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Abstract 

Background: Breast cancer (BC) is the most common cancer globally among women, with 2,261,419 new cases in 
2020; systemic treatment may be neo-adjuvant, adjuvant, or both. BC subtype guides the standard systemic therapy 
administered, which consists of endocrine therapy for all HR + tumors, trastuzumab-based HER2-directed antibody 
therapy plus chemotherapy for all HER2 + tumors (with endocrine therapy given in addition, if concurrent HR positiv-
ity), and chemotherapy alone for the triple-negative subtype. This study aimed to identify, evaluate, and systematically 
review all budget impact analyses (BIAs) of BC medications worldwide.

Methods: PubMed, Scopus, and Web of Science Core Collection databases were thoroughly searched up to 26th 
March 2022 to identify original published studies which evaluate BIA of BC medications. ISPOR Task Force guidelines 
were used to assess the quality of included studies. This study was conducted and reported following the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.

Results: In total, 17 BIAs were included in the study. About half of the studies were conducted in Europe. The results 
of the BIAs showed that most of the included BIAs are conducted from the payer’s perspective; they have different 
methodological frameworks for recommended chemotherapy, targeted therapy, and immunotherapy agents to treat 
BC. For the same medications, the results of budgetary effects are not consistent in diverse countries. Nine out of the 
17 studies were focused on trastuzumab, in which the biosimilar form reduced costs, but the brand form increased 
costs, especially in a 52-week treatment period.

Conclusion: Researchers should conduct the budget impact analysis of high-value medications such as anti-tumor 
drugs more objectively, and the accuracy of parameters needs to be more strictly guaranteed. Furthermore, it is 
worthy of declaring that the budgetary impact of the same drug is not always consistent over time, so the researchers 
should measure access to medication in the long run.
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Background
Breast cancer (BC) is the most incident cancer globally 
among women, with 2,261,419 new cases in 2020; its inci-
dence and prevalence worldwide are increasing, and it is 
the fifth leading cause of death due to cancer in women 
[1, 2]. Unlike women, breast cancer in men has been less 

evaluated and studied. According to the American Can-
cer Society data, in 2020, 2620 new BC cases in men were 
identified in the United States [3–5]. Although the num-
ber of new cases has increased in recent decades, the rate 
of metastatic cases and deaths from BC has decreased 
with increasing knowledge of screening, early diagnosis, 
monitoring, and discovery of new drugs, especially in 
developed countries [6–9].

Generally, screening of high-risk individuals and tar-
geted BC treatment is performed by receptors on the 
surface of the breast neoplasms. Targeting the estrogen 
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and progesterone receptors and the human epidermal 
growth factor receptor-2 (HER2) are widely used to pre-
vent and treat BC [10, 11]. For non-metastatic BCs, the 
main treatment goals are to eradicate the tumor from the 
breast and lymph nodes in the area and prevent meta-
static occurrence [12, 13]. Systemic treatment may be 
pre-surgical (neo-adjuvant), post-surgical (adjuvant), or 
both. BC subtype guides the standard systemic therapy 
administered, which consists of endocrine therapy for 
all HR + tumors (with some patients requiring chemo-
therapy as well), trastuzumab-based HER2-directed anti-
body therapy plus chemotherapy for all HER2 + tumors 
(with endocrine therapy given in addition, if concurrent 
HR positivity), and chemotherapy alone for the triple-
negative subtype. For metastatic BC, therapeutic aims 
are increasing life years and relieving symptoms. The 
same basic categories of systemic treatment are used in 
metastatic BC as the neo-adjuvant/adjuvant approaches. 
The treatment process in these patients is long term and 
complicated, which imposes high costs on the healthcare 
systems [14–17].

Budget impact analysis (BIA) estimates the economic 
consequences of adopting a new intervention in a health 
system. Significantly, such analyses predict how the 
change will affect the combination of drugs and other 
treatments used to trace health costs in those conditions 
[18–20]. Unlike cost-effectiveness analysis (CEA), which 
measures the value of new interventions in financial ele-
ments/additional units of health benefits, the BIA aims to 
assess the affordability of health interventions is a con-
cern for health policy-makers. Therefore, the BIA should 
complement the CEA and, as a parallel task, decide on 
the best way to allocate budgets appropriately [21–23].

This study is the first systematic review aimed to eval-
uate and review all BIAs of BC medications in recent 
20 years.

Materials and methods
Study overview
Following Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA), in this study, we 
systematically reviewed the budget impact of medica-
tions recommended in different types and stages of BC 
worldwide.

Search strategy
Based on the published criteria for BIA studies, a sys-
tematic search query was made to identify related arti-
cles in PubMed, Scopus, and Web of Science databases. 
The original papers, published up to 26th March 2022, 
evaluated the budget impact as the primary or second-
ary outcome and were identified and saved in the refer-
ence manager. There was no time or language limit to 

include articles in the study. The following query was 
used: [(“budget impact*” OR “budgetary*” OR “budget 
impact analysis” OR “budget impact study” OR “finan-
cial impact” OR “economic impact”) AND (“breast can-
cer*” OR “breast neoplasm” OR “breast malignancy” OR 
“breast carcinoma”)].

Eligibility
The inclusion criteria were: 1. budget impact articles, 
2. articles that analyzed cost-effectiveness along with 
budget impact, 3. studies that looked at BIA of BC drugs. 
Records evaluating cancer diagnostic and screening 
methods evaluated budget impact for non-BC medica-
tions, economic evaluations lacking BIA, and all non-
economic articles were excluded. Comments, letters to 
the editor, and conference abstracts were also excluded.

Article selection
First, duplicate records were identified and deleted. After 
ensuring that any record was unique, titles and abstracts 
were screened concerning the subject of the current 
review. The screened studies were analyzed in terms of 
full-text eligibility and entered into the study. The whole 
process was rechecked by another researcher and finally 
documented in a PRISMA flow chart.

Data extraction
According to the ISPOR Task Force guidelines, a charac-
teristics table was developed to mention the main items 
of the studies, including the first author’s name, popula-
tion size, population features, clinical data, publication 
year, intervention(s), comparator(s), budget holder’s per-
spective, time horizon, discounting, market share per 
year, cost calculations, sensitivity analysis. Then, the find-
ings of all included articles on different aspects of BIA 
studies, such as treatment strategy, included cost, market 
share, and budget impact value, were extracted, summa-
rized, classified, and interpreted.

Quality assessment
The compliance and quality level of the included stud-
ies to the ISPOR Task Force guidelines was assessed and 
rechecked by another author [24, 25]. This task force 
developed expert consensus guidance on international 
good practice standards in health economic research and 
the use of this research in decision-making by health-
care providers. Nine items are evaluated according to 
this guideline, including study, target population, time 
horizon, hypothetical scenario, comparator, framework 
description, data collection, validation, and sensitivity 
analysis.

Studies that clearly stated at least seven items were rec-
ognized as quality BIA studies.
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Results
Characteristics of included studies
The search records in the three databases were 1181, 
which remained at 933 after the duplicates were removed. 
Eight hundred sixty-six records were excluded following 
the systematic review’s aim, and the remaining 67 were 
screened for full-text access. Of these 67 records, 50 were 
removed for reasons, and 17 BIAs (15 in English and 2 
in Russian) were systematically reviewed. The search pro-
cess and exclusion details are demonstrated in Fig. 1.

Table  1 shows the general characteristics of the BIAs 
included in the study. Among them, about half (n = 8) of 
the studies were conducted in Europe [26–33], three in 
the United States [34–36], three in Asia [37–39], two in 
Russia [40, 41], and one in Australia [42]. BIAs were per-
formed in the period 2004–2021. Twelve studies explic-
itly mentioned their funding source; two mentioned 
they did not have any funding source [26, 33], and three 
did not disclose this part [32, 40, 42]. All but one study 
[39] cited the study perspective, two of which used the 

Fig. 1 PRISMA flow diagram
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social perspective study [27, 38] and more studies from 
the payer or public health care perspective. All studies, 
except for one case based on real-world data [27], were 
based on modeling. Nine studies only evaluated the 
budget impact of anti-BC interventions, eight model-
based studies evaluated the cost-effectiveness of the drug 
and two Russian studies in the form of cost-minimization 
[40, 41].

Nine studies dealt with the administration methods or 
course of treatment or the branded drug or biosimilar 
trastuzumab [26, 28, 30–33, 37, 38, 42], and of the other 
eight studies, two studies dealt with the BIA of everoli-
mus [35, 39] and two with cyclin-dependent kinase 4/6 
inhibitors (CDK4/6i) in combination with letrozole [34, 
41]. Only one study did not identify the type of BC and 
its stage [26]. While 14 articles mentioned the BC stage 
(nine cases of metastatic BC or advanced BC and five 
cases of early stage BC) and ten articles mentioned that 
their target population is patients with HER-2 positive 
BC [26, 28, 30–33, 37, 38, 42, 43], and three articles men-
tioned that their target population is HER-2 negative 
[34, 39, 41]. In general, the eligible population has been 
mainly due to the indication of the under-research drug 
or the coverage of the study perspective. Eleven articles 
mentioned the target population and how to calculate it, 
and six articles did not explicitly mention it or use hypo-
thetical populations [27, 29, 32, 33, 40, 42]. Thirteen arti-
cles stated that none of the article’s authors had a conflict 
of interest, and four did not say it clearly [29, 31, 32, 42].

Methodology of included studies
Table  2 summarizes the methodology of BIA studies. 
Six out of 17 studies included the budget impact model 
[26, 28, 30, 35–37], five Markov studies [29, 33, 38, 41, 
42], two cohort-based studies [34, 39], and other studies 
based on health-state modeling [27], health economic 
model (HEM) [32], and spread-sheet [31], and one study 
did not state it clearly [40]. All studies expressed their 
time horizon between 1 and 5  years, and four studies 
used lifetime [32, 33, 38, 42]. Only in model five studies 
the discount rate was expressed and used (3–4%) [27, 29, 
30, 33, 42], and 12 studies did not express it or use it in 
BIA.

In nine studies, trastuzumab was studied as one of 
the budget holder arms of the BIA. In these studies, the 
use or non-use [30–32, 38, 42], originator form or bio-
similar [26, 28, 37], and 9-week or 52-week period of 
trastuzumab-based therapy were investigated [32, 33]. 
Two studies examined the budget impact of everolimus 
in HR + patients [35, 39], and two studies examined the 
inclusion of cyclin-dependent kinase (CDK) 4/6 inhibi-
tor drugs in the drug list of the countries [34, 41]. Other 
studies evaluated the budget impact of vinorelbine [40], 

ixabepilone [36], and third-generation aromatase inhibi-
tors [29].

The assumed costs in all studies included at least the 
drug cost. Some studies have suggested other costs for 
treatment with new drugs. Six studies included the cost 
of side effects and their management, including heart 
failure with trastuzumab, in the cost input [29, 32, 34, 
38, 39, 41, 42]. In addition to drug costs and side effects, 
studies included the cost of prescribing, preparation, dis-
pensing, transport, and productivity loss. Contrary to 
the cost input, which was clearly stated in all studies, the 
market share trend was mentioned in only seven cases. 
This trend was expressed in different scenarios, such as 
the immediate replacement of the old drug with the new 
drug, the linear replacement trend, the increasing annual 
trend of new drug consumption until complete replace-
ment, and the increasing trend to capture a part of the 
old intervention market.

Of all the BIA studies included in the systematic 
review, only two studies did not express the final result 
of adding the drug to the breast cancer patients’ medica-
tion regimen [27, 42], but in other studies, the final result 
was explicitly reported in the form of incremental budget 
impact value and total annual cost.

Quality assessment
Table  3 summarizes the ISPOR task force guidelines of 
the included BIAs [24]. The results of the quality assess-
ment of studies according to this guideline showed that 
all articles entered in the systematic review are of high 
quality and have the necessary items for a BIA. All studies 
reported the time horizon, BIA framework, data collec-
tion, and sensitivity analyses. One study did not declare 
the perspective [39], six studies did not declare the target 
population estimation [27, 29, 32, 33, 40, 42], two studies 
did not declare their hypothetical scenario [29, 38], three 
did not mention the comparator [26, 31, 33], and eight 
studies did not validate their model and results [26, 31, 
32, 34, 36, 39–41].

Discussion
In this study, we systematically reviewed all BIAs of anti-
breast cancer drugs in the world for the first time. These 
studies were primarily performed in developed countries 
for effective and expensive breast cancer drugs such as 
trastuzumab. We tried to conclude the impact of breast 
cancer drugs on the health system budget. One of the 
most important points we found in this systematic review 
was that despite valid global and national guidelines, 
there is a great deal of heterogeneity in BIAs in model 
design, results reporting and results in validation. Many 
countries, including France, Ireland, India, and Canada, 
have national guidelines for reporting BIA study results 
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[44–48]. However, BIA studies are not yet developed in 
a uniform and specialized form. In the quality assess-
ment studies included in the systematic review by ISPOR 
task force guideline, we found that the central part that 
researchers have neglected is validation [24], which has 
not been reported in half of the studies. However, the 
reporting quality of different parts of a BIA was more 
promising in this study compared to previous systematic 
reviews [49, 50]. One of the problems of BIAs is that due 
to the cooperation and support of pharmaceutical com-
panies in these studies and cost-effectiveness studies, 
the results of the studies may be subject to biases to the 
satisfaction of pharmaceutical companies. Researchers 
may also be reluctant to publish unfavorable findings for 
themselves and pharmaceutical companies. Therefore, it 
is recommended that the causes of bias and non-report-
ing of findings be listed, minimized, or eliminated in the 
BIA.

Another thing to keep in mind is that BIAs targeted 
for the inclusion of drugs on the drug list of countries or 
BIAs reported with cost-effectiveness analyses may be 
more inclined to present the new drug as a cost-saving 
strategy.

Another critical issue is the time horizon of BIA stud-
ies. It should also be noted that increasing or decreas-
ing costs in the short term should not be the basis for 
the entry and exit of drugs from the drug list. A long-
term budget impact must be made to judge reducing or 
increasing costs properly. For example, new medications 
with sound effects and high prices usually increase the 
cost of treatment. While in the long term, these drugs 
can reduce treatment costs. Through the long-term 
budget time horizon studies, the increase or decrease in 
budget trend could be seen to predict whether funding 
was affordable or not. To make better use of BIA stud-
ies, the focus should be on expensive cancer drugs that 
impose a more significant economic burden on the health 
system and subtypes of breast cancer that have a higher 
incidence rate in different communities.

This study has several strengths, including coverage of 
non-English languages (avoidance of tower of babel bias) 
[51], no time limit, and comprehensive coverage of data 
reported in BIA studies. At the same time, the present 
study has its limitations. Some scientific databases, such 
as EMBASE, were not available for use in the search. The 
results of various studies were not comparable due to dif-
ferences in the currency used and the time difference.

Conclusion
In conclusion, the results of the BIAs showed that most 
of the included BIAs are conducted from the payer’s per-
spective; they have different methodological frameworks 
for recommended chemotherapy, targeted therapy, and 

immunotherapy agents to treat BC. For the same medi-
cations, the results of budgetary effects are not consist-
ent in a diverse country. Researchers should conduct the 
budget impact analysis of high-value medications such 
as anti-tumor drugs more objectively, and the accuracy 
of parameters needs to be more strictly guaranteed. The 
high-quality BIAs should be based on real-world data to 
provide reliable results for policy-makers. Furthermore, 
it is worthy of declaring that the budgetary impact of 
the same drug is not always consistent over time, so the 
researchers should measure access to medication in the 
long run.
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