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Summary
Background: Veliparib in combination with carboplatin and paclitaxel, is seeking market
authorization in the UK for the treatment of BRCA-mutated, HER2 negative, advanced breast
cancer. To guarantee an efficient allocation of resources, the National Institute of Health and
Care Excellence (NICE) in the UK evaluates new treatments based on their effectiveness and
cost-effectiveness. To contribute to the reimbursement decision of veliparib the economic
evaluation in this study compared veliparib as combination therapy to carboplatin with
paclitaxel.
Methods: A cost-utility analysis based on the NICE reference case was conducted, using a
three-health state Markov cohort model with a life-time horizon. Costs were calculated as
monetary values and from a NHS and PSS payer perspective. Health effects were captured via
Quality Adjusted Life Years (QALYSs) and included for patients receiving treatment. A base-
case analysis was conducted to calculate the Incremental Cost-Effectiveness Ratio (ICER). To
identify the uncertainty around the results, deterministic sensitivity analyses (DSAs), scenario
analyses and a probabilistic sensitivity analysis (PSA) were used. The ICER was compared to
the national willingness-to-pay threshold (WTP) in the UK of £30,000 per QALY.
Results: Costs per patients were higher in the veliparib arm (£202,591.09 vs. £155,583.49).
QALYs gained were slightly higher with veliparib (1.99 vs. 1.95), however, Life Years (LYs)
gained were lower (2.94 vs. 3.00). An ICER of £1,355,064.49 was calculated. Scenario
analyses showed that the results were sensitive to variations in utilities and in the price of
veliparib. The probability of veliparib being cost-effective was around 5% at the threshold
value.
Conclusion: Due to high costs and only moderate health benefits, veliparib was not considered
cost-effective. However, one should keep in mind, that patients in the control group received

cross-over treatment, leading to potential bias in survival and cost outcomes.
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Introduction

Breast cancer is the most common cancer affecting women in the UK with 54,700
women diagnosed alone in 2017 (Breast Cancer Statistics, n.d.). Out of all diagnosed women,
less than 10% are carriers of a mutation in the key tumour suppressor genes, also called the
BRCA genes. (Armstrong et al., 2019; BRCA The Breast Cancer Gene, 2020). Without a
mutation, the BRCA genes would normally play a large role in preventing the development of
cancer by helping to repair DNA breaks that otherwise can lead to cancer and tumour growth.
However, mutated BRCA1/2 genes are unable to work properly in repairing damaged DNA
through homologous recombination (Akram et al., 2017; BRCA The Breast Cancer Gene, 2020;
Diéras et al., 2020b). This malfunctioning of the BRCA1/2 genes is associated with an
increased risk of developing breast and ovarian cancer (Sharma et al., 2014). According to the
National Breast Cancer Foundation (2020), 55-65% of women with a BRCA1 and 45% with a
BRCA2 mutation are estimated to develop breast cancer before the age of 70 (BRCA The Breast
Cancer Gene, 2020). Furthermore, patients with a BRCA mutation, especially a BRCA1
mutation, are more likely to have a triple-negative breast cancer (TNBC). Women with this
rare type of breast cancer do not have the common receptors Oestrogen (ER) and Progesterone
(PgR), and do not produce the protein human epidermal growth factor receptor 2 (HER2),
which makes them not suitable for therapies targeting hormone receptors (BRCA The Breast
Cancer Gene, 2020; What Is Breast Cancer, 2020). In contrast to BRCA1, BRCA2 carcinomas
are often ER- and PgR- positive and are therefore called hormone receptor-positive (HR+).
Most cases of HR+ breast cancers, however, do not express HER2 receptors (HER2-negative)
(Diéras et al., 2020a, p. 119).

Despite recent advances in potential treatment options for advanced or metastatic,
TNBC or HER2 negative breast cancer, additional options are needed, especially for patients

that progressed after their previous therapy line. Currently, NICE does not state any specific



recommendations for the treatment of BRCA-mutated cancer for patients that progressed after
first line therapy. However, a systematic review by Armstrong et al. (2019), identified several
European guidelines, recommending treatment with platinum agents as carboplatin, for BRCA-
mutated cancer types (Armstrong et al., 2019).

In addition, the combination therapy of the platinum compound carboplatin and the
antimicrotubular agent paclitaxel, demonstrated good response rate, for highly active breast
cancer (Diéras et al., 2020a, p. 121, 2020b). Further, data indicates that BRCA-mutated
tumours are sensitive towards the combination of both agents due to carboplatin’s DNA-
damaging effect and paclitaxel’s potential platelet-sparing effect (Diéras et al., 2020a, p. 121,
2020b).

A different treatment approach to chemotherapy, are poly (ADP-ribose) polymerases
(PARP) inhibitors, which target PARP proteins in the body. PARP proteins are nuclear
enzymes, which help in repairing damaged DNA leading to the replication of BRCA-mutated
cells (Livraghi & Garber, 2015; Turk & Wisinski, 2018).

However, some patients treated with chemotherapy or PARP inhibitors experience
reversion mutations that restore the BRCA function, leading to concerns about cross-resistance
(Diéras et al., 2020b). Therefore, new treatments that maximise the therapeutic benefits in
BRCA mutated breast cancer are needed. A new approach to improve treatment outcomes is
combining platinum therapy with PARP inhibitors. The orally administered PARP inhibitor
veliparib is following this approach and has shown antitumour activity in tumours defective in
DNA damage repair. The treatment was tested in combination with carboplatin and paclitaxel
in the BROCADES3 clinical trial (Diéras et al., 2020b).

With several new cancer treatments currently under National Institute of Health and
Care Excellence (NICE) development and the high costs associated with such treatments, it is

important to evaluate those regarding their effectiveness and cost-effectiveness from a National



Health Services (NHS) and Prescribed Specialized Services (PSS) payer perspective in order
to guarantee a balance between high costs and potential health benefits. (Methods for
Development of NICE Guidance, 2012). Veliparib is seeking market authorization in the UK
as combination therapy with carboplatin and paclitaxel, for patients with BRCA-positive,
HER?2 negative advanced breast cancer, who received up to two chemotherapy regimens for
advanced disease (Veliparib NICE Appraisal, 2019). By conducting an economic evaluation
of veliparib in comparison to carboplatin and paclitaxel for advanced breast cancer in the UK,
this paper will contribute to the reimbursement discussion around veliparib. Therefore, the
research question of this paper reads as follows:

“What is the cost-effectiveness of veliparib in combination with carboplatin and
paclitaxel, compared to carboplatin with paclitaxel only, for patients with BRCA-positive,
triple-negative, or HER2-negative, advanced breast cancer, who received up to two

chemotherapy regimens for advanced disease, in the UK?”

Theoretical Background
In this section the rationale behind using a decision analytic modelling approach for the
economic evaluation of veliparib will be elaborated considering the NICE reference case,
determining the methodology of the economic evaluation conducted in this study. In addition,
the BROCADES3 clinical trial as the key source for clinical parameters in the model will be
described. Lastly, previous health economic evaluations of veliparib for BRCA-mutated,

advanced breast cancer will be discussed.

Economic evaluation and the role of decision analytic modelling

Due to the high financial burden of cancer for national health care systems, it is crucial
to evaluate treatments grounded on evidence-based research. One element of such evidence-
based decision making in the UK is conducting economic evaluations for new treatment

alternatives (Hall et al., 2015; Methods for Development of NICE Guidance, 2012). In the UK,
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NICE is analysing new treatments based on their clinical- and cost-effectiveness to make
decisions between different alternatives (Guide to the Methods of Technology Appraisal,
2013). To guarantee a consistent approach when evaluating new health interventions, NICE
defined a reference case, describing the methods that are considered appropriate by the institute
for the performance of economic evaluations (Guide to the Methods of Technology Appraisal,
2013). The following section will elaborate why an economic evaluation is an important tool
for the evaluation of a new health intervention and how the NICE reference case defines
methodological elements for such an evaluation.

In an economic evaluation several health alternatives are compared against each other
regarding their costs and health outcomes, to estimate how scarce health care resources should
be allocated to maximise populations health. Outcomes in this context can be described as the
effects of an intervention, mainly focusing on the individual’s health effects (Briggs et al.,
20006, p. 2).

According to the NICE reference case, the preferred type of health economic evaluation
is a cost-effectiveness analysis, using a generic measure of health to capture the consequences
of two or more alternatives (Briggs et al., 2006; Guide to the Methods of Technology Appraisal,
2013). In practice an often-used generic health measure is the quality-adjusted life-year
(QALY). A QALY takes two key aspects of a health intervention’s effect into account, the
impact on a patient’s length of life and the impact of a patient’s health-related quality of life
(Drummond et al., 2015, p. 8,9; Guide to the Methods of Technology Appraisal, 2013). To
obtain patient’s quality of life, several types of measurements can be used. NICE, however,
recommends the use of the generic EQ-5D questionnaire, compiling five dimensions of health
(mobility, ability to self-care, ability to undertake usual activities, pain and discomfort, and
anxiety and depression) in which the patients’ health-related quality of life is assessed directly

by the patient (Guide to the Methods of Technology Appraisal, 2013). After the patient’s self-



assessment, a sample of the UK population, representing public-preferences, evaluates the
utilities (on a scale of 0-1) of the quality-of-life changes, via a choice-based method such as
the time trade-off method (Drummond et al., 2015, p. 8; Guide to the Methods of Technology
Appraisal, 2013).

Cost-effectiveness analyses using QALY's as a measure of health effects and a monetary
value as a measure of costs, are referred as cost-utility analyses (Drummond et al., 2015, p. 8,9;
Guide to the Methods of Technology Appraisal, 2013). A cost-utility analysis combines the
costs and health effects of two comparing interventions, therefore, differences in these
parameters can be determined and a decision regarding resource allocation can be made (Briggs
et al., 2006, p. 5). To what extend costs and effects are included in the analysis is depending
on the evaluation’s perspective. Economic evaluations for NICE should include all direct health
effects for patients, if relevant also for other people such as caregivers, and all costs affecting
the NHS and PSS as the public payers in the UK (Guide to the Methods of Technology
Appraisal, 2013).

An intervention that is less costly and yields more health effects compared to the
alternative is considered dominant over the comparator (Briggs et al., 2006, p. 5). However,
typically new health interventions have higher health benefits than their predecessor but at the
same time also show higher costs (Briggs et al., 2006, p. 5). In such cases it is important to
determine whether an intervention is still considered cost-effective despite higher costs. A
decision element used for these situations is the calculation of an incremental cost-effectiveness

ratio (ICER) (Briggs et al., 2006, p. 5).

Costs(A)—Costs(B)
Benefits(A)—Benefits(B)

ICER = Equation 1

The ICER takes the difference in costs and the difference in effects of compared
interventions into account and determines the additional costs of gaining one extra QALY from

the treatment that is considered more effective. In order to make a valid statement about the



cost-effectiveness of an intervention, the ICER needs to be compared to a given threshold value
(Briggs et al., 2006, p. 5). For NICE, the threshold value used for decision-making reflects the
opportunity costs of financing one health alternative over the other. The reference case does
not state a precise threshold value for decision making, however, it is mentioned that
technologies with an ICER of more than £30,000 per QALY need to deliver strong arguments
supporting their case. Relevant elements to argue in favor of an ICER above £30,000 per
QALY might be the innovative nature of the technology, treatments that are extending patients
life, or treatments accruing in the end-of-life stage (Guide to the Methods of Technology
Appraisal, 2013).

Using the ICER to compare different alternatives and to decide, regarding their cost-
effectiveness comes always with conditions of uncertainty. To deal with uncertainty in decision
making, an economic evaluation in health care predominantly uses decision analytic modelling
(Briggs et al., 2006, p. 6). Analytic modelling “uses mathematical relationships to define a
series of possible consequences that would flow from a set of alternative options being
evaluated. Based on the inputs into the model, the likelihood of each consequence is expressed
in terms of probabilities, and each consequence has a cost and an outcome.” (Briggs et al.,
2006, p. 6). To estimate the inputs used in the model, extracting and synthesizing evidence
from several sources is a crucial part of the analysis, according to the NICE reference case
(Guide to the Methods of Technology Appraisal, 2013). Especially, the clinical trial of the
evaluated health intervention is an important source for the input parameters used in the model
(Briggs et al., 2006, p. 8; Guide to the Methods of Technology Appraisal, 2013).

Additionally, a considerable influence on the uncertainty of decision making in health
care is the time horizon in which the treatment has been observed and analyzed. In order to
make an informed decision it is crucial to know, how differences in costs and effects will

develop in the future. Therefore, a sufficiently long time-horizon needs to be adopted in the
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economic evaluation. NICE recommends the adoption of a life-time horizon so all costs and
effects over a life-time are included in the analysis (Guide to the Methods of Technology
Appraisal,2013). However, the availability of long-term data is often limited. This is especially
true for health outcomes measured via a clinical trial with a given follow-up period. A
modelling approach offers a framework to deal with this issue by allowing to extrapolate
relevant clinical data from a given clinical trial (Briggs et al., 2006, p. 7-8; Drummond et al.,
2015, pp. 317, 339).

This study will use a modelling approach for the economic evaluation of veliparib in
combination with carboplatin and paclitaxel compared to carboplatin and paclitaxel alone and
will incorporate the methodological elements described in the NICE reference case in the
model. As described above this allows relevant evidence from multiple sources to be
synthesized into estimates of the costs and effects for the two compared treatments. The
strategy used to identify estimations for costs and benefits and how these values were
incorporated in the model of veliparib will be elaborated in chapter three of this paper.

As briefly mentioned above, the clinical trial of a treatment is of great importance for
the extraction of relevant health outcomes. This also applies for the economic evaluation of
veliparib, in which the BROCADE3 clinical trial was used as the main source for clinical
outcomes such as overall survival (OS), progression free survival (PFS), adverse events (AEs),
but also the cycle length for the model. Therefore, the BROCADE3 clinical trial will be

described in detail in the next section of this chapter.

The BROCADES3 clinical trial

BROCADE3 is a randomised, double-blind, placebo-controlled, phase 3 clinical trial
comparing veliparib in combination with carboplatin and paclitaxel against carboplatin and
paclitaxel only. Patients with confirmed metastatic or locally advanced, unresectable, triple-

negative or HER2-negative breast cancer, with germline BRCA1 or BRCA2 mutations, and up
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to two previous lines of chemotherapy and up to one previous line of platinum therapy, were
included in the trial (Diéras et al., 2020b). Further inclusion criteria were an Eastern
Cooperative Oncology Group (ECOG) performance status between 0-2 and no progression
within 12 months of completing previous line of platinum therapy. Excluded were patients that
had a previous treatment line with a PARP inhibitor. Patients were randomly assigned (2:1) to
either the treatment group with a combination therapy of veliparib, carboplatin and paclitaxel
or the control group, receiving chemotherapy with carboplatin and paclitaxel only. Patients
received veliparib or placebo, orally, twice daily at a dose of 120mg, on day 1 to 7 of each 21-
day cycle. Additionally, 6 mg/ml per min intravenously of carboplatin on day 3 of each cycle
and 80 mg/m? intravenously of paclitaxel on day 3, 10, and 17 within each cycle, was
administered. This treatment schedule was followed until disease progression or unacceptable
toxicity. The dose of any of the three medications could have been reduced or discontinued
individually during treatment. Patients discontinuing treatment with carboplatin and paclitaxel
because of reasons other than disease progression, received veliparib or placebo monotherapy,
twice daily at a starting does of 300mg with the possibility to escalate up to 400mg. In case of
disease progression patients in the control group were unblinded and could switch to the
veliparib monotherapy treatment. (Diéras et al., 2020a, pp. 180-183, 2020b).

Primary endpoint of the trial was PFS (time from randomisation to disease
progression or death from any cause within 63 days of the last tumour assessment). Secondary
endpoints were OS, clinical benefit rate (progression-free rate at 24 weeks), objective response
rate (proportion of patients with confirmed partial or complete response per RECIST 1.1), and
PFS 2 (time from randomization to disease progression on first subsequent therapy or death

from any cause) (Diéras et al., 2020b).
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Patient-reported outcomes questionnaires were administered at the beginning of each cycle, at
final visit, and at the follow-up visit. Outcome questionnaires included the cancer-specific
EORTC-QLQ-C30/BR23 and the generic EQ-5D-5L questionnaire (Diéras et al., 2020b).

In order to calculate the proportion of patients alive and progression free at 24 and 36 months,
the trial used the Kaplan-Meier method to illustrate time-to-event curves.

In the trial, the intention-to-treat (ITT) population comprises 337 patients in the
veliparib arm and 172 in the control arm. In both treatment arms roughly 50% of patients had
a TNBC and 50% a HR+/HER2-negative cancer. A similar distribution was observed regarding
the BRCA1 or BRCA2 mutation status. In around 50% of the patients a BRCA1 mutation was
observed and in the other 50% a BRCA2 mutation. Most patients (70%) received previous
chemotherapy in the neoadjuvant or adjuvant setting and 65% of patients with HR+ breast
cancer had received previous endocrine therapy in any setting.

Median PFS was 14.5 months (95% CI 12.5-17.7) in the veliparib arm and 12.6 months
(10.6-14.4) in the control arm. Median OS was 33.5 months (95% CI 27.6-37.9) in the veliparib
arm and 28.2 months (24.7-35.2) in the control group.

Previous health economic evaluations for veliparib

In order to find previous cost-effectiveness analyses for veliparib in BRCA-positive,
TNBC and/or HER2-negative advanced breast cancer, a database search was conducted in
Embase, PubMed, and Google Scholar. Several search terms were used to identify relevant
economic evaluations for veliparib in the described indication. The search in the three
databases did not yield relevant cost-effectiveness analyses of veliparib for advanced breast
cancer. However, one publication by Gonzalez et al., (2020) was identified studying the cost-
effectiveness of several PARP inhibitors, including veliparib, in ovarian cancer from an US

perspective. Gonzalez et al., (2020) compared patients receiving veliparib plus chemotherapy
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to patients receiving chemotherapy only in a three state Markov model. Due to missing price
information for veliparib a price of $13,000 was assumed for a one-month supply of veliparib.
The analysis reported by Gonzalez et al., (2020) showed an ICER of $1,512,495/quality
adjusted progression-free year (QA-PFY) for veliparib. Considering, the willingness to pay
threshold of $150,000/QALY in the US, veliparib was not cost effective for the treatment of
ovarian cancer from an US perspective. The paper highlights the benefits of PARP inhibitors
in PFS but also stated the substantial high prices for this treatment approach, leading to the
high ICER value (Gonzalez et al., 2020).

The lack of evaluations conducted for the use of veliparib in BRCA-mutated breast
cancer suggests that this cost-utility analysis of veliparib in combination with chemotherapy
for BRCA mutated, triple-negative and HER2-negative, advanced breast cancer from a UK

healthcare perspective, may be the first economic evaluation in this indication.

Methods

This section of the paper will elaborate, how the decision analytic model for veliparib
was constructed based on the NICE reference case described above (Guide to the Methods of
Technology Appraisal, 2013). Further, it will be discussed, how the OS and PFS data from the
BROCADES3 trial were extrapolated to achieve a longer time-horizon in the model and how
input parameters regarding costs and health effects were researched and used in the model.
Lastly, this section will describe, how the model deals with uncertainty.
Type of Economic Evaluation

The cost-utility analysis of veliparib in combination with carboplatin and paclitaxel
compared to carboplatin and paclitaxel only, was conducted based on the recommendations on
economic evaluations given by the NICE reference case (Guide to the Methods of Technology
Appraisal, 2013). The economic evaluation is a cost-utility analysis hence, monetary values

were used as a measure of costs and QALYs were used to capture health effects for people
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using the treatment. In order to attain the QALYs, the time being in each health state was
multiplied with utilities (on a scale of 0 to 1) attached to the specific health state (Drummond
etal., 2015, p. 8; Guide to the Methods of Technology Appraisal, 2013). Since patients suffering
from an oncological condition are predominantly treated by healthcare professionals, spill over
effects, due to the impact of the disease and treatment on the quality of life of informal care
givers, was not included in the analysis since only a limited impact was assumed (Brouwer,
2019; Diéras et al., 2020b).

The cost-utility analysis was conducted from a NHS and PSS perspective, including
direct and indirect medical costs. A 20 year life-time horizon was implemented in the analysis,
as recommended by NICE (Guide to the Methods of Technology Appraisal, 2013). A 20-year
time horizon in this population was considered sufficient based on the patient’s cancer
characteristics. Patients in the clinical trial were in an advanced cancer stage, meaning that the
cancer spread from the breast to other regions of the body. When a cancer reaches this stage,
cure is no longer possible (Advanced Breast Cancer, n.d.; Diéras et al., 2020b). As reported by
Johansson et al., (2020), advanced breast cancer in the two cancer subtypes included in the
clinical trial, HER2-negative and triple-negative, are associated with a high mortality, once the
cancer spreads (Johansson et al., 2021). This observation is also reflected in the median OS
data obtained from the trial, in which median OS in the veliparib arm was 33.5 months (2.7
years) and 28.2 months (2.3 years) in the control arm (Diéras et al., 2020b).

Population

The target population for the economic evaluation of veliparib in this study was based
on the scope of veliparib submitted to NICE and the BROCADES3 clinical trial (Diéras et al.,
2020b; Veliparib NICE Appraisal, 2020). The scope targets BRCA-positive, HER2-negative
advanced breast cancer patients for the treatment in first, second, or third line. However, the

BROCADES3 clinical trial, used as the main source for clinical outcomes in this study, not only

15



included patients with a HER2-negative breast cancer but also with a triple-negative breast
cancer in the analysis. Since the OS and PFS Kaplan-Meier curves in the trial incorporated
both patient groups, the analysis in this study not only included HER2- negative advanced
breast cancer patients, but also patients with advanced TNBC (Diéras et al., 2020b).
Intervention

The intervention of interest in the economic evaluation of this study is veliparib as combination
therapy with carboplatin and paclitaxel. As described in the last chapter, veliparib was tested
in the BRCOADES3 clinical trial in which patients were randomly assigned to the treatment
group or the comparator group. In the treatment group patients received veliparib twice daily
at a dose of 120mg, on day 1 to 7 of each 21-day cycle. Additionally, 6 mg/ml per min
intravenously of carboplatin on day 3 of each cycle and 80 mg/m? intravenously of paclitaxel
on day 3, 10, and 17 within each cycle. This treatment schedule was continued until disease
progression (Diéras et al., 2020b). According to the study protocol, patients could discontinue
treatment with carboplatin and paclitaxel before disease progression and receive single agent
veliparib at 300mg, twice daily. The mean duration of monotherapy in the veliparib arm was
350 days (Diéras et al., 2020b). The treatment schedule, dosage, and maximum duration of
each treatment agent in the treatment group of the model was based on the treatment schedule

of the clinical trial.

Comparator

As mentioned in the introduction of this paper, NICE does not state specific recommendations
for the treatment of BRCA-mutated breast cancer. However, Armstrong et al., (2019) identified
several European guidelines, recommending treatment with platinum agents such as
carboplatin (Armstrong et al., 2019). Further, the combination therapy of carboplatin with
paclitaxel demonstrated good response rate for highly active breast cancer (Diéras et al., 2020a,

p. 121, 2020b).
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Therefore, the comparator in this economic evaluation was carboplatin with paclitaxel.
The combination of both agents was administered to the control group in the clinical trial. Each
cycle, patients in the trial received 6 mg/ml per min intravenously of carboplatin on day 3 of
each cycle and 80 mg/m? intravenously of paclitaxel on day 3, 10, and 17 (Diéras et al., 2020b).
This schedule was followed until disease progression. Like in the treatment schedule with
veliparib, patients in the trial could receive blinded monotherapy with placebo thus, carboplatin
and paclitaxel were discontinued before disease progression. The mean duration of
monotherapy in the control group was 252 days (Diéras et al., 2020b). The treatment schedule,
dosage, and maximum duration of each treatment agent in the comparator arm of the model

was based on the treatment administered to the control group of the clinical trial.

Model Structure

For the cost-utility analysis of veliparib a Microsoft Excel based Markov cohort
decision analytic model was constructed. A Markov model is structured around different
disease or health states that are mutually exclusive and that represent the potential
consequences of the treatment and the comparator. Transition probabilities between the health
states over a certain period, referred as a cycle, were used to reflect the possible consequences.
For the model in this study, the three following health states were included: (1) Stable
disease/Progression free (SD), (2) Progressed disease (PD), and (3) Death (Fig. 1). This model
structure aligns with previous appraisals for HER2- negative, advanced breast cancer submitted
to NICE and is a common model structure for cost-effectiveness studies in oncology

(Abemaciclib NICE Appraisal, 2019; Ribociclib NICE Appraisal, 2019).
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Figure 1: Diagrammatical representation of the model structure

N N
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As illustrated in Figure 1, all patients begin in the stable disease state. From stable
disease, patients can either stay progression free, transition to progressed disease, or directly to
the death state. Patients in the progressed state can continue in this health state or transition to
the death state. The cycle length for the model was based on the treatment schedule of the
BROCADES3 trial in which one cycle was 21-days long (Diéras et al., 2020b). To include all
relevant costs and effects of treatment and comparator a life-time horizon of 20 years (time
point in which < 0.01 of population is alive) was implemented in the model.

Survival data to obtain transition probabilities between the states were retrieved from
the OS and PFS Kaplan-Meier (KM) curves illustrated in the BROCADES3 trial. The procedure
of extracting the data from the KM curves will be described in more detail in the next section
of this chapter. Due to missing individual patient data in the clinical trial, the model for
veliparib used a cohort simulation with a cohort size of 1000 patients to calculate how long

patients stay in a certain health state (Briggs et al., 2006, p. 33).
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The following calculations were done to obtain the number of patients in each health state at a
certain point in time t:

Patients in stable disease (f) = 1000 * PFS(; (If OS > PFS) (Equation 2)

Patients in progressed disease (t) = 1000 — Patients in stable disease() — Patients in deathy
(Equation 3)
Patients in death state (t) = 1000 * (1 — OS)) (Equation 4)

The calculated number of patients in each state and at a certain point in time were used
to determine the costs incurred, as well as the QALY's and LY's yielded in each cycle in order
to calculate the mean total costs and health effects and subsequently to obtain the ICER of the
intervention (Briggs et al., 2006, p. 30).

Survival Analysis

The essence of a Markov cohort model is to simulate the pathway of a patient cohort
across the different health states of the model. To determine the number of patients in a
particular health state at a certain point in time, a survival analysis, as described by Hoyle &
Henely (2011), was conducted, using the original OS and PFS KM curves from the
BROCADES3 trial and by extrapolating them with parametric functions. This method allows
the estimation of the number of patients affected by an event, such as death, in each time
interval and permits the estimation of future events not captured in the clinical trial (Diéras et
al., 2020b; Hoyle & Henley, 2011).

OS in the KM curves was observed for 56 months after randomization, PFS for 52
months (Diéras et al., 2020b). Both KM graphs were uploaded in WebPlotDigitizer version 4.4
to retrieve the X and Y coordinates (WebPlotDigitizer, n.d.). Via the semi-automated approach,
the coordinates for OS and PFS for either the treatment- or the control-group were exported

into Excel spreadsheets. The number of patients at risk (R(t)) were given in the clinical trial for
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certain points in time (t). With the survival probability (S(t)) extracted from the curves, the
number of patients at risk at intermediate times (%2 t) were estimated to improve the curve
fitting. This step was repeated for further intermediate times (%4 t and % t) to further increase
the fitting of the curve. Obtaining the number of patients at risk for several moments in time
permits to fit survival curves to the estimated patient numbers by using the method of maximum
likelihood (Hoyle & Henley, 2011). This step was conducted via the statistical software “R
studio” version 1.4.1103 using a code provided by the Hoyle & Henly (2011) paper (Appendix
Al). The parametric distributions Weibull, exponential, log-logistic, and lognormal, were
taken into consideration for the selection of the best fitting distribution. The assessment of the
different distributions for OS and PFS was based on the DSU technical support document 14
(2011) and included visual inspection, AIC/BIC tests and clinical validity with external data
(N. R. Latimer, 2013).

The first assessment method was the inspection of the parametric curves regarding their
visual fit compared to the given KM curve. This method, however, is considered rather
uncertain and was therefore only used to get a first impression of the different distributions and
how closely each follows the KM curves for OS and PFS.

The visual inspection for OS and PFS indicated that all distributions follow the original
KM curves closely. The exponential curve was the least accurate, with an underestimation of
the OS and PFS probability in the first months of observation (first 20 months for OS in
veliparib- and control- group, first 8.5 months for PFS in veliparib group, and first 13 months
for PFS in control group), followed by an overestimation until the end of the observation
period. Due to the very similar courses of the Weibull, lognormal, and log-logistic curves no

clear ranking could be made neither for OS nor for PFS after visual inspection (Figures 2-5).
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Figure 2: Kaplan-Meier curve and parametric distributions for OS in the veliparib arm
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Figure 3:

Kaplan-Meier curve and parametric distributions for OS in the control arm
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Figure 4:

Kaplan-Meier curve and parametric distributions for PFS in the veliparib arm

Progression-free survival

100.0%

90.0%

80.0%

70.0%

60.0%

50.0%

40.0%

30.0%

20.0%

10.0%

0.0%

Progression-free survival Veliparib

\

A

~—~

50 100 150 200 250
Time in months

——exponential —Weibull ——Ilognormal loglogistic —KM

300

Figure 5:

Kaplan-Meier curve and parametric distributions for PFS in the control arm
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Statistical assessment was carried out using the Akaike Information Criterion (AIC)
and Bayesian Information Criterion (BIC), which provide the relative fit of different parametric
distributions (N. R. Latimer, 2013).

The AIC value was reported as an outcome in “R-studio” and did not need any further
calculation. For OS in the veliparib- and control group the log-logistic distribution yielded the
lowest AIC and was therefore considered to have the best statistical fit (Table 1). The same
result was found for PFS in the control group, in which the log-logistic distribution had the
lowest AIC (Table 2). In the veliparib group, however, the lognormal distribution had the
lowest AIC. For both groups the exponential distribution had the highest AIC in OS and PFS
and therefore, the worst statistical fit. This is in accordance with the visual inspection described
above.

The BIC values were not given by “R-studio” or any other statistical software and had
to be calculated algebraically with the following formulas (Brownlee, 2019):

{ AIC = 2k — 2In(L) (Equation 5)

BIC = In(n) k — 21In(L)

The two variables needed for the equation are n, the number of data points on the KM
curve, and k, the number of parameters estimated by the model. In all cases the BICs were
lowest for the distribution with the lowest AIC (Tables 1 and 2).

In conclusion, according to the statistical fit, the log-logistic distribution has the best fit
for OS in both treatment groups and the best fit for PFS in the control group. For PFS in the
veliparib arm lognormal is statistically seen the best fit. For both arms in OS and PFS the
exponential distribution can be considered as the worst fit, which aligns with the visual

inspection of the curves.
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Table 1: Statistical assessment of the OS parametric distributions using AIC and BIC

Veliparib arm

Control arm

Weibull
Lognormal
Loglogistic

Exponential

AIC

1812.57

1811.061

1806.375

1848.224

BIC

1816.622

1815.112

1810.426

1850.249

AIC

956.6578

962.7886

952.644

967.8008

BIC

960.636

966.767

956.622

969.790

Table 2: Statistical assessment of the PFS parametric distributions using AIC and BIC

Veliparib arm

Control arm

Weibull
Lognormal
Loglogistic

Exponential

AlIC

2131.86

2093.592

2098.263

2138.758

BIC

2135.762

2097.494

2102.165

2140.709

AIC

1151.561

1134.70

1125.969

1175.695

BIC

1155.385

1138.524

1129.793

1177.607

An essential limitation of the methods described so far, is that they only assess the fit
of parametric models to the already observed data from the KM curves. Neither the visual
inspection, nor the AIC/BIC approach describes how accurate a parametric model is for the
period after the time observed in the clinical trial. Since the goal of a cost-effectiveness analysis
is to estimate long-term costs and health effects of a treatment beyond the follow-up period, it

is essential to find a parametric model that plausibly estimates the extrapolated portion of the

curve (N. R. Latimer, 2013).

Therefore, an important argument for the choice of distribution is the use of clinical plausibility
and external data (N. R. Latimer, 2013). The BROCADES3 trial reports a median OS of 33.5

months (95% CI 27.6-37.9) in the veliparib arm and of 28.2 months (95% CI 24.7-35.2) in the
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control arm (HR 0.95, [95% CI 0.73-1.23; p=0.67]), and a median PFS of 14.5 months (95%
CI 12.5-17.7) in the veliparib arm and of 12.6 (95% CI 10.6-14.4) months in the control arm
(HR 0.71[95% CI 0.57-0.88], p=0.0016). For both groups the Weibull distribution shows a
median OS and PFS that is the closest to the trial data (OS: 35.6 months in veliparib arm, 36.5
months in control arm; PFS: 23.2 months in veliparib arm and 15.4 months in control arm),
however, a slight overestimation can still be observed. Lognormal, log-logistic, and
exponential distribution, estimate median OS and PFS higher than the Weibull distribution and
are therefore, less suitable (Appendix A2).

In addition, the Weibull distribution is the only curve, indicating that after 20 years no
patient would be alive or in a progression free health state anymore. The two breast cancer
subtypes included in the clinical trial, HER2-negative and triple-negative, are associated with
a high mortality, especially in the metastatic setting (Johansson et al., 2021). Therefore, the
assumption that no patients would be alive, 20 years after treatment begin, aligns with survival
data for patients in the indication. This assumption was supported with the life expectancy of
breast cancer patients at the mean age of patients when they get diagnosed, compared to the
life expectancy of women not having a breast cancer diagnosis at this age. The mean age of
patients in the trial was 47 (39-54). According to Botta et al., (2019) patients getting a diagnosis
for breast cancer at the age of 47 have a life expectancy of around 27 years compared to 35
years in a healthy population (Botta et al., 2019). However, the study results by Botta et al.,
(2019) did not distinguish between different cancer stages or subtypes. As already mentioned,
the advanced setting of the cancer, as well as the two subtypes included in the trial, HER2-
negative and TNBC, are associated with a higher mortality compared to lower stages of breast
cancer or with other subtypes. As stated in the BROCADE3 trial, the 5-year survival rate for
patients with metastatic breast cancer is 27% and only 11% for patients with a metastatic triple-

negative breast cancer (Diéras et al., 2020b). Therefore, the Botta et al., (2019) results present
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an overestimation of the expected life expectancy of patients included in the trial, leading to
the assumption that when only advanced breast cancer patients and with the relevant subtypes
were evaluated, the life expectance would be lower than 27 years as seen by the Botta et al.,
(2019) paper and closer to 20 years.

These observations led to the conclusion that from a clinical point of view the most
plausible estimation for the future course of the curves was achieved via the Weibull
distribution. Since clinical plausibility is the key assessment element for determining a
parametric model, the Weibull distribution was used for the extrapolation of OS and PFS curves
in the veliparib and control group (Drummond et al., 2015, p. 374). However, the described
process of selecting the distribution shows that depending on the type of assessment (visual,
statistical, or clinical) different distributions might be chosen. Therefore, this decision comes
with uncertainty, which will be addressed in a later section of this chapter.

Adverse Events

Patients in the BROCADE3 clinical trial were evaluated for AEs during the whole study
period. Results show that serious treatment-emergent AEs (TEAEs) were more often observed
in the veliparib arm than in the chemotherapy arm (34% versus 29%). TEAEs are defined as
those events appearing during treatment, which were absent before or which worsened relative
to the pre-treatment state (Segen s Medical Dictionary, 2012). The same observation was made
for study drug-related serious AEs in treatment- versus comparator- arm (12% versus 4%). The
most common grade 3 or worse AEs were neutropenia (81% versus 84%), anaemia (42% versus
40%), and thrombocytopenia (40% versus 28%) (Diéras et al., 2020b). The model of veliparib
incorporated AEs to include the utility decrements- and the costs- related to them. Therefore,
AEs of grade 3 or higher with a total incidence of five percent or higher, were integrated in the

model (Table 3).
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Table 3: Grade > 3 AEs with an incidence > 5% incorporated in the model

Veliparib arm (%) Control arm (%)
Neutropenia 81 84
Anaemia 42 40
Thrombocytopenia 40 28
Leukopenia 29 26
Fatigue 7 -
Nausea 6 -
Diarrhoea 5 -
Peripheral sensory - 5

Note: Cumulative percentage number of grades >3 AEs reported in the clinical trial (Diéras et al., 2020b).
Health-related Quality of Life

Health-related quality of life outcomes were measured during the trial period via several
questionnaires, however, they were not published (Diéras et al., 2020b). Therefore, the needed
HRQoL data, expressed using utility values, for the calculation of QALY in the progression
free and progressed health states were identified via a systematic literature review (SLR) in the

database Embase and via a search of relevant NICE technology appraisals.

Systematic literature review

The SLR on Embase was conducted during March 2021, using disease specific search terms
(Appendix B1). The population of interest included adult patients, with HER2-negative or
triple-negative advanced breast cancer, with or without a BRCA mutation (Veliparib NICE
Appraisal, 2020). Due to an expected limited number of studies that would include patients
with a BRCA mutation, results were not restricted to BRCA-mutated cancers only. The
preferred measure to obtain HrQoL data from patients was the EQ-5D as recommended by
NICE (Guide to the Methods of Technology Appraisal, 2013). However, publications using a
different measure of QoL were also included if the population of interest criteria was met. Only
English papers were involved for further evaluation. Additional inclusion and exclusion criteria

of the SLR can be found in the Appendix B2. The search via Embase yielded a total of 37
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results, containing 33 conference abstracts and 4 articles (Figure 6). In the first stage of
evaluation the results were judged based on title and abstract. After the first evaluation, 10
results preceded to the second stage of assessment in which the full text of the remaining studies
was examined for utility values in the target population. Out of the 10 results, four reported
relevant utility values (Huang M. et al., 2020; Niyazov et al., 2019; Robson M. et al., 2018;
Rugo et al., 2018) However, only the utility values by Huang et al., (2020) for patients with
metastatic TNBC randomised to pembrolizumab or chemotherapy and by Robson et al., (2018)
for patients with HER2 negative gBRCA positive, metastatic breast cancer (MBC) randomised
to olaparib or single-agent chemotherapy, were used in the model of veliparib due to more
similarities between their treatment population and the population of interest in this study.

In addition to the SLR conducted in Embase, already submitted NICE appraisals were
reviewed for relevant HrQoL data, in April 2021. The search in NICE focused on health state
related utility values but also on utility decrements due to AEs and the duration of AEs. Out of
51 appraisals for triple-negative or HER2-negative, advanced breast cancer, eight were
included for further assessment (Figure 6). The decision whether an appraisal would be further
evaluated was based on the study population and treatment line described in the title and in the
NICE guidance of each appraisal. Out of the eight-remaining appraisals, five reported health
state utilities and utility decrements due to adverse events for a study population similar to the
one used in the model of veliparib. However, only the values from the TA515 eribulin (2017)
appraisal for patients with MBC or advanced breast cancer (ABC) and HER2-negative breast
cancer following one prior chemotherapy line and from the TAS579 abemaciclib (2019)
appraisal for patients with hormone receptor-positive, HER2-negative advanced breast cancer
after endocrine therapy were used in the model, due to better fitting patient populations

(Abemaciclib TA579 Committee Papers, 2019; Eribulin TA515 Committee Papers, 2017). A
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detail list and description of the appraisals used for the input parameters in the model can be
found in the appendix B3.

Figure 6: PRISMA flow chart for SLR conducted in Embase and NICE for HrQoL
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In total, three sets of utility values from three different sources were identified via the
systematic literature review and used for either the base-case analysis or the scenario analyses
(Table 4).

Utilities in the base-case analysis were taken from Huang et al., (2020). The conference
abstract evaluated the health state utility of previously treated metastatic triple-negative breast
cancer patients (second- or third- treatment line) via the EQ-5D-3L questionnaire and
converted them to population-based utility values using published algorithms. The method and
country of the value set used to obtain the population-based utility values was not described in
the paper. Patients in the study received either pembrolizumab (antineoplastic agent) or
chemotherapy, however, no statistical difference in utility values were detected between the
two arms. Therefore, utilities from the pooled treatment groups were reported. The mean utility
scores for the total patient population in the progression free state and progressed state reported
in the abstract were 0.715 (95% CI1 0.701, 0.730) and 0.601 (95% CI1 0.571, 0.631) (Huang M.
et al., 2020).

Further, for the scenario analyses conducted in the model of veliparib the utility values
from Robson et al., (2018) and from the NICE TAS515 (2017) appraisal of eribulin were used.
Robson et al., (2018), studied the health state utility values for patients with HER2-negative
and germline BRCA-mutated breast cancer, receiving olaparib (PARP inhibitor) or
chemotherapy in the OlympiAD clinical trial. Treatment specific utility values obtained via the
cancer specific EORTC QLQ-C30 questionnaire were mapped to EQ-5D utility values using
an algorithm from women with locally advanced breast cancer. To incorporate the utility values
from the abstract in the model the average of the two reported treatment specific baseline and
progressed disease state values were used. Mean health state utility at baseline for patients
treated with olaparib and chemotherapy was 0.827 and 0.810, resulting in an average value of

0.815. Mean health state utility in the progressed disease state was 0.812 and 0.753, resulting
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in an average value of 0.783 (Robson M. et al., 2018). The values from Robson et al., (2018)
were not chosen for the base-case analysis since they were treatment specific. Only by taking
the average of the two values it was possible to incorporate them in this model. However, this
method is not as accurate as directly measuring a health state specific utility value for the whole
population. Further, the utility values were considered rather high for the target population in
this study. This could have been the case because EQ-5D utility values were mapped using an
algorithm from women with locally advanced breast cancer not advance breast cancer (Robson
M. et al., 2018).

The utility values reported in the eribulin TA515 (2017) appraisal were health state
utilities for patients with HER2-negative metastatic breast cancer, following one prior
chemotherapy regime. Like Robson et al., (2018) the appraisal mapped QLQ-C30 values 