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Purpose: The management of older adults with cancer is rapidly becoming a significant challenge in radiation oncology (RO)
practice. The education of future radiation oncologists in geriatric oncology is fundamental to ensuring that older adults
receive high-quality care. Currently RO trainees receive little training and education in geriatric oncology. The objective of this
study was to define core geriatric RO curriculum learning outcomes relevant to RO trainees worldwide.
Methods and Materials: A 2-stage modified Delphi consensus was conducted. Stage 1 involved the formation of an expert
reference panel (ERP) of multiprofessional experts in geriatric oncology and/or RO and the compilation of a potential geriatric
RO learning outcomes set. Stage 2 involved 3 iterative rounds: round 1 and round 2 (both online surveys), and an intervening
ERP round. These aimed at identifying and refining ideal geriatric RO learning outcomes. Invited participants for round 1 and
2 included oncology health care professionals with expertise across RO, geriatric oncology, and/or education and consumers.
Predefined Delphi consensus definitions were applied to the results of rounds 1 and 2.
Results: An ERP of 11 experts in geriatric oncology and/or RO was formed. Seventy potential knowledge- and skill-based
learning outcomes were identified. In round 1, 103 of 179 invited eligible Delphi participants completed the survey (58%
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response rate). The ERP round was conducted, resulting in the exclusion of 28 learning outcomes. In round 2, 54 of 103 com-
pleted the survey (52% response rate). This identified a final total of 33 geriatric RO learning outcomes.
Conclusions: The geriatric RO learning outcomes described in this study form an international consensus that can inform RO
training bodies worldwide. This represents the first fundamental step in developing a global educational framework aimed at
improving RO trainee knowledge and skills in geriatric oncology. � 2022 The Authors. Published by Elsevier Inc. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
Introduction
Globally the population is aging at an unprecedented rate,
with global life expectancy rising from 68 to 76 years by
2050.1 This trend will result in an exponential increase in
cancer diagnoses in older people and heralds what has been
called “The Age of Cancer.”2-4 This will exert significant
demand on an already stretched health care sector.2,3 Fur-
thermore, older adults with cancer are a population with
heterogeneous and often more complex needs. This is
driven by the interplay of comorbidities, preferences, life
expectancy, cognition, psychosocial factors, and functional
status.4-6 Any and all these factors may affect potential
oncological treatment decisions, interventions, prognosis,
and short- and long-term quality of life. Thus, the manage-
ment of older adults with cancer represents a significant
global cancer care challenge.

Outcomes for older adults with cancer are significantly
poorer than younger counterparts, whether this relates to
experience of care and treatment to quality of life and over-
all survival.5-7 Multiple factors contribute to this disparity.2,7

Physician bias can lead to over or under treatment of older
people with cancer.2,7,8 Older adults are significantly under-
represented in the key randomized controlled trials that
have informed current best practice across all cancer types,
thus the evidence base to guide decisions is lacking.9,10 Stan-
dard oncological assessments are not tailored to the specific
characteristics of older adults and often physical, social, and
cognitive problems are not identified before treatment.5,11

Globally there is limited adoption of geriatric assessment
tools for older adults in oncology practice.5,11-13 This
includes a lack of use of frailty screening tools (short clinical
scales and questionnaires) and comprehensive geriatric
assessment (CGA), a multidimensional, multidisciplinary
process to identify medical, social and functional needs and
the development of an integrated care plan.5 This is despite
the fact that these tools have the potential to predict treat-
ment toxicity and tolerance and identify frail or prefrail
patients who may benefit from interventions and alterations
to treatment paradigms and improve communication with
patients and caregivers.5,14,15 These tools have also been
shown to be superior to oncologists' clinical judgment in
identifying frailty.16 Randomized evidence also shows geri-
atric assessment-guided interventions for older adults with
cancer can improve quality of life and decrease treatment
toxicity with no detriment to survival.14,15,17 Lastly, there is
little or no multidisciplinary team collaboration between
oncology and geriatrics.5,11-13,18,19 As such, there exists a
systematic failure in the oncology sector in appropriately
assessing and tailoring care for older adults with cancer.

Fundamental to addressing this deficiency is the need to
improve clinician knowledge and education in geriatrics
and geriatric oncology.20 Expertise in geriatric oncology
would enable clinicians to make well informed decisions
around appropriate selection patients for treatment, effec-
tively utilize geriatric screening tools and CGA and multi-
disciplinary team input to guide interventions.5,20 This
would ensure older patients are well prepared and supported
before, during and after cancer treatment.5 The need for
education around geriatric oncology is internationally rec-
ognized and is a key strategic priority of the International
Society of Geriatric Oncology.
Radiation therapy and older adults

Radiation therapy is a vital and effective form of cancer
treatment that contributes to 40% of cancer cures.21 One in
2 patients with cancer may benefit from radiation therapy
during their disease course.21 Improvements in radiation
therapy technology and treatment delivery provides shorter
but as effective treatments, including hypofractionation and
SABR (stereotactic ablative body radiation therapy).22-25 For
older adults who may have significant comorbidities or may
be frail or prefrail, radiation therapy thus represents a highly
attractive treatment option that may avoid associated mor-
tality and morbidity risks of surgery or chemotherapy, and
be more widely accepted and tolerated.26,27

Given the critical role radiation therapy plays for older
adults, the education of future radiation oncologists in geri-
atric oncology is fundamental to ensuring the needs of older
patients are met. However, studies indicate that RO trainees
receive very little training and experience in geriatric oncol-
ogy, despite their interest to receive this.28-31 There is also a
paucity of geriatric oncology competencies in RO curricula
worldwide (59-61). Data show trainees have little knowledge
of geriatric assessment tools or the rationale for their use
and rarely use them in clinical practice. Further trainees sel-
dom seek multidisciplinary input from geriatricians in clini-
cal practice.28-31 This situation stands in contrast to medical
oncology training. Notably the American Society of Clinical
Oncology (ASCO) core curriculum includes a dedicated sec-
tion on geriatric oncology and the 2010 ASCO and Euro-
pean Society for Medical Oncology collaborative joint global
curriculum for medical oncology trainees also include spe-
cific objectives around geriatric oncology.32
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This study aimed to develop globally applicable geriatric
RO curriculum learning outcomes by utilizing a modified
Delphi expert consensus methodology. These learning out-
comes will support the delivery of geriatric oncology educa-
tion to RO trainees, which will in turn support the delivery
of high-quality, evidence-based care to older adults with
cancer worldwide.
Aim

To determine an internationally applicable dedicated Geri-
atric RO curriculum learning outcome set for radiation and
clinical oncology trainees.
Methods and Materials
The study was undertaken as part of an international collab-
oration supported by the Global RO Collaboration in Edu-
cation with representative members internationally from
key geriatric oncology and radiation professional bodies.
Ethics approval was provided by the UTS Human Research
Ethics Committee (ETH18-2823).

The study design was a 2-stage Delphi consensus.33,34

The first stage involved the formation of an expert reference
panel (ERP) and the development of the potential “master”
learning outcome set. The second was a modified Delphi
consensus to refine this into an ideal geriatric oncology
learning outcome set for radiation and clinical oncology
trainees worldwide.

Stage 1: Role of the ERP and development of
potential “master” learning outcome set

An ERP of internationally recognized multiprofessional
experts in geriatrics, geriatric oncology, and/or RO was con-
vened, through formal invitation by e-mail. Experts were
identified and invited based on a proven track record of
research and academia (such as completion of a doctorate,
editorial positions and high-impact publications) and/or
leadership positions within peak national or international
RO and/or geriatric oncology organizations. Geographic
spread of ERP collaborators aimed at widespread relevance
of the final competency set.

Next, a draft potential “master” learning outcome set was
developed by 3 members of the ERP via a comprehensive
review of the geriatric and RO literature, including interna-
tional guidelines, peer reviewed geriatric oncology education
focused studies, international medical oncology, and hematol-
ogy curricula. Outcomes identified were then streamed into
key learning themes. This initial draft was circulated to the
ERP twice via e-mail for comment, additions, and edits. The
ERP then unanimously agreed on a final version of the poten-
tial “master” learning outcome set to be progressed to stage
two for refinement via the Modified Delphi consensus
In formulating the potential “master” learning outcome set,
it was decided a priori by the study investigators to incorporate
the 7 thematic groups of competencies defined by the Cana-
dian Medical Education Directives for Specialists (CanMEDS)
roles.35 These are Medical Expert, Communicator, Collabora-
tor, Leader, Health Advocate, Scholar, and Professional.35

These roles are widely accepted around the world and are uti-
lized in medicine and other health care professions, including
several RO bodies tasked with training and education, includ-
ing the Royal College of Physicians and Surgeons of Canada
(RCPSC) and RANZCR. CanMEDS is also appropriate to the
field of geriatric oncology, in that the final CanMEDS
framework is derived explicitly from patient, community
and societal health care needs all relevant to the care of
older adults with cancer. The potential learning outcome
set was structured in discrete learning areas specific to geri-
atric oncology with the CanMEDS roles applied variably
within each, as in the field of geriatric oncology these
domains cross multiple learning areas.
Stage 2: Modified Delphi consensus to define the
ideal geriatric oncology learning outcome set for
trainees worldwide

Two Delphi rounds were then completed by a broader
cohort of multidisciplinary experts and consumers. In these
rounds, this cohort was tasked with refining the potential
“master” learning outcome set to reach consensus on the
ideal geriatric oncology learning outcome set for radiation
and clinical oncology trainees worldwide. The 2 Delphi
rounds were conducted on the SurveyMonkey platform.
The online survey questions for both rounds are attached in
Addendum 1. There was an intervening ERP round in
which the results of round 1 were reviewed and edited by
the 11 members of ERP. Figure 1 provides a diagrammatic
overview of stage two.
Recruitment and eligibility

Contact details of potential Delphi participants was via
publicly available contact information (such as authors
of published articles in the field and/or via the websites
of geriatric oncology and RO organizations) and/or self-
referral to investigators and/or professionals’ colleagues
within relevant specialties informally contacting their
preexisting networks for confidential expressions of
interest.

Identified potential Delphi participants were then for-
mally invited via e-mail to complete round 1. Partici-
pants were presented the information about the study in
the e-mail and informed consent was assumed if the par-
ticipant commenced the survey. Initial screening ques-
tions at commencement of the survey assessed eligibility
and if participants did not meet these criteria, they were
automatically directed to a disqualification page.



Fig. 1. Outline of stage 2 process and results. Abbreviation: ERP = expert reference panel.
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Eligibility criteria were met if participants identified
themselves as either:

1. Health care professionals working in oncology in 1 or
more of the specialty areas of RO, clinical oncology, radi-
ation therapy, geriatric oncology, geriatrics, surgical
oncology, medical oncology, hematology, palliative care,
and nursing, and have demonstrated leadership or aca-
demic expertise in geriatric medicine, geriatric oncology,
RO, and/or education. These professionals were defined
as any of the following:
� Authored or coauthored peer reviewed article(s) relat-
ing to either geriatrics, geriatric oncology, or educa-
tion in oncology

� A member of a society, committee, organization, or
interest group that identifies them as having interest
and expertise in either geriatrics, geriatric oncology,
or RO

� A member of an oncology society, committee, organi-
zation, or interest group that is involved in education
and training of health care professionals.

2. Consumers with experience as a patient with cancer or a
caregiver for an older adult with cancer.

All members of ERP were permitted to elect to partici-
pate in the 2 Delphi rounds if they elected.
Delphi round 1

In round 1, all eligible invited participants:
� Reviewed and ranked the potential “master” learning
outcomes on a 5-point Likert scale: 1 (“definitely
exclude”), 2 (“possibly exclude”), 3 (“possibly exclude/
include”), 4 (“possibly include”), and 5 (“definitely
include”).

� Provided free-text comments to indicate their rationale
for the ranking and any suggested alterations or addi-
tions.

� Ranked the clarity of the meaning of the learning
outcomes on a 3-point Likert scale—1 (“meaning
clear”), 2 (“meaning unclear”), and 3 (“meaning
clear but wording could be improved”)—and pro-
vided free-text feedback or suggested improvements
to the wording.

The round 1 consensus definition applied for “inclusion”
across each response was set at 70% of participants’ votes,
falling within the 5-point Likert scale categories of 5 (“defi-
nitely include”) or 4 (“possibly include”). Outcomes receiv-
ing a mean score falling within the Likert scale categories of
1 (“definitely exclude”) or 2 (“possibly exclude”) were desig-
nated for “exclusion.” Outcomes not meeting these 2 criteria
were deemed “borderline.”
ERP round

In this round the results of Delphi round 1 were reviewed by
the 11 members of the ERP, in particular:
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i. Presentation of outcomes that did or did not reach con-
sensus, including those outcomes deemed borderline.

ii. All associated free-text feedback regarding the clarity of
wording and content of outcomes.

iii. Invited free-text feedback about additions to the curricu-
lum content.

iv Potential refinement of wording, content or consensus
definition considered.

v. Consideration of outcomes to be included in round 2 for
reassessment.

This round was conducted through 1 live teleconference
meeting, with some follow-up correspondence via e-mail,
phone, or discussion between members of the ERP.
Delphi round 2

Delphi participants who successfully completed round 1
were recontacted via e-mail and invited to complete the
round 2 survey. Only these participants were eligible to par-
take in round 2 as knowledge of the content and informa-
tion presented in round 1 was fundamental to informed and
meaningful completion of round 2. Participants were asked
to review outcomes which had not reached consensus for
exclusion or inclusion and to rate each outcome “in” or
“out” of the final competency set. Delphi consensus was
defined as having been achieved if at least 75% of respond-
ents scored the outcome as in.
Statistical analysis

Data was analyzed anonymously and was exported from
SurveyMonkey and analyzed using SPSS version 20.0 (IBM)
for analysis of means, medians, and standard deviations
around each candidate outcome. The median, mean, and
interquartile range were calculated based on all participating
respondents. Demographic characteristics were analyzed
using descriptive statistics. Missing answers were regarded
as nonparticipation.
Results
Stage 1: Convening the ERP and developing
potential learning outcomes

The ERP comprised 13 multiprofessional experts in geriatric
oncology and/or RO based in Australia, North America, the
United Kingdom, and Europe. Areas of specialty of ERP
members included RO, clinical oncology, geriatrics, pallia-
tive care, geriatric oncology, and nursing, and radiation
therapy (also known as therapeutic radiography).

The ERP identified 70 potential knowledge and skill-
based “candidate” competencies. These were derived from
comprehensive review of geriatric oncology literature with
several additional outcomes also added after specific input
from the ERP. The candidate competencies were then
grouped into 12 key learning themes (Fig. 1).
Stage 2: Delphi consensus rounds
Round 1 results
A total of 103 of 179 invited individuals were eligible and
completed the survey in full (58% overall response rate).
This included 10 ERP members. Table 1 outlines the round
1 respondent characteristics including professional roles.
Definition of “geriatric”
Respondent views of the definition of “geriatric” is outlined
in Figure 2. Fifty-three percent of participants chose more
than 1 answer. Alternative definitions were also provided (5
in total) with the recommended age cutoff ranging from 65
to 85 years. Free-text comments revealed a common theme,
namely that an ideal definition should include a specialist
assessment of physiological age. In real world practice this
was often limited by a lack of expertise and/or available
resources needed to complete Comprehensive Geriatric
Assessments.
Consensus on learning outcomes
After round 1, 60 learning outcomes reached the predefined
consensus definition for inclusion. Nine outcomes met crite-
ria for exclusion and 1 outcome met the criteria for border-
line. The ERP was then convened and determined:

Based on significant respondent feedback, the section
“Systemic Therapy & Special Considerations in the Older
Person with Cancer” would not be included in the core RO/
Geriatric Oncology Curriculum as these outcomes were
deemed only relevant to clinical oncologists or radiation
oncologists who are responsible for prescribing systemic
therapy in their jurisdiction of practice.

To reopen the round 1 survey and exclusively target eligi-
ble geriatricians to participate, to improve the sample size of
geriatricians to ensure the geriatrics focus of the curriculum
was informed by expert views. This targeted sampling was
prompted by only 17% (16) of participants being geriatri-
cians, versus 55% (52) were radiation and clinical oncolo-
gists. Subsequently a further 9 geriatricians participated
which increased the overall response rate from 55% (94/
170) to 58% (103/179).

To alter the consensus definition for inclusion from a
70% to 90% cutoff. The rationale for this was to reduce the
number of learning items included and overcome potential
curriculum crowding. This aimed to ensure that the final
competency set would be practically applicable for real
world educational purposes. In-depth consideration regard-
ing modification of the consensus definition as per pub-
lished Delphi technique literature was undertaken and
deemed to be justified by the ERP in conjunction with a
consultant biostatistician.



Table 1 Demographic characteristics of Delphi
participants

Country of residence
Round 1 (n = 103),

n (%)*
Round 2 (n = 54),

n (%)*

Australia 33 (35) 18 (33)

United States 16 (17) 8 (15)

United Kingdom of Great Britain and
Northern Ireland

13 (14) 7 (13)

Canada 12 (13) 8 (15)

Denmark 4 (5) 4 (7)

Belgium 1 (1) 0 (0)

Brazil 1 (1) 0 (0)

Chile 1 (1) 1 (2)

Germany 1 (1) 1 (2)

Ghana 1 (1) 1 (2)

India 1 (1) 1 (2)

Ireland 2 (2) 2 (4)

Italy 1 (1) 0 (0)

Netherlands 2 (2) 0 (0)

New Zealand 2 (2) 1 (2)

Norway 1 (1) 1 (2)

Spain 1 (1) 1 (2)

Zambia 1 (1) 0 (0)

Professional role

Radiation oncologist 40 (43) 23 (43)

Clinical oncologist 12 (13) 9 (17)

Radiation therapist/therapeutic
radiographer

4 (4) 6 (11)

Medical oncologist 5 (5) 2 (4)

Palliative care specialist 1 (1) 0 (0)

Geriatric oncologist 5 (5) 4 (7)

Geriatrician 16 (17) 8 (15)

Surgical oncologist 1 (1) 0 (0)

Hematologist 0 (0) 0 (0)

Nurse 4 (4) 1 (2)

Consumer 7 (7) 2 (4)

Radiation oncology trainee 2 (2) 1 (2)

Clinical oncology trainee 2 (2) 1 (2)

Years in independent clinical practice

21+ 14 (15) (24)

11-20 20 (21) (26)

6-10 27 (29) (33)

0-5 28 (30) (17)

Not applicable (still in training) 5 (5) 1 (2)

Age, y

60+ 14 (15) 6 (11)

45-59 23 (24) 18 (33)

30-44 57 (61) 30 (56)

18-29 0 (0) 0 (0)

Sex

Female 60 (64) 34 (63)

Male 34 (36) 20 (37)

(Continued)

Table 1 (Continued)

Country of residence
Round 1 (n = 103),

n (%)*
Round 2 (n = 54),

n (%)*

Formal qualification in education or degree in education

Yes 32 (34) (53)

No 62 (66) (47)

* The round 1 response rate was 60% (103/170) and the round 2
response rate was 52% (54/103).
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After review of the 9 additional geriatricians’ responses
and the application of the new consensus definition, the
final learning outcome list was reviewed by the ERP and
individual opinions and edits around outcome rewording,
clarity, and/or outcome duplication or consolidation were
sought. Three learning outcomes were identified as not
reaching consensus specifically due to the lack of clarity of
the outcome wording. The ERP reworded these outcomes
based on participant feedback and these outcomes were
then deemed for inclusion. Further, the outcome “discuss
the various management options for skin cancer and appro-
priate adaptations in older people” did reach consensus;
however, it was deemed not for inclusion based on feedback
from multiple participants and ERP members that it was
already covered by the outcome “explain the role and ratio-
nale of radiation therapy and its risks and benefits, compar-
ing it to potential alternatives (eg, surgery, chemotherapy)
in an individual clinical situation for an older person with
cancer.” This resulted in 29 outcomes meeting criteria for
inclusion and 28 for exclusion. A final 4 outcomes were
deemed borderline or requiring further feedback on word-
ing for improved clarity and were hence for inclusion in
round 2 (voted as either for inclusion or not in final curricu-
lum).

Round 2 results
Of the invited participants from round 1, 54 of 103 com-
pleted the round 2 survey in full with a 52% overall response
rate (Table 1). Consensus was reached (>75% voting “in”)
for the 2 of the 4 outcomes.

Of note, the outcome regarding elder abuse did not reach
consensus (“define elder abuse and how it may be recog-
nized in older people and appropriate measures to be
taken”). However, the ERP identified a dominant theme
from free-text comments in round 2 from geriatrician par-
ticipants regarding this outcome arguing that radiation and
clinical oncologists should, at a minimum to ensure patient
safety, be aware of elder abuse as an issue and have a referral
pathway if they suspect a patient might be at risk. This
prompted further analysis of the breakdown of professional
group’s responses for this outcome, from which it was
hypothesized by the investigators that radiation and clinical
oncologists may have voted it out simply due to a preexist-
ing lack of knowledge about elder abuse and hence not rec-
ognizing its fundamental importance in clinical care. This
prompted the ERP to elect to reconsider this outcome for



Fig. 2. Participant definition of “geriatric” as percentage
of total responses.
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inclusion. With the assistance of geriatrician and RO mem-
bers of the ERP, the outcome was reworded into 2 separate
parts: 1) demonstrate understanding of the definition of
elder abuse used by the World Health Organization, includ-
ing the various forms of elder abuse, and 2) demonstrate
awareness of services/referral pathways within their local
organizations and wider jurisdictions if elder abuse is sus-
pected. This rewording was based on the rationale that the
World Health Organization definition of elder abuse is the
most comprehensive, covering the various forms of abuse
and the associated complexities of the issues around neglect
and the dynamics of abuse.36 These 2 outcomes are both
included in the final learning outcomes set.

A total of 33 geriatric RO learning outcomes were identi-
fied as being core to RO training.
Discussion
This study defines the first globally applicable geriatric RO
learning outcome set aimed at improving the content and
delivery of geriatric-focused education for RO trainees.
Thirty-three learning outcomes across 7 key learning
domains are included in the final set, which was successfully
developed via an international collaboration of oncology
and geriatric experts and cancer consumers. This evidence-
based educational framework seeks to support RO training
bodies around the world in ensuring future radiation and
clinical oncologists can provide high-quality and appropri-
ate care for older adults with cancer.

The Delphi technique is a widely recognized and robust
process which has been well established as a valid method to
produce learning outcome sets for RO trainees. Of note,
published studies have utilized the Delphi technique to
develop core competencies for RO trainees across a variety
of educational areas including global health, leadership,
imaging literacy, and quality and safety.37-40 This study adds
to the growing body of international educational research
seeking to improve the quality of training provided to RO
trainees in important areas previously neglected within
more traditional curricula.

Although defining clear learning outcomes for training
radiation oncologists is an important start to improving geriat-
ric oncology practice, significant educational gaps remain in
the field of RO. There is a paucity of research, curricula, or
guidelines (published in the scholarly or gray literature) dealing
with geriatric oncology education for other RO professionals
(ie, radiation therapists, medical physicists, and/or nurses). To
our knowledge, there is 1 published needs assessment looking
at radiation therapists’ knowledge and attitudes regarding geri-
atric oncology. This study found low levels of awareness and
knowledge among this professional group around concepts
considered key in the specialized care of older adults with can-
cer.41 There are no other published geriatric oncology educa-
tion-specific needs assessments for other RO professionals or
supervisors/educators.42 In contrast, within the specialties of
medical oncology and hematology there are several published
Needs Assessments for medical oncology and hematology
trainees, practicing clinicians and educators which identify
necessary geriatric oncology content for inclusion within train-
ing programs.30,31,43-45 Furthermore, as previously mentioned,
the ASCO and European Society for Medical Oncology curric-
ula include specific learning objectives in geriatric oncology.32

A recent study by Hsu et al also used a modified Delphi
technique to develop geriatric oncology learning outcomes for
medical oncology training.46 In this study, experts in medical
oncology, hematology and geriatric oncology identified 35 key
learning outcomes out of a potential 78.46 Hsu et al differs in 2
main ways from our study. First, not surprisingly, it did not
focus on radiation therapy-specific outcomes. Second, and in
distinct contrast to our study’s findings, no frailty screening or
comprehensive geriatric assessment-related learning outcomes
reached consensus for inclusion. Our study, on the other hand,
found strong consensus for inclusion of 8 learning outcomes
relating to screening tools and CGA in the final curriculum.
Hsu et al state that this omission was unexpected but hypothe-
size that a possible lack of knowledge or buy-in about the value
of geriatric assessment may exist.46 The differing eligibility crite-
ria and sampling of experts in our study compared with Hsu et
al may also account for these varying results. The Delphi
experts included in Hsu et al were limited to specialists in medi-
cal oncology, hematology, and geriatrics. In our study, all oncol-
ogy specialties (including radiation and clinical oncology,
surgical oncology, hematology, palliative care, medical oncol-
ogy), nursing, radiation therapy, and consumers were included.
Differences in expert opinion around relevant topics of focus
and learning priorities within each respective specialty may
have affected which learning outcomes reached final consensus.

A key strength of this study was the systematic, evidence-
based approach to generating the final learning outcomes.
Another strength is the wide breadth of expertise repre-
sented both within the ERP and the participants of the Del-
phi rounds. Geriatric and oncology professionals of all levels
and specialties were included, including clinicians, nurses,
and radiation and clinical oncologists in training. The
cohort was also made more robust by a high level of exper-
tise in medical education, with over one-third of the Delphi
participants having a higher degree in education. The inclu-
sion of consumer representation in the Delphi rounds has
ensured the learning outcomes reflect the patient perspec-
tive and preferences. This study is one of a very small



Table 2 Summary of included and excluded geriatric radiation oncology learning outcomes

Learning outcome
Total consensus

percentage achieved* Mean
Standard
deviation

A. Epidemiology of cancer and aging population

1. Describe the global trend of population agingy 95% 4.65 0.67

2. Describe the relationship of cancer incidence to population aging
demographics in their region of trainingy

88% 3.96 1.08

B. Basic concepts of geriatric medicine

1. Define the most common geriatric syndromes, for example, cognitive
impairment, falls, incontinence, polypharmacy, vision, and hearing
impairmenty

79% 4.36 0.90

2. Describe the clinical features of frailtyy 96% 4.67 0.64

3. Discuss the concept of physiological versus chronological age 98% 4.85 0.48

4. Describe the domains of a comprehensive geriatric assessmenty 96% 4.76 0.51

5. Discuss the purpose of a comprehensive geriatric assessmenty 96% 4.76 0.51

6. Describe the purpose and value of interdisciplinary care planning (geriatric
management plan) for older adults with cancery

91% 4.55 0.69

7. Demonstrate understanding of the definition of elder abuse used by the
World Health Organization, including the various forms of elder abusey

86% 4.39 0.84

8. Demonstrate awareness of services/referral pathways within their local
organizations and wider jurisdictions if elder abuse is suspectedy

86% 4.39 0.84

Discuss socioeconomic factors that can increase vulnerability in older adults
with cancer

83% 4.39 0.80

Describe the heterogeneity of health status and functional status of the
elderly population

84% 4.38 0.97

Discuss the features and purpose of frailty screening tools 87% 4.51 0.75

Demonstrate the ability to perform frailty screening tools 81% 4.18 0.93

Demonstrate the ability to recognize polypharmacy (the concurrent use of
multiple medications) in older adults and be able to review and appropriately
alter medications of older adults with cancer

71% 4.10 1.03

Demonstrate the ability to implement a falls prevention education
framework and strategy

53% 3.46 1.30

C. The role of geriatric screening and assessment in the management of the older adult with cancer

1. Discuss how characteristics specific to older adults affect prognosis and
treatment decisionsy

95% 4.74 0.70

2. Discuss the effect of geriatric syndromes and frailty on morbidity, mortality,
tolerance of illness, and intervention and treatments associated with a cancer
diagnosisy

95% 4.70 0.67

3. Explain how different features within the comprehensive geriatric assessment
can influence the oncology management plan in an older adult with cancery

91% 4.51 0.87

4. Demonstrate ability to integrate the findings of the geriatric assessment into
oncological decision-making and treatment recommendationsy

97% 4.84 0.49

5. Demonstrate collaboration with geriatricians and/or allied health care
workers to optimize care for older individuals with cancery

93% 4.70 0.73

Estimate patient’s vulnerability/frailty from standard oncologic assessments,
for example, sarcopenia (age-related muscle loss) from computed
tomography scans

57% 3.52 1.29

Be able to use the information ascertained by geriatric screening and/or
assessment to guide geriatric interventions before, during, and after cancer
treatment

82% 4.42 1.09

Discuss the advantages and disadvantages of frailty screening tools compared
with full comprehensive geriatric assessment

79% 4.16 0.90

Discuss the potential models of care for implementation of geriatric
screening and assessment in oncology practice

87% 4.20 0.92

D. Planning and delivery of radiation therapy in the older adult with cancer

1. Explain the role and rationale of radiation therapy and its risks and benefits,
comparing it to potential alternatives (eg, surgery, chemotherapy) in an
individual clinical situation for an older adult with cancery

96% 4.82 0.61

2. Describe the clinical, social, and logistical factors that may make it more
difficult for older adults to receive radiation therapyy

95% 4.73 0.71

3. Discuss and give examples of clinical situations and ways that a course of
radiation therapy might need to be adapted to improve tolerability for older
adults while optimizing clinical outcomes, for example, treatment schedule
or fractionation, patient positioning, and dementia-focused interventionsy

96% 4.81 0.66

4. Give examples of clinical situations in which radiation therapy may not be
the treatment option of choice for an older adult (where evidence does not
support net clinical benefit)y

93% 4.76 0.81

93% 4.68 0.78

(Continued)
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Table 2 (Continued)

Learning outcome
Total consensus

percentage achieved* Mean
Standard
deviation

5. Discuss the role and rationale of brachytherapy as an alternative to external
beam radiation therapy in older adults in both curative and palliative settings

6. Discuss the role and rationale of stereotactic radiation therapy in older
adultsy

96% 4.78 0.63

Explain the role and rationale for the use of image fusion (incorporating data
from multiple imaging studies) in the radiation therapy planning process for
older adults

65% 3.81 1.35

Discuss the role and rationale of injectable radioactive agents and
radioembolization as palliative therapy in older adults (For consumers:
radioactive agents are radioactive drugs given by injection that can be
used treat some cancers. Radioembolization is a procedure in
which small radioactive beads are placed inside blood vessels that feed a
tumor.)

88% 4.41 1.01

Discuss the role and rationale of proton and heavy ion therapy in older
adults (For consumers: proton therapy uses a beam of protons to target a
tumor and heavy ion therapy uses a beam of carbon ions to target a tumor.)

68% 3.85 1.28

Discuss the various management options for skin cancer and appropriate
adaptations in older adults

91% 4.70 0.74

E. Palliative and supportive care for the older adult with cancer

1. Demonstrate an understanding of how pharmacokinetics and
pharmacodynamics of medications commonly used in symptom control can
be altered in older adults with cancery

93% 4.58 0.76

2. Integrate a geriatric assessment into end-of-life carey 92% 4.49 0.82

3. Discuss the effect of comorbidities on prognosis and symptoms in older
adults with cancer

99% 4.85 0.46

Demonstrate the ability to evaluate and integrate the health status and needs
of older caregivers into end-of-life planning

88% 4.47 0.88

F. Communication with the older adult with cancer

1. Demonstrate ability to recognize the differences between cognitive
impairment and capacityy

99% 4.91 0.41

2. Describe the key components required for an older adult with cancer to
demonstrate they have capacity to make decisions about their treatmenty

99% 4.91 0.41

3. Demonstrate understanding of the role and the relevant local legalization for
a surrogate decision-maker in cases in which an older adult is unable to make
decisions regarding medical treatmentsy

100% 4.84 0.37

4. Demonstrate an ability to elicit and integrate an older adult's priorities and
goals of carey

100% 4.93 0.25

5. Demonstrate ability to communicate with an older adult's family, friends,
and caregivers whose information needs and opinions may diverge from
those of the patienty

96% 4.77 0.67

Demonstrate ability to obtain designation of an older adult's caregiver who
may assist patient during oncology treatment

82% 4.38 0.96

G. Research- and evidence-based education in geriatric oncology

1. Demonstrate awareness of the barriers to clinical trial participation for older
adults with cancer

96% 4.68 0.55

2. Describe endpoints in clinical trials that may be of greater relevance to older
adults with cancery

97% 4.59 0.60

3. Apply current internationally recognized guidelines and recommendations
regarding best practices and specific treatment approaches for older adults
with cancery

100% 4.91 0.30

4. Demonstrate the ability to integrate emerging geriatric oncology evidence
into clinical reasoning and/or practice

95% 4.76 0.54

Discuss alternative clinical trial designs for older patient populations 82% 4.15 0.97

Demonstrate awareness of the need for improved training and education in
geriatrics and geriatric oncology training in the global oncology workforce

82% 4.35 0.97

Critically evaluate oncology trials that include older adults 86% 4.49 0.82

H. Biology of aging and cancer

Explain concepts regarding the biology of aging (including cellular damage
and the process of aging, the concept of survivor effects and late-life
mortality deceleration versus Gompertz-Makeham law of aging)

69% 3.85 1.05

Explain the biology of cancer in older adults and how it may affect oncologic
treatment

89% 4.57 0.88

I. Cancer screening in the aging population

Demonstrate awareness of the existing evidence for and limitations of
screening programs for common cancers in the elderly population

88% 4.42 0.77

(Continued)
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Table 2 (Continued)

Learning outcome
Total consensus

percentage achieved* Mean
Standard
deviation

J. Systemic therapy: Special considerations in the older adult with cancer

Demonstrate understanding of the variables that influence pharmacokinetics
and pharmacodynamics of anticancer agents in older adultsy

95% 4.69 0.720

Describe how geriatric assessment-related factors correlate with
chemotherapy-induced toxic effectsy

91% 4.46 0.797

Where responsible for the administration of systemic therapy, demonstrate
an ability to use supportive care measures for older adults receiving systemic
therapy

93% 4.68 0.704

Discuss the age-related toxic effects of different chemotherapy classes,
including hormone therapies, signal transduction inhibitors, gene expression
modulators, apoptosis inducers, angiogenesis inhibitors, immunotherapies,
and monoclonal antibodies

86% 4.38 0.947

Explain the relevance of renal, hepatic, and cardiac function, comorbidities,
and past reactions for older adults undergoing systemic therapy

88% 4.51 0.940

Demonstrate an awareness of risk prediction models for severe side effects
from chemotherapy in older adults that are available

84% 4.32 0.846

Where responsible for the administration of systemic therapy, demonstrate
an ability to appropriately consider renal and hepatic function, labs,
comorbidities, and past reactions when prescribing systemic therapy for
older adults

85% 4.49 1.050

Where responsible for the administration of systemic therapy, demonstrate
an ability to make appropriate dose adjustments for older adults receiving
systemic therapy

89% 4.57 1.074

K. Surgery: Special considerations in the older adult with cancer

Demonstrate awareness of the importance of perioperative management
including preoperative assessment tools for older adults

68% 3.78 1.24

Demonstrate awareness that geriatric assessment can predict complications,
postoperative mortality, and hospital stay in older adults

85% 4.28 0.97

Demonstrate awareness of the age-related peri- and postoperative risks
associated with surgery and anesthesia versus potential benefit in common
cancers of older adults

76% 4.08 1.16

L. Health advocacy for the older adult with cancer

Demonstrate awareness of the issues affecting patient access to coordinated
geriatric oncology and geriatric programs worldwide

74% 3.91 0.97

Apply expertise and influence, whether individually or as part of a group, to
improve cancer services on behalf of older adults with cancer

85% 4.18 0.94

Define elder abuse and how it may be recognized in older adults and
appropriate measures to be taken

86% 4.39 0.84

Understand the needs of particularly vulnerable groups (eg, patients with
dementia) undergoing cancer treatment and optimal care

95% 4.73 0.65

* Ninety percent of responses fall within the Likert scale of inclusion categories defined as “definitely include” or “possibly include”.
y Learning item reworded by expert reference panel.
Outcomes A2, B1, B7, and B8 did not reach 90% consensus in round 1 specifically owing to problematic wording or clarity. These outcomes were reviewed
in the expert reference panel and subsequently deemed for inclusion after appropriate rewording and edits. Unnumbered learning items were ultimately
excluded.

Volume 113 � Number 5 � 2022 Geriatric radiation oncology learning outcomes 943
number of publications to include patients and caregivers in
a Delphi consensus process for curriculum development
across all areas of health care.38

This study was also successful in adopting a global
approach, which was intentional for several reasons. First,
the need to improve care for the rapidly rising numbers of
older adults with cancer is a global problem.3,4,20 The
authors also recognize that the medical workforce and medi-
cal education as a discipline is already globalizing.47 There-
fore, the application of a worldwide approach to an
educational challenge within RO was deemed most appro-
priate. Given RO is also a relatively small specialty with an
increasingly interactive international community, a global
approach may provide efficiencies in improving dissemina-
tion and standardization as findings are adopted.47

Furthermore, although there is no universal agreement
on the ideal sample size for Delphi studies, the response rate
of 60% in round 1 and 52% in round 2 of the Delphi process
was high in comparison to similar Delphi and survey-based
studies.33,46,48 We attribute the attrition of participants
between the 2 rounds to the common phenomenon of sur-
vey fatigue. This effect was anticipated by the authors and
strategies to minimize survey fatigue were used, including
providing detailed feedback regarding round 1 results to
participants and ensuring the estimated time taken to com-
plete round 2 was kept as short as possible and clearly com-
municated.

The authors note several potential limitations of this
study. Although there are advantages to the global approach
to developing learning outcomes, as outlined earlier, it is
recognized that as training bodies apply findings to their
regional settings, adaptations will be required. It will be
important that learning outcomes are adjusted to ensure rel-
evance to local health system and population contexts.
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Similarly, although members of the ERP and Delphi partici-
pants were from a broad array of geographic locations, there
was a marked skew toward Australia, North America, and
the United Kingdom. There was limited representation
from lower- and middle-income and non-English speaking
countries, emphasizing again the likely need for local modi-
fications. Lastly, the period in which the final data analysis
and manuscript write up for this study coincided with the
onset of the COVID-19 pandemic with disruption to aca-
demic and clinical working arrangements delaying study
completion. The authors believe that the pandemic will have
little effect over the longer term on the significance or rele-
vance of the final results.

RO trainees are the end-knowledge targets of this
research, and the authors acknowledge that proportionally
the number of trainees included is relatively low with a total
4 completing the 2 Delphi rounds. However, this is arguably
appropriate to this design stage of the curriculum develop-
ment process. A previous education needs analysis was con-
ducted directly with RO trainees by our group, which
demonstrated many RO trainees self-rated their knowledge
around geriatrics and geriatric oncology as very low.28 This
may limit many trainees’ ability to contribute to the devel-
opment geriatric oncology focused learning outcomes, sim-
ply due to a lack of basic knowledge around the subject
matter itself. It may also account for the low numbers of
trainees who met eligibility criteria, given the early stage of
their careers and hence lack of high-level expertise in educa-
tion, curriculum design, geriatrics, and geriatric oncology.
Conversely, a relatively high proportion of qualified radia-
tion and clinical oncologists who have been in clinical prac-
tice for 1 to 5 years (20 in total) did participate in the
Delphi rounds. Arguably these “early career” clinicians are
well placed to represent the trainee perspective (having
recently completed training) but concurrently have the
appropriate expertise and knowledge to develop the learning
outcomes.

This study is the first key step in developing a compre-
hensive, globally applicable geriatric RO curriculum aimed
at improving future radiation oncologist’s ability to care for
older adults. The next priority in building a complete com-
petency-based curriculum is to design, implement and eval-
uate novel learning interventions to integrate learning in
this area within existing training programs. Learning, assess-
ment, and feedback tools will need to be developed to com-
plement these learning outcomes. Training program
structures and where learning best fits into current pro-
grams will require consideration. Collaboration with the
geriatric oncology expert community will be fundamental to
ensuring that RO educators and supervisors are adequately
upskilled to design, deliver, and assess geriatric RO content.
Only with ongoing educational research and curriculum
development dedicated to geriatric RO learning will we
ensure the next generation of radiation oncologists can pro-
vide optimal care for the rapidly growing number of older
adults with cancer.
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