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Abstract 

Background: Budget impact analyses (BIAs) are used for reimbursement decisions and drug access medical insur‑
ance, as a supplement to cost‑effectiveness analyses (CEAs).

Objectives: We systematically reviewed BIAs for antitumor drugs of lung cancer to provide reference for high‑value 
drug budget impact analyses and decision making.

Methods: We conducted a literature search on PubMed, EMbase, The Cochrane Library, China National Knowledge 
Infrastructure and Wanfang Data Knowledge Service Platform from 2010 to 2019. The methodological indicators and 
result information of the budget impact analyses were extracted and evaluated for quality.

Results: A total of 14 studies on the budget impact for antitumor drugs of lung cancer were included, and the over‑
all quality was good. Half of studies were from developed countries. Nine of the studies were designed using the BIA 
cost calculation model, and two were simulated using the Markov model Monte Carlo model. From all studies, only 
14.3% reported model validation. The budget impact results of the same drug in different countries were inconsistent.

Conclusions: Included studies evaluating budget impact analyses for anti‑tumor drugs of lung cancer showed vari‑
ability in the methodological framework for BIAs. The budget impact analyses of high‑value drugs need to be more 
stringent to ensure the accuracy of the parameters, and should provide reliable results based on real data to decision‑
making departments, which should carefully consider access to lung cancer drugs.
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Background
Lung cancer is the most frequent cancer and the lead-
ing cause of cancer death among males. According to 
the Global cancer statistics 2018, lung cancer is the 
most common diagnosed cancer accounting for 11.6% 
of the total cases, and the leading cause of cancer death 
accounting for 18.4% of the total cancer deaths world-
wide. In 2018, there were estimated to be 2.1 million 
new lung cancer cases and 1.8 million deaths [1]. Mean-
while, lung cancer had the highest economic cost with 

€18·8 billion, 15% of overall cancer costs in the European 
Union [2].

The World Health Organization (WHO) divides lung 
cancer into non-small cell lung cancer (NSCLC) and 
small cell lung cancer (SCLC) based on its biology, ther-
apy, and prognosis [3, 4]. NSCLC includes two major 
types that account for more than 80% of total lung can-
cer cases: non-squamous cell, including adenocarcinoma, 
large cell carcinoma, and other cell types; and squamous 
cell (epidermoid) carcinoma [5]. In patients with NSCLC, 
the most commonly found Epidermal Growth Factor 
Receptor(EGFR) mutations are deletions in exon 19 and a 
mutation in exon 21 [6]. Both mutations result in activa-
tion of the tyrosine kinase domain, and both are associ-
ated with sensitivity to the small molecule tyrosine kinase 
inhibitors (TKIs), such as erlotinib, gefitinib, and afatinib 
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[7]. An estimated 2 to 7% of patients with NSCLC have 
anaplastic lymphoma kinase(ALK) gene rearrangements 
that are resistant to EGFR TKIs [8, 9].

Erlotinib and gefitinib are orally active TKIs that are 
very well tolerated by most patients [10, 11]. Erlotinib 
was approved by the FDA for the treatment of patients 
with locally advanced or metastatic NSCLC after pro-
gression on at least one prior chemotherapy regimen 
in 2014 [12]. Erlotinib and gefitinib are recommended 
(category 1) in the NSCLC algorithm as first-line ther-
apy in patients with advanced, recurrent, or metastatic 
nonsquamous NSCLC who have known active sensi-
tizing EGFR mutations [13–15]. Afatinib is also an oral 
TKI that inhibits the entire ErbB/HER family of recep-
tors, including EGFR and HER2 [16, 17]. The FDA has 
approved afatinib for first-line treatment of patients with 
metastatic nonsquamous NSCLC who have sensitizing 
EGFR mutations, but its safety is slightly lower than erlo-
tinib or gefitinib [6, 18].

Immunocheckpoint inhibitors are preferred agents 
recommended for subsequent treatment by NCCN. For 
NSCLC patients without ALK rearrangement, ROS1 
rearrangement, or sensitized EGFR mutations, immune 
checkpoint inhibitors (nivolumab, pembrolizumab, and 
atezolizumab) are the preferred choice for subsequent 
treatment of all histological subtypes because they have 
a higher survival rate, Longer response duration and less 
adverse events (AE) chemotherapy compared to cytotox-
icity [6]. Pembrolizumab has been approved by the Food 
and Drug Administration (FDA) as subsequent therapy 
for patients with metastatic NSCLC whose disease has 
progressed after platinum-based chemotherapy if their 
tumors express PD-L1 [19].

Since the high incidence of lung cancer and high treat-
ment costs have a significant impact on drug availability 
and the continued operation of the reimbursement fund, 
it is important to study the cost budget for lung cancer 
drugs. Budget impact analysis (BIA) is designed to meas-
ure the combined impact of the inclusion of a new phar-
maceutical product on health care spending. Its main aim 
should be to complete cost-effectiveness analyses (CEAs) 
for reimbursement and coverage particularly for short- 
and mid-term budget planning. The structure of BIA is 
can be adjusted according to different needs for different 
countries as well as for time horizons, perspective and 
underlying diseases [19].

Many authorities have built up the BIA method by 
different criteria, but no one has provided a precise def-
inition. Until 2007, the ISPOR Task Force presented guid-
ance on methodologies for those reviewing the results of 
such analyses [20]. Then, the ISPOR Task Force devel-
oped good practice guidelines to improve high-quality 
BIAs [21]. At the same time, many countries and regions 

presented specific guidelines [22–24]. These guidelines 
reports the analytical framework, key elements and 
reporting format for BIAs, including research perspec-
tive, budget time horizon, drugs and other cost, new 
interventions, uncertainty analysis and validation, etc.

However, as far as we know, there has been no review 
examined budget impact analysis studies in the field of 
lung cancer. Many developed countries use evidence-
based health technology assessment (HTA) methods to 
conduct cost–benefit analysis of clinically selected medi-
cal technologies as one of the main content of drug reim-
bursement recommendations [25–27]. In recent years, 
expensive anti-tumor drugs have been included in the 
catalogue of basic medical insurance drugs of China [28, 
29], and the related drug price negotiations have made 
significant progress, which has a greater impact on the 
accessibility of drugs to patients and the continued oper-
ation of the medical insurance fund. Therefore, we focus 
on the budget impact analysis of anti-tumor drugs used 
to treat lung cancer worldwide, aiming to summarize key 
elements, results, and assess the extent to which interna-
tional BIA guidelines are followed in these studies.

Methods
We conducted a literature search of the databases Pub-
med, EMBASE and the Cochrance Library to select arti-
cles on budget impact analysis for antitumor Drugs of 
lung cancer published in English from 1 January 2010 
until 31 October 2019. Similarly, we used keywords to 
search on CNKI and Wanfang Data Knowledge Ser-
vice Platform of China. The following search strategy 
was used: (Budget impact* OR budget impact model 
OR budget impact analysis OR pharmacoeconomics*) 
AND (Antineoplastic Agents [MeSH Major Topic]).
We included studies reporting budget impact models 
or budget impact methods of anti-tumor drugs based 
on randomized controlled trials, cross-sectional stud-
ies, cohort studies, model studies, etc. And excluded 
studies that only examined efficacy, toxicity, studies that 
conducted only cost-effectiveness analyses, reviews, 
comments, meeting abstracts and BIAs of other cancer 
patients. Two independent reviewers performed title and 
abstract screening and full-text selection. A third author 
resolved the disagreement.

Based on the ISPOR Task Force guidelines [5], we 
developed evidence tables presenting a summary of how 
each study addressed the key elements, such as popula-
tion size and characteristics, budget holder’s perspective, 
budget time horizon, model structure, clinical and cost 
data, cost calculation, uncertainty analysis, etc. And then 
we systematically extracted data and summarized our 
findings from all included studies in evidence tables.
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Meanwhile, the level of adherence to the ISPOR Task 
Force guidelines [5] was summarized for the following 
items: Budget holder’s perspective; target population 
estimate; 1–5  years of budget time horizon; hypo-
thetical scenario; control group; analysis framework 
description; data collection and sources; model veri-
fication and sensitivity analysis. This review was con-
ducted according to the PRISMA (Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses) 
guidelines [30]. The final included studies are all com-
plete published literature, which may lead to inherent 
problems with publication bias.

Results
Figure 1 summarizes the search strategy and its results. 
1490 articles were initially retrieved through the identi-
fied keywords on the budget impact analysis of antitu-
mor drugs. After deduplication (n = 117), screening the 
title and abstract (n = 1228) and the full text of remaining 
studies (n = 131), 14 items were finally included BIA stud-
ies of antitumor drugs for lung cancer. Half of 14 studies 
were from Europe and America, among which six stud-
ies were conducted for the US population [31–36] and 
one for Norway [28]. In the other half, there are 3 studies 
from Thailand [21, 22, 26] and 3 studies from China [25, 
37, 38] and 1 study from South American countries [29].

Table  1 summarizes general information for the 14 
selected BIA studies [31–36, 39–46]. Thirteen articles 
were studied based on models [31–36, 39–43, 45, 46], 

Fig. 1 The flow chart of literature search strategy
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and one article was studied based on population rand-
omized controlled trials [44]. The eligible populations 
were mainly chosen according to the coverage of the 
payer’s plan [31–36, 39–46]. There were thirteen stud-
ies restricted the target population based on the type 
and degree of lung cancer [31–36, 40–46]. Half of the 
14 articles were from developed countries, of which 6 
were from the US [31–36], 1 was from Norway [43]; the 
remaining 3 were from Thailand [39, 40, 42], 3 were from 
China [41, 45, 46], and 1 was from developing countries 
in South America [44].

Table 2 summarizes the budget impact analysis method 
and research results of the reviewed studies. We refined 
the key elements such as application model, research per-
spective, budget time frame, treatment plan, direct cost, 
indirect cost, clinical and cost data sources, and sensitiv-
ity analysis methods. In 14 studies, 13 studies were con-
ducted from the payer and the hospital, only one study 
was conducted from the perspective of private insurance 
companies [32]. Four studies considered a hypothetical 
population from the perspective of health commercial 
planning [31, 32, 35, 36], which were conducted for US 
populations. There were 13 studies that determined the 
research model, most of which used the BIA cost calcu-
lation model (also called cost decision model) [31–33, 
35, 36, 39, 41, 42, 45, 46], and only two of which used the 

Markov model [40] and Monte Carlo model [34] to simu-
late the disease process.

The budget time horizon determined for the model 
is based on the requirements of the budget holder. The 
budget time horizon of the included studies was concen-
trated in 1–5 years, and there were 6 studies with shorter 
budget periods, only 1  year [31–34, 43, 44]. Most stud-
ies presented a budget time horizon of 3 years or more, 
3 studies presented a budget time horizon of 3  years 
[35, 42, 46], 1 study presented a budget time horizon of 
4  years [39]. Four studies presented a five-year budget 
time horizon [36, 40, 41, 45].

Treatment strategy in the reviewed studies were stated 
by 14 studies. Most studies compared research drug 
between A treatment strategy and B treatment strategy 
under different scenarios [31–33, 35, 39–43, 45, 46]. Two 
studies compared different doses of the same drug setting 
in the base case analysis [34, 36]. One study did not com-
pare treatment strategies, but divided strategies accord-
ing to different payment methods, including cost-sharing, 
risk-sharing, payment-by-results and discount [44].

Cost calculation in the reviewed studies was summa-
rized as direct cost and condition-related cost. Direct 
cost included in the selection of cost accounting mainly 
take into account the cost of drugs and the cost of genetic 
testing. Adverse event cost and management costs are 

Table 1 General information on selected BIAs

RCT  Randomized controlled trial, NSCLC non-small cell lung cancer, msqNSCLC metastatic squamous non-small cell lung cancer

First author Year Country Drugs Research 
foundation

Population size, characteristics

Carlson [31] 2011 US Erlotinib Model 500,000 member US health plan; stage IIIB/IV NSCLC.

Farsai [39] 2011 Thailand Pemetrexed Model Lung cancer patients in the hospital

Sumitra [40] 2012 Thailand Gefitinib Model 100,000 advanced NSCLC patients

Preeti [32] 2014 US Erlotinib Model 500,000 member health plan; with advanced NSCLC

Lisa [33] 2016 US Ramucirumab + docetaxel Model 150,000 patients in hospital; NSCLC Patients Receiving 2nd line 
Therapy

Mengyuan [41] 2016 China Gefitinib Model 74000 advanced NSCLC patients

Sumitra [42] 2017 Thailand Crizotinib Model 5183 NSCLC in lung cancer patient; aged ≧19 years

Daniel [34] 2017 US Pembrolizumab Model 19601 NSCLC patients with PD‑L1 expression ≧ 50%

Jan [43] 2017 Norway Pembrolizumab Model 3035 cases; Patients with advanced NSCLC 2nd line treatment

Pedro [44] 2018 South 
American 
countries

Pembrolizumab RCT 3043 participants; patients with NSCLC for immunotherapy

Christopher [35] 2018 US Necitumumab Model 100,000 plan participants; msqNSCLC patients receiving first‑line 
chemotherapy; aged≧65 years

Jonathan [36] 2018 US Afatinib Model Health plan for 1,000,000 people; metastatic NSCLC whose tumors 
have EGFR del19 or L858R mutations initiating first‑line treat‑
ment; age ≥ 18 years

Xueyan [45] 2018 China Icotinib Model 73,400 patients with advanced NSCLC who were genetically tested 
and eligible for icotinib in the insured population

Jie [46] 2019 China Afatinib Model 45,554 patients with advanced NSCLC who were positive for EGFR 
mutation after chemotherapy in the insured population
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called condition-related cost. Eight studies only calcu-
lated direct costs [32–34, 39, 41, 44–46], and six studies 
chose direct cost plus condition-related cost in cost cal-
culation [31, 35, 36, 40, 42, 43]; The ISPOR Task Force 
guidelines [5] recommend that data should come from 
the best available sources and should be thoroughly 
quoted to support transparency and reproducibility. 
The 14 studies included in the study all clearly stated the 
source of clinical and cost data [31–36, 39–46], typically 
from surveys, official national data, published literature, 
and a few from randomized controlled trials.

Of the 14 reviewed studies, twelve studies were sub-
jected to sensitivity analysis, and all methods were con-
ducted using one-way sensitivity analysis [31, 32, 34–36, 
39–43, 45, 46]. However, the selection of sensitivity 
analysis parameters is inconsistent, such as whether to 
analyze the treatment cycle. Regarding research on the 
budget impact analysis of drugs, the ISPOR Task Force 
guidelines did not recommend discounting [5], so we did 
not take into account discounting.

As for the result indicators, we found that the included 
studies were all presented in the form of budget amounts. 
Six studies indicated budget results increased [31, 32, 
35, 36, 39, 42]. One of the studies explained that it was 
mainly due to the increase in the cost of drugs, that was, 
the increase in the cost of progression-free survival and 
treatment cycle extension [42]. The other study showed 
that the higher incremental budget in medical insurance 
was due to the higher incidence of metastatic squamous 
non-small cell lung cancer among elderly medical insur-
ance patients [35]. On the contrary, six studies budget 
decreased [40, 41, 43–46]. One of the studies used the 
expected annual margin between costs and reimburse-
ment to explain the results of budget impact analysis [33]. 
One study in the United States indicated that personal-
ized-dosing of drug resulted in cost savings over fixed-
dosing [34].

Table  3 provides a summary of the quality evalua-
tion according to the ISPOR Task Force guidelines [5]. 
The consistency of the included BIAs and ISPOR Task 
Force guidelines indicates that the overall quality of the 
included studies was good, and 9 of included studies fol-
lowed at least 8 of the guidelines (≥ 88.9%) [32–36, 40, 
41, 43, 45], 4 studies [31, 39, 42, 46] followed 7 items 
(77.8%) in the guidelines. Only 1 study [44] followed less 
than 5 items (44.4%). Overall, most studies did not report 
model validation, and only 14.3% of the studies con-
ducted model validation.

Discussion
We systematically reviewed the budget impact analysis 
for anti-tumor drugs of lung cancer, which from Europe, 
America, Asia and South America, covering a wide range 

of areas. And summarized methodological elements 
and research results to provide reference for the budget 
impact analysis of high-value drugs. Firstly, we found 
from these reviews of the design of published budget-
impact models was that, despite published guidelines 
for budget-impact analysis, there were still significant 
differences in the included studies. Many countries and 
regions had issued budget impact analysis guidelines, 
such as Canada [6], France [7], and Ireland [8]. The lat-
est China Guidelines for Pharmacoeconomic Evaluations 
was published in 2019, which included budget impact 
analysis methods and rules [47]. The BIA method has 
not been specified in a unified and standardized form, so 
there were significant differences between BIA studies.

Vooren [48] considered that BIA was not a mature 
technology in the literature in 2013, and many published 
studies have not yet reached acceptable quality. In par-
ticular, the short-term budget savings of high-value drugs 
might be caused by the bias of pharmaceutical com-
panies. Mauskopf [37] found that many budget impact 
analyses’ designs were still different even for those analy-
ses performed for a new drug for the same type of dis-
ease. Beate Jahn [38] also considered that best-practice 
guidelines were necessary to ensure high-quality analy-
ses. Although we agreed on the importance of a mature 
framework for BIA, it was more important to implement 
the operations of BIA. Such as pembrolizumab, two stud-
ies in Norway [43] and south America [44] showed that 
pembrolizumab’s budget decreased, while Thailand’s [39] 
BIA study recognized that budget of pembrolizumab 
increased significantly. Erlotinib’s budget impact analysis 
results were consistent. Coincidentally, both of these two 
BIAs of erlotinib were from the United States. The con-
sistent result may be related not only to the uniform BIA 
guidelines in the U.S., but also to the drug reimburse-
ment policy in the U.S.. We also observed the results of 
BIAs showing a continuous decline in the health insur-
ance budget for different drugs in China consistently [41, 
45, 46]. We thought it was not only related to China’s 
special medical insurance drug policy, but also related to 
the input of related parameters of the BIA model. There-
fore, we suggested that BIA research should carefully 
consider the size of the population based on real-world 
data, rather than model simulation, to make the budget 
impact results more realistic in order to provide a real-
istic reference for decision-making by decision-making 
departments.

From the Thai payer perspective, gefitinib was a dom-
inant cost saving strategy compared with docetaxel for 
the second-line treatment of advanced NSCLC [40]. 
Since gefitinib had been reapproved through the FDA’s 
Phase IV study, it was now more accepted and very 
well tolerated by most patients [6]. New drugs such as 
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gefitinib should be paid more attention to comparing 
budget impact analysis of different drugs to ensure that 
there was no financial burden on the use of new drugs. 
Our review suggested that reasonable comparators 
should be set up based on the clinical pathway, and this 
kind of research had greater clinical reference value.

Meanwhile, the short-term increase or decrease in 
the budget impact results should not directly determine 
the inclusion or exclusion of drugs in the medical insur-
ance catalog. On the contrary, the long-term budget 
impact of drugs should be considered. For instance, 
the impact of new drugs with good effects on the 
short-term budget has increased, but in the long run, 
they will save costs, can still be considered within the 
control of the medical insurance fund, and vice versa. 
Although the results of budget impact analysis of ico-
tinib showed a downward trend, the extent of decline 
had decreased year by year [45]. Through the long-
term budget time horizon research, the trend of budget 
increase or decrease could be seen to predict whether 
the fund was affordable.

We found that most of the included studies did not 
undergo model validation. Only two studies stated that 
the validity of the BIA model was discussed with clini-
cal experts and relevant researchers [33, 43]. ISPOR 
had already put forward requirements for the validity 
verification of the BIA model in 2014 [5], and the lat-
est economic evaluation guidelines in China had also 
made requirements for the validation of the BIA model, 
including face validation, technical validation and 

external validation [47]. Obviously, model validation 
should be a key element to ensure the accuracy of BIA 
research.

Then, we identified the following key elements for 
the design of the budget impact model: the BIA budget 
time horizon should be considered for at least the next 
3-5 years; Considering the differences in previous BIAs, 
our review suggested that reasonable comparators should 
be set up based on real-world policy and the clinical 
pathway; Sensitivity analysis could consider the use of 
multi-factor analysis, which was sufficient to consider 
the correlation between various factors; Model validation 
and sensitivity analysis should be carried out to ensure 
the effectiveness of BIA research [49]; And the key ele-
ments should cooperate with each other to ensure effec-
tive budget impact analysis.

Compared with previous BIA reviews [37, 38, 48], 
this systematic review has been focuses on lung cancer 
drugs specifically. We have summarized the key ele-
ments to ensure the quality of BIA research compre-
hensively. In addition, we concluded the budget results 
of the included studies to provide a comprehensive ref-
erence for BIA studies of high-value drugs of lung can-
cer. Our systematic review has several limitations. First, 
some studies may have been missed because they were 
indexed in other databases or were published by confer-
ence did not appear in the journal publications retrieved 
by this study. Second, due to the language limitation, our 
systematic review included studies published in Eng-
lish and Chinese. References were retrieved from three 

Table 3 Quality evaluation of BIAs

First author Perspective Target 
population 
estimate

1–5 years 
of budget 
time horizon

Hypothetical 
scenario

Comparator Frame 
description

Data 
collection 
and sources

Validation Sensitivity 
analysis

Carlson [31] √ √ √ √ √ √ √

Farsai [39] √ √ √ √ √ √ √

Sumitra [40] √ √ √ √ √ √ √ √

Preeti [32] √ √ √ √ √ √ √ √

Lisa [33] √ √ √ √ √ √ √ √

Mengyuan 
[41]

√ √ √ √ √ √ √ √

Sumitra [42] √ √ √ √ √ √ √

Daniel [34] √ √ √ √ √ √ √ √

Jan [43] √ √ √ √ √ √ √ √ √

Pedro [44] √ √ √ √

Christopher 
[35]

√ √ √ √ √ √ √ √

Jonathan [36] √ √ √ √ √ √ √ √

Xueyan [45] √ √ √ √ √ √ √ √

Jie [46] √ √ √ √ √ √ √
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international databases and two Chinese databases (Pub-
med, EMBASE, the Cochrance Library, CNKI and Wan-
fang Data Knowledge Service Platform of China). Third, 
the search time was limited to 2010-2019. Due to the 
variety of anti-tumor drug studies, the search time could 
not be exhausted, so we chose to search the relevant 
studies in the past decade. Fourth, in the summary of the 
results, the results were evaluated only from the verti-
cal perspective of increase and decrease, and the budget 
results were not uniformly converted into international 
currency forms such as US dollars [50], so that there was 
no lateral difference evaluation of the extrapolation of 
results.

Conclusion
Although most of the included BIA studies are con-
ducted from the perspective of payers, they have different 
methodological framework for recommended chemo-
therapy, targeted therapy, and immunotherapy agents 
for the treatment of lung cancer. For the same drugs, the 
results of budgetary effects are not consistent in different 
country. The budget impact analysis of high-value drugs 
such as anti-tumor drugs should be conducted 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 
decision-making departments. Furthermore, it is more 
worthy of attention that the budgetary impact of the 
same drug is not always consistent over time, so access to 
drugs should be measured in the long run.
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