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AbstrAct

background: limited radiation therapy resources have resulted in an interest in developing time and cost-saving innovations 
to expand access to cancer treatment, in latin America. Therefore, hypofractionated radiotherapy (HrT) is a possible solution, 
as this modality delivers radiation over a shorter period of time.

Materials and methods: A selected panel of latin American (lA) experts in fields related to HrT were provided with a series 
of relevant questions to address, prior to the multi-day conference. within this meeting, each narrative was discussed and ed-
ited, through numerous rounds of discussion, until agreement was achieved.

results: The challenges identified in increasing the adoption of HrT in lA include a lack of national and regional clinical 
practice guidelines and cancer registries; a lack of qualified human resources and personnel education; high up-front costs of 
equipment; disparate resource distribution and scarce HrT research. An analysis for these overarching challenges was devel-
oped and answered with recommendations. 

conclusion: extending the adoption of HrT in lA can provide a path forward to increase access to radiotherapy and over-
come the shortage of equipment. HrT has the potential to improve population health outcomes and patient centered care, 
while offering comparable local control, toxicity, palliation, and late effects for multiple indications, when compared to con-
ventional rT. Concerted efforts from all involved stakeholders are needed to overcome the barriers in adopting this strategy 
in lA countries. The recommendations presented in this article can serve as a plan of action for HrT adoption in other coun-
tries in a similar situation.
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Introduction

Latin America (LA) is a diverse geograph-
ical region with over 600 million inhabitants; 
characterized by social, economic, and political 
instability, influencing disease behavior and ac-
cess to health services. A series of sociodemo-
graphic changes, such as an aging population, 
urbanization, and economic growth has led to 
a rapid upward shift in LA’s cancer burden [1]. 
Almost 1.5 million new cases and over 700,000 
deaths due to cancer occur annually in the re-
gion. The five most common malignancies in LA 
are prostate, breast, colorectal, lung, and stomach 
[2]. Radiation therapy (RT) plays an important 
role in the treatment of these cancers whether 
the approach is curative, influencing local tumor 
control and overall survival (OS), or in the con-
text of palliative care, where the main objective is 
symptoms relief and quality of life improvement 
[3]. The number of cancer cases in the region, 
and therefore of patients requiring RT, will in-
crease by 67% from 2012 to 2030 [4].

However, access to RT in LA is limited due to 
a substantial deficit of RT resources in the region. 
As of 2020, there were only 647 RT centers in LA, 
proving largely insufficient for the approximately 
750,000 new patients that will require RT annually. 
In some LA countries, up to 5 million people de-
pend on a single RT machine, leaving many with-
out access to treatment [5]. Contrastingly, high 
income countries, such as the United Kingdom, 
have 8.1 RT machines per 1 million inhabitants 
[6]. Geographical disparities in the distribution of 
these centers further exacerbate this deficit, most 
noted in rural areas [5]. Hypofractionated radio-
therapy (HRT) has been increasingly used for can-
cer treatment, and as a solution to increase access to 
the limited RT resources. In this modality, the total 
radiation dose is distributed into fewer fractions, 
either using moderate (2.5–3 Gy/fraction) or ex-
treme hypofractionation (> 5 Gy/fraction). Thus, 
HRT is given over a shorter period of time than 
conventional RT, increasing convenience for pa-
tients, decreasing staffing demands, extending 
equipment capacity, and increasing access, which 
is crucial in resource-limited settings [7]. As a re-
sult, it may be considered a resource-efficient al-
ternative that conserves the comparable treatment 
outcomes as standard RT in some specific scenari-

os. This review will analyze the challenges and op-
portunities of increasing the adoption of HRT for 
cancer care in LA. 

Methodology

Americas Health Foundation (AHF) along with 
the Latin American Society of Radiation Oncolo-
gy (ALATRO) identified a panel of eight experts 
in radiation therapy with backgrounds in clini-
cal oncology, radiation oncology, public health, 
and bioethics from Argentina, Brazil, Chile, Co-
lombia, Mexico, and Peru. They were convened 
for a three-day virtual meeting to discuss if wide-
spread adoption of hypofractionated radiotherapy 
protocols in oncology could serve as a solution to 
increase access to radiotherapy in LA. To identify 
the panel, AHF conducted a literature review us-
ing PubMed, MEDLINE, and EMBASE to identify 
scientists and clinicians from the above countries 
who have had publications relating to hypofrac-
tionated radiotherapy in oncology since 2016. 
Augmenting this search, AHF contacted opinion 
leaders in the medical field from LA to corrobo-
rate the list of individuals adequately represented 
the necessary fields of study. All of the experts who 
attended the meeting are named authors of this pa-
per. An AHF staff member moderated the discus-
sion. The authors retained full control over the con-
tent of the paper. 

AHF developed specific questions to ad-
dress the challenges and opportunities related to 
the adoption of hypofractionated radiotherapy 
protocols in LA and assigned one to each pan-
el member. A written response to each question 
was drafted by individual panel members, based 
on the literature review and personal exper-
tise. Each narrative was reviewed and edited by 
the entire panel during the three-day conference 
through numerous rounds of discussion until full 
agreement was reached. For issues where there 
was disagreement among the panel, additional 
discussions took place until all panel members 
agreed to the content included in this paper. 
The recommendations developed were based on 
the evidence gathered, expert opinion, and per-
sonal experience and were approved by the entire 
panel. After the conference, the final manuscript 
was distributed by email to the panel for review 
and approval.  
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Search strategy A
HF conducted a literature review using PubMed, 

MEDLINE and EMBASE for any publications 
on molecular testing for solid tumors. The follow-
ing search terms were used: “radiation oncology”, 
“hypofractionated radiotherapy” and “hypofrac-
tionation”, in combination with “Latin America”, 
“Mexico”, “Colombia”, “Argentina”, “Brazil”, “Chile”, 
and “Peru”, from 01/01/2016 until 04/10/2021. 
Articles identified were in English, Portuguese, 
and Spanish. Particular attention was paid to iden-
tify literature and research in LA. 

HrT use and indications 

LA’s already-fragile health systems have been se-
verely affected by the COVID-19 pandemic, with 
lasting effects on budgets and sustainability in 
the region [8]. Although evidence supporting HRT 

already existed prior to the pandemic, the contin-
gency instigated a pivotal change to adopt hypof-
ractionated protocols that may continue post-pan-
demic [9]. In many clinical scenarios, these 
shorter courses are more patient-friendly, equally 
efficacious, associated with less financial burden, 
and similarly morbid to prolonged schedules. Fur-
ther research to determine how low the number 
of fractions can go while still being safe and effec-
tive is ongoing. Updated information is needed on 
the regional deficit of new technologies to improve 
RT overall and propel LA towards new technology 
implementation. 

HRT curative and palliative indications, bene-
fits, toxicity, and limitations are summarized below 
and in Table 1 for breast, prostate, lung, rectum, 
central nervous system (CNS), as well as lung, bone, 
and brain metastases, which are the most prevalent 
situations where radiotherapy is frequently needed.

table 1. Curative and palliative indications of hypofractionated radiotherapy (HrT)

Tumor 
site Indication Technique Radiation dose and fractionation References

curative treatment

Breast

early 3D or IMrT
extreme hypofractionation: 26 Gy in 5 fx [58] 

40–42.5 Gy at 2.5 to 2.6 Gy/fx with an option of a boost [11] 

locally advanced 3DCrT or IMrT 40–42.5 Gy at 2.5 to 2.6 Gy/fx with an option of a boost [11] 

Ductal carcinoma in situ 3DCrT or IMrT 40–42.5 Gy at 2.5 to 2.6 Gy/fx [59] 

APBI 3DCrT, IOrT, brachy 30 Gy in 5 fx QOD, 38.5 Gy in 10 fx BID, IOrT: 20 Gy/1 fx [60] 

Prostate low and intermediate risk 

SBrT 36.5–40 Gy/ 5 fx [61] 

3DCrT, IMrT 70.2 Gy/26 fx or 60 Gy/20 fx [15, 62] 

Brachy lDr with iridium: 145 Gy; HDr: 38 Gy/4 fx BID [17] 

lung
early, inoperable, central SBrT 45-60 Gy/5–8 fx [18] 

early, inoperable, peripheral SBrT 45-60 Gy/3–5 fx [18] 

rectal High risk or node-positive 3DCrT or IMrT 25 Gy/5 fx followed by surgery [21] 

CNS

> 60 years, no systemic 
therapy 3DCrT or IMrT 40 Gy/15 fx [24] 

Older/frail 3DCrT or IMrT 25 Gy/5 fx [24] 

Palliative care

Thorax
Good KPS 3DCrT, IMrT 30 Gy/10 fx, 40 Gy/15 FX, 50 Gy/20 fx [20] 

Poor KPS 3DCrT, IMrT 20 Gy/5 fx; 30 Gy/10 fx; 17 Gy/2 fx [20] 

Bone
Uncomplicated metastasis 3DCrT, SBrT 8 Gy/1 fx [25] 

Neuropathic pain 3DCrT 2 Gy/5 fx [26] 

Brain

resected radiosurgery/FSrT SrS Gy; FSrT of 27 Gy/3 fx or 30 Gy/5 fx (larger cavities); [27] 

Nor resected radiosurgery/FSrT 15–22 Gy/1 fx; 25–30 Gy/3–5 fx [28] 

whole brain irradiation 3DCrT or IMrT 30 Gy/10 fx or 20 Gy/5 fx [28] 

CNS — central nervous system; APBI — accelerated partial breast irradiation; 3DCrT — tridimensional conformal radiotherapy; IMrT — intensity-modulated 
radiation therapy; IOrT — intra-operative radiation therapy; brachy — brachytherapy; SBrT — stereotactic body radiation therapy; FSrT — fractionated 
stereotactic radiation therapy; QOD — every other day; BID — twice-a-day; Gy — Grays (radiation dose); fx — fractions
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Breast
For the last decade, guidelines and randomized 

trials have supported shorter HRT regimens as 
the standard for most early-stage breast cancers, 
as well as locally advanced tumors after neoad-
juvant chemotherapy. Randomized trials have 
confirmed that HRT is equivalent to convention-
al whole breast irradiation regarding local recur-
rence, OS, and cosmetic outcomes [10]. Therefore, 
it has become the new standard of care for most 
patients instead of conventional fractionation, re-
gardless of laterality, oncologic and reconstructive 
surgery type, tumor grade, hormone and HER-2 
receptor status, margin status, or prior systemic 
treatment [11–14].

Prostate
HRT for prostate cancer has become of increas-

ing interest due to the potential improvements 
to the therapeutic ratio [15]. When comparing 
stereotactic body radiation therapy (SBRT) to 
conventional fractionation, SBRT shows prom-
ising biochemical control and favorable acute 
and late-treatment related morbidity, at least in 
low-and-intermediate-risk prostate cancer. The Na-
tional Comprehensive Cancer Network (NCCN) 
guidelines were updated in early 2020 to list 5-frac-
tion SBRT as an appropriate regimen for all risk 
groups of localized prostate cancer, from very low 
risk to very high risk [16]. In centers without SBRT 
access, moderate hypofractionation should be pre-
ferred over conventional treatment [15, 17].

lung 
Surgical resection is the standard of care for op-

erable early-stage non-small cell lung cancer (NS-
CLC). SBRT is an option for radical management 
of inoperable early-stage NSCLC [18]. For locally 
advanced disease, conventional fractionation with 
chemotherapy continues to be the standard treat-
ment. There is early data on moderate hypofrac-
tionation for locally advanced disease, but more 
research is still needed in this topic [19]. For palli-
ative treatment, studies suggest that doses of 30 Gy 
in 10 fractions are associated with modest improve-
ments, when compared to lower doses, mainly in 
patients with a good performance status. Patients 
with lower KPS can have a good symptomatic re-
lief with doses varying from 20 Gy in 5 fractions to 
17 Gy in 2 fractions [20].

rectum
In the COVID-19 pandemic, some rectum 

cancer guidelines have given preference to HRT 
in most patients who require radiation; others have 
even gone as far as to recommend 5-fraction RT 
for all localized rectal cancers, until the pandemic 
passes [21]. Yet, even in the post-pandemic world, 
for appropriate patients with resectable upper- 
to mid-rectal cancers, short-course radiation can 
become the new standard of care, given its non-in-
feriority to traditional long-course radiation, with 
potentially less acute toxicity [22].

CNS
The current standard of care in glioblasto-

ma multiforme management is RT with concurrent 
and adjuvant temozolomide (TMZ), delivered in 6 
weeks [23]. Multiple trials have demonstrated that 
HRT has a similar efficacy for patients with a low 
performance status (KPS) or older than 65 years, 
with treatments lasting from 1 to 3 weeks [24].

Bone metastasis
A large metanalysis, with more than 5000 pa-

tients included has shown that a single fraction 
radiation treatment (SF) yields equivalent pain 
relief as multifractional regimens (MF). Over-
all responses have been reported to be 60% in SF 
and 61% with MF, and complete responses, 23% 
and 24%, respectively. There were no statistically 
significant differences in side effects, pathological 
fracture rates, or spinal cord compression, in either 
approach [25]. Regarding patients with neuropath-
ic pain, a non-inferiority trial failed to show equiv-
alence between 8 Gy SF and 20 Gy in 5 fractions 
[26]. Thus, in this group of patients, the 5-fraction 
regimen can still be an option, as well.

Brain metastasis
The standard treatment for patients with 

brain metastasis is, if feasible, surgical resection, 
with postoperative single fraction stereotactic ra-
diosurgery (SRS) of the tumor cavity, although 
a fractionated treatment may provide superior local 
control for patients with larger tumor cavities [27]. 
For non-operated patients, with 1 to 4 brain metas-
tasis (although this limit is debatable), SRS is an in-
teresting option, whole brain radiotherapy (with 5 
to 10 fractions) being the standard treatment for 
the remaining ones [28].
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There are other possible indications for HRT, as 
this is a dynamic scenario, under active investiga-
tion, and the list provided here is not exhaustive. 
But going into further details is beyond the scope 
of this paper.

rT resource access and availability 
in lA 

Access to radiation facilities in low- and mid-
dle-income countries (LMIC) is far from optimal 
and varies widely between and within nations. In 
LA, there are vast infrastructural and human re-
source deficits to meet the RT demands, which un-
derpins the need for access solutions and efficient 
resource use [29]. Advances such as intensity-mod-
ulated radiotherapy (IMRT) and image-guided 
radiation therapy (IGRT) have improved out-
comes and quality of life [30]. However, they come 
with higher costs and demand more quality assur-
ance, qualified personnel, time per patient, and in-
frastructure investments. As a result, the treatment 
capacity of radiation devices decreased [31]. 

Variations in treatment-center accessibility 
and patient socioeconomic factors strongly cor-
relate with RT access inequities. RT resource avail-
ability is determined by case volume, economic 
status, healthcare priorities, health expenditure, 
and national economic welfare, which play a piv-
otal role in the ability to acquire and maintain RT 
equipment. A crucial parameter in determining 
radiation services in each country is the number 
of people served by each mega-voltage machine 
(MVM). The International Atomic Energy Agen-
cy (IAEA) recommends 1 MVM for every 250,000 
people [32]. A ratio of 650,000 inhabitants per 
MVM was reported in LA. In LA, only Uruguay, 
a country with a small population, meets the IAEA 
recommendation [33]. Previous government ef-
forts that have tried to meet the RT demand by ac-
quiring new RT equipment have not been sufficient 
to overcome the current deficit or the future de-
mand(34), thus emphasizing the need to optimize 
the existing equipment. 

Despite the initial expenses, investing in RT ex-
pansion would be cost-effective. Physicians, epide-
miologists, and health economists have argued that 
scaling up RT services over the next 20 years to meet 
the worldwide demand could save 26.9 million life 
years in LMICs. Moreover, the economic benefits 

could total up to 278 billion USD from productiv-
ity gains during that same time, thus saving both 
lives and money [32]. In addition to acquiring new 
equipment, scaling up can be achieved through op-
timizing existing equipment use and scheduling. 

HrT as a solution to increase rT 
access

RT access is limited by several factors including 
geographical center proximity, cost, and availabili-
ty. Hypofractionation can safely shorten total treat-
ment times and increase the number of patients 
per device, resulting in high-quality care to a larger 
number of patients [9]. 

Recent reviews have focused on cost contain-
ment derived from HRT. In addition, HRT presents 
patients with several benefits including fewer com-
mutes to RT centers. There are potential reductions 
in out-of-pocket expenses, including commuting 
costs and income/productivity loss associated with 
longer treatments. Further savings to care provi-
sions may be associated with a reduced need for 
patient accommodations, nursing/doctor consulta-
tions, and patient-assisted transport schemes [35]. 
In LMICs, conventional breast cancer costs can be 
reduced from 2,232 USD to 1,339 USD and pros-
tate from 3,389 USD to 1,699 USD [7]. Cost-calcu-
lation models have demonstrated that daily opera-
tion expenditures outweigh capital machine costs 
in RT treatment planning and delivery. Because RT 
costs are largely a product of time, hypofraction-
ation can reduce the burden of rising healthcare 
costs. However, the goal of HRT in resource-lim-
ited settings is to increase the number of patients 
treated in a single machine to serve more patients 
with the available infrastructure [36].

Hypofractionation is most discussed in pros-
tate and breast cancer treatments, which constitute 
the two largest patient cohorts and a large health 
system burden [37]. For example, Pakistan has 
a population of 180 million and 15 medical linear 
accelerators (LINACs); thus, HRT adoption for 
breast cancer would result in a significantly high-
er population OS [38]. Results may be improved 
if this strategy is extended to other malignancies. 
Additionally, full hypofractionation implementa-
tion in Africa could reduce costs by around 40% 
and 60% for breast and prostate treatments, respec-
tively. These conclusions can potentially be extend-
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ed to LA, even though LINAC scarcity is not as 
pronounced as it is in Pakistan or Africa [7].

This panel concludes, based on this data, that in 
LA, where access is a pressing issue, technological 
progress must be accompanied by hypofraction-
ation implementation, considering time, cost-sav-
ings, and ethical implications. 

HrT basic technology requirements 
in limited resource settings

The evolution of RT precision has more technical 
requirements for its provision. Modern treatments 
require CT-based simulation guidance and LINACs 
to deliver treatment at a minimum. More advanced 
technologies, such as IMRT, IGRT, and other up-
grades facilitate the introduction of hypofraction-
ation schemes but are not strictly necessary in all 
cases [39]. Nevertheless, the limited availability of 
these advanced technologies in LA poses an ob-
stacle to the widespread adoption of HRT, which 
would most benefit the whole region in terms of 
efficiency and access [40].

Several technologies are needed to perform 
HRT safely and effectively. These include CT scan, 
magnetic resonance imaging (MRI), four-dimen-
sion CT (4DCT), cone-beam CT (CBCT), eletron-
ic portal imaging devices (EPID), PET scanners, 
and immobilization accessories. The consequences 
of missing a target with HRT are more serious than 
those of conventional regimens because a greater 
dosimetric impact may occur, reducing the chances 
of disease control and increasing treatment toxici-

ty [41]. Table 2 summarizes the basic technology 
necessary for HRT for different treatment sites. 
Of note, there is no consensus on the required 
frequency of target verification, which is a crucial 
factor to ensure efficacy, safety, and toxicity con-
trol. The ideal verification frequency varies based 
on cancer type and technique used; however, HRT 
requires at least a weekly verification for moder-
ate hypofractionation; and daily online verification, 
for extreme hypofractionation or SBRT, based on 
this panel’s experience. Without these minimal re-
quirements, HRT should not be performed due to 
safety issues.

reimbursement for HrT

LA health systems are fragmented into sub-
systems that have different financing, affiliation, 
and health-care delivery modalities, pervad-
ing the region with inequalities [42]. Most pub-
lic healthcare systems in the region reimburse RT 
without differentiating the fraction size and tech-
nology used. Reimbursement is a major influenc-
ing factor for RT prescription, as therapy-cost esca-
lations run parallel with the fractionation schedule 
[43]. In particular, reimbursement systems that 
support a fraction-based model or fee-for-service 
reward more extended treatments [44]. Although 
LA data is limited, more conclusions can be drawn 
from international paradigms. For example, in 
2011, 57% of patients that underwent breast ra-
diation in the US had unnecessarily costly treat-
ment, accounting for over 420 million USD. HRT 

table 2. Minimal technological requirements to perform hypofractionated radiotherapy (HrT) in resource limited settings

Treatment site  Contouring Patient Localization Treatment technique References

Breast CT scan Skin mark 3DCrT [11]

Prostate CT scan 2D-ePID* 3DCrT [63]

lung/thorax CT scan** CBCT
3DCrT

[64, 65]
Conformal arc

Bone

CT scan or

CBCT

3DCrT

[66, 67]CT scan and MrI*** Conformal arc 

or IMrT (spine)

CNS CT scan and MrI 2D-ePID****
3DCrT

[68]
Conformal arc

rectal CT scan Skin mark 3DCrT [69]

CT — computed tomography; 3DCrT — three-dimensional conformal radiotherapy; CBCT — cone beam CT; MrI — magnetic resonance imaging; 
ePID — electronic portal imaging device; CNS — central nervous system; * In moderate hypofractionation with online verification.; **with slow CT scan or with 
the inhale and exhale breath-hold method; ***MrI should be used in spine SBrT and if the target is not well visualized on CT; ****not appropriated for single 
fraction radiosurgery procedures
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protocols in these patients could have potentially 
reduced these costs by 40% [45]. When examin-
ing fraction-based models in Europe, variability 
was the major and most interesting finding, both 
in the treatment components considered for re-
imbursement and in fees that are paid for each 
treatment technique, fraction, and indication 
[46]. Although there are no similar studies for LA, 
the situation is likely comparable. 

Thus, reimbursement for RT should be based 
on bundles or value-based approaches, such as 
pay-for-performance or outcome-based payments, 
instead of a fraction-based model [47]. A Brazilian 
study noted that the change from fee-for-service 
schemes to bundle payment strategies was reflected 
in the prescription of shorter schedules, benefit-
ting low-resource settings [48]. However, this shift 
to bundle reimbursement is not a risk-free opera-
tion. Theoretically, it could lead to undertreatment, 
prioritization of less complex cases, and decrease 
in quality of care [49]. Therefore, medical audit 
programs and adherence to CPG are imperative 
to mitigate these risks [50].

Challenges to the widespread 
adoption of HrT in lA

Although HRT has demonstrated the potential 
to improve population health outcomes and access 
to RT, challenges to its widespread adoption in LA 
exist. Research on access barriers to RT are insuf-
ficient in LA, and a lack of stakeholder awareness 
remains regarding HRT’s potential to maximize 
the utilization of existing equipment. In addition 
to the major reimbursement barrier previously 
discussed, the principal barriers to the widespread 
implementation of HRT in LA are:

lack of national and regional CPG 
and cancer registries 

National and regional CPG on RT are largely lack-
ing in LA, especially for HRT. These are necessary 
to streamline care and could result in cost and time 
savings, optimal use of resources, and quality im-
provement. An informed healthcare community 
is vital for incorporating new technology. Adher-
ence to guidelines and protocols is imperative to 
avoid adverse outcomes, especially when adopting 
complex modalities such as HRT. This shift can 
only happen if the diverse perspectives of patients, 

clinicians, healthcare leaders, and payers are inte-
grated to create feasible and sustainable solutions. 
Furthermore, resources for planning and imple-
menting evidence-based cancer control programs 
are not available in most LA counties. Only 6% of 
the LA population is covered by PBCRs, compared 
with 32% of the European population [51].

lack of human resources and personnel 
education

There is a significant shortage of radiation on-
cologists, medical physicists, radiation therapists, 
nurses and other staff involved in RT. As RT in-
frastructure scales up, so will the need for an in-
creased number of specialist and medical training 
programs in each country. Similar to RT equip-
ment distribution, there are also marked geograph-
ical disparities in human resource distribution. 
Furthermore, knowledge and awareness on HRT 
in LA is currently deficient but crucial to success-
fully implement HRT [52]. Current evidence on 
HRT has not yet translated into clinical practice in 
part because of an intrinsic resistance to change by 
the medical community, which may be ameliorated 
by the inclusion of HRT in local CPG.

High up-front costs of equipment
The high up-front costs to acquire the necessary 

infrastructure for RT is a major barrier to increas-
ing access. Although HRT provides a solution to 
optimize the use of existing equipment, increasing 
the installed capacities of radiotherapy equipment 
in most countries is still required. The technology 
acquisition gap is further widened because equip-
ment is negotiated and acquired in USD by weaker 
currencies and depend on the market size, putting 
smaller markets at a disadvantage. A 2021 survey 
reported that radiation oncologists from LMICs 
were significantly less likely to use hypofraction-
ation than Europeans. Among LA respondents, 
lack of technology is the most common barrier 
for hypofractionation use [52].

Disparate resource distribution 
and access

In LA, there are geographical disparities be-
tween the number of machines available in larger 
cities versus rural areas, resulting in unequal RT 
access in general and often leaving rural areas un-
derserved [53].
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Scarce HrT research
Local research on the HRT outcomes in the LA 

population is very limited. This is not a barrier ex-
clusive to HRT but directly impacts its implemen-
tation. Numerous barriers exist that hinder clinical 
trial design and execution in the region. Moreover, 
funding for HRT research is scarce.

recommendations 

HRT protocols provide a path to yield signifi-
cant cost savings, while offering comparable local 
control, toxicity, palliation, and late effects for some 
indications when compared to conventional RT. As 
we have seen, HRT advances the objectives of pa-
tient-centric care, timeliness, efficiency, and equity, 
providing valuable advantages in patient conve-
nience [7, 9]. The COVID-19 pandemic accelerated 
changes that catalyzed the implementation of these 
protocols and prioritized patient-center care and, 
ideally, should continue in post-pandemic practice. 
Decision-makers should consider feedback from 
physicians and medical societies, patients, other 
governments, academic institutions, and technol-
ogy suppliers to include different perspectives, 
which will aid in prioritizing the correct equipment 
to impact public health needs long-term. The pan-

el proposes the following recommendations to in-
crease the adoption and awareness of HRT in LA. 
A summary of the challenges, benefits, and recom-
mendations to increasing the widespread adoption 
of HRT can be found in Figure 1. 

1. Develop national and regional clinical 
practice guidelines (CPG) that address 

HrT 
National and regional CPGs must be developed 

and continuously updated to facilitate HRT im-
plementation. This can be done by adapting inter-
national CPGs to local contexts and establishing 
access landscape through collaboration between 
national radiation societies, the LA Association 
of Therapeutic Radiation Oncology (ALATRO), 
and LA governments. CPGs must consider and pro-
vide recommendations on the most cost-effective 
and resource-efficient protocols. Health institu-
tions must require guideline adherence and imple-
ment internal audits to ensure accountability.

2. Provide continued medical education 
and training opportunities

Evidence-based education on HRT for radiation 
oncologists, physicists, and therapists must be pro-
vided to ensure its safe and effective delivery [52]. 

Figure 1. Situation map for increasing the adoption of hypofractionated radiotherapy (HrT) in latin America
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Effective clinical decision support is needed to ad-
dress knowledge gaps that contribute to unequal 
access to RT, specifically targeting practitioners, 
payers, and decision-makers. Mandatory contin-
ued medical education and training must be part of 
the HRT development plans for RT providers. Ad-
ditionally, academic programs must be standard-
ized to guarantee that all receive accurate training 
on implementing HRT protocols. 

3. Update rT reimbursement models
Reimbursement modalities must prioritize re-

source optimization and population health out-
comes. RT reimbursement should be based on 
the bundle payments or value-based approaches, 
such as outcome-based-payments or pay-for-per-
formance instead of fee-for-service models [47].

4. Infrastructure investments 
and acquisition

An increasing cancer burden and the consequen-
tial increased demand for RT will render new de-
vice purchase necessary, as the current available RT 
equipment throughout the region is not sufficient 
and has a limited lifespan [4]. LA countries must 
collaborate to engage in collective regional nego-
tiations to offset the high cost of RT equipment 
and mitigate small market disadvantages. Fur-
thermore, updating existing RT equipment makes 
the radiation process more efficient and requires 
comparably lower investments. 

5. Address geographical disparities of rT 
infrastructure and human resources  

The shortage of radiation oncologists, physicists, 
and therapists can be addressed by creating oppor-
tunities in local training programs for RT special-
ists. Telemedicine could provide a path forward to 
breach the gaps created by geographical maldistri-
bution of RT resources by implementing remote 
RT treatments planned and supervised by radiation 
oncologists and physicists. 

6. Increase local research
Research on RT schedules with a focus on 

shortening total fractions for different tumor sites 
should be a priority in LA to lay the groundwork 
for evidence-based decision-making. Govern-
ments should fund national databases to collect 
reliable data and statistics to characterize the use of 

RT, including HRT outcomes. This real-world data 
will, presumably, benefit physicians, payers, manu-
facturers, and regulatory agencies.

7. Consider alternative fractionation 
protocols and scheduling optimization 
HRT is not a one-size-fits-all solution. Tu-

mors have different α/β ratios and, thus, may re-
spond differently to different radiation schedules, 
which should be considered while administering 
RT. While hypofractionation is better suited for 
tumors with lower α/β ratios, such as those orig-
inated in the breast or in the prostate [54], alter-
native fractionations can be studied for tumors 
with higher α/β ratios, providing more solutions. 
The quest for developing time- and cost-saving 
innovations, such as hyperfractionated or acceler-
ated RT [55], to expand access to limited RT re-
sources must continue. 

Besides, radiation is delivered, traditional-
ly, in daily fractions from Mondays to Fridays. 
This has radiobiological explanations beyond 
the scope of this paper [56], but, in the era of 
precision medicine, this uniformity may be more 
social or political than scientifically planned. If 
weekends are implemented, adding 2 more days, 
productivity has the potential to proportionately 
increase by up to 40%. Patients with oncologic 
emergencies could take advantage of this new 
organization and be treated during holidays 
and weekends, potentially improving palliative 
results with a small added cost, mainly related to 
personal, and reducing wait times for other new 
patients [57].

Conflicts of interest
The co-authors declare no conflicts of interest.

Funding
None declared.

references

1. world Bank Open Data. Data Internet 2021. https://data.
worldbank.org.

2. Barrios CH, werutsky G, Mohar A, et al. Cancer control 
in latin America and the Caribbean: recent advances 
and opportunities to move forward. lancet Oncol. 2021; 
22(11): e474–e487, doi: 10.1016/S1470-2045(21)00492-7, 
indexed in Pubmed: 34735817.

3. Barton MB, Frommer M, Shafiq J. role of radiotherapy in 
cancer control in low-income and middle-income coun-

https://data.worldbank.org/
https://data.worldbank.org/
http://dx.doi.org/10.1016/S1470-2045(21)00492-7
https://www.ncbi.nlm.nih.gov/pubmed/34735817


Marcos Santos et al. Hypofractionated radiotherapy in Latin America

1103https://journals.viamedica.pl/rpor

tries. lancet Oncol. 2006; 7(7): 584–595, doi:  10.1016/
S1470-2045(06)70759-8, indexed in Pubmed: 16814210.

4. Zubizarreta e, van Dyk J, lievens Y. Analysis of Global 
radiotherapy Needs and Costs by Geographic region 
and Income level. Clin Oncol (r Coll radiol). 2017; 
29(2): 84–92, doi: 10.1016/j.clon.2016.11.011, indexed in 
Pubmed: 27939337.

5. Maistrenko O. Division for Human Health: DIrAC (DIrecto-
ry of rAdiotherapy Centres) 2021. https://dirac.iaea.org/.

6. Health equipment — radiotherapy equipment. OeCD 
Data: @OeCD; 2021.  http://data.oecd.org/healtheqt/
radiotherapy-equipment.htm.

7. Irabor OC, Swanson w, Shaukat F, et al. Can the Adoption 
of Hypofractionation Guidelines expand Global radio-
therapy Access? An Analysis for Breast and Prostate radio-
therapy. JCO Glob Oncol. 2020; 6: 667–678, doi: 10.1200/
JGO.19.00261, indexed in Pubmed: 32343628.

8. latin America and Caribbean Overview: Develop-
ment news, research, data | world Bank: world Bank; 
2021.  https://www.worldbank.org/en/region/lac/over-
view#1.

9. lievens Y, Borras JM, Grau C, et al. value-based radio-
therapy: A new chapter of the eSTrO-HerO project. 
radiother Oncol. 2021; 160: 236–239, doi:  10.1016/j.
radonc.2021.05.007, indexed in Pubmed: 33992629.

10. Hickey Be, James Ml, lehman M, et al. Fraction size in 
radiation treatment for breast conservation in early breast 
cancer. Cochrane Database Syst rev. 2008; 7(3): CD003860, 
doi:  10.1002/14651858.CD003860.pub2, indexed in 
Pubmed: 18646095.

11. Haviland JS, Owen Jr, Dewar JA, et al. STArT Trialists’ 
Group. The UK Standardisation of Breast radiotherapy 
(STArT) trials of radiotherapy hypofractionation for treat-
ment of early breast cancer: 10-year follow-up results of 
two randomised controlled trials. lancet Oncol. 2013; 
14(11): 1086–1094, doi: 10.1016/S1470-2045(13)70386-3, 
indexed in Pubmed: 24055415.

12. Murray Brunt A, Haviland JS, wheatley DA, et al. FAST-For-
ward Trial Management Group. Hypofractionated breast 
radiotherapy for 1 week versus 3 weeks (FAST-Forward): 
5-year efficacy and late normal tissue effects results from 
a multicentre, non-inferiority, randomised, phase 3 trial. 
lancet. 2020; 395(10237): 1613–1626, doi: 10.1016/S0140-
6736(20)30932-6, indexed in Pubmed: 32580883.

13. Haviland JS, Owen Jr, Dewar JA, et al. STArT Trialists’ 
Group. The UK Standardisation of Breast radiotherapy 
(STArT) trials of radiotherapy hypofractionation for treat-
ment of early breast cancer: 10-year follow-up results of 
two randomised controlled trials. lancet Oncol. 2013; 
14(11): 1086–1094, doi: 10.1016/S1470-2045(13)70386-3, 
indexed in Pubmed: 24055415.

14. whelan TJ, Pignol JP, levine MN, et al. long-term results 
of hypofractionated radiation therapy for breast cancer. 
N engl J Med. 2010; 362(6): 513–520, doi: 10.1056/NeJ-
Moa0906260, indexed in Pubmed: 20147717.

15. Avkshtol v, ruth KJ, ross eA, et al. Ten-Year Update of 
a randomized, Prospective Trial of Conventional Frac-
tionated versus Moderate Hypofractionated radiation 
Therapy for localized Prostate Cancer. J Clin Oncol. 2020; 
38(15): 1676–1684, doi: 10.1200/JCO.19.01485, indexed in 
Pubmed: 32119599.

16. Jackson wC, Silva J, Hartman He, et al. Stereotactic 
Body radiation Therapy for localized Prostate Cancer: 

A Systematic review and Meta-Analysis of Over 6,000 
Patients Treated On Prospective Studies. Int J radiat 
Oncol Biol Phys. 2019; 104(4): 778–789, doi:  10.1016/j.
ijrobp.2019.03.051, indexed in Pubmed: 30959121.

17. Zaorsky NG, Davis BJ, Nguyen Pl, et al. The evolution of 
brachytherapy for prostate cancer. Nat rev Urol. 2017; 
14(7): 415–439, doi: 10.1038/nrurol.2017.76, indexed in 
Pubmed: 28664931.

18. Chang J, Senan S, Paul M, et al. Stereotactic ablative radio-
therapy versus lobectomy for operable stage I non-small-
cell lung cancer: a pooled analysis of two randomised 
trials. lancet Oncol. 2015; 16(6): 630–637, doi: 10.1016/
s1470-2045(15)70168-3, indexed in Pubmed: 25981812.

19. Maguire J, Khan I, McMenemin r, et al. SOCCAr: A ran-
domised phase II trial comparing sequential versus con-
current chemotherapy and radical hypofractionated 
radiotherapy in patients with inoperable stage III Non-
Small Cell lung Cancer and good performance status. 
eur J Cancer. 2014; 50(17): 2939–2949, doi:  10.1016/j.
ejca.2014.07.009, indexed in Pubmed: 25304298.

20. rodrigues G, videtic GMM, Sur r, et al. Palliative thoracic 
radiotherapy in lung cancer: An American Society for ra-
diation Oncology evidence-based clinical practice guide-
line. Pract radiat Oncol. 2011; 1(2): 60–71, doi: 10.1016/j.
prro.2011.01.005, indexed in Pubmed: 25740118.

21. Marijnen CAM, Peters FP, rödel C, et al. International expert 
consensus statement regarding radiotherapy treatment 
options for rectal cancer during the COvID 19 pandemic. 
radiother Oncol. 2020; 148: 213–215, doi: 10.1016/j.ra-
donc.2020.03.039, indexed in Pubmed: 32342861.

22. ling DC, vargo JA, Beriwal S. Breast, Prostate, and rectal 
Cancer: Should 5-5-5 Be a New Standard of Care? Int J ra-
diat Oncol Biol Phys. 2020; 108(2): 390–393, doi: 10.1016/j.
ijrobp.2020.06.049, indexed in Pubmed: 32890517.

23. Stupp r, Hegi M, Mason w, et al. effects of radiotherapy 
with concomitant and adjuvant temozolomide versus 
radiotherapy alone on survival in glioblastoma in a ran-
domised phase III study: 5-year analysis of the eOrTC-NCIC 
trial. lancet Oncol. 2009; 10(5): 459–466, doi: 10.1016/
s1470-2045(09)70025-7, indexed in Pubmed: 19269895 .

24. Ghosh S, Baker S, de Castro DG, et al. International Atomic 
energy Agency randomized Phase III Study of radiation 
Therapy in elderly and/or Frail Patients with Newly Diag-
nosed Glioblastoma Multiforme. J Clin Oncol. 2015; 33(35): 
4145–4150, doi:  10.1200/JCO.2015.62.6606, indexed in 
Pubmed: 26392096.

25. lutz S, Hoskin P, Chow e. Update on Palliative radiothera-
py endpoints for Bone Metastasis Trials. Clinical Oncology. 
2009; 21(9): 659–661, doi:  10.1016/j.clon.2009.07.013, 
indexed in Pubmed: 19713088.

26. roos De, Turner Sl, O’Brien PC, et al. Trans-Tasman radi-
ation Oncology Group, TrOG 96.05. randomized trial of 
8 Gy in 1 versus 20 Gy in 5 fractions of radiotherapy for 
neuropathic pain due to bone metastases (Trans-Tasman 
radiation Oncology Group, TrOG 96.05). radiother Oncol. 
2005; 75(1): 54–63, doi:  10.1016/j.radonc.2004.09.017, 
indexed in Pubmed: 15878101.

27. redmond KJ, De Salles AAF, Fariselli l, et al. Stereotac-
tic radiosurgery for Postoperative Metastatic Surgical 
Cavities: A Critical review and International Stereotactic 
radiosurgery Society (ISrS) Practice Guidelines. Int J ra-
diat Oncol Biol Phys. 2021; 111(1): 68–80, doi: 10.1016/j.
ijrobp.2021.04.016, indexed in Pubmed: 33891979.

http://dx.doi.org/10.1016/S1470-2045(06)70759-8
http://dx.doi.org/10.1016/S1470-2045(06)70759-8
https://www.ncbi.nlm.nih.gov/pubmed/16814210
http://dx.doi.org/10.1016/j.clon.2016.11.011
https://www.ncbi.nlm.nih.gov/pubmed/27939337
https://dirac.iaea.org/
http://data.oecd.org/healtheqt/radiotherapy-equipment.htm
http://data.oecd.org/healtheqt/radiotherapy-equipment.htm
http://dx.doi.org/10.1200/JGO.19.00261
http://dx.doi.org/10.1200/JGO.19.00261
https://www.ncbi.nlm.nih.gov/pubmed/32343628
http://dx.doi.org/10.1016/j.radonc.2021.05.007
http://dx.doi.org/10.1016/j.radonc.2021.05.007
https://www.ncbi.nlm.nih.gov/pubmed/33992629
http://dx.doi.org/10.1002/14651858.CD003860.pub2
https://www.ncbi.nlm.nih.gov/pubmed/18646095
http://dx.doi.org/10.1016/S1470-2045(13)70386-3
https://www.ncbi.nlm.nih.gov/pubmed/24055415
http://dx.doi.org/10.1016/S0140-6736(20)30932-6
http://dx.doi.org/10.1016/S0140-6736(20)30932-6
https://www.ncbi.nlm.nih.gov/pubmed/32580883
http://dx.doi.org/10.1016/S1470-2045(13)70386-3
https://www.ncbi.nlm.nih.gov/pubmed/24055415
http://dx.doi.org/10.1056/NEJMoa0906260
http://dx.doi.org/10.1056/NEJMoa0906260
https://www.ncbi.nlm.nih.gov/pubmed/20147717
http://dx.doi.org/10.1200/JCO.19.01485
https://www.ncbi.nlm.nih.gov/pubmed/32119599
http://dx.doi.org/10.1016/j.ijrobp.2019.03.051
http://dx.doi.org/10.1016/j.ijrobp.2019.03.051
https://www.ncbi.nlm.nih.gov/pubmed/30959121
http://dx.doi.org/10.1038/nrurol.2017.76
https://www.ncbi.nlm.nih.gov/pubmed/28664931
http://dx.doi.org/10.1016/s1470-2045(15)70168-3
http://dx.doi.org/10.1016/s1470-2045(15)70168-3
https://www.ncbi.nlm.nih.gov/pubmed/25981812
http://dx.doi.org/10.1016/j.ejca.2014.07.009
http://dx.doi.org/10.1016/j.ejca.2014.07.009
https://www.ncbi.nlm.nih.gov/pubmed/25304298
http://dx.doi.org/10.1016/j.prro.2011.01.005
http://dx.doi.org/10.1016/j.prro.2011.01.005
https://www.ncbi.nlm.nih.gov/pubmed/25740118
http://dx.doi.org/10.1016/j.radonc.2020.03.039
http://dx.doi.org/10.1016/j.radonc.2020.03.039
https://www.ncbi.nlm.nih.gov/pubmed/32342861
http://dx.doi.org/10.1016/j.ijrobp.2020.06.049
http://dx.doi.org/10.1016/j.ijrobp.2020.06.049
https://www.ncbi.nlm.nih.gov/pubmed/32890517
http://dx.doi.org/10.1016/s1470-2045(09)70025-7
http://dx.doi.org/10.1016/s1470-2045(09)70025-7
https://www.ncbi.nlm.nih.gov/pubmed/19269895
http://dx.doi.org/10.1200/JCO.2015.62.6606
https://www.ncbi.nlm.nih.gov/pubmed/26392096
http://dx.doi.org/10.1016/j.clon.2009.07.013
https://www.ncbi.nlm.nih.gov/pubmed/19713088
http://dx.doi.org/10.1016/j.radonc.2004.09.017
https://www.ncbi.nlm.nih.gov/pubmed/15878101
http://dx.doi.org/10.1016/j.ijrobp.2021.04.016
http://dx.doi.org/10.1016/j.ijrobp.2021.04.016
https://www.ncbi.nlm.nih.gov/pubmed/33891979


Reports of Practical Oncology and Radiotherapy 2022, vol. 27, no. 6

https://journals.viamedica.pl/rpor1104

28. Aoyama H, Tago M, Kato N, et al. Stereotactic radiosur-
gery plus whole-brain radiation therapy vs stereotactic 
radiosurgery alone for treatment of brain metastases: 
a randomized controlled trial. JAMA. 2006; 295(21): 
2483–2491, doi:  10.1001/jama.295.21.2483, indexed in 
Pubmed: 16757720.

29. rosenblatt e, Fidarova e, Zubizarreta eH, et al. radiother-
apy utilization in developing countries: An IAeA study. 
radiother Oncol. 2018; 128(3): 400–405, doi:  10.1016/j.
radonc.2018.05.014, indexed in Pubmed: 29859755.

30. Santos M, Oliveira e Silva lF, Kohler HF, et al. Health-re-
lated Quality of life Outcomes in Head and Neck Cancer: 
results From a Prospective, real-world Data Study with 
Brazilian Patients Treated with Intensity Modulated ra-
diation Therapy, Conformal and Conventional radiation 
Techniques. Int J radiat Oncol Biol Phys. 2021; 109(2): 
485–494, doi:  10.1016/j.ijrobp.2020.09.044, indexed in 
Pubmed: 33007435.

31. van de werf e, verstraete J, lievens Y. The cost of radiother-
apy in a decade of technology evolution. radiother Oncol. 
2012; 102(1): 148–153, doi: 10.1016/j.radonc.2011.07.033, 
indexed in Pubmed: 21872955.

32. Atun r, Jaffray DA, Barton MB, et al. expanding global 
access to radiotherapy. lancet Oncol. 2015; 16(10): 
1153–1186, doi:  10.1016/S1470-2045(15)00222-3, in-
dexed in Pubmed: 26419354.

33. Amendola B, Amendola M. Status of radiation Ther-
apy in Uruguay: Past, Present, and Future. Int J radiat 
Oncol Biol Phys. 2016; 94(3): 428–434, doi:  10.1016/j.
ijrobp.2015.09.025, indexed in Pubmed: 26867870.

34. Araújo lDe, Sá NDe, Atty A. Necessidades Atuais de 
radioterapia no SUS e estimativas para o Ano de 2030. 
revista Brasileira de Cancerologia. 2016; 62(1): 35–42, 
doi: 10.32635/2176-9745.rbc.2016v62n1.177.

35. Hunter D, Mauldon e, Anderson N. Cost-containment in 
hypofractionated radiation therapy: a literature review. 
J Med radiat Sci. 2018; 65(2): 148–157, doi:  10.1002/
jmrs.273, indexed in Pubmed: 29532613.

36. lievens Y. Hypofractionated breast radiotherapy: finan-
cial and economic consequences. Breast. 2010; 19(3): 
192–197, doi:  10.1016/j.breast.2010.03.003, indexed in 
Pubmed: 20511069.

37. Sung H, Ferlay J, Siegel rl, et al. Global Cancer Statistics 
2020: GlOBOCAN estimates of Incidence and Mortality 
worldwide for 36 Cancers in 185 Countries. CA Cancer 
J Clin. 2021; 71(3): 209–249, doi:  10.3322/caac.21660, 
indexed in Pubmed: 33538338.

38. Khan AJ, rafique r, Zafar w, et al. Nation-Scale Adoption of 
Shorter Breast radiation Therapy Schedules Can Increase 
Survival in resource Constrained economies: results From 
a Markov Chain Analysis. Int J radiat Oncol Biol Phys. 2017; 
97(2): 287–295, doi: 10.1016/j.ijrobp.2016.10.002, indexed 
in Pubmed: 27986343.

39. Catton CN, lukka H, Gu CS, et al. randomized Trial of 
a Hypofractionated radiation regimen for the Treatment 
of localized Prostate Cancer. J Clin Oncol. 2017; 35(17): 
1884–1890, doi:  10.1200/JCO.2016.71.7397, indexed in 
Pubmed: 28296582.

40. Yap Ml, Hanna TP, Shafiq J, et al. The Benefits of Pro-
viding external Beam radiotherapy in low- and Mid-
dle-income Countries. Clin Oncol (r Coll radiol). 2017; 
29(2): 72–83, doi: 10.1016/j.clon.2016.11.003, indexed in 
Pubmed: 27916340.

41. Mireștean CC, Ago M, Buzea CG, Cazacu MM, Preliceanu 
M, Iancu rI. radiotheray challenges in COvID era. In: Balas 
v, Geman O, wang G, Arif M, Postolache O. ed. Biomedi-
cal engineering Tools for Management for Patients with 
COvID-19. elsevier 2021: 41–72.

42. Montenegro H, Holder r, ramagem C, et al. Combat-
ing health care fragmentation through integrated 
health service delivery networks in the Americas: 
lessons learned. J Integr Care. 2011; 19(5): 5–16, 
doi: 10.1108/14769011111176707.

43. Konski AA. Defining value in radiation Oncology: Ap-
proaches to weighing Benefits vs Costs. Oncology (williston 
Park). 2017; 31(4): 248–254, indexed in Pubmed: 28412775.

44. Kachnic l, Berk l. Palliative single-fraction radiation ther-
apy: how much more evidence is needed? J Natl Cancer 
Inst. 2005; 97(11): 786–788, doi:  10.1093/jnci/dji166, 
indexed in Pubmed: 15928293.

45. Greenup rA, Blitzblau rC, Houck Kl, et al. Cost Impli-
cations of an evidence-Based Approach to radiation 
Treatment After lumpectomy for early-Stage Breast Can-
cer. J Oncol Pract. 2017; 13(4): e283–e290, doi: 10.1200/
JOP.2016.016683, indexed in Pubmed: 28291382.

46. lievens Y, Defourny N, Corral J, et al. eSTrO–HerO Con-
sortium Collaborators. How public health services pay 
for radiotherapy in europe: an eSTrO-HerO analysis 
of reimbursement. lancet Oncol. 2020; 21(1): e42–
e54, doi:  10.1016/S1470-2045(19)30794-6, indexed in 
Pubmed: 31908306.

47. Borras JM, Corral J, Aggarwal A, et al. Innovation, value 
and reimbursement in radiation and complex surgical 
oncology: Time to rethink. radiother Oncol. 2022; 169(5): 
114–123, doi: 10.1016/j.radonc.2021.08.002, indexed in 
Pubmed: 34461186.

48. Santos M, Solbakk JH, Garrafa v. The rise of reimburse-
ment-based medicine: the case of bone metastasis 
radiation treatment. J Med ethics. 2018; 44(3): 171–173, 
doi:  10.1136/medethics-2016-103607, indexed in 
Pubmed: 28780524.

49. Bernstein DN, reitblat C, van de Graaf vA, et al. Is There 
An Association Between Bundled Payments and “Cherry 
Picking” and “lemon Dropping” in Orthopaedic Surgery? 
A Systematic review. Clin Orthop relat res. 2021; 479(11): 
2430–2443, doi:  10.1097/COrr.0000000000001792, 
indexed in Pubmed: 33942797.

50. lievens Y, Audisio r, Banks I, et al. Towards an evidence-in-
formed value scale for surgical and radiation oncology: 
a multi-stakeholder perspective. lancet Oncol. 2019; 
20(2): e112–e123, doi: 10.1016/S1470-2045(18)30917-3, 
indexed in Pubmed: 30712798.

51. Centers for Disease Control and Prevention. National 
Program of Cancer registriess (NPCr) 2021 [updated 
2021-02-18T01:21:16Z].  https://www.cdc.gov/cancer/
npcr/about.htm.

52. rodin D, Tawk B, Mohamad O, et al. Hypofractionated 
radiotherapy in the real-world setting: An internation-
al eSTrO-GIrO survey. radiother Oncol. 2021; 157: 
32–39, doi:  10.1016/j.radonc.2021.01.003, indexed in 
Pubmed: 33453312.

53. Caicedo-Martinez M, li B, Gonzalez-Motta A, et al. 
radiation Oncology in Colombia: An Opportunity for 
Improvement in the Postconflict era. Int J radiat On-
col Biol Phys. 2021; 109(5): 1142–1150, doi:  10.1016/j.
ijrobp.2020.12.006, indexed in Pubmed: 33714525.

http://dx.doi.org/10.1001/jama.295.21.2483
https://www.ncbi.nlm.nih.gov/pubmed/16757720
http://dx.doi.org/10.1016/j.radonc.2018.05.014
http://dx.doi.org/10.1016/j.radonc.2018.05.014
https://www.ncbi.nlm.nih.gov/pubmed/29859755
http://dx.doi.org/10.1016/j.ijrobp.2020.09.044
https://www.ncbi.nlm.nih.gov/pubmed/33007435
http://dx.doi.org/10.1016/j.radonc.2011.07.033
https://www.ncbi.nlm.nih.gov/pubmed/21872955
http://dx.doi.org/10.1016/S1470-2045(15)00222-3
https://www.ncbi.nlm.nih.gov/pubmed/26419354
http://dx.doi.org/10.1016/j.ijrobp.2015.09.025
http://dx.doi.org/10.1016/j.ijrobp.2015.09.025
https://www.ncbi.nlm.nih.gov/pubmed/26867870
http://dx.doi.org/10.32635/2176-9745.rbc.2016v62n1.177
http://dx.doi.org/10.1002/jmrs.273
http://dx.doi.org/10.1002/jmrs.273
https://www.ncbi.nlm.nih.gov/pubmed/29532613
http://dx.doi.org/10.1016/j.breast.2010.03.003
https://www.ncbi.nlm.nih.gov/pubmed/20511069
http://dx.doi.org/10.3322/caac.21660
https://www.ncbi.nlm.nih.gov/pubmed/33538338
http://dx.doi.org/10.1016/j.ijrobp.2016.10.002
https://www.ncbi.nlm.nih.gov/pubmed/27986343
http://dx.doi.org/10.1200/JCO.2016.71.7397
https://www.ncbi.nlm.nih.gov/pubmed/28296582
http://dx.doi.org/10.1016/j.clon.2016.11.003
https://www.ncbi.nlm.nih.gov/pubmed/27916340
http://dx.doi.org/10.1108/14769011111176707
https://www.ncbi.nlm.nih.gov/pubmed/28412775
http://dx.doi.org/10.1093/jnci/dji166
https://www.ncbi.nlm.nih.gov/pubmed/15928293
http://dx.doi.org/10.1200/JOP.2016.016683
http://dx.doi.org/10.1200/JOP.2016.016683
https://www.ncbi.nlm.nih.gov/pubmed/28291382
http://dx.doi.org/10.1016/S1470-2045(19)30794-6
https://www.ncbi.nlm.nih.gov/pubmed/31908306
http://dx.doi.org/10.1016/j.radonc.2021.08.002
https://www.ncbi.nlm.nih.gov/pubmed/34461186
http://dx.doi.org/10.1136/medethics-2016-103607
https://www.ncbi.nlm.nih.gov/pubmed/28780524
http://dx.doi.org/10.1097/CORR.0000000000001792
https://www.ncbi.nlm.nih.gov/pubmed/33942797
http://dx.doi.org/10.1016/S1470-2045(18)30917-3
https://www.ncbi.nlm.nih.gov/pubmed/30712798
https://www.cdc.gov/cancer/npcr/about.htm
https://www.cdc.gov/cancer/npcr/about.htm
http://dx.doi.org/10.1016/j.radonc.2021.01.003
https://www.ncbi.nlm.nih.gov/pubmed/33453312
http://dx.doi.org/10.1016/j.ijrobp.2020.12.006
http://dx.doi.org/10.1016/j.ijrobp.2020.12.006
https://www.ncbi.nlm.nih.gov/pubmed/33714525


Marcos Santos et al. Hypofractionated radiotherapy in Latin America

1105https://journals.viamedica.pl/rpor

54. ray KJ, Sibson Nr, Kiltie Ae, et al. Treatment of Breast 
and Prostate Cancer by Hypofractionated radiotherapy: 
Potential risks and Benefits. Clin Oncol (r Coll radiol). 
2015; 27(7): 420–426, doi:  10.1016/j.clon.2015.02.008, 
indexed in Pubmed: 25752244.

55. Petit C, lacas B, Pignon JP, et al. MACH-NC and MArCH Col-
laborative Groups, MArCH Collaborative Group, MArCH 
Collaborative Group, Meta-Analysis of radiotherapy in 
Carcinomas of Head and neck (MArCH) Collaborative 
Group. Hyperfractionated or accelerated radiotherapy 
in head and neck cancer: a meta-analysis. lancet. 2006; 
368(9538): 843–854, doi: 10.1016/S0140-6736(06)69121-
6, indexed in Pubmed: 16950362.

56. Hall eJ, Astor M, Bedford J, et al. Basic radiobiology. Am 
J Clin Oncol. 1988; 11(3): 220–252, doi: 10.1097/00000421-
198806000-00003, indexed in Pubmed: 3289359.

57. Yeo r, Campbell T, Fairchild A. Is weekend radiation 
Therapy Always Justified? J Med Imaging radiat Sci. 2012; 
43(1): 38–42, doi: 10.1016/j.jmir.2011.08.001, indexed in 
Pubmed: 31052018.

58. Murray Brunt A, Haviland JS, wheatley DA, et al. FAST-For-
ward Trial Management Group. Hypofractionated breast 
radiotherapy for 1 week versus 3 weeks (FAST-Forward): 
5-year efficacy and late normal tissue effects results from 
a multicentre, non-inferiority, randomised, phase 3 trial. 
lancet. 2020; 395(10237): 1613–1626, doi: 10.1016/S0140-
6736(20)30932-6, indexed in Pubmed: 32580883.

59. lalani N, Paszat l, Sutradhar r, et al. long-term outcomes 
of hypofractionation versus conventional radiation thera-
py after breast-conserving surgery for ductal carcinoma in 
situ of the breast. Int J radiat Oncol Biol Phys. 2014; 90(5): 
1017–1024, doi: 10.1016/j.ijrobp.2014.07.026, indexed in 
Pubmed: 25220719.

60. Korzets Y, Fyles A, Shepshelovich D, et al. Toxicity and clin-
ical outcomes of partial breast irradiation compared to 
whole breast irradiation for early-stage breast cancer: 
a systematic review and meta-analysis. Breast Cancer res 
Treat. 2019; 175(3): 531–545, doi:  10.1007/s10549-019-
05209-9, indexed in Pubmed: 30929116.

61. roy S, Morgan SC. Hypofractionated radiotherapy for 
localized Prostate Cancer: when and for whom? Curr 
Urol rep. 2019; 20(9): 53, doi: 10.1007/s11934-019-0918-0, 
indexed in Pubmed: 31359187.

62. Dearnaley D, Syndikus I, Mossop H, et al. CHHiP Investigators. 
Conventional versus hypofractionated high-dose inten-
sity-modulated radiotherapy for prostate cancer: 5-year 
outcomes of the randomised, non-inferiority, phase 3 CHHiP 
trial. lancet Oncol. 2016; 17(8): 1047–1060, doi: 10.1016/
S1470-2045(16)30102-4, indexed in Pubmed: 27339115.

63. Clemente S, Nigro r, Oliviero C, et al. role of the technical 
aspects of hypofractionated radiation therapy treatment 
of prostate cancer: a review. Int J radiat Oncol Biol Phys. 
2015; 91(1): 182–195, doi:  10.1016/j.ijrobp.2014.08.006, 
indexed in Pubmed: 25835624.

64. Berbeco rI, Nishioka S, Shirato H, et al. residual motion 
of lung tumours in gated radiotherapy with external 
respiratory surrogates. Phys Med Biol. 2005; 50(16): 
3655–3667, doi: 10.1088/0031-9155/50/16/001, indexed 
in Pubmed: 16077219.

65. Ford eC, Mageras GS, Yorke e, et al. evaluation of respi-
ratory movement during gated radiotherapy using film 
and electronic portal imaging. Int J radiat Oncol Biol Phys. 
2002; 52(2): 522–531, doi: 10.1016/s0360-3016(01)02681-
5, indexed in Pubmed: 11872300.

66. redmond KJ, lo SS, Fisher C, et al. Postoperative Ste-
reotactic Body radiation Therapy (SBrT) for Spine Me-
tastases: A Critical review to Guide Practice. Int J radiat 
Oncol Biol Phys. 2016; 95(5): 1414–1428, doi: 10.1016/j.
ijrobp.2016.03.027, indexed in Pubmed: 27479724.

67. Nguyen TK, Sahgal A, Dagan r, et al. Stereotactic Body 
radiation Therapy for Nonspine Bone Metastases: Inter-
national Practice Patterns to Guide Treatment Planning. 
Pract radiat Oncol. 2020; 10(6): e452–e460, doi: 10.1016/j.
prro.2020.02.011, indexed in Pubmed: 32171852.

68. Benedict SH, Yenice KM, Followill D, et al. Stereotactic body 
radiation therapy: the report of AAPM Task Group 101. Med 
Phys. 2010; 37(8): 4078–4101, doi: 10.1118/1.3438081, in-
dexed in Pubmed: 20879569.

69. Bahadoer rr, Dijkstra eA, van etten B, et al. Short-course 
radiotherapy followed by chemotherapy before total 
mesorectal excision (TMe) versus preoperative chemora-
diotherapy, TMe, and optional adjuvant chemotherapy in 
locally advanced rectal cancer (rAPIDO): a randomised, 
open-label, phase 3 trial. lancet Oncol. 2021; 22(1): 
29–42, doi: 10.1016/S1470-2045(20)30555-6, indexed in 
Pubmed: 33301740.

http://dx.doi.org/10.1016/j.clon.2015.02.008
https://www.ncbi.nlm.nih.gov/pubmed/25752244
http://dx.doi.org/10.1016/S0140-6736(06)69121-6
http://dx.doi.org/10.1016/S0140-6736(06)69121-6
https://www.ncbi.nlm.nih.gov/pubmed/16950362
http://dx.doi.org/10.1097/00000421-198806000-00003
http://dx.doi.org/10.1097/00000421-198806000-00003
https://www.ncbi.nlm.nih.gov/pubmed/3289359
http://dx.doi.org/10.1016/j.jmir.2011.08.001
https://www.ncbi.nlm.nih.gov/pubmed/31052018
http://dx.doi.org/10.1016/S0140-6736(20)30932-6
http://dx.doi.org/10.1016/S0140-6736(20)30932-6
https://www.ncbi.nlm.nih.gov/pubmed/32580883
http://dx.doi.org/10.1016/j.ijrobp.2014.07.026
https://www.ncbi.nlm.nih.gov/pubmed/25220719
http://dx.doi.org/10.1007/s10549-019-05209-9
http://dx.doi.org/10.1007/s10549-019-05209-9
https://www.ncbi.nlm.nih.gov/pubmed/30929116
http://dx.doi.org/10.1007/s11934-019-0918-0
https://www.ncbi.nlm.nih.gov/pubmed/31359187
http://dx.doi.org/10.1016/S1470-2045(16)30102-4
http://dx.doi.org/10.1016/S1470-2045(16)30102-4
https://www.ncbi.nlm.nih.gov/pubmed/27339115
http://dx.doi.org/10.1016/j.ijrobp.2014.08.006
https://www.ncbi.nlm.nih.gov/pubmed/25835624
http://dx.doi.org/10.1088/0031-9155/50/16/001
https://www.ncbi.nlm.nih.gov/pubmed/16077219
http://dx.doi.org/10.1016/s0360-3016(01)02681-5
http://dx.doi.org/10.1016/s0360-3016(01)02681-5
https://www.ncbi.nlm.nih.gov/pubmed/11872300
http://dx.doi.org/10.1016/j.ijrobp.2016.03.027
http://dx.doi.org/10.1016/j.ijrobp.2016.03.027
https://www.ncbi.nlm.nih.gov/pubmed/27479724
http://dx.doi.org/10.1016/j.prro.2020.02.011
http://dx.doi.org/10.1016/j.prro.2020.02.011
https://www.ncbi.nlm.nih.gov/pubmed/32171852
http://dx.doi.org/10.1118/1.3438081
https://www.ncbi.nlm.nih.gov/pubmed/20879569
http://dx.doi.org/10.1016/S1470-2045(20)30555-6
https://www.ncbi.nlm.nih.gov/pubmed/33301740

	_heading=h.8ubxx83jsxt1

