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Abstract
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Sub-Sahar_an Africa (s'SA,) contln‘ues to face a critical shortage ",] radiotherapy resources, Copyright: © the authors; licensee
exacerbating the region’s growing cancer burden. One potential strategy that can par- ecancermedicalscience. This is an Open Access
tially offset this problem is the increased adoption and broader implementation of article distributed under the terms of the
ultra-hypofractionated radiotherapy (UHFRT), whereby a smaller number of treatment ~ Creative Commons Attribution License (http:/
sessions are required since each session administers higher doses of radiation (to an Creat'.vecommo.ns'org/l'Cen.ses./by.m'o)' which
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equivalent biological dose) compared to conventional fractionation. UHFRT techniques reproduction in any medium, provided the original

have been widely adopted in Europe and North America, particularly for prostate and work is properly cited.
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breast treatments, but differences in the available technology and demographics and biology in sSA necessitate rigorous evaluation of the
existing infrastructure and clinical workflows before its widespread implementation in these settings. This study makes a first attempt to
interrogate the readiness of six leading sSA institutions for the transition toward UHFRT treatment regimens. The survey was structured into
five sections which assessed (1) general clinical capacity and infrastructure, (2) the clinical breast cancer treatment program, (3) the clinical
prostate cancer treatment program, (4) medical physics support and quality management and (5) research capacity. The survey responses
revealed a strong willingness among African clinicians to adopt UHFRT treatment regimens and generally sufficient supporting infrastructure
(i.e., equipment, staffing, quality assurance programs and research support) already in place. However, some technical gaps were identified
such as the lack of employment of breath-hold techniques in treating breast cancer and nonutilisation of fiducial markers and perirectal spac-
ers in treating prostate cancer. All six responding institutions expressed enthusiasm to participate in a training course aimed at addressing
these technical gaps. These findings underscore the potential for the successful implementation of breast and prostate cancer UHFRT in sSA,
provided that targeted training and technical support are delivered. Addressing the identified gaps will be critical in ensuring the safe and
effective adoption of this advanced treatment technique across the region.

Keywords: ultra-hypofractionated radiotherapy, radiotherapy capacity building, sub-Saharan Africa, prostate cancer, breast cancer, needs assessment

Background

Cancer has emerged as a significant and escalating health crisis in sub-Saharan Africa (sSA). Between 1990 and 2017, sSA experienced an
almost two-fold increase in cancer incidence [1], with projections indicating that both incidence and cancer-related mortality in sSA could
double once more between 2020 and 2040 [2]. Radiation therapy, indicated in over half of all cancer patients [3], is a crucial treatment
modality that can partially alleviate this crisis [4]. Despite this, countries in sSA have historically lacked sufficient capacity to meet local radio-
therapy demands [5, 6]. According to a 2015 Lancet Oncology Commission report [7], over 25 countries in sSA lacked access to radiation
therapy altogether and many of the countries in sSA that do provide radiotherapy services only have the capacity to treat a small fraction of
the country’s cancer patients. More recently, a 2022 Lancet Oncology Commission report [8] demonstrated only marginal improvements in
radiotherapy access across the region. The report estimated that over 5,000 treatment units would need to be installed in sSA over the next
15 years to achieve equitable cancer care, a target that is unfortunately improbable, given current resource constraints in the region.

In addition to equipment shortages, sSA faces a critical deficit in the radiotherapy workforce [9, 10]. Offering radiotherapy services requires
radiation therapists, radiation or clinical oncologists and medical physicists [11], the latter two roles requiring several years of specialised
education and training. As an example, the International Atomic Energy Agency (IAEA) recommends that there be at least one radiation
oncologist per 250-300 patients annually [12]. This, however, is an unattainable benchmark in most countries in sSA where there are often
only one or two oncologists available to serve disproportionately large patient volumes. This imbalance can lead to substandard care and,
as a result, poor clinical outcomes [13].

Until the dearth of radiotherapy equipment and the radiation oncology workforce in sSA are adequately addressed, there remains an urgent
need for strategies that can increase patient throughput, partially alleviating this crisis. A frequently proposed solution is the increased utili-
sation of hypofractionated treatment regimens [14-18] whereby a reduced number of treatment sessions deliver larger doses of radiation
(to an equivalent biological dose) relative to conventional fractionation [19]. The lower a/p ratio in certain disease sites, such as prostate
[20] and breast [21], renders the radiobiological rationale of hyperfractionation irrelevant, allowing for the possibility to safely hypofraction-
ate [22]. Large multicenter randomised clinical trials performed in both North America and Europe have demonstrated the noninferiority of
moderate- and ultra-hypofractionated radiotherapy (UHFRT) in both prostate [23-26] and breast cancer [27-30], precipitating the adoption
of hypofractionated radiotherapy regimens as the standard of care for localised disease in high-income countries [31, 32].

Moderate hypofractionation, however, can only marginally increase access to radiotherapy in sSA. By contrast, UHFRT, defined herein as
dose-fractionation regimens with fractional doses exceeding 5 Gy [33], on the other hand, has the potential to markedly increase access to
radiotherapy in sSA. As an example, a UHFRT regimen of 42.7 Gy in seven fractions could theoretically treat more than five prostate cancer
patients for every one prostate patient treated with a conventionally fractionated regimen of 78 Gy in 39 fractions since the number of frac-
tions is reduced by a factor of greater than 5.5 when transitioning from conventional fractionation to UHFRT techniques [34]. Similar gains
could be realised by utilising a UHFRT regimen of 26 Gy in five fractions rather than more conventional regimens for breast patients [35]
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such as of 50 Gy in 25 fractions. Randomised clinical trials ran in Sweden [36] and the UK [37] for prostate and breast, respectively, have
established the noninferiority of these UHFRT techniques.

However, the establishment of noninferiority in a European and North American setting does not necessarily confirm noninferiority in an
African setting where the patient populations and, in some instances, the radiation treatment technology are different. This necessitates the
local exploration of the feasibility, safety and impact on outcomes of implementing ultra-hypofractionation (UHF) radiotherapy in the sSA
context. The multi-center HypoAfrica study [38], modelled on the CHHIP trial [23], is underway to assess the feasibility of moderate hypo-
fractionation in prostate cancer in multiple centers throughout sSA. Additional clinical trials to similarly assess hypofractionation in breast
and cervical cancer by the same sites are in development [39]. As moderate hypofractionated techniques gain traction in sSA the logical next
step is to begin to explore the feasibility of UHFRT techniques in an African setting. This study makes the first attempt to assess the readi-
ness of UHFRT in an African setting by reporting the results of a comprehensive needs-assessment survey on the implementation of UHFRT
carried out at six leading cancer treatment institutions in sSA.

Methods

A needs-assessment survey was developed by a panel of radiotherapy experts, namely physicists and oncologists, from sites in Africa, the United
States, Europe and Australia. The survey was created as a Microsoft Word document and distributed to the various sites via email. The target
population included clinical sites in Africa that participated in the first HypoAfrica study and those who are starting to engage in the HypoAfrica
network. The survey was administered to six sites in six different African countries: (1) the Nigeria Sovereign Investment Authority and Lagos
University Teaching Hospital Cancer Center in Lagos, Nigeria, (2) Ocean Road Cancer Institute in Dar es Salaam, Tanzania, (3) Inkosi Albert Luthuli
Central Hospital in Durban, South Africa, (4) Uganda Cancer Institute in Kampala, Uganda, (5) Black Lion Hospital in Addis Ababa, Ethiopia and
(6) Parirenyatwa Hospital Radiotherapy Centre in Harare, Zimbabwe. The geographical distribution of the surveyed sites throughout Africa is
illustrated in Figure 1. As can be seen, one of the sites is located in West Africa, two are in Southern Africa and three are in East Africa (one of
which is in the Horn of Africa). All centers with the exception of Black Lion Hospital in Ethiopia are in Anglophone Africa.

NSIA-LUTH Cancer Center- Lagos, Nigeria
Ocean Road Cancer Institute — Dar es Salaam, Tanzania
Inkosi Albert Luthuli Central Hospital — Durban, South Africa
Uganda Cancer Institute — Kampala, Uganda

Black Lion Hospital - Addis Ababa, Ethiopia

Parirenyatwa Hospital Radiotherapy Centre — Harare, Zimbabwe

Figure 1. Geographic distribution of the six African institutions participating in the needs assessment survey.

ecancer 2025, 19:1853; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2025.1853 3


http://www.ecancer.org
https://doi.org/10.3332/ecancer.2025.1853

The survey was constructed to interrogate all relevant aspects of the respondents’ UHFRT programs. It consisted of an introductory section
followed by five substantive sections. The introductory section collected demographic information including respondent’s name and contact
information, the name and location of the institution and whether the institution is academic, government-owned or private practice. Section
| evaluated the general clinical capacity of each institution and was to be completed by clinical directors. This section assessed the clinical
infrastructure, radiotherapy equipment and techniques, staffing, training capacity and referral patterns. To provide context for UHFRT readi-
ness, Section | also established a benchmark of each institution's general clinical capacity and infrastructure. These data offered insights into
foundational resources, such as imaging capabilities and staffing, that are essential for the safe implementation of UHFRT.

Section Il investigated the clinical breast cancer treatment program and was to be filled out by a clinical or radiation oncologist responsible
for treating breast cancer. This section assessed the institution’s current breast cancer treatment infrastructure and capacity, current dose-
fractionation patterns in use, utilisation of breath-hold techniques and willingness of clinicians to consider UHFRT regimens for clinical pre-
sentations requiring whole breast radiation, regional nodal irradiation or chest wall radiation. Section Il investigated the institution’s clinical
prostate cancer treatment program and was to be filled out by a clinical or radiation oncologist responsible for treating prostate cancer. This
section assessed the current prostate cancer treatment infrastructure of the respondent’s institution, dose-fractionation patterns currently
used to treat prostate cancer, the utilisation of implanted fiducial markers [40] and perirectal spacers [41] and clinical considerations of using
UHFRT techniques in prostate cancer. Section IV investigated the medical physics aspects of UHFRT and was to be filled out by the chief
medical physicist. This section assessed the quality management program [42-44], the image-guided techniques [45-47] employed and the
utilisation of artificial intelligence (Al) [48] of the respondent’s institution. The final section, Section V, investigated the institution’s research
capacity and was to be filled out by clinical directors. This section assessed the previous research and clinical trial experience, management
of the research program and institutional review board (IRB) considerations. When quantitative results were available, the mean and standard
deviation were calculated. This study was reviewed by the IRB at the University of Massachusetts Lowell and was determined to be exempt
from further review due to its minimal risk to participants.

Results

Responses were received from each of the six institutions to whom the survey was distributed. 83.3% of respondents (5/6) identified their
institution as academic, while 50.0% of respondents (3/6) stated that their institution was government-owned. All facilities surveyed utilise
an electronic medical record system. Half of the facilities exclusively use electronic records, while the other half use a combination of elec-
tronic and paper records.

Section I: General clinical capacity and infrastructure

There was a wide range in the size of the radiotherapy departments of the respondents and the equipment that they had at their disposal. Figure
2 illustrates the quantities of the equipment offered by each institution. As can be seen, five of the six (83.3%) institutions possess computed
tomography (CT) simulators, while half of the institutions (50.0%) utilise two-dimensional simulators, one site (16.7%) exclusively and two
(83.3%) in addition to their CT simulators. All institutions (100.0%) offer treatment with linear accelerators, although there is variation in the
number possessed: one institution (16.7%) has one, two institutions (33.3%) have two, two institutions (33.3%) have three and one institution
(16.7%) has more than five. Additionally, half of the institutions (50.0%) also utilise cobalt-based teletherapy. Each center (100.0%) employs
high-dose rate (HDR) brachytherapy in addition to external beam services. CT is the most prevalent advanced imaging technique [49] used
among the surveyed institutions, as all centers (100.0%) possess at least one CT scanner. Magnetic resonance imaging (MRI) scanners [50, 51],
positron emission tomography (PET) scanners and gamma cameras used for nuclear medicine are rarer in sSA, as evidenced by the fact that only
two (33.3%), three (50.0%) and two (33.3%) of the surveyed institutions offered these imaging services, respectively. All centers (100.0%) offer
mammography services, and four of the centers (66.7%) have on-board kV portal imaging in conjunction with their treatment units.

Each institution (100.0%) surveyed has training programs for both radiation oncologists and radiation therapists. Half of the institutions
(50.0%) surveyed had training programs for medical physicists and nurses. Only one institution (16.7%) had a training program for medical
dosimetrists. Each center (100.0%) employed either four or more than five radiation oncologists, four or more than five physicists, more than
five radiation therapists and more than five nurses. Dosimetrists (1.5 + 2.0), statisticians (1.8 + 1.7), data assistants (2.0 + 1.9) and research
coordinators (2.2 + 1.7) were relatively less common.
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Figure 2. Radiotherapy equipment capacity among surveyed institutions.

All centers (100.0%) stated that they employ three-dimensional conformal radiotherapy and electron-based radiotherapy. 66.7% of the sur-
veyed centers (4/6) employ intensity-modulated radiotherapy (IMRT)-based treatments, while 16.7% (1/6) of the surveyed centers employed
stereotactic techniques. All centers use Eclipse by Varian Medical Systems (Palo Alto CA, USA) as their primary external-beam treatment
planning system, while one site additionally uses Monaco by Elekta (Stockholm, Sweden). SagiPlan by BEBIG Medical GmbH (Berlin, Ger-
many) and BrachyVision by Varian were used by four (66.7%) and two centers (33.3%), respectively, for brachytherapy planning. In addition to
radiotherapy, all surveyed institutions offer laboratory testing, biopsy, histology [52-55] and chemotherapy services. 83.3% (5/6) of surveyed
institutions offered immunohistochemistry and 66.7% (4/6) offered genetic testing. All surveyed institutions additionally employ medical
oncologists, breast surgeons and urologists.

Section II: Clinical breast cancer treatment program

Enthusiasm to utilise UHFRT for breast cancer was found. Figure 3 illustrates the oncologists’ willingness to utilise UHFRT in a variety of
clinical situations. As can be seen, 66.7% of the respondents (4/6) were willing to use UHFRT techniques for whole-breast radiotherapy
following breast conservation therapy, whole-breast radiotherapy with an indication for a boost to the tumour bed post-lumpectomy and
post-mastectomy chest wall radiotherapy. 50.0% of the respondents (3/6) indicated a willingness to use UHFRT techniques for patients with
an indication of regional radiation. Moreover, it was demonstrated that three of the centers (50.0%) are already employing fractional doses
greater than or equal to 5 Gy for some patients with doses of either 26 Gy in five fractions or 25 Gy in five fractions. Other dose-fractionation
schemes commonly employed were 50 Gy in twenty-five fractions, 40.05 Gy in fifteen fractions or 42.67 Gy in sixteen fractions.

Reasons cited for hesitancy toward UHFRT for breast cancer were concerns over motion management (66.7%, 4/6), inadequate technology
(16.7%, 1/6), personal comfort (66.7%, 4/6), acute normal tissue toxicities (16.7%, 1/6), late normal tissue toxicities (50.0%, 3/6), a lack of
evidence (33.3%, 2/6) and cost and reimbursement (16.7%, 1/6). The term ‘personal comfort’ reflects clinicians' familiarity and confidence
in using UHFRT regimens for breast cancer, as these techniques represent a significant shift from conventional practices. Only one (16.7%)
out of the six respondents indicated that their clinic employs breath-hold techniques. 66.7% (4/6) of respondents stated that their contours
(both targets and organs-at-risk) undergo a peer review, while 83.3% (5/6) of respondents stated that their radiation treatment plans undergo
a peer review.
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Figure 3. Willingness to utilise ultra-hypofractionated treatment techniques in a variety of clinical scenarios in breast cancer.

Section llI: Clinical prostate cancer treatment program

For prostate cancer, none of the respondents reported employing UHFRT dose-fractionation regimens, although half of the respondents
(50.0%) reported employing the more moderate hypofractionation regimen of 60 Gy in 20 fractions. This is not surprising since none of the
respondents reported using either implanted fiducial markers or perirectal spacers to aid in the localisation and reduction of normal tissue
toxicities, respectively, of their prostate cancer patients. Other fractionation schemes that were reportedly employed were 78 Gy in 39 frac-
tions (33.3%, 2/6), 70 Gy in 28 fractions (66.7%, 4/6), 74 Gy in 34 fractions (16.7%, 1/6), 60 Gy in 20 fractions (50.0%, 3/6) and 70 Gy in 35
fractions (16.7%, 1/6).

Section IV: Radiotherapy quality assurance (QA) programs

Figure 4 illustrates the perceived benefits of adopting UHFRT techniques among the surveyed clinicians. All respondents (100.0%) indicated
an inclination towards UHFRT techniques citing enhanced treatment capacity, as well as reduced treatment duration for patients, and lower
associated costs. Furthermore, five of the six respondents (83.3%) indicated that UHFRT techniques would reduce the burden on the treat-
ment machines and/or institutions, with half (50%) indicating their belief that UHFRT techniques would also lower costs to providers and/
or institutions.

All respondents (100.0%) reported the existence of a quality management program at their respective institutions. 83.3% of respondents
(5/6) reported that their radiotherapy programs engage in external dosimetry auditing, through the IAEA [56] in Vienna, the Imaging and
Radiation Oncology Core [57] in Houston or other national regulatory bodies. All respondents (100.0%) confirmed that patient-specific QA
[58-60] is performed for each patient receiving IMRT, five of which (83.3%) use portal dosimetry [61], while one (16.7%) uses log file-based
[62] analysis methods. 83.3% of respondents (5/6) indicated that medical physicists perform initial plan checks before treatment. Addition-
ally, 83.3% of respondents (5/6) performed peer review on their contour volumes (both targets and organs-at-risk) and on their treatment
plans. However, only 33.3% of respondents (2/6) indicated that medical physicists perform weekly and end-of-treatment chart reviews.
Similarly, only 33.3% of respondents (2/6) claimed that radiation oncologists perform daily image reviews for their image-guided treatments.
66.7% of the respondents (4/6) indicated that their institution utilised Al-based auto-contouring [63] software, although there is stark het-
erogeneity as to which software option is being used amongst the surveyed institutions.
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Figure 4. Reasons for adopting UHFRT.

The range of linear accelerator QA tests is illustrated in Figure 5. Here, the specific tests inquired about are shown as different rows, and
the frequency at which the test is performed is color coded (blue - performed daily; orange - performed monthly; green - performed annu-
ally). As can be seen, general radiation safety tests are performed daily at each institution. Radiation output is measured daily, monthly and
annual at each institution. Flatness and symmetry are measured both monthly and annually at each institution but are only measured daily at
66.7% of the institutions (4/6). The lasers, the position of the radiation isocenter and the motion of the treatment couch are being monitored
monthly and annually at each institution (100.0%) but only daily at some institutions. Notably, positioning/repositioning tests are only being
performed daily at two of the six institutions (33.3%) despite recommendations [64] that state that they should be performed on a daily basis.
Monitor unit linearity, the coincidence of the radiation and mechanical isocenter and end-to-end tests verifying localisation and dosimetric
delivery are performed annually by each institution. However, small field dosimetry measurements [65, 66] are only performed annually by
33.3% of the institutions (2/6).

Section V: Clinical research environment

83.3% of the respondents (5/6) reported institutional experience in running clinical trials [67] for either breast or prostate cancer. All of the
respondents (100.0%) reported that their institution has previous clinical research experience, although the number of previous studies
varied widely: from 1 previous study reported by 1 institution (16.7%) to over 50 reported by 2 institutions (33.3%). Among the responding
institutions, the management of the research budget is handled by either the principal investigator, the university or some combination of
the two. All institutions (100.0%) have an IRB, although the cost of an IRB application varies widely among the responding institutions: from
100 to 700 USD. All institutions provide some level of financial reimbursement for travel to patients on the protocol.

Four of the six respondents (66.7%) stated that additional equipment was needed for the execution of UHFRT clinical trials, and one respon-
dent (16.7%) stated that they were uncertain. Anticipated challenges in the execution of UHFRT clinical trials in an African setting were
numerous and included treatment costs, patient hesitancy, downtime of the linear accelerators, patient follow-up due to economic reasons
and data handling. Moreover, all respondents expressed interest in a course covering the clinical and technical aspects pertinent to UHFRT.
Suggested topics included clinical decision-making for breast, gynecological and genitourinary cancers [68], radiation biology [69], contour-
ing, treatment planning, treatment delivery and verification and QA.
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Figure 5. Linear accelerator QA tests and associated frequencies.

Discussion

In this survey, the feasibility of the application of UHFRT was assessed. Results indicated that there is strong interest in UHFRT in sSA due to
its potential to increase treatment capacity and reduce costs. However, certain challenges remain to be addressed, such as limited access to
advanced technology, concerns over motion management, potential toxicities, insufficient training and the need for additional equipment/
processes to safely implement UHFRT in sSA. All respondents indicated a willingness to participate in dedicated practical training courses on
the implementation of UHFRT to treat breast and prostate cancer.

This study highlights UHFRT as a strategy to improve access to radiotherapy in SSA, but its implementation must be contextualised. While
UHFRT reduces the number of treatment sessions, other resource considerations - such as preparation time for fiducial marker placement
and perirectal spacer application - can offset these gains. To address this, the broader adoption of moderate hypofractionation and single-
fraction palliative radiotherapy should also be emphasised as complementary approaches. Additionally, infrastructure enhancements, such
as streamlined workflows and better utilisation of available equipment, will be critical in ensuring that UHFRT can be both feasible and
impactful.

Historically, radiation therapy has been delivered over a large number of low-dose (~ 2 Gy) treatment fractions [70] as a means to maximise
the therapeutic ratio, which increases as the number of fractions increase. This was first experimentally observed nearly a century ago by
Coutard [71] and given theoretical justification decades later with the development of the linear-quadratic model [72, 73]. This advantage
is based on the larger a/p ratio of tumours relative to normal tissues. Some tumour types, however, such as breast and prostate tumours,
have a lower a/p ratio than other tumours. For these malignancies, the a/p ratio is on the order of the associated late normal tissue toxici-
ties, so that the advantage of hyperfractionation is negated [74]. This understanding has driven the shift towards shorter treatment courses
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for these disease sites in high-income countries over the past decade and a half and is the motivation for testing its utility in sSSA where the
conventional (traditionally longer) treatment courses limit access to radiotherapy treatment.

Given the substantial proportion of cancer patients in sSA presenting with advanced-stage disease, the demand for effective palliative
radiotherapy remains pressing. Hypofractionated regimens, particularly single-fraction treatments for conditions such as painful bone metas-
tases, spinal cord compression or other oncologic emergencies, must remain a cornerstone of care delivery. These approaches not only
address critical symptom management but also offer a resource-efficient means of alleviating patient suffering within the context of severely
constrained radiotherapy capacities. Ensuring that the implementation of UHFRT does not divert resources or attention away from these
essential palliative services is imperative. Instead, a synergistic model that integrates hypofractionated palliative treatments with the broader
adoption of UHFRT can help establish a more holistic and equitable radiotherapy framework. Such a balanced approach would optimise the
use of existing resources while addressing both the curative and palliative needs of cancer patients in the region.

Akey requirement for the safe implementation of UHFRT techniques is a high degree of spatial precision [75]. Delivering larger fractional doses
can pose risks to patients without the utmost confidence that the delivered radiation field conforms to the tumour. It is no surprise that the
UHFRT courses in high-income countries became common at roughly the same time that the availability of image-guided techniques [76-79]
became widespread. If UHFRT techniques are going to be applied in an African setting, it is important that similarly stringent requirements
for spatial localisation are maintained. Two survey respondents indicated that their treatment units lacked on-board kV imaging, precluding
the standard UHFRT setup strategy for prostate cancer commonly used in high-income countries, where alignment is typically ensured via
cone-beam CT (CBCT) image matching with the aid of fiducials implanted in the prostate. Three-dimensional alignment is still possible using
orthogonal views on the megavoltage (MV) portal imaging device but is more challenging due to the reduced contrast at MV energies. In lower
resource settings, novel solutions based on the available technology can often provide viable ways forward. Despite this, transitioning to
higher risk treatment techniques like UHF necessitates rigorous evaluation of any proposed solutions to ensure patient safety.

Another identified deficiency was the underutilisation of implanted fiducial markers and perirectal spacer gel for prostate radiotherapy. The
prostate exhibits significant interfraction motion [80-82], typically on the order of 2-4 mm in the anterior-posterior and superior-inferior
axes and 1-2 mm laterally [83], although significantly larger motion has been observed [84]. First introduced in Canada nearly 30 years ago
[85], fiducial markers have gained widespread application, as they aid in the three-dimensional localisation of the prostate. Perirectal spacer
gel can also be inserted between the prostate and rectum to mitigate rectal toxicity by increasing the separation between the planning target
volume and the anterior rectal wall [86]. First introduced in Europe in 2007 [87] this technique has become commonplace, particularly in
prostate cancer patients with minimal anatomic separation between the prostate and rectum. Studies show that the use of perirectal spacer
gels increases the separation between the prostate and rectum, reduces the mean rectal dose and minimises acute rectal toxicity [88]. None
of the African institutions surveyed in this study used implanted fiducials or perirectal spacers. Thus, this presents a prime opportunity to
train African clinical/radiation oncologists and/or urologists to use these tools but also provides an opportunity to intentionally implement
strategies for safer delivery of prostate radiotherapy, navigating barriers in procurement and sustainability of radiotherapy accessories. The
successful implementation of this technique will also necessitate the involvement of urologists, as their expertise is critical for the accurate
placement of fiducials and perirectal spacers. Collaboration between radiation oncologists and urologists will be essential to ensure the safe
and effective integration of these tools into prostate cancer treatment protocols in the region.

With this survey, the lack of utilisation of breath-hold techniques for breast cancer radiotherapy was identified. Breath-hold techniques,
particularly deep inspiration breath-hold (DIBH), reduce radiation exposure to the heart and lungs during breast radiotherapy. During deep
inspiration, the lungs expand, and the diaphragm moves downward. This expansion physically moves the heart away from the chest wall and
out of the radiation field [89]. Also, since the lungs expand, the volume of the lungs increases, which reduces lung toxicity since the lungs
are parallel organs [90] and are subject to volumetric constraints. Although it is not uncommon to treat patients in free breathing mode [91],
it has been shown that the use of DIBH reduces the V,  of the lung and all heart dosimetric parameters when treated with left-sided breast
patients with UHFRT regimens [92]. Only one of the six surveyed African centers utilised breath-hold techniques. Thus, this represents
another training opportunity that can lead to the application of a technique in African centers that improves dosimetry in UHFRT (and also
in moderate and conventional fractionated) breast treatments. Unlike fiducial markers and perirectal spacers, breath-hold techniques do not
require the use of consumable supplies and, hence, will not add cost to the treatment process once the staff is properly trained on the use of
breath-hold techniques and the clinical procedure is in place.
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The survey revealed notable variability in the availability of technologies relevant to UHFRT, such as breath-hold capabilities and trans-rectal
ultrasound. These tools, critical for advanced treatment techniques like UHFRT, were available at only one or two centers, highlighting sig-
nificant disparities in infrastructure across the surveyed institutions. The limited availability of these technologies underscores the need for
targeted investments and capacity-building initiatives to standardise access to advanced radiotherapy tools. This variability also reflects the
broader challenges faced by institutions in sSA, where resource constraints often limit the adoption of cutting-edge practices despite the
enthusiasm and willingness of clinicians to implement them.

The absence of advanced technologies such as fiducial markers and breath-hold techniques highlights the critical need for carefully designed,
targeted training programs. These programs must transcend technical instruction to encompass broader considerations of cost-effective-
ness, feasibility and patient safety within resource-constrained settings. For example, the adoption of breath-hold techniques in breast can-
cer radiotherapy represents a particularly promising intervention. This method not only improves dosimetric outcomes by reducing radiation
exposure to critical organs such as the heart and lungs but also requires no consumable materials, making it a cost-neutral enhancement to
clinical practice. Such strategies are uniquely suited to the sSA context, where economic and infrastructural constraints demand innovative
solutions that maximise clinical impact without imposing significant financial burdens. Tailored training initiatives that address these multi-
faceted needs can facilitate the safe and effective integration of these techniques, ultimately improving patient outcomes while respecting
local resource limitations.

Because of the more stringent spatial precision requirements of UHFRT, the importance of machine QA becomes magnified. The survey
responses generally indicated a strong commitment to treatment unit QA across the six institutions. A notable area requiring improvement
is the execution of image-guided positioning/repositioning tests. These tests should be performed daily [93] for each imaging system (MV
planar, kV planar, kV CBCT) that is used in the setup of patients. However, it was shown that only one-third of the surveyed centers are
actually performing these tests. This can be addressed through more rigorous training on how to perform these tests, interpret image data
and appropriate actions when addressing setup variation, and didactic discussions on the importance of these tests, highlighting the clinical
implications if the repositioning functionality malfunctions and a patient being treated with UHF is erroneously treated with a significant
systematic shift in their position. Additionally, it was highlighted that small field dosimetry measurements are not being verified on an annual
basis at most of the surveyed centers. This does not have severe implications in the context here since prostate and breast fields are not typi-
cally in the small field regime. However, it can be argued that IMRT treatments consist of many small fields. Also, if the centers are currently
employing or plan to start employing stereotactic treatments, recent guidelines by the IAEA [65] and the American Association of Physicists
in Medicine [66] serve as an excellent resource.

A distinction between mandatory QA elements and nonessential enhancements is crucial for understanding the feasibility of implementing
UHFRT in resource-limited settings. Mandatory QA components for UHFRT include rigorous treatment planning, machine-specific QA and
daily image guidance to ensure accurate patient setup and dose delivery. For example, daily imaging is critical for verifying target positioning
and compensating for anatomical changes between fractions. These elements form the foundation of safe and effective UHFRT delivery
and must be prioritised in any implementation strategy. In contrast, optional QA enhancements, such as Al-driven auto-contouring, repre-
sent technological advancements that, while beneficial, are not prerequisites for UHFRT. These tools can enhance efficiency and capacity
by streamlining workflows and reducing planning times but are less critical in settings where foundational infrastructure remains a primary
limitation. Among the surveyed centers, variability in QA infrastructure was evident, with some institutions lacking daily image guidance
capabilities, which may limit their readiness for UHFRT adoption. By focusing on mandatory requirements while gradually incorporating
optional enhancements, centers can develop a phased approach to implementing UHFRT, optimising the use of existing resources while
building capacity for future advancements.

The limited adoption of UHFRT for prostate cancer in the surveyed institutions appears to stem from infrastructure gaps and misconceptions
about its requirements. While tools such as fiducial markers and rectal spacers are often recommended to enhance precision and reduce
rectal toxicity, they are not mandatory for the safe and effective delivery of UHFRT. Data from the PACE-B trial [94], a large, multicenter,
randomised study, demonstrate that UHFRT can achieve high efficacy and safety standards without the universal use of these tools. In the
trial, fiducial markers were recommended but not required and rectal spacers were not utilised. Instead, the critical component for delivering
UHFRT was robust daily image guidance, such as CBCT, combined with adherence to stringent planning and QA protocols. Among the sur-
veyed centers, the inconsistent availability of daily imaging and limited familiarity with UHFRT techniques likely pose more significant barriers
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to adoption than the absence of fiducial markers or rectal spacers. Additionally, the survey responses did not explicitly assess enthusiasm
for prostate UHFRT or explore clinicians’ perceptions of its feasibility, highlighting an area for future investigation. Addressing these barriers
through targeted training, investment in image-guidance technologies and education about evidence-based UHFRT practices could facilitate
broader implementation in resource-limited settings.

This survey identified Al integration in four of the six African clinics, specifically in auto-segmentation applications. The delineation of nor-
mal structures can be a time-intensive, repetitive task that limits patient throughput by taking away valuable time from either the clini-
cian or the planner [95]. Normal structures, while exhibiting some variation from patient to patient, all possess fairly similar geometries.
Thus, auto-segmentation software presents as an attractive option to increase efficiency in high-income countries and throughput in more
resource-constrained settings. In recent years, multiple companies have developed auto-segmentation technologies, leading to significant
heterogeneity in software solutions across different clinics. This was evident amongst the surveyed clinics, where the four institutions utilis-
ing auto-segmentation tools reported five different software solutions in use. As with any novel technology introduced into clinical practice,
rigorous evaluation of these tools before introduction into clinical practice is necessary. The responsibility for commissioning such tools,
ensuring their seamless integration and maintaining an ongoing QA program lies with the medical physicist. Accuracy of delineation, however,
is the responsibility of the clinical or radiation oncologist. The incorporation of peer-review assessments through QA contouring chart rounds
has been well documented [96] and implementing similar practices to evaluate auto-segmentation results could ensure the overall safety
of radiotherapy treatments in which these tools are used. Al utilisation is set to increase in the coming years, leading to the further automa-
tion of the treatment planning process. One such application, the radiation planning assistant (RPA), first uses Al to contour the targets and
normal structures and then to define the orientation, shape and intensity of the radiation beams to create an acceptable treatment plan [97].
As Al solutions such as the RPA are more fully incorporated into clinical practice, the treatment planning workflow of clinics in sSA is likely
to change considerably.

All respondents expressed keen interest in participating in a practical course on hypofractionation. A wide variety of topics were suggested
including the radiobiology of hypofractionation, patient eligibility criteria and selection for hypofractionated treatment regimens, clinical evi-
dence supporting hypofractionation in breast, prostate and gynecological cancers, Al applications of auto-segmentation and auto-planning
software, as well as immobilisation, breath-hold techniques and QA. This kind of course could address some of the identified knowledge
gaps discussed above, enhance the proficiency in applying these techniques and ensure safety and efficacy of application within the African
context. To address this, a practical course on hypofractionation is being developed covering the topics listed above along with the utilisation
of implanted fiducials and perirectal spacers for prostate cancer.

Economic evaluations must extend beyond the straightforward comparison of treatment sessions to encompass the full spectrum of costs
associated with implementing UHFRT. This includes expenses related to pre-treatment preparations, such as the placement of fiducial
markers or perirectal spacers, as well as the logistical and financial burdens of patient accommodations, particularly for those traveling
long distances to access care. Furthermore, a comprehensive cost-benefit analysis must also account for the infrastructure enhancements
and QA protocols essential for the safe and effective delivery of UHFRT. By presenting a more nuanced and multifaceted understanding of
the financial implications, the study acknowledges the intricate challenges inherent in deploying advanced radiotherapy techniques within
resource-limited settings. This approach ensures that economic considerations align with practical realities, fostering strategies that balance
cost-efficiency with clinical efficacy and equity.

A number of limitations should be acknowledged in this study which may impact the generalisability and comprehensiveness of the findings.
First, the survey was conducted at only six institutions across sSA, potentially skewing results towards better-resourced centers and limiting
insights from smaller or less-equipped facilities. Additionally, the data were self-reported by the participating institutions, introducing the
potential for reporting bias and variability in the accuracy of the responses. Next, due to its prospective nature, the study did not assess clini-
cal outcomes that are critical towards confirming the safety and efficacy of UHFRT in African populations, as existing data from high-income
settings may not directly apply to this context. Finally, the fact that the survey was to be filled out by various members of the radiation
oncology teams (clinical directors, oncologists and physicists) rather than a single person at each site may have affected the inherent con-
sistency of the data obtained from a given institution. For example, only four of the responding clinical directors indicated that their center
employs IMRT, while all six responding physicists referenced their centers’ IMRT QA capabilities. Similar inconsistencies exist with respect
to the application of 3D conformal radiotherapy. Despite these limitations, the findings of this study remain valuable as they provide a first
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comprehensive assessment of the readiness of key radiotherapy institutions in sSA for the implementation of UHFRT. The identification of
both strengths and specific gaps, such as the need for technical upgrades and targeted training, offers actionable insights that can guide
future efforts to enhance radiotherapy capacity in the region. Moreover, the strong willingness of institutions to adopt UHFRT highlights the
potential for positive impact, especially with the provision of appropriate support and resources.

Conclusion

This comprehensive needs assessment has highlighted the potential for the adoption of UHFRT in sSA. While infrastructure and clinical
workflows at leading institutions appear generally sufficient, targeted training and technical upgrades are necessary to bridge identified gaps,
such as breath-hold techniques in breast cancer treatments and the lack of fiducial and perirectal spacer utilisation in prostate cancer treat-
ments. The willingness of all institutions to participate in educational programs reflects the region’s enthusiasm to embrace these advanced
treatment techniques. With appropriate support and training, UHF radiotherapy could significantly enhance radiotherapy access in the
region, ultimately leading to increased radiotherapy treatment capacity and more effectively addressing the region’s growing cancer burden.
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Appendix: Survey

General information

This data will be anonymised.

1. Institution representative name (First and Last)

2. Institution representative email address

3. Name of institution

4. Name of Potential HypoAfrica PI (s) in your institution.

If more than one, please designate one as a contact Pl

5. Contact Pl phone number

6. Institution address

7.  Where is your radiation facility located (country)?

8. Where is your radiation facility located (city)?

9. Which of the following best describes your radiation facility? (Select all that apply).

Academic

Private practice

Government-owned

Other (please specify):

Section I: General clinical capacity and infrastructure

1. Does your institution use paper or electronic records?

Paper records

Electronic records
Both

Uncertain
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2. For the following radiotherapy equipment, how many units of each does your facility have access to?

None 1 2 3 4 >5 Uncertain

CT simulator

Fluoroscopic simulator (2D)

External beam treatment delivery machine:
linear accelerator

External beam treatment delivery machine:
Cobalt machine

HDR Afterloader

Gamma knife

Other (please specify below)

3. If you answered ‘other’ in the above question, please specify the other types of radiotherapy equipment available at your facility.

4. What types of radiotherapy techniques does your facility practice? (Select all that apply).

External beam photon therapy with 3D conformal radiation therapy (3DCRT)

External beam photon therapy with intensity modulated radiation therapy (IMRT) and/or volumetric
modulated arc therapy (VMAT)

External beam photon therapy - stereotactic body radiation therapy (SBRT)

External beam photon therapy - stereotactic radiation surgery (SRS)
2D brachytherapy (HDR)

3D brachytherapy (HDR)

Brachytherapy (LDR)

Cobalt external beam therapy

Gamma knife or cyber knife systems

Electron therapy

Uncertain

Other (please specify):

5.  What facilities does your center have? (Select all that apply.)

Laboratory testing (Biochemistry, Hematology)

Tissue diagnostics: Biopsy

Tissue diagnostics: Histology

Tissue diagnostics: Immunohistochemistry

Tissue diagnostics: Genetic testing capabilities

Infusion center or a chemo suite (any place in your facility where chemotherapy can be delivered)

Exam room for informed consent and follow-up visits
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6. For each imaging equipment, how many units does your facility have access to?

None 1 2 3 4 >5 Uncertain

CT

MRI

PET

Mammography unit

Ultrasound machine

X-ray

Bone scan

kV portal imager

7.  What external beam treatment planning system does your facility use? (Select all that apply).

Pinnacle

Eclipse

RayStation

Monaco

Uncertain

Other (please specify):

8. Please specify the dose calculation algorithm and whether dose to water or dose to medium is calculated (if applicable).

9. What brachytherapy planning system does your facility use? (Select all that apply).

We do not perform brachytherapy

Oncentra

BrachyVision

SagiPlan

Other (please specify):

10. Does your facility have a training program for the following specialties?

Yes No Uncertain

Radiation oncology

Medical physics

Medical dosimetry

Radiologic (imaging or therapy) technologists

Oncology nurses

Research nurses
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11. For each clinical personnel, how many individuals does your facility have access to?

None 1 2 3 4 >5 Uncertain

Radiation oncologists

Radiation therapists

Medical (or Radiation) dosimetrists

Oncology nurses

Medical physicists

Research coordinators

Data assistants

Research nurses

Statisticians

12. How are patients referred to your facility for radiation therapy? (Select all that apply).

Breast surgeons

Medical oncologists

Urologists

Primary care physicians/family medicine doctors

Diagnostic centers

Other radiation oncologists (machines not working/downtime on machines)
NGOs

Uncertain

Other (please specify):

13. Would your clinic be interested in participating in a course on hypofractionated radiotherapy?

Yes
No

Uncertain

14. If you answered ‘yes’ in the above question, please specify any topics of interest that you would like the course to cover.

15. Please provide any additional information regarding this section that you wish to share.

Section lI: Clinical breast cancer treatment program

1. How many breast surgeons do you have at your institution? Please state ‘Uncertain’ if not known.
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2. Approximately how many breast surgeons refer patients to you? Please state ‘Uncertain’ if not known.

3.  Who else do you receive referrals from for breast radiation? Please state ‘Uncertain’ if not known.

4. What fractionation regimens are you currently utilising for whole-breast radiation therapy? (Select all that apply).

50 Gy in 25 fractions (2 Gy per fraction)

42.67 Gy in 16 fractions (2.67 Gy per fraction)
40.05 Gy in 15 fractions (2.67 Gy per fraction)
26 Gy in 5 fractions (daily) (5.2 Gy per fraction)

28.5 Gy in 5 fractions (once a week) (5.7 Gy per fraction)

Uncertain

Other (please specify):

5. ForaT1-3NO0-1 breast cancer, would you utilise ultra-hypofractionation (>5 Gy per fraction) in the below scenarios?

Yes No Uncertain

Whole breast radiotherapy following breast
conserving surgery

Chest wall radiotherapy following mastectomy

Whole breast radiotherapy with an indication
for boost to the tumor bed

Whole breast radiotherapy with indication
for regional radiotherapy

Chest wall radiotherapy with an indication
for regional radiotherapy

6. If you do not provide ultra-hypofractionation, can you briefly indicate the reason(s) why (e.g., most of my patients are not eligible for
ultra- hypofractionation or concerns regarding safety)? (Select all that apply).

Concerns about motion management

Concerns about acute toxicity

Concerns about late toxicity

Insufficient technology to provide ultra-hypofractionation

Insufficient personnel or staff to provide ultra-hypofractionation

Insufficient data or evidence

Personal comfort

Cost/reimbursement concerns

Uncertain

Other (please specify):
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7. If you do not provide ultra-hypofractionation now, would you consider treating T1-3NO-1 breast cancer patients with ultra-hypofrac-
tionation in the future?

Yes
No

Uncertain

8. If you answered ‘no’ in the previous question, please explain why.

9. Do you use breath hold techniques for breast treatment? (Select all that apply).

We do not use breath hold techniques for breast treatment

Volunteer deep inhale breath-hold

RPM system (or successor)
ABC device

Surface guidance system (please specify below)

Other (please specify below)

Uncertain

10. If you answered ‘surface guidance system’ or ‘other’ in the previous question, please specify.

11. What systems do you have at the CT simulator to monitor patient’s breath hold amplitude? (Select all that apply).

We do not use breath hold techniques for simulation
RPM/RGSC system
ABC device

Surface guidance system (please specify below)

Uncertain

Other (please specify below)

12. If you answered ‘surface guidance system’ or ‘other’ in the previous question, please specify.

13. What imaging technique do you use for breath hold verification during treatment? (Select all that apply).

We do not perform breath hold treatment

We do not use imaging verification for breath hold treatment

kV or MV orthogonal images
CBCT

Surface imaging (please specify below)

Uncertain

Other (please specify below)
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14. If you answered ‘surface imaging’ or ‘other’ in the previous question, please specify.

15. How do you verify the correct CT data set was used during planning (DIBH versus free breathing), and treatment? Please state ‘Uncer-
tain’ if not known.

16. Approximately how many patients are treated for breast cancer at your clinic on a monthly basis? Please state ‘Uncertain’ if not known.

17. Approximately what percentage of the patients that you see have had a sentinel lymph node biopsy only (without axillary lymph node
dissection)? Please state ‘Uncertain’ if not known.

18. Approximately what percentage of the patients that you see get an axillary lymph node dissection prior to their consult with you? Please
state ‘Uncertain’ if not known.

19. Approximately what percentage of the patients that you see receive neoadjuvant chemotherapy? Please state ‘Uncertain’ if not known.

20. Do target and OAR contours get peer-reviewed by another physician before treatment planning?

Yes
No

Uncertain

21. Do plans undergo a peer-review assessment before beginning of treatment?

Yes
No

Uncertain

22. Would you be interested in participating in a course on hypofractionated radiotherapy?

Yes
No

Uncertain

23. If you answered ‘yes’ in the above question, please specify any topics of interest that you would like the course to cover.

24. Please provide any additional information regarding this section that you wish to share.
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Section IlI: Clinical prostate cancer treatment program

1. How many urologists do you have at your institution? Please state 'Uncertain’ if not known.

2. Approximately how many urologists refer patients to you? Lease state ‘Uncertain’ if not known.

3.  What fractionation regimens are you currently utilising for localised prostate cancer external beam radiation therapy? (Select all that

apply).

78 Gy in 39 fractions (2 Gy per fraction)

70 Gy in 28 fractions (2.5 Gy per fraction)

60 Gy in 20 fractions (3 Gy per fraction)

42.7 Gy in 7 fractions (6.1 Gy per fraction)

36.25 Gy in 5 fractions (7.25 Gy per fraction)

Uncertain

Other (please specify):

4. Which patient and tumour characteristics do you consider in decision-making regarding ultra-hypofractionation? (Select all that apply).

Age

Clinical T stage

Clinical N stage

Pathological T stage

Pathological N stage

Molecular subtype

Grade

Surgical margins

Postoperative complications

For breast cancers: oncoplastic surgery

For prostate cancers: risk group

Uncertain

Other (please specify):

5. Which reasons do you consider relevant to opt for ultra-hypofractionation? (Select all that apply).

Less time consuming for patients

Less costly for patients

Less time consuming for treating specialists/institutions

Less costly for treating specialists/institutions

Increased capacity of radiotherapy resources

Uncertain
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6. Do you have access to trans-rectal ultrasound in your clinic?

Yes

Not currently, but can get access to it if needed

No, but the Urology Department does
No

Uncertain

7. Do you use implanted fiducials for motion management in prostate treatment?

Yes
No

Uncertain

8. If you answered ‘yes’ to the previous question, what is the size of the fiducial that you use? Please state ‘Uncertain’ if not known.

9. If your center uses fiducials, what type of material (e.g., gold) are the fiducials made of? Please state ‘Uncertain’ if not known know.
Please state ‘Not applicable’ if fiducials are not used.

10. If your center uses fiducials, please state the name of the manufacturer of the fiducials. Please state ‘Uncertain’ if not known.
Please state ‘Not applicable’ if fiducials are not used.

11. If your center uses fiducials, please note the average cost of the fiducials (please note currency - e.g., USD, NGN). Please State ‘Uncer-
tain’ if not known. Please state ‘Not applicable’ if fiducials are not used.

12. What imaging verification technique do you use for fiducials? (Select all that apply).

We do not use fiducials

kV/MV orthogonal images
CBCT

Fluoroscopy imaging

Uncertain

Other (please specify):

13. What is the tolerance for fiducial matching during prostate treatment at your facility? (Select all that apply.)

We do not use fiducials

3 mm

5mm

7 mm

Uncertain

Other (please specify):
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14. Do you use hydrogel or other rectal spacers (i.e., balloons) to create separation between the prostate and rectum for prostate treatment?

Yes
No

Uncertain

15. If you answered ‘yes’ to the previous question, please specify what type of rectal spacer (e.g., hydrogel, balloon and so on) your center
uses.

16. Who performs hydrogel and or fiducial placement procedures at your center? (Select all that apply).

We do not perform these procedures

Radiation oncologist

Urologist

Intervention radiologist

Uncertain

Other (please specify):

17. Does your center perform peer review for every patient’s treatment charts?

Yes
No

Uncertain

18. Do target and OAR contours get peer-reviewed by another physician before treatment planning?

Yes
No

Uncertain

19. Do plans undergo a peer-review assessment before beginning of treatment?

Yes
No

Uncertain

20. Would you be interested in participating in a course on hypofractionated radiotherapy?

Yes
No

Uncertain

21. If you answered ‘yes’ in the above question, please specify any topics of interest that you would like the course to cover.

22. Please provide any additional information regarding this section that you wish to share.
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Section IV: Radiotherapy QA programs

1. Is there a quality management program in place for your radiation treatment systems?

Yes
No

Uncertain

2. Has an external body audited or accredited your radiation treatment program?

Yes
No

Uncertain

3. If you answered ‘yes’ to the previous question, please specify the name of the auditing/accrediting organisation and the most recent
audit/accreditation date.

4. How often does a qualified medical physicist perform dosimetry checks on your external beam treatment machines (linear accelerator
or Co-60)? (Select all that apply).

Daily
Weekly
Monthly
Annually

Uncertain

Other (please specify):

5. How often does personnel other than a qualified medical physicist (e.g., a radiation therapist or a technician) perform dosimetry checks
on your external beam treatment machines (linear accelerator / Co-60)? (Select all that apply).

Daily
Weekly
Monthly
Annually

Uncertain

Other (please specify):

6. Does your center perform pre-treatment patient specific QA (PSQA) for every IMRT and/or VMAT patient?

Yes
No

Uncertain

7. If you answered ‘No’ to the previous question, please specify for what percentage of patients/treatment plans that PSQA is performed.
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8. What type of pre-treatment patient specific QA (PSQA) does your center perform for IMRT and/or VMAT patients? (Select all that apply).

Log file based PSQA
Measurement based PSQA (please specify below)

Uncertain

Other (please specify below)

9. If you answered ‘Measurement based PSQA' or ‘Other’ in the previous question, please specify.

10. Do medical physicists perform pre-treatment, weekly and end of treatment chart reviews at your center?

Yes No Uncertain

Pre-treatment
Weekly

End of treatment

11. Do radiation oncologists perform pre-treatment, weekly and end of treatment chart reviews at your center?

Yes No Uncertain

Pre-treatment
Weekly

End of treatment

12. Do radiation oncologists perform daily image reviews at your center?

Yes
No

Uncertain

13. If you answered ‘No’ to the above question, how often is imaging review performed at your center? Please state ‘Uncertain’ if not known.

14. For ultra-hypofractionation, are radiation oncologists and medical physicists available for image reviews at the treatment console during
each fraction at your center?

We do not perform ultra-hypofractionation
Yes
No

Uncertain

15. Will you or your staff be able to transfer the digital treatment records such as DICOM treatment plan and dose files to another location?
(Instructions would be provided.)

Yes
No

Uncertain

Other (please specify):
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16. What types of IGRT are used at your center? (Select all that apply).

None MV

kv

kV Fluoroscopy

4D

Uncertain

2D IGRT

CBCT IGRT

CTIGRT

17. Please list the model and manufacturer of each IGRT system used at your center. Please state ‘Uncertain’ if not known.

18. What registration methods are used at your center? (Select all that apply).

19.

20.

21.

Manual registration

Automated registration

Both

Uncertain

Other (please specify):

What type of alignment does your site perform for each site? (Select all that apply).

Bony anatomy

Soft tissue

Fiducial

Tumor

Uncertain

Breast

Prostate

Pelvis

Does your center perform the following imaging QA processes? (Select all that apply).

Daily isocenter
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el Monthly laser | Monthly couch | Monthly image | Annual imaging .QA tests for imag:-
LG TE T alignment QA | shift QA uality QA dose QA I35 25 S
localization/ = e v accessory devices
repositioning

2D kV

2D MV

CBCT

External systems (e.g.,

ExacTrack or SGRT)

What is your center's typical IGRT frequency and imaging method? (Select all that apply).
Frequency Imaging method
Weekly | Other Uncertain kV MV CBCT Uncertain

Cervical

Breast

Prostate
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22

23.

. What is your center's tolerance level (in mm) for patient repositioning? Please specify for each imaging method, as applicable.

2D kv 2D MV kv CBCT

MV CBCT

Cervical

Breast

Prostate

‘Uncertain’ if not known.

24.

25

In what situations does your center reimage the patients during the treatment? Please state ‘Uncertain’ if not known.

. Is the treatment couch at your center able to rotate?

Yes

No

Uncertain

26.

27

28.

If you answered ‘Yes' in the previous question, what is your center's rotational tolerance? Please state ‘Uncertain’ if not known.

. What do the daily QA tests of your treatment machine include? (Select all that apply).

Radiation safety

Output

Flatness

Symmetric

Collimator/MLC

Laser

Radiation isocentricity

IGRT positioning/repositioning

Treatment couch positioning/repositioning

Uncertain

Other (please specify):

What do the monthly QA tests of your treatment machine include? (Select all that apply).

Radiation safety

Output

Flatness

Symmetric

Collimator/MLC
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Laser

Radiation isocentricity

IGRT positioning/repositioning

Treatment couch positioning/repositioning

Uncertain

Other (please specify):

29. What do the annual QA tests of your treatment machine include? (Select all that apply).

Radiation safety
Output

Flatness

Symmetric
Collimator/MLC

Laser

Radiation isocentricity

IGRT positioning/repositioning

Treatment couch positioning/repositioning
MU linearity

Coincidence of radiation and mechanical isocenter

Small field output

End to end localization test

End to end dosimetry test

Uncertain

Other (please specify):

30. Does your center use auto-contouring software?

Yes
No

Uncertain

31. If you answered ‘yes’ to the previous question, what auto-contouring software does your center use? Please state ‘Uncertain’ if not
known.

32. Do target and OAR contours get peer-reviewed by another physician before treatment planning?

Yes
No

Uncertain
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33. Do plans undergo a peer-review assessment before beginning of treatment?

Yes
No

Uncertain

34. Would you be interested in participating in a course on hypofractionated radiotherapy?

Yes
No

Uncertain

35. If you answered ‘yes’ in the above question, please specify any topics of interest that you would like the course to cover.

36. Please provide any additional information regarding this section that you wish to share.

Section V: Clinical research environment

1. Are there any ongoing/completed trials at your center?

Yes
No

Uncertain

2. Ifyou answered ‘Yes' to the previous question, please state the name and objectives of the trial(s). Please state ‘Uncertain’ if not known.

3. Are there any ongoing/completed clinical trials for breast or prostate cancer at your center?

Yes
No

Uncertain

4. If you answered ‘yes' to the previous question, please state the name and objectives of the trial(s). Please state ‘Uncertain’ if not known.

5. Have you previously conducted clinical research studies?

Yes
No

Uncertain

6. Ifyou answered ‘yes’ to the previous question, please state the total number of studies. Please state ‘Uncertain’ if not known.
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7. For recruiting to research trials, what would be the source of your participant population? Please indicate the estimated percentage for
each source type.

0% 1%-25% 26%-50% 51%-75% 76%-100% Uncertain

Hospital

Database

Referrals

Advertising
Other

8. Who handles budget and contract negotiations? Please state ‘Uncertain’ if not known.

9.  What is your institution’s grant overhead rate? Please state ‘Uncertain’ if not known.

10. What fees would you require in a trial contract (outside per-patient fees). Please state all fees. Please state ‘Uncertain’ if not known.

11. Do you provide reimbursement for travel expenses? Please state ‘Uncertain’ if not known.

12. Would you need to buy any equipment/supplies to conduct this study (medical devices, BP machines, laptops, radiotherapy machines)?
If yes, please provide details. Please state ‘Uncertain’ if not known.

13. What challenges do you anticipate with patient enrollment (such as conflicts of interest, site issues or other enrolling studies, country-
specific requirements or potential difficulties)? Please state ‘Uncertain’ if not known.

14. Do you have access to IRB or Ethics Committee at the site? If no, how would you get ethical approval for the study? Please state ‘Uncer-
tain’ if you do not know.

15. How frequently does your local IRB meet? Please state ‘Uncertain’ if not known.

16. What are the submission requirements for your local IRB? Please state ‘Uncertain’ if not known.

17. What are the costs required for IRB application? Please state ‘Uncertain’ if not known.

18. How long does it take from initial IRB submission to approval? Please state ‘Uncertain’ if not known.
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19. Do you need the informed consent form, handouts or advertisements translated to any other language? If yes, please state which lan-
guage and how the document will be translated. Please state ‘Uncertain’ if not known.

20. Would you be interested in participating in a course on clinical trials?

Yes
No

Uncertain

21. If you answered ‘Yes' in the above question, please specify any topics of interest that you would like the course to cover.

22. Please provide any additional information regarding this section that you wish to share.
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