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a b s t r a c t

Background and purpose: The IAEA has developed a methodology for comprehensive quality audits of
radiotherapy practices called Quality Assurance Team for Radiation Oncology (QUATRO). This study
explores the factors that impacted quality of care among QUATRO audited centres in the IAEA Europe
Region.
Materials and methods: The 31 QUATRO reports collected over 10 years include extensive data describing
the quality of radiotherapy at the audited centres. A coding key was developed to aggregate and review
these data in terms of recommendations for improvement and positive findings (commendations).
Results: Overall 759 recommendations and 600 commendations were given. Eight centres recognized as
centres of competence differed from other centres mostly because they operated complete quality man-
agement systems and were adequately staffed. Other centres had excessive staff workloads and many
gaps in the process of care. Insufficient equipment levels were prevalent. Patient centredness, communi-
cation, dosimetry, quality control and radiation protection were frequently commended by QUATRO.
Conclusions: This analysis points to barriers to quality care such as insufficient staffing, education/train-
ing, equipment and lack of quality management. It highlights the correlation between the human
resources availability and quality of care. It has also identified common action items for enhancing qual-
ity of radiotherapy programmes in the Region.
� 2017 The Authors. Published by Elsevier Ireland Ltd. Radiotherapy and Oncology 126 (2018) 183–190
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).

The Global Task Force on Radiotherapy for Cancer Control has
recently published its report highlighting the shortage of radio-
therapy treatment facilities worldwide [1]. While establishing
capacity has to be the first priority, the quality of the service pro-
vided by radiotherapy programmes is the major determinant of
outcome for patients.

Although a universally accepted, specific definition of quality in
radiotherapy is lacking, the provision of quality treatment is the
aspiration of the radiotherapy community [2–4]. Assuring the
quality of radiotherapy treatment is largely carried out within
the clinical programme itself. However, there is considerable value
in including an independent, external review as a component of
quality management programmes [5–7].

The IAEA has contributed to the quality of radiotherapy world-
wide since 1969 when the IAEA/WHO postal dosimetry audit was
introduced [8]. While accurate radiation dosimetry is a necessary
condition for quality radiotherapy it is not, of itself, a sufficient
condition. Degradation of quality can clearly enter the radiother-
apy care path in many places besides machine calibration. Given
the IAEA experience in dosimetry auditing over many years,
requests were received to conduct audits of clinical practices. In
response, the IAEA developed the Quality Assurance Team for Radi-
ation Oncology (QUATRO) audit methodology [9] which has been
endorsed by professional societies and recognized by the European
Commission in its guidelines for clinical audits [10].

To date 89 IAEA QUATRO audits have been conducted in 77
radiotherapy centres in Europe, Asia, Africa and Latin America.
The QUATRO methodology is also used by national audit pro-
grammes in several countries both within Europe, e.g. Belgium
[11] and beyond, e.g. Philippines, Indonesia and Israel.

We report on the first 10 years of QUATRO experience in the
IAEA Europe Region (defined as the European countries eligible
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to participate in the IAEA Technical Cooperation programme) with
31 centres in 21 countries audited. It represents the most compre-
hensive analysis of the quality of radiotherapy practices in the IAEA
Europe Region available to date, including strengths, areas for
improvement and needs of audited centres.

The primary aim of this present study was to identify and dis-
cuss the factors that impacted the quality of care in the audited
centres. Observations presented here are potentially relevant to
other centres in similar circumstances.

Materials and methods

The QUATRO methodology

QUATRO audits are organized by the IAEA in response to volun-
tary requests by eligible radiotherapy centres. They draw on high
level international experts with broad experience in the field
who comprise the auditing teams for QUATRO missions. Teams
are composed of a radiation oncologist (RO), medical physicist
(MP) and RTT. They receive specialized training in order to ensure
consistency in the auditing approach among the teams and
between geographical regions. In European audits, 26 different
QUATRO experts participated (10 ROs, 8 MPs, 8 RTTs).

The QUATRO audit methodology incorporates a predefined
structure with 37 check lists that guide the audit process and facil-
itate a standardized approach to peer review of the audited cen-
tre’s infrastructure, patient and equipment related procedures,
quality assurance and safety programmes, as well as professional
training programmes [9]. The audit is based on staff interviews,
reviews of documentation and observation of radiotherapy prac-
tices, carried out over 5 days. The health policy and economic con-
text, within which the radiotherapy services are embedded, are
also evaluated. In addition, the QUATRO physics auditor makes
dosimetric measurements using IAEA equipment. QUATRO teams
are assisted in their assessments by guidance for best radiotherapy
practices outlined in IAEA publications [12–14] and other publicly
available recommendations [15–18]. Several of these recommen-
dations, including accreditation programmes, have been discussed
by Donaldson et al. [19].

An important deliverable from a QUATRO audit is an assess-
ment of practice quality; strengths were acknowledged and areas
for improvement identified by auditors. Some centres were recog-
nized as operating at a high level of competence (denoted as ‘CC’ in
this paper). A CC is assessed as being capable of delivery of sustain-
able services to a level that can serve as a model for other radio-
therapy centres, and provide training to radiotherapy
professionals [9]; these criteria were the prime consideration in
carrying out the audits.

The audit report is provided in confidence by the IAEA to the
audited centre with the auditors’ conclusion whether the centre
complies with CC criteria. A brief summary together with specific
recommendations that would need to be addressed at the national
level is forwarded to the government of the country. A follow-up
audit is available on request.

Analysis of QUATRO findings from European radiotherapy centre
audits

All findings of QUATRO audits in the Europe Region were
extracted from the audit reports and loaded into a spreadsheet.
Recommendations were easily available for extraction but
acknowledgements of good practices (commendations) were scat-
tered in the reports’ body and they were searched for by a search
engine using descriptive positive attributes. For consistency, only
the first audits of the 31 centres were analysed and not the
follow-up audits, of which there were four. Findings were aggre-

gated with the help of a coding key, Table 1, that consists of three
category levels. Level 1 was used to differentiate between findings
on staffing, infrastructure, process and the treatment centre orga-
nization. Level 2 was used to delve more deeply into these four
broad categories while Level 3 was intended to provide further dif-
ferentiation between findings. The authors assigned three numbers
to each finding, corresponding to each coding key level so that
findings could be grouped by category.

Specific recommendations to governments were analysed sepa-
rately and organized by equipment, staff, education/training and
government policy towards national radiotherapy programmes.

The audit results were compared between the CCs and other
audited centres. A two-tailed Mann–Whitney test was used with
a p-value of 0.05 to assess the statistical significance of the differ-
ences in various parameters for the two groups of centres.

Results

Profiles of the audited radiotherapy centres

The QUATRO programme generated great interest among coun-
tries in the IAEA Europe Region. Among 89 QUATRO audits in all
world regions, 31 audits were conducted in 21 European countries
(Fig. 1) with 14% (31/227) of all centres in the region participating.
Centres which requested an audit were facilitated. Centres audited
belong mostly to the public sector and include a wide spectrum of
human and capital resources, extending from small to large centres
and using radiotherapy technology from basic to advanced. Seven-
teen were national cancer centres with the infrastructure and
radiotherapy services representing the level of practices achievable
in the country. Figs. 2–4 display key parameters of the audited cen-
tres showing great variation in workload, equipment and staffing
levels. The heterogeneity apparent with these characteristics has
been observed also at the national levels in Europe [20–22]. Due
to this heterogeneity data collected in this study can be considered
representative of the various levels of care in the Region.

Findings

Auditors were very cognizant of the need to provide a balanced
view of the programmes they were auditing. Hence, local strengths
were identified as well as opportunities for improvement. Table 2
summarizes the findings from 31 European QUATRO audits struc-
tured according to the coding key developed for this project. Alto-
gether 600 commendations and 759 recommendations for
improvement were analysed.

Eight out of 31 centres were designated as CCs through the
QUATRO programme on the first audit round and additionally
two more centres were recognized as CCs in follow up audits. Of
the total 600 commendations, 220 were given to the 8 CCs in the
first audit (average 27.5 per centre) and 380 to the 23 other centres
(average 16.5 per centre). Correspondingly, CCs received 82 recom-
mendations (average 10.3 per centre) while the other centres
received 677 recommendations (average 29.4 per centre). The
results of a two-tailed Mann–Whitney test for the numbers of
commendations and recommendations returned the p-values of
0.032 and 0.003, respectively, confirming the differences between
CCs and others are statistically significant.

More information on QUATRO findings is given in the supplementary
material

To extract the main messages from this huge amount of data,
rows indicated in green in Table 2 highlight those topics which
attracted at least twice as many commendations (C) as recommen-
dations (R) (C/(C + R) � 0.667). Yellow indicates categories for
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which recommendations outnumbered commendations by at least
2:1 (C/(C + R) � 0.333). The highest numbers of commendations
and recommendations in each category of findings are highlighted
in bold.

In the Staff category, Table 2a presents findings broken down by
profession, and Table 2b summarizes findings for all staff grouped
by topic. ROs received equal numbers of commendations and rec-
ommendations (C = 12, R = 12) while MPs trended more towards
commendations (C = 26, R = 15), Table 2a. For RTTs recommenda-
tions outnumbered commendations (R = 47, C = 15). This was
related to understaffing and deficiencies in training in the RTT cat-
egory, Supplementary Table S1. Nevertheless, all professions
needed strengthening in terms of staff complement (R = 34,
C = 7), distribution (R = 25, C = 8) and remuneration/recognition
(R = 11, C = 0), Table 2b. Staff shortages in several centres are also
visible in Fig. 4. A Mann–Whitney test used to examine the statis-
tical significance of differences in staffing levels between CCs and
other centres, resulted in the p-value = 0.339 for ROs (difference
not significant), the p-value = 0.023 for MPs and the p-
value = 0.005 for RTTs (both significant). Education, training and
professional development received the largest number of recom-
mendations and also commendations in the staff category
(R = 69, C = 67) and for RTTs was seen a weakness in many centres,
Table S1. Communication within and across disciplines was
acknowledged (C = 36, R = 15), Table 2b.

In terms of Infrastructure, the facilities in the audited centres
were of adequate quality (C = 98, R = 17), Table 2b, but equipment
numbers were largely insufficient (R = 74, C = 8) to handle the
workload. Further analysis showed that 23/31 centres were
assessed by the auditors as either requiring more equipment or
needing to replace some obsolete equipment. The radiotherapy
machine shortage is also apparent from Fig. 3. In spite of this chal-
lenge there is, overall, a high level of auditors’ satisfaction with
equipment for imaging, treatment planning, and for physics ser-
vices, in particular dosimetry, Table 2a. High quality dosimetry is
also documented through long-term participation of medical
physicists in the Region in the IAEA/WHO dosimetry audit pro-
gramme [8].

The Processes of radiotherapy constituted a primary focus of the
QUATRO review and, not surprisingly, this resulted in 286/759
(38%) recommendations and 166/600 (28%) commendations,
Table 2a. Recommendations outnumbered commendations for
treatment prescription (R = 14, C = 4) and delivery (R = 69,
C = 17), verification/imaging (R = 19, C = 6), as well as multiple
clinical processes involving a range of activities along the radio-
therapy chain (R = 105, C = 34), Table 2a. In contrast, pre-
treatment workup was regarded as adequate (C = 29, R = 4) in the
majority of audited centres. In particular, the quality of radiother-
apy process was highly commented by the auditors (R = 112,
C = 75), Table 2b. Documentation (R = 64, C = 48) and the need to

Table 1
The coding key developed for analysis of QUATRO findings.

Level 1 Level 2 Level 3
1. Staff 1 radia�on oncologist 1 complement ( i.e. number of staff)

2 medical physicist 2 distribu�on (i.e. are the right people doing the right jobs?)
3 radia�on therapist 3 remunera�on/recogni�on (e.g. are salary levels compe��ve and staff appreciated?)
4 all staff 4 educa�on (e.g. in the class room, B.Sc. programs, cer�fica�on)

5 other 5 training and professional development (e.g. clinical training, internship, residency, CPD, CME) 

6 communica�on within and across disciplines
7 other

2. Infrastructure 1 immobiliza�on / beam modifiers/applicators/mould room 1  quality of facility or equipment (e.g. fit for purpose)
2 RT imaging (e.g. simulator, CT scanner, MRI, PET) 2 equipment complement  (e.g. numbers of hardware-so�ware for clinical load)
3 treatment planning system 3 opera�ng hours 
4 treatment machines 4 equipment quality control
5 RT data management system / record and verify 5 equipment commissioning 
6 mul�ple clinical equipment 6 maintenance 
7 dosimetry (e.g. ion chambers, QC equipment, in vivo dosimetry) 7 other
8 facili�es (e.g. building, privacy issues, labs, pathology diagnos�c dept, IT 
dept)
9 other

3. Processes 1 pa�ent work up (e.g. lab, pathology, imaging, staging) 1 SOP, protocols and policies 
2 informed consent 2 access (e.g. hours of opera�on, financial, geographic)
3 treatment prescrip�on 3 checking/verifica�on (e.g.  pa�ent ID, plans, process QC)
4 immobiliza�on / beam modifiers/ pa�ent marking 4 workload
5 RT imaging for planning (e.g. simulator, CT scanner, MRI, PET) 5 process quality
6 treatment planning 6 documenta�on (e.g. records, logbooks, pa�ents charts)
7 treatment delivery 7 other
8 treatment verifica�on/imaging
9 mul�ple clinical processes
10 quality assurance
11 other

4. Department/Ins�tu�on 
Organiza�on

1 research 1 programme availability

2 referrals / admission (e.g. pa�ents' informa�on complete) 2 programme/service quality
3 discharge / follow up (e.g. adequate informa�on to GP, outcomes 
analysis, cancer registry)

3 resources

4 incident learning 4 other
5 radia�on protec�on and safety 
6 culture and pa�ent centredness

7 staff responsibili�es (e.g. clear org chart, roles, job descrip�on, workflow)

8 quality and safety management
9 clinical trials
10 other

J. Izewska et al. / Radiotherapy and Oncology 126 (2018) 183–190 185



develop standard operating procedures (R = 54, C = 15) were men-
tioned in several audits. Overall, 93% (267/286) recommendations
for improvement of the radiotherapy process were for the centres
not designated as CCs.

In the Department/Institution Organization category, recom-
mendations for improvement significantly outweighed commen-
dations for quality and safety management (R = 96, C = 15), staff
responsibilities (R = 34, C = 14) and incident reporting (R = 22,

Fig. 1. Countries who participated in QUATRO audits in the IAEA Europe Region in first 10 years. The number of QUATRO audited centres is given against the number of all
centres in each participating country; in total 31 of 227 (14%) centres received audits. Number of teletherapy machines per population is highlighted in shades of green
(source: IAEA Directory of Radiotherapy Centres [23]).
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Fig. 2. Number of cancer patients treated per year in the European centres participating in QUATRO audits in 2005–2014. Centres are ordered from smallest to largest. CC
denotes those centres identified through QUATRO audits as centres operating at a high competence levels. On average, there were 2676 patients treated with teletherapy per
year at CCs and 2693 at other centres; patients treated with brachytherapy were 488 at CCs and 492 at other centres.
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C = 2), Table 2a. Culture and patient centeredness was commended
in most centres (C = 29, R = 16). Also, radiation protection and
safety (C = 20, R = 10) were rated highly, Table 2a.

Most recommendations to government pertained to national
policies for development of radiation oncology (22 audits), fol-
lowed by staff education (19), equipment shortages (17) and inad-
equate staffing levels (14).

Discussion

One important feature of this QUATRO results’ analysis was to
explore the relationship between quality of practices at CCs and

metrics describing the quality of care at these centres. As expected,
there were remarkable differences in the number of commenda-
tions and recommendations issued for 8 CCs (C = 220, R = 82) and
23 other centres (C = 380, R = 677). All CCs had quality manage-
ment systems in place, including appropriate procedures and doc-
umentation and were better staffed than other QUATRO audited
centres. ROs in CCs treated on average 193 courses per year, MPs
treated 318 courses and RTTs 108 courses. These numbers in other
centres (RO: 244 courses, MP: 515 courses, RTT: 175 courses) sug-
gest excessive staff workloads compared to CCs and also to the
European averages reported by the ESTRO’s HERO group [22].
The differences in staff workload were found statistically signifi-

Fig. 3. Patient throughput on radiotherapy machines in 31 audited centres in Europe. Centres are ordered from smallest to largest. CC denotes those centres identified
through QUATRO audits as centres operating at a high competence levels. On average, there were 700 patients treated per teletherapy unit per year at CCs and 661 at other
centres; patients per brachytherapy unit were 219 at CCs and 254 at other centres.

Fig. 4. Staff workload in 31 audited centres in Europe. Centres are ordered from smallest to largest. On average, FTE courses per radiation oncologist were 193 at CCs and 244
at other centres; FTE courses per medical physicist were 318 at CCs and 515 at other centres; FTE courses per RTT were 108 at CCs and 175 at other centres. Lines are shown at
the level of 209 courses of treatment per year per radiation oncologist, 303 courses per year per medical physicist, 77 courses per year per RTT, representing the European
averages as reported by the HERO group [20].
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cant and clearly demonstrate the importance of adequate staffing
levels for achieving superior operational quality. The correlation
between the human resources availability and quality aspects of
care cannot be overstated.

Interestingly, no significant relationship between staff work-
load and the centre size or patient throughput on machines was
found in this study. Also noted was that teletherapy machine
workload was high in CCs (700 courses per machine per year)
and other audited centres (661 courses per machine per year) com-
pared to 400–450 benchmarked by IAEA [20] and ESTRO [21]. Nev-
ertheless, CCs were able to adopt modern technology and optimize
their resource use by employing adequate staff numbers and oper-
ating equipment in shifts, at the same time ensuring high quality
radiotherapy services to their patients.

QUATRO recommendations to governments suggest that
national policies for radiotherapy services are required in several
countries and these should lead to significant investments in
equipment and personnel to enable centres to provide adequate
service levels to the population. In fact, the average number of
radiotherapy machines per million in 21 audited countries is 3.5
compared to 8.3 machines per million in Western Europe [23].
Some countries, such as the Netherlands [24] have implemented
forward planning for radiotherapy at the national level, resulting
in greater availability of radiotherapy services to patients.

Noted areas requiring improvement were education, training
and professional development, attracting 45% (69/155) of recom-
mendations in the staff category, Table 2b. Education programmes
need to be developed and promoted, particularly for RTTs, but also
for medical physicists, where shortages exist. Many organizations,

including the IAEA and ESTRO, have developed core curricula [25–
30] for all three disciplines and operate active training pro-
grammes. However, extensive as these programmes are, more
efforts should be directed towards implementing the academic
and clinical components of core curricula at national levels and
possibly harnessing modern communication technology in order
to reach a broader audience within the radiotherapy community
[1].

Issues related to radiotherapy process attracted 38% (286/759)
of all QUATRO recommendations. In particular, many recommen-
dations were given on process quality and documentation
(R = 112), and standard operating procedures (R = 118). Combined,
they constituted 80% (230/286) of recommendations related to the
radiotherapy process. As mentioned above, 93% (267/286) of these
recommendations were for the centres not designated as CCs. It is
well known that the absence of appropriate procedures and docu-
mentation and/or failure to follow approved procedures is an
important contributor to incidents in radiotherapy [31]. Issues sur-
rounding documentation are by no means unique to the audited
centres. Data from the Safety Profile Assessment launched by the
American Association of Physicists in Medicine [32] identified doc-
umentation issues as a weakness in many of the contributing cen-
tres. Some advice on the format and content of appropriate
documentation exists [33] but more practical help in this area is
now needed.

There was a great diversity of recommendations for quality and
safety management covering a range of quality related issues. Cer-
tain areas of the audited programmes had well documented qual-
ity control protocols with all relevant records in place. However,

Table 2
QUATRO findings (a) grouped by Level 2 codes and (b) by Level 3 codes for each of the four Level 1 categories. C denotes Commendations and R denotes Recommendations. Green
indicates a ratio of Commendations to Recommendations >2:1 with C/(C + R) � 0.67. Yellow indicates a ratio of Recommendations to Commendations of >2:1 with C/(C + R) �
0.33. The highest numbers in each level 2 category are in bold.

(a) (b)
(C) % C  (R) % R C/(C+R) (C) % C (R) % R C/(C+R)

(n=600) (n=759) (n=600) (n=759)
1.       Staff 1.       Staff 

Level 2 121 20.2 155 20.4 0.4 Level 3 121 20.2 155 20.4 0.4
1 radia�on oncologist 12 2.0 12 1.6 0.5 1 complement ( i.e. number of staff) 7 1.2 34 4.5 0.2
2 medical physicist 26 4.3 15 2.0 0.6 2 distribu�on (i.e. are the right people doing the right jobs?) 8 1.3 25 3.3 0.2

3 radia�on therapist 15 2.5 47 6.2 0.2
3 remunera�on/recogni�on (e.g. are salary levels compe��ve and 
staff appreciated?)

0 0.0 11 1.4 0.0

4 all staff 63 10.5 80 10.5 0.4 4 educa�on (e.g. in the class room, B.Sc. programs, cer�fica�on) 11 1.8 12 1.6 0.5

5 other 5 0.8 1 0.1 0.8
5 training and professional development (e.g. clinical training, 
internship, residency, CPD, CME) 

56 9.3 57 7.5 0.5

6 communica�on within and across disciplines 36 6.0 15 2.0 0.7

7 other 3 0.5 1 0.1 0.8
2.       Infrastructure 2.       Infrastructure

Level 2 213 35.5 122 16.1 0.6 Level 3 213 35.5 122 16.1 0.6
1 immobiliza�on / beam modifiers/applicators/mould room 9 1.5 14 1.8 0.4 1 quality of facility or equipment (e.g. fit for purpose) 98 16.3 17 2.2 0.9

2 RT imaging (e.g. simulator, CT scanner, MRI, PET) 16 2.7 6 0.8 0.7
2 equipment complement  (e.g. numbers of hardware-so�ware for 
clinical load)

8 1.3 74 9.7 0.1

3 treatment planning system 27 4.5 9 1.2 0.8 3 opera�ng hours 0 0.0 1 0.1 0.0
4 treatment machines 19 3.2 23 3.0 0.5 4 equipment quality control 57 9.5 3 0.4 1.0
5 RT data management system / record and verify 3 0.5 9 1.2 0.3 5 equipment commissioning 19 3.2 9 1.2 0.7
6 mul�ple clinical equipment 28 4.7 22 2.9 0.6 6 maintenance 31 5.2 16 2.1 0.7
7 dosimetry (e.g. ion chambers, QC equipment, in vivo dosimetry) 50 8.3 13 1.7 0.8 7 other 0 0.0 2 0.3 0.0
8 facili�es (e.g. building, privacy issues, labs, pathology diagnos�c dept, IT 
dept)

61 10.2 26 3.4 0.7

9 other 0 0 0.0
3.       Processes 3.       Processes 

Level 2 166 27.7 286 37.7 0.4 Level 3 166 27.7 286 37.7 0.4
1 pa�ent work up (e.g. lab, pathology, imaging, staging) 29 4.8 4 0.5 0.9 1 SOP, protocols and policies 15 2.5 54 7.1 0.2

2 informed consent 7 1.2 4 0.5 0.6 2 access (e.g. hours of opera�on, financial, geographic) 13 2.2 8 1.1 0.6

3 treatment prescrip�on 4 0.7 14 1.8 0.2 3 checking/verifica�on (e.g.  pa�ent ID, plans, process QC) 14 2.3 47 6.2 0.2
4 immobiliza�on / beam modifiers/ pa�ent marking 10 1.7 15 2.0 0.4 4 workload 1 0.2 1 0.1 0.5
5 RT imaging for planning (e.g. simulator, CT scanner, MRI, PET) 11 1.8 14 1.8 0.4 5 process quality 75 12.5 112 14.8 0.4
6 treatment planning 18 3.0 18 2.4 0.5 6 documenta�on (e.g. records, logbooks, pa�ents charts) 48 8.0 64 8.4 0.4
7 treatment delivery 17 2.8 69 9.1 0.2 7 other 0 0.0 0 0.0 0.0
8 treatment verifica�on/imaging 6 1.0 19 2.5 0.2
9 mul�ple clinical processes 34 5.7 105 13.8 0.2
10 quality assurance 30 5.0 24 3.2 0.6
11 other 0 0.0 0 0.0
4. Department/Ins�tu�on Organiza�on 4. Department/Ins�tu�on Organiza�on

Level 2 100 16.7 196 25.8 0.3 Level 3 100 16.7 196 25.8 0.3
1 research 9 1.5 5 0.7 0.64 1 programme availability 42 7.0 137 18.1 0.2
2 referrals / admission (e.g. pa�ents' informa�on complete) 1 0.2 3 0.4 0.25 2 programme/service quality 53 8.8 45 5.9 0.5
3 discharge / follow up (e.g. adequate informa�on to GP, outcomes 
analysis, cancer registry)

9 1.5 3 0.4 0.75 3 resources 5 0.8 13 1.7 0.3

4 incident learning 2 0.3 22 2.9 0.08 4 other 0 0.0 1 0.1 0.0
5 radia�on protec�on and safety 20 3.3 10 1.3 0.67
6 culture and pa�ent centredness 29 4.8 16 2.1 0.64
7 staff responsibili�es (e.g. clear org chart, roles, job descrip�on, 
workflow)

14 2.3 34 4.5 0.29

8 quality and safety management 15 2.5 96 12.6 0.14
9 clinical trials 0 0.0 4 0.5 0.00
10 other 1 0.2 3 0.4 0.25
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several centres were lacking comprehensive approaches to man-
agement of both quality and safety. Adoption of prospective risk
management techniques, such as Failure Modes and Effects Analy-
sis [34], was not noted in any report. Incident reporting and learn-
ing systems were acknowledged in two centres only, requiring
such developments in many departments. Training on incident
reporting is needed at national levels. For the overall quality of
radiotherapy services, the opportunity is to implement an inte-
grated quality management system covering all aspects of quality
and safety. A similar observation of a lack of formal quality man-
agement has been made in an analysis of QUATRO audits in Latin
America [35]. Innovative and practical strategies are probably
desirable if the general level of quality management in radiother-
apy is to be raised. Professional organizations should be encour-
aged to provide opportunities for education and fellowships.
Centres should be encouraged to appoint professional quality
managers.

Overall, the findings from the Europe Region were closely paral-
lel to those from USA [32] with the major exception of equipment
availability. Adequate documentation, incident learning and qual-
ity management systems seem to be weak everywhere. However,
a very positive feature of most centres, as reported by QUATRO
auditors, was the dedication of staff to ensuring the best patient
care achievable in the local circumstances.

It is noted that this study has some limitations. As data from
QUATRO reports pertain to a 10 year time span, a comparison of
human and technological resources between the audited centres
does not reflect newer developments in centres audited in the early
years; likely, some of these developments were triggered by the
QUATRO findings. It is also noted that the nature of the QUATRO
findings varied widely. Some recommendations were based on
identification of areas of poor practices, others referred to aspects
of refinement for radiotherapy programme components; while
some others provided directions for future developments. Even
though auditors were very experienced international experts well
trained in QUATRO methodology, some variation between reports
was unavoidable and the aggregation within the coding key relied
to some extent on the judgement of the authors of this paper. Also,
on some occasions quantification of the workload information was
challenging due to uncertainties in data provided by centres. Due to
the voluntary nature of QUATRO audit requests, it is likely that the
centresmotivated to improve their practices applied, with the prac-
tices in other centres unknown. Despite these potential shortcom-
ings, this study offers the most complete overview of quality of
care in the Europe Region currently available.

Conclusions

This analysis of QUATRO findings reflects the different dimen-
sions of radiotherapy service quality and suggests interventions
which are likely to be effective in improving quality. While there
are recognizable strengths in the audited centres, there are gaps
to be addressed including equipment availability, staffing, educa-
tion and training, and quality management. The centres recognized
by QUATRO as centres of competence distinguished themselves
from other centres by having complete quality management sys-
tems in place and adequate number of professionals to ensure opti-
mal patient care. Overall, the commitment of staff to providing a
positive environment for their patients was commendable in all
centres.

Acknowledgements

Paulina Wesolowska, Tomislav Bokulic, Domonkos Szegedi and
Eduardo Alvarado Vásquez performed some of the data processing

for this report. The staff of the Technical Cooperation Department
of the IAEA organized and facilitated the audits. The following
acted as auditors: M. Brada, I. Bruinvis, W. Bulski, M. Coffey, Y.
Davidson, S. Davidson-Wareham, A. Flavin, G. Hartmann, I. Kun-
kler, Y. Lievens, B. Maciejewski, F. Milano, J. Novotny, H. Nystroem,
A. Osztavics, B. Pastoors, E. Salminen, P. Scalliet, P. Sipila, M. Smoke,
B. Smolinska, H. Stankusova, P. Strojan, N. Tover, G. Vandervelde, S.
Vynckier. The cooperation of the radiotherapy staff in the 31
audited centres is much appreciated.

Appendix A. Supplementary data

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.radonc.2017.09.
011.

References

[1] Atun R, Jaffray DA, Barton MB, Bray F, Baumann M, Vikram B. Expanding global
access to radiotherapy. Lancet Oncol 2015;16:1153–86.

[2] Hayman JA. Measuring the quality of care in radiation oncology. Semin Radiat
Oncol 2008;18:201–6.

[3] Albert JM, Das P. Quality assessment in oncology. Int J Radiat Oncol Biol Phys
2012;83:773–81.

[4] Albert JM, Das P. Quality indicators in radiation oncology. Int J Radiat Oncol
Biol Phys 2013;85:904–11.

[5] Kutcher GJ, Coia L, Gillin M, Hanson WF, Leibel S, Morton RJ, et al.
Comprehensive QA for radiation oncology: report of AAPM Radiation
Therapy Committee Task Group 40. Med phys. 1994;21:581–618.

[6] Thwaites D, Scalliet P, Leer JW, Overgaard J. Quality assurance in radiotherapy.
European Society for Therapeutic Radiology and Oncology Advisory Report to
the Commission of the European Union for the ’Europe Against Cancer
Programme’. Radiother Oncol 1995;35:61–73.

[7] Council of the European Union. Council Directive 97/43/Euratom of 30 June
1997 on health protection of individuals against the dangers of ionizing
radiation in relation to medical exposure, and repealing Directive 84/466/
Euratom. 1997.

[8] Izewska J, Andreo P. The IAEA/WHO TLD postal programme for radiotherapy
hospitals. Radiother Oncol 2000;54:65–72.

[9] International Atomic Energy Agency. Comprehensive audits of radiotherapy
practices: a tool for quality improvement: Quality Assurance Team for
Radiation Oncology (QUATRO). Vienna: International Atomic Energy Agency;
2007. [accessed 15–09–2016]. Available from: http://www–pub.iaea.org/
MTCD/publications/PDF/Pub1297_web.pdf.

[10] European Commission guidelines on clinical audit for medical radiological
practices (diagnostic radiology, nuclear medicine and radiotherapy).
Luxembourg: Publications Office of the European Union; 2009.

[11] Scalliet PG, Federal College of Radiotherapy B. Clinical radiotherapy audits in
Belgium, 2011–2014. Cancer Radiother; 2015 Aug 27 [Epub].

[12] International Atomic Energy Agency. Setting Up a Radiotherapy Programme:
Clinical, Medical Physics, Radiation Protection and Safety
Aspects. Vienna: IAEA; 2008.

[13] International Atomic Energy Agency. Transition from 2-D Radiotherapy to 3-D
Conformal and Intensity Modulated Radiotherapy, TECDOC-
1588. Vienna: IAEA; 2008.

[14] International Atomic Energy Agency. The Transition from 2-D Brachytherapy
to 3-D High Dose Rate Brachytherapy, IAEA Human Health Reports No.
12. Vienna: IAEA; 2015.

[15] Public Health England [accessed 15–09–2016]. Available from: https://
www.gov.uk/government/organisations/public–health–england.

[16] The Royal Australian and New Zealand College of Radiologists [accessed 15–
09–2016]. Available from: www.ranzcr.edu.au .

[17] American Society for Radiation Oncology. APEx – Accreditation Program for
Excellence [accessed 15–09–2016]. Available from: https://www.astro.org/
Practice–Management/Practice–Accreditation/Index.aspx.

[18] van der Schueren E, Horiot JC, Leunens G, et al. Quality assurance in cancer
treatment. Report of a Working Party from the European School of Oncology.
Eur J Cancer 1993;29A:172–81.

[19] Donaldson H, Cao J, French J, Gillan C, Milosevic M, Lam C, et al. Quality
standards in radiation medicine. Pract Radiat Oncol 2014;4:208–14.

[20] Rosenblatt E, Izewska J, Anacak Y, Pynda Y, Scalliet P, Boniol M, et al.
Radiotherapy capacity in European countries: an analysis of the Directory of
Radiotherapy Centres (DIRAC) database. Lancet Oncol 2013;14:e79–86.

[21] Grau C, Defourny N, Malicki J, Dunscombe P, Borras JM, Coffey M, et al.
Radiotherapy equipment and departments in the European countries: final
results from the ESTRO–HERO survey. Radiother Oncol 2014;112:155–64.

[22] Lievens Y, Defourny N, Coffey M, Borras JM, Dunscombe P, Slotman B, et al.
Radiotherapy staffing in the European countries: final results from the ESTRO–
HERO survey. Radiother Oncol 2014;112:178–86.

J. Izewska et al. / Radiotherapy and Oncology 126 (2018) 183–190 189

https://doi.org/10.1016/j.radonc.2017.09.011
https://doi.org/10.1016/j.radonc.2017.09.011
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0005
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0005
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0010
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0010
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0015
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0015
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0020
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0020
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0025
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0025
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0025
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0030
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0030
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0030
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0030
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0040
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0040
http://www--pub.iaea.org/MTCD/publications/PDF/Pub1297_web.pdf
http://www--pub.iaea.org/MTCD/publications/PDF/Pub1297_web.pdf
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0060
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0060
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0060
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0065
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0065
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0065
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0070
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0070
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0070
https://www.gov.uk/government/organisations/public--health--england
https://www.gov.uk/government/organisations/public--health--england
https://www.astro.org/Practice--Management/Practice--Accreditation/Index.aspx
https://www.astro.org/Practice--Management/Practice--Accreditation/Index.aspx
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0090
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0090
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0090
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0095
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0095
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0100
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0100
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0100
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0105
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0105
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0105
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0110
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0110
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0110


[23] International Atomic Energy Agency, Directory of Radiotherapy Centres,
https://dirac.iaea.org/

[24] Slotman BJ, Vos PH. Planning of radiotherapy capacity and productivity.
Radiother Oncol 2013;106:266–70. PubMed PMID: 23474286.

[25] International Atomic Energy Agency. IAEA Syllabus for the Education and
Training of Radiation Oncologists, Training Course Series No. 36. Vienna: IAEA;
2009.

[26] International Atomic Energy Agency. Postgraduate Medical Physics Academic
Programmes, Training Course Series No. 56, IAEA, Vienna, 2013

[27] International Atomic Energy Agency. A Handbook for the Education of
Radiation Therapists (RTTs), Training Course Series No. 58,, IAEA, Vienna, 2014

[28] European Society for Radiotherapy and Oncology. Recommended ESTRO Core
Curriculum for Radiation Oncologists/ Radiotherapists, 3rd ed., Edited April
2010, [accessed 16–09–2016]. Available from: http://www.estro.org/
binaries/content/assets/estro/school/european-curricula/
cc_finalapprovedestro_ccapril2010.pdf

[29] European Society for Radiotherapy and Oncology. Core Curriculum For Medical
Physicists In Radiotherapy, ESTRO- EFOMP, Revised edition 16 February 2011,
[accessed 16–09–2016]. Available from: http://www.estro.org/binaries/
content/assets/estro/school/european-curricula/2nd-finalised-edition-european-
cc-physics_16-02-2011.pdf

[30] European Society for Radiotherapy and Oncology. Recommended ESTRO Core
Curriculum for RTTs (Radiation TherapisTs) – 3rd ed., [accessed 16–09–2016].
Available from: http://www.estro.org/binaries/content/assets/estro/school/
european-curricula/recommended_core_curriculum-radiationtherapists—3rd-
edition-2011.pdf

[31] Clark BG, Brown RJ, Ploquin J, Dunscombe P. Patient safety improvements in
radiation treatment through 5 years of incident learning. Pract Radiat Oncol
2013;3:157–63.

[32] Ford EC, Brown D, Donaldson H, Greener A, O’Neill M, Sutlief S, et al. Patterns
of practice for safety–critical processes in radiation oncology in the United
States from the AAPM safety profile assessment survey. Pract Radiat Oncol
2015;5:e423–9.

[33] Leer JW, McKenzie AL, Scalliet P, Thwaites D. Practical Guidelines for the
Implementation of Quality System in Radiotherapy. Brussels: European
Society of Radiation Oncology; 1998.

[34] Saiful Huq M, Fraass BA, Dunscombe PB, Gibbons JP, Ibbott GS, Mundt AJ. The
report of Task Group 100 of the AAPM: Application of risk analysis methods to
radiation therapy quality management. Med Phys 2016;43:4209–62.

[35] Rosenblatt E, Zubizarreta E, Izewska J, Binia S, Garcia-Yip F, Jimenez P. Quality
audits of radiotherapy centres in Latin America: a pilot experience of the
International Atomic Energy Agency. Radiat Oncol 2015;10:169.

190 QUATRO audits in Europe

https://dirac.iaea.org/
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0120
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0120
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0125
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0125
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0125
http://www.estro.org/binaries/content/assets/estro/school/european-curricula/cc_finalapprovedestro_ccapril2010.pdf
http://www.estro.org/binaries/content/assets/estro/school/european-curricula/cc_finalapprovedestro_ccapril2010.pdf
http://www.estro.org/binaries/content/assets/estro/school/european-curricula/cc_finalapprovedestro_ccapril2010.pdf
http://www.estro.org/binaries/content/assets/estro/school/european-curricula/2nd-finalised-edition-european-cc-physics_16-02-2011.pdf
http://www.estro.org/binaries/content/assets/estro/school/european-curricula/2nd-finalised-edition-european-cc-physics_16-02-2011.pdf
http://www.estro.org/binaries/content/assets/estro/school/european-curricula/2nd-finalised-edition-european-cc-physics_16-02-2011.pdf
http://www.estro.org/binaries/content/assets/estro/school/european-curricula/recommended_core_curriculum-radiationtherapists---3rd-edition-2011.pdf
http://www.estro.org/binaries/content/assets/estro/school/european-curricula/recommended_core_curriculum-radiationtherapists---3rd-edition-2011.pdf
http://www.estro.org/binaries/content/assets/estro/school/european-curricula/recommended_core_curriculum-radiationtherapists---3rd-edition-2011.pdf
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0155
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0155
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0155
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0160
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0160
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0160
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0160
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0165
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0165
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0165
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0170
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0170
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0170
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0175
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0175
http://refhub.elsevier.com/S0167-8140(17)32578-1/h0175

	Improving the quality of radiation oncology: 10years’ experience �of QUATRO audits in the IAEA Europe Region
	Materials and methods
	The QUATRO methodology
	Analysis of QUATRO findings from European radiotherapy centre audits

	Results
	Profiles of the audited radiotherapy centres
	Findings
	More information on QUATRO findings is given in the supplementary material

	Discussion
	Conclusions
	Acknowledgements
	Appendix A Supplementary data
	References


