolo -
gical evolution. This brought about an exponential growth in com-
plexity of the process to provide the treatment in which multiple
disciplines and professionals interact. All this has certainly
improved the overall quality and the results of the process of care,
but it also increased the risk of preventable adverse events. The
elements of complexity in the system are many. Some are inhe-
rent to RO such as the therapeutic agent used, that requires high
skills to be managed safely for the patients, without forgetting the
potential danger to the staff, and the public. Others are related to
the speed in which the technological progress takes place, the
involved rapid changes and the high level of heterogeneity. The
increased complexity of the equipment and software used, bring
about new types of malfunction that may not be easily detected
by the operators and which may involve several patients before
being detected, notwithstanding the fact that the self checking
systems of the equipment were increased. 

Another development is the possibility of raising of the overall
National investments for RO, particularly in countries in Eastern
and Southern Europe who are now in a position to implement “ex
novo” departments or to overhaul the equipment and the
methods of therapy, bringing about the need to employ new per-
sonal or to radically adapt the training of the existing personnel.
The increasing number of RO departments has increased the
total number of patients treated but, at the same time, also the
probability of patients to be involved in an avoidable adverse
event. Nowadays a radiation treatment to be accomplished with
success, is an activity that needs the involvement, the coordina-
ted interaction and the sharing of ethical and deontological res-
ponsibilities of different professions. It is an activity in which not

one step is made entirely by a single independent professional.
Many people work together contributing their part to the entire
process. 

The importance of proper professional interaction between these
people is such that if the contribution of one of them is somehow
lacking the whole quality of the radiation treatment will be affec-
ted. This characteristic of a strong multi professional interaction,
represents another complexity and it can be a critical element,
but in the same time an added value and an opportunity for ade-
quate management of clinical risks and optimisation of the qua-
lity of care provided to cancer patients. In many European coun-
tries the profession of RT has been the subject of a profound
change in terms of training and acquisition of autonomy and pro-
fessional responsibility. The technological progress requires both
the obsolescence and the creation of new roles and functions.
Each professional group should therefore, periodically reassess
the operational procedures in place, according to the develop-
ments and share the outcomes of the evaluation with the other
professions in order to redefine the procedures in needed.

Consequences for staffing RO departments

The above mentioned developments impose a thorough trans-
formation of all the involved staff members in the RO depart-
ments in terms of indispensable knowledge and competences,
work processes, the scope of practice and the intra-inter
 professional relationships. The multi professional team is gene-
rally composed of, at least, three professional groups: the
Radiation Oncologist, the Radiation Therapist and the Medical
Physicist. This team composition is substantially shared at inter-
national level [WHO, 2008]. The heterogeneity of the RT profes-
sion at European and world wide level as will be explained below,
makes the definition of the quantitative RT staff needed for the
safe delivery of radiation treatment very complex. An interesting
point is made in an article [EORTC ROG, 2008]: “An insufficient
number of radiation technologists appears to be the most hazar-
dous link in a large number of RT departments. This shortage
may be because national guidelines regarding the number of
RTT are very diverse and depend by large on local organization,
on differences in the qualification and specialisation of RTT in the
countries, how the work is distributed between the various dis-
ciplines and on the complexity of the work done at the centres. 

There is a large variety in the definition of the tasks assigned
under the ‘‘title’’ of Radiation Therapist. In some countries these
are highly skilled professionals with a recognised diploma, whe-
reas in other countries they might be health care professionals
who receive an in-service training without recognition of this as
a separate entity. This also explains the variable transition zone
between RTT and radiation physicists concerning their tasks.” It
is plausible that this heterogeneity and uncertainty about the
content and social status of the RT profession and a lack of
career perspectives obstructs the attraction of students and
brings about departure of qualified staff and this explains the
permanent shortage on the labour market in most EU countries.
RO is a labour intensive activity, despite the presence of consi-
derable technological devices. Moreover, the presence of a multi
professional team requires special attention in the organization
of human resources. In fact, with the introduction of new tech-
nologies one professional group may be subjected to an exces-
sive workload and another group, perhaps eased or even unde-
remployed. For the purpose of clinical risk management a clear
and shared definition of the professional roles is essential in
order to avoid conflicts in the allocation of tasks or dangerous
"gaps" in the same. If not managed properly the natural resis-
tance to change can lead to a latent failure condition. On a regu-
lar basis, the whole radiotherapy team should be invited to dis-
cuss and decide on the allocation of tasks based on the

The Radiation Therapist profession:
a challenge and an opportunity to
improve the safety and the patient
care in Radiation Oncology
by Gianfranco Brusadin, RTT, European Federation of Radiographer
 societies (Italy)
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principles of effectiveness and efficiency of operation of the
entire system, within the limits imposed by the current national
legislation.

The RT profession

In the European Core Curriculum for RTs [ESTRO-EU
Commission, 2003], currently under revision, the profession is
defined as: “RT’s are the group of professionals with direct res-
ponsibility for the administration of radiation therapy to cancer
patients. This encompasses the technical delivery of the radia-
tion dose, the clinical and the psychosocial care of the patient on
a daily basis throughout the treatment preparation, the treat-
ment and immediate post treatment phases. The RT is a mem-
ber of the multidisciplinary team comprising essentially the cli-
nician, physicist and RT. As the RT sees the patient on a daily
basis he/she is also often a link person for the patient within the
wider multidisciplinary team. They liase with all the other asso-
ciated professionals in ensuring the needs of the patient are
met”. The document also highlights the critical lack of a com-
mon name: “The lack of a single title creates difficulties in terms
of identity and also in facilitating the free movement of person-
nel that is integral to the development of the European
Community and a clearly identified aspiration.” The content and
level of education, the scope of practice and the professional res-
ponsibilities differ a lot from country to country and depend of the
national or even local culture in RO departments. 

Quality assessment and risk management

The RT is the front line operator, in direct contact with the patient
for several sessions and a reference to the same and is in a posi-
tion to be the material author for several active failures that
could happen in a Radiotherapy Department. But also the RT’s
have a key role in being the last effective barrier in the trajectory
of accident opportunity of a possible hazard by detecting errors
before they become effective. ROSIS data (www.rosis.info) seems
to confirm this condition as much as 69% of accidents or near
misses are detected by RT’s at the therapy unit. Even though the
events in the ROSIS system are not representative for the entire
population of events, the above percentage is significant, enhan-
ced by the fact that the percentage rises to 78% if incidents or
near misses reported by RT’s working in other phases of  the
 process are included (dosimetrist/planner, Simulator-CT). 

A common element is the relevant participation of RT’s in almost
all stages of the radiotherapy process. The WHO document
shows that characteristic of the profession [WHO, 2008], since in
eight out of the eleven stages in which the process is broken, the
RTs are involved and professionally responsible. Of particular
significance and synthesis are two publications on quality [Leer,
1995, 1998]. In these documents it is clearly indicated that the
management should provide the highest degree of involvement
and integration of all the professionals in the team. For example,
the definition of the objectives of a RO Centre in terms of type and
number of treatments must be made on the basis of the alloca-
tion of human resources, technology and available infrastruc-
ture. This definition should be shared with all staff of the Centre
and compared with national and international guidelines. All
staff should be involved in this important decision-making phase
and have the opportunity to express their specific professional
contribution. It should be underlined that this involvement
should not be read in a "union" way but rather to ensure the
safety and quality of service delivered to the cancer patient. The
sharing among all staff of the objectives and the information on
the achievements improves the motivation of the staff and helps
to create a better organizational climate. 

The technological equipment is a fundamental element in the
quality of RO. The acquisition process and the management of
the equipment, require careful design because many accidents
which have affected several patients have been generated by
malfunctioning equipment or by improper use. After defining
what type of equipment should be acquired, all staff that will use

it should be involved in the acquisition process. A severe latent
error condition can be generated by the lack of involvement of
the end user of the equipment in this process. The acquired
equipment might be in some respects inadequate for the task to
be performed and thus create difficult working conditions with
the risk of errors or even violation of security procedures in order
to render the equipment suitable to the context of use. In some
cases the equipment is underemployed, or even never used, as
inappropriate to the intended use, which is a serious waste of
resources. The purchase of large machinery, essentially LINAC,
not only needs the involvement of all staff but of RT in particular
and must include the specific training and the conditions of war-
ranty and maintenance. The participation of the RT in the pur-
chase process is crucial because of the fact that the end user of
the equipment will have to manage the workflow in case of
breakdown or scheduled maintenance.

Education of RT’s

The initial education is currently highly fragmented in Europe with
regard to duration, content and level. (e.g. universities, in-service
hospital schools or even only training on the spot). There are spe-
cialised three or four year specialised radiotherapy courses at
various levels or three or four year combined courses also inclu-
ding all medical imaging modalities. Because these imaging
modalities are becoming more and more integrated in treatment
planning the latter is an interesting option. The education must
always address the safety culture and clinical risk management
in order to allow the reactive analysis of incidents or near misses
occurred. It also should promote and stimulate research by RT’s
on aspects of daily clinical practice in order to be presented natio-
nally or internationally or published in scientific literature. These
research activities, besides being an effective instrument in
strengthening the professional team, allow the critical review of
the activities taking place and identification of specific
 weaknesses. 

At the departmental level, in the process of defining the objectives
of the Service, the ongoing training of RT’s should be determined
clearly, in terms of time and resources. The training must be
clearly documented and incorporated in the activity. The RT’s
should receive proper training on the use of equipment and soft-
ware and be provided an adequate learning time for the imple-
mentation of new methods or use of new acquired technology.
Due to the considerable investments the temptation may be to
exert pressure in order to rapidly introduce the new equipment
into clinical practice. Inadequate training of personnel however
creates a serious latent error condition as well as a risk of under-
utilization or non-optimal use of the equipment. Each time newly
hired staff must be properly trained in accordance with their edu-
cation and experience. Often both the management and the pro-
fessional groups consider newly hired or recently qualified staff
as immediately operational, which may lead to a clear latent error
condition. In some Countries, the RTs, are compulsory enrolled in
professional registers and/or are represented by an official body,
while in other countries they are organized into associations or
scientific societies. 

These entities may communicate directly with national institu-
tions such as the Ministry of Health and/or Education by offering
appropriate core curricula. Continuous Professional
Development (CPD) is in only very few countries well established,
but this counts not only for the RT profession. It is therefore the
most important goal of the EU LifeLongLearning action plan. In
relation to radiation protection however the Council Directive
97/43/Euratom is very clear: “Member States shall ensure that
continuing education and training after qualification is provided
and, in the special case of the clinical use of new techniques, the
organization of training related to these techniques and the rele-
vant radiation protection requirements.”. This directive is cur-
rently under revision and it is expected that the implementation
of the new directive in the member states will be checked more
severely than in the past. The EU has since long time abandoned
their original idea of harmonisation (professional) education in
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the member states, because education is and remains a national
responsibility and depends on the national culture and organisa-
tion of the society. On the other hand many European activities are
stimulated and funded to exchange information and knowledge
and to develop core elements of educational  programmes at the
European level. Member countries however can never be forced
to implement these. Surely it would be desirable, given the rapid
changes technology-related, that the national law provides flexi-
bility, with a good degree of foresight.(e.g. by correlating the
scope of practice to the state of the art). 

Conclusions

The evolution of RO technology leads to the need for strategic
management of the limited financial and human resources to
ensure safe and high quality treatment of cancer patients and
motivated highly educated staff at all levels. Shortages on the
labour market in specific countries may be solved by creating
clearness about the content and social status of the RT profes-
sion and by offering good initial and continuous education,
accompanied by interesting career perspectives, specialisation
and research. Harmonisation of the RT education in Europe can
only be brought about if the different cultures and working pro-
cesses in RO departments are harmonised first, with clear pro-
cedures and role descriptions. For this representatives of all the
RO team members would have to cooperate at the European
level, each with the input of their national organisations and
background. ■
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In several accidents in Radiotherapy it could be stated that
amongst many complex factors leading to the accident also a
lack of good professional behavior of a medical physicist plays a
role (Exeter, North Staffordshire and Epinal). EFOMP recognizes
the importance of good education and training and has spent a
lot of effort in establishing conditions to achieve this. An exam-
ple is the publishing of several policy statements (PS):

No. 1: Medical Physics Education and Training: The Present
European Level and Recommendations for its Future
Development, 1984.

No. 3: Radiation Protection of the Patient in Europe: The Training
of the Medical Physicist as a Qualified Expert in Radiophysics,
1988.

No. 8: Continuing Professional Development for the Medical
Physicist, (also available as Acrobat pdf-file: policy8.pdf), March
1998 [Physica Medica XIV (1998) 81-83].

No. 9: Radiation Protection of the Patient in Europe: The Training
of the Medical Physics Expert in Radiation Physics or Radiation
Technology (also available as Acrobat pdf-file: policy9.pdf)
[Physica Medica XV (1999) 149-153].

No. 12: The present status of Medical Physics Education and
Training in Europe. New perspectives and EFOMP recommen-
dations.

No. 13: Recommended Guidelines on the Development of Safety
and Quality Management Systems for Medical Physics
Departments.

Another activity is EFOMP’s support of the European School for
Medical Physics (ESMP) and (co) organizing workshops and
congresses to facilitate mutual exchange of experiences.

We will now discuss PS No 12 in more detail.

PS No 12 The present status of Medical Physics Education and
Training in Europe. New perspectives and EFOMP recommen-
dations

Ps No 12 was published in Physica Medica (2009) xx, 1-5. Two
European issues will affect the still wide variety in education and
training of Medical Physicists within Europe:
1. The harmonization of the architecture of the European Higher
Education System, arising from the “Bologna Declaration”, for
2010;
2. the recently issued European Directive: “Directive 2005/36/EC
of the European Parliament and of the Council of 7 September
2005 on the recognition of professional qualifications.

The wide variety in education and training among the National
Member Organizations (NMO) of EFOMP has recently been
published (1) and was in accordance with former inquiries (2,3).
It was concluded that not only a wide variety exists in education
and training but also in professional practice. Here a task for all
NMO’s and EFOMP has to be fulfilled. This becomes more urgent
in the spirit of the Bologna Declaration and Directive 2005/36/EC.
Therefore EFOMP recommends all NMO’s a five year university
education (Master on Medical Physics or equivalent), a minimum
of two year postgraduate training in Medical Physics which leads
to a registration as Qualified Medical Physicist (QMP). Now an
additional training with a minimum of two years can lead to a
registration as Specialist Medical Physicist (SMP). EFOMP will
now allow this only for an interim period and will use the full
duration of a Continuous Professional Development (CPD) cycle
of five years for registration as SMP. Not clear is now whether
the CPD cycle starts immediately with the start of the two years
training period for QMP, which will result in a total education and
training period of 10 years, or with the start of the additional trai-
ning after the registration as QMP, which will result in a total
education and training period of 13 years! If the lack of Medical
Physicists in most countries is taken into account, such a long
period will have a negative influence on the number of available
Medical Physicists.

School for Medical Physics and Engineering in Eindhoven
(SMPE/e)

In the Netherlands, as in other European countries the lack of
Medical Physicists is severe. Due to a governmental limit in the
number of trainees in Specialist Medical Physicists the problem
will become even worse. Therefore, SMPE/e started in 2006 with
the education of Qualified Medical Engineers (QME). Actually the
QME is comparable with a QMP. The latter however is not reco-
gnized by the NMO in the Netherlands. Only SMP’s are recogni-
zed after a minimum of 9 years total education and training. A
level of professionals in between the MSc and the SMP resulting
in a pyramidal build up of workforce can solve this problem. All
trainees in Medical Physics (both for SMP and QME) will be edu-
cated in Safety and Risk Analysis. This course for trainees in
Medical Physics was established in 2001 and supported by the
Dutch Society for Medical Physics (NVKF). It was felt as a neces-
sity to educate trainees in all aspects of safety and risks asso-
ciated with the application of complex methods and techniques
in health care.

EFOMP has embraced this initiative and supported a workshop
on Safety and Risk Analysis during the second Mediterranean
conference on Medical Physics from April 28-30, 2004. Also
some other NMO’s were interested in the subject and invited the
organizer of the course to their country (Ireland and Denmark).

Recommendation

EFOMP recommends all NMO’s to incorporate a course in Safety
and Risk Analysis in the education of all trainees in Medical
Physics in order to reduce errors in health care in general and in
Radiotherapy in particular. ■

EFOMP approach to reducing
errors in Radiotherapy
by Herman Van Kleffens, School for Medical Physics & Engineering
(SMPE/e), University of Technology Eindhoven – Eindhoven (Netherlands) and 
Wil Van Der Putten, Dept. of Medical Physics & Bioengineering, Galway
University Hospitals – Galway (Ireland)
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In order to ensure protection against the risks associated with
exposure to ionizing radiation, the International Basic Safety
Standards for Protection against Ionizing Radiation and for the
Safety of Radiation Sources [1] provides the necessary radiation
safety standards. Education and training of health professionals
performing medical exposures is an important aspect in
applying the radiation safety standards in Member States as per
mandate of the International Atomic Energy Agency (IAEA). 

Training courses for health professionals in radiation
 protection of patients in radiotherapy

When addressing radiation safety in radiotherapy through educa-
tion and training, the actions of the IAEA have included developing
standardized training material, organizing training courses on
the subject and providing this information on the Radiation
Protection of Patients website (http://rpop.iaea.org). Training
courses, containing many lectures and training exercises, were
developed in collaboration with other international organizations.
Together with the World Health Organization (WHO), Pan
American Health Organization (PAHO), International Labour
Organization (ILO), International Organization for Medical Physics
(IOMP) and International Society of Radiographers and
Radiological Technologists (ISRRT), a two-week course on
Radiation Protection in Radiotherapy was developed and released
as an approved training package in 2005. Two of the 18 modules
of the course are dealing specifically with accidental exposures in
medicine. This training course has been given both nationally and
regionally on several occasions in different parts of the world.

The one-week course on Prevention of Accidental Exposure in
Radiotherapy was developed in collaboration with the WHO, and

released as an approved training package in 2008. This course
takes a multidisciplinary approach which focuses on all contri-
butors to the use of radiation in medicine, in particular within
radiotherapy. These contributors include radiation oncologists,
medical physicists, dosimetrists, radiation therapists / technolo-
gists, engineers, radiation protection staff, national regulators,
administrators and managers, educators and trainers. There are
six modules of the course, addressing the following topics: 

1. Review of the International Basic Safety Standards for
Protection against Ionizing Radiation and for the Safety of
Radiation Sources (BSS)
2. Case studies of major accidental exposures in radiotherapy
3. Analysis of causes and contributing factors
4. Clinical consequences of accidental exposures in radiotherapy
5. Reporting, investigating and preventing accidental exposures
6. Case studies of major accidents with abandoned radiotherapy
sources

The course has been given as a regional course in different
regions of the world. An important observation on these occa-
sions has been the differences in response by participants to this
highly interactive course on a sensitive topic. The readiness to
acknowledge that accidents can potentially happen in any hospi-
tal or clinic has been seen to vary greatly, and it is plausible that
the openness for safety culture is influenced by local and regio-
nal variations in other aspects of culture. More than 500 profes-
sionals in total have been trained on the two courses above bet-
ween 2002 and 2007, and the course on Radiation Protection in
Radiotherapy is subject to, on average, more than 400 downloads
per month, while the corresponding figure for the course on
Prevention of Accidental Exposure in Radiotherapy is 230.

The course on Prevention of Accidental Exposure in
Radiotherapy has been translated into Spanish and updated in
collaboration with the Ibero American Forum of Nuclear and
Radiation Safety Regulatory Bodies (FORO) and the Pan
American Health Organization (PAHO). In March 2009, a regional
training course was carried out in Santiago de Chile. A multidis-
ciplinary group of 66 participants from 18 Latin American coun-
tries attended the event, including radiation oncologists,  medical
physicists and national regulators. New elements to the course
included lectures on different types of risk analysis, including
normative, retrospective and proactive methods. The course
focused on enabling participants to use these methods in their
respective countries, and for this reason, a major part of the
course was devoted to exercises on matrix risk analysis and pre-
vention of accidental exposure. In addition, a 1-year work plan
was designed which included exercises to apply the lessons lear-
ned in participants’ respective radiotherapy departments, imple-
mentation of the risk matrix approach in practice, evaluation and
a workshop to analyze the outcomes. 

The website dedicated to radiation protection of patients receives about half-million hits per month

Education and training: the IAEA
experience
by Ola Holmberg, Head, Radiation Protection of Patients Unit, Radiation
Safety and Monitoring Section, Renate Czarwinski, Head, Radiation Safety
and Monitoring Section and Ahmed Meghzifene, Head, Dosimetry and
Medical Radiation Physics Section International Atomic Energy Agency – Vienna
(Austria)

The one-week course on Prevention of Accidental Exposure in Radiotherapy was held in Khartoum, Sudan, in
2004, with participants from all over Africa
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Training of medical physicists in radiotherapy

Medical physicists with appropriate qualifications and clinical
training are needed to ensure the safe and effective use of
modern imaging and therapeutic equipment in hospitals. An
entry level medical physicist should have an appropriate acade-
mic qualification at the postgraduate level followed by clinical
training in a hospital and professional accreditation, recognition
or registration with an appropriate authority in the country. While
there are examples of countries with these academic, clinical
and accreditation processes in place, most African countries
have no programme at all while many countries in Asia, Europe
and Latin America do not have the clinical or accreditation/
registration programmes. The long-term strategy of the IAEA is
to contribute to the establishment and harmonization of medical
physics education programmes, including clinical training and
professional accreditation/registration, in Member States while
recognizing that this can be achievable and sustainable only in

countries where a critical mass of applications exists in medical
use of ionizing radiation (treatment and imaging). For countries
with a limited number of medical applications, the concept of
consolidating medical physics education in the region is follo-
wed. Furthermore, the IAEA trains around 200 medical physi-
cists per year through specialized short courses on imaging and
therapy using ionizing radiation, excluding courses on radiation
safety.

In addition to education and training through the provision of
courses and material, the IAEA also supports training of medi-
cal physicists working in hospitals through fellowships.
Education and training is an essential part of the overall quality
management system in radiotherapy and emphasizes the
balance of health benefits against radiation risks. This requires
a systematic approach, in which education and training needs
are clearly identified together with the means of meeting those
needs. ■

1. FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS, INTERNA-
TIONAL ATOMIC ENERGY AGENCY, INTERNATIONAL LABOUR ORGANIZATION, OECD
NUCLEAR ENERGY AGENCY, PAN AMERICAN HEALTH ORGANIZATION, WORLD

HEALTH ORGANIZATION, International Basic Safety Standards for Protection against
Ionizing Radiation and for the Safety of Radiation Sources, Safety Series No. 115, IAEA,
Vienna (1996).
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The quality audit is considered an essential part of quality mana-
gement systems in radiotherapy. It is a method of checking that
the quality of activities in a radiotherapy centre adheres to the
standards of good practice. The quality audit in radiotherapy is
equivalent to peer-review or evaluation of practice by indepen-
dent auditors, typically professionals specializing in various
aspects of radiotherapy, such as radiation oncology, medical
radiation physics and radiotherapy technology. The main objec-
tive of the quality audit is to aid in quality improvement. Audit fin-
dings are documented and provided to the audited centres with
recommendations for improvements. Usually, the auditors are
independent and have no authority to enforce actions based on
their findings. In this respect, the quality audit’s nature differs
from that of the regulatory inspection as the audit provides spe-
cific advice on quality improvement but does not serve as an
enforcement tool (IAEA 2007 a).

The scope and focus of the quality audit can vary significantly.
Audits may be initiated to review the entire radiotherapy practice
at a facility (comprehensive audit) or particular, important parts
of practice (partial audit). Comprehensive audit, also known as a
clinical audit (Euratom Directive 97/43, 1997) covers the com-
plete clinical pathway of the patient from dose prescription,
through planning, dose delivery to the follow-up. The clinical
audit addresses the three main elements of the practice: struc-
ture, process and outcome. In contrast, partial audit has a limi-
ted scope and it focuses on specific parts of the radiotherapy
process. A typical example of such a partial audit is a dosimetry
audit, which has the purpose of checking the beam calibration in
external beam radiotherapy (Aguirre et al. 2002, Izewska et al.
2002 a). It is the most fundamental audit in radiotherapy since
the success of radiation treatment depends strongly on assuring
accuracy in dose measurements.

Dosimetry audits in radiotherapy have a long tradition (Aguirre
et al. 2002, Izewska et al. 2003). Both on-site audit systems and
mailed dosimetry programmes have proven to be very useful
tools in quality assurance. Typically, on-site audits test dosime-
try, electrical, mechanical and safety parameters of radiotherapy
equipment and review local dosimetry systems. Some audit pro-
grammes also assess treatment planning systems and review
the clinical dosimetry records. Many on-site audit programmes
function at a national level and are available for a limited num-
ber of hospitals, whereas mailed TLD audits operate at a larger
scale, involving hundreds or thousands of radiotherapy facilities
(Aguirre et al. 2002, Izewska et al. 2002 a, Izewska et al. 2002 b,
Molineau et al. 2005, Roue et al. 2004).

IAEA/WHO TLD audit in radiotherapy dosimetry

The IAEA/WHO TLD postal dose audit programme has now been
in operation for 40 years. It uses mailed thermoluminescence
dosimeters (TLD). Hospital users irradiate TLDs with a given
dose under known irradiation conditions and then return them
to the IAEA for evaluation. To-date the calibration of over
7500 radiotherapy beams in 1650 hospitals in 120 countries have
been audited through this programme.

At present, approximately 93% of TLD results meet the accep-
tance criterion of 5% (see Figure 1). An integral part of the audi-
ting process is resolving discrepancies in the beam calibrations
that are discovered. The discrepancies are monitored by the IAEA
(IAEA 2007 b), and their causes are traced, understood and cor-
rected. Through the follow-up procedures, several participants
have improved their abilities to accurately deliver radiation dose,
and the percentage of acceptable results has increased from
80% in 1995 to 96% in 2008 (Figure 1). However, 4% of the poor
results remained uncorrected either due to a failure to respond
to the IAEA efforts or due to local problems that could not be
resolved without allocation of appropriate resources. In addition
some centres work within practical limitations such as insuffi-
cient availability of qualified medical physicists or lack of ade-
quate dosimetry equipment, which hampers quality.
Nevertheless, significant improvements have been observed in
dosimetry practices in radiotherapy centres worldwide (see
Figure 1).

Another dosimetry audit programme that has been developed by
the IAEA is one based on a semi-anthropomorphic phantom. It
assesses the entire external beam radiotherapy workflow for
conformal radiotherapy techniques, from patient data acquisi-
tion and computerized treatment planning to dose delivery. The
experience gained in audits for these techniques (Gershkevitch
at al. 2008) has highlighted the need for careful attention to basic
aspects of dosimetry and treatment planning.

QUATRO: comprehensive audit in radiation oncology

It has been recognized by the IAEA that accurate beam dosi metry
and treatment planning alone, although critical for the radiothe-
rapy process, cannot guarantee the required outcome of the
patient’s treatment. It is equally important that the clinical, as
well as the physical and technical aspects of patient treatment
are adequate. Consequently, a comprehensive audit methodology
was developed by the IAEA (IAEA 2007 a) within the framework of
the Quality Assurance Team for Radiation Oncology (QUATRO).
QUATRO audits involve assessment of radiotherapy infrastruc-
ture, including patient-related aspects and equipment-related
procedures, together with radiation safety and patient protection,
where appropriate. Staffing levels and professional training pro-
grammes for radiation oncologists, medical radiation physicists
and radiation therapists are also reviewed.

Since 2005, the IAEA has organized more than 30 QUATRO audits
in response to requests from radiotherapy centres from all over
the world. Most audits took place in Central and Eastern
European countries. These audits included assessment of the
ability of centres to maintain their radiotherapy practice at the
level corresponding to the best clinical practice in the economic
circumstances of a given country.

The IAEA quality audits in
 radiotherapy
by Joanna Izewska, TLD Officer and Unit Head, Dosimetry Laboratory,
Dosimetry and Medical Radiation Physics Section, International Atomic,
Stanislas Vatnitsky and Eeva Salminen
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Figure 1. Fraction of TLD results within 5% acceptable limit in the IAEA/WHO TLD postal dose audit programme. After
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During the process of QUATRO audits, inadequacies in infra-
structure, equipment, human resources and procedures are
identified at the audited centres and areas for improvement are
documented. Some centres have been acknowledged for their
operation at a high level of competence, while others received
comprehensive set of recommendations for needed improve-
ments. Based on the audit results, it was also possible for the
IAEA to identify common issues and items needing improvement
and to address them internationally. An example of this is the
training of radiation therapists in Central and Eastern Europe,
now being implemented through the IAEA’s cooperation with the
European Society for Therapeutic Radiology and Oncology
(ESTRO).

Conclusion

Radiation oncology requires a strong commitment to quality assu-
rance, including active participation of all staff directly  involved in
the radiotherapy process together with supporting specialists. The
establishment of regular audit system enables continuous impro-
vement through assessment and implementation of planned and
systematic actions necessary to provide sufficient assurances that
the radiation treatment satisfies quality requirements.

In particular, dosimetry audits have proven to be a useful tool for
the improvement of dosimetry practices worldwide. It is of
importance for all radiotherapy centres to have access to long –
term dosimetry auditing programmes, particularly when instal-
ling new equipment and implementing new procedures. ■
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Quality Assurance (QA) in radiotherapy has always been recogni-
sed as a crucial factor in guaranteeing the necessary degree of
dosimetric accuracy and optimum treatment results [1, 2].
Verification results acquired over the past ten years demonstrate
the significant role played by the Quality Control (QC) programme
proposed by Equal-Estro for quality assurance in external radio-
therapy systems [3].

The Equal programme began with the use of thermoluminescent
dosimeters (TLDs) for the purpose of dose verification for exter-
nal radiotherapy units. This quality assurance service was then
extended to include brachytherapy [4, 5].

Recent advances in therapeutic irradiation methods have spur-
red Equal-Estro to commit itself even further to keep pace with
progress [6]. New dosimetry methods are now available or being
developed. These are based on film dosimetry or the use of spe-
cial solid TLDs. These techniques have already been adopted for
the dosimetry audit on accelerators using the IMRT technique
and TomoTherapy systems and are being developed for
CyberKnife® machines.

The dosimetric verification of small X-ray beams, which is poten-
tially capable of performing dose measurements on beams as
small as 3 mm [6], and the verification of proton beams are the
latest challenges that Equal-Estro intends to tackle.

Verification of radiotherapy systems using the postal TLD
method

The Equal-Estro laboratory uses a dosimetry method first deve-
loped at the Gustave Roussy Institute in Villejuif [1, 2, 7-10]. After
being irradiated at radiotherapy centres, dosimeters are returned
to the Equal-Estro laboratory where they are read. The laboratory
uses lithium fluoride (LiF) powder as a TL material.

Thermoluminescent dosimetry is a relative dose measurement
method in which the dose is determined by comparing the signal
from a given dosimeter with that of a reference dosimeter. The
reference dosimeter must therefore be irradiated under refe-
rence conditions and with the highest degree of accuracy [11].

Intercomparison tests are performed by similar national and
international laboratories on a regular basis to guarantee the tra-
ceability of the metrological references used at Equal-Estro [12].
The tests are two-way tests: dosimeters are irradiated by Equal
and read by the participating laboratory and dosimeters irradiated
by the participating laboratory are read by Equal. The relative stan-
dard deviation is below 1% for all results to date and whatever the
case considered (Fig. 2.1 & 2.2).

Verification of conventional external radiotherapy systems

Acceptability criteria, determined as a function of the observed
dose deviation (δ), are as follows:
i. if 0% < ⎪δ ⎪ ≤ 5%, the results are within the tolerance range;
ii. if 5% < ⎪δ ⎪ ≤ 10%, the results are outside the tolerance range;
iii. if ⎪δ ⎪ > 10 %, the results have reached emergency level.

In the second and third case, repeat checks are mandatory. Use
of the machine concerned by the third case must be suspended

Equal-Estro: a dosimetry labora-
tory keeping pace with moderni -
sation in radiotherapy
by Attila Veres, Equal-Estro Laboratory, Villejuif (France)
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Figure 2.1: results of comparisons between the Equal-Estro dosimetry laboratory and other national and international dosimetry
 laboratories. The TLDs were irradiated by Equal-Estro and read by participating laboratories
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Figure 2.2: results of comparisons between the Equal-Estro dosimetry laboratory and other national and international dosimetry
 laboratories. The TLDs were irradiated by participating laboratories using a 6 MV photon beam then read by Equal-Estro
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and may only be resumed when measurement results meet
acceptability criteria.

Between the date on which external dosimetry auditing became
mandatory in France (2004) [13, 14] and the end of 2008, a total of
2,177 high-energy photon and electron beams were tested, in
accordance with the AFSSAPS decision. Of this total, 92.7% of
beams were within the tolerance range and 7.3% were outside it.
All the beams that had reached the emergency level (1.5% of all
beams checked) passed the tests after a second or third verifica-
tion (Fig. 2.3.).

Most of the deviations observed concerning external radiotherapy
units were due to TLD positioning errors during irradiation at the
centre. Some, however, were due to the wrong data being used in
treatment planning systems (TPS).

Verification of brachytherapy systems

The dose deviation classification method used for brachytherapy
systems is similar to that used for external beam auditing:

• ⎪δ⎪ ≤ ± 5%: optimum level;

• 5 % < ⎪δ⎪ ≤ 7%: tolerance level;

• 7 % < ⎪δ⎪ ≤ ± 10%: outside the tolerance range;

• ⎪δ⎪ > 10%: emergency level.

The upper tolerance threshold is higher in brachytherapy owing
to the greater uncertainty in measurement results [4, 5].

Film dosimetry

Dose distribution is a very important factor in dosimetry verifica-
tion for systems used for special treatment techniques like inten-
sity-modulated radiation therapy (IMRT) or tomotherapy. In this
respect, film dosimetry remains one of the most accurate tools
for performing external dosimetry audits. In some cases, it may
be useful or necessary to combine film measurements with TLD
measurements.

Verification of IMRT and tomotherapy systems

Both types of system are verified in exactly the same way.
Dosimetric films are placed in an EasyCube® plastic-water

Figure 3.1: EasyCube® phantom

Figure 3.2: film image on the right; computed image (TPS) on the left
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 equivalent phantom (Fig. 3.1), which is then irradiated on the
machine to be verified. Irradiation is carried out using a real
patient’s treatment plan and applying it to the scanned images of
the phantom.

TL dosimeter tubes are used to check the reference dose of the
machine by taking measurements in water or in water-equivalent
phantoms.

The control of dose distribution with films is done using
Gafchromic® films which are irradiated then compared with the
dose distribution computed by the TPS. A software program
capable of processing TPS data and scanned images of the films
(Fig. 3.2) is used to perform this comparison. This means that two
images (one computed and one measured) are compared in
terms of dose difference (Fig. 3.3.) and gamma index (Fig. 3.4.).

The acceptability criteria for IMRT and tomotherapy systems are
as follows:
– dose distribution: deviations of more than 5% above the plan-
ned dose are tolerated on no more than 10% of the area of the
irradiated films;
– deviations in dose measurements obtained by TLD must be
within the 0-5% range.

Verification of Cyberknife and proton beam systems

A method for verifying Cyberknife systems is being developed in
collaboration with the radiotherapy centres of Lille (Centre Oscar

Lambret), Nancy (Centre Alexis Vautrin) and Nice (Centre Antoine
Lacassagne).

Equal-Estro has designed a new plastic phantom that fits the
anthropomorphic phantom commonly used for dosimetry on
these machines. The phantom is designed to allow dosimetry
films and TL dosimeters to be irradiated at the same time (Fig.
3.5.). The films are used to verify the dose distribution on various
planes of the irradiated volumes, while the four TLDs are positio-
ned so that certain dosimeters receive a maximum dose, impo-
sing a minimum dose on the others.

Preliminary tests are underway.

We are working with the Orsay Proton Therapy Centre to develop
a dosimetric verification method for proton beams. Dosimetric
film is the tool used but simultaneous or parallel use of TL dosi-
meters is being considered.

Dosimetric verification of small beams

Some radiotherapy methods involve the use of very small beams
shaped by micro-multileaf collimators. In view of the particular
dosimetric problems related to the use of this type of beam, centres
should apply for dosimetric verification with regular external audits.

Based on our experience, the working group set up for this pur-
pose has suggested using TLDs specially adapted for this type of
method. Irradiation will be carried out using plastic phantoms
similar to those used in film dosimetry and each dosimeter (in the
form of a chip) will be enclosed in a mini-phantom (Fig. 4.1).

In addition to TLD characterisation work (for repeatability, etc.),
the initial dosimetry checks based on comparisons with ionisa-
tion chambers are in progress and a comprehensive dosimetry
audit methodology is being prepared. Repeatability tests have so
far allowed us to identify which dosimeters produce a consistent
signal over a series of readings when irradiated with the same
dose (Fig. 4.2).

This service will soon be available to radiotherapy centres
 interested in validating the use of this type of beam.

Conclusion

The postal TLD method used by the Equal-Estro laboratory for
auditing radiotherapy systems is subject to constant evaluation
under a quality assurance programme that includes national and
international intercomparisons.

Dose distribution tests using films are a good way of checking
treatment plan quality on IMRT machines. This type of check is
already among the services offered by Equal-Estro.

Figure 3.5: TL dosimeters

Figure 4.1: TLD chips and their mini-phantoms
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Tests on doses delivered using small beams or photon beams will
soon be available to the centres concerned.

The main purpose of quality assurance in radiotherapy is to pre-
vent any major deviations between the prescribed dose and the
dose delivered by treatment systems, thereby lowering the risk of
radiotherapy accidents. ■
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Figure 4.2: results of repeatability tests on TLD chips (LiF – TLD-700)
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NRPA as authority and professional body responsible for
QA and audit

The Norwegian radiation protection regulation [1] is founded on
the basic recommendations of the International Commission on
Radiological Protection (ICRP), and even though Norway is not an
EU member, the relevant EURATOM directives are reasonably
well implemented in the RP legislation. NRPA has the authoriza-
tion to ask for information about the annual number of treat-
ments and diagnostic examinations carried out in various medi-
cal areas and has made regular assessments of the use of both
radiotherapy, nuclear medicine and diagnostic radiology in order
to explore trends in the use of different modalities, looking for
possible regional variations and the effects from the introduction
of new technology or procedures. NRPA has a central adminis-
tration located in the Oslo area, and a staff about 100 people in
total. Radiotherapy centres need a certain authorisation, as well
as nuclear medicine and advanced X-ray departments do, while
dentists and simple use of X-ray in primary health care only are
object to notification. NRPA do inspections to the licensees on
various periodicities, according to a risk based judgment.

In addition to NRPA’s administration of the RP legislation, we also
have certain duties as professional body within radiation dosime-
try, quality assurance and audits. In the nineties, the capacity in

radiotherapy was considered to be to low in Norway. It was also
revealed some serious incidents in treatments of breast cancers.
According to the national cancer strategy, the number of radio-
therapy centres has been doubled since then. Furthermore,
NRPA was asked to develop a national quality assurance pro-
gramme in radiotherapy (acronym KVIST). The population of
4.8 million people now has a good accessibility to RT. Norway has
a centralized public founded health care system, with 26 public
hospital trusts and 72 hospitals. Radiotherapy is performed in
10 RT centres holding 40 linear accelerators in total. Co-60
sources are no longer in use in Norway for external therapy. All
RT centres have external radiotherapy, four departments provide
brachytherapy. All RT centres have conventional simulators and
dedicated computed tomography (CT) for treatment planning.
Three of the departments also have a dedicated MR scanner. 

Method: Organisation of quality assurance and clinical
audits in radiotherapy 

The central part of the QA program at NRPA is a group called
KVIST, organized in the section for quality assurance in radiology
to sort it from NRPA’s authority functions. A national reference
group with representatives from all radiotherapy centers is esta-
blished as a formal link to the RT centers. Working Groups are
defined and prioritised to solve certain tasks. The work is based
on active cooperation of specialists from all centers aiming at
national consensus for the resulting reports and guidelines. This
model shortens the distance between different professional
communities and challenges them to define “good medical prac-
tice”. The costs for the KVIST initiative are shared between the
NRPA and the radiotherapy centres, i.e. NRPA hosts the mee-
tings and covers travel expenses for all participants, while the RT
centres covers the personnel costs. 

The KVIST group at NRPA: 
• Is multidisciplinary (oncologists, medical physicists, radiation
technologists)
• Consists of part time employees shared with different radio-
therapy departments
• Acts as secretariat and coordinates the Working Groups for all
types of QA projects within radiotherapy
• Secures close cooperation between the radiotherapy commu-
nity and national public bodies

Results: Outcome of the KVIST initiative

The KVIST initiative has been a driving force in improving the
quality of radiation treatment of cancer patients on a national
basis, and has caused a range of harmonised national recom-
mendations. This is achieved through a wide range of activities
[2, 3], in summary: 

External dosimetry audits at all radiotherapy centers in Norway

In close collaboration with NRPA’s secondary standard dosime-
try laboratory (SSDL), external dosimetry audits were performed
in 2004 after the implementation of the IAEA dosimetric protocol
(TRS 398) [4], and again in 2008 including the use of radiochro-
matic films [5]. KVIST also provides two phantoms for quality
control of the non-dosimetric information exchange between
 different data systems in the radiotherapy chain [6].

Patterns of care data, available equipment, staff and QA routines 

Since 2001 all radiotherapy centres are annually reporting pat-
terns of care data together with data about personnel, equipment
and QA routines, according to thoroughly discussed and well
agreed parameters [7]. This will for example involve the definition
of a “linear accelerator equivalent”, LAE= 1 standard linac, staf-
fed with 4 RT technologists, used 7.5 hours per day. While the
number of Linacs was increased from 26 to 38 between 2001 and

The Norwegian Program on Quality
Assurance in Radiotherapy (KVIST)
– Organisation, Benefits and
Experiences of this initiative for
stakeholder’s involvement
by Hilde Merete Olerud, Norwegian Radiation Protection Authority,
Institute of physics, Biophysics group, University of Oslo, Sverre Levernes,
Taran Paulsen Hellebust, Norwegian Radiation Protection Authority, Oslo
University Hospital - DNR, Montebello, I.E. Heikkelä, Norwegian Radiation
Protection Authority, Dag C. Johannessen, Norwegian Radiation
Protection Authority, Oslo University Hospital, Hans Bjerke, Norwegian
Radiation Protection Authority, B.L. Rekstad, Oslo University Hospital,
E. Sundqvist, Radiography Programme, Faculty of Health Sciences,
University College, Oslo, Gunilla Frykholm, Norwegian Radiation
Protection Authority, Oslo University Hospital, St.Olav University Hospital
(Norway)
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2008, the LAE increased from 24.9 to 35.0. We also count both
man-labour year and number of persons employed of various
professions, normalized to LAE. The key figures for the number
of treatments are defined as the number of “new patients”
(patients never been treated before), “patients” (patients who
started treatment that year), “cases” (treatments against a
volume), “patient attendances” (fractions) and “field exposures”.
The KVIST group processes such data and presents them in spe-
cial reports. A password protected web based solution for repor-
ting and presentation has been developed serving the national
reference group, the working groups, the RT departments, the
medical society and the health authorities
(http://kvist.nrpa.no/Main/Default.Aspx). The data is used for
comparison and discussions about quality and production,
resource allocation and hospital administration. 

National system for incident handling and reporting

A unified system for classification and coding of incidents and
accidents in radiotherapy has been worked out in close coope-
ration with the clinics [8], and implemented as a part of the hos-
pitals quality system. Local groups are established to act on pro-
blems, do internal audits and learn from mistakes. Condensed
statistics of more serious errors are sent to KVIST annually to
give a national overview and report to international organizations
like IAEA. 

The Norwegian Radiotherapy Meeting and workshop for
 comparing treatment plans 

A post-qualifying educational system for medical physicists with
calculus exercises has been developed [9]. Furthermore, KVIST
has established the Norwegian Radiotherapy Meeting, an annual

KVIST work-shop in 2007: the target volume in terms of “clinical target volume” (CTV) delineated at six different RT
centres in Norway
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meeting where oncologists, RT technologists and physicists
meet to discuss radiotherapy related issues. Workshops dedica-
ted specific cancer diagnoses are also arranged as part of these
meetings. Selected clinical cases are anonymised and distribu-
ted to all radiotherapy centers telling them to work out a com-
plete treatment plan according to local guidelines. The resulting
plans are collocated by KVIST and results are discussed in the
workshops [10].

Clinical guidelines and audits in radiotherapy 

The target volume definitions were harmonized in 2003 [11], and
will be revised in 2009 according to the new ICRU report. These
are important elements in the national guidelines for radiothe-
rapy that have been drafted in cooperation with national profes-
sional groups for different diagnoses. Guidelines have been wor-
ked out for lung, prostate and gastrointestinal cancers, more are
in the pipeline. This work is part of a larger program for national
guidelines for cancer care. The guidelines shall reflect good
medical practice, they are a reference for clinical audits, and will

be revised regularly based on new knowledge and techniques. A
system for clinical audits was developed and tested on the treat-
ment of bone metastases in 2003–04 [12], and for treatment of
breast cancer in 2008–09. Furthermore, a common radiotherapy
prescription form with necessary parameters for radiotherapy is
published, to be used as a tool to register intended treatment
[13]. This report will also be used for future audits.

Conclusion

The KVIST initiative is now a well established national QA pro-
gram in RT. It is an example of stakeholder involvement and col-
laboration between a governmental body, health professions and
health providers. The fact that members of the KVIST group are
part time employed in both hospital and governmental body faci-
litates the objective. The work is partly performed by the radio-
therapy community itself, thus creating an atmosphere of
ownership. The KVIST group secures funding, accomplishment
and regularity of the work. ■
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Clinical audit and the European Guideline

The concept of clinical audit is not a new one but has long been
applied in many health care practices. In the European
Commission (EC) directive 97/43/EURATOM (MED) [European
Commission, 1997], this concept has been introduced for the
assessment of medical radiological practices. Simultaneously
with the European development, the IAEA has developed com-
prehensive audit programmes under the term of clinical audit
[IAEA 2007; 2009]. Further, several dosimetry or quality audit
programmes traditionally applied in the field of radiotherapy
(e.g. by the IAEA [Izewska et al. 2004] or the ESTRO [Ferreira et
al. 2000]) have been recognized to form an important part of
 clinical audit. 

In Europe, the EU Member States are required to implement cli-
nical audits “in accordance with national procedures” (Article 6.4
of the MED). Despite the very precise definition of Clinical audit
in the MED, a questionnaire to the Member States has revealed
that there is a high diversity of approaches to clinical auditing
and the lack of practical implementation in several Member
States. While in some countries a systematic approach to clini-
cal audit has been established (e.g. in UK, Germany, France and
Finland), in most countries clinical audits have been only occa-
sional or have not been implemented in practice. Several pro-
blems have also been identified, such as poor understanding of
the purpose of clinical audits, lack of criteria for the standards of
good practices and practical problems such as financing of audit
work. In some countries, clinical audit seemed to be confused
with internal quality assurance programmes or external assess-
ments such as accreditations and regulatory inspections. 

For these reasons, the EC conducted in 2007-2008 a special pro-
ject to prepare further guidance on the principles of clinical audit
and its practical implementation. Before submission to the EC,
the draft Guideline was subjected to critical reviews by major
scientific professional organizations (including ESTRO) and fur-
ther introduced and discussed in an international Workshop. The
published EC guideline [European Commission, 2009] provides a
general framework for the Member States in order to establish
sustainable national systems of clinical auditing of all radiologi-
cal practices (diagnostic radiology, nuclear medicine and radio-
therapy). It is sufficiently flexible and will enable the Member
States to adopt the model of clinical audit with respect to their
national legislation and administrative provisions. 

The EC Guideline introduces the basic principles of clinical audit
(objectives, coverage, standards of good practice etc) aiming at
clarifying its profound meaning and recommended application.
It defines the topics which should be covered while the criteria of
good practice are discussed only on generic levels. It discusses
the interrelation of clinical audit with other audit systems such
as certification of quality systems, accreditation, peer review and
quality award, and also its interrelation with regulatory control.
Finally, it gives general advice for the practical implementation

of audits, including organization of audits, recommendations for
auditors, models of financing, national coordination and the role
of scientific and/or professional societies and regulatory
 authorities. 

It is important to recognize that the EC guideline is not a legal
requirement. It will only give recommendations and highlight
some possible “national procedures” as expected by the MED. 

Clinical audit in radiotherapy 

General purpose

The MED-directive defined clinical audit as
“a systematic examination or review of medical radiological pro-
cedures which seeks to improve the quality and the outcome of
patient care, through structured review whereby radiological
practices, procedures, and results are examined against agreed
standards for good medical radiological procedures, with modi-
fications of the practices where indicated and the application of
new standards if necessary". 

In the EC Guideline, the general purpose of any clinical audit is
further described as to
– improve the quality of patients’ care
– improve the effective use of resources
– enhance the provision and organization of clinical services
– further professional education and training

Based on these aims, clinical audits should yield multiple
 benefits to the health care system such as: 
– improvement of practice
– recognition for quality and awareness of good practices
– recognition of outdated practice
– motivation of staff to increase quality
– improvement of local standards and adherence to national
standards
– prevention against litigation
– improvement of communication within the institution, 
– revealing weak points and
– promoting development of quality systems.

Radiotherapy is a complex procedure requiring a multidiscipli-
nary approach from clinical and radiation oncologists, radiothe-
rapy medical physicists, diagnostic radiologists and RTTs with
interaction with other disciplines as appropriate, and many cur-
rent developments are adding significantly to the complexity.
Within this complex framework, clinical audit will be an impor-
tant tool of quality improvement and can have a major impact on
developing the practices in compliance with the most recent data
on good treatment practices, as well as improving the safety and
efficacy of treatments. Clinical audits will evaluate the current
status of the radiotherapy department with respect to delivery of
radiotherapy to patients and to identify areas for future
 improvement. 

Clinical? Audits; who should
control what? - european
 guidelines
by Järvinen Hannu, M.Sc. (Eng), Principal Advisor (for Radiation in Health
Care), Radiation and Nuclear Safety Authority (STUK), Radiation Practices
Regulation – Helsinki (Finland)
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Coverage and priorities for radiotherapy practices

It is evident from the definition that clinical audit should be a
multi-disciplinary and multi-professional activity [European
Commission, 2009]. It should be a continuous activity for quality
improvement (Fig 1). It should be carried out by competent
experts with good experience in clinical practices. Both internal
audits (auditors coming from inside a given health care unit) and
external audits (auditors coming from outside the unit) should be
implemented. These are of equal importance and should sup-
plement each other. External audits are needed to remove pos-
sible “blindness” of internal experts to recognize weaknesses of
own unit and to give more universal and broader perspectives. 

Clinical audit should address the structure, process and out-
come of the practices. For radiotherapy, the priorities should be
as shown in Table 1. The main focus in radiotherapy should be
an assessment of the overall performance of the radiotherapy
department and how staff, equipment, procedures, outcomes,
patient safety and comfort correspond to the aims and objectives
of the department. Responsibilities and reporting structures
within the department must be clearly defined. Clinical audit
should also evaluate how the department interacts with external
service providers. This will include relationships with referring
clinics and clinicians, equipment providers, etc. 

Clinical audits can be of various types and levels, either revie-
wing specific critical parts of the radiotherapy process (partial
audit) or assessing the whole process (comprehensive audit).
Audits can address various “depths” of the procedure, from
generic features to details of a given treatment The comprehen-
sive clinical audit must include the full patient pathway from
referral to follow up. All steps within this pathway are interlinked
and interdependent. These include diagnosis, treatment deci-
sion, simulation, treatment planning, verification, treatment
delivery, patient review during and at the end of treatment, and
follow up. Dosimetry audit is an important example of partial
audits and should be within the scope of a comprehensive clini-
cal audit, as assured dosimetry is a vital component of accurate
clinical practice. 

The system of auditing inherently aims at improving the quality
and safety of radiological procedures, thus minimizing the pro-
bability of adverse effects and incidents. In radiotherapy, the risk
profile [WHO, 2000] calls for particular attention in the efforts of
avoiding incidents due to their probable very serious conse-
quences. Therefore, auditing the emergency preparedness and
procedures will be of high value in the list of priorities for  clinical
audit. 

For dosimetry and quality assurance of radiotherapy, at least the
dose per monitor unit and associated parameters in external
beam radiotherapy (also for IMRT fields) should be addressed,

and at least reference air kerma rate and geometric reconstruc-
tion in brachytherapy. At an advanced level of clinical audit, the
treatment planning process, the correctness of input data, treat-
ment delivery etc, should also be addressed.

It is appreciated that auditing the clinical outcome may be very
difficult, in particular for external audits. In radiotherapy, the
outcome includes the results both in terms of cancer status and
in terms of the side effects of the treatment. For the former, this
may be expressed in terms of cure with figures such as five years
survival, disease free survival or local control. It may also be
expressed in terms of symptom palliation or quality of life. With
regard to toxicity assessment, outcomes can be expressed in
terms of quality of life, specific toxicity scores including morta-
lity, complication rates and interventions necessary to overcome
complications. In is obvious from all this that the audits of out-
come are often limited to auditing only the methods of follow-up
and not its actual results. 

Auditing the detailed practice for a given treatment can usually
mean only a few selected treatment processes per audit run. Full
details of the procedures should be assessed at least for the
items of the procedure where a reasonable consensus on a good
practice can be achieved for application as the criteria of assess-
ment. Such items for a given treatment could be for example:
– adequacy of the evidence-based data available in the literature
and the patient/tumour features which justify the treatment
plan. Depending on the tumour type and clinical setting, good
practice could include genetic or family history, clinical and
pathological stage of tumour, tumour size and grade and
 performance status of patient;
– practices for dose prescription, specification of the target
volume;
– achievement of normal tissue tolerance in dose planning;
– quality of the treatment delivery;
– follow-up practices (acute and late complications, recurrence):
Adequacy of recorded data, follow-up model (frequency of exa-
minations, clinical items, examination in a local health care unit
or in a radiotherapy hospital, information flow etc), comparison
of complication rates with expected. 

Aspects of practical organization

The practical organizing of external clinical audits can be
through site visits of an audit team or, for a limited part of prac-
tices with relevant documented or measurable data, by mailed
review and central analysis of the data. Besides the EC Guideline,
comprehensive guidance for audit visits has been published by
the IAEA [IAEA 2007]. The dosimetry audits by mailed thermolu-
minescent dosimeters are good examples of partial clinical
audits with a limited scope [Izewska et al. 2004, Ferreira et al.
2000]. 

Structure The mission of the unit for radiotherapy practices
Lines of authorities and radiation safety responsibilities
Staffing levels, competence and continuous professional development of staff, in particular for
radiation protection
Adequacy and quality of premises and equipment

Process Justification and the referral process 
Availability and quality of treatment guidelines (protocols, procedures)
Optimization procedures
Procedures for dose delivery to the patient (beam calibrations, acuuracy of dosimetry and
treatment planning)
Quality assurance and quality control programmes
Emergency procedures for incidents in use of radiation
Reliability of information transfer systems

Outcome Methods for the follow-up of outcome of treatments (short term and long term) 

Table 1: the priorities of clinical audit of radiotherapy practices
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The standards of good practice should be derived from evidence
based data, long term experience and knowledge gained. In
practice, these can be adopted from legal requirements, results
of research, consensus statements, recommendations by lear-
ned societies or local agreements (if there is no other more uni-
versal reference). However, in radiotherapy the consensus on
good practices can often be difficult to achieve, in particular for
the detailed clinical protocol of the treatment. The lack of confi-
dence or clinical evidence can be the major reason for this, but
a natural reason can also be the inevitable variation of local
resources as for the availability and quality of necessary equip-
ment and services. In such a situation, the criteria of good prac-
tice adopted should be regarded as giving only preliminary orien-
tation, and the results of audit should then used like a
benchmarking tool to achieve improved evidence and possible
adjustment of the chosen criteria. 

Who should control what?

In the jungle of the concepts of quality management, with diver-
sity of approaches and procedures for trying to improve and
maintain high quality, the meaning of concepts can easily be
confused with each other and this has been particularly true for
clinical audit. While it is obvious that clinical audit has some
similarities with other quality assessments and controls, it is
imperative not to confuse it with such activities as:
– research;
– quality control program for equipment;
– quality (system) audit to verify that the quality systems conform
to a quality standard;
– accreditation;
– regulatory inspection nor any other regulatory activity.

The purpose of these other activities should be properly unders-
tood, and conversely to duplicating any efforts, clinical audits
should be developed to supplement the other activities. 

Research is a systematic investigation to increase the sum of our
knowledge. For clinical audit, the aim of research is to determine
what a good practice is, while audit itself should ask the ques-
tion: “Are we actually following good practice?” The quality
control of radiotherapy equipment aims at ensuring adequate
performance characteristics and safe operation throughout the
lifetime of the unit, and the responsibility for the checking lies
solely on the health care organization, the user of the equipment
or the practitioner. Any audit or external control does not remove
or release this responsibility while, however, can give desirable
confidence on the results of the quality control. 

A quality system in conformance with international quality stan-
dards such as the ISO 9001 [ISO, 2000] is generally considered a

good basis for the overall quality management in a radiotherapy
clinic. To ensure that the local quality system conforms to the
specifications of the quality standard, certification by a certifica-
tion body can be acquired by special quality (system) audits car-
ried out regularly by quality system experts. These experts are
usually not clinical experts and the assessment does not
address the quality of the clinical practice but solely its confor-
mance with the general quality rules. Conversely, in clinical
audits, clinical experts concentrate on the evaluation of the
conformance of the clinical practice to the agreed good practice. 

The system of accreditation deals with the competence of the
unit to perform certain practices, in accordance with given stan-
dards. This can become very close to the aims of clinical audi-
ting, while usually the scope is narrower and limited to the defi-
nite standards. In radiotherapy, such standards are either very
general or not very common and limit the applicability of accre-
ditation in the sense of replacing the clinical audits. 

Finally, a legislative and statutory framework is needed in each
country to regulate the safety of facilities and activities, including
medical use of radiation. The regulatory requirements will gene-
rally depend on the level of risk or complexity associated with the
medical use, as determined by the regulatory body. In radiothe-
rapy, the high risk profile justifies maximum regulatory efforts,
including regulatory inspections. The purpose of such an inspec-
tion is to verify that various detailed requirements for radiation
protection are being met. The methods of verification can include
both documentary assessments and verification measurements.
While the verification procedures can be partly similar to some cli-
nical audit procedures, the basis of the review and the use of the
results are quite different [European Commission, 2009] and cli-
nical audits should not be confused with regulatory inspections.

Conclusion 

Clinical audit is a multi-disciplinary, multi-professional assess-
ment of the radiotherapy practices for the improvement of the
safety and quality of the practices. It should be a continuous acti-
vity whereby both internal and external audits are implemented.
It should not be confused with other quality assessment or
control activities such as regulatory inspections, accreditations
or certifications of the quality system. The priorities include
essential parts of the radiotherapy structure, process and out-
come, such as the mission of the unit, quality assurance and
dosimetry and methods of follow-up of treatments. The recent
Guideline of clinical audit published by the European
Commission gives guidance for clinical audit principles and
practical implementation, and provides a general framework to
establish a sustainable national system of clinical audits. ■



▼

121

Advances and Challenges in Radiation Protection of Patients

Introducing new technologies

The decision to implement a new technology for radiation therapy
should be based on a thorough evaluation of expected benefits
rather than being driven by the technology itself. To ensure a safe
implementation, a step-by-step approach should be  followed.

Lessons from conventional techniques that is applicable to
new technologies

The following conclusion, drawn in the context of conventional
radiation therapy, from publication ICRP No. 86 not only remains
applicable but is even more critical for new technologies: “purcha-
sing new equipment without a concomitant effort on education and
training and on a programme of quality assurance is dangerous”.

Staff training, availability and dedication

Major safety problems may arise from underestimating the staff
resources required to implement and operate a new technology.
Resources should be allocated so as to avoid substituting proper
training with a short briefing or demonstration, from which
important safety implications of new techniques cannot be fully
appreciated.

Certain safety-critical tasks, such as calibration, beam charac-
terization, complex treatment planning and pretreatment verifi-
cation for intensity modulated radiotherapy, require a substan-
tial increase in staff allocation. The reassessment of staff
requirements, both in training and number of professionals, is
essential when moving to new technologies.

Safety awareness of responsible persons for radiotherapy
departments

Radiation therapy staff and hospital administrators should
remain cognizant of the fact that the primary responsibility for
the safe delivery of treatment is with them. This responsibility
includes investigating discrepancies in dose measurements
before applying the beam to patient treatments. Independent
verification of beam calibration remains essential.

Hospital administrators of radiation therapy departments
should provide a work environment that encourages working
with awareness, facilitates concentration and avoids distraction.

Manufacturers

Manufacturers should be aware of their responsibility for delive-
ring the correct equipment with the correct calibration files and
accompanying documents. They also have a responsibility to pro-
vide correct information and advice to users. Procedures to meet
these responsibilities should be developed and quality controlled.

Programme of purchasing, acceptance and commissioning

Programmes for purchasing, acceptance testing and commis-
sioning should not only address treatment machines but also

treatment planning systems, radiation therapy information sys-
tems, imaging equipment used for radiation therapy, software,
procedures and entire clinical processes. Devices and processes
should be re-commissioned after equipment modifications
including software upgrades and updates.

Need for new protocols for treatment prescription and
dosimetry

Protocols for treatment prescription, reporting and recording,
such as found in ICRU reports, should be revised to accommo-
date new technologies. They should be adopted at a national
level with the support of professional bodies. Similarly, dosime-
try protocols should be developed for small and non-standard
radiation fields.

Dose escalation

Target dose escalation without a concomitant increase in normal
tissue complication probability generally implies a reduction of
geometrical margins. Such a reduction is only possible with
conformal therapy accompanied by precise, image-guided
patient positioning and effective immobilization together with a
clear understanding of the accuracy achieved in clinical practice.
Without these features, target dose escalation could lead to
severe patient complications.

Safety-critical communication and notifications

Unambiguous, well structured communication is essential,
considering the complexity of radiation therapy and the multi-
disciplinary nature of the health care environment. In particular,
procedures to notify physicists of maintenance and repair activi-
ties, identified as crucial in conventional technology, are even
more necessary with new technologies.

Computers and data integrity

Procedures should be in place to deal with situations created by
computer “crashes”, which may cause loss of data integrity and
lead to severe accidental exposures.

Updating of quality control tests

When conventional tests and checks are not applicable or not
effective for new technologies, the safety philosophy should aim
at finding measures to maintain the required level of safety. This
may require the design of new tests or the modification and
 validation of the old ones.

Using lessons from experience

Lessons learned from past accidental exposure should be incor-
porated into training. Radiation therapy facilities are encouraged
to share their experiences of actual and potential safety inci-
dents through participation in databases such as Radiation
Oncology Safety Information System (ROSIS), often referred to in
this report. Report formats and analytical tools should be further
developed to maximize and facilitate the learning components of
such databases.

Overcoming the lack of experience when introducing new
technologies

Prior to the introduction of new techniques and technologies,
there is little or no operational experience to share. To maintain
safety in this situation, two complementary measures are
recommended:

The ICRP  take-home message
by Pedro Ortiz-López, PhD1, Chairman of the Task Group of the
International Commission on Radiological Protection on Preventing Accidental
Exposures from Newer External Beam Radiation Therapy Technologies – Madrid
(Spain)
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1. Prospective safety assessments should be undertaken in
order to develop risk-informed and cost-effective quality assu-
rance programmes. Examples of these tools are Failure Modes
and Effects Analysis, Probabilistic Safety Assessment and Risk
Matrix.

2. Moderated electronic networks and panels of experts suppor-
ted by professional bodies should be established in order to
expedite knowledge sharing at the early phase of introducing a
new technology. ■
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Radiation therapy (also radiotherapy) is the medical use of ioni-
zing radiation as part of cancer treatment, but also has several
applications in non-malignant conditions. Concerning the treat-
ment of malignant tumours, it is common to combine radiothe-
rapy with surgery, chemotherapy, hormone therapy or some
mixture of the three. Radiation therapy is commonly applied to
the cancerous tumour, but may also include the draining lymph
nodes if they are clinically or radiologically involved with tumour.
It is necessary to include a margin of normal tissue around the
tumour to allow for uncertainties in daily set-up and tumour
motion. These uncertainties can be caused by internal move-
ment (for example, respiration as well as colon and bladder fil-
ling) and movement of external skin marks relative to the
tumour position.

Radiation Techniques: An Overview

The three main divisions of radiotherapy are external beam
radiotherapy or teletherapy, brachytherapy or sealed source
radiotherapy, and systemic radioisotope therapy or unsealed
source radiotherapy. Most recent developments include particle
therapy, which is a special case of external beam radiotherapy
where the particles are protons or heavier ions, and intraopera-
tive radiotherapy (IORT), which is a special type of radiotherapy
that is delivered immediately after surgical removal of the
 cancer.

Conventional external beam radiotherapy is delivered via two-
dimensional beams using linear accelerator machines and
mainly consists of a single beam of radiation delivered to the
patient from several directions: often front or back, and both
sides. Hereby, the treatment is planned or simulated on a spe-
cially calibrated diagnostic x-ray machine known as a simulator
because it recreates the linear accelerator actions. The aim of
simulation is to accurately target or localize the radiation to the
volume which has to be treated. This technique is well establi-
shed and is generally quick and reliable.

The planning of radiotherapy treatment has been revolutionized
by the ability to delineate tumours and adjacent normal struc-
tures in three dimensions using specialized computed tomogra-
phy (CT) and/or magnetic resonance imaging (MRI) scanners
and planning software. This technique, denoted as virtual simu-
lation, allows more accurate placement of radiation beams than
is possible using conventional X-rays, where soft-tissue
 structures are often difficult to assess.

An enhancement of virtual simulation is 3-dimensional confor-
mal radiotherapy, in which the profile of each radiation beam is
shaped to fit the profile of the target from a beam’s eye view
using a multileaf collimator and a variable number of beams.
When the treatment volume conforms to the shape of the
tumour, the relative toxicity of radiation to the surrounding nor-
mal tissues is reduced, allowing a higher dose of radiation to be
delivered to the tumour than conventional techniques would
allow.

Intensity-modulated radiation therapy (IMRT) is an advanced
type of high-precision radiation that is the next generation of
three-dimensional conformal radiotherapy. Computer-

controlled linear accelerators distribute precise radiation doses
to malignant tumours or specific areas within the tumour. The
pattern of radiation delivery is determined using highly-tailored
computer algorithms to perform optimization and treatment
simulation. By use of this kind of treatment planning, the radia-
tion dose is consistent with the 3D shape of the tumour by
controlling, or modulating, the radiation beam’s intensity. The
customized radiation dose is intended to maximize tumour dose
while simultaneously protecting the surrounding normal tissue.
This may result in better tumour targeting, lessened side effects,
and improved treatment outcomes as compared to even three-
dimensional conformal radiotherapy.

Three-dimensional conformal radiotherapy is still used extensi-
vely for many body sites, but the use of IMRT is growing in more
complicated body sites such as central nervous system, head
and neck, prostate, breast and lung. Unfortunately, IMRT is limi-
ted by its need for additional time from experienced medical per-
sonnel. Proof of improved survival benefit from either of these
two techniques over conventional radiotherapy is growing for
many tumour sites, and the ability to reduce radiation toxicity is
generally accepted. In contrast, there are concerns, particularly
with three-dimensional conformal radiotherapy, about increa-
sed exposure of normal tissue to radiation and the consequent
potential for secondary malignancy. In addition, overconfidence
in the accuracy of imaging may increase the chance of missing
lesions that are invisible on the planning scans - and therefore
not included in the treatment plan or that move between or
during a treatment - for example, due to respiration or inade-
quate patient immobilization. New techniques are being develo-
ped to better control this uncertainty - for example, real-time
imaging combined with real-time adjustment of the therapeutic
beams. This new technology is called image-guided radiation
therapy (IGRT) or four-dimensional radiotherapy.

In particle therapy, ionizing particles (for example protons or
carbon ions) are directed at the target volume. The dose
increases while the particle penetrates the tissue, up to a maxi-
mum (the Bragg peak) that occurs near the end of the particle’s
range, and it then drops to - almost - zero. The advantage of this
energy deposition profile is that less energy is deposited into the
healthy tissue surrounding the target tissue. Ion beam therapy is
the cutting edge of modern radiotherapy. It requires most recent
technologies to accurately deliver the particles to the target
volume and completely new approaches to clinical dosimetry.

Biological Imaging: Impact on Radiotherapy

In radiation therapy, staging, treatment planning, monitoring
and evaluation of response are traditionally based on CT and
MRI. These radiological imaging techniques have the significant
advantage to show the anatomy with a high resolution, being also
called anatomical imaging. In recent years, so called biological
imaging methods which visualize metabolic pathways have been
developed. These methods offer complementary imaging of
various aspects of tumour biology. To date, the most prominent
biological imaging modality in use is positron emission tomo-
graphy (PET), whose diagnostic properties have clinically been
evaluated for years.

Biological imaging offers the potential to improve the detection
and delineation of the tumour tissue and the visualization of
heterogeneous tumour biology. Promising radiotracers in target
volume delineation include fluorodeoxyglucose-PET in lung and
head and neck cancer and amino acids-PET of brain gliomas.
Increasing body of scientific evidence indicate that biological
imaging may also characterize tumour tissue by visualizing
tumour hypoxia and proliferation. In combination with most
recent radiation techniques such as IMRT or ion beam radiation,

Radiation protection in modern
radiotherapy: a regulator’s point of
view
by Jürgen Griebel, Federal Office for Radiation Protection (BfS) (Germany)
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the visualization of heterogeneous tumour biology may revolu-
tionize treatment planning as well as treatment monitoring and
follow-up. However, to define the real impact of biological ima-
ging on clinical outcome after radiotherapy, further clinical
 studies are required.

Quality Management System: A Challenging Issue

As shown above, radiotherapy includes responsibility for a large
variety of different steps such as tumour staging, treatment
planning and simulation, treatment delivery of ionizing radiation
and its ongoing verification, as well as treatment monitoring and
follow up of the cancer patient. Hereby, most recent technical
developments in radiation techniques and imaging procedures
as well as highly sophisticated computer technology are applied.
Furthermore, radiotherapy is an integral part of the multidisci-
plinary management of cancer patients, which comprises - in
addition to radiotherapy - surgery, chemo- and/or immunothe-
rapy and other novel treatment approaches. Thus, radiotherapy
is a multi-step, multi-discipline procedure, which requires a
demanding quality management system along the whole
 therapy line.

From a regulator’s point of view, the outlined complexity of radio-
therapy is a challenging issue which has to be met in radiation
protection. Hereby, in particular, the:
– exposure of patients as part of their radiation treatment (medi-
cal exposures);

is of major interest. However, further potential exposure scena-
rios have to be taken into account:
– exposure of employees arising from radiotherapy practice
(occupational exposures);
– exposure of members of the public arising from the use of
medical radiation equipment and radioactive sources (public
exposures).

A further consequence of radiotherapy being a multi-disciplinary
approach is that input from a number of professional groups,
interacting with manufacturers and suppliers of equipment,
maintenance engineers, and the relevant regulatory authorities
is required. All members of the multi-disciplinary team have an
individual and joint responsibility to ensure their contribution to
safe practices in the delivery of radiotherapy.

Concerning treatment delivery of ionizing radiation, demanding
quality requirements of technical equipment including commis-
sioning, acceptance testing, and quality controls, in particular
calibration of radiation, as well as a comprehensive quality assu-
rance programme with the participation of appropriate qualified
experts have to be implemented to ensure that for each patient
the exposure of volumes other than the planning target volume
is kept as low as reasonably achievable, while delivering the
prescribed dose to the planning target volume within the requi-
red tolerances. For example, a dose to the target volume being
5% too low may result in clinically detectable reduction in
tumour control, while a dose to normal tissues being 5% too high
may lead to significant increase in normal tissue complication
probability, i.e. unacceptable side effects. So, deviations from
prescribed dose may involve severe or even fatal consequences

and require prompt investigation in the event of an accidental
medical exposure. Furthermore, sufficient staffing including
radiological medical practitioners, medical physicists and medi-
cal radiation technologist as well as adequate and ongoing
 training and education of this personnel is essential.

All of these aspects are essential from a regulator’s point of view.
Nevertheless, it has to be appreciated that the fundamental prin-
ciples of justification and optimization are the foundation of
radiation protection in radiotherapy. In particular, the principle of
justification is of pivotal importance to radiotherapy of patients.
The decision to perform a radiotherapy rests upon a professio-
nal judgement of the benefits that accrue to the total health of
the patient, while accounting for any detrimental biological
effects that might be caused by the ionizing radiation. The bene-
fits will include the direct health benefits to the individual as well
as the benefits to society. The detriment will be the potential
deleterious effects of ionizing radiation such as deterministic
and stochastic effects. The objective of radiotherapy is to deliver
a radiation dose to a selected target volume of an organ or tis-
sue for the purpose of killing cells. Such therapy results in
absorbed doses that are orders of magnitude greater than those
encountered in diagnostic procedures. So, in radiotherapy, the
potential for complications with normal tissue is significant.
Some deleterious effects will often be an unavoidable part even
of a properly justified procedure. As a consequence, the justifi-
cation for each procedure should be carefully considered. In this
decision process, other therapeutic approaches such as surgery
or chemotherapy, either alone or in combination with radiothe-
rapy, have to be considered.

There are special cases that warrant further justification, inclu-
ding the medical exposure of the pregnant or potentially pre-
gnant patient. Likewise, radiotherapy involving children under
the age of 18 years requires a higher level of justification since
children may be more susceptible to radiation and have a longer
life expectancy during which manifestation of possible harmful
effects of radiation may occur.

Clinical research that exposes humans to therapeutic ionizing
radiation should conform to the provisions of the Helsinki
Declaration and should take into account the guidelines for its
application prepared by Council for International Organizations
of Medical Sciences (CIOMS) and World Health Organization
(WHO), and the International Commission on Radiological
Protection (ICRP). In addition, the therapeutic exposure of volun-
teers for clinical research is deemed to be not justified unless it
is subject to approval by an ethics committee and/or by any other
institutional body assigned similar functions by the relevant
authority.

As outlined above, a demanding quality assurance programme
along the whole line has to be an integral component of modern
radiotherapy practice. This programme should include regular
and independent auditing, whereby – amongst others – the
adherence of the principle of justification has to be taken into
account. In summary, this quality assurance programme needs
to be linked to the radiation protection programme in order to
strengthen safety while at the same time improving quality and
efficiency. ■
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The Health Protection Agency (HPA) is an independent organisa-
tion whose role is to provide an integrated approach to protec-
ting UK public health. Part of its remit includes the provision of
independent advice on radiological practice and radiation safety.
The HPA assists and supports a range of organisations and
whilst the HPA is not a regulator, its scientific staff have helped
develop radiation protection structures through work with the
ICRP, IAEA, the European Commission and UK regulators to
 produce legislative frameworks and guidance documents.

In 2005, HPA incorporated the National Radiological Protection
Board (NRPB) through the Health Protection Agency Act 2005
and later that year the Medical Exposure Department (MED) was
formed. This department builds on the valuable work in radia-
tion protection carried out by the NRPB. Whilst the NRPB’s main
focus was on diagnostic imaging and interventional radiology,
the department’s scope has grown to include nuclear medicine
and radiotherapy (RT). In 2006, the Chief Medical Officer for
England, Sir Liam Donaldson launched a range of initiatives
relating to patient safety in RT. One of these initiatives involved
the HPA recruiting clinically trained staff whose role is to support
the RT community, making the HPA an impartial resource equip-
ped with the knowledge and skills to work in partnership with
health care professionals within the clinical setting.

These staff are equipped with an understanding of current RT
practice and clinical issues thus enabling them to provide rele-
vant up to date advice. This may be in the form of a telephone call
or e-mail from an individual regarding a specific matter, or
through working with a clinical department, more of which is des-
cribed later in this paper. Whilst advice is mainly provided to
healthcare professionals, professional bodies, government
departments and agencies, members of the public also often
contacts the MED for advice in relation to medical exposures that
either they, or a family member have had or are about to undergo.

The MED staff are from a range of backgrounds including radio-
graphers, physicists and radiobiologists. Collectively they pos-
sess dosimetric expertise, clinical knowledge and practical
experience of all types of medical exposures, and the application
of this within government policy. An awareness of current prac-
tical issues is maintained through radiographers employed by
the department undertaking regular clinical placements and
remaining registered with the Health Professionals Council
(HPC). Liaison with manufacturers allows the MED staff to keep
up to date as technology develops. This unique partnership of
scientific and clinical staff from the HPA working together with
those providing services in hospitals ensures a balanced and
evolving approach to patient safety in RT.

This paper describes a number of MED initiatives relating to safety
in radiotherapy and how it is working to improve radiation protec-
tion and patient safety at local, national and international levels.

HPA contribution to Guidance Documents

MED has an established history of joint publications with the pro-
fessions. To formalise the relationships which produce this type

of work, the department has Memoranda of Understanding with
both the Society and College of Radiographers and the Royal
College of Radiologists to allow and promote communication on
matters relating to radiation protection in clinical practice and
regulatory requirements as well as policy development. Recent
examples of this may be seen in the publication of A Guide to
Understanding the Implementation of the Ionising Radiation
(Medical Exposure) Regulations (2008)1 and Towards Safer
Radiotherapy (2008)2.

Guide to Understanding the Implementation of the Ionising
Radiation (Medical Exposure) Regulations

Most UK RT centres have well established mechanisms in place
for local review of radiotherapy errors (RTEs) however; the abi-
lity to share data at a national level was always constrained by an
inconsistency in the terminology used in RTE.

This issue was in part answered by the casting of The Ionising
Radiation (Medical Exposures) Regulations (IR(ME)R) 2000 & 2006.
IR(ME)R is legislation intended to protect the patient from the
hazards associate with ionising radiation in the UK. The Ionising
Radiations Regulations 1999 address incidents due to equipment
defect or malfunction and The Ionising Radiation (Medical
Exposure) Regulations 2000 [IR(ME)R], focus on procedural failures.
There is an inherent safety culture established in the Regulations,
with employers providing a framework within which professional
undertake their professional and legal  responsibilities.

Under IR(ME)R major errors within RT where patients receive an
exposure to ionising radiation “much greater than that intended”
are reported to the appropriate authority. In England, the Care
Quality Commission (CQC), as the regulator, receives these
reports. The CQC publish on their website3quarterly reports of
their key findings from inspections of clinical departments.

UK regulations for medical exposures are made under the cri-
minal law framework but these have not yet been tested through
cases in the courts. It was agreed that further clarity was nee-
ded regarding legal responsibilities of RT professionals and to
address this, an IR(ME)R working party was formed, bringing
together representatives from the professional bodies represen-
ting clinical oncology, therapeutic radiography and RT physics
and the MED with the intention of producing a guide to help
employers and clinical staff understand IR(ME)R legislation and
implement it as it pertains to RT. The document describes the
duties and responsibilities of healthcare workers under IR(ME)R,
the necessity for local procedures, protocols, training and audi-
ting and how inspection and mandatory reporting of incidents is
undertaken. ‘A Guide to Understanding the Implementation of
the Ionising Radiation (Medical Exposure) Regulations’ was
published in September 20081.

Towards Safer Radiotherapy

Following several high profile incidents in the UK, there was
recognition within the RT professional community for the need to
share information related to RTE’s nationally. A multidisciplinary
working party including representatives from the professional
bodies, patients, the National Patient Safety Agency and the MED
was established in 2006 to produce patient safety guidance. The
working party agreed and standardised the following within a
published document:
1. agreed terminology for use in reporting of RT incidents;
2. a coding system to describe the point on the RT pathway that
the incident occurred;
3. a classification grid for severity grading of the RT incident;
4. recommendations to improve safety in RT.

To allow national sharing of information surrounding RTEs,
 termi nology was clearly defined for the UK to reduce ambiguity.

UK initiatives to improve patient
safety in radiotherapy – the role of
the Health Protection Agency
by Úna O’Doherty, Medical Exposure Department, Health Protection Agency
(United Kingdom)
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This terminology is consistent with World Health Organisation
definitions. 

The RT pathway was broken down into 21 constituent processes,
including treatment room design, patient referral for RT, plan-
ning and administration of RT and follow up. These processes
were then given a number coding. Each process was then bro-
ken down further into its sub-processes, forming a total of
196 sub-processes each with a letter coding. In this way each
activity involved in the planning and delivery of RT could be des-
cribed by a unique alphanumeric code. This code describes
where the error occurred and allows individual errors to be com-
pared locally and nationally. It should be noted that for most
RTEs there will be an initiating event, and a number of subse-
quent events that constitute the error; each of these events can
be coded using this method.

A classification grid for severity grading of RTEs was defined to
enable a grading to be applied to RTEs in a consistent way. There
are five severity classifications, including a grading for near
misses.

This combination of these three elements provides a standard
approach by which RT incidents and near misses can be descri-
bed, classified and coded locally. This in turn allows national
analysis of these events, thus producing learning for the RT
 community.

Thirty-seven practical recommendations to improve patient
safety in RT are also described in the document. The purpose of
the recommendations is to identify ways of reducing errors in RT
which are caused by human error or failure of systems of work.

‘Towards Safer Radiotherapy’ (TSRT) was published in April
20082. It was immediately embraced by the RT professions and
continues to be quoted and referenced locally, nationally and
internationally.

HPA contribution to Continuous Improvement and Safety
Culture

Many initiatives and publications from national and international
organisations and bodies have attempted to assist departments
in achieving a safe and timely service, and new ones will conti-
nue to be published in the future. However, individual depart-
ments often have to interpret the advice and apply it locally
without assistance. The MED offers support to clinical depart-
ments through:
1. analysis of working practices and guidance on translating
national recommendations into local practice, through the pro-
vision of site visits;
2. analysis of incidents and near misses.

Radiotherapy Site Visits

The assurance of patient safety combined with optimal service
efficiency, whilst maintaining compliance with legislation are the
cornerstones of everyday clinical practice. The ongoing demands
facing healthcare professionals providing quality services in an
efficient and timely manner are well known. The MED aims to
support clinical departments, particularly as they adopt new
technologies into existing care pathways and practices.

The MED’s interaction with clinical departments depends on the
type and needs of individual departments. Provision of advice can
range from a response to a telephone enquiry from a healthcare
professional to a comprehensive site visit. These visits are at the
department’s invitation and are intended to provide independent
on-site support and reassurance on issues surrounding patient
safety and process efficiency within the context of IR(ME)R. 

The site visit provides a vehicle to deliver key safety messages to
all those involved in the delivery of RT to patients. This face to face
interaction with clinical departments allows the MED to positively
influence local safety cultures and help clinical departments
understand the safety implications of their own processes. 

The MED offers a tailored service, with visits lasting 1-3 days.
Each visit is planned in advance via email contact with a key sta-
keholder from the department and a programme for the visit is
agreed. A site visit usually begins with a meeting with the heads
of service and medical and physics leads for the department, to
ensure that there is involvement from all staff groups. Visits
consist of a series of observations of key areas within the clini-
cal department, informal interviews with individual members of
staff and a review of department procedures. Examples of good
practice are shared between departments. At the end of the visit,
feedback of findings and agreement of an action plan is achieved
in consultation with representatives from the clinical depart-
ment. There is also the provision for support and follow-up to
these site visits.

MED site visits continue to evolve through consultation with the
clinical community and are informed by working with key stake-
holders. Feedback from the visits shows that clinical sites valued
and benefitted from an independent review of all aspects of the
pathway. The site visit identifies redundant processes so
resources can be refocused into areas of potential weakness.
Practical advice on the implementation of guidance documents
was given and learning from shared experience of other clinical
sites was valued. The flexible approach to the visit and receipt of
achievable advice was also deemed beneficial. All sites note the
importance of conducting visits and receiving advice outwith a
regulatory programme of inspections, undertaken by staff with
clinical backgrounds. 

By working in partnership, real improvements can be made and
any advice given is done in consultation with local sites and with
local practice in mind. MED staff provide an independent over-
view of a clinical department’s practices without preconceived
ideas and draw on good practice from elsewhere, as well as their
own experiences. Flexibility of approach when undertaking a site
visit is a key factor in tailoring advice as each site or situation is
unique. By giving individuals the confidence to challenge their
existing practices and identify redundant work processes, more
efficient ones can be implemented, but always within the appro-
priate legal framework and within the context of an enhanced
safety culture.

Reporting and Analysis of Incidents and Near Misses

In the UK, the National Patient Safety Agency (NPSA) has an
established system of voluntary reporting of incidents and near
misses, including those in RT, called the National Reporting and
Learning Service (NRLS). The MED works with the NPSA on
national collection and analysis of RT incidents, whether near
misses or reportable events, and promulgating this experience
across the community.

In 2008, the NPSA engaged expertise from the MED to undertake
analysis of all RTEs and near misses reported to them. The clas-
sification and coding system from ‘Towards Safer Radiotherapy’
(TSRT) was successfully employed for the analysis of a sample
dataset. The analysis of the first dataset highlighted areas where
further improvements could be made both in terms of quality
and quantity of reporting. In order to improve this further work
has been undertaken by the MED and NPSA Steering Group on
Patient Safety in Radiotherapy on how to implement the
‘Towards Safer Radiotherapy’ coding and classification locally
and to streamline the submission of data to the NRLS. 

This has involved working with the vendor systems used for
upload of incident data to the NRLS by clinical departments. A
guidance document was written and piloted in six RT depart-
ments to explain how to implement the classification and coding
system from TSRT and how to improve submission of RT inci-
dents to the NRLS. This document was then launched at a natio-
nal workshop (June 2009) involving all UK RT departments.

The MED has a data sharing agreement with the NPSA to pro-
vide the expertise to undertake the analysis of data collected on
radiation incidents on a regular basis. These reports will be
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regularly published on the NPSA website4. National sharing of
any lessons learnt from incidents and near misses will now be
possible. By including near misses within the analysis, a much
larger dataset can be produced which is more relevant to normal
practice and broadens the opportunities for learning. In addition,
this work facilitates the comparison of local and national incident
analysis.

Further work in this area includes the development of additional
codes to map causes of RTE’s and to establish a coding revision
process. Discussions have already begun with professional
bodies from other healthcare modalities in the UK to share expe-
rience of this methodology. In addition the MED are working to
establish a link with the international community to enable their
work to contribute to international reporting for the benefit of
global patient safety.

Conclusion

The HPA’s MED has established a national independent resource
for the RT community, providing a unique approach to improving
patient safety in radiotherapy, through joint publications with the
professional bodies, site visits and analysis of incidents and near
misses. 

MED staff, who have RT expertise from clinical, scientific and
healthcare policy backgrounds work in partnership with the
entire RT community including healthcare professionals, profes-
sional bodies, government departments and agencies, and
members of the public. This approach has been endorsed by the
RT professional bodies and clinical departments alike. 

As part of an independent agency, MED staff can work with cli-
nical departments, from within their own environment and
without threat, to provide a genuine opportunity for clinical staff
to learn and develop their services and their own expertise with
the objective of improving radiotherapy safety for patients. ■

1. A Guide to Understanding the Implications of the Ionising Radiation (Medical
Exposure) Regulations in Radiotherapy
www.rcr.ac.uk/publications.aspx?PageID=149&PublicationID=289

2. Towards Safer Radiotherapy, 2008
www.rcr.ac.uk/index.asp?PageID=149&PublicationID=281

3. Care Quality Commission
www.cqc.org.uk/

4. NPSA Reporting and Learning System (RLS) Data Summary May 2008
www.npsa.nhs.uk/nrls/patient-safety-incident-data/quarterly-data-reports/
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The paper will briefly describe the regulatory approach to the
licensing and control of the radioterapeutic departments in the
Czech Republic and will be more specifically focused to the pre-
vention of the radiological events (incidents and accidents) in this
area. The use of sources of ionizing radiation in radiotherapy is
traditionally activity with the highest preference and attention
from the side of regulatory authority. There are very strong and
high legislative requirements defined for the technical quality of
sources and their regular control as well as for the workers and
their appropriate qualification. It is clear that the fault can be
never definitely excluded – mainly the human error – however a
big effort is invested to the prevention and minimization of the
probability that the error occur. 

One of the most important document requested with the appli-
cation for the licensing of radiotherapy is the Program of quality
assurance where all procedures must be described and preven-
tion of the faults shall be included. The inspections are organi-
zed at least once per year at these workplaces and the inspec-
tors pay big attention also to the registration of all radiological
events which happened at the workplace. The registration of
these events is obligatory. The radiological events are classified
in accordance with their importance into several groups – the
most important (category A) group shall be reported to regula-
tor (the State Office for Nuclear Safety - SUJB). 

Of course there is always a problem with the completeness of
this reporting. SUJB is searching the ways how to receive as
much information as possible. There is long term effort to com-
municate directly through the seminars or national conferences
with the workplaces performing the radiotherapy, to explain
them the importance of the sharing of lesson learned from
radiological events between the workplaces as an essential part
of the effective prevention.

There is also good co-operation between regulator and profes-
sional societies. SUJB has also differentiated approach to the
workplaces which honestly announced the event and to them
which conceal the information and the event is found during the
inspection or it is announced by the patient or somebody else.

The survey of radiological incidents has been organized during
the years 2006-2008 in the Czech Republic and it is showing that
majority of incidents is caused by human errors appearing at
different stages of radiotherapy process (85%). Altogether
160 events were registered on the workplaces (25 workplaces
participated in the survey) during these three years. Errors
appearing at the beginning of process can cause radiological
incidents with serious consequences for patients (category A)
contrary to incidents occurring during fractionated treatments,
which might be usually compensated. There were 6 serious
events (category A) during past three years investigated by SUJB
– 4 of them properly reported. More detailed description will be
done in the paper. The possibilities for limitation of radiological
incidents will be also discussed on the basis of proposed human
error model. ■

The system of radiological events
evaluation in radiotherapy in the
Czech Republic
by Karla Petrová, Lenka Hobzová, State Office for Nuclear Safety and
Josef Novotný, Hospital Na Homolce – Prague (Czech Republic)
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The inspections carried out by ASN in the medical sector have,
since 2005, also included radiological protection for patients.
Between 2002 and 2005, ASN saw it as important to publish the
new regulatory framework required to transpose Directive 97/43
Euratom1, while also carrying out inspections focusing mainly on
radiological protection regarding healthcare professionals, the
technical compliance of facilities with license requirements
issued by ASN and the management rules applying to radioac-
tive sources.

Safety problems in radiotherapy treatment, brought to light fol-
lowing the accidents that occurred at Epinal Hospital (2004-
2005) and Rangueil Hospital in Toulouse (2006-2007), together
with other incidents notified to ASN since 2005, have led ASN to
shift the focus of its inspections in radiotherapy to radiological
protection for patients. Since 2007, the 180 radiotherapy centres
in France have been subject to annual inspections and inspec-
tions are carried out immediately whenever warranted by the
nature of significant radiological protection events notified to
ASN.

ASN has therefore defined a new aim for inspections of French
radiotherapy centres, drawing on a major portion of its
resources to implement its objectives. This priority resulted in
ASN providing a response to new needs: a need for transparency
with regard to the public, the renewed need for coordination with
other administrative entities in the healthcare sector and the
need to share its experience, with professionals and stakehol-
ders at regional, national and international level.

New radiotherapy inspection practices (2007 to 2009)

New objectives - Inspections have gradually evolved from an ins-
pection focused on the accelerators used in radiotherapy to a
comprehensive inspection of both the technical aspects and the
organisational and human factors. As a result, inspections are
not only focused on checking the radiological protection and
quality aspects of the equipment, checking traceability relative
to maintenance operations and establishing formal rules for
equipment use, but also on team organisation, including the
medical physics team, the stages in the patient care pathway, the
information sharing system within departments and the pro-
gressive implementation of a quality management system. This
broader scope has been supported by solid regulatory measures
introduced by the Order approving ASN Ruling No.2008-DC-0103
of 1st July 2008.

The inspections have also served to monitor the development of
various initiatives promoting feedback, based on analysis of
events liable to result in radiation overexposure or exposure
affecting healthcare professionals. The criteria for notifying a

significant event to ASN were defined (July 2007) and then revi-
sed (September 2009) and a reporting and rating scale divided
into eight levels, known as the ASN/SFRO scale, has been deve-
loped. Implementing an initiative such as this implies establi-
shing a policy on internal reporting at radiotherapy centres to
ensure than any problems are recorded and known, together
with team organisation to analyse such problems and then
supervise implementation of corrective measures designed to
prevent a similar incident from occurring again in the future. In
2008, ASN was notified of two hundred and eight events, the
majority of which (98%) were rated Level 1 on the ASN/SFRO
scale (no consequences for patient health), with the rest (2%)
being classified Level 2 incidents (possible moderate alteration
to an organ or physiological function). The inspections carried
out to date have aimed to encourage transparency at the centres,
so that they will report their incidents, and to check analyses
performed and ensure that corrective measures really are
implemented.

Relations between inspectors and healthcare professionals -
Monitoring implementation of quality assurance initiatives and of
measures promoting feedback and experience-sharing have
brought about a radical change in relations between ASN and
staff at the radiotherapy centres inspected, including manage-
ment representatives, physicians, medical physicists, radiothe-
rapists and operators in charge of dosimetry. The period 2007-
2009 has been an extremely stressful time for the professionals
inspected, with increased media and public attention focused on

Inspecting radiotherapy treatment
safety: a priority for ASN for
 several years to come
by Jean-Luc Godet, Head of Ionising Radiation and Health Department,
Carole Marchal, Deputy director of Ionising Radiation and Health
Department and Mathias Lelièvre, Head of the Paris Division – French
Nuclear Safety Authority – Paris (France)
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radiotherapy. In spite of this, a relation of mutual respect has
gradually developed between ASN inspectors and staff at radio-
therapy centres : acknowledgment of the expertise of ASN per-
sonnel, of the added value generated by the inspection process,
and also of the constraints affecting radiotherapy departments,
especially in terms of human resources and funding. Relations
between ASN and the radiotherapy centres, which may occasio-
nally, by their very nature, be fraught, have, in the majority of
cases, enabled repeated inspection campaigns to proceed in a
calm and professional atmosphere, conducive to achieving
considerable progress on the part of the radiotherapy depart-
ments to ensure radiological protection for staff and patients.

The resources implemented - Having defined its objectives,
ASN has been able to deploy the appropriate resources. To begin
with, a huge effort has been made to ensure that every radio-
therapy centre is inspected at least once a year. Thus, since 2007,
ASN has carried out over 500 inspections at radiotherapy depart-
ments. Performing inspections on this annual basis has made it
possible to closely monitor changes to the services, thanks to the
responses given by the departments to inspection follow-up
 letters and then the following year’s inspection, to observe the
real impact of action taken since the previous inspection.

Although prior notice of inspection was given more or less sys-
tematically prior to 2007, the radiation protection inspectors
have since employed all the tools available to them: surprise ins-
pections, reactive inspections following incidents, inspections
involving experts (radiotherapists or medical physicists), inspec-
tions in conjunction with other inspection bodies, such as the
medical inspectors from the local health and social services
offices (DDASS). Knowing the exact situation of each department
has enabled the ASN to adapt its inspection procedures accor-
ding to the stakes and issues involved at each. For example, sur-
prise inspections have been conducted to check the actual pre-
sence of professionals, in compliance with the regulatory
requirements. In addition, where the situation has justified such
action, decisions have been taken with regard to a number of
radiotherapy centres : thus, in 2009, three of them had to tem-
porarily stop all activity, since the ASN suspended their licences
to use their accelerators because they did not have any more
medical physicists.

Since 2007, ASN has also been developing new training pro-
grammes so that its personnel can develop the skills required

for more efficient and comprehensive inspections of radiothe-
rapy centres. Inspector training, which is required in order to be
a certified radiationprotection inspector, has thus integrated a
module on organisational and human factors. Inspectors can
also take an advanced training course on risk analysis in radio-
therapy. Lastly, immersion training at radiotherapy centres has
provided ASN inspectors with a better understanding of the
constraints under which the healthcare professionals work, as
well as improving their technical knowledge. Inspection tools
have been updated each year, by means of national workgroups.
These tools include an inspection guide, which is enriched each
year thanks to feedback from centres that have notified inci-
dents. Every year, ASN also draws up a report on the inspections
carried out, in a monograph containing a review of the improve-
ments made by the centres and identifying recurring problems
to be checked during inspections carried out the  following year.

Review of inspections carried out in 2007 and 2008

In April 2008, ASN published the review of inspections carried
out in 2007 at radiotherapy centres, focusing on the subject of
organisational and human factors. This review has led to the
 following observations in particular:
– staff appear to be fully in control of the steps involved in plan-
ning and providing treatment, together with their related res-
ponsibilities, even though these are rarely defined in formal
 procedure; 
– individual medical follow-up of patients following treatment is
generally well-organised; 
– it is essential to increase the number of medical physicists
staff working in radiotherapy teams, especially radiation physi-
cists, as well as the number of radiotherapy oncologists and
radiotherapists; 
– internal checks relative to procedures involved in planning and
providing treatment are carried out at the centres, but, in most
cases, are still not set out in written procedures; 
– analysis of the risks related to radiotherapy, based on the com-
pilation and analysis of undesirable events, is performed at too
few of the centres. 

This review has revealed contrasting situations at different radio-
therapy centres : at some centres, steps have been taken to
make treatment safer; while at others, although fewer in num-
ber, organisational weaknesses have built up which must be
addressed as a priority.

Team responsability

Management Commitment
Internal incident reporting
Training in identifying the
events to be reported
Organisation for analysing
reports and suggesting
improvements
Planning improvements
Internal communication
Keeping records of internal
report processing
Organisational measures
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All the radiotherapy centres inspected in 2007 were reviewed in
2008. ASN was thus able to monitor the actions implemented by
the radiotherapy centres following the inspections carried out in
2007, making it a priority to examine, during the first six months
of 2008, the situation of those centres where shortfalls in terms
of human resources and organisation had been found. The
conclusions drawn by the inspections of these "priority" centres
were immediately sent to the Regional Hospital Agencies (ARH)
and to the national support unit set up by the National Cancer
Institute (INCa). The work carried out by this unit, of which ASN
is a member, has served to identify nine centres for which the
French Health Minister then demanded immediate action be
taken to make up the shortages of staff specialising in medical
radiation physicists.

The inspections carried out in 2008 covered six specific sub-
jects: human resources, how medical physics is organised, trai-
ning in radiological protection for patients, skilled use of equip-
ment, managing treatment safety and quality and risk
management. 

The review of these inspections, published in November 2009,
reveals even greater contrasts in the situation than in 2007. Staff
(radiotherapy oncologists, radiation physicists and radiothera-
pists) are still having to cope with serious problems. The conti-
nuing acute shortage of radiation physicists causes insecurity
among the medical physics teams and is still, for around 20% of
radiotherapy centres, a critical factor affecting the strength of
the organisation.

"Plans d’organisation de la radiophysique médicale" (POPM,
organisational plans in medical radiation physics), required
under French regulations, often lack any prospect of improve-
ment or updating, notably with regard to progress achieved
 compared with the situation in previous years.

Between 2007 and 2008, ASN inspections showed that safety had
improved insofar as concerns treatment. Nonetheless, these
improvements vary from one centre to the next and from one
region to the next. Organised management of treatment safety
and quality is a critical factor for between 10% and 20% of the cen-
tres where the introduction of such an approach is long  overdue.

Insofar as concerns the application of regulatory requirements
relative to internal quality control on equipment, these checks,
regarding radiotherapy facilities and the related scanners, are
far from exhaustive at practically all the centres. 

Implementation of the procedures for notifying ASN of significant
radiological protection events was widespread in 2008 but the
centres have difficulty in organising and performing in-depth
analysis and undertaking any improvements required on a regu-
lar basis. At the end of the first six months of 2009, 50% of the
centres had notified ASN of at least one event (compared with
18% between June 2007 and July 2008).

Key points regarding the inspection programme for 2009
to 2012

In 2009, ASN pursued its monitoring of all the radiotherapy
departments, targeting inspections primarily on the application
of the recently-introduced requirements relative to quality assu-
rance, looking ahead to the staged implementation of the requi-
rements set out in technical ruling 2008-DC-103 of 1st July 2008. 

This ruling was approved in January 2009 by the French Health
Minister and has been enforceable since March 2009. A guide,
drawn up in liaison with healthcare professionals and published
by ASN in March 2009, provides a specific reference framework
for managing safety and treatment quality. It comes with a
second methodology document focusing on risk analysis in
external radiotherapy, which was also drawn up in conjunction
with healthcare professionals.

The schedule for application of this new ruling (see box) will be
checked during future ASN inspections, up to 2011.

The year 2012 should be thought of, by all radiotherapy centres,
as a cut-off year: after this date, in order to be authorised to
practice radiotherapy, the regulatory quality criteria, defined by
the INCa must be satisfied in their entirety. ASN, in liaison with
the inspection departments of the new regional healthcare
agencies (ARS), is planning a comprehensive review of the cen-
tres to check these criteria and reassess treatment safety.

Providing information to the public and public health agencies
- ASN was concerned to report on its inspection activities, within
the framework of its public information policy, as defined by
France’s Act of 13 June 2006 on Transparency and Security in the
Nuclear Field. Accordingly, the follow-up letters to inspections
carried out at radiotherapy centres since 1 January 2008 have
been published on the ASN’s website (www.asn.fr). These fol-
low-up letters formally list any noncompliance identified toge-
ther with the remarks of the radiation protection inspectors.
They also report on improvements made at the centres inspec-
ted, the extent to which ASN’s requirements have been dealt
with, without detriment to the medical quality of radiotherapy
treatment and its outcome for the patient. As on 31 August 2009,
ASN had published 222 inspection follow-up letters. Inspections
were also carried out in the presence of journalists, with a view
to informing the public of the ASN’s monitoring practices.

A general report on Level 1 events (on the ASN/SFRO scale) noti-
fied to ASN is published every quarter (www.asn.fr). Events clas-
sified as Level 2 or above are reported in a specific newsletter
available on the ASN website or in press releases.

As a result of the expertise built up in the course of its inspec-
tions and its detailed knowledge of how each one of the
180 radiotherapy centres in France, (including French overseas
départements) functions, ASN has developed stronger relations
with other administrative bodies which have authority in the
matter of radiotherapy. Thus, in the regions, the ASN’s regional
divisions work in liaison with the Regional Hospital Agencies
(ARH) and medical inspectors from the DDASS. Such coopera-
tion results in more efficient monitoring. For example, inspec-
tions have frequently been carried out jointly with the medical
inspectors, making it possible to compare findings at the same
radiotherapy centre, which may vary according to their specific
fields of expertise.

At national level, ASN has signed cooperation agreements with
the French National Authority for Health - (HAS, December
2008), the French Agency for the Safety of Health Products 
(AFSSAPS, July 2009), the National Institute for Public Health
Surveillance (InVS, September 2009) and, in the near future, an
agreement will be signed with the National Cancer Institute
(INCa). Such cooperation should, especially, make it possible to
implement and consolidate reciprocal information-sharing

Treating prostate cancer with brachytherapy: the radioactive rods stored in the contain are implanted around the
tumour
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 procedures between ASN inspections and the healthcare esta-
blishment accreditation system coordinated by the HAS, controls
on medical devices performed by the AFSSAPS, surveillance of
undesirable events carried out by the InVS and INCa’s national
monitoring of the situation at radiotherapy centres facing the
most serious problems.

Additionally, ASN has also been keen to report information to
stakeholders in the broadest sense of the term. In the regions,
seminars are regularly held by the ASN’s regional divisions to
bring together healthcare professionals and partner administra-
tions to discuss the inspections carried out, the improvements
and problems found, to develop individual initiatives implemen-
ted by some centres, in the area of quality assurance and
 information-sharing management, for example. 

At national level, ASN has developed links with certain learned
societies, including the French Society of Radiation Oncology
(SFRO) and the French Society of Medical Physics (SFPM), for
example. The meetings provide an opportunity to listen to the
professionals' needs and to explain ASN’s desire to work toge-
ther to improve radiological protection at radiotherapy centres.

Lastly, at international level, ASN, in conjunction with several
partners, is organising a conference on treatment safety in
radiotherapy in December 2009, aimed at sharing its experience
with healthcare professionals (SFRO, SFPM, SFRP) and interna-
tional partners (IAEA, WHO, EU).

Changes required 

ASN has less than three years' experience in inspection in the
area of treatment safety in radiotherapy. Its inspectors have
quickly developed specialised skills in new areas involving treat-
ment plans, taking account of organisational and human factors
and risk analysis, for example. They have also had to deal with
complicated situations and analyse events involving issues rela-
tive to radiation protection and medical device vigilance at the
same time, based on the observation of anomalies in dose plan-
ning software, for example, or incompatibility between accesso-
ries used in stereotactic radiotherapy. To deal with all this and
build up its own expertise, ASN has developed specialised trai-
ning for its inspectors (in risk analysis and HOF). It has also taken
on new staff with specific expertise (HOF) or sound experience in
the hospital environment (medical physicists and radiothera-
pists). This drive to ensure that the most experienced inspectors
develop specialised skills must be sustained, for example in the
area of risk analysis.

In certain situations, expertise from outside ASN has been requi-
red during inspections, calling on learned societies (medical
physicists and radiotherapy oncologists). Work is in progress to
define a legal framework for coordinating such expertise (legal
protection and ethics) as well financing it. 

The aim of an ASN inspection is not to assess the quality of cli-
nical practice, especially insofar as concerns application of the
principle of justifying all therapeutic indications. Eventually, ASN
nonetheless hopes that clinical audits, performed in conditions
that still need to be defined in France (HAS), and based on the
latest EU recommendations, will also be carried out to make the
ongoing initiatives to ensure treatment safety as comprehensive
as possible. This assessment of professional practice, combined
with ASN’s inspection system, will thus ensure that radiotherapy
in France enjoys a high level of quality and safety.

Conclusions

Inspecting treatment safety in the field of radiotherapy has, since
2007, become one of ASN’s priorities. This will continue to be the
case until at least 2012, when the criteria defined by the INCa
must be scrupulously satisfied in order to be authorised to prac-
tice radiotherapy treatment. The continuing acute shortage of
medical physicists, which it will take five to ten years to fill, is still
a critical factor affecting the strength of the organisation, one
that receives particular attention during ASN’s inspections in
this area.

Since 2007, ASN has noted significant improvements at many
centres that reflect the real development of a safety culture,
mainly focused on better traceability of controls on planning and
carrying out treatment, the gradual implementation of an inter-
nal system to record and analyse problems and notifying ASN of
certain events.

For ASN, after making the regulatory framework clearer and
stricter in 2008, the next challenge to be met, in close coopera-
tion with the healthcare professionals, is to organise a system for
sharing experience at national level, based on events recorded
and notified, which will be of benefit to all the radiotherapy
centres.

Lastly, ASN will continue to play its part in keeping the public
informed, by systematically publishing inspection follow-up 
letters and reports on the events notified to it online. ■
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As any other treatment, radiotherapy requires the patient’s
informed consent. The process of informed consent refers to a
free decision made by the patient, after an open dialogue with the
health professionals. It includes several steps: provision of clear
information to the patient focussed on risks and benefits, modal-
ities of the treatment and other therapeutic options. The patient
is also expected to express questions and concerns. It is impor-
tant to ensure consistency between the information provided by
the different teams taking care of to the patient. The second step
gives the opportunity for the patient to consult other persons
who can help him to take his decision (e.g. members of his fam-
ily, family doctor, patients' organizations). The third step aims to
formalize the decision, most of the time a written document will
be signed by the patient. The process does not end with this third
step, the exchange of information has to continue during the
treatment. Cultural and personal aspects should be taken into
consideration, for example the patient’s family may have a
 different role depending on cultural settings. 

Specific modalities for patients unable to give consent will be
discussed, as well as complex situations such as palliative
 radiotherapy. ■

Informed consent process: a
patient centred approach of the
therapeutic decision
by Dr Marie-Charlotte Bouësseau, Ethics and Health, Team leader,
World Health Organization (WHO) – Geneva (Swiss)

SESSION X.
ROUND TABLE: PATIENT INFORMATION
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Contrôle review’s articles present the ASN view of the subject covered and gives an opportunity for
the various stakeholders concerned to express themselves freely with regard to the law.
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