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Abstract

Background: Breast cancer is the most common type of cancer in women. The assessment of
characteristics and quality of decision analytic models of economic evaluations (EE) in
metastatic breast cancer treatments has primary importance because EES provide important
evidence for decision-making concerning health care. The decision analytic modeling (DAM)
process is central to performing economic evaluations in chronic diseases like breast cancer, but
may produce low quality evidence depending on the methods applied.

Objective: The objective was to summarize the cost-effectiveness results, methodology and
quality of DAMs in MBC with the aim to provide guidance on the cost-effectiveness of current
therapy option and to appraise and illuminate the flaws in the quality of DAM so as to provide
future recommendations for generating robust evidence on cost-effectiveness of MBC therapy.

Methods: A literature review was conducted to identify the EEs of MBC treatment written in
English language between 2002 and 2012. Methodological characteristics were observed by
extracting data regarding methodology of DAM. A quality appraisal checklist designed
specifically for DAMs was applied to appraise the quality of all EEs in MBC treatments utilizing
a Markov models.

Results: In total thirteen EEs were identified which represented DAM-based cost effectiveness
and cost utility analysis, and outcome measures were quality adjusted life years or life years.
Studies were conducted in various countries with the health care perspective being prevalent. In
most studies lifetime horizon was used, though this differed according to target patient group and
was found to be influential on the results for similar drugs. Discounting was applied according to
guidelines and decision maker requirements. Comparators in these studies were included
hormonal therapies, targeted therapy and chemotherapy. In general, combination therapy
including 2 or more types of therapy was more cost-effective than combination therapy. The
overall quality score of DAM was 70%. The best performance of all reviewed studies was in
structure 80.93% and the data dimension 67%, while the consistency dimension scored the
lowest at 35.38%. Model type (S6), cycle length (S9), and parameter uncertainty (D4d) were
scored high in all EEs. The sub-dimensions which scored lowest were comparators and strategies
(S5), rationale of structure (S3), data identification, (D1) Pre-model data analysis (D2), baseline
data (D2a), and treatment effects (D2b) and quality of life weights (D2d).

Conclusions: Development of a generic model for MBC is recommended to improve quality of
DAM and reduce the variations in final results. A systematic review of the efficacy evidence of
all therapies in MBC is needed to identify the heterogeneity which can be integrated into the
model by means of a meta-analysis. Such a model could then be used to economically evaluate
MBC treatment therapies and adapted depending on patient subgroup.
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1 Introduction

Breast cancer is the most common type of cancer in women. The expansion of the heath care
sector has particularly affected by oncology care. Cancer is a disease whose burden is directly
proportional to the world’s population. Specifically, breast cancer is responsible for 23% of new
cancer cases and 14 % of total cancer deaths in 2008 [1, 2]. Breast cancer is defined as metastatic
if characterized by metastatic (M) stage or stage 1V, according to TNM cancer staging system,
and breast cancer stage grouping. In other words, metastatic breast cancer (MBC) is cancer
originating from breast but which has spread to distant sites. In this setting [3], the objective of
treatment is limited to life prolongation and symptom management [4]. Due to the numerous
options for MBC treatment [5], it is important to economically evaluate the value of treatment
therapies when decide the reimbursement decision [6].

Despite private or social insurance, within the jurisdictions where health care is reimbursed
centrally, the importance of Economic Evaluation (EE) has significantly increased [7]. This is
explained by need to ensure affordable and equitable access to effective medicines in a
sustainable manner. This objective is difficult to obtain, taking in account the expansion of the
health care sector and scarcity of recourses in health care. The increasing number of
interventions, even within one disease, results in variability of economic return [8]. Thus, it
becomes inevitable to decide which intervention is giving the best value for money [9].

Since the late 80’s, health technology assessment (HTA) has been used to appraise new
technologies in health care. Both a cost-effectiveness analysis (CEA) and a budget impact
analysis (BIA) typically generate economic evidence about new health technologies [10]. The
main objective is to address issue of efficient allocation of resources along with maintenance of
affordability of services [11]. Therefore, prospecting possibility of solving two problems:
increasing health care expenditures and scares resources demanded by policy makers [12], brings
HTA to the center of researchers’ attention.

The assessment of health care interventions by means of an EE is conducted by synthesizing all
available information about a particular healthcare process and its implications. Philips et al. [13]
have stated that the decision analytic modeling (DAM) process is central to performing a CEA.
Especially when evidence about long-term outcomes is not available, the objective, of decision
modeling is to provide clear relationship of incremental costs and consequences between two
interventions [14]. Sun et al. [15], have also stated that modelling is a complex technique which
demands great experience of modellers in order to achieve sufficient quality. Consequently, the
quality of decision modelling has a significant influence in decision making between
interventions.

Despite complexity and potential susceptibility to limitations, DAM is a powerful tool to
synthesize available data and information. The results of the DAM are always conditional on
structural and data assumptions. The greatest advantage of modelling studies is that it gives
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possibility to work with imperfect data. But on other hand it requires to make series of
assumptions. Often modelling studies are used to evaluate newly developed technologies or
treatments, which are not widely used in practice. For this reason it is important to address the
uncertainty related with assumptions made [16].

The problems of DAM studies can be grouped into two general categories. The problems
associated with structure and problems associated with data. Problems associated with structure
are derived from choice of correct rationale of model structure, its assumptions, comparators,
choice of model type, prolongation of time horizon, choice of disease states and cycle length
[17]. These issues, on other hand, are strongly influenced by developers of the DAM, whereas
different analysts are not expected to have same vision. Problems associated with the data are
two sided. On one hand, they depend on the quality of data identified and analyzed, on other
hand they depend on analysts who choose which data will be incorporated into the model.
Finally, despite the great influence of problems associated with data collection, analysis and
structural assumptions on DAM, additionally quality of DAM is influenced by medical
proficiency of analysts.

The Markov type of model, in chronic diseases like breast cancer, is the preferred type of model
[18] to represent stochastic processes [19] as the decision tree type model does not define an
explicit time variable which is necessary when modelling long term prognosis [9]. However, the
results of Markov type decision modelling are influenced by the model structure [9], validity of
data [20], its synthesis [21], and resulting uncertainty [22] therefore this susceptibility can be
considered as a shortcoming of the model.

Susceptibility of DAM threatens the robustness of generated evidence, and on other hand
provokes the following questions to be answered: what are the methodological characteristics of
EEs for MBC? And what is the level of quality of DAM in EEs for MBC? In order to provide the
answers to these questions, a review of the methodological characteristics and quality appraisal
are thought to be vital.

The identification of characteristics and quality appraisal of DAM in HTA/EE are important in
an environment where evidence supports decisions [23] on reimbursement, developing new
drugs, therapies, disease management programs and value-added services and clinical practice
guidelines [24]. Therefore, the link between the primary data and decision [14] represents a
valuable tool for decision makers, third party payers, manufacturers, treatment centers,
clinicians, and researchers [25].

Numerous assessment tools have been devised to critically appraise the quality of decision
models. In 2009, Zimovetz et al. [26] in review have stated that none of the DAM assessment
tools accurately reflect the quality criteria specified by the NICE, and proposed the checklist
which adopts similar basic domains as one by Philips et al. [13]. However, in the same review
the checklist proposed by Philips et al. [13], was merited as most comprehensive tool for quality
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appraisal. This checklist has been developed by consolidating existing guidelines and appeared
to become consistent framework for quality assessment. The checklist provides a broad
framework for quality assessment and best practice in decision-analytic modeling for cost-
effectiveness analysis. Using this checklist specifically the quality in “structure”, “data” and
“consistency” of DAM can be evaluated.

By collecting and summarizing the information about the cost-effectiveness results, methodology
and quality of DAM in MBC the aim of this research are two folded. First, a descriptive analysis
of the methodological attributes and results of existing EEs in MB was performed to provide
guidance on the cost-effectiveness of current therapy option. Second, an evaluative analysis
focused on determining the quality of DAM in MBC EEs, in order to appraise and illuminate the
flaws in quality of DAM and provide future recommendations for generating robust evidence on
cost-effectiveness of MBC therapy in sustainable and effective way.

A number of economic evaluations utilizing a Markov model have been performed in MBC, but
little is known about the characteristics and quality among existing studies. Therefore, the
objective of this research was to provide answers to above stated questions, by descriptive
analysis of the methodological characteristics and assessment of quality in economic evaluations
of MBC.
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2 Methods

2.1 Search strategy

To identify studies utilizing decision analytic model (DAM) in MBC, a literature search of all
EEs of all therapies for MBC was conducted. Initially search terms were developed: “late stage”,
“metastatic”, “advanced”, “breast cancer”, economic evaluation”, ‘“cost utility”, “cost
effectiveness”, and “cost benefit”. On May 12 (2012), a literature search was conducted in
National Health Service Economic evaluation Database via Cochrane library and center for
reviews and dissemination (CRD), Pubmed, and Embase data bases. Search terms were
categorized into nine separate searches. Table 1 illustrates how search terms were applied in
search process.

2.2 Study selection

By taking in account the objectives of this research the inclusion criteria were developed in order
to enable the selection of studies for the research. All studies were first reviewed according to
titles and abstracts, and inclusion criteria were applied to select studies relevant to this research.
Inclusion criteria consisted of the following: 1) study focused on treatment of metastatic or
advanced breast cancer, 2) focus of study CEA or cost-utility analysis (CUA) 3) modeling study
based on Markov type of decision analytic model, 4) full text economic evaluation, 5) written in
English language, 6) published in the period 2002-2012.
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2.3 Descriptive analysis

Data regarding type of study, effectiveness outcomes, perspective, indirect costs, target
population, time horizon, discounting rate, comparators and incremental cost effectiveness ratio
(ICER), were extracted for the descriptive analysis of methodological characteristics of the
selected EEs.

2.4 Quality of decision-analytic modeling

The study by Zimovetz et al. [26] suggests that the quality assessment checklist by Philips et
al.[13] is the most comprehensive and specifically aims to appraise DAM studies. Hence it
follow that, the decision to apply the checklist by Philips et al. [13] was made. This checklist
incorporates evidence from a systematic review of best practice guidelines and focuses on three
dimensions of quality: structure (S), data (D) and consistency (C). It was also found that
operationalized version of the checklist by Philips et al. [27] includes the additional attribute
“cost” (D2c¢), whereas Philips et al. [13] did not include this attribute. For the purpose of better
comprehension in this research it was decided to include additional D2c attribute to checklist by
Philips et al. [13]. Methods of DAM applied in each EE were appraised by analyzing each
quality dimensions using this operationalized checklist [13].

In most cases, each dimension of quality contains several attributes of good practice. Hence it
follows that, each attribute of the checklist was numbered by one alphabetic letter. There are 63
attributes of good practice, in total.

The previously operationalized checklist was applied using “yes” or “no” answers. In this
research it was assumed that each attribute had the same quality value resulting in a total of 63
points that could be awarded for quality. Therefore, as attribute-associated criterion with the
answer “yes” was awarded one point whereas that with a “no” was awarded no point. In cases
where the selected study did not provide explicit and clear information about an attribute, the
criterion was scored with “no”. In the case of a clear and explicit statement of attributes, the
criteria were scored “yes”. The dimensions of quality, attributes of good practice and questions
applied in the critical appraisal of good practice guidelines for DAM as taken from Philips et al.
[13], are provided in Table 2.
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3 Results

3.1 Search and study selection

In total, the search resulted in identification of 1703 studies in four online databases. Figure 1
represents the selection process of the economic evaluations for this research. A total of 937
duplicates were removed. All 766 unique studies were reviewed by title and abstract, where 697
were excluded as they did not focus on treatment of MBC (n=575), and were not based on
Markov type of decision modeling (n=122). Furthermore, studies which were not full text
economic evaluations (n=13), were not published in period of 2002-2012 (n=13), and focused on
early breast cancer (n=15)*, and those which were systematic reviews (n=3) were excluded from
pre-final set of studies. The pre-final set of (n=26) studies were reviewed by its content and 13
studies were excluded. The reasons of exclusion were; not CEA or CUA (n=1) [29] not focused
on MBC (n=7) [30-36], not written in English language (n=1) [37], systematic literature review
(n=1) [38], not full text EEs (n=2) [39, 40] and duplicate (n=1) [41]. After exclusion of
duplicates and applying six exclusion criteria, final set of studies for this research comprised of
13 full text economic evaluations.

3.2 Description of selected economic evaluations
Implemented data extraction of cost-effectiveness results and methodological characteristics in
selected EEs for MBC, is represented in Table 3.

3.2.1 Type of study and effectiveness outcomes

All selected studies used quality adjusted life years (QALY) or life years gained (LYG). Only
53.84 % of evaluations used QALY as well as LYG as a measure of health outcomes [28, 42-47].
In 46.15 % studies [48-53], only QALY was used. Moreover, in two EE quality adjusted life
month (QALM) was used [48, 52].

By analyzing outcome measures, in 13 EEs, it was found that 53% of EEs are CEA and CUA
type of studies [28, 42-47]. The remaining 46% are strictly CUAs [48-53].

3.2.2 Perspective

Perspective was explicitly mentioned in 92.30% of reviewed (12) EEs. Only in one EE
perspective was not stated [48]. Health care or payer’s perspective [28, 42-47, 49, 51, 53] were
stated in 76.92%. Other 15.38% assumed societal perspective [50, 52]. EEs stated societal
perspective, were conducted for the Swedish setting and for the United States of America (USA).

' The study by Karnon et. al. (2008) was considered to be sufficient for inclusion criteria, therefore was included in
final set of studies for this review.

28. Karnon, J., T. Delea, and V. Barghout, Cost utility analysis of early adjuvant letrozole or anastrozole versus
tamoxifen in postmenopausal women with early invasive breast cancer: the UK perspective. Eur ) Health Econ,
2008. 9(2): p. 171-83.
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3.2.3 Indirect costs

EEs, which included indirect costs, comprised 15.38% of total share, which all stated the societal
perspective. The study conducted in Sweden, included average annual inpatient costs and
average annual informal care costs [50]. Studies conducted in USA [52], patient time costs and
patients travel costs were included. The remaining 84.61 % studies did not include indirect costs,
since the perspective was limited to the health care or payer’s perspective [28, 42-49, 51, 53].

3.2.4 Target population

The target population, in all EEs, was patients with MBC. In 61.5% [42-46, 49, 51, 53] EEs the
age of the target population was not stated. In studies where it was mentioned, age varied from
50 to 65 years. In the study by Marchetti et al. [49], a lifetime time horizon of 8.3 years was used
for post-menopausal women with estrogen positive MBC. Whereas, Karnon et al. [28] used a 5-
year time horizon for women of 61 years old with early invasive breast cancer.

3.2.5 Time horizon

Time horizon was not stated (7.69%) explicitly by Matter-Walstra et al. [53]. In the remaining
92.30 % of economic evaluations the time horizon varied from 5 to 28 years, and was considered
to be lifetime.

3.2.6 Discounting rate

Discounting rate was not applied in 23.08 % of studies [50, 51, 53]. Throughout the remainder of
studies the discounting rate ranged from 3% to 6%. Only in one study were resources and effects
discounted with different rates, with resources at 6% and effects at 1.5% [42]. In six EEs [45-49,
52], a 3% discounting rate was used and three studies applied a 3.5% discounting rate [28, 43,
44].

3.2.7 Comparators and incremental cost effectiveness ratio

Throughout the reviewed studies, five EEs have focused on hormone therapy (HT). One EE
specifically demonstrated comparison of aromatase inhibitors (Al) to selective estrogen receptor
modulators (SERMs) [42]. Two EEs compared Al agents [28, 49]. Remaining two EEs
compared estrogen receptor down regulator (ERD) agents [43, 45].

Only one EE focused on comparison of targeted therapy (TT) and usual care [47]. Elkin et al.
[48] compared the Hercept test and fluorescence in situ hybridization (FISH) to FISH only,
followed by TT and chemotherapy (CT).

CT and TT regimens were evaluated in six studies, four EEs focusing on combination of CT and
TT agents [50-53], while two EEs compared only CT agents [44, 46].

3.2.7.1 Hormonal therapy

3.2.7.1.1 Aromatase inhibitors versus selective estrogen receptor modulators
EEs by Karnon et al. [42], aimed to compare Al to SERMs. This EE focused on comparison of
letrozole (femara) to tamoxifen (nolvadex) as a 1% line therapy followed by 2™, 3" line therapy,
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1% and 2™ chemotherapy. In this EE, letrozole and tamoxifen were the first drugs in treatment
sequences. This EE demonstrated an ICER of 6068£ per LYG and that treatment sequence
starting with letrozole was cost effective compared to one with tamoxifen at a cost of 2927-
3969£ per QALY.

3.2.7.1.2 Aromatase inhibitors

A crossover design comparison by Marchetti et al. [49] compared two Al drugs, letrozole and
anastrozole (arimidex), to tamoxifen (SERM). The first comparison represented two hormone
therapy sequences?, (1) starting with anastrazol followed by tamoxifen then megestrol (megace)
compared to therapy sequence, (3) starting with tamoxifene followed by anastrazole, then
megestrol. This comparison resulted in ICER €10795/QALY. The second therapy sequences (2)
starting with letrozole followed by tamoxifen, then megestrol compared to therapy sequence (3)
starting with tamoxifene followed by anastrazole, then megestrol resulted in ICER
€16886/QALY.

Comparators of the study by Marchetti et al [49] and Karnon et al. [28] are same. The
comparison [28] of anastrazole and lestrozole were accomplished by comparing these drugs to
tamoxifen. The study revealed for letrozole compared to tamoxifene, the incremental cost of
£10,502/LY and incremental cost per QALY of £10,379. Results also showed incremental cost
of 11,703£ per LY and incremental cost per QALY of 11,428£ respectively for anastrazole
compared to tamoxifen. The reference case analysis assumed no carry over efficacy for Als
beyond the 5-year treatment period, and showed similar levels of CE for both letrozole and
anastrazole compared to tamoxifen of between £10,502 and £11,703. In this EE crossover design
was used however, comparison was not implemented by comparing treatment sequences as it
was done in previous two studies. The DAM used in this study was developed by Karnon et al.
[54] in EE of tamoxifen plus chemotherapy and tamoxifen alone in postmenopausal women with
early breast cancer.

3.2.7.1.3 Estrogen receptor down regulator

The EE of the HT estrogen receptor down regulator (ERD) drug by Cameron et al. [43] was
carried out by comparing two treatment sequences in two cohort groups. Firstly, fulvestrant
(faslodex) used as a second-line HT for MBC in Cohort A compared to cohort B without
fulvestrant. When fulvestrant was used as a second-line HT, it resulted in £6500 per LYG, and
£7300 per QALY. The second comparison compared fulvestrant, as a third-line HT in cohort A
to cohort B without fulvestrant, which showed both an increase in health benefits and cost saving
of £430 per patient.

Lux et al. [45] compared fulvestrant, as a second line treatment sequence in cohort A to no
fulvestrant in cohort B. This revealed fulvestrant as second line treatment to result in a 0.021

? The numbers in parenthesis refer to treatment sequences compared by Marchetti et. al. (2004).

49, Marchetti, M., M. Caruggi, and G. Colombo, Cost utility and budget impact of third-generation aromatase
inhibitors for advanced breast cancer: a literature-based model analysis of costs in the Italian National Health
Service. Clin Ther, 2004. 26(9): p. 1546-61.
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QALY gain at a cost saving of 564 euro per patient, dominating the treatment sequence without
fulvestrant.

A number of similarities such as the type of model were observed among these two studies. In
the EE by Lux et al. [45], patients were assumed to have previously received tamoxifen or Al as
adjuvant anti-hormonal therapies, whereas the EE by Cameron et al. [43] assumed patients had
previously received only adjuvant tamoxifen. Although, both authors found that inclusion of
fulvestrant as second line agent in treatment sequence is cost effective.

3.2.7.2 Targeted Therapy

Hedden et al. [47] demonstrated the comparison of 12-month adjuvant protocol of trastuzumab
(Herceptin) to usual care. The findings show that a 12-month adjuvant protocol of trastuzumab
resulted in a gain of 1.38 QALY or 1.17LYG at a cost of $18,133 per patient. Thus, the ICER
was estimated to be $13,095/QALY and 15,492/LY.

3.2.7.2.1 Targeted therapy and Chemotherapy

Elkin et al. [48] compared the Hercept Test and FISH to FISH only, followed by trastuzumab
and chemotherapy agent, paclitaxel (taxol). Findings yielded an ICER of $125,000/QALY when
HercepTest with FISH, and ICER of $145,000/QALY when FISH alone.

Lidgren et al. [50] compared HER?2 testing and trastuzumab (TT) in combination® with CT agent
docetaxel (taxotere) to CT alone, which revealed that the least costly and least effective strategy
was CT alone. However, the most effective strategy (5) was FISH testing for all patients, with
trastuzumab and CT for FISH positive patients. When compared with strategy (4)* it resulted in
ICER of 561,207 SEK/QALY. This is only study which included HER2 testing and trastuzumab
together in comparison of TT and CT.

Dedes et al. [51] have found that paclitaxel (CT) and bevacizumab (avastin) (TT) together led to
a gain of 0.21 QALY per patient at an additional cost of €40,369 versus paclitaxel (taxol) alone
at an ICER equal to €189.427/QALY.

Le et al. [52] compared Capecitabine (CT) mono-therapy to capecitabine (xeloda) and lapatinib
(tykerb) (TT) combination, and found that combination therapy cost an additional $19,630 with
an expected gain of 0.12 QALY at an ICER equal to $166,113.

The final EE which compared TT to CT was conducted by Matter-Walstra et al. [53].
trastuzumab (TT) and capecitabine (CT) versus capecitabine alone were compared. It was

* The comparison is initiated by comparing the treatment strategies, the numbers in parenthesis indicate the
treatment strategy, these numbers are provided in original study (EE).

4 Strategy 4: IHC testing for all patients with FISH confirmation of 2+ and 3+ and Trastuzumab and chemotherapy
for FISH Positive patients (P.1022). 55. Lidgren, M., et al., Cost-effectiveness of HER2 testing and 1-year
adjuvant trastuzumab therapy for early breast cancer. Annals of Oncology, 2008. 19(3): p. 487-495.
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demonstrated that trastuzumab and capecitabine combination led to additional cost of €33,980
and yielded a gain of 0.35 QALYs at an ICER of €98,329/QALY.

3.2.7.3 Chemotherapy

Comparison of chemotherapy regimens was done by Benedict et al. [44]. A direct comparison
was conducted for 3-weekly regimen of docetaxel and paclitaxel based on patient data from the
TAX311 trial. The resulting ICERs for docetaxel were £12 032/QALY versus Pac3w,
£4583/QALY versus Paclw and £14 694 per QALY versus Nab-P.

Frias et al. [46] assessed the cost-effectiveness of docetaxel administered every 3 weeks and
weekly paclitaxel regimen. The comparison was indirect and based on efficacy and toxicity data
from the literature and individual patient level. The results demonstrated docetaxel to yield
higher benefits as well as costs. Therefore the ICER for docetaxel versus paclitaxel was
€190/LYG and €295/QALY.
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3.3 Quality assessment

The quality appraisal checklist was applied to analyze decision analytic modeling of selected
economic evaluations. Table 4 presents the quality appraisal of all reviewed studies. Table 5
summarizes the quality of DAM in appraised EEs.

3.3.1 Structure
The dimension of decision problem and objective statement is comprised of three attributes. In
76.92%, the decision problem was stated, moreover objective and model of evaluation were
consistent with aforementioned decision problem. In 23.07%, the primary decision maker was
not declared. With regards to overall quality of the S1 dimension, 23.07% were insufficient to
score all attributes.

In EE by ElKin et al. [48] perspective of the model was not stated, besides consistency of model
inputs and outcomes with model perspective was not tested. Model outcomes and overall
objective of evaluation were tested. In this quality dimension, there were two EEs [43, 44] where
consistency of model outcomes with perspective, scope or overall objective were not tested.
Finally, it was concluded that 23.07% (n=3) did not fully score “statement of perspective and
scope” dimension (S2).

The evidence regarding model structure as well as casual relationships were described and
justified in all EEs under evaluation. The sources of data, used to develop model structure were
also provided. The structure of the model was not consistent with coherent theory of the health
condition under evaluation in 30.76% (n=4). Consideration of competing theories of model
structure was carried out in none of reviewed EEs. Finally, the quality of “rationale for the
structure” dimension was not scored by any of the EEs (S3).

All EEs assured the transparency of structural assumptions. Moreover, assumptions were
reasonable given overall objective, perspective and scope of model in all EEs except one
(7.69%). Only one EE failed to test consistency of structural assumptions with perspective of
model [48]. The quality dimension “structural assumptions” was scored in 92.30% of EEs (S4).

Comparators were appropriately defined in all EEs. However, 92.30% of EEs failed to evaluate
and justify exclusion of practical options. This resulted in a failure to score
“strategies/comparators” quality dimension by 12 EEs. Only one study scored all attributes of S5
quality dimension was carried out by Elkin et al. [48].

The type of the decision analytic model in all economic evaluations was Markov type decision
model. The choice of this specific type of model was justified (S6) in all studies.

In 92.30% of reviewed EEs applied lifetime time horizon was sufficient to assure reflection of all
differences between comparators, besides time horizon, duration of treatment and treatment
effects were described and justified. Only one EE failed to score in “time horizon” dimension
(S7), because none of attributes were declared.
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In 69.23%, the Markov state transition model included disease states that imitated underlying
biology of disease rather than current patterns of service provision. Finally, four EEs did not
score in “disease states” quality dimension (S8).

Cycle length was explicitly defined in all economic evaluations. However, the justification for
cycle length was not provided in 61.53% of EEs. Additionally, it was found that 15.38% EEs
gave justification for cycle lengths that represented time between doctor visits, patient re-
examinations, time between drug administrations and natural history of disease (7.69%). Finally,
this quality dimension (S9) for “cycle length” was found to be sufficient in 100% EEs.

3.3.2 Data

The methods of data identification for the model were transparent and coincided with the stated
objective in all EEs. All EEs justified the choice made about data source used in the model (more
than one data source were available) and paid particular attention to selecting crucial parameters.
The process of parameter selection was also explained for all EEs by providing systematic
methods for identification of crucial data. The quality of data was not analyzed in 76.92% of
EEs. Expert opinion was used in 38.46% of EEs and methods were explained and justified. In
total, 15.38% of EEs have scored in all attributes of “data identification” quality dimension (D1).

The methods of pre-model data analysis was explained and justified by statistical and
epidemiological methods by all reviewed EEs. This dimension (D2) of quality involves four sub
dimensions. However, none of the EEs have scored in this dimension because sub-dimensions
were not fully scored.

The choice of baseline data as well as its description and appropriate calculation of transition
probabilities were positively scored by all reviewed EEs. The application of half cycle correction
on all transitions in the model was found only in two (15.38%) EEs [28, 42]. For these EEs, there
was no need for justification of half cycle omission. In 84.61% EEs, half cycle correction was
not applied and omission was not explained. Finally, “baseline data” dimension (D2a) was
sufficiently scored by only two EEs.

In all reviewed EEs, the synthesis of relative treatment effects was performed by appropriate
techniques. Justification of short term to final results extrapolation has been documented.
However, the assumptions made in the extrapolation process were not tested using sensitivity
analysis by one EE [45]. Assumptions regarding continuing effects of treatment have been
documented in 61.53% of EEs. Testing of these assumptions through sensitivity analysis was not
conducted by 25% out of the 61.53% (2 out of 8) of EEs. Finally, the D2b dimension “treatment
effects” was fully scored by six (46.15%) of reviewed EEs.

Among all EEs, a description and justification of all included costs were documented. The
sources of the cost data were provided. Discounting rates were explicitly stated and justified
according to the decision maker in 76.92% of EEs. Finally, the D2c dimension “costs” was
sufficient in 76.92% of EEs.
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In all EEs, the incorporation of utilities was performed appropriately and the sources of utility
weights were provided. However, in seven EEs (53.84%), utility derivation methods such as
direct or indirect methods, were not provided or justified. Finally, the D2d, “quality of life
weights” dimension was fully scored by 46.15% of EEs.

The dimension of “data incorporation” was fully scored by all but one EE (D3). In the EE
conducted by Cameron et al. [43], data was not incorporated by distributions and therefore the
distribution for each parameter was not described. Moreover the second order uncertainty was
not reflected.

In all reviewed EEs, at least one principal type of uncertainty was addressed. The justification for
omission of particular forms of uncertainty was not declared in any reviewed EEs. The overall
dimension of “assessment of uncertainty” (D4) was sufficiently scored by 15.38% of EEs.

Methodological uncertainty (D4a) was addressed in 23.07% of EEs. The structural uncertainty
(D4b) was addressed in 53.84% economic evaluations. The heterogeneity (D4c) of different
patient subgroups was not addressed in 46.15% of studies. In all EEs the methods of addressing
the parameter uncertainty (D4d) were transparent and appropriate. Also the probabilistic
sensitivity analysis was performed. However, it is important to mention that in only one EE data
was incorporated with point estimates.

3.3.3 Consistency

Only in one (7.69%) EE [44] was it stated that mathematical logic was tested. However, the
process was not provided in the text. Dimension (C1) of “internal consistency” was not fully
scored in 92.30% of EEs.

With regards to the “external consistency” dimension (C2), contra intuitive results were
summarized and described only in 15.38% of studies [44, 46]. The model was validated through
calibration against independent data in 30.76% of EEs. Comparison of models with previously
existing models was positively assessed by 84.61% of economic evaluations. None of the EEs
have fully scored this quality dimension.
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4 Discussion

4.1 Summary of findings for cost-effectiveness and methodology in Markov

type decision analytic model economic evaluations

To summarize the descriptive analysis in this review, in this section a discussion of the results
and methodological characteristics is provided. Comparators in reviewed EEs comprised of three
types of breast cancer treatment therapies. Reviewed EEs presented comparisons within and
across MBC therapy types. In most cases the comparison was carried out by comparing
treatment sequences and combinations. Also it was found that crossover design or indirect
comparison methods were used. Within the drug class of HT, it can be concluded that Als are
more cost-effective then SERMs. ERD therapy (fulvestrant) is more cost-effective as second line
agent in treatment sequence.

A TT drug, in most cases, was compared with CT agents. The findings of these EEs showed that
combination of TT and CT are more cost effective treatment regimen than mono-therapy of TT
and CT.

Comparison of two CT showed different estimates of ICER results. This can be explained by the
type of (indirect/direct) comparison, different source of data and health care settings (UK/Spain).
Additionally, the difference of ICERs were caused by incorporating different treatment
regimens, 3 week regimen for both CT drugs, while another EE incorporated 1 week and 3 week
regimens for both CT drugs. It is crucial to take in account the risks of conducting indirect
comparisons where target populations are different across trials [56] and question still remains if
risks of bias in results, when conducting indirect comparisons are foreseen and if measures are
taken to reduce this risk in future.

EEs were conducted from different contexts, although discrepancies in results were minor. These
minor differences in results suggest that the finding may be consistent across different health
care systems. However, reason for discrepancies includes the sensitivity of model to utility
parameters. Another example of sensitivity to utility parameters was found in EEs comparing CT
and TT.

Among the reviewed studies, the greater portion assumed the 3™-party payers and health care
system perspective. However, the societal perspective is desired when conducting economic
evaluations [57, 58]. It is the decision of the modeler which perspective to take in EE taking in
account requirement of primary decision maker. Furthermore, the perspective of EE, influences
cost effectiveness as concluded by previous researches [59, 60].

Despite limiting the target populations of all reviewed EEs to patients with MBC, it is important
to take in account biological subtypes of breast cancer, and age. As a consequence the start of
modeling and duration of time horizon differed across the EEs. The choice of time horizon and
its impact on ICER warrant careful consideration [61]. It is important to assure that duration will
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enable reflection of all important differences between comparators [13]. The NICE guidelines
suggest that lifetime horizon is appropriate to most of the models [27, 62]. The discounting rates
in reviewed EEs were based on decision makers’ requirements. But besides the rates, it is
important to state at which year of time horizon (time frame), costs and benefits are discounted.
Whereas, at which year discounting rate is applied it have effect on the present value of costs or
benefits. Despite the importance of this issue, in this research, this type of approach, towards
discounting rate and time horizon, from modelers was not identified.

The comparison of treatment sequences, use of cross over design of studies and the use of
indirect comparisons in DAMs of selected the EEs were identified as trends. The combinations
of MBC treatments are more cost-effective than single therapies (mono-therapy). Also difference
in health care system settings influence cost-effectiveness, specifically this happens when
different utility parameters or discounting rates are used in DAM. Time horizon, which was most
often lifetime, was observed in all EEs. However, the age of target populations was different.
This indicated that duration of time horizon was different, and this has substantial influence on
cost-effectiveness of the same therapies assessed in different patient groups. For example, the
time horizon influences cost-effectiveness through the discounting rate, because the longer the
time horizon is more discounting rate influences the final results as well as differences in disease
severity. The fact that cost-effectiveness estimates were highly sensitive to the estimated duration
of treatment benefit as found in this study also was observed by Hall et al. [63].

4.2 Summary of quality and its implications

To summarize the evaluative assessment in this review, in this section a discussion of the quality
assessment findings are provided. When quality was appraised for each attribute, within all three
dimensions the average quality was 70%. Structure dimension appeared to have highest average
quality of 80.93%. In data dimension average quality was 67%, and in consistency dimension
estimated quality was 35.38%.

In the “structure” dimension, the decision problem, objective, scope and perspective were stated
in 76.92% of EEs. It is crucial to state decision problem and objective of DAM [15, 57-60]. The
consequences may lead to bias for critical readers, especially if EE took societal perspective. It
may be difficult to determine whether primary decision maker is patient, hospital or other
entities.

Defining the perspective of the model is important [57, 58]. Omitting the statement of
perspective does not permit testing consistency of outcomes and perspective. Testing of
structural assumption on consistency with perspective scope and objective is not possible either.
In order to achieve good quality of decision modeling [64], assumptions regarding the model
structures should be stated.
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Rationale for structure was not completely fulfilled by any EEs. Structural assumptions were
stated by all EEs (100%) and the inclusion of disease states that reflected underlying biological
process was seen in 69.23% of EEs.

The rationale of the model is suggested to resemble theory of disease, and health states have to
reflect underlying biological processes [64-66]. Consideration of competing structure of the
model does not affect the quality of DAM as such, if DAM is assumed to be perfect. In real
world, this is not a case.

The comparators were evaluated by only one EE (7.69%). The strategies under evaluation and
assessment of feasible options are important [64, 66, 67]. If above mentioned will not be
fulfilled, it may result in omission of relevant comparator, and will reflect on consistency of
decision, made by decision makers’.

Model type was stated explicitly in 100% of EEs. The choice of type of the model is important
step in structuring the decision model. Disadvantages of decision tree type model drive choice of
Markov type of model [9, 22]. Markov type DAM in selected EEs was dictated by decision
problem and choices made regarding the casual relationships within the model [13].

Time horizon was stated in 92.30% of EEs, and cycle length was defined in all EEs. The cycle
length should be defined according the natural history of disease [57, 60]. However, according to
the literature cycle length should have same interval as pathology of symptom alters.

Data identification is one of the central steps of decision modeling. Data used in decision
modeling should be derived from well-designed or high quality studies [13, 64]. In reality,
evidence is scarce. Thus the methods of obtaining data, its quality, and sources should be
reflected in all studies to guarantee the sufficient data for the model.

The analysis of baseline probability, treatment effect, utility score and cost, as well as its
transformation to form which can be incorporated into DAM are steps in pre-model data analysis
[68]. Disclosure of the methods is important, whereas it ensures clarity of decision makers. The
incorporation of this data into model is delicate step and quality of this step influence final
results of DAM [14, 64, 65, 69]. All types of uncertainty, related to the data, structure methods
and parameters, should be addressed [14], in order to ensure the legitimacy of decisions made
about reimbursement.

Model validations through testing mathematical logic [68] is also an important step, which
involves using extreme values for input parameters to examine the results [67]. External
consistency by comparison models with existing models and calibration of models, are important
attributes of good practice [64-67, 70, 71]. Despite its importance this dimension scored the least
quality.
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For the concluding remarks of this section, it is important to emphasis the sub-dimensions for
which quality was observed to be less than 50%. In the structure dimension, the evaluation of
comparators and strategies (S5) was scored by only one EE and rationale of structure (S3) was
scored by none. With regards to data dimension, data identification (D1) was completely scored
by only two EEs. Pre-model data analysis (D2) was not scored by any EEs; however this sub-
dimension consisted of four general attributes out of which baseline data (D2a), treatment effects
(D2b) and quality of life weights (D2d) were scored by less than 50% of EEs. The assessment of
uncertainty was completely scored by only two EEs, and it is important to mention that
methodological, structural and heterogeneity uncertainty were addressed by less the 50% EEs.
Concerning the dimension with the least quality, consistency, internal consistency was scored by
only study and external consistency was not completely scored by any EEs. These weaknesses in
quality highlight areas for needs for improvement in future EEs using DAM in MBC.

4.3 Summary of weaknesses of the methods

One weakness of this study was that only full text EEs published in English language, in 2002-
2012 was included. This could have caused omission of earlier EEs in MBC treatment. Another
weakness of this study is that it was conducted by one person, whereas better approach is to
perform a systematic review where subjectivity is lower. Furthermore, the influence of inflation
and purchasing power was not taken in account and currencies were not converted into one
unified currency for better transferability of the study.

Weaknesses of the quality appraisal methods were revealed when assessing quality of the DAM
of MBC EEs. When applying the checklist in this study, a full score of the dimension could be
achieved only under condition of fulfilling all attributes. However, in the process if all attributes
were sufficient and one attribute was not scored, it resulted in failure of meeting the full
dimension criteria.

It is important to mention that review appraised quality of EEs by observing the presented
information about quality dimensions. The process under each the quality dimension was not
assessed, this is considered to be a weakness of this study. For example, in C1 the evidence about
mathematical logic was stated in one EE, however in this thesis, the mathematical logic under
statement was not tested. In other words only representation of given attributes were evaluated.

After applying the checklist [13] in this review, one important flaw was identified. The Philips
checklist was thought to be too long and instead is suited best for appraisal of DAM in a single
EE. In other words, it includes many attributes and in turn is impractical when systematically
evaluating a number of EEs. A separate search of literature was conducted in order to identify
other studies performing the quality assessment of DAM in MBC using the checklist by Philips
etal. [13].

The search incorporating following key words, "good practice guidelines decision analytic
model”, were conducted. As a result three studies were identified, those used Philips checklist

4-20| Page



[13]. One study appraised the quality of DAM in diabetes [72], another appraised DAM in
Parkinson’s disease [73] and third evaluated screening for abdominal aortic aneurysm [74].

By reviewing these studies it was found that Becker et al. have used Philips checklist in same
manner as it was use in this study. However, study by Shearer et al. [73] used simplified
approach of assessing quality, specifically only 15 quality criteria were used to assess quality. It
was stated that simplified approach has been useful in review for drawing attention to the areas
of strength and weaknesses across the modeling methods.

In these studies, findings similar to findings of this review were found. For example, Becker et
al. [72] concluded that there is need of additional data on costs and quality of life. Furthermore,
most of good practice requirements for diabetes modeling have been incorporated into the
different model structures. Campbell et al. [74] have found no improvement in the standard of
reporting, in studies, over time. Shearer et al. [73] have found that modeling studies did not
provide sufficient argument on choices and decisions about model structure. Furthermore, pre-
model analyses were not sufficiently conducted and internal and external consistency of
modeling studies were not explored sufficiently. In conclusion, it is most likely that this review
is one of the few which have used the checklist by Philips et al. [13] to appraise the quality of all
DAMs for a particular disease.

4.4 Summary of general findings and future recommendations

Throughout the review it was found that costs and cost effectiveness of MBC treatments are
rising with technological advancement over the period of reviewed EEs. This brings the
importance of providing budgetary impact to decision makers instead provision only ICERs.

By analyzing the characteristics of EEs for MBC, it was found that inclusion of indirect cost alter
the final results of EEs. The durations of time horizon may vary despite application of lifetime
horizon, which is resulted by the varying age of the target populations considered by the
reviewed EEs. Moreover, the choice of time horizon in EEs affects the discounting rate, and if
time horizon is not mentioned, discounting rate cannot be applied.

In methodological characteristics of EEs for MBC, several trends were found. EEs have
compared treatment sequences, and crossover design of comparison was used. A particular order
of comparing of treatment sequences indicated the trend in EEs. Also it can be concluded that
ICERs are sensitive to sequence of treatments. Additionally, it was found that ICERs are also
sensitive to utility scores, type of comparison, sources of data used, patient age and country
settings. Combinations of therapies are more cost-effective.

As a concluding remark about results of quality assessment, it is important to mention that only
three sub-dimensions were fully scored by all EEs, including model type (S6), cycle length (S9),
and parameter uncertainty (D4d). However, weaknesses in the quality of DAM were observed
in all other sub-/dimensions. Based on this prevailing evidence, it is recommended that the
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development of a disease specific DAM in MBC treatment therapies be conducted. The need for
generic model, in early breast cancer, was first stated by Karnon et al.[56] and Annemans et al.
[75], It is believed that a disease specific model will increase the quality in structure and data
dimensions, especially in sub-dimensions were currently quality is less than 50%. Quality
improvements in the variation in final results will be reduced, as a consequence of
standardization of utility scores, type of comparison, sources of data used, health states, and
patient age to which DAM results are sensitive.

Taking into account the biology of MBC development, methods of implementation, and quality
of DAM for MBC therapies, the disease specific DAM should represent the combination and
integrations of existing DAMSs into one generic DAM. This will explain heterogeneity between
the results of individual EEs, thus the first step is to review MBC disease progression and
second, review of all DAMs conducted to evaluate MBC treatment therapies. Such a model
could then be used to economically evaluate MBC treatment therapies and adapted depending on
patient subgroup. A disease specific model will increase quality of DAMs in MBC by improving
the quality in structure and data only under the condition that it also includes concrete
information about the rationale of structure, data identified, pre-model data analysis, baseline
data, treatment effects, and quality of life weights.

According to our results, rationale for structure and description of comparators were missing in
most of the EEs. However, structural assumptions, time horizon, model type, disease pathways
and cycle length were considered and chosen properly in most of the EEs. Regarding the data
identification and pre-model data analysis quality was less satisfactory according to our
appraisal. All these factors influence the DAM however, it is important to distinguish which of
those have greater impact on results of DAM. Considering this review, it is thought that greater
impact on results of DAM have data identification its analysis and incorporation into the model,
which partially depends on analyst but greatly depends on availability of data. The rationale of
structure is important and fully depends on analyst, which means that analyst is responsible for
structuring model which should be consistent with coherent theory of health condition and
underlying biological processes. In conclusion, it is thought that greater value should be given to
reduction of subjectivity of individual analysts. Generic model will guarantee major
improvements in construction and reporting of health economic decision models, and this on
other hand will increase credibility of DAM for health policy decisions [74].

Based on the weaknesses and most importantly the causes, the disease specific generic model
may contribute to quality improvements. The generic model in this case will contribute to narrow
the discrepancies in visions of analysts when considering the DAM for same disease. The
generic model will reduce subjectivity of individual analysts because the structure and
assumptions will be considered beforehand with collaborations with medical representatives
practicing treatment of MBC.
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The disease specific generic model should incorporate the structure, its assumptions, and data
which are considered to be a scarce. Firstly, it is thought that generic model should be developed
through meta-analysis of literature about MBC disease, to guarantee the generic structure and
most common assumptions regarding structure. Moreover, the existing data for input parameters
should be incorporated in order to guarantee existence of “baseline” input parameters in generic
model. On other hand there should be possibility for analyst to add additional data on his/her
consideration. This may encompass values of treatment effects, costs, and quality of life weights.
Furthermore, it is important to consider country settings, currency and methods of derivation of
utility weights, whereas generic model should be country specific. Country specific MBC
generic model will eliminate the discrepancies in results caused by usage of different currencies,
different methods of utility derivation and costs of service provision.

Despite the findings of this review, it is still difficult to suggest the structure of disease specific
generic model. Construction of generic model requires collaborative effort among variety of
leading professionals in decision analytic modeling and medicine. It is important to mention that
disease specific generic model will contribute to systematization and quality improvement of
input data, model structure and will reduce subjectivity of individual modelers. However, it will
not contribute to improvement of follow up periods of constructed models.

Despite the limitations of Markov models [18], Markov type decision analytic models do
generate solid economic evidence and are suitable for long term modeling like in MBC therapies.
The ability of the Markov model to represent repetitive events and the time dependence of both
probabilities and utilities allows for more accurate representation of clinical settings [76]. The
comprehensive economic appraisal model is a powerful tool for decision making over a range of
economic environments. Taking into account the characteristics and quality of EEs for MBC, it
was concluded that it is valuable to standardize the process by which DAM for MBC therapies is
developed and to develop a generic model for MBC treatment therapy comparisons. It is thought
that a unified generic model will contribute to improvements in quality of DAM and consistency
of results in EEs for MBC.
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5 Conclusions

This review was emerged from fact that economic evidence supports decisions, and it is crucial
to assure the fine quality of this evidence. The trends in EEs of MBC were identified, also it was
found that therapies in combination are more cost effective and duration of modeling (time
horizon) influences final results. The flaws in quality of DAM were also observed. After
reviewing the quality and trends in EEs, the idea of development disease specific generic DAM
was provoked. The aim of this idea was strengthened by manifested heterogeneity of DAM in
MBC and disease progression of MBC. Meta-analysis of all EEs based on DAM will give
possibility to develop generic model. Main advantage of generic model is that it will improve the
quality of DAM and reduce the variation of final results of DAM and hence improve the quality
of economic evidence used in decision making.
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7 Appendix 1

Table — 1 Search Strategy

# Query

#9 'late stage' AND 'breast cancer'/exp AND 'cost benefit'/exp AND 'economic evaluation'/exp

#8 'metastatic’ AND 'breast cancer'/exp AND 'cost benefit'/exp AND 'economic evaluation'/exp

#7 ‘advanced’ AND 'breast cancer'/exp AND ‘cost benefit'/exp AND 'economic evaluation'/exp

#6 'late stage' AND 'breast cancer'/exp AND 'cost utility'/exp AND 'economic evaluation'/exp

#5 'late stage' AND ‘breast cancer'/exp AND 'cost effectiveness'/exp AND 'economic evaluation'/exp
#4 'metastatic’ AND 'breast cancer'/exp AND 'cost utility'/exp AND 'economic evaluation'/exp

#3 ‘advanced’ AND 'breast cancer'/exp AND ‘cost utility'/exp AND ‘economic evaluation'/exp

#2 metastatic' AND 'breast cancer'/exp AND 'cost effectiveness'/exp AND 'economic evaluation'/exp
#1 ‘advanced’ AND 'breast cancer'/exp AND 'cost effectiveness'/exp AND 'economic evaluation'/exp
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8 Appendix 2

Figure — 1 Selection of Economic Evaluation Studies

Total number of studies identified (n=1703)

| P

Unique studies reviewed by title and abstract (n=766)

l—»

Studies focused on MBC (n=191)

Duplicates removed (n=937)

Not focused on metastatic breast cancer (n=575)

l— Not Markov type model (n=122)
Markov tvpe model studies (n=69)

l— Not full text EEs (n=13)
Preliminarv set of studies (n=56)

l— Not publlshed in 2002-2012 (n=13)

Preliminary set of studies (n=43)

| —

Preliminary set of studies (n=29)

| —

Preliminarv set of studies (n=26)

| —

Final set of studies for review

(n=13)

Focused on early breast cancer (n=14)

Svystematic reviews (n=3)

After review of full text, additional studies were found to
meet the following exclusion criteria: Not CEA or CUA,
not focused on MBC, not written in English language,
systematic literature review, not full text EEs, duplicate.
(n=13)
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9 Appendix 3

Table 2 - Proposed framework for quality assessment of decision-analytic models taken from Philips et al. [13]

Dimension of Quality

Attribute for good practice

Question for critical appraisal

Structure (S)

S1 statement of
decision
problem/objective

There should be clear statement of decision problem
prompting analysis. The objective of the evaluation and of
model should be defined. The primary decision maker should
be stated clearly

a) Is there clear statement of decision problem?

b) Is the objective of the evaluation and model
specified and consistent with stated decision problem?

c) Is the primary decision maker specified?

S2 statement of
scope/perspective

Perspective of the model (relevant costs and consequences)
should be stated clearly, and the model inputs should be
consistent with stated perspective and overall objective of the
model. The scope of the decision model should be specified
and justified. The outcomes of the model should reflect the
perspective and scope of the model and should be consistent
with the objective of the evaluation.

a) Is the perspective of the model stated clearly?

b) Are model inputs consistent with stated perspective?

c) Has the scope of the model been stated and
justified?

d) Are the outcomes of the model consistent with
perspective, scope and overall objective of the model?

The structure of the model should be consistent with a
coherent theory of the health condition under evaluation.
Treatment pathways (disease states or branches) should be
chosen to reflect the underlying biological process of the
disease in question and the impact of the intervention. The
structure should not be dictated by current patterns of service
provision. All sources of evidence used to develop and
inform the structure of the model (i.e. the theory of disease)
should be described. The structure should be consistent with
this evidence

a) Has the evidence regarding the model structure been
described?

b) Is the structure of the model consistent with a
coherent theory of the health condition under
evaluation?

c) Have any competing theories regarding model
structure been considered?

d) Are the sources of data used to develop the structure
of the model specified?

e) Are the casual relationships described by the model
structure justified appropriately?

S3 rationale for
structure
S4 structural

assumptions

All structural assumptions should be transparent and
justified. They should be reasonable in the light of the needs
and purposes of the decision-maker.

a) Are the structural assumptions transparent and
justified?

b) Are the structural assumptions reasonable given the
overall objective, perspective and scope of the model?

S5
strategies/comparators

There should be a clear definition of the options under
evaluation. All feasible and practical options related to the

a) Is there a clear definition of the options under
evaluation?
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stated decision problem should be evaluated. Options should
not be constrained by the immediate concerns of the
decision-maker or data availability, or limited to current
clinical practice.

b) Have all feasible and practical options been
evaluated?

c) Is there justification for exclusion of feasible
options?

S6 model type

The appropriate model type will be dictated by the stated
decision problem and the choices made regarding the casual
relationships within the model

a) Is the chosen model type appropriate given the
decision problem and specified casual relationships
within the model?

S7 time horizon

A model's time horizon should extend far enough into the
future for it to reflect important differences between options.
It is important to distinguish between the time horizon of the
model, the duration of treatment and the duration of
treatment effect.

a) Is the time horizon of the model sufficient to reflect
all important differences between options?

b) Are the time horizon of the model, the duration of
treatment and the duration of treatment effect described
and justified?

c) Has a lifetime horizon been used? If not, has a
shorter time horizon been justified?

S8
states/pathways

disease

disease states/pathways should reflect the underlying
biological process of the disease in question and the impact
of interventions

a) Do the disease states (state transition model) or the
pathways (decision tree model) reflect the underlying
biological process of the disease in question and the
impact of intervention?

S9 cycle length

For discrete time models, the cycle length should be dictated
by the natural history of disease. It should be the minimum
interval over which the pathology or symptoms are expected
to alter

a) Is the cycle length defined and justified in terms of
the natural history of disease?

Data (D)

D1 data identification

Methods for identifying data should be transparent and it
should be clear that the data identified are appropriate given
the objective of the model. There should be justification of
any choices that have been made about which specific data
inputs are included in a model. It should be clear that
particular attention has been paid to identifying data for those
parameters to which the results of the model are particularly
sensitive. Where expert opinion has been used to estimate
particular parameters, sources and methods of elicitation

a) Are the data identification methods transparent and
appropriate given the objectives of the model?

b) Where choices have been made between data
sources, are these justified appropriately?

c) Has particular attention been paid to identifying data
for the important parameters in the model?

d) Has the process of selecting key parameters been
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should be described

justified and systematic methods used to identify the
most appropriate data?

e) Has the quality of the data been assessed
appropriately?

f) Where expert opinion has been used, are the
methods described and justified?

D2 pre-model data

analysis

All data modeling methodology should be described and
based on justifiable statistical and epidemiological methods.
Specific issues to consider include those listed under D2a-d,
below

a) Is the pre-model data analysis methodology based
on justifiable statistical and epidemiological
techniques?

D2a Baseline data

Baseline probabilities may be based on natural history data
derived from epidemiological/observational studies or related
to the control group of an experimental study. Rates and
interval probabilities should be transformed into transition
probabilities appropriately. If there is evidence that time is an
important factor in the calculation of transition probabilities
in state transition models, this should be incorporated. if a
half-cycle correction has not been used on all transitions in
state transition model (costs and outcomes), this should be
justified.

a) Is the choice of baseline data described and
justified?

b) Are the
appropriately?

transition  probabilities calculated

c¢) Has the half cycle correction been applied to both
cost and outcome?

d) If not, omission been justified?

D2b treatment effects

Relative treatment effects derived from trial data should be
synthesized using recognized meta-analytic techniques. The
methods and assumptions that are used to extrapolate short-
term results to final outcomes should be documented and
justified. This should include justification of the choice of
survival function (e.g. exponential or Weibull forms).
Alternative assumptions should be explored through
sensitivity analysis. Assumptions regarding the continuing
effect of treatment once treatment is complete should be
documented and justified. If evidence regarding the long-
term effect of treatments lacking, alternative assumptions
should be explored through sensitivity analysis.

a) If relative treatment effects have been derived from
trial data, have they been synthesized using appropriate
techniques?

b) Have the methods and assumptions used to
extrapolate short-term results to final outcomes been
documented and justified?

¢) Have the alternative extrapolation assumptions been
explored though sensitivity analysis?

d) Have the assumptions regarding the continuing
effect of treatment once treatment is complete been
documented and justified?

e) Have the alternative assumptions regarding the
continuing effect of treatment been explored thought
sensitivity analysis?
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D2c Costs Costing and discounting methods should be accord with | a) Are the costs incorporated into the model justified?
standard guidelines for Economic Evaluation b) Has the source for all costs been described?
c) Have discount rates been described and justified
given the target decision-maker?
D2d quality-of-life | Utilities incorporated into the model should be appropriate | a) Are utilities incorporated into the model

weights (utilities)

for specified decision problem

appropriately?

b) Is the source for the utility weights referenced?

c) Are the methods of derivation for the utility weights
justified?

D3 Data incorporation

All data incorporated into the model should be described and
the sources of all data should be given and reported in
sufficient detail to allow the reader to be aware of the type of
data that have been incorporated. Where data are not
mutually consistent in the model, the choice and assumptions
that have been made should be explicit and justified. The
process of data incorporation should be transparent. it should
be clear whether data are incorporated as a point estimate or
as a distribution. If data have been incorporated as
distributions as part of probabilistic analysis, the choice of
distribution and its parameters should be described and
justified.

a) Have all data incorporated into the model been
described and referenced in sufficient detail?

b) Has the use of mutually inconsistent data been
justified (l.e. are assumptions and choices
appropriate)?

c) Is the process of data incorporation transparent?

d) If data have been incorporated as distributions, has
the choice of distribution for each parameter been
described and justified?

e) If data have been incorporated as distributions, is it
clear that second order uncertainty is reflected?

D4  assessment  of
uncertainty

In assessing uncertainty, modelers should distinguish
between the four principle types of uncertainty

a) Have the four principal types of uncertainty been
addressed?

b) If not, has the omission of particular forms of
uncertainty been justified?

D4a methodological

Methodological uncertainty relates to whether particular
analytical steps taken in the analysis are the most appropriate

a) Have methodological uncertainties been addressed
by running alternative versions of the model with
different methodological assumptions?

D4b structural

There should be evidence that structural uncertainties have
been evaluated using sensitivity analysis

a) Is there evidence that structural uncertainties have
been addressed via sensitivity analysis?
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D4c heterogeneity

It is important to distinguish between uncertainty resulting
from the process of sampling from a population and
variability due to heterogeneity (i.e. systematic differences
between patient subgroups)

a) Has heterogeneity been dealt with by running the
model separately for different subgroups? (treatment
effect variation)

D4d parameter

Where data have been incorporated into model as a point
estimates, the ranges used for sensitivity analysis should be
stated and justified. Probabilistic analysis is the most
appropriate  method of handling parameter uncertainty
because it facilitates assessment of joint effect of uncertainty
over all parameters.

a) Are the methods of assessment of parameter
uncertainty appropriate?

b) Has probabilistic sensitivity analysis been done, if
not has this been justified?

c) If data are incorporated as a point estimates, are the
ranges used for sensitivity analysis stated clearly and
justified?

Consistency (C)

C1 internal | There should be evidence that the internal consistency of the | a) Is there evidence that the mathematical logic of
consistency model has been evaluated in terms of its mathematical logic the model has been tested thoroughly before use?
C2 external | The results of a model should be explicable. Either result should | a) Are the conclusions valid given the data

consistency

make intuitive sense or contra intuitive results should be fully | presented?
explained. All relevant available data should be incorporated | b) Are any contra intuitive results from model
into a model. Data should not be withheld for purposes of | explained and justified?

assessing external consistency. The results of a model should be )
compared with those of previous models and any differences

should be explained.

If the model has been -calibrated against
independent data, have any differences been
explained and justified?

d) Have the results of the model been compared
with those of previous models and any differences
in results explained?
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10 Appendix 4

Table 3 — Cost-effectiveness results and methodological characteristics of published economic evaluations in metastatic breast cancer

Study Study | Perspective/ | Indirect Comparators ICER effectiveness time discounting | Target Population
Design country costs outcomes horizon rate
Karnon and | CEA UK NHS none Letrozole vs. Tamoxifene | ICER = | LYG, QALY | Full life | 6% for | Advanced breast
Jones [42] ICUA as a first-line hormonal | £6068/LYG, time resources.
therapies in | £2927- 1.5% for life | Diagnosis to death.
postmenopausal women | 3969/QALY years applied
diagnosed with advanced | gained with to analysis
breast cancer letrozole
Elkin, CUA Not  stated | none Hercept Test, FISH alone | Base case: | QALY  and | lifetime 3% annually | 65 year old MBC
Weinstein (USA) and both followed by | HercepTest with | QALM patients
[48] trastuzumab and | FISH (month)
chemotherapy $125,000/QALY
Initial FISH
only
$145,000/QALY
Marchetti, CUA Italian none Three Hormone therapies: | 1 vs 3 = [ QALY 8.3 vyears | 3% to | Post-menopausal
Caruggi [49] National 1) anastrazol followed by [ €10795/QALY. (100 resources women with
Health tamoxifen, then megestrol; [ 2 vs 3 = month) and Life- | estrogen  positive
Service 2) letrozole followed by | €16886/QALY years gained
tamoxifen, then megestrol;
3) tamoxifene followed by
anastrazole, then megestrol.
Cameron, CEA NICE/Scotti | none Fluvestrant used as a | Fluvestrant used | LYG and | Life time | 3.5% ER-positive
Camidge [43] | /CUA sh medicine second-line hormonal | as a second-line | QALY (10 years) | annually advanced MBC
Consortium therapy  for  Advanced | hormonal
(UK NHS) Breast cancer (Cohort A vs. | therapy:
B) Fluvestrant used as a | £6500/LYG, and
third-line hormonal therapy | £7300/QALY.

for Advanced Breast cancer
(Cohort A vs. B).

Fluvestrant used
as a third-line
hormonal
therapy: cost
saving of £430
per patient
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Karnon, CEA UK NHS none lestrozole vs. anastrazole by | Letrozole  vs. | LY, QALY 5 years 3.5% Women of 61 years
Delea [28] /ICUA comparing aromataze | tamoxifene £ annually old with early
inhibitors to tamoxifen. | 10,502/LYG and both  costs | invasive Breast
Letrozole vs. tamoxifen, | incremental cost and cancer
and anastrozole vs. | per QALY is LY/QALY
tamoxifen £10,379.
Anastrazole vs.
tamoxifen
£11,703/LYG
and incremental
cost per QALY
is £11,428
Lidgren, CUA Societal Average | HER-2 testing and | 561207 QALY Life-time | not done Hypothetical cohort
Wilking [50] (Sweden) annual trastuzumab in combination | SEK/QALY of 65 years old
inpatient | with chemotherapy MBC patients
costs and | (strategy 2) compared with
average Chemotherapy alone
annual (strategy 1)
informal
care
costs
Benedict, CEA UK NHS none Docetaxel vs. Paclitaxel | ICERS for | LYG, and | Life time | 3.5% MBC patients
Cameron ICUA regimens in treatment of | docetaxel were | QALY (10 years) | annually progressed after
[44] MBC previously with an | d12 032/QALY anthracycline-
Anthracycline Versus Pac3w, containing
4583/QALYvers chemotherapy
us Paclw and
di4
694/QALYversu
s Nab-P.
Dedes, CUA Swiss Health | none Paclitaxel/Bevacizumab+Pa | Pac+Bev versus | QALY Lifetime not done MBC patients
Matter- Care System clitaxel Pac alone was
Walstra [51] €189.427QALY
gained
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Le and Hay | CUA US Societal | Patient Capecitabine monotherapy | $ 166,113 per | QALY, and | Life-time [ 3% time not | Advanced breast
[52] (USA) Time vs.  Capecitabine  plus | QALY (or | QALM specified cancer patients age
cost and | Lapatinib combination | approximately (month) of 53
travel therapy $13,843 per
costs QALM)
estimate
d and
included
Lux, CEA German none Therapy sequence including | Cost per LY for | QALY  and | Lifetime | 3% annually | Post-menopausal
Hartmann ICUA health care second-line fulvestrant | Cohort A | LY women with
[45] system (Cohort A) to | $6,645 Cohort Advanced breast
corresponding cohort | B: $7,160 Cost cancer
whose sequence did not | per QALY for
include fulvestrant (Cohort | Cohort A
B) $11,614 Cohort
B: $12,319.
Cohort A
dominates
Frias, Cortes | CEA NHS none CE of Docetaxel vs. | € 190/LYG | LYG and | 5-years 3% period | Patients with MBC
[46] ICUA (Spain), 3rd Paclitaxel €295/QALY QALY not specified
party payer
Matter- CUA Swiss health | none Trastuzumab plus | €98,329 per | QALY not stated | not stated Patients with MBC
Walstra, care system capecitabine vs. | QALY
Dedes [53] capecitabine alone
Hedden, CEA Payer none Adjuvant trastuzumab for | ICER  $8,479; | QALY and | 28 years both  costs | 50 year old women
O'Reilly [47] | /CUA perspective operable, HER-2/neu- | $13,095/QALY, | LYG and with early HER-
(Canada) positive early breast cancer, | $15,492/LYG outcomes 2/neu-positive

accounting for differences
in costs and health
outcomes associated with
trastuzumab and standard
of care treatments in
adjuvant and metastatic
settings

3% annually

breast cancer
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11 Appendix 5

Table 4 - Quality appraisal of decision analytic modeling in selected Economic evaluations of metastatic breast cancer

(no.)
Percen  Studies
tage of satisfied
Matter- positiv the
Karnon EIlkin Marchett Camero Karnon Lidgren Benedict Dedes Leet Lux  Frias Walstr Hedde e whole
etal. etal. ietal netal. etal. etal. etal. etal. al etal. etal. aetal. netal. answer dimensio
Study 2003 2004 2004 2008 2008 2008 2009 2009 2009 2009 2010 2010 2012 s %/ ns
Dimension of Quality
Structure (S)
S1 Statement of decision
problem/objective a)  yes yes  yes yes yes yes yes yes yes  yes yes  yes yes 100 10
b) yes yes  yes yes yes yes yes yes yes  yes yes  yes yes 100
c) yes no yes yes yes yes yes yes no yes yes  yes no 76.92
S2 Statement of
scope/perspective a)  yes no yes yes yes yes yes yes yes  yes yes  yes yes 92.3 10
b) yes no yes yes yes yes yes yes yes  yes yes  yes yes 92.3
c) yes yes  yes yes yes yes yes yes yes  yes yes  yes yes 100
d) yes no yes no yes yes no yes yes  yes yes  yes yes 76.92
S3 Rationale for structure a)  yes yes  yes yes yes yes yes yes yes  yes yes  yes yes 100 0
b) no yes  no no yes yes yes yes yes  no yes  yes yes 69.23
c) no no no no no no no no no no no no no 0
d) yes yes  yes yes yes yes yes yes yes  yes yes  yes yes 100
e) yes yes  yes yes yes yes yes yes yes  yes yes  yes yes 100
S4 Structural assumptions a)  yes yes  yes yes yes yes yes yes yes  yes yes  yes yes 100 11
b) yes no yes yes yes yes yes yes yes  yes yes  yes yes 92.3
S5 Strategies/comparators a)  yes yes  yes yes yes yes yes yes yes  yes yes  yes yes 100 1
b) no yes  no no no no no no no no no no no 7.69
c) no yes  no no no no no no no no no no no 7.69
S6 Model type a) yes yes  yes yes yes yes yes yes yes  yes yes  yes yes 100 13
S7 Time horizon a)  yes yes  yes yes yes yes yes yes yes  yes yes  no yes 92.3 12
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S8 Disease states/pathways
S9 Cycle length

Data (D)
D1 Data identification

D2 Pre-model data analysis
D2a Baseline data

D2b Treatment effects

D2c Costs

D2d Quality-of-life
weights (utilities)

D3 Data incorporation

b)
c)
a)
a)

a)
b)
c)
d)
e)

a)
a)
b)
c)
d)
a)
b)

d)
€)
a)
b)
c)

a)
b)
c)

b)

yes
yes
no

yes

yes
yes
yes
yes
no

yes
no

yes
yes
yes
no

yes
yes
yes
yes
yes
yes
yes
yes

yes
yes
no

yes
yes

yes
yes
yes
yes

yes
yes
yes
yes
no

no

no

yes
yes
no

no

yes
yes
yes
yes
yes
yes
yes
yes

yes
yes
yes
yes
yes

yes
yes
no

yes

yes
yes
yes
yes
no
no
no
yes
yes
no
no
yes
yes
yes
no
no
yes
yes
yes

yes
yes
no

yes
yes

yes
yes
no
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c) yes yes  yes yes yes yes yes yes yes  yes yes  yes yes 100

d) yes yes  yes no yes yes yes yes yes  yes yes  yes yes 92

e) yes yes  yes no yes yes yes yes yes  yes yes  yes yes 92

D4 Assessment of

uncertainty a) no no no yes no no no no no yes no no no 15 2

b) no no no no no no no no no no no no no 0

D4a Methodological a) no no no yes no no yes no no yes no no no 23

D4b Structural a) no yes  no yes no yes no yes yes  yes no yes no 54

D4c Heterogeneity a) no yes  no yes no yes no yes no yes yes  yes no 54
D4d Parameter a) yes yes  yes yes yes yes yes yes yes  yes yes  yes yes 100 13

b) yes yes  yes yes yes yes yes yes yes  yes yes  yes yes 100

c) no no no yes no no no no no no no no no 8

Consistency (C)

C1 Internal consistency a) no no no no no no yes no no no no no no 8

C2 External consistency a) yes yes  yes yes yes yes yes yes yes  yes yes  yes yes 100

b) no no no no no no yes no no no yes  no no 15

c) no no no no no yes no yes yes  no no yes no 31

d) yes yes  yes yes yes yes yes no no yes yes  yes yes 85
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12 Appendix 6

Table 5 - Quality of decision analytic modeling of reviewed studies

Matter-
Karnon Marchetti Cameron Karnon Lidgren Benedict Dedes Leet Luxet Walstra Hedden Average %
etal. Elkinet etal. etal. etal. etal. etal. etal. al al. Friaset etal. etal. per quality
Study 2003  al. 2004 2004 2008 2008 2008 2009 2009 2009 2009 al.2010 2010 2012 dimension
Quality dimension
Total no.
Qs
Structure (ovarall) 23
Positive scores (no.) 18 17 18 17 20 20 19 20 19 18 20 17 19
Quality % 78 74 78 74 87 87 83 87 83 78 87 74 83 81
Data
Pre model data
analysis 15
Positive scores (no.) 13 13 10 13 12 10 12 12 12 10 10 10 11
Quality % 87 87 67 87 80 67 80 80 92 67 77 77 73 78
Data (overall) 35
Positive scores (no.) 24 25 20 27 23 24 26 24 23 26 21 22 21
Quality % 68 71 57 77 65 68 74 68 65 74 60 62 60 67
Consistency
(ovarall) 5
Positive scores (no.) 2 2 2 2 2 3 4 2 2 2 3 3 1
Quality % 40 20 25 25 25 50 75 25 25 25 50 50 25 35
Three dimensions
combined (ovarall) 63*
Positive scores (no.) 44 44 40 46 45 47 47 46 44 46 44 42 42
Quality % 69 69 63 73 71 74 74 73 69 73 69 66 66 70

*Calculated using totals for each dimension: 63=23+35+5 with the sub-dimension for ‘pre-model data analysis’ included as a portion of the ‘data’ dimension.
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