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Abstract

Purpose: A recent large phase 3 trial demonstrated that the efficacy of accelerated partial-breast irradiation (APBI) in
the treatment of early breast cancer is non-inferior to that of whole breast irradiation (WBI) commonly used in this indi-
cation. The aim of this study was to compare the costs of treatment with APBI and WBI in a population of patients after
conserving surgery for early breast cancer, and to verify if the use of APBI can result in direct savings of a public payer.

Material and methods: The hereby presented cost analysis was based on the results of GEC-ESTRO trial. Ex-
penditures for identified cost centers were estimated on the basis of reimbursement data for the public payer. After
determining the average cost of early breast cancer treatment with APBI and WBI over a 5-year period, the variance
in this parameter resulting from fluctuations in the price per single procedure was examined on univariate sensitivity
analysis. Then, incremental cost-effectiveness ratio (ICER) was calculated to verify the cost against clinical outcome.
Finally, a simulation of public payer’s expenditures for the treatment of early breast cancer with APBI and WBI in 2013
and 2025 has been conducted.

Results: The average cost of treatment with APBI is lower than for WBI, even assuming a potential increase in the
unit price of the former procedure. There was no additional health benefit of WBI and the calculation of cost-effective-
ness was based on the absolute difference in overall local control rate. However, this difference (0.92% vs. 1.44%) was
fairly minimal and was not identified as statistically significant during 5 years.

Conclusions: The use of APBI as an alternative to WBI in the treatment of early breast cancer would substan-
tially reduce healthcare expenditures in both 2013 and 2025, even assuming an increase in the price per single APBI
procedure.
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late toxicity of the treatment and shorten its duration. The

Purpose . . . .
P list of techniques used for accelerated partial-breast irra-

Breast cancer is the second most common malignancy
worldwide, in the vast majority of cases diagnosed at early
clinical stages [1,2]. Due to high incidence of breast cancer,
its treatment is consuming a substantial proportion of on-
cology budgets. Currently, aside from surgical treatment,
the management of breast cancer is based on radiothera-
py, which should be offered to all patients after breast con-
serving surgeries [3]. The most commonly used technique
of adjuvant radiotherapy is external beam 3D whole breast
irradiation (3D-WBI). However, other techniques, such as
intensity-modulated radiation therapy (IMRT), proton
beam therapy, and accelerated partial-breast irradiation
(APBI) are increasingly implemented to reduce early and

diation includes APBI with 3D-CRT, or IMRT, APBI using
interstitial brachytherapy, or balloon brachytherapy and
intraoperative APBI (IORT).

Although considered an interesting concept, APBI
is still not used routinely, mostly due to inconclusive
results of randomized clinical trials [4,5]. Until recent-
ly, we lacked convincing evidence from a large patient
population regarding efficacy and safety profile of this
treatment. Consequently, in line with the recommenda-
tions of the American Society of Radiation Oncology, the
use of APBI is limited solely to a subset of patients who
are satisfy with strict clinical and pathological criteria
[6,7]. However, the recently published 5-year results of
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3D-WBI and APBI using interstitial brachytherapy in
a large population of patients with early breast cancer
suggest that both methods have non-inferior efficacy in
terms of local control, and differ primarily in terms of
their invasiveness, potential adverse effects, and treat-
ment duration [8].

Selection of a treatment method should be based not
only on its clinical outcomes but also on reliable cost-ef-
fectiveness data. Consequently, the aim of this study was
to compare the costs of treatment with APBI and WBI in
a population of patients after conserving surgery for early
breast cancer, and to verify if the use of APBI can result
in direct savings.

Material and methods

In this study, we compared the costs of early breast
cancer treatment with APBI and WBI from the public
payer’s perspective. The study is centered in the Polish
health system.

Material for the analysis, namely the data of the num-
ber of patients, incidence of adverse effects and character
thereof, recurrences, their type and treatment, duration
of treatment, and clinical efficacy were extracted from the
results of a multicenter international randomized phase 3
trial, GEC-ESTRO [8].

Cost analysis
Cost minimization analysis

The following were identified as the cost centers
based on the results of the randomized trial mentioned
above: 1. WBI procedure (along with patients” accom-
modation during the treatment); 2. APBI procedure
(with patients’ accommodation); 3. management of
local recurrences (mastectomy, lumpectomy, systemic
therapy); 4. management of side effects (subcutane-
ous tissue effects, severe fibrosis); 5. mammography
(including mammographies performed during history
taking and physical examination [H&P] visits); 6. fol-
low-up H&P visits.

The analysis did not include the costs of primary treat-
ment, i.e. surgery, as well as the costs of systemic therapy,
i.e. chemotherapy and hormonal therapy. All the costs
were estimated based on reimbursement data provided
by the administrative offices at the Oncology Center in
Bydgoszcz. The protocol of WBI subjected to the analysis
included whole breast irradiation with 42.5 Gy in 17 frac-
tions, along with a 10 Gy boost (5 fractions) to the tumor
area. Accelerated hypofractionated schemes was not infe-
rior to standard WBI [9,10], hence to those protocols are
routinely implemented in numerous oncology centers. In
Poland, WBI is administered in one out of the three fol-
lowing settings: 1. as an inpatient treatment, lasting for
27 days on average (this period includes also a time neces-
sary for treatment planning); 2. as an outpatient treatment
with accommodation of the patient at a hotel (reimbursed
by the payer), lasting for 22 days of average; and 3. as an
outpatient treatment without the patient’'s accommoda-
tion. Relative contribution of the abovementioned options
to the analyzed cost model was estimated based on ac-

commodation data for patients who have been treated at
the Center of Oncology in Bydgoszcz in 2015.

The analyzed scenario of APBI included admin-
istration of 34 Gy in 10 fractions, twice a day during
a 5-day hospital stay. Also, the costs of CT scans (not
qualified as the cost of APBI in Poland) were included.
Interstitial brachytherapy is an invasive procedure that
could be performed as open or closed technique [11],
and as such requires an anesthesia. In the hereby pre-
sented analysis, the costs of anesthesiologist’s consulta-
tion, pre-procedure examination (electrocardiography,
blood testing), and anesthesia itself were considered as
the components of brachytherapy price, and therefore,
did not represent an additional expenditure from the
payer’s perspective.

For the purposes of the hereby presented analysis, we
assumed that the costs of mammography included also
physical examination and history taking. We assumed
that mammography was performed every six months
during the first year of treatment and once a year there-
after. Moreover, seven additional H&P visits per patient
were included in the model [7,12].

After determining the cost per procedure, we iden-
tified all cost centers quantitatively [8]. This enabled us
to calculate the total costs of treatment in both groups of
patients (APBI n = 633, WBI n = 551) over a 5-year period,
along with the average treatment cost per patient.

Sensitivity analysis

Taking into account the ongoing modification of
healthcare service pricing strategy in Poland, we decided
to conduct a univariate sensitivity analysis for the APBI
and WBI prices. We analyzed the variance in the average
cost of treatment resulting from a 20% change in the price
of a single APBI or WBI procedure.

Cost effectiveness analysis

Cost-effectiveness analysis was based on the values
of incremental cost-effectiveness ratio (ICER), calculated
from the formula: (Costyp; — Cost 4 pg/Outcomeyyg; — Outco-
meyppp) [9,10,11]. The outcome was defined as an overall
local control rate at 5-years (98.56% for APBI and 99.08 %
for WBI) [8].

Simulation of payer’s expenditures for the
treatient of early breast cancer with APBI
and WBI in 2013 and 2025

To complement the cost analyses, a simulation of pay-
er’s expenditures for the treatment of early breast cancer
with APBI and WBI in 2013 and 2025 has been conducted
as well. The most recent data from the National Cancer
Registry regarding breast cancer incidence in Poland orig-
inate from 2013. Total number of patients aged 40 to 85+
years who have been diagnosed with C50 in 2013 equaled
16,248 [13]. In the previously mentioned phase 3 random-
ized trial [8], the efficacy of APBI and WBI have been es-
timated for early breast cancer, which represents ca. 60%
of all the diagnosed cases of this malignancy [2]. Based on
the inclusion criteria of the abovementioned phase 3 trial
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[8], we assumed that 30% of patients diagnosed with ear-
ly breast cancer were not eligible for brachytherapy due
to technical reasons [14]. Based on these assumptions, the
size of the population used to determine the treatment
costs in 2013 has been defined as 6,824 patients.

We selected 2025 as an endpoint of the simulation.
Assuming projected 20% increase in the incidence of
breast cancer [15], a total of 8,189 patients were included.
The simulation was based on the results of a univariate
sensitivity analysis.

All the hereby presented costs were estimated in PLN
and converted to EUR using a conversion rate for January
7th, 2016 (1 EUR = 4.3475 PLN).

Results
Cost minimization analysis

The numbers of APBI and WBI procedures, costs per
procedure and total treatment costs per patient group are
summarized in Tables 1 and 2.

Cost minimization analysis demonstrated that over
a 5-year period, the mean cost of treatment of early breast
cancer with APBI per 1 patient was 1,453.8 EUR (34%)
lower than in the case of WBI. Irrespective of the treat-
ment method, it was the price per procedure, which con-
stituted the principal component of the treatment cost
structure and had the greatest contribution to the out-

come of the analysis. Another substantial component of
the cost structure was the average cost of hospital stay,
higher for WBI (789.4-968.8 EUR) than for APBI (299
EUR). In the cheapest scenario, in which all patients sub-
jected to WBI were treated in an outpatient setting, mean
cost of the treatment amounted to 3,990.5 EUR and was
still 1,199.6 EUR (30.1%) higher than for APBL

Univariate sensitivity analysis

Univariate sensitivity analysis revealed that even as-
suming the stable cost of WBI and a 20% increase in the
price per single APBI procedure, the latter still would be
cheaper. The difference in the treatment costs for both
methods would be reduced to a minimum, assuming an
increase in the price of APBI and a simultaneous decrease
in the WBI price (Table 3).

Cost-effectiveness analysis

Low value of cost-effectiveness ratio (CER) for APBI
implies that this method had a higher cost-effectiveness.
However, it was WBI, which provided higher, although
insignificantly, local control rate. Therefore, we calculat-
ed incremental cost-effectiveness ratio (ICER). Positive
ICER value for WBI reflects an extra cost of achieving the
additional clinical benefit documented during the source
randomized trial (Table 4).

Table 1. Cost analysis for treatment of early breast cancer with whole breast irradiation with boost over

a 5-year period (all costs expressed in EUR)

Procedure Number Unit cost Total cost Percentage share
of procedures (n = 551) of procedure of procedure
Whole breast irradiation 551 3,815.5 2,102,340.5 89.89%
Inpatient care (av. over 27 days) 55 968.8 53,284 2.28%
Outpatient care —accommodation at 110 789.4 86,835.1 3.71%
the hotel (av. over 22 days)
Outpatient care — accommodation not 386 0 0 0
included
Treatment of recurrence
Mastectomy = = = =
Lumpectomy 4 374.9 1,499.6 0.06%
Systemic therapy 4 248.4 993.6 0.04%
Treatment of side effects
Grade 2-3 subcutaneous effects 35 30.3 1,060.5 0.05%
Severe fibrosis 1 26.6 26.6 0.001%
Follow-up
H&P + mammography 3,306 17.7 58,516.2 2.50%
H&P 3,857 8.9 34,3273 1.47%
Total cost 2,338,833.4 100%
Mean cost per 4,244.7

H&P — history taking and physical examination

1 patient
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Table 2. Cost analysis for treatment of early breast cancer with accelerated partial breast irradiation using
sole interstitial multicatheter brachytherapy over a 5-year period (all costs expressed in EUR)

Procedure Number Unit cost Total cost Percentage share
of procedures (n = 633) of procedure of procedure

APBI 633 2,235.8 1,415,236.4 80%

Inpatient care (av. over 5 days) 633 299 189,267 10.71%

CT 633 81.9 51,842.7 2.93%

Treatment of recurrence:

Mastectomy 1 4423 4423 0.03%
Lumpectomy 2 374.9 749.8 0.04%
Systemic therapy 4 248.4 993.6 0.06%

Treatment of side effects:

Grade 2-3 subcutaneous effects 48 30.3 1,454.4 0.08%
Severe fibrosis 0 = = =
Follow-up:
H&P + mammography 3,798 17.7 67,224.6 3.81%
H&P 4,431 8.9 39,435.9 2.23%
Total cost 1,766,646.7 100%
Mean cost per 2,790.9
1 patient

APBI — accelerated partial breast irradiation; CT — computed tomography; H&P — history taking and physical examination

Table 3. Results of univariate sensitivity analysis for treatment of early breast cancer with APBI and WBI
(assumed a 20% increase/decrease in the price per single procedure)

Procedure Average treatment cost

Stable cost per procedure 20% increase in the unit cost 20% decrease in the unit cost
APBI 2,790.9 3,238.1 2,343.8
WBI 4,244.7 5,007.9 3,481.7

APBI — accelerated partial breast irradiation; WBI — whole breast irradiation

Table 4. Incremental analysis for treatment of early breast cancer with WBI and APBI

Treatment method  Average treatment cost Effect (local control rate) CER ICER for WBI

(EUR) (EUR per %)
WBI 4,244.7 99.08 42.84 2,795.77
APBI 2,790.9 98.56 28.31

APBI — accelerated partial breast irradiation; WBI — whole breast irradiation

Simulation of payer’s expenditures for the alternative to WBI in the management of patients with
treatment of early breast cancer with APBI early breast cancer satisfying the inclusion criteria of the
and WBI in 2013 and 2025 GEC-ESTRO study, would result in the following reduc-

) ) ) ) tion of the public payer’s annual expenditures:
Simulations of annual expenditures of the public ., by 9,920,731 EUR - assuming a stable price per single

payer for the treatment of early breast cancer with both APBI procedure,
methods for three different procedure pricing scenarios by 12,077,116 EUR - assuming a 20% increase in the
are presented in Table 5. price per APBI procedure,

Based on breast cancer incidence data for 2013 and ¢ by 7,765,030 EUR - assuming a 20% decrease in the
average treatment costs (Table 3), the use of APBI as an price per APBI procedure.
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Table 5. Simulation of public payer’s expenditures in 2013 and 2025 for the treatment of early breast cancer

with APBI and WBI in the population of women aged 40 to 85+ years, assuming a 20% increase/decrease in

the price per single procedure (in EUR)
Year/patient APBI WBI
number

Stable cost Increase Decrease Stable cost Increase Decrease
per procedure in the unit cost in the unit cost  per procedure in the unit cost in the unit cost

2013, n = 6,824 19,045,102 22,096,794 15,994,091 28,965,833 34,173,910 23,759,121
2025, n = 8,189 22,854,680 26,516,800 19,193,378 34,759,848 41,009,693 28,511,641

APBI — accelerated partial breast irradiation; WBI — whole breast irradiation

In assuming of further increase of breast cancer inci-
dence, the application of APBI in breast cancer patients
treated in 2025 would result in the following savings:

* 11,905,168 EUR - assuming a stable price per single

APBI procedure,

* 14,492,893 EUR - assuming a 20% increase in the price
per APBI procedure,

* 9,318,263 EUR - assuming a 20% decrease in the price
per APBI procedure.

The difference in the payer’s expenditures would be
the lowest in case of an increase in the price per APBI pro-
cedure, and simultaneous decrease in the WBI price. In
this scenario, the expenditures for treatment with APBI
still would be lower but the difference would amount to
only 1,662,327 EUR for 2013 and to 1,994,841 EUR for 2025.

Discussion

Cost minimization analysis demonstrated that the av-
erage treatment cost of early breast cancer with APBI is
lower than for WBI. This resulted primarily from the dif-
ference in the price per single procedure. Irrespective of
the method, the price per procedure contributed to more
than 3/4 of the total treatment cost; however, the price
per single WBI procedure was 41.4% higher as compared
to the APBI price.

Since APBI was identified as a less costly method both
during cost minimization analysis and based on CER val-
ues, and GEC-ESTRO study revealed that WBI results in
lower 5-year recurrence rate (0.92% for WBI vs. 1.44% for
APBI) [8], we have calculated the incremental cost-effec-
tiveness ratio. Based on the ICER value, the additional
health benefit produced by WBI was associated with an
extra cost of 2,795.77 EUR per %.

However, the difference in 5-year local recurrence
rates for WBI and APBI was not statistically significant
(»=0.42) [8], and consequently, ICER was not an obligatory
component of the analysis. Nonetheless, we have calculat-
ed this parameter similarly to previously published stud-
ies [16,17,18]. Our findings imply that APBI was equally ef-
ficacious as WBI and generated lower treatment cost over
a 5-year period. As demonstrated in the payer’s expendi-
ture simulation, the use of APBI may result in substantial
savings for the public healthcare system. Assuming stable
price of both procedures, the use of APBI as an alternative
to WBI would reduce public payer’s expenditures in 2013
by 9,920,731 EUR, which corresponds to 5.7% of the overall
value of contracts for radiotherapy in this year [19].

Aside from the price per procedure, APBI and WBI
differed substantially in terms of the cost of patients’
accommodation, derived from the number of days of
hospital /hotel stay. Even supposing the treatment of all
patients qualified for WBI in an outpatient setting, the
average treatment cost with this method would be great-
er than for the application of APBI in an inpatient set-
ting. The lowest difference in the average treatment cost
would be achieved if the price per single APBI procedure
increased simultaneously to a decrease in the WBI price;
however, even under such circumstances, the average
treatment cost for APBI would be 7% lower (Table 3).

In the hereby presented analysis, we assumed that
the price per either procedure may change; this supposi-
tion resulted from the ongoing modification of healthcare
service pricing strategy in Poland. The list of postulated
changes includes adjustment of prices for amortization
and replacement of equipment, treatment effectiveness
measures, and other micro-costs [19,20]. Published expe-
riences from other countries suggest that pricing of med-
ical procedures can be also based on quantitative criteria.
Contrary to Poland, the prices of hypofractionated radio-
therapy regimens in the United States are lower, which
makes them potentially preferred over the 22-to 25-frac-
tion schemes, being currently a standard of external beam
irradiation. In an American cost comparison analysis,
APBI using external beam radiotherapy was shown to be
less costly than WBI and APBI using brachytherapy [21].
However, the results of a randomized trial suggest that
APBI using external beam radiotherapy may be associat-
ed with higher incidence of adverse cosmetic outcomes
and late radiation toxicity than WBI [22]. Three protocols
of APBI using hypofractionated external beam photon
therapy (up to 40 Gy in 15 fractions, MRC IMPORT LOW
Trial), up to 38.5 Gy in 10 fractions administered twice
a day (Rapid Trial), and up to 30 Gy in 5 fractions (Uni-
versity of Florence Trial) are a subject of currently on-
going phase 3 trials. Furthermore, the hypofractionated
schemes were demonstrated to be preferred by patients
over more invasive alternatives [23].

Since our study covered solely a 5-year period, the
hereby presented data do not include the costs generat-
ed by long-term consequences of irradiation, such as late
cosmetic outcomes and late adverse effects. This with no
doubt represents a drawback of this study, since many
complications of early breast cancer treatment, e.g. sec-
ondary malignancies and cardiovascular toxicity, are
known to manifest no earlier than after many years. How-
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ever, these possible limitations seem to be overestimated
in comparison with the strengths of the present study,
which clearly shows a large difference of costs. Moreover,
we assumed that an optimal distribution of radiation to
critical organs, being characteristic feature of interstitial
APBI, is likely reflected by lesser risk of complications
and consequently, lower costs of their management [24].
Furthermore, late results of APBI and WBI were previ-
ously a subject of a 12-year matched-pair analysis, which
demonstrated the two methods, do not differ significant-
ly in terms of overall survival, local and regional control
rates [18].

Another potential limitation of our study may result
from the fact that we did not consider actual treatment
costs in individual patients but used previously published
pooled data [8]. Furthermore, our analysis was not ad-
justed for mortality during the analyzed period. Howev-
er, breast cancer specific mortality of patients included in
GEC-ESTRO study did not differ significantly between the
ABPI and WBI group (p = 0.84), and a relatively low con-
tribution of expenditures for follow-up, management of re-
currences, and adverse effects to the overall cost structure
implies that inclusion of these factors would not substan-
tially alter the outcomes of our analysis (Tables 1 and 2).

The simulation of public payer’s expenditures did not
include social costs, such as the amount of money spent
by patients to get to an outpatient clinic and the number
of working days lost through sickness absences. Howev-
er, we assume that owing shorter duration of APBI treat-
ment, this method would be preferred in the context of
reducing the abovementioned costs [25,26].

Currently, most of breast cancer patients qualified
for irradiation are treated at radiotherapy departments,
whereby WBI is one of the most commonly performed
procedures. However, the results of GEC-ESTRO study
comparing clinical effectiveness of APBI versus WBI, as
well as the hereby presented cost-effectiveness analysis,
suggest that it is the former method of treatment, which
should be preferred during the allocation of healthcare
resources. In an era of accelerated technological prog-
ress and growing expenditures in healthcare sector, eco-
nomic analyses constitute an important instrument for
decision-makers. Healthcare resources, both monetary
and personal, are generally deficient, and therefore, all
decisions regarding their allocation should be based on
reliable clinical evidence and accurately determined cost-
effectiveness data.

Conclusions

The average cost of treatment with APBI is lower than
for WBI, even assuming a potential increase in the unit
price of the former procedure. The costs of APBI were - in
all calculated scenarios (> 30%) - significantly lower than
those of WBL

Cost-effectiveness ratio for APBI is lower than for
WBIL. There was no additional health benefit of WBI, and
the calculation of cost-effectiveness was just based on the
absolute difference in overall local control rate. However,
this difference (0.92% vs. 1.44%) was quite minimal and
was not identified statistically significant at 5-years.

The use of APBI as an alternative to WBI in the treat-
ment of early breast cancer would substantially reduce
healthcare expenditures in both 2013 and 2025, even as-
suming an increase in the price per single APBI proce-
dure.
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