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OBJECTIVE

We aimed to investigate the perception of radiation oncologists about artificial intelligence (AI), their
current use of Al in clinical practice, and their expectations, concerns, and wishes in terms of the future
of radiation oncology (RO) in the era of AL

METHODS

An electronic survey was created.

RESULTS

A total of 108 radiation oncologists participated. One-fourth (24.3%) rated their knowledge of AI as
very poor. The majority (94%) reported that they need training about AI. Most respondents (62.6%)
indicated that they had never used any Al application. Nearly 90% reported that the introduction of
Al would improve RO. Image analysis and target definition were identified as key benefits of AI in RO
by 84% of respondents. The medical liability due to machine error and black box uncertainties was the
greatest concerns. The need for clinical validation of AI applications, development of ethical frame-
works, and medicolegal guidelines was identified as priorities before the implementation of AI in RO by
86%, 78%, and 68%, respectively.

CONCLUSION

There was a big gap in knowledge within our RO community. The enthusiasm to learn was high. AI
applications have not been imposed much in clinical routine. Mostly, the participants felt optimistic
about the introduction of Al The top areas where AI was thought to be most useful in RO were reliant
on imaging. The respondents were mostly concerned about the medical liability.
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INTRODUCTION

Artificial intelligence (AI) is a computer science branch
that tries to imitate human-like intelligence in machines
using computer software and algorithms to perform
certain tasks.[1] There is currently considerable enthu-
siasm for Al in healthcare.[2] Similarly, AI has the po-
tential to revolutionize the field of radiation oncology
(RO) since all steps of workflow in RO (patient evalua-
tion, simulation, contouring, planning, quality control,
treatment application, follow-up, etc.) have relation, to a
greater or lesser degree to potential application of AL[3]

Besides, areas of medicine that are most reliant on
imaging will be amongst the first to be impacted by
AI[4] RO is one of the departments which rely mostly
on imaging; the image analysis is a core work task for
RO that has big data and must use the most advanced
technology.[1] Therefore, AI algorithms have the po-
tential to perform many functions in RO such as image
segmentation, automatic contouring, treatment plan-
ning, dose optimization, treatment verification, and
quality assurance.[1] As a result, Al in RO has been
making more impact in recent years; there is a continu-
ous flow of new published papers.[5] In contrast, only
few studies have examined the radiation oncologists’
perceptions on Al technologies. Since the personal
perceptions of radiation oncologists’ on Al would in-
fluence the integration of this technology into RO
clinical practice, it's important to outline how radiation
oncologists perceive this development in Al As far as
we know, there has been only one specific study in the
field of RO on this subject, but it was not specifically
dedicated to radiation oncologists.[6]

In this study, we conducted a national survey to
ascertain radiation oncologists’ perception of Al tech-
nologies, their current use of Al-based models in their
clinical practice, and their expectations, concerns, and
wishes in terms of the future of RO in the era of AL

MATERIALS AND METHODS

A questionnaire was developed composed of 17 multiple
choices, 9 Likert-scale, and 1 open-ended questions fol-
lowing the review of the current literature and feedbacks
from the Turkish Society for RO (TROD)-AI and Infor-
mation Technologies Study Group members. The first
part composed of demographic questions, the following
parts focused on the current knowledge and use of Al
applications in clinical practice, perception of Al in RO,
acceptable Al performance standards, and clinical work-
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flows, perceived advantages, and concerns of Al tech-
nologies and preparedness for the future, respectively.

The study received approval from Dr. Suat Seren
Chest Diseases and Research Hospital Ethics Board in
June 2021. An electronic survey was created. The E-mail
with the link of the survey to participate was distrib-
uted among TROD members through TROD in July
2021. The electronic informed consent was obtained
from each participant online before survey commence-
ment. The responses were collected in September 2021
and then analyzed using descriptive statistics. A copy of
questionnaire has not been included in this paper, but
the full version is available on request.

RESULTS

A total of 108 radiation oncologists participated in the
survey. The respondents predominantly practiced in
university (50%). The percentages of RO specialists, pro-
fessors, associated professors, and attendees were 39%,
26%, 18%, and 8%, respectively. According to member
registration informatics from TROD 22% of professors,
28% of associated professors, 10.5% of RO specialists,
and 4.5% of attendees participated in the survey.

The Current Knowledge and use of Al in Clinical
Practice

One-third of participants (33%) rated their knowledge
of AI as below the average, and 24.3% as very poor,
only 3% reported as excellent (Fig. 1). Most respon-
dents (62.6%) indicated that they had never used any
AT application in their practice (Fig. 2). Among users
who provided details the used applications were as fol-
lows: automated organ at risk contouring (nine partic-
ipants), treatment planning (seven participants), ra-
diomics (two participants), imaging (one participant),
adaptive therapy (one participant), simulation (one
participant), and quality control (one participant).

Perceived Impact of Al on RO

Nearly 90% of respondents reported that the intro-
duction of AI would improve the field of RO (Fig. 3).
Almost half of participants (54.7%) estimated that the
impact of AI in RO would be apparent in <5 years.
Three quarters of radiation oncologists predicted that
the workforce needs will be decreased (Fig. 4).

The top five areas where Al is thought to be most
useful in RO were (1) image analysis, (2) target defini-
tion, (3) on-line adaptive therapy, (4) treatment plan-
ning, and (5) synthetic reconstruction (Fig. 5).
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Fig. 1. Self-reported knowledge of artificial intelligence.
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Fig. 2. The artificial intelligence use in clinical practice.

Perceived Advantages and Concerns of Al
The top three expected potential advantages of Al were
as follows: (1) more personalized and evidence-based
treatment approach, (2) improved imaging quality, and
(3) improved therapeutic gain (Fig. 6).

The top three ranked potential concerns about Al
were (1) medical liability due to machine error, (2)

53.1%

35.9%

B Agree M Strongly agree Neither agree nor disagree Disagree

Fig. 3. Percentages of agreement with the statement ‘the
field of radiation oncology will improve with the
introduction of artificial intelligence’

W Decrease
B Stable
Increase

23.4%

Fig. 4. Estimated impact of artificial intelligence on ra-
diation oncology workforce needs.

black box uncertainties, and (3) ethical violation and
negative impact on workforce needs (Fig. 7).

The radiation oncologists feel fear (2%), threaten-
ing (5%), anxiety (18%), confidence (27%), and hope
(85%) about the future of RO in the new era of Al
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Fig. 5. The areas where artificial intelligence is thought to be most useful in radiation oncology.
MRI: Magnetic resonance imaging; RT: Radiotherapy; IGRT: Intensity modulated radiation therapy; QA: Quality assurance.

Acceptable Al Performance Standards and Clin-
ical Workflows

To be able to have a place in clinical practice, 37.5%
of respondents stated that Al applications would need
to achieve performance that was superior to aver-
age performing radiation oncologist, 34.4% stated as
equivalent to the best, and 22% stated as superior to
the best (Fig. 8). When a hypothetical clinical work-
flow was proposed as follows: “In first step, all patient
information undergo AI analysis and radiation on-
cologist subsequently evaluates both data about the
patient and Al findings and then make a decision”
Most of the respondents (76.6%) confirmed such a
clinical workflow but 9.4% refused and 14.6% was
unsure about it. Among clinicians who confirmed
the hypothetical clinical workflow, while making a
clinical decision; 62.5% would consider his/her own
approach primarily, 32.8% would consider both his/
her own and AT’s approach equally, and 4.7% would
consider AT’s approach primarily.

Preparedness for the Future
Most of radiation oncologists (94%) reported that they
need training and education about AL The most pre-
ferred methods of education were as follows: regular
sessions on understanding of practical implications of
AT (78%), guidelines for the clinicians about latest devel-
opments (78%), fundamentals of Al (62.5%), and safety
of these technologies in the context of global technology
giants (53%). Furthermore, there was a demand for col-
laborative courses with technological companies (59%).
The reported needs before Al implementation in
routine clinical practice were clinical validation of Al
applications before being introduced into clinical prac-
tice (86%), development of ethical frameworks for Al
implementation (78%), definition of responsibilities
of clinicians (70%), and development of medicolegal
guideline to set the responsibility if error has been
made based on information provided by AI (68%).
Seventy 5% of respondents felt that AI applications
would help and support doctors, 67% believed that it
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Fig. 7. Perceived disadvantages of Al

would increase the doctors’ performance, 57% implicated
that those clinicians who use Al in their daily practice
would have a positive impact compared to none users,
50% expected that the doctors would guide Al 11% felt
that AI would replace clinicians, and 5% believed that
the income and welfare level of doctors would be better.

While 44% of respondents believed that AI will be
directed by technological companies in the future, 43%
believed that it would be directed in cooperation of
clinicians and companies.

Instead of perceiving Al as a threat, the rate of ra-
diation oncologists who think that they can actively
shape and be part of this active transformation is 76%.

DISCUSSION

The survey was conducted to understand the percep-
tions of radiation oncologists about AI applications
in RO, their current use of Al-based models in their
clinical practice, and their expectations, concerns, and
wishes in terms of the future of RO in the era of Al
and might serve to guide the development of future
research projects. To the best of our knowledge, this
survey is one of the first of its kind; the respondents in
our survey are very homogenous, is composed of only
radiation oncologists. This study highlights the big gap
in knowledge within RO community; however, the
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Fig. 8. Accepted artificial intelligence performance.

enthusiasm to learn was high. These findings were in
line with two other surveys; a Canadian study on per-
ception of Al among radiation oncologists, radiation
physicists, radiation therapists, and radiation trainees
reported that only 12% of respondents felt well with
knowledge of AI, but 91% were interested in learn-
ing more. The other one is an Australian study on the
use of Al in dermatology, ophthalmology, radiology,
and RO, in which radiation oncologists reported their
knowledge about Al as “average”[6,7] We assume that
consideration of these knowledge gaps will be essential
step for health-care systems, medical educators, profes-
sionals, and Al developers.

There was very low representation from RO at-
tendees. The reason behind these results is not clear,
but this finding might imply a need for rapid action
to advance learning from earlier stages in their edu-
cation for radiation trainees, representing the future
generation of practitioners.

Considering the best method to learn Al algo-
rithms, responses were in line with other surveys; the
participants highlighted, mainly a need for regular
training and education sessions about fundamentals of
AT and latest developments.[6]

In the current state, the use of Al-based methods
in daily practice is very low in our community. Low
rates of clinical AI use by other disciplines have pre-
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viously been reported, indicating that AI has not yet
been widely adapted in clinics.[1,7,8] The most com-
mon application was mentioned as automated organ at
risk contouring among users which are a similar find-
ing with the literature.[7,9] However, it is possible that
Al-based model use might be underrepresented in our
survey such as this due to lack of visibility of algorithms
that are deployed within imaging platforms and treat-
ment plannings or interpretation of what constitutes
Al These results support our previous finding about
the knowledge gap and warn us about the necessity to
improve the awareness about Al

Mostly, the participants felt optimistic about the
introduction of Al applications into the field of RO.
Most of the other surveys had similar positive senti-
ments; respondents indicated that most clinicians be-
lieved that AT technology would have a positive impact
in their profession.[7,10,11] Our participants believed
that AT would have positive advance mostly on person-
alized and evidence-based treatment approach.

The top areas where Al was thought to be most
useful in RO were reliant on imaging. This finding is
not surprising since the image analysis is a core work
task for RO.[4,7]

Although three quarters of radiation oncologists
predicted that the workforce needs will be decreased,
the reduced reliance on clinicians was not the primary
concern; it has the least first-degree importance when
considering the potential disadvantages of Al. Accord-
ingly, the rate of participants who considered that Al
would replace clinicians was only 11% which was quite
a different finding than the Canadian study that 34% of
participants were afraid of losing their jobs.[6]

The respondents were mostly concerned about the
medical liability due to machine errors and black box
uncertainties which were a similar finding with the
literature.[7] These disadvantages appear to be main
obstacles to be overcome to make clinicians feel more
comfortable with AI systems.

The adaption of AI technologies by radiation on-
cologists seems to be influenced by the level of perfor-
mance of Al tools, because our respondents consider
that Al systems should have error levels at least supe-
rior to the average performing radiation oncologist.
Similarly, Scheetz et al. reported that their respondents
had high expectations of AI performance also. Never-
theless, they seem mostly ready to adapt and cooperate
with AT implementations in their clinical workflows.

Like any new technology, the need for clinical
validation of AI applications, development of ethical
frameworks, and medicolegal guidelines was consis-
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tent priorities for clinicians before Al implementation
into clinical practice. An urgent need for clarity regard-
ing these concerns is obvious since legal, moral, and
ethical considerations are increasingly challenging as
technologies become more autonomous. If these con-
cerns would be clarified in the near future this might
help to decrease the anxiety among clinicians against
AT systems. The methods of integration of Al systems
into RO practice should be evaluated also.

Although the future of AI technology in RO is
challenging to predict, we believe that we might have
helped to improve the awareness of radiation oncolo-
gists about the integration of Al as a cooperative tool
in RO profession in our country.

Limitations of the Study

The limitations of this survey warrant consideration.
As a result of volunteer response bias, the results may
not be broadly representative of the views of all radia-
tion oncologists in our country and may not be gen-
eralizable to other countries. Moreover, there was low
representation from RO attendees. The reason behind
these results is not clear, but this finding might imply a
need for rapid action to advance learning from earlier
stages in their education for radiation trainees, repre-
senting the future generation of practitioners. Finally,
the limitations on the scope of response options, due
to design of survey, limit us about the comprehensive
understanding of the perceptions of respondents.

CONCLUSION

The aim of our study was to understand the percep-
tions of radiation oncologists about Al applications
in RO, their current use of Al-based models in their
clinical practice, and their expectations, concerns, and
wishes in terms of the future of RO in the era of AL
This survey highlights the big gap in knowledge within
our RO community; however, the enthusiasm to learn
was high. AT applications have not been imposed much
in clinical routine. Mostly, the participants felt opti-
mistic about the introduction of Al technology into the
field of RO. The top areas where AI was thought to be
most useful in RO were reliant on imaging. The need
for clinical validation of AI applications before being
introduced into clinical practice, development of eth-
ical frameworks, and medicolegal guidelines was con-
sistent priorities for clinicians before Al implementa-
tion into clinical practice. More studies should evaluate
the best education methods on this subject and how to
best implement them into training and education pro-

grams. Although the future of AI technology in RO is
challenging to predict, we believe that we might have
helped to improve the awareness of radiation oncolo-
gists about the integration of Al as a cooperative tool
in RO profession in our country.

Peer-review: Externally peer-reviewed.
Conflict of Interest: All authors declared no conflict of interest.

Ethics Committee Approval: The study was approved by
the Dr. Suat Seren Chest Diseases and Surgery Training and
Research Hospital Ethics Committee (no: E-49109414-604-
02, date: 11/08/2021).

Financial Support: None declared.

Authorship contributions: Concept - E.K.K,, $.B.G.; De-
sign — E.K.K; Supervision - D.E., E.O.; Funding - None; Ma-
terials - E.K.K.; Data collection and/or processing - E.K.K.,
E.Y.E; Data analysis and/or interpretation - E.K.K,, $.B.G.;
Literature search - E.K.K., $.B.G.; Writing - E.K.K.; Critical
review - $.B.G., D.E,, E.O.

REFERENCES

1. Meyer P, Noblet V, Mazzara C, Lallement A. Survey
on deep learning for radiotherapy. Comput Biol Med
2018;98:126-46.

2. Jarrett D, Stride E, Vallis K, Gooding MJ. Applications
and limitations of machine learning in radiation on-
cology. Br ] Radiol 2019;92(1100):20190001.

3. Yakar M, Etiz D. Artificial intelligence in radiation on-
cology. Artif Intell Med Imaging 2021;2(2):13-31.

4. Gonzalez TF. Handbook of approximation algorithms
and metaheuristics. Handb Approx Algorithms Meta-
heuristics. New York: Chapman and Hall/CRC; 2007
p. 1-1432.

5. Cui Y, Arimura H, Nakano R, Yoshitake T, Shioyama
Y, Yabuuchi H. Automated approach for segmenting
gross tumor volumes for lung cancer stereotactic body
radiation therapy using CT-based dense V-networks. J
Radiat Res 2021;62(2):346-55.

6. Wong K, Gallant F SE. Perceptions of Canadian ra-
diation oncologists, radiation physicists, radiation
therapists and radiation trainees about the impact of
artificial intelligence in radiation oncology - national
survey. ] Med Imaging Radiat Sci 2020;52:44-8.

7. Scheetz ], Rothschild P, McGuinness M, Hadoux X,
Soyer HP, Janda M, et al. A survey of clinicians on the
use of artificial intelligence in ophthalmology, der-
matology, radiology and radiation oncology. Sci Rep
2021;11(1):5193.

8. Waymel Q, Badr S, Demondion X, Cotten A, Jacques
T. Impact of the rise of artificial intelligence in radiol-



8 Turk J Oncol 2023;38(1):1-8
doi: 10.5505/tj0.2022.3613

ogy: What do radiologists think? Diagn Interv Imag- ligence on radiology: a EuroAIM survey among mem-

ing 2019;100(6):327-36. bers of the European Society of Radiology. Insights
9. Field M, Hardcastle N, Jameson M, Aherne N, Hol- Imaging 2019;10(1):105.

loway L. Machine learning applications in radiation 11.Blease C, Locher C, Leon-Carlyle M, Doraiswamy M.

oncology. Phys Imaging Radiat Oncol 2021;19:13-24. Artificial intelligence and the future of psychiatry:
10.Codari M, Melazzini L, Morozov SP, van Kuijk CC, Qualitative findings from a global physician survey.

Sconfienza LM, Sardanelli E Impact of artificial intel- Digit Health 2020;6:2055207620968355.



