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From the editor

This is a Special Issue of the SSDL Newsletter. The original idea to highlight the
40th anniversary of the IAEA/WHO TLD postal dose audit service came from
my colleague Joanna Izewska (TLD Officer and Unit Head of the IAEA Dosim-
etry Laboratory). The Division Director, Mr. Rethy Chhem and myself fully
supported the proposal. After forty years of operation, the service has verified
the calibration of approximately 8000 radiotherapy beams in about 1700 hospi-
tals worldwide. Several hundreds of dosimetry deviations have been identified
and reconciled, thus avoiding potential dose misadministration to patients. The
editor would like to thank all contributors to this special issue and Ms. Izewska
for putting together the inputs from all of those who have significantly contrib-
uted to setting up this valuable service and to those who have supported it.

An announcement of the upcoming International Dosimetry Symposium on
Standards, Applications and Quality Assurance in Medical Radiation Dosim-
etry (IDOS) is included on page 5. IDOS will be held at IAEA Headquarters
in Vienna during 9-12 November 2010. Additional information on topics to be
covered and deadlines for paper submissions are given in the IAEA website

http://www-pub.iaea.org/MTCD/meetings/Announce-ments.asp?ConflD=38093

Our colleague and friend Frantisek Pernicka passed away on Saturday 2 Janu-
ary 2010 in his home town of Prague, following a heart attack. A tribute to a
much appreciated colleague is given on page 4 of this special issue of the SSDL
Newsletter.
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STAFF OF THE DOSIMETRY AND MEDICAL
RADIATION PHYSICS (DMRP) SECTION

International Atomic Energy Agency, Vienna International Centre, P.O. Box 100, 1400 Vienna, Austria
Telephone: (+43-1) 2600+extension; Fax: (+43-1) 26007, e-mail:Official. Mail@iaca.org

Name Position/tasks E-mail address Extension

Meghzifene, Ahmed Section Head a.meghzifene@iaea.org 21653

Azangwe, Godfrey Dosimetrist g.azangwe(@iaea.org 28384

Bera, Pranabes Senior Laboratory Technician, TLD p.bera@iaea.org 28330

. Senior Laboratory Technician
Ladisl . . . . iaea.
Czap, Ladislav Radiotherapy and Radiat. Protection Lczap@iaca.org 28332
.. . ior L Technici

Girzikowsky, Reinhard ;ﬁ;;?]:)st?(k:?;t;%g;c nictan r.girzikowsky@jiaea.org 28328
Unit Head, Dosimetry Laboratory .. .

I1zewska, Joanna TLD Officer j.izewska@jiaea.org 21661/28331

Kesner, Adam Junior Medical Radiation Physicist a.kesner(@iaca.org 21655
Medical Radiation Physicist

McL lan Donal . . . i.mcl iaea. 21

cLean, lan Donald Diagnostic Radiology i.mclean@jiaea.org 663
. Medical Radiation Physicist .

Palm, Stig Harald Nuclear Medicine s.palm@jiaea.org 21659
Medical Radiation Physicist . .

Van Dyk, Jacob ety Coraliar j.vandyk@jiaca.org 24290

Brenier, Beatrice Secretary/Clerk b.brenier@jiaca.org 26072

Ciortan, Simona Secretary/Clerk s.ciortan@iaea.org 21634

Danker, Sabine Secretary/Clerk s.danker@jiaca.org 21665

Flory, Rosemary Secretary/Clerk r.flory@iaea.org 21662

Ince, Jennifer Secretary/Clerk j.ince@iaea.org 21653

DMRP Section* dosimetry@iaea.org 21662

* This is the email address to which general messages on dosimetry and medical radiation physics should be ad-
dressed, i.e. correspondence not related to specific tasks of the staff above. Each incoming general correspond-
ence to the DMRP Section mailbox will be dealt with accordingly.
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SERVICES PROVIDED BY THE IAEAIN
DOSIMETRY AND MEDICAL RADIATION
PHYSICS

The IAEA’s Dosimetry and Medical Radiation Physics Section focuses on services provided to Member States
through the IAEA/WHO SSDL Network and on a system of dose quality audits. The measurement standards
of Member States are calibrated, free of charge, at the IAEA’s Dosimetry Laboratory. The audits are performed
through the IAEA/WHO TLD postal dose audit service for SSDLs and radiotherapy centres.

The IAEA Calibration and Measurement Capabilities (CMCs) have been reviewed and published in the CIPM’s
(Comité International des Poids et Mesures) Appendix C. The Dosimetry Laboratory’s Quality Management Sys-
tem has been reviewed and accepted by the Joint Committee of the Regional Metrology Organizations and the
BIPM (JCRB).

Additional information can be found at the following web site: Attp://kcdb. bipm.org/AppendixC/search.asp? met=R|
The range of services is listed below.

Services Radiation quality

Calibration of ionization chambers (radiotherapy, diagnostic
radiology including mammography, and radiation protection
including environmental dose level)

X rays (10-300kV)* and gamma rays from
137Cs and *°Co

v rays from ¥¥’Cs (Source of traceability has
been changed from NIST to PTB (effective
January 2009).

Calibration of well type ionization chambers for low dose rate
(LDR) brachytherapy

Comparison of therapy level ionization chamber calibrations

(for SSDLs) y rays from ©Co

TLD dose quality audits for external radiotherapy beams for

SSDLs and hospitals v rays from ¢°Co and high energy X ray beams

TLD dose quality audits for radiation protection for SSDLs y rays from ¥'Cs

X rays (40-300 kV)* and y rays from *¥Cs

Reference irradiations to dosimeters for radiation protection s
and *Co beams

* Calibrations in X ray beams will not be available till June 2010, because of X ray equipment replacement

Member States who are interested in these services should contact the IAEA/WHO SSDL Network Secretariat for
further details, at the address provided below. Additional information is also available through the Internet at the
web site: attp://www-naweb.iaea.org/nahu/dmrp/ssdl.asp.

IAEA/WHO SSDL Network Secretariat Note to SSDLs using IAEA calibration and
Dosimetry and Medical Radiation Physics Section audit services:

Division of Human Health

Department of Nuclear Sciences and Applications
International Atomic Energy Agency

Vienna International Centre, P.O. Box 100

1400 Vienna, Austria

1. To ensure continuous improvement in
IAEA calibration and audit services,
SSDLs are encouraged to submit sug-
gestions for improvements to the DMRP

Telephone: +43 1 2600 21662 Seetion
Fax: +43 1 26007 21662 2. Complaints on IAEA services can be
Email: dosimetry@jiaea.org addressed to dosimetry(@iaea.org.
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Frantisek Pernicka

Our colleague and friend Frantisek Pernicka, known to all at the IAEA as Frank, passed away
on Saturday 2 January 2010 in his home town of Prague, following a heart attack.

We are all deeply saddened by this unexpected and devastating news. He was with us only
a few days before he went on a well deserved leave to be with his family during the holiday
season.

Frank worked at the IAEA from 1997 until 2006 and again lately we had the pleasure of him
working with us as a consultant. Frank was an outstanding scientist whose experience in his
fields of both dosimetry and clinical medical physics was both wide and deep. He touched
the lives of those he was in contact with, both colleagues at the IAEA and those with whom
he strove to serve, scientists working in dosimetry and health care professionals in Member
States. It was a feature of Frank’s personality that those who worked with him regarded him
as a friend.

Frank has made a large contribution to the fields of dosimetry and clinical medical physics.
One of his proudest achievements has been the production of the International Code of Prac-
tice in Diagnostic Radiology Dosimetry, which standardises the concepts of radiation dosim-
etry in this field. He did extensive work in calibration for diagnostic radiology, radiotherapy,
brachytherapy, and for radiation protection monitoring instruments. His breadth of experience
in clinical medical physics was often called upon in work for Member States. Frank was an
excellent teacher and his generous nature led him to spend long hours working to achieve com-
prehensive and quality results for those asking for his support. He had a deep understanding
of how careful work through the IAEA could make a significant difference for scientists and
clinical people working in difficult conditions in their home countries and his work has been
an example for others.

From all your work friends at the IAEA, and from those you strove to serve in other countries,
we would like to say “Thank you Frank for all you have given, you will be sorely missed”.

Staff of the Dosimetry and Medical Radiation Physics Section
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Introductory remarks

Joanna Izewska
International Atomic Energy Agency

This Special Issue of the SSDL Newsletter was put to-
gether on the occasion of the 40th anniversary of the
IAEA/WHO TLD postal dose audit service. In 1969,
the fist TLD batch, as documented in the IAEA TLD
database, was sent to radiotherapy centres within the
project called “Joint IAEA/WHO Dose Intercompari-
son Service for Radiotherapy”. Obviously, before such
a joint service was offered to Member States, it took a
few years to set-up the infrastructure, choose a suitable
dosimeter for mailing and develop auditing procedures.

The idea of organizing a dosimetry audit for
radiotherapy centres by the IAEA, was suggested first
time in late 1950s, i.e. over 50 years ago. The IAEA
Dosimetry Laboratory was set up in early 1960s and
the IAEA Dosimetry Section started its work in 1967.
First trial postal dose inter-hospital comparisons, called
intercomparisons at that time, were conducted by the
IAEA in 1965-1966 involving Fricke dosimeters and
TLDs. Eventually, the service was established based
on TLDs due to the adequate precision, low cost and
easiness of shipment and it has been operated this way
until today. WHO joined the IAEA project in 1968 and
since then it has actively co-operated for the service
implementation worldwide (see WHO statement by S.
Groth, this issue).

In forty years of its operation, several developments
took place in the IAEA/WHO service. These are de-
scribed by subsequent heads of the Dosimetry Section
(the Dosimetry and Medical Radiation Physics Section
as of 1996): H. Eisenlohr, H. Svensson, P. Andreo, K.
Shortt and A. Meghzifene, from the service inception
until 2010.

By 2010, the IAEA/WHO TLD audit service has veri-
fied the calibration of approximately 8000 radiotherapy
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beams in about 1700 hospitals world-wide. In addition
to the IAEA, the auditing services are offered by sev-
eral dosimetry networks operating at a national level.
The largest audit programme is conducted by the Ra-
diological Physics Center, Houston, USA, that serves
North American radiotherapy centres, but also some
centres in other countries.

Both on-site audit systems and mailed dosimetry pro-
grammes have proven to be very useful tools in qual-
ity assurance. The significance of dosimetry audit is
analysed by D. Thwaites in this issue of the Newslet-
ter. Early developments in dosimetry comparisons for
radiotherapy in Europe are described by A. Dutreix, a
major architect of postal dosimetry audits in Europe.
A few examples of national postal dose audit systems
are provided by national laboratories in Algeria, Bra-
zil, Czech Republic, Poland and Japan. Some audit
programmes also assess treatment planning systems.
En example of a new IAEA project on TPS auditing is
given by E. Gershkevitsch in this issue.

It is generally agreed, that, without proper accuracy in
beam dosimetry and treatment planning the required
outcome of the patient’s treatment cannot be achieved.
However, 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 within
the framework of the Quality Assurance Team for Ra-
diation Oncology (QUATRO). As of 2005, QUATRO
audit missions have been incorporated in the scope of
IAEA activities in quality audits for radiotherapy and
a short overview of these activities is included in the
current issue of the Newsletter.

The present IAEA TLD Team, from left to right:

S Danker (Secretary), P. Bera (TLD Technician),

J. Izewska (TLD Officer and Unit Head, Dosimetry
Laboratory), G. Azangwe (Dosimetrist).
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The significance and impact of dosimetry
audits in radiotherapy

David |. Thwaites, Medical Physics and Engineering,
St James'’s Institute of Oncology, Leeds Teaching Hospitals, Leeds, UK

Accuracy, quality assurance and
guality audit of dosimetry in
radiotherapy

Radiotherapy began soon after the discovery of X rays
in 1895. It became increasingly obvious to radia-
tion physicists and physicians that clear and consist-
ent methods of measuring, describing, prescribing and
reporting dose were necessary, so that radiation treat-
ments could be accurately delivered and so that clinical
experience from treatments could be shared, based on
agreed approaches to quantifying the amount of radia-
tion given (and also so that radiation protection could
be carefully quantified for safe control of radiation en-
vironments). This lead to a range of fundamental de-
velopments that support our dosimetry practice today,
including

— The evolution of radiation quantities, initially ex-
posure, later absorbed dose and others; increas-
ingly sophisticated instrumentation to measure
these quantities; and bodies such as ICRU being
established to review, revise and recommend in-
ternationally consistent definitions and approaches
to their use;

— The establishment of radiation dosimetry stan-
dards and eventually the current extensive and
inter-linked world-wide primary and secondary
standards dosimetry laboratory network, support-
ed by IAEA/WHO, that underpins the dissemina-
tion of consistent dosimetry to all radiotherapy
centres;

— Dosimetry protocols (or Codes of Practice) to stan-
dardise the theoretical framework and the practical
methods used to transfer from dose standards to
each radiotherapy centre and to provide recom-
mendations on instrumentation, measurement cor-
rections and other data required;

— A host of other supporting recommendations, e.g.
from ICRU on how to consistently protocolise and
report radiotherapy doses and dose distributions.

All the above taken together are intended to ensure, as
far as is reasonably achievable, a high degree of accu-
racy, precision, reliability and reproducibility in radia-
tion dose as delivered to patients, which is necessary to
ensure safe and high quality treatment and optimised

outcome for each patient. The overall accuracy in the
radiation dose delivered to the dose specification point
in the patient is generally recommended to be within
+5% or so of prescription at the 95% confidence lev-
el (see for example relevant IAEA references [1, 2]).
These recommendations are for the end point of the ra-
diotherapy process (i.e. for the treatment as delivered
to the patient).

Therefore in each of the many steps of the complex
dosimetry chain and radiotherapy process that contrib-
ute to its final accuracy, correspondingly smaller val-
ues are required such that when all are combined the
overall accuracy is met. This means that detailed and
continuing quality assurance (QA) of every component
is necessary, in order to achieve the required level of
accuracy and maintain it consistently. On-going QA is
also necessary to minimise the possibility of accidental
exposure (radiation incidents, or dose misadministra-
tions). This is particularly important for radiotherapy
as it is a high-dose and therefore potentially high-risk
procedure, where overdoses can cause significant dam-
age to organs and tissues.

There are many sets of recommendations on QA of
equipment, process, etc. from national and internation-
al bodies. From around the early 1990s most recom-
mendations were coming together as part of the recom-
mendations to establish comprehensive quality assur-
ance programmes (or quality management systems) to
cover all steps from treatment decision and prescription
right up to dose delivery and follow-up [as an exam-
ple, see the ESTRO quality system recommendations
[3, 4]. Such comprehensive QA programmes should
include not only detailed quality assurance performed
by each radiotherapy centre on all its procedures and
activities, but also quality audits.

Independent external quality audit is clearly recognised
as part of this as an effective method of checking that
the quality and accuracy of activities in an individual
institution is suitable for achieving the required objec-
tives. Quality audits in radiotherapy are now of a wide
range of types and levels, either reviewing the whole
process or specific critical parts of it. For example, the
IAEA QUATRO (Quality Assurance Team for Radia-
tion Oncology) programme, a recently established sys-
tem for multi-disciplinary teams to carry out compre-
hensive audits of the whole radiotherapy structure and
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process of a department, has produced guidelines for
this overall audit approach [5].

Within the programme there are also specific guide-
lines for the on-site audit of the whole of a depart-
ment’s medical physics processes [6]. However, the
first external audits in radiotherapy were specifically on
dosimetry and it is fair to say that the concepts of au-
dit in radiotherapy have largely developed out of such
long-standing medical physics audits.

Dosimetry audit in radiotherapy

This issue of SSDL Newsletter contains reviews of
some of these dosimetry audit programmes, so they
will not be detailed here. In summary, there have been a
range of comparisons and audits of dosimetry between
centres, regions or across whole countries [1].

There are two main international programmes which
make available external audit, based on mailed TLD
(thermoluminescent dosimetry), to any local radiother-
apy centre within their remit on a regular basis. These
are the IAEA/WHO TLD postal dose audit service [7]
and the ESTRO (European Society for Therapeutic Ra-
diology and Oncology) EQUAL system [8].

A third mailed TLD audit system that operates interna-
tionally is that of the US Radiological Physics Centre
(RPC), set up to support clinical trials [9] and funded
by the US National Cancer Institute (NCI), but in effect
providing a routine service mainly in N. America.

Other currently operating external audit programmes
have used mailed dosimeters, on-site visits or a combi-
nation of these. They have been either one-off national
dosimetry inter-hospital comparison exercises, carried
out to test various levels of radiotherapy dosimetry at
a specific time; or are on-going regular national au-
dit systems of dosimetry at varying levels. Some are
linked with varying degrees of formality to compre-
hensive audit of radiotherapy centres, including QA
programmes, equipment and dosimetry, e.g. Finland,
UK. Some have been associated with international
or national clinical trial groups, and their audits are in
support of general dosimetry infrastructure for entry to
clinical trials and also specifically in support of indi-
vidual trials, e.g. in Europe, the EORTC (European Or-
ganisation for Research and Treatment of Cancer); in
North America and more widely, the RPC; in the UK,
the NCRI-coordinated RTTQAG (UK National Cancer
Research Institute; Radiotherapy Trials QA Group).
Almost all of these started with auditing only radio-
therapy dose in reference conditions, although some
included audits of other parameters up to auditing the
delivery of dose distributions to be closer to the level of
dose delivery to the patient (e.g. [10]).

All have developed with time to widen the scope of the
dosimetry parameters and to respond to the demands
of evolving complexity of radiotherapy. It may also
be noted that many of the audit network systems have
closely cooperated at various stages, including by ex-
changing dosimeters and by carrying out cross-meas-
urements. This is intended to link and compare their
performance and results to ensure that there is a close
correspondence in outcome. In this way the systems are
interlinked to ensure that international and national ra-
diotherapy dosimetry audit networks are working to the
same minimum levels and standards. This is a further
powerful tool in ensuring the consistency of quality in
dosimetry as used and as delivered in radiotherapy cen-
tres world-wide.

What has the impact of dosimetry
audits been?

Firstly and most directly, in every dosimetry audit pro-
gramme, measured doses have been observed and re-
ported which have been outside the required tolerances
and in some cases significantly so [7, 8]. Therefore
audits have been effective in identifying problems in
practice, bringing these to the attention of the centres
concerned and providing support to find the source
of the problems and therefore to rectify them. In this
direct way, audits have improved practice and the ac-
curacy of dosimetry in a wide range of radiotherapy
centres.

As part of that, audits can reduce the likelihood of ac-
cidents and errors occurring or continuing, by iden-
tifying underlying problems, thereby reducing their
consequences for patient treatment. Audit closes the
dosimetry QA loop by testing that the activities relat-
ing to dose and their QA do ensure delivery of what
is intended. It provides independent assessments of
methods, procedures, processes and data, by verifying
effectiveness and performance of the overall approach.
Audit helps in reducing uncertainties and in increasing
the precision and consistency of radiotherapy dosim-
etry between centres.

It also improves practice over time and helps in main-
taining that; e.qg. it is the experience of all reported au-
dit systems that better performance (i.e. more centres
complying with the required tolerance) is measured at
later audits than in the earlier rounds, or performance
of an individual centre is improved at a second audit [7,
8, 11]. This is partly because errors identified earlier
are rectified and partly because audits give an impetus
to departments to focus on quality and performance in
a way that continues to deliver benefit. Audit can also
provide support and confidence for the introduction of
new and complex processes and technologies. Whilst
more complex treatments can produce more focussed



radiotherapy treatment, at the same time they require
more complex QA and have the scope for additional
problems to arise.

Therefore the gradual development and extension of
the scope of dosimetry audits, from only beams in
reference conditions initially, to include more param-
eters of dosimetry, equipment performance, complex
irradiations, combined beams, treatment planning, new
technology, etc. continues to increase the potential ben-
efits. Lastly, dosimetry audit has provided a general en-
vironment and example of audit in radiotherapy that
has led to the broader acceptance and development of
audit concepts and methods and to them then being ap-
plied much more widely to radiotherapy processes and
their quality improvement.

Conclusion

Overall, dosimetry audit has improved consistency in
radiotherapy results and outcomes for patients and pro-
vided confidence to clinicians in the dosimetry support-
ing their practice. Its importance and impact is clearly
recognised and its encouragement of and links to other
wider radiotherapy audit has been significant.

As it is estimated that a large number of the existing
radiotherapy facilities world-wide have not yet partici-
pated in some level of independent external dose qual-
ity audit, the breadth of uptake of audit is to be encour-
aged. As the complexity of radiotherapy develops, the
scope of what can be included in dosimetry and wider
radiotherapy quality audits also needs to continue to
increase.
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Statement by R. Chhem,
Director of the Division of Human Health, IAEA

Almost half a century
of continuous services
to patients across the
globe through outstand-
ing scientific standards
deserves a celebration.
During my twenty five
years of clinical radiol-
ogy practice, my activi-
ties were supported by
two priorities: First, to
do a thorough evaluation
of any request for radio-
logical tests submitted to
me by the attending doctor. Once the test was clearly
justified by the patient’s clinical conditions, I tried to
obtain the best and optimal image quality to allow me
to make an accurate diagnosis of the patient’s disease,
while keeping in mind that the least dose of radiation
is delivered to the patient and health care providers

that are present during the radiological examination;
second, to stress the central role of the medical radia-
tion physicist in establishing a quality assurance pro-
gramme to ensure safe and effective use of X rays in
diagnostic radiology.

This priority became a policy during my tenure as De-
partment Chair of Radiology and Nuclear Medicine at
the University of Western Ontario. | took my function
as the Director of the Division of Human Health in
November 2008. The Division includes four sections:
Nutrition and Health Related Environmental Studies,
Applied Radiology and Radiation Oncology, Nuclear
Medicine, and Dosimetry and Medical Radiation Phys-
ics. The IAEA/WHO TLD services are implemented
within the Dosimetry and Medical Radiation Physics
Section. These services are important to IAEA Member
Sates and are valued by all institutions that have been
using them for the past 40 years.

Statement by S. Groth, Director of the
Essential Health Technologies Dept, WHO

For 40 years now, the
IAEA’s dosimetry pro-
gramme has operated a
service to validate the
calibration of radiation
beams in developing
Member States using the
IAEA/WHO TLD postal
dose quality audits. Orig-
inally the TLD (thermo-
luminescent  dosimetry)
service was developed
for Co-60 therapy units,
and since 1991 it pro-
vides audits of high-energy photon beams produced in
clinical accelerators. The TLD service also monitors
activities of SSDLs in radiotherapy since 1981, and it
has recently been extended to auditing radiation protec-
tion standardization in SSDLs.

The IAEA/WHO Network of Secondary Standards
Dosimetry Laboratories (SSDL Network) was estab-
lished in 1976 as a joint project between the IAEA
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and WHO. At present, it includes 80 laboratories and
6 SSDL national organizations in 67 Member States, of
which over half are developing countries.

In both programmes, for hospitals and for SSDLs, small
TLD dosimeters are distributed by mail to the partici-
pants for irradiation and upon their return, they are read
in the IAEA’s Dosimetry Laboratory. The TLD dose is
calculated in the DMRP Section and is compared to the
dose stated by the participant. The interpretation of in-
dividual TLD results involves also detailed analysis of
the dosimetry procedures reported by the participants.
When discrepancies occur, a follow-up action is organ-
ized to resolve the problems and correct dosimetry at
the participating institutions.

The services provided by the two joint IAEA/WHO
programmes are extremely important for WHO Mem-
ber States. WHO looks forward to a continued col-
laboration between the IAEA and WHO in the field
of dosimetry and to an even more comprehensive use
of the IAEA/WHO TLD postal dose quality audits in
the future.



SSDL Newsletter No. 58, June 2010

The IAEA/WHO TLD postal dose audit service:
from 1966 to 2010

Horst H. Eisenlohr

Head of the IAEA Dosimetry Section in 1971-1987
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Horst H. Eisenlohr. Joined the IAEA in 1963. Head of the [AEA
Dosimetry Section in 1971-1987. IAEA co-secretary of the IAEA/
WHO SSDL Network 1976-1987.

In the late 1950s Prof. G. Roth from the National Ra-
diation Laboratory of New Zealand, Prof. A. Sanielev-
ici from the Bucharest University, Romania, and Prof.
R.G. Jaeger from PTB Braunschweig, Germany, were
charged with a task to build a dosimetry programme
for the IAEA, and to set-up a dosimetry laboratory for
its practical implementation. In this effort, a number
of consultants with high level expertise in dosimetry
were called to assist them in specific areas in early
1960s. Among them were: Prof. Wideroe (BBC Beta-
tron, Switzerland), Prof. B. Gross (National Institute of
Technology, Brazil), Dr. M. Cohen (then London, later
McGill University, Canada), Dr. K.C. Tsien (Temple
University, USA), and others. At that time, Drs. Tsien
and Cohen proposed for the first time that a dose com-
parison service for radiotherapy centres should be de-
veloped and organized by the IAEA.

In 1960-1961 the IAEA’s Dosimetry Laboratory was
set up with Dr. H. Nagl as head and Mr. Haider as a
technical assistant; both from the Technical University,
Vienna, Austria. Their task was to design and construct
an absorbed dose calorimeter of the type Laughlin/
Genna, and to prepare and test a system suitable for a
postal dose comparison service, under the supervision
of Prof. Sanielevici and (later) Prof. Jaeger. Prof. San-
ielevici had a major contribution to the development
of the IAEA dosimetry programmes. At that time there
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were no dosimetry standards for direct absorbed dose
calibrations for radiotherapy, although techniques were
developing in a few dosimetry standards laboratories in
Germany, UK and the Russian Federation.

| joined IAEA in 1963, initially as a staff member of
the Radiobiology Section and with an assignment at the
IAEA’s Laboratories in Seibersdorf. There, | studied
Fricke dosimetry and assisted in comparison measure-
ments using the IAEA calorimeter in radiation beams
generated by betatrons at the various institutes in Aus-
tria, Switzerland, Germany, UK, Belgium and France.
The IAEA’s calorimeter was also used for the studies
of depth-dose-distributions in various materials. An in-
teresting finding was that accelerators of the same type,
even made by the same manufacturer and presumed
to be identical, produced significantly different depth-
dose-distributions.

The first trial postal dose comparison by the IAEA was
organized by Nagl and Sanielevici in 1965 for electron
beams using the Fricke dosimeter. In 1966, the IAEA
started more systematic investigations in order to de-
velop the methodology for dose comparisons among
radiotherapy clinics. Both the Fricke dosimeter and
TLD were considered suitable for the purpose and, fi-
nally, the TLD was selected as it was inexpensive and
easy to mail. Following the very first TLD test run with
a few advanced clinics in 1966, three larger-scale TLD
pilot comparisons were organized, involving about 50
radiotherapy centres in 13 countries.

The Dosimetry Section was created at the IAEA in
1967 with R. Loevinger as its first head. Having been
an 1AEA staff member involved in dosimetry work, |
joined the Section from its inception. Its working pro-
gramme was defined and within this programme, the
postal dose comparison project for radiotherapy dosim-
etry was given a priority. Later in 1967, a panel of ex-
perts on medical radiation dosimetry met in Vienna and
submitted useful recommendations for the operation
of the TLD comparison project with the aim of imple-
menting it on a regular basis. Starting in 1967, the UK’s
NPL provided reference irradiations of TLDs to verify
the IAEA dosimetry procedures.
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In late 1967, P. Pfalzner became head of the Dosimetry
Section. He undertook an extended trip to Argentina,
Brazil and Uruguay. There he found great interest in the
TLD postal dose comparison programme of the IAEA.

In 1968, about a dozen experts met in Caracas at an
IAEA panel to discuss the dosimetric requirements
of radiotherapy centres. The
representatives of WHO
and its regional offices were
present at the meeting. The
panel proposed the establish-
ment of regional dosimeter
calibration laboratories to be
supported by the IAEA and
WHO. Close cooperation be-
tween the two organizations
was considered essential. The recommendations of this
panel had a strong impact on the future activities of the
IAEA and WHO.

WHO decided to join the TLD dose comparison pro-
gramme in 1968. WHO supported it financially and by
assisting in the distribution of the TLDs to radiothera-
py clinics. Those in Latin America were served by the
Pan-American Health Organization (PAHO). The pro-
ject received its first official name: ‘Joint IAEA/WHO
Dose Intercomparison Service for Radiotherapy’. On
the WHO side, Drs. Seelentag and Waldeskog were ac-
tively involved in the project from its beginning. Dr.
Hanson of PAHO made the service known in South
America and encouraged radiation oncologists there to
improve their dosimetry by participation in the com-
parisons.

I assumed the duties of head of the Dosimetry Sec-
tion in 1971. During the following years K. Zsdan-
szky, B.-l. Ruden, A.W. Boyd, M. Gustafsson and P.
Nette were heads of the Dosimetry Laboratory working
with J. Haider, R. Girzikowsky and, later in the 1980s,

Hans Svensson

It is now almost unbelievable that both
the SSDL Network and the TLD auditing
service after nearly half a century from
their first inception not only go on but
even flourish. I do not know of any other
IAEA programme, besides Safeguards,
which has been so successful.

P. Bera on implementing the technical aspects of the
TLD auditing service.

In order to further asses the accuracy of the TLD meas-
urements and to provide a check of the Co-60 dosime-
try performed by the member laboratories in the IAEA/
WHO SSDL Network, a voluntary comparison run
was carried out 1980-1981
with 22 SSDLs participat-
ing. Sixteen of the 22 SSDLs
showed results within 2% of
the reference dose measured
by IAEA. Three SSDLs had
deviations above 3% due to
errors made by these SSDLs
that were explained and cor-
rected.

In the early 1980s, all data obtained by dose compari-
sons for radiotherapy up t01983 were collected, ana-
lysed and evaluated at the IAEA. It appeared that the
most common source of minor errors was the use of
inaccurate correction factors for the calculation of dose
from ionization chamber measurements. However,
major errors, up to 25%, were caused when such fac-
tors were used in addition to arithmetic mistakes in the
dose calculation and erroneous temperature and pres-
sure corrections. When these problems were corrected,
the probable cause for the remaining error was seen in
the incorrect calibration of the dosimetry systems used
at the clinics. These and later evaluations have also
shown that the accuracy of dosimetry in radiotherapy
centres increased with repeated comparisons.

It is now almost unbelievable that both the SSDL Net-
work and the TLD auditing service after nearly half a
century from their first inception not only go on but
even flourish. I do not know of any other IAEA pro-
gramme, besides Safeguards, which has been so suc-
cessful.

Head of the IAEA Dosimetry Section, 1987-1994

The Dosimetry Section of the IAEA began its early
investigations with postal dose audit in 1966, during
R.Loevinger’s tenure as section head. At the end of the
1960s he left the IAEA and returned to the USA, where
he assumed responsibility for the Dosimetry Section of
the National Bureau of Standards (now National Insti-
tute for Standards and Technology, NIST). Since 1970
the TLD inter-comparison service has been conducted
on a continuous basis, in cooperation with WHO. This
programme had been successfully established by H.
Eisenlohr, when | succeeded him as section head in
1987. The Dosimetry Section received during my time

12

much support and good advice from the SSDL Scien-
tific Committee, then chaired by A. Allisy. He was at
that time chairman of the International Commission
of Radiation Units and Measurements (ICRU) and
represented also the Bureau international des poids et
mesures (BIPM).

During the 1970s and the early 1980s | had the op-
portunity to travel to several countries as an IAEA/
WHO expert, where [ witnessed first hand several large
problems with the dosimetry structures. In one of these
countries, where there was only one Co-60 therapy unit,
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Hans Svensson, Head of the Dosimetry Section, and Kalman
Zsdansky, a staff member of the Dosimetry Section, 1994.

the pneumatic source moving mechanism did not work
properly; the source was not moved into place to treat
the patient. Radiation therapy had thus been thought to
have been given, but in actuality no radiation was de-
livered, and the need for a dose audit programme was
made obvious!

In modern radiotherapy the absorbed dose should be
delivered within an accuracy of a few percent. In ICRU
Report 65 it is argued that a dose difference as small as
5% may lead to large differences in clinical outcome.
Therefore, the absorbed dose to a reference point in a
water phantom should be confidently delivered by a
hospital with an uncertainty less than 3%, as the dose
planning also includes several types of uncertainties
that may be added.

The IAEA TLD dose measurement system proved to
be a very robust one, as 45 reference dose irradiations
in Co-60 y-beams by PSDLs from 1982 to 1992 gave
a mean deviation of only (D )D,.., *x 100%

TLD DPSDL PSDL

Pedro Andreo
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= 0.04% with ¢ = 0.8%. During the same period 72
SSDLs were tested and 230 irradiations were made.
About 10% of these had deviations >3.5%, which in-
dicated that some SSDLs were not capable of deliv-
ering adequate calibrations in their countries. A study
of 686 therapy centres with data up to 1987 showed
that about 50% deviated in absorbed dose in a reference
point by more than 5% and that 11% deviated by more
than 20%. There was thus an unacceptable spread in
absorbed dose delivery compared to what is accepted
in modern radiotherapy!

The expansion of radiotherapy has been very rapid.
During the 1980s a transfer from Co-60 technology to
linear accelerators took place; in the beginning of the
1990s there were in some high income countries 5-10
linear accelerators per million population. It became
evident that the audit programme should therefore also
cover the beam qualities for accelerators. In response,
the IAEA developed several dosimetry protocols for
high energy X rays and electrons (e.g. TRS-277 from
1987). It also became necessary to reduce the number
of participating hospitals in countries that had their own
possibilities for audits, in order to respond to the world-
wide needs. The Radiological Physics Centre (RPC)
in Houston, USA, started a TLD-service in 1977. In
Europe, various TLD audit projects developed in the
1990s, and EC supported from 1998 a new audit, the
EQUAL programme; A. Dutreix and | were responsi-

A study of 686 therapy centres with data up
to 1987 showed that about 50% deviated in
absorbed dose in a reference point by more
than 5% and that 11% deviated by more
than 20%. There was thus an unacceptable
spread in absorbed dose delivery compared
to what is accepted in modern radiotherapy!

ble. We had of course close connection to the IAEA and
the present IAEA staff member in charge of the IAEA/
WHO TLD audit programme, J. lzewska, was at that
time involved in early TLD-measurements in Europe.

Head of the Dosimetry and Medical Radiation Physics Section 1995-2000
Director of the IAEA Division of Human Health 2003-2008

Having had two tenures at the IAEA, working at differ-
ent levels, has probably given me a perspective which
differs slightly from that of my colleagues who pre-
ceded and followed me in the role of Head of the Do-
simetry and Medical Radiation Physics Section. When
I arrived at the IAEA, the operation of the IAEA/WHO
TLD postal dosimetry service, as well as of the IAEA/
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WHO SSDL network, had already acquired a consid-
erable degree of maturity (initiated in 1969 and 1976,
respectively) and one could think that there was not
much need for improvement. Time soon demonstrat-
ed that, as with almost everything, one can always do
better. Thanks to the dedication and hard work of the
Section and staff members of many SSDLs, the period
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Pedro Andreo was the Head of the Dosimetry and Medical
Radiation Physics Section in 1995-2000, and Director of the
Division of Human Health (NAHU) in 2003—2008. At present,
Pedro Andreo is a Professor of Medical Radiation Physics at the
University of Stockholm, Sweden.

1995-2000 was one of the most exciting and productive
years of the group.

Soon after my arrival, the operational procedures of the
Dosimetry Laboratory were considerably enhanced,
both in support of the operation of the SSDL Network
and the TLD service for radiotherapy institutions and
SSDLs, as well as in the
dissemination of dosimetry
techniques in medical ra-
diation physics. The latter
led to a change of the name
of the Dosimetry Section
to Dosimetry and Medical
Radiation Physics Section
(DMRP) and culminated
with the development of the
current IAEA Code of Prac-
tice for radiotherapy dosimetry based on standards
of absorbed dose to water (Technical Reports Series
No. 398, 2000) and its dissemination, the initiation of
the Code of Practice for diagnostic radiology dosimetry
(Technical Reports Series No. 457, 2007) and multiple
publications in medical physics released or initiated.

During the years prior to my tenure as Section Head,
the main role of the TLD service was to verify the cali-
bration of therapy beams, both for hospital users and
SSDLs. The later service was initiated in 1981. Par-
ticipants were reported the difference between the dose
effectively delivered by them to the dosimeters (TLD
readout) and the dose the participant intended to de-
liver. Based on the information supplied it was not dif-
ficult to correct the irradiation parameters for the next
participation, but its true impact on the improvement
of the dose delivered to patients was difficult to dem-
onstrate.

QUATRO is one of the projects
1 feel most proud of and I expect
its role as a definitive tool for the
IAEA’s activities in the field of
quality assurance for radiotherapy
to increase in the years to come.
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As of 1996, our goal was to make real differences in the
troubled systems that were in place and to achieve clini-
cally relevant improvements through follow-up actions
for institutions that showed results outside acceptable
levels (£ 5%). Firstly, we raised the level of commu-
nication between the users of the TLD service and the
IAEA, designed reports for presenting the results and
developed new TLD instructions linked to the treat-
ment of patients. Secondly, we implemented personal-
ized blind follow-up tests, where the user was informed
of “a fault’ but not the magnitude of the error, and es-
tablished a system of site visits for the resolution of
anomalies which could not be sufficiently understood
from a distance. For the latter we even developed what
we called a ‘travelling dosimetry kit’, with appropri-
ate basic instrumentation for an external expert to carry
with them and perform traceable measurements during
the site visit. As a consequence of this more dedicated
and direct support, the overall result was an increased
number of deviations resolved and a dramatically im-
proved return rate of TLDs. The return rate went from
approximately 60% in the 1990s to more than 90% in
2000. We also managed to double the number of radio-
therapy beams checked annually worldwide, reaching
the figure of 500 per year, linked to the expansion of the
TLD equipment at the laboratory.

Another major activity, con-
sistent with the IAEA’s goals
to enhance the native know-
how, was the considerable
contribution to establishing
national TLD-based networks
in Member States. This re-
quired enhancing the quality
assurance of our own TLD
system and developing qual-
ity assurance manuals that
served as models for other TLD networks. At the same
time, the participation and support of the BIPM and
PSDLs was increased, and we established communica-
tion with other TLD-based networks to implement the
mutual exchange of dosimeters as a regular practice.

As a part of our efforts to support the SSDL network in
this area, a TLD service for audits in the field of radia-
tion protection was also developed and implemented,
then complementing the ionization chamber-based
quality audits for SSDLs initiated in 1997. This was
a natural consequence of the expansion of the group
activities in the fields of diagnostic radiology and ra-
diation protection, which had been initiated with the
installation of a clinical mammography unit in the
IAEA’s laboratory.

Then in 2000, | left the IAEA as Section Head but re-
turned three years later as Division Director. Upon my
return, [ wanted to look at the entire radiotherapy field



as a whole, which included coordinating the efforts
of both physicians and physicists to achieve a single
and common clinical goal. This was the beginning of
QUATRO, the Quality Assurance Team for Radiation
Oncology, an auditing group composed of a physicist,
a radiation oncologist, a radiation therapist (RTT) and a
specialist in radiation protection. Together, the QUAT-
RO team performs site visits to institutions with a need
for improving their clinical practice.

Kenneth R. Shortt
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The program provides support firstly to those with
proven difficulties in establishing dosimetry in reference
conditions (the basis of the TLD service), then to insti-
tutions willing to get support to improve their practice,
and finally to clinics hoping to get the IAEA’s financial
support to upgrade their facilities and procure advanced
equipment. QUATRO is one of the projects | feel most
proud of, and I expect its role as a definitive tool for the
IAEA’s activities in the field of quality assurance for ra-
diotherapy to increase in the years to come.

Head of Dosimetry and Medical Radiation Physics Section, 2001-2007
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Ken Shortt was the Head of Dosimetry and Medical Radiation
Physics Section in 2001-2007.

In the first decade of the new millennium, the IAEA
strengthened and expanded its activities in dose audit-
ing. The motivation for this was two-fold: to comply
with international standards of quality expected of
calibration laboratories and to respond to increasing
demands from its Member States for assistance to in-
crease their access to and improve the quality of radia-
tion therapy against cancer.

Subsequent to IAEA participation in the Mutual Rec-
ognition Arrangement (MRA) under the auspices of the
Comité international des poids et measures (CIPM), a
corporate decision was taken by the IAEA that all labo-
ratory services provided to its Member States would be
supported by a Quality Management System (QMS).
DMRP provides dosimetry calibrations as well as TLD
auditing services through its dosimetry laboratory at
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Seibersdorf. These two services are independent but
complimentary. The calibration of dosimetry systems
enables laboratories in Member States to perform
dosimetry calibrations for their own clients, which are
linked to the international system of measurements (the
SI). TLD auditing at the hospital level confirms that
dosimetry measurement technology is being dissemi-
nated properly to the end user level. The dissemination
of radiation dosimetry through SSDLs to cancer treat-
ment facilities is a prerequisite to ensure that radiation
therapy can be delivered safely and effectively.

DMRP decided that our QMS would apply equally to
both our dosimetry calibration services provided in
support of the laboratories in the SSDL network and
to our TLD auditing services provided to individual
cancer treatment hospitals. The first step to establish
a QMS was to document the calibration and measure-
ment capabilities (CMCs) including TLD auditing, to
prepare all the standard operating procedures (SOPS)
and to arrange for review of the entire set by various
Regional Metrology Organizations (RMOs). The sec-
ond step was to create the Quality Manual and arrange
for its review and acceptance by the Joint Committee
of the RMOs and the BIPM (JCRB). The IAEA does
not list its dosimetry auditing service in the CMCs reg-
istered in Appendix B of the BIPM. Nevertheless, the
TLD auditing activities were made to be fully compli-
ant with the IEC standard 17025. Other advantages
accrued to IAEA Member States as a result of the in-
creased confidence in the quality of IAEA dosimetry
auditing services will be discussed further below.

The second motivation for expanding and improving
our TLD auditing system was due to the increased de-
mand by Member States to increase their access to ra-
diation therapy by constructing new cancer treatment
facilities and to improve the quality of treatment pro-
vided by all their clinics. Essentially, this is the same
motivation that gave rise to the IAEA’s Programme of
Action for Cancer Therapy (PACT). Of course, as more
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cancer clinics were created, the demand for TLD au-
diting services increased. In response, a Coordinated
Research Project (CRP) was created focusing on re-
fining the TLD auditing technology for deployment in
IAEA Member States. The IAEA’s QMS for TLD au-
diting was made available as a template. The Technical
Cooperation Fund (TCF) was used to actually imple-
ment a TLD auditing network in several demonstration
countries. Because not all the demands for additional
TLD auditing services could be met by encouraging the
establishment of national networks, additional funding
was obtained through the regular budget to augment
the IAEA’s in-house programme by expanding the do-
simetry laboratory from 2 bunkers to 4 and increasing
the technical staff on site by one position. Other CRPs
were implemented to improve the knowledge that
could be acquired through TLD auditing, for example,
by monitoring the flatness of radiation fields and meas-
uring the slope of radiation
fields modified by the addi-
tion of field shaping wedges.

Member States with on-going
radiation therapy facilities
wanted to incorporate new
medical techniques (e.g., CT,
MRI and PET scanning) for
the diagnosis and staging of
cancer patients as well as for
improvements in localization
and monitoring of radiation
therapy. Of course, some advanced centres wanted to
implement new technologies to improve the delivery of
radiation therapy, such as Intensity Modulated Radia-
tion Therapy and dynamic therapy coupled to the real
time monitoring of the patient’s tumour. The IAEA re-
sponded to these changes in emphasis on the delivery of
high quality radiation therapy in two ways. Specifically
involving the TLD auditing project, new CRPs were
inaugurated to investigate methods for in-vivo moni-
toring of patient doses and for monitoring doses in the
case of small and novel radiation fields. The purpose of
the former is to enable intervention to correct errors for
individual patients. The purpose of the latter is to pre-
vent systematic errors associated with the introduction
of new radiation therapy delivery technologies. These
CRPs are on-going. At the same time, complementary
work was carried out to understand issues associated
with computerized treatment planning. This is linked to
dose auditing since measurements with TLDs could be

The formal recognition of the
Quality Management System of
the IAEA Dosimetry Laboratory by
the JCRB resulted in the increased
confidence in the quality of IAEA
Dosimetry Laboratory calibration
and auditing services.

16

used to confirm the correctness of the plans produced.
The IAEA’s second response to the concern of Member
States about the quality of their radiotherapy services
was at the more global level through the development
and implementation of the concept of the Quality As-
surance Team in Radiation Oncology (QUATRO).
The comprehensive and more collaborative approach
adopted within QUATRO came about as a direct result
of adopting the discipline of radiation monitoring made
available through the original TLD auditing activities.
QUATRO is used to assess the level of technical ca-
pability of cancer clinics to adopt new technologies,
including its staff, equipment and procedures. Perfor-
mance on TLD auditing is an integral part of the QUA-
TRO process.

Records have been kept of the results of TLD audits of
cancer clinics since the inception of the programme.
Analysis of these data has
yielded much interesting
information. For example,
over a couple of decades,
the ability of cancer centres
to get the dose right at the
hospital level has improved
from a failure rate of 30% or
more initially to about 5% in
more recent years. This im-
provement is attributable, at
least in part, to the IAEA’s
TLD dose auditing activities.
Of course, hospitals that engage in auditing for the first
time perform less well than those that participate on an
on-going basis.

Since new hospitals join routinely and some long term
participants have transferred to their national networks,
the positive impact of the IAEA’s activities in dose au-
diting may not be so obvious in the future.During this
decade, analysis of the reasons for poor performance
on dosimetry auditing also yielded interesting regional
differences. For example, in the case of poor perfor-
mance on dosimetry auditing in former eastern block
countries, the situation appears to be due to the use of
out-of-date equipment whereas poor performance in
the case of hospitals in Latin America seems to be due
to an insufficient number of qualified medical physi-
cists. This type of analysis enables the IAEA to demon-
strate to its Member States the positive impact of these
activities in TLD auditing of dosimetry.
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Current Head of the Dosimetry and Medical Radiation Physics Section

Ahmed Meghzifene, Head of the Dosimetry and Medical Radiation
Physics Section as of 2009; formerly the IAEA SSDL Officer in
1998-2008.

The IAEA/WHO postal TLD audit service remains a
high priority project within the subprogramme on Qual-
ity Assurance and Metrology in Radiation Medicine,
which is part of the IAEA’s Human Health Programme.
This service is valued by many Member States that
have no other means of checking the calibration of their
treatment machines. Every year, the service helps iden-
tify a few dosimetry deviations which, if not corrected
properly, would lead to serious mistreatment of many
cancer patients in the affected treatment clinics. For
example in 2009, 15 dosimetry deviations were identi-
fied and resolved. There is no doubt that the IAEA will
continue to support this important service as long as it
helps improve clinical dosimetry for the benefit of can-
cer patients worldwide.

There is no doubt that the IAEA will contin-
ue to support this important service as long
as it helps improve clinical dosimetry for the
benefit of cancer patients worldwide.

40 years of the IAEA/WHO TLD postal dose
audits for radiotherapy

Joanna Izewska, Godfrey Azangwe, Pranabes Bera
International Atomic Energy Agency

Developments in the IAEA/WHO
TLD postal dose audit service

For more than 40 years the IAEA has operated a service
to validate the calibration of radiotherapy beams in low
and middle income countries using the IAEA/WHO
TLD postal dose audit service [1-6]. This service pro-
vides a quality audit of the dose delivered by radio-
therapy treatment machines using a thermoluminescent
dosimeter (TLD) as a transfer dosimeter. The IAEA
is responsible for the technical aspects of the service,
whereas the World Health Organization (WHO) help
with the local organization and distribution of TLDs
to radiotherapy centres in various countries. Hospital
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staff irradiate the dosimeters with a prescribed dose un-
der known irradiation conditions and return them to the
IAEA for evaluation. The dose given to the dosimeters
is determined at the IAEA Dosimetry Laboratory and
the result is compared with the dose stated by radio-
therapy staff.

Initially, the service was used for monitoring the cali-
bration of 5°Co units. In 1991, its scope was expanded
to high-energy photon beams produced in clinical ac-
celerators. In addition to auditing radiotherapy centres,
since 1981, TLD audits have been used to monitor the
consistency of dosimetry practices at SSDLs [7, 8].

Over the 40 years of its existence, the IAEA/WHO TLD
postal dose audits have undergone several scientific re-
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Figure 1. Increase in the IAEA/WHO TLD postal dose audit
for radiotherapy centres. The number of radiotherapy beam
calibrations checked per year increased significantly since the
automatic TLD system was introduced in 1998.

views, technical improvements and changes related to
increasing the level of organization and efficiency of
the auditing services. Automation of the TLD system
in 1998 shortened the time of TLD evaluation and in-
creased the number of hospital beams to be monitored
from 100-150 to 300400 per year (Fig. 1). Neverthe-
less, the requests from radiotherapy centres steadily
increase and they exceeded 600 beams to be checked
in 2009. Electronic data sheets were developed to fa-
cilitate data collection and handling. They were intro-
duced to the service in 2004.

Differences of less than 5% between the participant-
stated dose and the TLD-measured dose are consid-
ered acceptable. This 5% acceptance limit defines the
maximum discrepancy between stated and measured
doses that does not require any further investigation.
For radiotherapy centres with results outside the 5%
acceptance limit, the IAEA has established a follow-up
procedure that uses a second TLD check to give centres
a chance to correct the discrepancy. The regular follow-
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Figure 2. The results of 232 reference irradiations provided by
BIPM and PSDLs during 1996-2009. The mean of the distribution
is 1.000 and the standard deviation is 0.8% with all data falling
between 0.968 and 1.029.
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up procedure of poor TLD results was introduced in
1996. Discrepancies between the TLD measured dose
and the participant stated dose are resolved through
direct interaction with hospital physicists and contacts
with local experts where available, or by recruitment of
international experts in medical physics. This is an im-
portant component of TLD audits that brings improve-
ments in dosimetry practices in radiotherapy centres
worldwide.

Quality Assurance of the IAEA
TLD system

A thorough set of quality control procedures is main-
tained for the IAEA TLD system. They are incorpo-
rated into the laboratory Quality Management System.
For example, the dose response of TLD and fading
of the TL signal are verified at the commissioning of
every new lot of powder, and the TLD system calibra-
tion is verified at every reading session [9]. The QA of
the TLD system includes reference irradiations provid-
ed by the BIPM, six PSDLs (ARPANSA, BEV, NPL,
NRC, OMH and PTB), major TLD audit networks [10
—12] and a few academic radiotherapy centres. The re-
sults are given in Fig. 2 and Fig. 3, respectively.

Results of the TLD irradiations by
radiotherapy centres

Over a period of 40 years the IAEA/WHO TLD pro-
gramme has verified the calibration of 7890 photon
beams in 1666 radiotherapy centres in 121 countries
(Fig. 4). These were made in radiotherapy centres
in Africa, the eastern Mediterranean, Europe, Latin
America and the Caribbean, Southeast Asia and the
Western Pacific. Every year, about 50 or more hospi-
tals newly register to the service. Approximately 80%
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Figure 3. The results of 447 reference irradiations provided
by major TLD networks and academic radiotherapy centres
during 1996-2009. The mean of the distribution is 1.000 and
the standard deviation is 1.0% with all data falling between
0.953 and 1.033.
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Figure 4. Results of the IAEA/WHO TLD postal dose audits of radiotherapy hospitals for the delivery of absorbed dose to water under

reference conditions during 1969-2009.

of the results are within the acceptance limit of 5% in
1969-20009.

There is a systematic growth in the fraction of accept-
able TLD results, i.e. those falling within the limit of
5%. The improvement is considerable, with an increase
in acceptable results from approximately 50% in the
early years of the service, to over 90% at present. This
is mainly due to the scientific progress and technical
developments in dosimetry, increased interest in qual-
ity assurance in radiotherapy and also because of the
regular participation of radiotherapy centres in various
auditing programmes. Centres that have been partici-
pating in the IAEA/WHO and other external dosimetry
audits for a longer period achieve better results than do
radiotherapy centres that are participating in an audit
for the first time [13].

When hospitals have poor TLD results, a follow-up
program helps them improve their dosimetry status.
Thanks to the regular follow-up of discrepancies in
the dose delivery to TLDs, the fraction of acceptable
results after the repeat TLD irradiation achieved 96%
in 2008 and (Fig. 5). Unfortunately, 4% of the 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 re-
sources.

It is expected that the rate of increase in the percentage
of beams within the acceptance limit will slow in the
future, as more hospitals with limited resources (having
no medical physicists or proper dosimetry equipment)
join the TLD program. To bring the new participants to
the level of well-performing hospitals, an increased al-
location of resources for equipment and for training of
medical physicists is required.
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Analysis of TLD results and
related data sheets

The information that participants provide on the TLD
data sheets is systematically analyzed at the IAEA in
the context of their TLD results. This is done in order
to evaluate the status of calibration dosimetry, to trace
the source of any discrepancies in the dose measure-
ment and calculation, and to gain an understanding of
the status of use of different dosimetry equipment and
procedures and various dosimetry codes of practice
(dosimetry protocols).

Table 1 reports the deviations of TLD audit results de-
tected in 1969-2009, and it can be seen that the cali-
bration dosimetry of high-energy X ray beams might
be considered more accurate compared to that of ®°Co
beams, as the radiotherapy centres with linacs usually
are supported by a better medical physics service than

1.0
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0.8
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after follow-up
® 1st check

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008
Year

0.5

Fraction of results within 5% limit

Figure 5. Fraction of the TLD results within the 5% acceptance
limit for radiotherapy hospitals. The blue area indicates the
results obtained in the first check, and the green area corresponds
to the percentage of results improved in the follow-up process.
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TABLE 1. RESULTS OF TLD AUDITS IN 1969-20009.

Co0-60 beams High-energy X ray beams
(5019) (2871)

Deviations outside the 5% limit:  27% 8%

> 20% 4% 1%

10-20% 9% 2%

5-10% 15% 5%

Results within the 5% limit 73% 92%
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Years

Figure 6. Percent of the participants of the TLD audits that used absorbed dose to water calibration protocols for radiotherapy beam

calibration in 1998-2009.

the hospitals with ©°Co machines. In addition, the con-
dition of the %Co machines in some countries exhibits
performance deficiencies due to poor technical shape
caused by old machine age, inadequate maintenance or
too low activity of ®°Co sources as documented by the
irradiation times needed to deliver 2 Gy to the TLD.
For example, over 40% of ®°Co machines in Eastern
Europe are older than 20 years [14].

For all data sheets, the [AEA verifies the participant’s
calculation of the dose delivered to the TLD based on
the data reported. Any discrepancy between the dose
calculated by a participant and the dose calculated by
the IAEA is investigated. However, special attention is
given to data sheets where discrepancies between the
participant’s stated dose and the dose determined with
the TLD occur. The analysis of recent data sheets has
shown that the most common mistakes made by par-
ticipants pertained to using an incorrect geometry set
up for TLD irradiation, incorrect calculation of moni-
tor units (MU) or irradiation time or a combination of
various mistakes and errors. About 40% of deviations
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had reasons that could not be traced due to lack of in-
formation on the dosimetry procedures in the partici-
pants’ data sheets. Some problems may be caused by
improper use of dosimetry equipment or poor treatment
machine conditions. Other problems may be due to in-
sufficient training of staff working in radiotherapy. The
clinical relevance of severe TLD deviations detected
in the audit programme was confirmed in several cases
[5], but, fortunately, not all poor dosimetric results re-
flect deficiencies in the calibration of clinical beams or
machine faults. Sometimes it happens that the TLDs
received an incorrect dose due to misunderstanding of
the instructions on how to perform the TLD irradiation.

Different dosimetry protocols are used in countries
around the world, ranging from old exposure-based
protocols of the early 1970s, through air kerma-based
protocols developed in the 1980s, up to the recently
developed modern absorbed dose to water-based pro-
tocols. The data reported by the participants show that
there is a substantial increase in the use of modern ab-
sorbed dose to water calibration protocols (see Fig. 6).
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Figure 8. The IAEA TLD holders used for postal dosimetry audits of high energy

photon beams: a standard holder for on-axis measurements (left) and a holder used
for on- and off-axis TLD measurements in non-reference conditions.

In 2008-2009, about 84% participants use CoPs based
on absorbed dose to water standards. There has been
a noticeable decrease in the use of old N -based pro-
tocols, especially in hospitals in the Latin America re-
gion.

Activities in TLD monitoring
of SSDL measurements at
radiotherapy level

The IAEA/WHO TLD postal dose quality audit ser-
vice has monitored the performance of the SSDLs in
the therapy dose range since 1981. The results for dose
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Figure 9. The IAEA TLD holder used for postal
dosimetry audits of high energy electron beams.

delivery under reference conditions in a water phantom
for the laboratories providing therapy level calibrations
are presented in Fig. 7, where the ratio of the labora-
tory’s results and the IAEA’s results are plotted for °Co
and high energy X rays. Results of this programme in
1997-2009 indicate that about 97% of the results of SS-
DLs that participate in the TLD audits were within the
acceptance limit of 3.5%.

For laboratories with deviations outside the acceptance
limit, a follow up programme has been established
to resolve the discrepancies. Those laboratories are
informed by the IAEA about the discrepancy and as-
sisted to understand and resolve the problem. A repeat
(follow-up) TLD set is sent to each of these SSDLs and



SSDL Newsletter No. 58, June 2010

deviations outside the 3.5% limit are explained and
corrected.

IAEA support to national TLD
audit networks for radiotherapy
dosimetry

The IAEA has supported the development of method-
ology and establishment of national TLD-based QA
audit networks for radiotherapy dosimetry in order to
cost-effectively utilize IAEA resources and to extend
the availability of radiotherapy dosimetry audits to as
many hospitals as possible throughout the world [13].
A series of Co-ordinated Research Projects (CRPs) has
been conducted by the IAEA as of 1995 to assist in
developing such national dosimetry audit programmes,
initially for beam calibration audits in reference condi-
tions. This work was then extended for audits in non-
reference conditions [15], to further improve independ-
ent verification of radiotherapy dosimetry in hospitals
in participating countries. A new CRP was initiated in
2009 with the aim of expanding the dosimetry audit
tools to be suitable for complex treatment techniques
used for treatment of cancer patients.

The IAEA Dosimetry Laboratory has actively partici-
pated in the experimental part of these CRPs, devel-
oped new phantoms and conducted multicentre pilot
studies to test the newly developed methodology [15].
In addition, IAEA contributes to strengthening QA of
the national TLD systems by exchanging dosimeters
with the national laboratories.

Summary

The TLD audit service has already been used for ap-
proximately 7900 radiotherapy beams throughout the
world, and occasionally significant errors in the cali-
bration of therapy beams were detected and corrected,
thereby preventing the mistreatment of patients.

This service is demand-driven and it focuses on pro-
viding dose quality audits to these radiotherapy cen-
tres that have no other means to verify the output of
their radiation treatment units. The annual number of
beam audits has increased sixfold since the early years
of the service. Expanding the service is in response to
requests by hospitals and it corresponds to the growing
number of radiotherapy facilities in the world.

The IAEA audit service has witnessed significant im-
provements in dosimetry practices in low and middle
income countries in the last 40 years. However, dis-
crepancies in the beam calibration still occur. They are
monitored by the IAEA, and their causes are traced,
understood and corrected. However, some radiotherapy
centres work within practical limitations such as insuf-
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ficient availability of qualified medical physicists or
lack of adequate dosimetry equipment, which hampers
quality. These inadequacies have to be addressed lo-
cally.

Dosimetry audits have proven to be a useful tool for the
improvement of dosimetry status worldwide. By pro-
viding dose quality audits to hospitals in low and mid-
dle income countries, the IAEA assists them in achiev-
ing the required levels of accuracy in dosimetry for
radiotherapy. It is of importance for any radiotherapy
centre to have access to long term dosimetry auditing
programmes, particularly when installing new radio-
therapy equipment.
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Dosimeter calibrations and intercomparisons:
from roentgen to gray

Andrée Dutreix

Early calibrations and
Intercomparisons at Institut
Gustave Roussy (1950-1980)

Today, it is hard to imagine the situation of a young
physicist entering the field of medical physics sixty
years ago. In 1950s at the Institut Gustave Roussy
(IGR), we had the imperative task of calibrating a
Betatron 25 MV photon beam, at a time when ionisa-
tion chambers were calibrated in ‘dose’ expressed in
‘roentgens’ (with a small ‘r’) in a 200 kV X ray beam.
To add to the challenge, the only accurate ionisation
chambers available were condenser chambers with a
handle which was convenient for charging and read-
ing but also presented a small additional volume of air
shielded by 1 mm of lead. The shielding was very ef-
ficient at 200kV but lead to unexpected large errors in
high energy beams.

The concept of absorbed dose in rads (for radiation ab-
sorbed dose) had been adopted in 1953 and published in
1959 by ICRU [1]. However, it was not until 1962 that
the ICRU [2] introduced a clear distinction between
the absorbed dose in rads, and the exposure in Roent-
gens. In 1975 the General Conference on Weights and
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Figure 1. Andrée and Jean Dutreix with small condenser
chambers used to measure dose distributions of radiotherapy units
at the Institut Gustave Roussy, Villejuif, France, 1961.

Measures decided to rationalize the scientific units and
introduced the International System of Units (SI); con-
sequently, the unit of absorbed dose was changed to the
gray (Gy) which corresponds to 100 rads.

To solve our problem of calibration we attempted to
perform measurements by calorimetry and later and
more successfully by ferrous sulphate dosimetry. Fur-
thermore, we had to face a new challenge with the cali-
bration of high energy electron beams. Fortunately, in
the mid sixties, some Secondary Standards Dosimetry
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Laboratories in developed countries began to offer cali-
brations of ionisation chambers in Roentgens in cobalt
beams, which was an essential step.

Active scientific relations have been developed with
the TAEA since the end of the fifties, and I personally
have had the opportunity to participate in several ex-
pert meetings, reinforcing the links between our phys-
ics department and the IAEA. Considering the difficul-
ties encountered in absorbed dose measurements, we
were very eager to compare our own calibrations with
other radiotherapy centres [3]. The first international
intercomparisons were performed either by physicists
visiting multiple radiotherapy centres - bringing their
own measurement devices, or with mailed ferrous sul-
phate dosimeters.

At IGR we received a visit in 1966 by a physicist from
the IAEA bringing a calorimeter [4] to measure the out-
put of our 25 MV photon beam, and in 1971, a visit
from a Swedish group [5] to compare ionisation cham-
ber calibrations in a Co-60 beam as well as dose meas-
urements and dose distributions in high energy photon
and electron beams. We developed ferrous sulphate
dosimetry in the sixties and performed our first large
intercomparison, which included 20 centers, in 1970
[6]. However, we faced difficulties with ferrous sul-
phate regarding both the size of the dosimeters (about
2 cm?®) and the high dose required to get a convenient
accuracy, a minimum of 5 000 to 10 000 rads (50 to
100 Gy). Other practical difficulties were met in ship-
ping and with Customs.

The introduction of thermoluminescent dosimetry
(TLD) [7] opened new possibilities. In the following
years the technique were developed by several groups,
especially the IAEA. We have been very pleased when
we have been asked by the IAEA to participate in the
first international intercomparisons with TLDs around
1970 [8]. One member of the department (Jean Chava-
udra) spent a few months in Jack Fowler’s department
in London, to learn TLD methods and procedures so
that we could rapidly set up a TLD programme at the
Institut Gustave Roussy.

Birth and development of the
EQUAL project

The first comprehensive quality assurance (QA) pro-
grammes including external audit of doses were imple-
mented in radiotherapy departments in the eighties as
recommended by AAPM [9] and WHO [10]. In 1991
radiotherapy oncologists from five countries in the Eu-
ropean Community succeeded in convincing the Euro-
pean Committee ‘Europe against Cancer’ to support the
project of a European Network for Quality Assurance
in Radiotherapy. This network performed dose checks
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in European centres with mailed TLDs, in close co-op-
eration with the IAEA. The Measuring Centre was set-
up in IGR whose previous experience was recognized
[11]. For a limited number of years the project was
extended to a second measuring center at the Leuven
University Hospital, and was known as EROPAQ [12].
In 1997, a permanent structure, EQUAL (for ESTRO
Quality Assurance Network), was set up in IGR and
supported by the European Society for Therapeutic Ra-
diology and Oncology (ESTRO). During the first two
years EQUAL checked 235 Co-60 and X ray beams
from 102 radiotherapy centers [13]. The scope of this
project was extended successively to electron beams
and brachytherapy.

In 2004, for administrative reasons, the EQUAL Lab-
oratory was converted into a commercial company
owned by ESTRO: EQUAL-ESTRO. However the lo-
cation of the Laboratory and the measuring procedures
remained the same under the responsibility of Attila
Veres as chief physicist. Every year EQUAL-ESTRO
checks about 700 beam outputs and doses delivered
by brachytherapy techniques. Dose checks have also
recently been extended to modern radiotherapy tech-
niques such as IMRT or Tomotherapy and proton
beams, and will soon cover microbeams and Cyber-
knives [14].
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The Radiological Physics Center: 40 years of
vigilance and quality assurance
for NCI sponsored clinical trials

Geoffrey S. Ibbott, David S. Followill
Radiological Physics Center, M.D. Anderson Cancer Center, Houston, USA

One wishes to think that healthcare within the USA has
improved considerably over the years, but the wide and
disturbing range in quality of healthcare in this coun-
try is well known and frequently reported upon [1, 2].
Even with the many mechanisms and national stand-
ards of care and quality, why is it that radiation therapy
patients still receive incorrect doses? During the past
few years, a number of significant radiation therapy er-
rors have been reported [2—7]. Several reasons are pos-
tulated, including the introduction of, and increasing
dependence upon, advanced technologies [8]. Some
reported errors stemmed from the introduction of the
technologies themselves [9, 10]. There has been at
least one publication indicating that the introduction of
advanced technology equipment has permitted errors
to occur that might otherwise have been detected [11].
There are also indications that the demands of advanced
technologies on department resources have drawn re-
sources from simpler or basic functions [4, 12].
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Clearly, larger errors have a significant impact on the
success of radiation therapy. But smaller errors, while
having no discernable affect on the treatment of an in-
dividual patient, are very likely to influence the over-
all success of treatments of large numbers of patients
[13-15]. Thus, there is the need for a quality assurance
program to monitor institutions participating in clinical
trials where small deviations in the delivered dose to
many patients from an individual institution may have
an impact on the outcome of the trial.

The role of the Radiological
Physics Center (RPC)

The RPC was established in 1968 to contribute to the
development, conduct, and QA of multi-institutional
cooperative group clinical trials. One key aspect to the
RPC’s function is that it operates as an independent
quality assurance office for multi-institutional coopera-
tive group clinical trials.
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Figure 1. Three RPC directors. From left to right: R.J. Shalek 1968—1985, W. F. Hanson 1985-2001, G.S. Ibbott 2001—present.

The RPC grant was originally awarded through a com-
petition sponsored by the AAPM. In 1967, a memoran-
dum of agreement was reached between the AAPM and
the Committee for Radiation Therapy Studies (CRTS)
for clinical radiation dosimetry related to inter-institu-
tional studies. The agreement called for the establish-
ment of a center of operations for the implementation
of this scientific program, in other words, the creation
of a Radiological Physics Center. The RPC has been
funded continuously since 1968 under Dr. Shalek’s
guidance (1968-1985), followed by Dr. William Han-
son (1985-2001) and currently by Dr. Geoffrey Ibbott
(2001—-present), see Fig. 1.

The RPC currently monitors 1768 institutions that par-
ticipate in cooperative group clinical trials sponsored
by the National Cancer Institute (NCI). These institu-
tions are located primarily in the USA and Canada, but
also include participants from 30 other countries. With-
in the 1768 institutions, there are over 3300 megavolt-
age therapy machines that are monitored by the RPC
QA program.

In 1999, the RPC joined with several other QA offices
to form the Advanced Technology Consortium (ATC)
[16]. The role of the ATC is to support the development
and conduct of advanced technology clinical trials, to
facilitate communications among the four QA offices

and to reduce duplication of effort among the quality
assurance offices.

The four major components of the RPC’s QA program
are: 1) the remote TLD audit of machine calibration,
2) on-site dosimetry review visits, 3) credentialing for
advanced technology clinical trials, and 4) review of
patient treatment records.

Remote audits of machine output
calibration

The RPC initiated its TLD program for photon beams
in 1977. In 1982 electron beams were included, and
in 2007, measurements of proton beams were initiated.
RPC measures nearly 14000 beams annually.

The RPC’s system is notable for its simplicity (see
Fig. 2). On an annual basis, institutions receive a
package with a lightweight platform and acrylic mini-
phantoms containing several TLD capsules for each
radiation beam and irradiation instructions. The blocks
and other equipment are returned to the RPC where
the TLDs are analyzed. The RPC has established +5%
as a threshold for acceptability. When the TLD meas-
urement disagrees with an institution’s stated dose by
more than 5%, the RPC initiates a series of activities
to resolve the discrepancy. If the discrepancy cannot

Figure 2. The RPC's mailed TLD reference
dosimetry audit system is based on dosimeters held
in small acrylic blocks (A — electrons, B — protons
and C - photons).



be resolved through telephone calls and the review of
procedures, an on-site dosimetry visit is scheduled.

On-site dosimetry review Visits

An on-site audit has been recommended by several
organizations, including the AAPM and the IAEA.
[17-18]. An independent audit is especially important
for solo practitioners but is a valuable exercise for all
practicing clinical medical physicists. The RPC visit
procedure consists of a review of the institution’s QA
procedures and documentation; a review of treatment
records to ascertain the consistency of the procedures
used for treatment planning and monitor unit calcula-
tions; and dosimetry measurements of the radioactive
sources and radiation beams including the basic data
required for delivery of IMRT. Procedures for evaluat-
ing image-guided radiation therapy (IGRT) are under
development, and procedures for visits to proton-beam
facilities are currently being implemented.

The RPC has conducted on-site audits for its 41-year
history, and has accumulated extensive measured data
from 2,350 photon beams grouped into 81 combina-
tions of manufacturer, model, and beam energy. This
database of ‘Standard Data’ enables the RPC to pro-
vide assistance by comparing an institution’s measured
data with the Standard Data. Differences often point
to measurement errors and help identify the source of
calibration errors detected by a mailed audit.

Credentialing for advanced technology
clinical trials

Clinical trials that require the use of advanced technol-
ogies such as IMRT, SBRT and prostate brachytherapy
are considered sufficiently challenging that institutions
are required to demonstrate their ability to use these
technologies before being permitted to register pa-
tients. Credentialing for such clinical trials generally
involves questionnaires; a dosimetry review; a review
of the institution’s QA and dosimetry procedures and
records; and either a benchmark treatment plan or sim-
ulation, planning and irradiation of one of the RPC’s
anthropomorphic phantoms.

Reviews of patient treatment records

In some cases, the RPC reviews the treatment plans
prepared by participating institutions for patients reg-
istered on the clinical trial to ensure that the treatment
plans meet the dosimetric requirements of the protocol.
In other cases, the RPC performs retrospective reviews.
The RPC relies on measurement made at the institu-
tion through the TLD program and on-site dosimetry
reviews, or if a visit has not yet been made, its data-
base of measured ‘standard’ data. Using these data and
the treatment parameters (field size, depth, MU setting,
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etc.) the RPC can independently calculate the dose re-
ceived by the patient.

Results from RPC’s quality
assurance program audits

Annual calibration checks

Approximately 230 new machines are installed each
year at institutions participating in clinical trials. New
machines are subject to calibration errors as they are
put into clinical service, with potentially serious re-
sults. Over the years, 5% to 6% of the US megavolt-
age beams audited with TLD have fallen outside of the
RPC’s +5% dose or 5 mm electron depth dose criteria
on the first measurement (Fig. 3). The approximately
750 institutions that have been visited to date have con-
tributed about 85% of all clinical trial patients. Among
these institutions, each year approximately 20% or 150
have one or more beams outside the RPC’s criteria that
require an investigation by the RPC (Fig. 4). Of the 900
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Figure 3. The percent of megavoltage radiation beams at
US institutions that fail to meet the RPC's 5 %/5 mm criteria
for acceptability. The blue bars indicate the proportions at
institutions visited by the RPC.
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Figure 4: The percent of institutions irradiating TLD in any
year that have at least one beam that fails the RPC's 5 %/5 mm
criteria for acceptability. The blue bars indicate the proportions
at institutions that have been visited by the RPC.
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TABLE 1: SELECTED DISCREPANCIES
DETECTED DURING 2004-2008 DURING
RPC DOSIMETRY REVIEW VISITS TO 165
INSTITUTIONS.

Number of
institutions (%0)

127 (84%)

Errors regarding

Review of QA programme

“Wedge transmission 53 (32%)
“Photon FSD (small fields) 46 (28%)
Off-axis factors, beam symmetry 42 (25%)
“Photon depth dose 34 (21%)
“Electron calibration 25 (15%)
“Photon calibration 22 (13%)
“Electron depth dose 19 (12%)

Note: The parameters indicated by asterisks are con-
sidered significant dosimetry parameters.

remaining institutions, 16% have a beam outside of the
RPC'’s criteria each year.

The RPC data also show that 41% of the institutions
monitored by the RPC had exactly one discrepancy de-
tected by the TLD program during the last 10 years.
Thanks at least in part to the RPC’s intervention, a
much smaller percentage had two or more discrepan-
cies during this period. As was indicated above, institu-
tions rarely display consistent discrepancies. Instead,
significant calibration errors apparently can occur at
any institution at any time. These errors can occur as
a result of changes in procedures, the recruiting of in-
experienced personnel, or with the installation of new
treatment equipment.

Measurements of beam parameters

Following a dosimetry review visit, the RPC generates
a detailed report describing the observations and meas-
urements that were made and the level of agreement
with the institution’s planning data. Recommendations
are made that demonstrate areas that require attention
by the institution. The common recommendations and
the frequency with which institutions receive them are
shown in Table 1. Of note are the recommendations
indicated by asterisks; these are considered important
dosimetry parameters. On average, 70% of visited in-
stitutions received one or more of these important do-
simetry recommendations.
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The RPC judges the quality of an institution’s QA pro-
gram against the AAPM’s TG-40 [19] recommenda-
tions and beginning in 2010 against the TG-142 [20]
recommendations.

Significant differences with the AAPM recommenda-
tions are found frequently, but in some cases, these are
justified by the institution’s own procedures and meas-
urements. More often, however, the institution has
overlooked some component of recommended QA, or
has allowed their program to lapse in some important
aspect.

Observations from reviews of patient
treatment records

The RPC participates in the QA review of the treat-
ment records of patients treated on protocols managed
by several cooperative study groups. Results from the
past 5 years of the RPC’s reviews are shown in Table 2.
The table indicates the frequencies at which the RPC
detected several types of errors in patient charts. The
data were collected over a 5-year period from 2004-
2008 and include 1,506 patients for which doses were
calculated at 8,448 points.

Systematic errors are those believed to affect all pa-
tients at an institution, who were treated with a specific
treatment machine or source, or for which a particular
device such as a wedge, was used. Individual errors are
those believed to affect only the patient in question.
Transcription errors reflect cases in which the data re-
ported to the study group did not accurately reflect data
recorded in the treatment record.

All together, 39% of the charts reviewed by the RPC
contained one or more of the errors described above.
In each case, the error was corrected by the RPC and
reported to the study group so that correct information
could be used for evaluation of the clinical trial. The
results of these reviews were also reported to the in-
stitutions promptly, to enable the institutions to take
corrective action. When the errors were confirmed, the
RPC conveyed the details of its calculations and inves-
tigated the reasons for the discrepancy.

TABLE 2. FREQUENCY OF ERRORS FOUND
DURING THE RPC INDEPENDENT REVIEW OF
TREATMENT RECORDS.

Type of error Frequency of

occurence
Systematic error 1%
Individual errors 11%
Transcription errors 27%




Figure 5. The RPC’s H&N phantom is representative of all RPC
phantoms. They are water-filled shells containing inserts with
imageable target and organs at risk structures. The inserts
contain radiochromic film and TLD dosimeters. A comparison
between an institution's treatment plan (L) and the delivered dose
(R) showing good agreement.

Results of treatment planning benchmark
tests

For some trials, the RPC has agreed with the respon-
sible study group to credential institutions through the
use of a treatment planning exercise, called a bench-
mark. The RPC reviews the target volume contours
and DVHs , and performs an independent calculation
of dose to the target. When benchmark cases failed to
meet the criteria, the RPC contacted the institution, ex-
plained the discrepancies, and worked with the institu-
tion to resolve them.

Results of anthropomorphic phantom
irradiation

During the time period 2001 to 2008 the RPC mailed
IMRT head-and-neck phantoms (see Fig. 5) to 537 dis-
tinct institutions (see Table 3). A total of 763 irradia-
tions were analyzed. Of these, 595 irradiations or 78%
successfully met the irradiation criteria. More than 125
institutions failed to meet the irradiation criteria on the
first attempt and had to repeat the phantom irradiation.
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Of those failing to meet the criteria, the majority failed
only the dose criterion. The remaining unsuccessful ir-
radiations failed the distance-to-agreement (DTA) cri-
terion or both the dose and DTA criteria.

The most common TPSs used to plan the irradiations
of the phantom were the Phillips Pinnacle and Varian
Eclipse systems. The pass rates for these two TPSs were
approximately 73% and 85%, respectively. The differ-
ence is believed to be due to difficulties in modeling the
penumbra at the ends of rounded MLC leaves [21].

Conclusion

As described above, the majority of institutions audited
by the RPC meet the acceptance criteria. However, a
significant number of institutions fail to meet these
standards. The RPC endeavors to understand the rea-
sons for such discrepancies, and to educate the institu-
tions in the procedures needed to resolve them.

Follow-up output audits, calibration and QA record
reviews, and re-reviews of treatment records are all
intended to confirm that discrepancies are corrected.
However, RPC records indicate that additional discrep-
ancies and errors occur each year. This suggests that
without an independent review, the number of errors
would be greater, and both the time elapsed before their
discovery and the number of patients treated incorrect-
ly would also be greater. The RPC remains vigilant and
ready to assist institutions participating in NCI spon-
sored clinical trials to improve the accuracy of dose
delivery to their patients.

TABLE 3. PASSING RATES FOR FIVE OF
THE RPC’S ANTHROPOMORPHIC PHANTOMS.

Site Institutions Irradiations Pass rate
H&N 537 763 78%
Pelvis 156 175 82%
Lung 133 174 69%
Liver 16 24 50%
Spine 18 16 5%

Note: The criteria for agreement are 7% and 4 mm for
all phantoms except the lung phantom, for which
the criteria are 5% and 5 mm.
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A quality assurance programme in dosimetry
for Algeria: from simple to complex

Mehenna Arib, Saad Khoudri, Med Salah Bali, Aimad Yennoune, Abdelkader Toutaoui,
Fouzia Dari, Abdelkader Yaiche, Abdelaziz Messadi, Toufik Medjadj
Centre de Recherche Nucléaire d’Alger, Algiers, Algeria

The audit of radiotherapy beams was initiated in Alge-
ria in 1992 with a post graduate thesis undertaken at the
Secondary StandardsDosimetry Laboratory of Algiers.
The idea was to use a Farmer chamber shaped PMMA
holder (Fig. 1) capable of holding six TLD-100 chips
in a clinical beam. The dosimeters were calibrated in
terms of absorbed dose to water by comparison with
a calibrated ionization chamber using a 1 mm PMMA
waterproofing sleeve. The TLD system was used, along
with an ionization chamber, to check the beam calibra-
tion of eight cobalt-60 treatment units nationwide.

In 1995, a quality assurance programme was estab-
lished and was based on the use of LiF TLD-100 pow-
der, calibrated at the Algerian SSDL. This programme
was initiated in the framework of an IAEA Coordinated
Research Project (E2.40.07), by setting up an External
Audit Group (EAG) which is composed of the Measur-
ing Group (MG) within the SSDL, responsible for the
technical aspect of the TL dosimetry, and the Medical
Physics Group (MPG), responsible for the interactions
with the participating radiotherapy centres and sup-
ported by two hospital physicists and one oncologist.
This programme was implemented to establish the
IAEA methodology for the use of TLDs.

The reproducibility of the TLD signals have been
studied in Algeria using three different dispensers: a
home made dispenser (Fig. 2a), a commercially avail-
able (Fig. 2b) dispenser and an IAEA made dispenser
(Fig. 2¢). Homemade cupels made of aluminum, stain-
less steel and copper were also studied. For calibra-
tion purposes, the TLD capsules were irradiated using
a PMMA phantom fixed on a rigid frame that can be
inserted on the %Co calibration unit in a reproducible

TLD Chips

Figure 1. lonization chamber shaped TLD chips holder.

manner (Fig. 3). Up to five capsules could be irradiated
using a PMMA rod. The powder was evaluated using a
Harshaw 4000 readout system.

In 2001, the Algerian EAG participated in a second
CRP (CRP E2.40.12) addressing the development of
TLD-based audits for radiotherapy dosimetry in non-
reference conditions. In this programme, a modified
TLD holder with horizontal arms holding three cap-
sules was used allowing for the checking of reference
dose rates as well as beam profiles for either symmetric
and asymmetric fields.

In addition to the development of methodologies for
reference and non reference conditions, the EAG also
helped to establish the energy dependence of the TLD-
100 powder in high energy photon and electron beams
by irradiating the TLD capsules at Algerian radiother-
apy centres and outside Algeria, by other CRP partici-
pants and a few radiotherapy departments in France,
Belgium, Canada and the Czech Republic. All calibra-
tion curves were checked with irradiations performed

(EN b (4]

Figure. 2. Homemade (a), Harshaw (b) and IAEA (c) dispensers

Figure. 3. PMMA phantom used for irradiating TLDs.
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Figure 4. Results of audits in non-reference conditions: dose ratio
on-axis for photon and electron beams.

at the IAEA Dosimetry Laboratory and with irradia-
tions performed by other CRP participants.

Since 1995, the EAG has been applying the established
methodology for the annual national audit in reference
conditions, and since 2001, in non-reference condi-
tions.

As of December 2009, the Algerian infrastructure
in radiotherapy is composed of five radiotherapy de-
partments equipped with eight 60Co units and seven
linear accelerators, three of which are equipped with
multileaf collimators. Furthermore, there is in place a
programme initiated by the Algerian Government for
increasing the number of radiotherapy departments to
nineteen. As a first step in this programme, by the end
of 2010, six new modern linear accelerators are planned
to be installed and six Cobalt-60 units will be replaced
by 6 MV linear accelerators with multileaf collimators.

Expecting the development of radiotherapy treatment
modalities that will be implemented in Algeria (con-
formal treatment, IMRT and other modern techniques),
the Algerian EAG has decided to participate in a new
CRP launched by the IAEA concerning the develop-
ment of quality audits for radiotherapy dosimetry for
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Figure 5. Results of audits in non-reference conditions : off-axis
measurements for symmetric beams.

complex treatment techniques. A trial run was organ-
ized in September 2009 for MLC audits at two Alge-
rian centers.

From 1997 to 2009, many audits were implemented in
which all the Algerian radiotherapy centres participat-
ed. In this period, only three discrepancies between the
dose stated by the participant and that measured by the
EAG were detected, in reference conditions: one for a
%0Co beam was due to malfunctioning of a mechanical
timer and the two others were in high energy photon
beams and poor beam calibration was identified as the
cause. Regarding the non-reference conditions (Fig. 5),
observed discrepancies were identified as originating
either from the capsule positioning, especially for ir-
radiation with wedge filters, and for a few other irra-
diations based on dosimetric data from the planning
systems.

The audits have been very helpful since they are re-
garded as an independent check for the beam calibra-
tion and other parameters by the medical physicists. In
many cases, when discrepancies were detected, imme-
diate actions were taken, including an on-site visit with
recalibration of beams with an independently calibrat-
ed ionization chamber.

The Brazilian experience in postal quality
audits in radiotherapy

C. C. B. Viegas, A. M. Viamonte, L. A. R. Da Rosa, A. M. Campos de Araujo,
National Cancer Institute, Rio de Janeiro, Brazil

Brazil has almost 190 million inhabitants and has 220
radiotherapy centres with 100 ®Co units and 170 linacs.

Since 2003, the Quality Control Programme in Ra-
diotherapy (PQRT) from the National Cancer Institute
(INCA), Rio de Janeiro, has implemented a postal dose
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audit system in Brazil [1-3], which has also been used
by some radiotherapy centres in other countries in Lat-
in America and the Caribbean (Argentina, Chile, Cuba,
Ecuador, Guatemala, Honduras, Panama, Paraguay,
Uruguay and Venezuela). Each radiotherapy centre that
uses our postal system to complement their own quality

Lo



Figure 1. TLD holder used in PORT postal audit system.

control programme is also assessed with an external au-
dit, in accordance with international procedures [4, 5].

The system used for irradiating TLDs (Fig. 1) consists
of a lucite support frame and 16 capsules with powder
thermoluminescent dosimeters (TLD-100: LiF:Mg,Ti).
The frame is fixed within a water phantom. It is pos-
sible to irradiate 5 TLD capsules at a time. The system
is used for analyses of therapeutic photon beams (**Co
and linacs) in reference and non-reference conditions,
and evaluates the following parameters:

. Dose in the central axis in reference conditions;

. Dose in the central axis at different depths;

. Dose for rectangular fields;

. Tray transmission factors;

. Wedge transmission factors (physical and dynamic/
virtual);

6. Beam symmetry;

7. Beam flatness;

8. Beam quality (Linacs).

aa b~ wN

These parameters were evaluated in Brazil between
2003 and 2008 and count 2894 total tests, in 97 ®Co
gamma beams and 292 high energy photon beams.
Examples of these measurements are illustrated in
Figs 2-3.

The results of TLD measurements for other Latin
America and Caribbean radiotherapy centres, in be-
tween 2005 and 2008 are given in Figs 4-7:

Our PQRT/INCA has also a local on-site audit group.
When the postal systems identify a problem which can-
not be solved by phone or email, the local audit group
immediately visits the centre in question and performs
all the tests recommended by the IAEA-TECDOC-1151
[4] and IAEA-TECDOC-1543 [5], and corrects the
problem.

This TLD audit postal system has been used routinly
since 2003. From these 5 years of experience we can
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Figure 2. Brazil: measured / stated dose in reference conditions.
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Figure 5. Latin America and the Caribbean: measured dose /
stated dose in non-reference conditions (rectangular field and
depth dose).

conclude that this system is reliable, and very useful for
a large country like Brazil. The system provides infor-
mation about the main parameters necessary for quality
radiotherapy treatment and helps to ensure the quality
of a large amount of equipment in a mimimal amount
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Figure 7. Reference and non-reference measurements (measured
parameters / stated parameters): (a) problems in dosimetry, (b)
beams from Fig. 7a reanalyzed after sending another postal kit or
by phone/email contact.

of time and with a minimal amount of costs. In Fig. 7a
TLD results are shown for those radiotherapy centres
where discrepancies in one or more beam parameters
were found. In Fig. 7b one can see the improvements
of the measured parameters in the checked beams after
addressing the problems found.

In Figs 7a and 7b we can clearly see how important this
program is for improving dosimetry in radiotherapy in
our country. The data clearly show that several devia-
tions found in beam parameters measured and stated
(Fig. 7a) in different radiotherapy departments could
be resolved through a simple telephone call or email
which was confirmed by the repeat successful TLD au-
dit (Fig. 7b).

Our success is in large part because of the hard and con-
tinuous work from the Postal Audit Group, see Fig. 8.
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Figure 8. The Postal Audit Group (from the left): Claudio, Paul,
Alfredo, Anna (the head) and our moral stick.
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TLD audit in radiotherapy in
the Czech Republic

Daniela Ekendahl, Helena Zaékova
National Radiation Protection Institute, Prague, Czech Republic

The postal TLD audit for radiotherapy beams in the
Czech Republic has been pursued by the National
Radiation Protection Institute (NRPI) in Prague since
1997. From the very beginning, the aim has not been
only to achieve an improvement of clinical dosimetry,
but also to provide results to the State Office for Nu-
clear Safety (SONS), which is responsible for radiation
safety in the Czech Republic. According to the Czech
national recommendations issued by the SONS, each
clinically used beam must undergo a calibration check
performed via the postal TLD method at least once per
two years. This involvess 32 radiotherapy centres en-
compassing 62 radiotherapy treatment machines. A to-
tal of more than 1000 beam checks have been provided
in this way since 1997.

The origins of the Czech TLD postal audit date back
to 1993. With the support of the Flemish government,
a pan-European Radiation Oncology Programme for
Assurance of Treatment Quality (EROPAQ) was or-
ganized for three central European countries (Poland,
Hungary and Czech Republic) to link them to western
European countries and to share their lessons and ex-
periences in installing their system of quality assur-
ance in radiotherapy. The EROPAQ coordinating and
measuring centre (CMC) was set up in 1994 at the Uni-
versity Hospital Gasthuisberg (Leuven, Belgium) and
they worked together with the Czech reference centre
established to distribute TLD mailings to Czech radio-
therapy centres. The methodology of TLD irradiation
and evaluation within the EROPAQ was similar to that
developed by the IAEA and EC network [1-3].

In 1996 a total of 26 beams were checked. Only 16
(62%) of them complied with the acceptance level of +
3% which was set for deviation between the measured
and stated dose. For 5 (19%) beams major deviations
(beyond £ 6%) were found which required prompt ac-
tion. After the cause of the major deviations had been
explained, the TLD checks were repeated. This led to
improvement of the clinical dosimetry at the radio-
therapy centres. Simultaneously with the TLD project,
an infrastructure study was done. The collected data
helped to investigate the correlation between the results
of beam output checks and intrinsic structures of radio-
therapy departments, staffing and equipment.

The highly successful EROPAQ project [1] was fol-
lowed by a pan-European Radiation Quality Assurance
(EURAQA) that started in 1996. Within the frame of the
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EURAQA, guidelines for organizing TLD audits at the
national level were prepared. The participation of the
Czech representatives in this project was fundamental
in the building of the Czech TLD measuring centre and
setting the national system of external independent au-
dits. The TLD measuring centre was established in the
NRPI’s Department of Dosimetry which was equipped
with a manual Harshaw 4000 TLD reader and other
accessories. Lithium fluoride powder LiF:Mg,Ti (type
MT-N produced by TLD Poland) was chosen as TLD
material for the audits. The methodology for the beam
calibration check was based on that used in the EC and
EROPAQ/EURAQA networks. More details about the
Czech TLD audits can be found in the literature [4, 5].

Following the creation of a national system for TLD
audits, the methodology was further refined and devel-
oped, supported by both international and national re-
search projects. At the end of 1998, two multi-purpose
phantoms were obtained. After a short testing period
where the methodology was checked, the advanced
TLD audit was brought into practice in 1999. The au-
dit involved measurements for both reference and non-
reference conditions for external photon beams. The
methodology of the TLD audits has also developed to
accommodate modern computer-controlled linear ac-
celerators with multi-leaf collimators (MLC), which
have increasingly been used during the last decade. The
MLC portion of the TLD audit covers measurements
on the central beam axis in radiation fields formed by
the MLC. The first TLD MLC audits were performed
in 2003. The methodology is still under development
within the framework of an IAEA coordinated project
in a Czech project, “Development of postal dosimetry

Figure 1. National Radiation Protection Institute in Prague — the
building where the Department of Dosimetry resides.
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audits for conformal radiotherapy techniques in the
Czech Republic”. However, at present these more ad-
vanced methods of TLD audits have not been used in
practice by SONS, but it is hoped that they may be used
within the clinical audits which are in the process of be-
ing developed in the Czech Republic.

Our results and experiences show the importance of
TLD audits in radiotherapy centres. It is plainly seen
that regular audits lead to an improvement of clini-
cal dosimetry. At present, 93% of the audit results are
within the £3% limit for the beam calibration check.
Major deviations are rare and can usually be identified
as random errors.
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Establishment of a postal dose audit system
iIn Japan using a radiophotoluminescent
glass dosimeter

Hideyuki Mizuno, Akifumi Fukumura
Quality Control Section, Research Center for Charged Particle Therapy,
National Institute of Radiological Sciences

The story behind development of
the national audit system

Although over 800 linear accelerators have been clini-
cally used at about 700 radiation therapy facilities in Ja-
pan[1], until recently no external audit system existed.
Since 2001, several severe accidents from erroneous
irradiation in radiation therapy treatments have been
made public in Japan [2]. The main reason for these ac-
cidents was the misuse of new technology used for ra-
diation treatment, such as treatment planning systems.
The demand for quality assurance in radiation therapy
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has been growing and a pilot external audit study was
initiated by a national group funded by the Ministry of
Health, Labour and Welfare [3]. The group chose to
use the radiophotoluminescent glass dosimeter (RGD)
as a transfer dosimeter rather than a TLD. The new
RGD system, Dose Ace (ASAHI GLASS CO.), com-
mercially available in Japan, had stable output, its re-
producibility was favorable, and the RGDs had almost
no fading effects. The pilot study was undertaken by
the National Institute of Radiological Sciences (NIRS;
SSDL) and the system was finally established as a post-
al dosimetry audit [4].
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Figure 1. RGD system (RGD elements, reader and the control PC).

In this system, RGDs and a water equivalent solid
phantom (Tough Water Phantom, KYOTO KAGAKU
CO.) were sent to radiotherapy centres, where the
RGDs were irradiated with 1 Gy in a high energy X ray
beam at the reference conditions (field size 10 cm x
10 cm, depth 10 cm). Irradiated RGDs were then sent
back to NIRS and the dosimeters were analysed by an
RGD reader. The RGD system is shown in Fig. 1. The
tolerance level was set to +5%, taking into considera-
tion the uncertainty of £1.6% (1 standard deviation).

The NIRS group conducted the postal audit trial with
106 centres from 2006 to 2007 and the results showed a
1.3% standard deviation for 191 beams, indicating very
good consistency in basic dosimetry among Japanese
centres [4]. Based on the success of this trial, the postal
dose audit service was initiated in November 2007 and
it is now operated by the Association for Nuclear Tech-
nology in Medicine (ANTM). The audit is not manda-
tory and the hospitals that participate in the audit are
required to pay a fee for two beam checks at the ref-
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Figure 2. Distribution of the results of the postal dose audits of
radiotherapy hospitals for the delivery of absorbed dose to water
under reference condition during 2007-2009.
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Figure 3. The members of NIRS and the ANTM audit group.

erence conditions. We are recommending that centres
participate in the audit every three years.

The audit results

From its inception in November 2007 to November
2009, 86 radiotherapy centres have participated in the
audit. This included a total of 102 linear accelerators
and 180 checked beams (48 4 MV beams, 54 6 MV
beams, 75 10 MV beams and 3 beams of 15 MV).

The distribution of the results is shown in Fig. 2. The
results correspond to ratios of the NIRS RGD read dose
to that stated by the user, D, /D_,. The mean ratio
was 1.006, its standard deviation 1.0%, and the outliers
ranged between a minimum of 0.974 and a maximum

of 1.031.

Future plans

To make the audit more practical, an audit for non-
reference conditions has been studied. This includes
checks of the dose with respect to field size and wedge
transmission. We plan to apply this in the 2010 audits.
In addition, future development of an audit system for
electron beams or particle beams is also planned.

References

[1] TESHIMA, T., NUMASAKI H., SHIBUYA, H.,
et al., Japanese Structure survey of radiation on-
cology in 2007 (First report), J. Jpn. Soc. Ther.
Radiol. Oncol. 21 (2009) 113-125.

WORLD HEALTH ORGANIZATION, Radio-
therapy Risk Profile WHO/IER/PSP/2008.12,
WHO, Geneva (2008).

(2]

[3] SHIMBO, M., “Developing Postal Dose Audit

System in Japan”, Proc. World Congress on Medi-



SSDL Newsletter No. 58, June 2010

cal Physics and Biomedical Engineering 2006
(2006) 5297.

[4] MIZUNO, H., KANAI, T., KUSANO, Y., et al.,
Feasibility study of glass dosimeter postal do-

simetry audit of high-energy radiotherapy photon
beams,. Radiother. Oncol. 86 (2008) 258-263.

History of dosimetry comparisons
and audits for radiotherapy centres in Poland
In 1936-2009

W. Bulski, J. Rostkowska, B. Gwiazdowska
Medical Physics Department, the Centre of Oncology, Warsaw, Poland

The Medical Physics Department at the Centre of On-
cology, Warsaw has a long tradition of activities in the
field of radiation dosimetry in medicine. The depart-
ment was created before World War Two, in 1936,
in response to Marie Sklodowska-Curie’s wish for a
measurement laboratory to be established. The depart-
ment was headed by a disciple of Ms. Curie, Prof. Ce-
zary Pawlowski. The Laboratory was officially inaugu-
rated on the occasion of a visit from Irene and Frederic
Joliot-Curie, just after their Nobel Prize ceremony in
Stockholm in 1936 (see Fig. 1). The Laboratory per-
formed radiation dosimetry measurements for various
institutions throughout the country which, at that time,
were using radium-226 or orthovoltage X rays. These
activities were limited though, throughout World War
Two.

Figure 1. A visit of Irene and Frederic Joliot-Curie to the
Physics Department during the inauguration of the Measurement
Laboratory in October 1936 (prof. Cezary Pawtowski in the
centre). Frederic told a correspondent of a Polish newspaper

the following: “Today I was pleasantly surprised by the Physics
Laboratory in your Radium Institute. It is a very well organized
and methodically installed laboratory. When I was here three
years ago in 1933 there was nothing, but today good results
can be obtained here”. The Joliot couple maintained personal
contacts with the institute and continued to support it until after
World War Two.
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After the war, while Poland was recovering from war
time devastation, Prof. Pawlowski reactivated the ac-
tivities of the laboratory. In the postwar framework,
employees of the department were obliged to carry out
the measurements of the dose rate or output for X ray
machines and check for the possible leakage of radium
tubes throughout the country. These activities slowed
down for the department when radiotherapy facilities
started to employ their own physicists for local meas-
urements.

The activities of the department for the calibration of
radiotherapy dosimeters have remained a priority since
the department’s conception. Such calibration was pos-
sible due to the fact that the Physics Department has
received, through the United Nations Relief and Re-
habilitation Administration (UNRRA), a donation of
several dosimeters: the American Victoreen Condenser
r-Meters, which also possessed a calibration certifi-
cate from the American primary standards laboratory.
In 1960s to late 1980s , different dosimetry protocols
and codes of practice were used incoherently in Poland,
such as ICRU report #24, the Nordic protocol — NACP,
the American protocol TG-21 published by the AAPM,
and the IAEA TRS-277 protocol. In 1988 Izewska and
Gajewski published work which showed that the doses
defined in the different protocols could have discrepan-
cies as much as 2%-3% in reference conditions after
which the common protocol — the IAEA Report TRS
277 —was put in place for the whole country.

This unification of the use of dosimetry protocols jn the
country, the relatively good equipment at the labora-
tory, and the organization of calibration as a separate
task of the Department allowed for the department’s in-
clusion in the Network of Secondary Standards Dosim-
etry Laboratories — the IAEA/WHO SSDL Network
in 1988. This was done on the recommendation of the
Polish Bureau of Measures.



Figure 2. The dedicated Co-60 unit set-up for calibration of
radiotherapy dosimeters and for irradiation of TLD powder.

At the beginning of the 1990s there were about 50 meg-
avoltage radiotherapy units in Poland. Due to the short-
age of qualified specialists in medical physics there
was a considerable risk of radiation accidents. This was
made worse by the fact that megavoltage radiation does
not produce distinctive effects on the skin, which is the
case for orthovoltage radiation to which most radia-
tion oncologists were accustomed. For this reason the
Medical Physics Department petitioned the 1AEA to
fund the “TLD postal dosimetry audit in radiotherapy
centres in Poland” project.

The TLD audit project started in 1991 and was well
accepted by the physicists at the regional radiotherapy
centres. All deviations greater than £3.5% were care-
fully analyzed. During the period 1991-1993 all Co-60
units and photon and electron beams from accelerators
were checked. Approximately 24% of the beams exhib-
ited deviations outside +3.5% acceptance limit. They
were followed-up, analyzed and corrected.

In 1994 the Polish SSDL joined and co-organized,
through its representative Dr. Joanna Izewska, the pan-
European Radiation Oncology Project for Assurance
of Treatment Quality (EROPAQ). Over the span of the
EROPAQ Project (1994-1995) the percentage of the
beams with deviations higher than 3.5% went down to
12%.

There is no doubt that in some cases the deviations were
caused by the lack of experience of the local physicist
or by his/her errors. All these errors were discussed
with the participants, explained and corrected. It was
extremely difficult to estimate the number of patients
who could be irradiated with doses different to the pre-
scribed ones, because in the opinion of the participants,
some of the errors detected might have occurred only
during the TLD irradiation. It was stated beyond any
doubt that in one case 78 patients were underdosed for
about one month (the deviation 5.7%), in another case
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the patients were overdosed for about two years (devia-
tion 4.9%).

During the period 1996-1998, when the whole Depart-
ment was moved to a new building, the audit activity
was temporarily stopped. It was restarted in 1999 and
through 2001 the doses determined by measurements
with ionization chambers in reference conditions were
checked using new facilities (see Figs 2 and 3). During
that period the number of deviations outside the accept-
ance limits was below 7%.

In 2002, a new TLD audit approach was introduced.
Participants were asked to irradiate TLDs with doses
calculated by the treatment planning systems (TPS)
rather than following the dose measurement with an
ionization chamber. In addition electron beam doses
began to be audited using TLDs following the hospital
measurements with ionization chambers. In both cases
the doses were determined in reference conditions.

As of 2004, the audits of doses determined from the
TPS calculations in various non-reference conditions
were introduced, in accordance with the IAEA pro-
gramme for national audit groups. Despite these com-
plex conditions (off axis, irregular fields, non-symmet-
ric fields) the number of deviations is usually small,
which is quite satisfactory when compared with the
early results (see Figs 4 and 5).

These favorable results of the audits for complex ra-
diation fields prove there is a high level of dosimetric
accuracy and TPS performance in Polish radiothera-
py centres. The audits also build up the awareness of
medical physicists of the importance of precise de-
termination of doses delivered to patients, and there-
fore increase patient safety. This is confirmed by the
decreased deviation of results observed in consecutive
audit runs over the years.

Figure 3. The TLD audit team at work on the Fimel PCL3 reader.
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Figure 5. The results of the TLD audit run conducted in 2009 for
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cate different field arrangements. All but two results are within
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Audit of 3D conformal radiotherapy treatment
planning systems

E. Gershkevitsh?, C.Pesznyak?, S. Vatnitsky?
! North Estonia Regional Hospital, Tallinn, Estonia
2 Uzsoki Hospital, Budapest, Hungary
8 Former IAEA staff, Vienna, Austria

Background

Treatment planning systems (TPSs) are an essential
part of modern radiotherapy equipment where radia-
tion dose distribution and number of Monitor Units
(MU) necessary to achieve it are calculated. Therefore,
proper commissioning, implementation and applica-
tion of TPSs are essential to ensure accurate dose de-
livery to the patient, and to minimize the possibility of
accidental exposure.

IAEA is supporting national and sub-regional TPS au-
dit activities as a new initiative to improve the quality
and safety of radiotherapy in Member States.

The audit methodology is based on the outcome of the
IAEA coordinated research project E2.40.13 “Devel-
opment of procedures for quality assurance for dosim-
etry calculation in radiotherapy” [1]. The pilot runs
have been conducted in the Baltic States and Hungar-
ian hospitals.

Methodology

The methodology for the audit focuses on the dosimet-
ric aspects of the treatment planning and delivery proc-
esses of radiotherapy, for high-energy photon beams. It
assesses the important part of the external beam radio-
therapy workflow - from patient data acquisition and
treatment planning to dose delivery.
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The audit procedure is based on the use of a CIRS tho-
rax phantom Model 002LFC (Norfolk, VA). The phan-
tom has a body made of plastic water, lung equivalent
material and bone equivalent material sections and has
10 holes to hold interchangeable rod inserts for an ioni-
zation chamber. The phantom has a set of calibrated
electron density reference plugs that enable the veri-
fication of the Hounsfield units/electron density (HU/
ED) conversion procedure. Computed tomography
(CT) is used to image the phantom and the images are
transferred to a TPS where planning and dose calcula-
tions take place. The clinical test cases cover a range of
basic treatment techniques used in 3D conformal radio-
therapy (CRT). The tests are structured so that at first,
the dose distributions for single beams are considered,
then standard multiple field techniques are used, and
finally the complex multi-field arrangements are ap-
plied. A short description of test cases is given in Table
1, column one, and more detailed descriptions could be
found elsewhere [2]. The clinical test case setup con-
ditions are carried out using a treatment machine, and
the doses to specific points in the phantom are directly
measured with an ionization chamber. These checks are
primarily aimed at confirming that the doses calculated
by TPS agree with those determined by measurement,
within predefined acceptance criteria.

The audit process takes about 15 hours for one accel-
erator (considering two photon beams and up to three



Figure 1. CT image of the CIRS phantom with location of
measurement points.

TPS algorithms). In practice it requires two working
days. On the first day CT scanning and test case plan-
ning is performed. CT scanning requires approximately
45 minutes of scanner time including time necessary
for data transfer. The first scan is performed to verify
the HU/ED conversion curve used by TPS, and the sec-
ond scan is performed for treatment planning purposes.
The planning of test cases and transfer of the data to
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the accelerator record and verify system requires ap-
proximately 6 hours. On the second day the irradiation
of the phantom will take place, which will require up
to 5 hours of accelerator time for a dual photon energy
machine. Analyses of the data would require an addi-
tional 2 hours.

Audit in the Baltic States

The audit was carried out in the 5 largest radiotherapy
departments of the region. It was the same auditor
who visited all the radiotherapy departments and en-
sured that the procedure of IAEA-TECDOC-1583 was
followed. The performance of seven TPSs have been
evaluated and the measurements were conducted on
seven treatment units. Altogether, there were 28 differ-
ent combinations of photon beams and TPS algorithms/
inhomogeneity correction methods tested.

The location of measurement points are shown on
Fig. 1 and results are listed in Table 1.

All TPSs tested had a satisfactory performance with de-
viations less than 3% in the majority of clinical test cas-

TABLE 1.DESCRIPTION OF TEST CASES AND DIFFERENCE BETWEEN TPS CALCULATED AND

MEASURED VALUES.
Test description MeaSL.Jrement Acceptance criteria % Mean difference
point # % [range]
3 2 0.0 [-1.4;1.8]
Standard SSD 10x10cm? single field 9 4 -5.0 [-11.6;0.8]
10 3 -1.7 [-4.5;4.6]
Extended SSD rectangular field (4x18cm?) 3 3 -0.5[-5.2;2.2]
Oblique incidence 1 3 -0.7 [-4.3;4.4]
Field with blocked corners 3 3 -0.2 [-2.1;2.2]
5 3 -0.4 [-2.5;6.1]
Four field *box’ technique 6 4 1.6 [-6.6;12.0]
10 4 -2.8[-11.8;8.5]
Customised blocking, large low density 2 3 0.3[-1.4;1.8]
inhomogeneity 7 4 6.7 [-8.9;19.2]
. . 3 3 0.4 [-3.3;7.5]
L-shaped field with blocked central axis 10 5 2.0 [-2.8:4.9]
3 field plan with asymmetrical wedged beams 5 3 0.4[-2.8;4.9]
3 field plan with non-coplanar beam 5 3 0.1 [-3.9:5.2]

arrangement
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es, with the exception of dose measurements at points
located in the lung equivalent material. The deviations
of up to 19.2% between measured and calculated doses
were discovered for these points. A number of small
discrepancies caused by inaccuracies in the input beam
data fitting were discovered as well.

The TPS audit in the Baltic States showed mostly ac-
ceptable results with, however, a few exceptions relat-
ed to TPS algorithm limitations.

Audit in Hungary

Prior to the audit, the IAEA loaned a CIRS Thorax
phantom to the Hungarian Society of Medical Physics
and a one-day workshop was organised at the Uzsoki
Hospital in Budapest. At this workshop, the purpose
and methodology of the TPS audit was presented to
medical physicists from different radiotherapy depart-
ments across the country. After the workshop, a physi-
cist from the Uzsoki Hospital visited nine radiotherapy
departments and performed the audit. Altogether there
were 11 TPSs in nine radiotherapy departments tested,
and measurements were carried out on 10 treatment
units.

Four TPSs provided results within the acceptance crite-
ria, whereas the others had one or more measurements
with larger deviations. Generally, better agreement be-
tween calculations and measurements was observed for
low energy (6 MV) photon beams than for high energy
(15, 18 MV) photon beams.
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Following the audit, several areas for improvement
were identified, related to TPS data input, CT calibr-
tion, beam calibration, and other items.

Conclusion

Audit studies in both regions show that TPS audits can
be a useful and efficient approach for assessing the
differences between TPS calculations and actual dose
measurements. The audits also identified shortcom-
ings in the radiotherapy chain and areas that can be
improved. In addition, it also helps the user to appreci-
ate the possibilities of their TPS and to understand its
limitations.
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QUATRO: comprehensive audit
In radiation oncology

J. Izewska
International Atomic Energy Agency

Figure 1. Comprehensive QUATRO audit in the Greatpoland
Cancer Centre, Poznan, Poland, 2009.

The radiation treatment outcome is the result of a mul-
tifaceted process that involves complex infrastructure,
technology and a multi-disciplinary team of profession-
als trained in radiation oncology, medical physics, ra-
diotherapy technology, radiobiology, and medical case
planning and management. They work together to plan
and deliver radiotherapy to cancer patients, integrating
the radiation treatment with surgery and chemotherapy
as needed.

IAEA comprehensive audits assemble teams of profes-
sionals (radiation oncologist, medical physicist, radia-
tion therapist) to critically assess radiotherapy practic-
es and management at radiation oncology centres with
the aim to improve quality. Called the Quality Assur-
ance Team for Radiation Oncology, or QUATRO, the
audits draw on high level experts from IAEA Member
States who comprise the auditing team for QUATRO
missions. They are supported by a local radiation safety
expert.

QUATRO audits aim to help radiotherapy centres at-
tain the best level of practice possible for their country.
Audits assess the radiotherapy infrastructure; patient
and equipment related procedures; radiation protection;
staffing levels and professional training programmes
for the local radiotherapy staff. A comprehensive audit
methodology is available at the IAEA[1].
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By 2010, QUATRO has conducted approximately 50
audits on request, in radiotherapy centres from Central
and Eastern Europe, Asia, Africa, and Latin America.

Auditors identify gaps in technology, human resources
and procedures, allowing the audited centres to docu-
ment areas for improvement. Some centres have been
acknowledged for operating at a high level of com-
petence, while others have received a comprehensive
set of recommendations. Overall, the audits have con-
tributed to significant improvements at centres, and to
identifying common issues of concern to address inter-
nationally. An example of this is the training of radia-
tion therapists in Central and Eastern Europe, now be-
ing implemented through the IAEA’s cooperation with
the European Society for Therapeutic Radiology and
Oncology (ESTRO).

QUATRO, in addition, offers assistance in the reso-
lution of suspected or actual dose misadministrations
(over- and under-exposures) in radiotherapy [2]. It in-
cludes the follow-up of inconsistent results detected by
the IAEA/WHO TLD postal dose audit service. This
way radiotherapy centres are offered help at a very
early stage in the problem-solving process, focusing on
prevention of accidents in radiotherapy.
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CY, Comprehensive audits of radiotherapy practic-
es: a tool for quality improvement, Quality Assur-
ance Team for Radiation Oncology (QUATRO),

IAEA, Vienna (2007).

INTERNATIONAL ATOMIC ENERGY AGEN-
CY, On-site visits to radiotherapy centres: medi-
cal physics procedures, Quality Assurance Team
for Radiation Oncology (QUATRO), IAEA-TEC-
DOC-1543, IAEA, Vienna (2007).

(2]
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Dosimetry and Medical Radiation Physics Section - Division of Human Health
Vienna International Centre, P.O. Box 100, A-1400 VIENNA, AUSTRIA
Fax: +43 1 26007-21662, Tel.: +43 1 2600-21662, e-mail: DOSIMETRY @ IAEA.ORG

IAEA/WHO TLD POSTAL DOSE QUALITY AUDIT
for Radiotherapy Institutions

Please complete the form below and return it to DOSIMETRY@IAEA.ORG.

APPLICATION FORM

Name of the institution:

Address:

Country:

Knowing the principles of operation of the IAEA/WHO TLD postal dose audit service, we apply for the

participation in the IAEA/WHO postal dose audit

We accept the conditions of the IAEA/WHO audits and agree to follow the procedures established by the
IAEA/WHO, in particular the policy on reporting the TLD results and on the required follow-up actions.

We will be able to irradiate TLDs within the scheduled run:

a)

b)

from to

We request the IAEA/WHO to provide TLDs for the total number of high-energy photon beams ,

i.e. Co-60 beams and high-energy X-ray beams

We request a standard IAEA holder stand for TLD irradiation: Yes ] No [

Head Radiation Oncologist Chief Physicist

Name:

Signature:

Date:

Phone/fax:

Email:
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Principles of operation of the IAEA/WHO TLD
postal dose audit service for radiotherapy centres

The service is cost free to participants. It spot checks calibration of clinical teletherapy photon
beams (Co-60 and megavoltage beams from accelerators). It does not check electron beams,
brachytherapy nor orthovoltage x-ray machines.

A hospital can request a number of TLD sets corresponding to the number of clinical photon
beams used for teletherapy; not more than three beams will be checked in an irradiation run
(irradiation window).

The IAEA/WHO TLD service is organized in 10 irradiation runs per year. Each participant is
included in one of these irradiation runs; your country will be participating in the run sched-
uled on :

Your institution is now being contacted to discuss your participation in this irradiation run.
Only those institutions that agreed on terms and conditions of the IAEA/WHO postal dose
audit service will be provided with the TLDs.

At the same time as the participants, the IAEA Dosimetry Laboratory irradiates reference
TLDs (2 Gy, Co-60 beam) for every beam in participating hospitals. Therefore the delays in
irradiation by hospitals are not welcome.

In each irradiation run, two reference institutions, such as Primary Standard Dosimetry Labo-
ratories and leading radiotherapy centres, irradiate TLDs with well defined doses to provide
proper quality control of the process.

The TLDs irradiated by participants should arrive at the IAEA laboratory not later than 6
weeks after the irradiation, otherwise the hospitals will have to wait for their results due to
queues to the TLD reader.

If an individual participant cannot irradiate the TLDs in the scheduled time window, he/she
can still do this later. The "late” TLDs will be evaluated individually at a later date. The IAEA
should be informed when the "late™ participant intends to make the irradiation in order to pre-
pare the reference TLDs.

The TLD results are sent to the participants within 1-4 weeks of receiving the irradiated TLDs
at the IAEA, depending on a queue to the TLD reader. The participants receive individual re-
sult certificates for each beam checked with TLDs. The results within 5% limit are considered
acceptable.

If the results are within the acceptance limit of 5%, the next participation is recommended
within 2 years.

The institutions with the results outside the 5% acceptance limit are provided with a second,
follow-up TLD for the immediate repetitive irradiation. If the second TLD result is still not ac-
ceptable, an expert visit is recommended to resolve the discrepancy.

The results of TLD audits are kept confidential by the TAEA/WHO staff and will not be dis-
seminated without the written permission of the participating radiotherapy centre.

The TLD material sent to your institution represents a significant investment in cost, time and
effort to the IAEA/WHO. Failure to return TLDs may be reported to your local authorities or
to the Ministry of Health.

Individual requests (outside the irradiation windows) are accepted for the new installations,
major repairs of the treatment units, Co-60 source replacements, unusual patient skin reactions
and other important reasons. The requests can be made anytime and will be given the highest
priority.
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INTERNATIONAL ATOMIC ENERGY AGENCY

Dosimetry and Medical Radiation Physics Section
Division of Human Health

THE IAEA/WHO NETWORK OF SSDLs
CUSTOMER SATISFACTION SURVEY FORM

Please help us in our continuous improvement process by completing this form and returning it to us*
as soon as possible.

How do you rate the following: Excellent Very Good Average Poor N/A
Good

The quality of our calibration services?

The appropriateness to your questions
and concerns?

The timeliness of IAEA response?

The communication with IAEA staff in
charge of calibration services?

The quality of our auditing services?

The communication with IAEA staff in
charge of auditing services?

O O] O] O
L) O] O] O
L) O] O] e
O O] O] O
O O] O O
O O] O O

Your overall level of satisfaction with
our services?

Additional comments:

To ensure anonymity of response, please do not provide any details on the respondent. If you would like us to
follow up with you on a pending matter, please send us a separate e-mail to dosimetry@iaea.org.

*Please send the form (by e-mail, fax or post) to:

Dosimetry and Medical Radiation Physics Section
International Atomic Energy Agency

Vienna International Centre

P.O. Box 100

A-1400 Vienna, Austria

Tel: +43 1 2600 21662
Fax: +43 1 26007 21662
E mail: dosimetry(@iaea.org
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: Dlrgcto[y of Radlotherapy Centres

The IAEA Directory of Radiotherapy
Centres — DIRAC — is a web based
database of radiotherapy infrastructure

worldwide. DIRAC includes data on
teletherapy machines, sources and
devices used in brachytherapy, and
equipment for dosimetry, imaging, patient
dose calculation and quality assurance.
These data are complemented with the
numbers of radiation oncologists, medical
physicists and radiation therapists
working at the facilities.

DIRAC

To maintain high reliability, the
database is updated continuously using
questionnaires available from the IAEA.

DIRAC is the only centralized database
that describes the- current capacity
for the delivery of radiation therapy
worldwide. This unique quality~of DIRAC
allows extraction of the mfohatlon
necessary for analysis of the statu

of radiotherapy and estimation of the
need for facilities in various countries or
regions, or worldwide.

www-naweb.iaea.org/nahu/dirac
dirac@iaea.org
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Since 1959, the International Atomic Energy Agency has maintained a register of hospitals
and clinical institutions having radionuclide and high energy teletherapy machines, known as
the Directory of Radiotherapy Centres (DIRAC).

The present electronic version of DIRAC contains data collected since 1995 and includes data
related to teletherapy machines, sources and devices used in brachytherapy, and equipment
for dosimetry, patient dose calculation and quality assurance. Staff strength at the facilities
(radiation oncologists, medical physicists, and technologists) is also included.

So far, data have been collected from 159 countries for about 7000 radiotherapy centres
with over 11000 teletherapy machines (Co-60 units and clinical accelerators) and about 2500
brachytherapy units. However, DIRAC is still an incomplete description of the worldwide status
of radiotherapy infrastructure.

Recently, DIRAC has undergone substantial revisions and is being updated in order to make
reliable data available to users worldwide via the IAEA web site at:

www-naweb.iaea.org/nahu/dirac

We therefore ask you for your assistance in verifying that the DIRAC data on the hospital
infrastructure for your country is complete.

Both individual hospitals and national co-ordinators are most welcome to update their data
on-line. You are also welcome to forward the DIRAC link to other hospitals in order for them
to update their data.

If you are able to help us in updating the information, please use the link above and follow the
instructions to log-in to the DIRAC database. A password is required, which will be generated
by our system and sent to you by the IAEA DIRAC Operator.

Please check, correct and complete all data as they appear in DIRAC. Where relevant, please
input new records for new installations or new hospitals. If a piece of equipment is no longer
operational (e.g. it has been decommissioned), please do not delete it but select the option
“non-operational” from the pull-down menu.

It is also possible to update the data off-line. Hospitals not at present in the database may
download an empty Excel questionnaire from the web site. Those hospitals already in DIRAC
may request the Excel questionnaire for updating by sending an email to DIRAC®@iaea.org.
The questionnaires should be retuned to us, preferably by email.

Hard copies of the DIRAC questionnaire can be sent to those who cannot provide us with records
electronically.

Your kind cooperation is appreciated.

Thank you.

DIRAC Team June 2010



Country

ALBANIA
ALGERIA
ARGENTINA
AUSTRALIA
AUSTRIA

BANGLADESH
BELARUS
BELGIUM
BOLIVIA **
BRAZIL
BULGARIA

CANADA
CHILE
CHINA
CHINA
CHINA
CHINA
CHINA
CHINA

COLOMBIA

CROATIA
CUBA
CYPRUS
CZECH REP. *
CZECH REP.
CZECH REP.

DENMARK

ECUADOR
EGYPT
ETHIOPIA

FINLAND

FRANCE

GEORGIA
GERMANY
GERMANY
GERMANY
GHANA
GREECE
GUATEMALA

HUNGARY
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MEMBER LABORATORIES
OF THE IAEA/WHO NETWORK OF SSDLs

City

Tirana

Alger
Buenos Aires
Menai
Seibersdorf

Dhaka

Minsk

Gent

La Paz

Rio de Janeiro
Sofia

Ottawa
Santiago
Beijing

Beijing

Beijing

Hong Kong Sar
Shanghai
TaiYuan, Shanxi

Bogota

Zagreb
Havana
Nicosia
Prague
Prague
Prague

Herlev

Quito
El-Giza
Addis Ababa

Helsinki

Fontenay-aux-
Roses

Tiblisi

Freiburg
Neuherberg
Schwarzenbruck
Legon-Accra
Paraskevi-Attiki
Guatemala C. A.

Budapest

Contact person

Mr. Kostantin Dollani
Mr. Mehenna Arib

Ms. Margarita Saravi
Mr. Justin Davies

Mr. Hannes Stadtmann

Mr. Shakilur Rahman

Mr. Valery Milevsky

Mr. Hubert Thierens

Mr. Lucio R. Berdeja Amatller
Mr. Carlos J. da Silva

Mr lvailo Petkov

Mr. Manish Kumar

Mr. Carlos Oyarzln Cortes
Mr. Gan Zeuguei

Mr. Jinsheng Cheng

Mr. Guo Wen

Mr. C.L. Chan

Mr. Tang Fangdong

Mr. Zhang Qingli

Mr. Edgar Guillermo Florez
Safiudo

Mr. Branko Veki¢

Mr. Gonzalo Walwyn Salas
Mr. Stelios Christofides
Ms. I. Horakova

Mr. Pavel Dryak

Mr. Libor Judas

Mr Kurt Meier Pedersen

Mr. Marcos M. Frias Sanchez
Mr Noha Emad M. Khaled
Mr. Melaku Minwuylet Anteneh

Mr. Antti Kosunen

Ms. Isabelle Clairand

Mr. Simon Sukhishvili

Mr. Christian Pychlau

Mr. Dieter F. Regulla

Mr. Igor Gomola

Mr. Joseph Kwabena Amoako
Mr. Costas J. Hourdakis

Mr. José Diego Gomez Vargas

Mr. Istvan Csete

49

Fax

+35 5 42362596
+213 21 43 4280
+54 11 6779 8228
+612 97179325
+43/50550-3011

+880 2 8613051
+375172880938
+32 92 646699
+591 2 2433063
+55 21 3411 8163
+35 9 28621059

+1 613 941-3497
+56 2 3646 277
+86 10 444304
+86 10 6201 2501
+86 1 69357178
+85 2 29586654
+86(21)50798270
+86 351 7020407

+57 1 3153059

+385 1 4680098
+53 7 682 9573
+357 22 603137
+42 0 2738330
+42 0 266020466
+42 0 241 410 215

+4572 22 74 17

+59 3 22563336
+20 2 3867451
+251 62 0495

+35 8 975988450

+33 14746 97 77

+99 5 32 613500
+49 761 49055 70
+49 8 93187192224
+49 9 12860710
+23 3 21 400807
+30 2 106506748
+50 2 2762007

+36 1 458 5945

E-mail

kdollani@albmail.com
mehenna.arib@yahoo.fr
saravi@cae.cnea.gov.ar
jbd@ansto.gov.au
hannes.stadtmann@arcs.ac.at

shakilurssdl@yahoo.com
milevski@belgim.by
hubert.thierens@rug.ac.be
ibten@entelnet.bo
carlos@ird.gov.br
ipetkoff@abv.bg

Manish kumar@hc-sc.gc.ca
coyarzun@cchen.cl
sshen@sbts.sh.cn
¢js3393@sina.com
rmessdl@iris.ciae.ac.cn
cchan@ha.org.hk
hxdl@simt.com.cn
zhangqing_li@sina.com

egflorez@ingeominas.gov.co

bvekic@irb.hr
gonzalo@cphr.edu.cu
cstelios@cytanet.com.cy
ihorak@suro.cz
pdryak@cmi.cz
Libor.judas@suro.cz

sis@sis.dk

Marcos.frias@meer.gov.ec
nemadnis@netscape.net
nrpa@ethionet.et

antti.kosunen@stuk.fi

isabelle.clairand@irsn.fr

simoniko@list.ru
pychlau@ptw.de
regulla@helmholtz-muenchen.de
igor.gomola@jiba-group.com
joekamoako@yahoo.com.uk
khour@eeae.gr
jdagadj@yahoo.es

cseteis@mkeh.hu
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Country

HUNGARY
HUNGARY

INDIA
INDONESIA
IRAN,

ISLAMIC REP. of

IRELAND
ISRAEL

KOREA, REP. of
KUWAIT
LATVIA

LIBYAN ARAB
JAMAHIRIYA

FORMER YUGO-
SLAV REPUBLIC
OF MACEDONIA

MADAGASCAR
MALAYSIA
MEXICO

NORWAY

PAKISTAN
PERU
PHILIPPINES
PHILIPPINES
POLAND
PORTUGAL
PORTUGAL

ROMANIA
RUSSIAN FED.
RUSSIAN FED.

SAUDI
ARABIA
SERBIA
SINGAPORE
SINGAPORE
SINGAPORE
SLOVAKIA
SLOVENIA
SOUTH
AFRICA

SRI LANKA
SUDAN **
SWEDEN

SYRIAN ARAB
REP.

City

Budapest
Paks

Mumbai
Jakarta Selatan

Karaj

Dublin
Yavne

Seoul
Kuwait City

Salaspils

Tripoli

Skopje

Antananarivo
Kajang
Mexico City

Osteras

Islamabad
Lima
Manila
Quezon City
Warsaw
Lisbon
Sacavém

Bucharest
St. Petersburg
St. Petersburg

Riyadh

Belgrad

Singapore
Singapore
Singapore
Bratislava
Ljubljana

Pretoria

Orugodawatta
Khartoum
Stockholm

Damascus

Contact person

Mr. Gabor Kontra
Mr. Mihaly Orbéan

Mr. Shri A.K Mahant
Mr. Susetyo Trijoko

Mr. Mostafa Ghafoori

Ms. Veronica Smith
Mr. Ben Shlomo

Mr. Heon-Jin Oh
Ms Elham Kh. Al Fares

Mr. Viesturs Silamikelis

Mr. Saleh A. Ben Giaber

Ms Lidija Nikolovska

Mr. Raoelina Andriabololona

Mr. Taiman Bin Kadni

Mr. Victor M. Tovar Munoz

Mr. Hans Bjerke

Mr. Waheed Arshed

Mr. Tony Benavente Alvardo

Ms. Nieva O. Lingatong
Ms. Estrella S. Caseria
Mr. Wojciech Bulski
Mr. Paulo Ferreira

Mr. Carlos Oliveira

Mr. Constantin Milu
Mr. V.I. Fominykh
Ms. Galina Lutina

Mr. Abdalla N. Al-Haj

Mr. Milojko Kovacevi¢
Mr. Phua Tan Tee

Mr. Stephen Chong

Mr James Lee

Ms. Viera Laginova
Mr. Matjaz Stuhec

Ms. Zakithi Msimang

Mr Cyril Kasige
Mr. Ibrahim Idris Suliman
Mr. Torsten Cederlund

Mr. Mamdouh Bero

50

Fax

+36 1 2248620
+36 1 3551332

+91 2 225505151
+62 1 217657950

+98 261 4424058

+35 3 12697437
+97 2 89434696

+82 2 3801352
+96 5 4862537

+371 67901210

+21 8 213614143

+389 2 3125044

+26 1 202235583
+60 3 89250575
+52 553297302

+47 6 7147407

+92 5 19290275
+51 1 488 5233
+63 2 711 6016
+63 2 9201646
+48 2 26449182
+35 1 217229877
+35 1 219941995

+40 2 13183635
+7 812 3239617
+78 1 25966705

+96 614424777

+38 1112455943
+65 67319585
+65 2 262353
+65 62 228675
+42 1 252923711
+386 1 4773151

+27 128412131

+9411 2533448

+249 (0)183771993

+46 8 7994010

+96 3 116112289

E-mail

kontra@oncol.hu
orbanmi@npp.hu

amahant@barc.gov.in
strijoko@batan.go.id

mghafoori@nrcam.org

vsmith@rpii.ie
abenshlomo@hotmail.com

radjin@kfda.go.kr
e al fares@hotmail.com

Ivgma@lvgma.gov.lv

BenGiaber@yahoo.com

nikolovska@gmail.com

instn@moov.mg

taiman@nuclearmalaysia.gov.my

Victor.tovar@inin.gob.mx

nrpa@nrpa.no

warshed@pinstech.org.pk
tbenavente@ipen.gob.pe
n_lingatong@hotmail.com
escaseria@pnri.dost.gov.ph
w.bulski@rth.coi.waw.pl

radfisica@ipolisboa.min-saude.pt

coli@itn.pt

cmilu@ispb.ro
info2101@vniim.ru
crirr@peterlink.ru

abdal@kfshrc.edu.sa

milojko@vinca.rs

phua tan tee@nea.gov.sg
sckmipil@pacific.net.sg
trdjas@nccs.com.sg
vlaginov(@ousa.sk
matjaz.stuhec@jijs.si

zmsimang@nmisa.org

ckasige@aea.ac.lk
i.i.suliman@gmail.com
torsten.cederlund@ssm.se

atomic@aec.org.sy
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Country City Contact person Fax E-mail
TANZANIA, . .

UNITED REP. of Arusha Mr. Wilbroad E. Muhogora +255 272509709 taecc(@habari.co.tz
THAILAND Bangkok Mr. Sirichai Keinmeesuke +66 2 5806013 thongcha@oaep.go.th
THAILAND Bangkok Mr. Thongchai Soodprasert +66 2 5620093 thongcha@oaep.go.th
THAILAND Nonthaburi Mr. Siri Srimanoroth +66 2 2239595 Siri.s@dmsc.mail.go.th
TUNISIA Tunis Ms. Latifa Ben Omrane +21 6 7171697 sadok.mtimet@rns.tn
TURKEY Istanbul Mr Dogan Yasar +90 212 4732634 dogan.yasar@taek.gov.tr
URUGUAY Montevideo Mr. Alejandro San Pedro +59 8 29021619 calibraciones@dinaten.miem.gub.uy
VENEZUELA Caracas Ms. Lila Carrizales +58 2 125041577 Icarriza@ivic.gob.ve
VIETNAM Hanoi Mr. Vu Manh Khoi +84 4 8363295 dung-khoi@hn.vnn.vn

** Provisional Network members; * SSDL Organization

COLLABORATING ORGANIZATIONS ASSOCIATED
WITH THE IAEA/WHO NETWORK OF SSDLs

Bureau International des Poids et Mesures (BIPM)

International Commission on Radiation Units and Measurements (ICRU)
International Electrotechnical Commission (IEC)

Organisation Internationale de Métrologie Légale (OIML)

International Organization of Medical Physics (IOMP)

Affiliated members of the |AEA/WHO Network of SSDLs

Bundesamt fur Eich und Vermessungswesen (BEV)

Australian Radiation Protection and Nuclear Safety Agency (ARPANSA)
National Research Council of Canada (NRC-CNRC)

Bureau National de Métrologie (BNM)

Physikalisch-Technische Bundesanstalt (PTB)

Hungarian Trade Licensing Office (MKEH)

Ente per le Nuove Tecnologie L’Energia e L’Ambiente (ENEA)

National Metrology Institute of Japan, AIST (NMIJ/AIST)

NMi Van Swinden Laboratorium

National Radiation Laboratory (NRL)

Scientific Research Institute for Physical-Technical and Radiotechnical
Measurements (VNIIFTRI)

Laboratory of lonizing Radiation, Slovak Institute of Metrology (SIM)

Centro de Investigaciones Energéticas, Medioambientales y Tecnolégicas
(CIEMAT)

National Physical Laboratory (NPL)

National Institute of Standards and Technology (NIST)

51

Vienna, AUSTRIA

Yallambie, AUSTRALIA
Ottawa, CANADA
Gif-sur-Yvette, FRANCE
Braunschweig, GERMANY
Budapest, HUNGARY

Rome, ITALY

Ibaraki, JAPAN

Delft, NETHERLANDS
Christchurch, NEW ZEALAND

Moscow, RUSSIAN FEDERATION
Bratislava, SLOVAKIA
Madrid, SPAIN

Teddington, UNITED KINGDOM

Gaithersburg, UNITED STATES
OF AMERICA
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IAEA HUMAN HEALTH SERIES PUBLICATIONS

Recently introduced new IAEA Human Health Series provides information in the areas of: radiation medicine,
including diagnostic radiology, diagnostic and therapeutic nuclear medicine, and radiation therapy; dosimetry and
medical radiation physics; and stable isotope techniques and other nuclear applications in nutrition. The publica-
tions have a broad readership and are aimed at medical practitioners, researchers and other professionals. Interna-
tional experts assist the IAEA Secretariat in drafting and reviewing these
publications. Some of the publications in this series may also be en-
dorsed or co-sponsored by international organizations and professional
societies active in the relevant fields.

There are two categories of publications in this series:
IAEA HUMAN HEALTH SERIES

Publications in this category present analyses or provide information of
an advisory nature, for example guidelines, codes and standards of prac-
tice, and quality assurance manuals. Monographs and high level educa-
tional material, such as graduate texts, are also published in this series.

_ IAEA HUMAN HEALTH REPORTS
Quiality Assurance for

PET and PET/CT Systems Human Health Reports complement information published in the IAEA
Human Health Series in areas of radiation medicine, dosimetry and med-
ical radiation physics, and nutrition. These publications include reports
of technical meetings, the results of IAEA coordinated research projects,
interim reports on IAEA projects, and educational material compiled for
IAEA training courses dealing with human health related subjects. In
some cases, these reports may provide supporting material relating to
publications issued in the IAEA Human Health Series.

All of these publications can be downloaded cost free from the IAEA
web site:

www.iaea.org/Publications/index.html
Further information is available from:

Sales and Distribution Unit

El fisico medsco:

Criterios y recomendaciones International Atomic Energy Agency

para su formacio 8

antrena co P.O. Box 100

y certificacion an A

Vienna International Centre
1400 Vienna, Austria

Readers are invited to provide their impressions on these publications.
Information may be provided via the IAEA web site, by mail at the ad-
dress given above, or by email to:

Official.Mail@jiaea.org.

IAEA HUMAN HEALTH REPORTS No. 1
INFORMES SOBRE SALUD HUMANA DEL DIEA N° 1

Impressum
SSDL Newsletter
Special Issue, No. 58, June 2010

The SSDL Newsletter is prepared by the Dosimetry and Medical Radiation Physics Section, Division of Human Health, Department of
Nuclear Sciences and Applications.

International Atomic Energy Agency, Vienna International Centre, PO Box 100, 1400 Vienna, Austria

Printed by the IAEA in Austria, June 2010
10-15081





