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Background Estimates show that breast cancer, the leading cause of cancer death in females worldwide, will con-
tinue to increase in incidence, highlighting the need for increased treatment capacity. While postoperative radiation
therapy (RT) is commonly used to reduce recurrence and mortality, research has shown that moderately hypofractio-
nated radiation therapy (HFRT) and 5-fraction HFRT are equally safe and effective and can reduce treatment costs.
This study aimed to compare the cost of conventional RT (50Gy/25), moderately HFRT (40.05Gy/15), and 5-fraction
HFRT (26Gy/5) for breast cancer patients in Brazil.

Methods The cost of each RT regimen was calculated using the International Atomic Energy Agency’s Radiotherapy
Cost Estimator Tool. The potential annual savings were then estimated by applying the cost of each regime to the
2020 Brazilian cancer incidence rates.

Findings The average costs per patient for 25 fractions, 15 fractions, and 5 fractions are $2,699.20, $1,711.98, and
$929.81, respectively. The annual cost savings associated with treating 70% of patients with 15 fraction HFRT and
30% of patients with 5 fraction HFRT as compared to treating all patients with 25 fraction RT is $72,929,315.40. The
estimated annual productivity of 1 LINAC machine for 25 fractions, 15 fractions, and 5 fractions is 338, 647, and
1,310 patients, respectively.

Interpretation The cost analysis revealed decreased patients’ costs and potential for increased EBRT access associ-
ated with HFRT in the Brazilian perspective.

Funding None.
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Introduction
Brazil is one of the 159 countries where breast cancer is
the most commonly diagnosed type of cancer in
women, with an estimated 66,280 new cases and
16,724 deaths in the 2020-2022 triennium.1 Further-
more, there are a variety of treatment-related problems
in Brazil, particularly concerning radiation therapy
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(RT). Currently, the Brazilian public health system is
unable to meet the national RT demand, meaning that
the shortage of RT has led to thousands of preventable
deaths.2 As such, given the alarmingly high incidence
of breast cancer in Brazil, the future projections of
increasing trends, and the shortage of treatment capac-
ity, it is crucial to consider strategies to improve the
treatment capacity for Brazilian breast cancer patients.

Overall, the main goals for treating non-metastatic
breast cancer are to eliminate the tumour from the
breast as well as the regional lymph nodes and prevent
metastatic recurrence and death.3,4 A key contributor to
accomplishing these goals is the delivery of postopera-
tive external beam radiation therapy (EBRT).4
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Research in context

Evidence before this study

Moderately hypofractionated radiation therapy (HFRT)
involves delivering 40.05 Gy to 42.5Gy over 15 to 16
fractions. In breast cancer patients, the safety and effi-
cacy surrounding moderately HFRT is well understood,
and safety and efficacy surrounding ultra HFRT (26 Gy
over the course of only 5 consecutive fractions) is being
increasingly supported, there are key components of
these hypofractionated regimens that make them
promising therapies. These key components include
convenience, increased patient access to treatment,
and reduced cost for both patients and healthcare ser-
vice providers.

Added value of this study

The current study is the first to report the costs related
to the HFRT in the Brazilian context. Our findings indi-
cate that the cost analysis revealed decreased patients’
costs and the potential to increase external beam radia-
tion therapy access associated with HFRT in the Brazilian
perspective.

Implications of all the available evidence

The present cost analysis found that HFRT is associated
with reduced average estimated costs per patient, with
conventional fractionation costing $2,669.20, moder-
ately HFRT costing $1,7111.98, and ultra HFRT costing
$929.81. Additionally, this paper demonstrated the sig-
nificantly a potential increased access to treatment
associated with HFRT. Although we considered an
increase in patient output for hypofractionated regi-
ments, it is questionable if radiation departments in Bra-
zil can deal with logistic issues regarding this increased
patient turnover. It is important to have adequate num-
bers of personnel, adequate transportation services,
and adequate referral structure in order to make it
possible.
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Historically, the standard EBRT dose administered to
breast cancer patients ranges between 50 to 50.4 Gray
(Gy) over 25 to 28 fractions over the course of 5 to 6
weeks.5 There is a significant amount of literature sup-
porting the safety and efficacy of conventional fraction-
ation RT (CFRT) in reducing breast cancer recurrence
and mortality, which is why it has historically been the
standard dose delivered to breast cancer patients.6−10

However, in recent years there has been increasing evi-
dence in support of a shorter course of RT which deliv-
ers a higher dose per fraction. This type of EBRT
schedule is referred to as hypofractionated RT (HFRT).

Moderately HFRT involves delivering approximately
40.05 Gy to 42.5Gy over 15 to 16 fractions. Long-term
studies investigating the safety and efficacy of moder-
ately HFRT have found that it is a non-inferior
treatment option as compared to the conventional 5-
week schedule.5,11−19

More recently, an ultra-hypofractionated EBRT (ultra
HFRT) schedule has been investigated which delivers a
total of 26 Gy throughout only 5 consecutive fractions.
The investigators of the UK-based FAST-Forward multi-
centre, phase 3 non-inferiority trial randomly allocated
breast cancer patients to either a moderately HFRT regi-
men of 40 Gy over 15 fractions (3 weeks), an ultra
HFRT regimen of 27 Gy over 5 fractions (1 week), and
another ultra HFRT regimen of 26 Gy over 5 frac-
tions.20 The investigators found that the ultra HFRT,
consisting of 26 Gy over 5 fractions, is a non-inferior
form of treatment, as compared to the recent standard
of moderately HFRT, consisting of 40.05 Gy over 15
fractions.20

While the safety and efficacy surrounding moder-
ately HFRT is well understood, and the safety and effi-
cacy surrounding ultra HFRT is being increasingly
supported, there are key components of these hypofrac-
tionated regimens that make them promising therapies.
These key components include convenience, increased
patient access to treatment, and reduced cost for both
patients and healthcare service providers.21,22 It is
important to point out that there is less evidence regard-
ing safety with 5-fraction RT for patients with advanced
tumours, as well as when lymphatic drainage irradiation
is indicated since nodal irradiation was excluded from
the first part of the FAST-Forward trial.

Cost-analysis studies are a crucial element to guide
the implementation of technology or intervention into
clinical practice. The primary aims of this paper are to
estimate and compare the cost of CFRT, defined as
delivering 50 Gy over 25 fractions, moderately HFRT,
defined as delivering 40.05 Gy over 15 fractions, and
ultra HFRT, defined as delivering 26 Gy over 5 frac-
tions. The cost analysis is conducted in the Brazilian
context to elucidate the financial implications and
access to treatment associated with adopting HFRT in
Brazil.
Methods
Based on the 2020 Brazilian cancer incidence rates, an
estimated 61,178 patients were identified who were
expected to receive EBRT, considering early-stage breast
cancer.22
IAEA model calculations
As we were focused on costs from infrastructure and
staff, i.e., medical salary, working hours, and cost of
EBRT machines, the International Atomic Energy
Agency’s (IAEA) EBRT Cost Estimator Tool23 was used
to perform the analysis.

In order to perform the cost analysis, the cost of each
regimen was calculated using the International Atomic
www.thelancet.com Vol 13 September, 2022
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Energy Agency’s (IAEA) EBRT Cost Estimator Tool.23

This tool allowed for the input of various parameters,
such as staff salary, working hours, cost of EBRT
machines, and EBRT protocols, which were adjusted
based on a review of the literature and guidance from a
radiation oncologist in Brazil. A review of the literature
also determined that the annual capacity of 1 LINAC
machine is to deliver 9,700 fractions.24 This total num-
ber of fractions was used in combination with the num-
ber of fractions associated with each regimen to
calculate the annual capacity of 1 LINAC machine in
terms of patients, rather than fractions. When deliver-
ing CFRT regimens of 25 fractions, a total of 388
patients can be treated, as per the calculation of 9,700
patients divided by 25 fractions per patient. When utiliz-
ing the moderately HFRT regimen, however, the annual
capacity increases to 647 patients, as per the calculation
of 9,700 patients divided by 15 fractions per patient.
However, for the ultra HFRT regimen, the number of
total fractions cannot just be divided by 5 fractions per
patient, because this crude calculation would not
account for the various inefficiencies such as scheduling
difficulties and the additional time used for using
image-guided RT. To account for this, a crude calcula-
tion was conducted, which divided the total 9,700 frac-
tions by 5 fractions per patient, leading to 1,940
patients. This number was then multiplied by an esti-
mation factor of 0.9 to account for logistical inefficien-
cies related to ultra HFRT, and then further multiplied
by 0.75 to account for the additional time needed to use
image-guided RT at every fraction. After taking these
factors into account, the annual productivity of 1 LINAC
machine using an ultra HFRT regimen is estimated to
be 1,310 patients. After calculating the annual productiv-
ity of a LINAC machine for each RT regimen, the
respective number of patients was inputted into the
Cost Estimator Tool and various parameters were
adjusted. First, the baseline cost of a LINAC machine
was increased by 40%, from US$1 million to $1.4 mil-
lion, to account for importation taxes in Brazil. Addi-
tionally, the baseline number of LINACs at 1 facility was
increased from 1 to 2, since that is the standard in Bra-
zil. The monthly salary of a radiation oncologist was
changed from an outdated $3000 to $6000. Addition-
ally, the minimum number of medical physicists per
facility was increased from 1 to 2, as per the oncology
criteria in Brazil. Similarly, the number of senior radia-
tion technologists was changed from 1 to 3 in all regi-
mens, the number of junior radiation oncologists was
changed from 3 to 4 in all fractions, the number of radi-
ation oncologists was changed from 3 to 4 in the ultra
HFRT regimen, the number of nurses was changed
from 1 to 2 in the ultra HFRT regimen, and the number
of administrative personnel was changed from 2 to 3 in
the ultra HFRT regimen as per the oncology criteria in
Brazil. Based on these inputs, the Cost Estimator Tool
provided a breakdown of all operating costs, capital
www.thelancet.com Vol 13 September, 2022
costs, department costs, and the average cost per
patient, for each RT regimen.

Details about the calculation behind the IAEA tool
are available at https://humanhealth.iaea.org/HHW/
RadiationOncology/Makingthecaseforradiotherapyi
nyourcountry/Roleofradiotherapyincancercare/Staffin
gandcostcalculation/RTE_User_Manual1_z.pdf.
Cost savings analysis
To obtain an estimate of the annual cost savings, the
average cost per patient of each RT regimen was applied
to the 2020 Brazilian cancer incidence rates. This was
done for 4 different scenarios, the cost of treating all
patients with CFRT, the cost of treating all patients with
moderately HFRT, the cost of treating all patients with
ultra HFRT, and the cost of treating all patients with a
realistic model based on the Brazilian data regarding
the prevalence of breast cancer stages. According to
2019 Brazilian data on the prevalence of breast cancer
stages, 23.3% of patients were diagnosed with stage I
breast cancer, 53.5% of patients were diagnosed with
stage II breast cancer, and 23.3% of patients were diag-
nosed with stage III breast cancer. Based on the FAST-
Forward trial, the patients diagnosed with stage I breast
cancer and a subset of eligible patients diagnosed with
stage II breast cancer, represent the early-stage breast
cancer patients who are eligible for ultra HFRT.20 As
such, in this realistic model, 30% of all patients will
receive ultra HFRT, while the remaining 70% received
moderately HFRT. To obtain the cost savings associated
with adopting HFRT, the total cost of various regimens
were compared, such as the total annual cost of CFRT
vs. moderately HFRT, moderately HFRT vs. ultra
HFRT, CFRT vs ultra HFRT, CFRT vs. the realistic
mode, and moderately HFRT vs. the realistic model.
Role of the funding source
This research did not receive any specific grant from
funding agencies.
Results
As shown in Figure 1, the average cost per patient for a
25 fraction CFRT regimen is $2,669.20. The average
cost per patient for a 15-fraction moderately HFRT regi-
men is $1,711.98, representing a reduction of 35.9%
compared to the cost of the CFRT regimen. Lastly, for a
5-fraction ultra HFRT schedule, the average cost per
patient is $929.81, representing a reduction of 65.1%
compared to the cost of the CFRT regimen. Table 1
details a cost breakdown of the estimated annual operat-
ing costs, capital costs, annual departmental costs, and
average cost per patient, associated with each RT regi-
men. Table 2 lists the number of personnel required for
3
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Figure 1. Estimated average patient costs associated with CFRT (25 fractions), moderately HFRT (15 fractions), and ultra HFRT (5 frac-
tions).

Cost breakdown 25 fractions 15 fractions 5 fractions

Operating cost/year $975,782 $1,047,782 $1,158,182

Personnel cost $367,200 $439,200 $549,600

Building and equipament amortization $303,507 $303,507 $303,507

Building and equipment calibration and maintenance $305,075 $305,075 $305,075

Capital cost $4,920,350 $4,920,350 $4,920,350

Departament cost/year $1,035,648 $1,107,648 $1,218,048

Average cost per patient $2,669,20 $1,711,98 $929,81

Table 1: Cost breakdown of estimated annual operating costs, capital costs, annual department costs, and average patient cost
associated with each EBRT regimen.

Number of personnel required 25 fractions 15 fractions 5 fractions

Radiation oncologists 2 3 4

Medical physicists 2 2 2

Senior radiation technologists 3 3 3

Junior radiation technologists 4 4 4

Nurse 1 1 2

Administrative personnel 1 1 3

Table 2: Breakdown of number of personnel required for each EBRT regimen.

Articles

4

each RT regimen, which led to changes in the annual
operating costs associated with each EBRT regimen.

When these estimated patient costs are applied to all
61,178 patients, we can see a clear decrease in the
annual estimated cost associated with switching from
CFRT to moderate HFRT and a further decrease associ-
ated with switching to ultra HFRT. The estimated cost
of treating all patients with CFRT is $163,296,318, while
the cost of treating all patients with moderately HFRT
and ultra HFRT is $104,735,512 and $56,883,916.20,
respectively. An important consideration, however, is
that not all patients would be eligible for ultra HFRT,
since it is generally only used in early-breast cancer
patients and caution is still needed for patients who
www.thelancet.com Vol 13 September, 2022



Figure 2. Estimated Annual EBRT Productivity of 1 LINAC machine per RT regimen, in terms of number of EBRT courses delivered (1
EBRT course = 1 patient).
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have breast implants. As such, we created a realistic
model based on the Brazilian data regarding the preva-
lence of breast cancer stages. According to this model,
the cost of treating 30% of patients with ultra HFRT
and 70% of patients with moderately HFRT is
$90,387,002.60. Based on these estimated annual
costs, the cost savings associated with switching from
CFRT to moderately HFRT is $58,560,805.20, the cost
savings associated with switching from moderately
HFRT to ultra HFRT is $47,851,596.30, the cost savings
associated with switching from CFRT to ultra HFRT is
$106,412,401, the cost savings associated with switch-
ing from CFRT to the realistic model is $72,929,315.40,
and lastly, the cost savings associated with switching
from moderately HFRT to the realistic model is
$14,368,509.40.

Regarding access to treatment, Figure 2 depicts the
estimated annual productivity of 1 LINAC machine.
This graph demonstrates a significant increase in the
numbers of patients that can be treated with the adop-
tion of HFRT, with annual LINAC productivity of 388
patients for CFRT, 647 patients for moderately HFRT,
and 1,310 patients for ultra HFRT.
Discussion
The present cost analysis found that HFRT is associated
with reduced average estimated costs per patient, and a
significantly increased access to treatment associated
with HFRT, even after accounting for inefficiencies,
such as increased first counselling sessions and
www.thelancet.com Vol 13 September, 2022
scheduling issues, and additional time needed for
image-guided RT. Although we considered an increase
in patient output for hypofractionated regiments, it is
questionable if radiation departments in Brazil can deal
with logistic issues regarding this increased patient
turnover. It is important to have adequate numbers of
personnel, adequate transportation services, and an ade-
quate referral structure in order to make it possible.25,26

The estimated costs determined in this cost analysis
are supported by a 2021 study conducted by Yaremko
et al.27, which found similar estimated per-patient costs
of CA$851.77 for the ultra HFRT FAST-Forward 1 regi-
men and $1,339.75 for the moderately HFRT regimen.
However, many of the patient costs reported in other
studies are significantly higher. This is primarily
because many of these studies conducted their investi-
gations using data from the US, which has higher
patient costs, as compared to other upper-middle-
income countries, and significantly higher patient costs
compared to low-income countries and lower-middle-
income countries. For example, a US-Based Time-
Driven Activity-Based Costing analysis conducted by
Dziemianowicz et al.25 found that accelerated whole
breast irradiation, a form of HFRT which delivers 42.5
Gy in 16 fractions + a boost of 10 Gy in 4 fractions, costs
a total of US$6,965, compared to $9,267 for CFRT.
Unsurprisingly, the investigators found that a majority
(86%) of the difference in cost between HFRT and
CFRT was due to the lower cost of fewer daily fractions.
When we compare countries with different levels of
development, the personnel salaries also play a more
5
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important role in differences in costs. Overall, while the
estimated costs of each regimen vary significantly
depending on the country of interest, the overall trend
of significantly lower costs associated with HFRT, as
compared to CFRT, is consistent among the literature.

In respect to the reviewed literature relating to cost
considerations, a majority of the publications reported
that HFRT was associated with significantly reduced
patient and/or healthcare costs, supporting the findings
of this present cost analysis.28−30 However, while the
cost analysis reveals promising cost savings for patients
and the healthcare system, there are some concerns
regarding the adoption of HFRT given current reim-
bursement models, which would reduce the lead to a rev-
enue loss for oncology departments.26 Marta et al.26

found that 77% of the countries investigated would expe-
rience a revenue loss through per-patient income ranging
from 5%-40%. However, the adoption of HFRT is not
only an evidence-based and international guideline-sup-
ported treatment but also holds the potential to drasti-
cally improve access to treatment, which is critical in
emerging economies and resource-poor settings that are
unable to meet their RT demand. Given these large-scale
benefits, withholding evidence-based treatments such as
HFRT, due to a potential loss of income for healthcare
providers, would be highly unethical. As such, it is rec-
ommended that further cost investigations must be con-
ducted to analyze the integration of HFRT to improve
the uptake of HFRT from a financial perspective.

While this paper is important in conducting a cost
analysis to compare the cost of various regimes in Bra-
zil, it does have certain limitations. A limitation regard-
ing the cost analysis is the lack of use of a stringent
model, such as a time-driven activity-based costing
model or a Markov chain model. The use of such mod-
els has been supported to aid in estimating the total cost
of delivering RT based on the cost of various resources,
such as personnel, space, equipment, materials, and
utilities. However, this present cost analysis used the
IAEA’s EBRT Cost Estimator tool, which is a compre-
hensive and reliable tool that considers personnel sala-
ries, working arrangements, treatment protocols and
building and equipment costs.23 Thus, the article is
interesting in that it raises awareness of the topic and
tries to evaluate it in terms of cost. Nevertheless, these
numbers/models, as stated earlier, are crude and may
not reflect the reality even though the model works well.

Overall, the findings presented in the paper are signif-
icant because they indicate that the adoption of HFRT
could save significant healthcare costs, which is advanta-
geous for all economies, but especially crucial for emerg-
ing economies. This is especially important in Brazil,
whose public health system is currently unable to meet
the national RT demand, meaning that the shortage of
RT has led to thousands of preventable deaths.2 Impor-
tantly, this present analysis is unique in that it not only
compares CFRT and moderately HFRT but also includes
the more novel ultra HFRT regimen. Previous cost analy-
ses, such as the one conducted by Irabor et al.21, are lim-
ited to consider the cost considerations of adopting
moderately HFRT, rather than both moderately HFRT
and ultra HFRT. Additionally, the findings also indicate
that the adoption of HFRT can drastically improve access
to RT treatment for breast cancer patients, both directly,
through shorter treatments, and indirectly through
reduced costs. While CFRT takes, on average, 5 weeks to
complete treatment, moderately HFRT can complete this
in only 3 weeks, and ultra HFRT can do so in only 1
week. As such, with significantly shorter treatment
times, radiation oncology clinics can treat a significantly
increased number of patients, as demonstrated by the
findings of this paper. It is also important to discuss that,
from the patient side, this reduces the number of trips to
the clinics- which will have a tremenduous impact for
people needind to travel long distances (sometimes to
other states) to access treatment.

Given the results of the analysis, due to the cost
and access benefits associated with HFRT, radiation
oncology departments should consider adopting the
use of this shorter course of treatment for eligible
breast cancer patients. The adoption of HFRT could
significantly decrease the number of preventable
deaths attributed to the shortage of RT in Brazil.
Additionally, while Brazil was the country of focus
in this present study, this cost analysis methodology
could be replicated and extrapolated to various coun-
tries. There are many regions of the world which are
struggling to meet their national RT demand, and as
such, it is recommended that further studies should
be conducted to investigate the local implications of
adopting HFRT, to facilitate the uptake of evidence-
informed treatment strategies that hold the potential
to improve healthcare capacity.

In conclusion, the adoption of HFRT is associated
with significant reductions in cost and treatment time,
leading to a significant increase in RT access and treat-
ment capacity. In combination with the previously
established clinical safety and efficacy of HFRT for
breast cancer patients, the positive cost and access
implications suggest that the adoption of HFRT
presents a promising solution to improve Brazilian
breast cancer treatment capacity.
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