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Purpose: Our purpose was to assess physics quality assurance (QA) practices in less resourced radiation therapy (RT) centers to
improve quality of care.
Methods and Materials: A preliminary study was conducted in 2020 of 13 select RT centers in 6 countries, and in 2021, our team
conducted onsite visits to all the RT centers in Ghana, one of the countries from the initial survey. The RT centers included 1 private
and 2 public institutions (denoted as Public-1 and Public-2). Follow-up surveys were sent to 17 medical physicists from the site visit.
Questions centered on the topics of equipment, institutional practice, physics quality assurance, management, and safety practices.
Qualitative and descriptive methods were used for data analysis. Questions regarding operational challenges (machine downtime,
patient-related issues, power outages, and staffing) were asked on a 5-point Likert scale.
Results: The preliminary survey from 2020 had a 92% response rate. One key result showed that for RT centers in lower gross national
income per capita countries there was a direct correlation between QA needs and the gross national income per capita of the country. The
needs identified included film/array detectors, independent dose calculation software, calibration of ion chambers, diodes,
thermoluminiscence diodes (TLDs), phantoms for verification, Treatment Planning System (TPS) test phantoms, imaging test phantoms and
film dosimeters, education, and training. For the post survey after the site visit in 2021, we received a 100% response rate. The private and the
Public-1 institutions each have computed tomography simulators located in their RT center. The average daily patient external beam
workload for each clinic on a linear accelerator was: private = 25, Public-1 = 55, Public-2 = 40. The Co-60 workload was: Public-1 = 45,
Public-2 = 25 (there was no Co-60 at the private hospital). Public-1 and -2 lacked the equipment necessary to conform to best practices in
Sources of support: NCI Diversity Supplement Grant NCI 3UH3CA211310-04S1.
Research data are stored in an institutional repository and will be shared upon request to the corresponding author.
Corresponding author: Afua A. Yorke, PhD; E-mail: ayorke2@uw.edu

https://doi.org/10.1016/j.adro.2023.101335
2452-1094/© 2023 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access article unde
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
r

mailto:ayorke2@uw.edu
https://doi.org/10.1016/j.adro.2023.101335
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.adro.2023.101335


ARTICLE IN PRESS
2 A.A. Yorke et al Advances in Radiation Oncology: Month 2023
Task Group reports (TG) 142 and 198. Public-2 reported significant operational challenges. Notably, Public-1 and -2 have peer review chart
rounds, which are attended by clinical oncologists, medical physicists, physicians, and physics trainees. All 17 physicists who responded to
the post site visit survey indicated they had a system of documenting, tracking, and trending patient-related safety incidents, but only 1
physicist reported using International Atomic Energy Agency Safety in Radiation Oncology.
Conclusions: The preliminary study showed a direct correlation between QA needs and the development index of a country, and the
follow-up survey examines operational and physics QA practices in the RT clinics in Ghana, one of the initial countries surveyed. This
will form the basis of a planned continent-wide survey in Africa intended to spotlight QA practices in low- and middle-income
countries, the challenges faced, and lessons learned to help understand the gaps and needs to support local physics QA and
management programs. Audits during the site visit show education and training remain the most important needs in operating
successful QA programs.
© 2023 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 responsible for more deaths globally than
human immunodeficiency virus, malaria, and tuberculosis
combined.1 Although communicable diseases still carry a
significant burden, studies show the morbidity and mor-
tality rate has been reduced in the last decade.2 However,
significant disparities in the diagnosis and treatment of
cancer persist globally.3 In 2018, more than 50% of the
18.1 million new cancer cases were in low-income coun-
tries, which also accounted for 65% of the estimated
9.5 million deaths.4 It is further projected that this burden
will increase to 75% by 2030 globally,5 with low- and mid-
dle-income countries (LMICs) experiencing about a 90%
surge in cases. This burden will be highly experienced by
countries in Africa, because the continent has the highest
number of LMICs.5

Africa has a population of over 1.2 billion comprising
54 countries, and cancer care services are limited in many
of those countries. There are 222 reported radiation ther-
apy (RT) centers in 29 countries. The continent has the
highest number of lower middle-income countries and
lower income (42.6% [23/54]) for any continent, 11.1%
(6/54) upper-middle income (UMIC), and 3.7% (2/54)
high-income countries.6 In some countries in Africa,
medical physics is not recognized as part of the health
care professional team under the ministry of health, and
physicists have relatively limited resources. RT centers in
Africa are not the only ones that suffer from the issue of
being under-resourced. A recent survey of Caribbean
Community member states (14 countries) showed that
only 50% had RT machines and only 1 country met Inter-
national Atomic Energy Agency (IAEA) standards for
adequate radiation oncologists and only 3 for adequate
physicists based on population data.7

In the effort to expand and improve cancer care to RT
centers in limited resource areas, some researchers have
worked on developing cost-effective technologies for RT
in LMICs,8-10 and others have focused on the need to
improve infrastructure and fill the gaps in equipment
through donation.11-13 In addition to the need to expand
RT services in LMICs, there is the need to establish and
maintain the quality of those services, and numerous
reports have focused on safety and quality in RT,14,15 and
a key component is the quality assurance (QA) practices
largely overseen by medical physicists.

Medical physics QA in radiation oncology includes a
set of procedures that are put in place to ensure a consis-
tent and safe environment. A comprehensive QA pro-
gram is needed because of the high radiation dose
delivered and the importance of accuracy needed in deliv-
ering such doses. An inadequate QA program can result
in errors, which can be detrimental to the patient and
increase radiation exposure to personnel. Sources of
errors include but are not limited to incorrect tumor
localization, lack of patient immobilization, errors in daily
patient set-up, and equipment-related issues. The Ameri-
can Association of Physicists in Medicine (AAPM) Task
Group 142 report emphasizes the importance of RT facili-
ties establishing a comprehensive QA program and rec-
ommends that the nature of the program be dependent
on the objectives and resources of the clinical services and
facilities.16-18 However, very few reports have focused on
medical physics QA practices in the context of RT centers
that are under-resourced around the world.

It has been reported that RT centers in lower-income
regions or in regions classified as higher income countries
(HICs) by the World Bank economic ranking, but which
fall in the lower half of that income scale, have insufficient
personnel and infrastructure to carry out procedures in RT.
As a result, this staffing deficit can have a direct and adverse
effect on the ability to conduct appropriate QA practices,
with a potential negative effect on patient safety.7,19

This is contrary to what studies like the AAPM Task
Group 100 report indicate, highlighting that the lack of
resources, inadequate training, and lack of standardized
procedures can lead to significant failure in RT clinical
practice.20 The objective of this study was to assess medi-
cal physics QA and quality management practices in less
resourced facilities to determine the effect on their prac-
tice. We also aimed to spotlight the correlation between
the gross national income per capita (GNIpc) of the RT
center and the medical physics QA and quality manage-
ment practices. We designed a preliminary study to assess
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the feasibility of this study in sample clinics in 6 different
countries in the Caribbean and Africa. The results of the
preliminary study indicated that to get a better under-
standing of the medical physics QA and practices we
needed to conduct an onsite visit to 1 of the countries;
hence, we followed up with a visit to the 3 RT centers in a
single country.
Methods and Materials
This study was approved by the institutional review
board. Both studies employed descriptive survey design
while employing a mixed method approach. The scope of
this study includes a preliminary study in 2020 of 13 RT
centers in 6 countries, a site visit to 3 centers in a single
country, and a post site visit survey sent to 17 clinical
physicists in the 3 centers in 2021.

All survey questionnaires centered on the topics of
equipment availability, institutional practice, physics QA,
management, and safety practices. The dual nature of the
second study presented the perfect opportunity to validate
the survey results. Qualitative and descriptive methods
were used for data analysis. We assessed operational chal-
lenges during the site visit using a 5-point Likert system
(never = 1, rarely = 2, sometimes = 3, often = 4, always = 5)
for the following issues: machine downtime, patient-related
issues, power outages, and staffing. Using the responses
from each center, a box plot was plotted for each center to
show how often these issues affected their clinical practice.
Preliminary survey

The preliminary survey was conducted among 13 RT
centers from 6 different countries. These countries were
selected based on the feasibility of our research group
being able to contact all the RT centers in each country.
This resulted in surveys of all the RT centers in 5 coun-
tries, namely the Bahamas, Barbados, Ghana, Jamaica,
and Trinidad and Tobago. In addition, the survey was dis-
tributed to 2 representative practices in South Africa as a
baseline comparison for a center that is regional but
where RT practices are potentially more advanced com-
pared with other centers in LMICs. The countries span
from HICs and lower income countries according to the
World Bank.21 Although some of these countries (eg, Tri-
nidad and Tobago, Barbados, and the Bahamas) are clas-
sified as HIC by the World Bank economic ranking, they
fall in the lower half of the income scale. For this prelimi-
nary study only the head of medical physics in each center
was invited to fill out the survey. Using the GNIpc data
from the World Bank we showed the relationship between
the numbers of patients irradiated annually per telether-
apy unit by dividing the GNIpc by the total number of
patients/linear accelerator (LINAC)/year, and the results
are shown in Fig. E1.

The survey questions were developed through a con-
sensus process with medical physics experts in radiation
oncology with experience ranging from 2 years to over a
decade, and have contributed to the development of other
surveys that have led to published task group reports.

The process began with an initial draft of survey ques-
tions, followed by multiple edits and revisions by medical
physicists on our research team until a consensus was
reached to distribute the survey questionnaires to begin
the data collection process. This resulted in a survey that
contained questions probing the following areas: educa-
tion and training, recognition of medical physics as a pro-
fession in the country, nature and type of external beam
equipment, patient workload on LINACs and/or Co-60
teletherapy units, high dose rate (HDR) and low dose rate
(LDR) brachytherapy for centers with brachytherapy
services, physics QA practices, and the availability of
equipment and medical QA devices to carry out QA. Data
regarding the number of RT machines and the availability
of brachytherapy services were also collected in the sur-
vey. Some centers did not respond to the questions about
RT machines, and in these cases, data were extracted
from the directory of RT centers database.22 We extracted
the amount of RT equipment in a country for centers in
South Africa, Jamaica, Barbados, and Trinidad and
Tobago to calculate the number of patients who are likely
to be treated per machine in the country. Survey data
were collected and managed using invitations sent via a
Research Electronic Data Capture.23

Twenty-five survey questions were sent to heads of
physics in the centers described previously. Supplementary
data were collected via phone interviews and responses
recorded in the database. The data were analyzed using
descriptive statistics. To further validate the results of this
preliminary survey to plan for a more extensive future
survey, a site visit was conducted to 3 of the clinics sur-
veyed, which represent all the RT centers in a single coun-
try, which was partly due to the limited funds available.
Site visit to the 3 RT centers in a single
country

A site visit was conducted to each of the 3 RT centers
currently serving the population of 31 million in Ghana.
Two of these centers (Public-1 and Public-2) are publicly
owned by the government and serve as academic training
centers for the country’s health care professionals, and the
other is privately owned. Public-1 is in the capital city and
Public-2 is in a large regional capital. The site visit
spanned a period of 28 days in 2021 with the time divided
roughly equally between the 3 RT facilities. The purpose
of the site visit was to understand the environment in
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which the physicists worked and to validate the responses
from the survey with observations from the site visit by
cross-referencing responses with what was observed.

To gather further information on these practices, a
questionnaire with 46 questions developed by medical
physics experts was sent to practicing medical physicists
in the 3 different institutions. Seventeen clinical physi-
cists were invited to complete the questionnaire and all
17 responded. The survey questions were in 4 categories:
(1) institution; (2) RT equipment (external beam, treat-
ment planning software availability of computed tomog-
raphy [CT] simulator, and access to diagnostic
equipment); (3) QA in terms of dosimetry, imaging, and
mechanical and safety performance on the external beam
equipment; and (4) quality management and patient
safety. Questions on brachytherapy were not asked in the
follow-up onsite survey because the focus was mostly on
external beam RT. In the post visit questionnaire,
respondents were asked to assess the following opera-
tional challenges on a 5-point scale: machine downtime,
natural disasters, patient-related issues, power outages,
and staffing as it affects patient treatments and clinic
workflow. A score of 1 is the least challenging; a score of
5 is the most challenging.
Audit of survey responses and site visit

The purpose of our site visit to these clinics was to give
our team an opportunity to directly observe the infra-
structure available in the RT facilities and the routine
daily workflows. This gave us the opportunity to audit or
cross-reference the survey responses that we received
from the physicists from what was observed. Through the
audit, we found some areas of discrepancy. One example
was responses about in-house clinic CT simulators and
access to other diagnostic tools such as magnetic reso-
nance imaging (MRI) and SPECT (single-photon emis-
sion CT)/CT for staging diseases. Public-2 has no in-
house CT simulator and uses the services of a private
diagnostic center at an outside facility, but survey
responses showed 3/8 physicists responded to having an
in-house CT simulator. In addition, survey results sug-
gested that Public-2 had a SPECT/CT scanner installed.
However, the site visit showed that this device was not yet
commissioned and in service. Also, although the survey
responses indicated that the private clinic had an MRI, at
the time of visit this scanner was nonfunctional. All 3
institutions responded that they performed daily,
monthly, and annual kV and cone beam CT (CBCT)
imaging QA. However, none of the institutions has kV
imaging capabilities.

Some of these discrepancies in the survey results versus
on-site visits could be because of a gap in the understand-
ing of the technologies and techniques in use in the field.
We provide a summary background on the path to
becoming a medical physicist in Ghana, which entails
graduates completing a minimum of 2 years postgraduate
education at the University of Ghana’s School of Nuclear
and Allied Sciences. Local graduates are required by the
medical physics professional association and the Allied
Health Professional Council to complete a 1-year clinical
internship after completing a 2-year academic program.
This approach ensures that medical physicists with clini-
cal qualifications receive at least 2 years of clinical train-
ing. The trainees are eligible to take a license examination
at the end of their first year, which is regulated by the
Allied Health Professional Council. In addition, a 4-year
PhD program with both academic and clinical training
components is available to students who want a further
advanced degree in medical physics.

The graduate school has been the educational center
for training medical physicists locally and from other
African countries; however, the lack of technological
resources in the country has caused some roadblocks,
given the limited exposure to modern technology for a
comprehensive clinical training during the intern years.
Most of the interns demonstrate theoretical knowledge of
concepts and techniques but lack the practical aspects, an
issue that the stakeholders are aware of, and work is being
done to bridge this knowledge gap.

The site visits also revealed added information that dif-
fered from the questions asked in the survey. One such
observation was the absence of in vivo dosimetry per-
formed for patients undergoing external beam radiation.
Although Public-2 had newly purchased diodes for
patient dose monitoring, these devices were in storage
because of lack of vendor support to commission the
diodes. In addition, Public-1 had previously received
donated diodes for in vivo dosimetry, but at the time of
the site visit these were not functioning. Another observa-
tion from the site visit was that physicists did not perform
initial, weekly, or end-of-treatment chart reviews at any of
the clinics. However, physicians and physicists performed
an ad hoc review of the plans once they were completed.

In creating cancer care awareness, Public-2 has worked
to increase the public awareness and shape the perception
of the importance of seeking early treatment and report-
ing unusual findings to clinicians. The institution has col-
laborated with the local traditional medicine group and
has appointed representatives to attend meetings, using
these opportunities to educate the public.
Results
Survey results from the 13 RT centers in 6
countries

Responses were received from 12 of the 13 centers
(92%). Four out of 12 (33.3%) were from an HIC, 5 out of
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12 (41.7%) were from centers in UMICs, and 3 out of 12
(25%) of the centers were in a country categorized as
LMIC by World Bank standards. All figures and tables
relating to the preliminary study are included in the Sup-
plementary Materials of this manuscript.

Respondents from UMICs (41.7%) and HICs (33.3%)
reported that medical physics is a recognized profession in
their countries, whereas all the respondents (25%) from the
center in the LMIC reported that medical physics is a recog-
nized health care profession under the ministry of health.
Of the 12 physicists who participated in the study, 58%
have a master’s degree and 42% a doctoral degree.

Figure E1A shows the number of patients per year
treated on external beam therapy with LINACs or Co-60
machines plotted against the GNIpc of the country in
which the clinic is located. The clinics in the lower-
income country have higher workload with values (greater
than 1 per 500,000) that are comparable to other surveys in
Eastern Europe and other regions.12,24 One RT center did
not provide any response on patients treated using external
beam therapy equipment, and another center had only a
Co-60 teletherapy device. Similarly, Fig. E1B shows the
workload on the teletherapy machines in terms of the total
number of fractions treated on each external beam
machine per year. The RT centers in the lower GNIpc
country had a higher treatment fraction workload com-
pared with the recommended limit of 7500 fractions/year.25

The results also showed that all the centers surveyed
had 3-dimensional conformal RT and 9/12 intensity mod-
ulated RT, with 1 center with total body irradiations and
stereotactic radiosurgery, and this was a center in South
Africa. The oldest external beam therapy device used at
an institution was reported to be older than 15 years, with
the median age of a LINAC being between 6 and 10 years.
Seven out of 12 (7/12) centers use HDR brachytherapy
for treatment of gynecologic cancers. Five out of 12 (5/12)
centers reported not having HDR services. Centers with
HDR reported they treated an average of 10 patients per
week. Four of the 12 (4/12) centers have LDR brachyther-
apy, treating an average of 2 patients per week with this
modality. Two centers have a combination of both LDR
and HDR, and 2 centers reported neither.

To develop an overall sense for access to RT services in
the countries surveyed, we plotted the number of RT
machines per million populations for responding clinics
in Fig. E1C.

We evaluated staffing for the workload at the centers
by comparing the ratio of the number of patients treated
per year to the number of physicians, physicists, and radi-
ation therapists in each center, shown in Fig. E2.

Notably, all respondents indicated that the physicist
at their centers provided both diagnostic and therapeu-
tic services. This contrasts with other parts of the
world where qualified medical physicists often provide
only diagnostic or therapeutic services but not usually
both.
Post site visit questionnaire responses from
the 3 RT centers
Clinical practice
We received a 100% response rate to the post site visit

questionnaire distributed to 17 different physicists. Two
were from the private institution, 7 from Public-1, and 8
from Public-2. Three of the participants identified as chief
physicists, and 2 identified as trainees who had taken on
the role of physicist in the private institution because of a
lack of physics staffing in their clinic. These were all the
physicists who were currently practicing at the time of the
visit to these clinics.

Although all 17 physicists identified as RT physicists, 9
identified as also working as diagnostic imaging physicists,
4 as nuclear medicine physicists, and 3 as health physicists.

An overview of the practices at these centers is shown in
Tables E1 and E2, and Fig. 1 provides an overview of the
practices at these centers. Figure E3 shows a breakdown of
the staff workload detailing which staff are responsible for
specific QA duties per TG-142 and 198 recommendations
at each clinic, as well as a comparison between the physics
staff workload per patient per year at each clinic.

From Table E2, the most treated disease sites in the 2
public institutions are breast, gynecologic, genitourinary,
and head and neck cancers, consistent with patterns
reported in literature.26 For the commonly treated dis-
eases, almost all the physicists responded to treating such
diseases at their center, and about 2 physicists in both
public hospitals responded to treating the diseases catego-
rized as uncommon in Table E2. The results in Fig. 1
show that 3-dimensional conformal RT is the common
treatment modality in all 3 RT centers visited, and Public-
1 has the highest average daily patient workload of
patients both on their LINAC and on their Co-60
machine (LINAC: private = 25, Public-1 = 55, Public-
2 = 40; Co- 60: Public-1 = 45, Public-2 = 25). Observation
from the visit revealed that the LINAC at Public-1 is not
commissioned to produce electron energies. Table E3 lists
the availability of CT simulations at the individual institu-
tions, the treatment planning systems used, and the avail-
ability of other diagnostic tools to aid in cancer staging
and image visualization by clinicians.
QA practices
Personnel who perform the daily, monthly, or annual

QA in each institution are shown in Table E4 except for
the private institution, where the physicists and trainees
perform the daily QA. As mentioned earlier, one of the
focal points of this study was to compare survey responses
with what our team observed at the 3 clinic centers.

Table 1 lists the tests performed during daily, monthly,
and annual QA. We assessed the frequency of intensity
modulated RT patient-specific QA for Public-1 using a 5-
point Likert system, and results show that on average 4/5



Figure 1 Treatment machine workload at the site-visit centers.

Table 1 Annual QA test performed at each radiation therapy center

Procedure Test performed/device used Private Public-1 Public-2

Daily QA

Output
measurements

Photon/electron output measurement @ @ @

Mechanical checks Laser localization @ @ @

Distance indicator @ @ @

Collimator size indicator @ @ @

Imaging*** Planar MV (EPID) imaging @ @ @

Planar kV and MV (EPID) @ @ @

Cone beam CT (kV and MV) @ ‘ ‘

Safety interlocks Door interlocks, stereotactic interlocks, door closing safety,
radiation monitor beam-on indicator, audiovisual
monitors

@ @ @

Monthly QA

Output
measurements

Photon/electron output measurement @ @ @

Mechanical checks Light/radiation field coincidence @ @ @

laser @ @ @

ODI calibration @ @ @

Gantry/collimator angle indicators @ @ @

Graticule @ @ @

Multileaf collimator positions @ @ @

Jaw positions @ @ @

Crosshair centering @ @ @

Couch rotation iso-center @ @ @

Treatment couch position @ @ @

Accuracy of wedge placement @ @ @

(continued on next page)
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Table 1 (Continued)

Procedure Test performed/device used Private Public-1 Public-2

Safety interlocks Door interlocks, stereotactic interlocks, door closing safety,
radiation monitors beam-on indicator, audiovisual
monitors

@ @ @

Annual QA

Dosimetry Output factors, flatness, symmetry check @ @ @

Beam quality

Mechanical checks Collimator rotation iso-center @ @ @

Gantry rotation iso-center @ @ @

Couch rotation iso-center @ @ @

Electron applicator interlocks @ N/A @

Coincidence of radiation and mechanical iso-center @ @ @

Couch top sag ‘ @ @

Gantry/collimator angle indicators @ @ @

Couch travel maximum range movement in all directions @ @ @

Safety interlocks Door interlocks, stereotactic interlocks, door closing safety,
radiation monitors beam-on indicator, audiovisual
monitors

@ ‘ @

Abbreviations: CT = computed tomography; EPID = electronic portal device; MV = mega-voltage; ODI = optical distance indicator; QA = quality assurance.
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physicists performed patient-specific QA using a 2-
dimensional array phantom. Observation during onsite
visit showed that secondary monitor unit (MU) calcula-
tions were performed prior to 3-dimensional treatments,
and the physicist in the private institution performed clin-
ical sets for electron treatment recorded in paper files. Our
Figure 2 Clinic operational challenges: (A) machine downtime
(E) patient-related issues.
team helped in creating electronic documentation to help
improve the current workflow.

Quality management and patient safety
The results for the operation challenges are shown in

Fig. 2. Seventy-five percent of the respondents reported
, (B) power outage, (C) staffing, (D) natural disasters, and



Figure 3 Peer review chart rounds.
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that their institution has peer review chart rounds and the
radiation/clinical oncologists, medical physicists, and
physician and physicist trainees or interns mostly attend
these. Sometimes radiation oncology nurses attend peer
review chart rounds. Figure 3 shows that most peer
reviewed chart rounds are completed before the first frac-
tion of treatment.

All participants responded to having a system of docu-
menting, tracking, analyzing, and trending patient safety
−related incidents in their institutions. Further probe
revealed that only the private institution had a hospital-
wide system for charting patient safety−related incidents,
and only 1 physicist from Public-1 uses the voluntary
reporting and incident learning system from the IAEA
Safety in Radiation Oncology.
Availability of equipment for QA

In this section, we combine the responses from the
preliminary survey and the post visit questionnaire to
assess the availability of QA devices in the centers we sur-
veyed. Responses are shown in Tables 2 and 3.

Table 2 shows that there is a direct relationship
between QA needs and the GNIpc of the RT center; cen-
ters in the LMIC (those indicated with *) reported more
QA needs than those in UMIC and HIC countries. Table 3
shows that the equipment needs from the 2 public institu-
tions were greater in comparison to the private institu-
tion.

In the preliminary survey, most of the centers (75%)
responded to modeling their QA program after recom-
mendations from the AAPM, 66.7% after the IAEA, and
16.7% according to local practices. Respondents expressed
a wide range of needs for QA devices or equipment for
both patient-specific QA and for their teletherapy
machines that may improve their clinical practice.
Discussion
In HICs, there have been remarkable advancements in
RT technology and medical physics QA, which has helped
to achieve high-quality treatments. However, the availability
of quality health care in RT varies widely in various parts
of the world. The study reported here was conducted in 2
parts: (1) a preliminary survey of 13 RT centers in 6 coun-
tries, including all the RT centers in 5 of these countries
(as one goal of this study was to probe the connection
between medical physics QA and the availability of QA
devices in less resourced clinics), and (2) a follow-up study
including a site visit by our team in 3 of these centers in a
single country to assess the validity of the survey results
and to provide a foundation for a broader survey of medi-
cal physics practices across countries in Africa. There are
very few studies in the literature reporting medical physics
quality−related practices in the global context, and none,
to our knowledge, which directly compare these practices
and needs in countries across the development spectrum.

Countries included in this study are HIC (eg, Trinidad
and Tobago, Barbados, and the Bahamas) but fall in the
lower half of that income scale. We surveyed all radiation
oncology practices in these countries and some similari-
ties with operations in LMICs were observed. For exam-
ple, Fig. E1A and B show the presence of Co-60
equipment with high patient and machine workload and
Table 2 shows the need for medical physics QA devices.

A critical look at Fig. 1A and B shows that there are
only 2 income groups as opposed to the 3 income groups
reported earlier. This is because the UMIC and HIC are
found in 1 group (in the 16,000-18,000 GNIpc range)



Table 2 RT centers in lower-income countries, UMIC, and HIC

Patient- or machine-specific QA needs

UMIC and
HIC In vivo

Secondary MU
verification software Machine QA needs

Calibration of dosimetry
equipment Other

Center 1* ‘ ‘ Array detector ‘ Film dosimetry

Center 2* ‘ Independent MU software ‘ Calibration of ion
chambers

‘

Center 3* Diodes, MOSFETS, TLDs ‘ Phantom for machine out-
put checks

QA equipment TPS test phantoms,
imaging test phan-
toms, film dosimetry

Center 4y ‘ ‘ ‘ Calibration of dosimetry
equipment

‘

Center 5 ‘ ‘ ‘ ‘ EPID dosimetry for
VMAT/IMRT

Center 6 ‘ ‘ ‘ ‘ QA software

Center 7 ‘ ‘ ‘ Calibration of dosimetry
equipment

QA equipment

Center 8 ‘ ‘ Backup ionization cham-
bers, electrometer

‘ Anthropomorphic phan-
tom for TPS commis-
sioning, education, and
QA techniques

Center 9y EPID-based in vivo
dosimetry

‘ ‘ ‘ ‘

Center 10 EPID-based in vivo
dosimetry (required by
law)

‘ ‘ ‘ IT infrastructure needs

Center 11y ‘ ‘ ‘ ‘ QA software and equip-
ment for transitioning
to LINAC treatments

Center 12y ‘ ‘ ‘ ‘ QA needs unspecified

Abbreviations: EPID = electronic portal device; GNIpc = gross national income per capita; HIC = higher income countries; IMRT = intensity modulated radiation therapy; IT = information technoloy;
LINAC = linear accelerator; LMIC = low- and middle-income countries; MOSFETS = metal oxide semi-conductor field effect transistor; MU = monitor unit; QA = quality assurance; RT = radiation therapy;
TLD = thermoluminiscence diodes; TPS = treatment planning system; UMIC = upper-middle income; USD = United States dollars; VMAT = volumetric modulated arc therapy.
* RT centers in LMIC.
y RT centers in HIC with limited resources.
Lower-income countries = countries with GNIpc <10,000 USD.
HIC = countries with GNIpc >10,000 USD.
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Table 3 Equipment needs assessed in the 3 centers selected for site visit

Institution Daily checks Patient specific In vivo Machine QA needs
Calibration of dosimetry
equipment

Private ‘ ‘ Film Solid water phantom ‘

Graph paper

Public-1 Array detectors 2D/3D diode array Film Front pointer, film, ruler ADCL calibrated electrometer
and ionization chamber

Graph paper

Public-2 Array detectors 2D/3D diode array Film Film, front pointer set ADCL calibrated electrometer
and ionization chamber

Abbreviations: 2D = 2-dimensional; 3D = 3-dimensional; ADCL = acredited dosimetry calibration lab; QA = quality assurance.
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because the HICs that we surveyed fall at the lower end of
the HIC range21 of GNIpc. The GNIpc ranges from as
much as 110,000 USD to as little as 12,000 USD. Coun-
tries like Trinidad and Tobago, Barbados, and the Baha-
mas are listed as HICs but fall in the lower half of that
income scale. This creates a false perception that there is
no correlation between GNIpc and the machine workload
and the need for QA equipment for physics QA. Also,
having some QA items is not sufficient for the QA meas-
urements needed to be performed by medical physicists
per TG-142 and 198 recommendations, which is worth
drawing attention to. Also, it is interesting that Co-60
units form a larger fraction of the higher income
machines, and this is a practicality and underscores the
need for this work, as some countries that are categorized
as UMIC or HIC still have RT centers that operate with
Co-60 and other limited resources.

From Fig. E1C and Table 2, the LMICs had a higher
workload per teletherapy machine, greater than 500
patients per teletherapy machine. These clinics expressed a
greater need for physics QA equipment such as TPS test
phantoms, imaging test phantoms, secondary dose calcula-
tion software, array detectors, and diodes for in vivo dosim-
etry. This was in contrast to the UMICs, which had
workloads of about 450 patients or less per teletherapy
machine, in keeping with recommendations by the IAEA,27

and which reported more advanced technologies for QA
such as electronic portal device dosimetry and IT infra-
structure to support QA measurements and data collection.

Another important finding of this study relates to the
guidelines that govern QA practices. The data presented
here suggest that RT centers in LMIC follow AAPM,
IAEA, and other local guidelines in their countries. How-
ever, these documents are written for clinics in HICs and
may be challenging to implement in other environments
with fewer resources given the available infrastructure.

In this study, we assessed the staff workload in each of
the 13 centers (Fig. E2). These data show that on average
there were 360 patients/year/physicist and 210 patients/
year/radiation oncologist (or therapist). In the site visit,
none of the 3 clinics reported a lack of staffing in their
centers, consistent with the survey results. These staffing
levels are comparable to benchmark data from the Health
Economics in Radiation Oncology audit initiative28 and
contrast with publications that indicate the lack of staffing
in RT centers in LMICs.29 However, there are several limi-
tations to these results. First, this work is exploratory and
does not give complete information in a broader context
given the number of centers. Second, medical physicists
in these areas often perform dual and multifunction roles
in radiation therapeutics, radiation diagnostics, or nuclear
medicine, and a recent newsletter from the Federation of
African Medical physics organizations revealed there are
about 1041 medical physicists in RT centers serving an
African population of over a billion.30 Hence, as we con-
tinue to expand this study, we hope to gain further insight
into the question of staffing. More broadly, this study
highlights a need for increased access to quality RT serv-
ices and puts the focus on the staffing QA measures and
equipment needed to support it. All centers surveyed in
the preliminary survey had fewer than the current recom-
mendation of 1 teletherapy machine per 250,000 popula-
tion.31 Also, from the data presented in the preliminary
survey, there may appear to be an underutilization of tele-
therapy equipment regarding number of patients treated,
although literature suggests countries with fewer resour-
ces have an equipment shortfall. There are several factors
that account for the data looking like RT equipment is
underused. We asked the centers to report the number of
patients treated on the average, but from verbal conversa-
tions, a significant percentage of the patients do not com-
plete their treatment because of cost and access to the RT
centers. Also, 3 of the centers recently had transition from
Co-60 to conventional LINAC and this may account for
the underutilization of the teletherapy equipment,
although literature may suggest otherwise.
Onsite visit and validation of the survey

Although the survey results reported provide interesting
information in themselves, we sought further validation of
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the results. In the second part of this study, therefore, we
undertook to validate the survey results by performing a
visit and auditing the survey responses from all the RT
clinics in 1 LMIC country. The overall goal of this is to bet-
ter inform future surveys, and our long-term goal is to
develop a comprehensive understanding of medical physics
QA practice in LMIC countries.

Data reported in the preliminary survey echoed the
data gathered during the site visit. In both studies, medical
physicists provided services in more than 1 physics disci-
pline. For external beam treatment delivery, 3-dimen-
sional conformal treatment remains the most common
type of treatment delivery, and breast, genitourinary,
gynecologic, and head and neck remain the most widely
treated cancers in the 3 centers.

Through the site visit audit, we found the answers to
the survey were valid, for example, the QA procedures
performed, the personnel responsible, and the equip-
ment available for performing the procedures or the lack
thereof. The site visit gave our team an understanding of
the type of clinical practice through detailed observa-
tions of the physicians and physicists onsite. For the
most part, the specific QA tasks were performed by indi-
viduals recommended to perform such tasks per AAPM
written recommendations. In terms of patient workload
per physicist, the private institution had the highest
workload per physicist in comparison to the public insti-
tution, given the public institution employs over half of
the medical physicists trained in the country and per the
data provided in Fig. E3. With fewer physicists employed
in the private facility there is an increased burden on the
physicists, which leaves room for a lot of preventable
errors.

There were some responses provided in the survey that
did not match the reality of operations. Examples were
the survey questions about in-house CT simulators and
other diagnostic tools such as MRI and SPECT-CT. Pub-
lic-2 has no in-house CT simulator and uses the services
of a private diagnostic center as well as the services of the
radiology department, but survey responses showed 3/8
physicists responded to having an in-house CT simulator.
Similarly, although the survey response indicated the pri-
vate clinic had an MRI at the time of visit, the equipment
was not in service. Additionally, at the time of the visit,
Public-2 had a SPECT/CT scanner installed but it was not
commissioned, so although the survey response shows the
availability of the SPECT/CT, the patient population did
not yet have access to the equipment.

To address these discrepancies, we recommend that
future surveys rephrase such questions and ask if partici-
pating centers have functioning equipment and follow it
up with questions that probe on how to better support
based on the responses. This is because although some
equipment may be available in the clinics, it may be non-
functioning or may have been purchased and installed
but not available for patient treatment or diagnosis.
Another example of a discrepancy is the response
about daily, monthly, and annual kV and CBCT imaging
QA. All 3 clinics responded to performing this QA; how-
ever, none of the institutions have kV imaging capabili-
ties. This discrepancy could be because of the lack of
exposure to these technologies, resulting in the inability
to accurately respond to questions about planer kV and
CBCT image guidance systems, as none of the institutions
have either. In future surveys we recommend asking spe-
cifically if the clinics have a functioning in-room kV
imaging system (eg, rail-track mounted, ceiling/floor
mounted, gantry mounted, etc).

Although physicists reported the lack of total body
irradiations/total skin electron treatment test phantom
and Winston Lutz phantoms as devices they need, none
of the centers deliver any treatment services that require the
need of such phantoms for QA. Additionally, physicists did
not report needing secondary MU verification software, as
shown in Table 3. Follow-up questions during the site visit
revealed that this is because physicists in the 2 public institu-
tions reported using a custom MU calculation software built
in-house. Therefore, this did not show up in the request for
devices or equipment for QA support.

It should be noted that the site visit revealed added
information not gathered from the questions asked in the
survey. One such observation was the absence of in vivo
dosimetry and routine physics chart checks performed for
patients undergoing external beam radiation. The report
of the AAPM task group 6232 explains that in vivo dosim-
etry is the most direct method for maintaining the dose
delivered to patients receiving RT. The report further
explains that in vivo dosimetry provides an additional
safeguard against transcription errors that were missed
during pretreatment chart check for clinics that do not
perform in vivo dosimetry. This presents an opportunity
to improve the safety and quality of care.

In addition, the absence of routine patient plan and
chart review presents another issue in the management
and quality of care delivered. As noted in the results, none
of the clinics performed a physics weekly or end-of-treat-
ment chart review, although physicians and physicists
always reviewed the plans once they were completed.
Apart from 1 clinic, the other clinics performed peer-
review chart rounds. It should be noted that one of the
key challenges noted in the AAPM task group report
27533 is present here, namely the manual recording of
patient information in 2 of the clinics. This results in a
lack of standardization of data transfer, which makes it
difficult to implement the recommendations of the task
group. Implementing a physics plan and chart review pro-
gram in clinics with less IT infrastructure presents a chal-
lenge and potential for future study including
comparative risk profiling. A future goal is to work with
the physicists in the 3 institutions about the importance
of in vivo dosimetry and routine patient chart checks.
Some of this work is underway. For example, as part of
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our initiative to work with the physicists to improve best
practices in the private and Public-2 institutions, our
team helped put together documentation for monitoring
monthly QA outputs and an electron calculation sheet for
patients receiving electron treatments.

The site visits also provided additional data beyond the
preliminary survey. One aspect was an assessment of the
most important challenges for operations and patient
treatments. As shown in Fig. 2 and 3 aspects present the
most significant challenges, namely machine down time,
infrastructure, and patient-related issues. In 1 clinic,
machine downtime was a significant challenge. Machine
downtime and interruptions in the clinic workflow due to
the instability in power outages caused interruption in
patient schedules, which led to some patients not com-
pleting their scheduled treatments. All 3 clinics reported
having a system within their clinics for incident reporting,
and only 1 physicist reported using the IAEA Safety in
Radiation Oncology.

Observations made from the visit showed that educa-
tion, training, and exposure to newer technologies are
important to improve the skills and expertise of physicists
in LMICs and translate into the quality of care that
patients receive. Finally, an interesting observation from
the visit was learning the innovative ways the institution
has worked to increase the public perception of the
importance of seeking early treatment and reporting
unusual findings to clinicians. Public-2 institution has
registered and collaborated with traditional medicine
groups and has appointed a representative to attend meet-
ings, using that as an opportunity to educate the public.
Conclusion
We conducted a preliminary survey and a follow-up
assessment of physics QA and management practices in
RT centers with fewer resources to better understand clin-
ical practice, develop support plans, and establish collabo-
rations. Our preliminary study showed a direct
correlation between QA needs and the development index
of a country. Although not quantifiable, observations and
interaction during onsite visits also showed that education
and training remains the most important need in these
areas in operating successful local physics QA and safety
programs. These results provide an important baseline for
future studies and will inform our future work of a first
continent-wide survey intended to explore physics QA
practices in LMICs.
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