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Purpose: The global cancer burden and mortality rates are increasing, with significant disparities in access to care in low- and middle-
income countries (LMICs). This study aimed to identify radiology and radiation therapy needs in LMICs from the perspective of
departmental and institutional leaders.
Methods and Materials: A survey was developed and conducted by the American Association of Physicists in Medicine Global Needs
Assessment Committee and the American Association of Physicists in Medicine International Council. The survey, organized into 5
sections (Introduction, Infrastructure Needs, Education Needs, Research Needs, and General Information), was open to respondents
from March 1, to August 16, 2022.
Results: A total of 175 responses were received from 6 global regions: Africa (31.4%), the Americas (17.7%), the Eastern Mediterranean
(14.3%), Europe (9.1%), Southeast Asia (23.4%), and the Western Pacific (4.0%). The greatest reported need was for new or updated
equipment, particularly positron emission tomography/computed tomography imaging technology. There was also a high demand for
clinical and equipment training. Approximately 25% of institutions reported a lack of radiology-based cancer screening programs
because of high health care costs and a shortage of specialized equipment. Many institutions that expressed interest in research face
funding and grant challenges.
Conclusions: The findings highlight critical areas where organizations can support LMICs in enhancing radiology and radiation
therapy services to mitigate the growing cancer burden.
© 2024 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Cancer is the second leading cause of premature death
worldwide, responsible for nearly 10 million deaths
annually.1,2 Awareness of cancer as a global public health
issue is intensifying, with projections indicating it will
become the leading cause of death by the end of this cen-
tury.3 The burden of cancer is increasing disproportion-
ately in low- and middle-income countries (LMICs),
where the majority of cancer deaths are expected to occur
by 2030, thereby fueling a global health crisis.4 LMICs
remain underserved, with significant disparities in disease
burden and mortality because of a lack of access to diag-
nostic and treatment facilities.5

Several reports from the Lancet Oncology Commission
identified critical deficiencies in infrastructure and work-
force development in these regions.6-8 For instance, in
2015, it was highlighted that >25 countries in sub-Saharan
Africa had no access to radiation therapy.6 In West Africa,
one of the most economically underprivileged regions, only
4 of 16 countries had radiation therapy facilities.9 This
issue gained significant attention in 2017 when the British
Broadcasting Corporation used data from the International
Atomic Energy Agency’s Directory of Radiotherapy Cen-
ters (DIRAC) to report that dogs in the United States had
better access to radiation therapy than humans in Nigeria,
West Africa’s most populous nation.10,11

The sources of inequity in cancer care are complex,
involving economic, historical, political, and ethnic factors.
Addressing these underlying issues requires significant coor-
dinated efforts and time. However, some immediate solu-
tions are within reach. Efforts to expand access to cancer
care in LMICs have focused on developing cost-effective
technologies and improving infrastructure through equip-
ment donations.12-17 Training opportunities and fostering
research collaborations have also been key strategies.18,19
In response to the increasing number of medical physi-
cists interested in international engagement, the Ameri-
can Association of Physicists in Medicine (AAPM)
established an International Council (IC) in 2020. The
AAPM-IC aims to advance the practice of medical physics
globally by addressing health care disparities and develop-
ing mitigation strategies in collaboration with other
stakeholders.20

To support these efforts, the AAPM-IC tasked the
Global Needs Assessment Committee (GNAC) with con-
ducting a series of surveys to assess radiology and radia-
tion therapy needs in LMICs. Although previous studies
have reported on global oncology surveys and specific
aspects of radiation therapy and radiology infrastructure,
as well as general medical physics barriers in developing
countries, this study is unique in its global scale assess-
ment of radiology and radiation therapy needs.21-23
Methods and Materials
Survey design

This investigation was approved by the institutional
review board at the University of Massachusetts Lowell
(IRB#21-179-NGW-EXM) and funded by an American
Institute of Physics grant. Informed consent was obtained
from all survey participants. The survey introduction
included a statement explaining the purpose of the survey,
voluntary participation, and confidentiality of responses
(Appendix E1). The AAPM supplied staff time, access to
the survey platform, and survey promotion support.

The survey targeted departmental and institutional
leaders providing radiation therapy and radiology services
in LMICs, including administrators, managers, depart-
ment chairs, medical directors, and chief medical
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physicists. A separate survey targeted at medical physicists
practicing in LMICs is in development.

The survey was developed by GNAC members in col-
laboration with Survey Design & Analysis, LLC, who con-
sulted on survey content. AAPM staff assisted with survey
deployment using a web-based platform (QuestionPro).
Input on questions was solicited from other AAPM-IC
Committees, including the Clinical Education and Train-
ing Committee, the Global Data and Information
Exchange Committee, the Global Medical Physics Educa-
tion and Training Committee, and the Global Research
and Scientific Innovation Committee. GNAC members
reviewed all questions for clarity, redundancy, and appro-
priate placement within the survey.

The survey comprised the following 5 sections with
a total of 40 questions: Introduction (3), Infrastructure
Needs (14), Education Needs (11), Research Needs (7),
and General Information (5). Of the 40 questions, 36
were primary questions, and 4 were nested questions
(asked based on previous responses). Seven primary
questions were mandatory and indicated with an aster-
isk (*) in Appendix E1. The Introduction and General
Information sections provided summary and demo-
graphic information. The Infrastructure section cov-
ered core equipment, personnel, and facility upkeep
demands. The Education section addressed training
resources and personnel recruitment. The Research
section included questions about ongoing research,
clinical trial participation, and available research fund-
ing. A copy of the disseminated survey is available in
Appendix E1.
Distribution

To ensure comprehensive regional coverage, GNAC
members compiled a list of LMICs based on World
Bank data and a legacy list of developing countries
from the AAPM.24,25 The 154 identified survey-eligible
countries (SCs) were grouped into 6 geographic regions
based on the World Health Organization global
regions: Africa, the Americas, the Eastern Mediterra-
nean, Europe, Southeast Asia, and the Western Pacific
(Fig. 1A).26 The Global Representatives Subcommittee
under GNAC identified key contacts in each region
based on regional and local medical physics associa-
tions and worked closely with regional contacts to
establish a network of 280 individuals for survey dis-
semination. The key contacts were encouraged to fur-
ther share the survey with their networks. The survey
was distributed through various channels, including e-
mail, the AAPM website, social media posts, and pre-
sentations at global regional conferences. Because of
the distribution method, the number of individuals that
received the survey is unknown. The survey was open
from March 1, to August 16, 2022.
Analysis

Data were analyzed to identify the resources reported
to be in the highest demand and the availability of health
care services compared with those desired. Both global
and regional analyses were conducted.

Descriptive statistics (percentage of regional and over-
all responses) were used to summarize the results. Data
analysis used spreadsheet software (Microsoft Excel,
Microsoft Corporation), which facilitated the processing
and analysis of the responses. Partial and complete
responses were included in the analysis. Duplicate
responses from the same individual were removed after
consulting with respondents to determine which response
to include.

To assess response distribution, the regional distribu-
tion of respondents reporting that their institutions
offered radiation therapy was benchmarked against the
regional distribution of radiation therapy centers reported
in the DIRAC database10 for the SCs.
Role of the funding source

The funders had no role in the study design, data col-
lection, data analysis, data interpretation, or writing of the
manuscript.
Results
A total of 175 responses were used in the analysis, with
102 fully completed and 73 partially completed surveys.
The mean and median completion times of the survey
were 20.3 and 14.5 minutes, respectively. Responses
spanned the following 6 global regions: Africa (31.4%),
the Americas (17.7%), the Eastern Mediterranean
(14.3%), Europe (9.1%), Southeast Asia (23.4%), and the
Western Pacific (4%). Responses were received from 48 of
154 (31.2%) potential countries. Per country, responses
ranged from 1 to 21, with 3 or fewer responses from 35
countries and 16 or more responses from 3 countries
(Fig. 1B). The regional percentages of SCs represented in
the responses were Africa (25.5%), the Americas (43.8%),
the Eastern Mediterranean (43.8%), Europe (26.7%),
Southeast Asia (40.0%), and the Western Pacific (15.8%).
The distribution of survey respondents reporting radia-
tion therapy compared with the distribution of radiation
therapy centers as reported in the DIRAC database10 was
the most similar for the Southeast Asia region and dif-
fered the most for the African and Western Pacific regions
(Fig. 1C).

Results for all survey questions are available in Appen-
dix E2, where global results are provided in graphical



Figure 1 (A) Map of survey-eligible countries grouped into World Health Organization global regions. (B) Map of the number
of survey responses per country. (C) Regional distribution of survey respondents reporting radiation therapy (RT) compared
with regional distribution of RT centers based on the Directory of Radiotherapy Centers (DIRAC) database. (Microsoft product
screen shot(s) reprinted with permission from Microsoft Corporation.)
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format (Figs. E1-E40), and Tables E1 to E40 summarize
both the global and region-specific results.
Question response rate and distribution

The number of responses per primary question varied,
with the highest number (175) for the initial questions and a
gradual decrease in subsequent sections. The lowest response
(98) was in the Research Needs section. Nested questions
had fewer responses (29-70) than primary questions, reflect-
ing the complexity and specificity of these questions.
Key results
1. Infrastructure needs
The highest reported need was for new or updated
equipment (Fig. 2A), particularly positron emission
tomography (PET)/computed tomography (CT)
imaging technology (Fig. E12). Equipment training
and continuous education were also a high priority
(63.1%) (Fig. 2B).
A total of 40.5% of respondents from the African
region reported issues with inadequate power supply,
highlighting a critical infrastructure challenge (Fig. 2C).

2. Education needs
The greatest educational support needed was clinical
training (58.4%), followed by course development in
medical physics (45.1%) (Fig. 3A).
Training updates for radiation oncologists and radi-
ologists were particularly needed (69%) (Fig. 3B),
and 49.1% of respondents noted insufficient training
provided by equipment suppliers (Fig. E28).

3. Research needs
The primary barriers to conducting research were
funding and obtaining grants (64.9%), lack of equip-
ment (45%), and expertise (39.6%) (Fig. 3C).
Only 25.5% of respondents had access to research
funding opportunities, underscoring the need for
financial support (Fig. E33).

4. Radiology cancer screening programs
More than 25% of institutions reported no annual
radiology cancer screening programs, primarily
because of health care costs (Fig. 4A).

5. Safety programs
Although approximately 60% of respondents report
that magnetic resonance imaging (MRI) and fluoros-
copy are available at their institutions, less than half
of those report MRI and fluoroscopy safety pro-
grams. The relative numbers of safety programs were
particularly low for the African region and the region
of the Americas (Fig. 4B).

6. Brachytherapy
The number of respondents reporting high-dose-rate
and low-dose-rate brachytherapy at their institutions
was 55.7% and 17.4%, respectively (Fig. 5).
7. External beam radiation therapy
A total of 64.3% and 50.4% of respondents report
that intensity modulated radiation therapy and volu-
metric modulated arc therapy are offered at their
institutions, respectively. Additionally, only 33.9% of
respondents report the use of Stereotactic Body Radi-
aton Therapy, and 45.2% report the use of image
guided radiation therapy (Fig. 5).

8. Workforce
Qualified staff was the second largest overall need
(Fig. 2A), further highlighting the need for education
and training.

9. Increasing cancer burden
A total of 77.4% of institutions reported an increase
in the number of patients with cancer over the past
3 years (Fig. 6A).

10. Collaboration
Encouragingly, 86.2% of respondents reported that
they would support collaborations with global part-
ners (Fig. 6B).
Discussion
Overview

This survey provides a comprehensive overview of the
radiology and radiation therapy needs for cancer care in
LMICs from the perspective of departmental and institu-
tional leaders. The findings highlight critical areas where
support is needed to improve cancer care in these regions.
Key findings and their implications

Infrastructure needs
Efforts to build a sustainable infrastructure are critical to

improving health care quality and access for patients across
the globe. The high demand for new and updated equip-
ment, particularly PET/CT, indicates a substantial gap in the
availability of advanced diagnostic tools in LMICs. PET/CT
and other nuclear medicine-based imaging modalities play a
critical role in the diagnosis, staging, and treatment assess-
ment of many types of cancer. Challenges in implementing
and maintaining PET/CT programs in LMICs include the
complexities of importing radioisotopes, lack of trained per-
sonnel to maintain equipment, challenges associated with
radioactive waste disposal, and lack of quality assurance
equipment.27 Addressing this need requires coordinated
efforts for equipment procurement and sustainable infra-
structure development.

The large number of respondents from the African
region reporting issues with inadequate power supply
indicates that the ability to reliably treat patients from
day to day may be a challenge. Sourcing equipment



Figure 2 Survey results for greatest overall needs (A) and greatest Infrastructure Needs (B). Respondents could select up to 2
options. The specific needs are displayed on the vertical axes, and the percentage of respondents reporting each need is displayed
on the horizontal axes. (C) Global and regional percentage of respondents reporting infrastructure challenges. The percentage of
respondents is displayed on the vertical axis, and specific infrastructure challenges are displayed on the horizontal axis. Two
regions (Western Pacific and Europe) are not included in the figure because these regions did not report infrastructure chal-
lenges.
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Figure 3 Survey results for greatest Education Needs (A), greatest needs for radiation oncologists and radiologists (A), and
greatest Research Needs (C). Respondents could select up to 3 options for Education Needs and Research Needs and up to 2
options for radiation oncologist and radiologist needs. Needs are displayed on the vertical axis, and the percentage of total
respondents for each need is displayed on the horizontal axis.
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Figure 4 (A) Annual radiology screening programs at the respondents’ institutions. Screening programs are displayed on the
vertical axis, and the percentage of respondents is displayed on the horizontal axis. (B) The percentage of respondents reporting
MR and fluoroscopy at their institutions, along with safety programs for these modalities at the respondents’ institutions. The
percentage of respondents is displayed on the vertical axis, and the prevalence of magnetic resonance (MR) imaging and fluoros-
copy, along with the respective safety programs, are displayed on the horizontal axis.
Abbreviations: CT = computed tomography.
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that is less susceptible to power grid issues, such as
Cobalt-60 teletherapy units, may be a better choice
than linear accelerators where power grid issues are
present.15 The International Atomic Energy Agency’s
lists several advantages of Cobalt-60 teletherapy units,
including increased tolerance to “environmental vari-
ability” with respect to power supply.28 Of note, survey
respondents from the African region reported the
highest percentage of Cobalt-60 teletherapy units
(35.1%), which may be because of the advantages of
these units where power grid issues are present (Table
E13). To better ensure that patients receive radiation
therapy treatments, equipment procurement should
take the local infrastructure and environment into
account.
Educational needs
The emphasis on clinical training and continuous edu-

cation reflects the need for ongoing professional develop-
ment to keep pace with technological advancements.
Global partnerships and remote training programs could
play a crucial role in bridging this gap. Training in the
form of virtual meetings and recorded video content can
reduce the need for costly international travel while pro-
viding training to a broader audience.19,29,30 Allowing low
or no cost access to online education content to staff in
LMICs should be considered by professional organiza-
tions. Although many respondents expressed interest in
remote training and peer support on treatment planning
and quality assurance, comments from the African region
suggest that more in-person training is needed. Remote



Figure 5 Prevalence of radiation therapy technologies, modalities, and techniques as reported by the respondents. The percent-
age of respondents is displayed on the horizontal axis, and the technologies, modalities, and techniques are displayed on the ver-
tical axis.
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training is perhaps not ideal for equipment training,
where a more hands-on approach is needed.31 Therefore,
training programs should be designed and formatted to
best meet educational goals.

One of the most important aspects of practicing radia-
tion oncology at a high level is the use of advanced equip-
ment.32 A necessary part of that is sufficient equipment
training provided by the vendor. Comments report the
length of training as inadequate or the timing of the train-
ing as less than ideal. Unfortunately, some training
expires, or more advanced training is given at installation
when staff are still learning basic operations. Vendors
should focus on optimizing training to suit the needs of
the end user.

Research needs
Respondents expressed interest in the availability of

personnel to conduct research but also identified barriers
to engaging in research. The identified barriers, especially
funding and equipment, highlight the need for targeted
financial support and collaborative research initiatives.
The lack of financial resources in support of research has
been previously indicated by several investigators33,34 and
is further emphasized in this work. Identifying and allo-
cating funding resources in support of research would
greatly improve the state of research in LMICs.33,34 Inter-
national grants and partnerships could help mitigate these
challenges.

Radiology cancer screening programs
The lack of radiology cancer screening programs in

many institutions underscores the need for affordable and
accessible screening programs. Cancer deaths relative to
cancer incidence are higher in LMICs compared with
high-income countries.35 Early detection is crucial for
reducing cancer deaths through early intervention. In
LMICs, a significant proportion of women are diagnosed
with breast cancer at later stages.36 Similarly, with lung
cancer ranking as the leading cause of cancer-related
deaths worldwide for men and women combined, screen-
ing initiatives for lung cancer among smokers using radi-
ography and low-dose CT scans have demonstrated
effectiveness in detecting lung cancers earlier and reduc-
ing lung cancer mortality.37 Efforts should focus on
reducing costs and increasing the availability of special-
ized equipment and program infrastructure to expand
screening programs worldwide.38

Safety programs
The low relative number of responses indicating MRI

and fluoroscopy safety programs is concerning. Accidents
in the MRI suite can be severe and lethal if the necessary
precautions are not taken.39 Fluoroscopy safety minimizes
deterministic effects on patients and stochastic effects on
staff.40,41 Developing screening programs should be an
area of focus for international medical physics collabora-
tions.

Brachytherapy
The challenges of establishing and maintaining brachy-

therapy programs are numerous42 and are similar to those
for PET/CT. However, brachytherapy has the potential to
have a significant impact on the treatment of gynecologic
cancers.43 In many LMICs, cervical cancer is the most
common cancer among women and causes the most can-
cer deaths.42 Building capacity in brachytherapy will
require coordinated effort at the governmental level as
well as through international collaborations.

External beam radiation therapy
One option for potentially improving cancer care is

through hypofractionation. Hypofractionation could



Figure 6 (A) Change in the number of patients with cancer cared for by survey respondents over the last 3 years. The level of
change is displayed on the vertical axis, and the percentage of respondents is displayed on the horizontal axis. (B) Support for
international collaboration as reported by respondents. The percentage of respondents for the levels of support is displayed in
the pie chart.
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increase the number of people treated on a given radiation
machine per unit of time and, therefore, potentially
improve access to radiation therapy, increase treatment
compliance, and reduce costs.38,44 The efficacy of hypo-
fractionation remains to be proven in lower resource set-
tings.45 Current clinical trials for prostate, breast, and
cervical cancers are underway in 5 African radiation ther-
apy centers.46

Intensity modulated radiation therapy, volumetric
modulated arc therapy, and image guided radiation ther-
apy serve to improve radiation therapy treatment accu-
racy and conformity and reduce normal tissue
toxicity.47,48 Such techniques are standard practice in
high-income countries and are integral to most
hypofractionation practices. The low number of survey
respondents reporting their use indicates an opportunity
for program development to further support hypofractio-
nation.
Workforce
A shortage of qualified staff was evident in the results and

further emphasized in the comments. The results agree with
the literature, which shows that the global supply of medical
physicists is far from meeting demand.49 One study found
that only 8 of the over 50 countries in Africa have greater
than 20 physicists, with most having just 1 or 2.8 Therefore,
it is critical to increase the capacity to train medical
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physicists in LMICs and to develop incentives to keep these
physicists in their own country throughout their careers.

Increasing cancer burden
The reported increase in patients with cancer necessi-

tates scaling up diagnostic and treatment capacities. This
aligns with projections of an increase in global cancer
rates of 47% between 2020 and 20401 and calls for urgent
action to enhance health care infrastructure and work-
force in LMICs.

Collaboration
The willingness of leaders to support collaboration

with global partners was clear, with a high percentage
(86.2%) of respondents reporting that they would support
such collaborations. Support of institutional leaders is
paramount to successful collaborations, and the survey
responses are encouraging.
Key recommendations

1. Infrastructure investment: prioritize funding for new
and updated radiology and radiation therapy equip-
ment. Advanced imaging technology, such as PET/
CT, is necessary for early detection and staging of
cancer. Treatment equipment should be sourced
appropriately for the local environment.

2. Training programs: develop comprehensive training
programs, including remote and in-person options,
to ensure continuous professional development.
Optimizing equipment training should be an area of
focus for equipment vendors.

3. Research support: increase financial support for
research initiatives and facilitate international col-
laborations to enhance research capacity.

4. Radiology cancer screening programs: implement
affordable radiology cancer screening programs and
provide the necessary equipment to improve early
detection rates.

5. Safety programs: develop training to ensure imaging
technologies are used safely to prevent harm to
patients and staff.

6. Brachytherapy: support the development of brachy-
therapy programs with a focus on both training and
source procurement.

7. External beam radiation therapy: collaborate with
radiation therapy facilities in LMICs to safely imple-
ment advanced treatment techniques with a focus
on hypofractionation to provide cancer care more
efficiently.

8. Workforce: increasing and supporting the radiology,
radiation therapy, and medical physics workforce is
imperative as we face the global cancer crisis.

9. Increasing cancer burden: efforts should focus on
early detection, further emphasizing the need for
radiology cancer screening programs. Additionally,
hypofractionation should be incorporated to
increase treatment capacity.

10. Collaboration: the results show that radiology and
radiation therapy institutions in LMICs are open to
global collaboration. Efforts should focus on key
areas where they will have the most benefit, and sol-
utions should be sustainable over time.
Limitations

Language and response rate
The survey was conducted in English, potentially limit-

ing participation from non−English-speaking regions.
Future surveys should include multiple languages to
increase inclusivity.

Sample size
The relatively low response rate limits the generaliz-

ability of the findings. Additional efforts are needed to
increase participation from underrepresented regions in
future need assessments.

Response distribution
The distribution differences between survey responses

and radiation therapy centers may further limit the gener-
alizability of the findings and are likely because of the lim-
itations previously discussed. The African region was
overrepresented in responses, which may be because of
the large relative number of contacts in the African region
by the AAPM GNAC members. The DIRAC database10

indicates that the Western Pacific region has more than
double the radiation therapy centers of other regions.
However, this region had the lowest number of survey
responses, emphasizing the need to focus future survey
efforts on increasing Western Pacific region participation.
Conclusions
This survey highlights critical needs in radiology and
radiation therapy for cancer care in LMICs. Addressing
these needs requires a coordinated global effort to provide
equipment, training, and research support. Future surveys
targeting medical physicists will provide further insight to
guide these efforts.
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