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MULTIPLE MYELOMA

Epidemiology, clinical characteristics, and prognosis

Multiple myeloma (MM) is a malignant plasma cell disorder accounting for 1% of all can-
cer diagnoses worldwide and 13% of all hematologic malignancies [1]. Worldwide, the
incidence of MM is 0.4 to 5 per 100,000 people per year [2]. Incidence rates are higher
among males than females, people of African descent, and increase rapidly until age 84
and then decline. In the Netherlands, the annual incidence rate is 5 per 100,000 with a
median age of 70 at diagnosis [3].

The clinical characteristics of MM vary from asymptomatic patients to those with malig-
nant disease. Nonetheless, the disease has a very characteristic presentation such as lytic
bone disease, renal insufficiency, anemia, hypercalcemia, the presence of M-proteins
found in the serum and/or urine and immunodeficiency [4]. Disorders of the central
and peripheral nervous system are also common [5]. The development of hemorrhagic
diathesis or thrombosis is also a risk for MM patients with bleeding present in 15-30% of
patients and a 3% risk of thrombosis [6].

MM is considered a severe disease in terms of quality-of-life impact and life expectancy
and remains incurable. The survival of multiple myeloma patients has improved sub-
stantially in the past decade and is attributable to the introduction of novel (‘targeted’)
therapies bortezomib (Velcade®), thalidomide (Thalidomid®), and lenalidomide (Rev-
limid ©), as well as improvements in the use of autologous stem cell transplantation and
supportive therapy [7, 8]. Newly diagnosed patients can now expect to live an average
of 5-7 years, with some patients living longer than 10 years [9, 10]. In fact, many patients
are dying with and not necessarily due to the underlying disease.

Prognosis has shown to be associated with treatment but an independent relationship
exists with a number of clinical factors and markers for tumor burden and biology. The
first staging system to predict prognosis for MM patients was devised 25 years ago by
Durie and Salmon (DS) and is based on measurement of hemoglobin, paraprotein con-
centration and renal and bone disease [11]. Due to advances in treatment that produce
complete remissions (CR) and the complexity of the application of the DS staging system,
a new International Staging System (ISS) was developed. By applying regression tech-
niques on data from 17 institutions worldwide collected for 11,171 patients [12], the ISS
is based on two known markers of disease activity in MM, albumin and 8,-microglobulin,
which were found to be significant predictors of survival. The ISS divides patients into
3 distinct prognostic groups on the basis of these two markers, which can be evaluated
at virtually any clinical laboratory (Table 1). It is important to note that the DS and ISS
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staging system were studied in patients treated prior to the advent of new active agents.
Thus, additional studies validating such prognostic factors are necessary in the present
era of novel therapy.

Table 1. International Staging System for Myeloma

Stage Definition % of patients Median survival
(months)
| Serum albumin > 3.5 g/dL and serum - 29 62
microglobulin < 3.5 pg/mL
Il Neither stage | or lll 38 44
1] Serum B2-microglobulin = 5.5 pg/mL 34 29

Recent studies have found addition clinical factors and molecular markers for acquired
chromosomal aberrations to have independent prognostic significance (Figure 1).
Clinical factors shown to have an indication of prognosis include elevated lactate de-
hydrogenase (LDH) or presence of renal failure detected by elevated creatinine levels
at diagnosis [13]. Approximately 25% of MM patients define a high-risk population that
does not benefit from conventional treatment to justify the morbidity and cost of the
procedure and should be steered toward more investigational therapies [14]. These
patients are defined by having any one of the following factors: 1) detection of either
t(4;14) or t(14;16), 2) deletion of 17p13, 3) deletion of chromosome 13, 4) or aneuploidy
by molecular genetics or 5) a plasma cell labeling index (PCLI) greater than 3%. Other
molecular markers reported to be high-risk factors include amplifications of the chromo-
some 1921 region [15]. Standard-risk disease is defined as the absence of any adverse
prognostic marker, the presence of t(11;14) or hyperdiploidy [16, 17]. An ideal prognostic
system would be one that associates molecular markers and other clinical parameters.

Despite such progress, challenges remain in prognostic prediction in MM [18]. For
example, further validation of the prognostic value of chromosomal abnormalities in in-
dependent cohorts of patients is needed, especially those treated with novel therapies,
as well as an extension of the prognostic accuracy of newer methods such as microarray
technology. To tackle such challenges, it is necessary to establish the use of the currently
available techniques for detecting chromosomal aberrations, particularly florescence in
situ hybridization (FISH), as part of good clinical practice for MM.

Current treatment approach

Newly diagnosed patients with symptomatic (active) disease should be treated immedi-
ately, whereas asymptomatic (smoldering) myeloma requires only clinical observation,
since early treatment with conventional chemotherapy has shown no benefit [19]. The
prevailing method that currently dictates the treatment approach towards newly diag-
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nosed patients is a uniform treatment approach. With uniform treatment, all patients
within a stage group are treated irrespective of their prognostic risk in a similar manner. In
general, the treatment paradigm is characterized by two distinctive phases: 1) treatment
of newly diagnosed disease, (i.e., induction or initial therapy, or first-line); and 2) treatment
of relapsed or refractory disease (i.e., second-line, third-line, fourth-line, etc., and palliative
care) (Figure 2). The protocol for upfront therapy depends on eligibility for hematologic
stem cell transplant (HSCT). Factors associated with ineligibility for transplantation in-
clude older age, poor physical condition and coexisting conditions. Since MM is incurable,
the majority of patients will relapse or become refractory to upfront therapy while others
will either die before becoming eligible or be deemed unfit for second-line therapy.

Induction therapy in transplant eligible patients

Initial therapy consists of three to six cycles of high dose therapy (HDT) followed by
HSCT. HDT typically consists of a two-drug combination consisting of dexamethasone
and one or more novel agent (i.e., bortezomib, thalidomide, and lenalidomide) [20-22].
More recently, three and four-drug combinations including one or more novel agents
have been introduced [1].

HSCT can be either autologous or allogeneic and is administered as either a single or
double (i.e., tandem) transplantation. Allogeneic transplantation however is typically
less frequently administered on account of the high-risk for death and complication and
is usually given within a trial setting.

Patients with:

*t(14;16) *ISS stage I1I

t(4;14) *PCLI > 3%

+1q selevated LDH

«del(17p) saneuploidy
High-risk «del(13)

high Sp2M

eclevated creatinine

Prognostic risk
stratification

Patients with:
Standard-risk “t(11;14)

« hyperdiploidy
* no high-risk marker

Figure 1. Prognostic risk stratification in multiple myeloma.
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Induction therapy in transplant ineligible patients

Combination therapy with melphalan and prednisone plus either thalidomide [23] or
bortezomib [24, 25] is now considered the standard of initial care for patients not eligible
for transplantation. The combination of lenalidomide and low-dose dexamethasone has
also been shown to be effective as initial therapy in this patient group [26].

Consolidation and maintenance therapy

To increase the likelihood of response to induction therapy, consolidation therapy may
be given and usually consists of two to four cycles of combination therapies. To prolong
response, maintenance therapy may be given and typically consists of continuous
therapy with single agents following induction or consolidation until the time of disease
progression. Consolidation and maintenance are widely accepted although there are no
specific guidelines for their use on account of the conflicting evidence regarding their
benefit [1].

Newly diagnosed symptomatic
multiple myeloma patients

!

Induction therapy
S
l, U
P
Transplant eligible? P
(0)
Yes R
T
v 1
Stem cell E
transplantation No
| T
H
Yo E
Consolidation and/or R
maintenance therapy A
v P
Y

Relapsed/refractory therapy

Figure 2. Treatment paradigm of multiple myeloma.
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Relapsed/refractory treatment

The majority of patients eventually relapses or becomes refractory to upfront therapy.
The treatment combination administered at first relapse typically depends on the
patient’s response to initial therapy [27]. A complete response to therapy warrants re-
treatment with the same therapy combination. Patients may also be retreated if relapse
occurs after 2 years of retreatment or if relapse occurs after 1 year of remission following
treatment for first relapse. Otherwise, a different therapy from that administered for
induction therapy is given. The treatment of choice for these patients is combination
therapy consisting of dexamethasone and bortezomib [28] or lenalidomide [29, 30].
Autologous HSCT is also an option for patients who did not undergo transplantation
previously or for those who received transplantation and had a prolonged duration or
remission [31].

Supportive therapy

Supportive therapy consists mainly of the following: erythropoiesis-stimulating agents
to prevent anemia, treatment of bone and neurological pain, therapy to prevent bone
lesions and fractures, and prophylaxis for infection [1].

Risk-stratified treatment

The term ‘risk-stratified treatment’ refers to the matching of a treatment regimen to a
patient who is demonstrated to be similar to a cohort of patients that exhibit a particular
treatment response based on the presence or absence of a clinical marker [32]. As sum-
marized by Trusheim et al. (2007), a clinical marker “can be based on gene-expression
profiles, individual proteins, proteomic patterns, metabonomics, histology, imaging,
physician’s clinical observations and even self-reported patient surveys.” In other words,
it is not defined by its technology but rather by its reliable, predictive correlation to
differential patient responses [32]. Trusheim et al. (2007) further states that the neces-
sary conditions for stratified medicine include either one of the following: (i) underly-
ing disease variability reflecting multifactorial etiology, or currently indistinguishable
clinical presentations for biologically distinct conditions, (ii) multiple relevant targets
for medical intervention, (iii) differential ADME (absorption, distribution, metabolism
and excretion), or (iv) adaptiveness of the disease leading to treatment resistance. In
addition, both of the following should be present: (v) multiple treatment options with
heterogeneous responses for the disease and (vi) a logistically and medically acceptable
clinical marker [32]. The disease multiple myeloma satisfies these conditions as there are
(i) multiple relevant targets for medical intervention and (v) multiple treatment options
with heterogeneous responses that can be distinguished by means of a number of (vi)
logistically and medically acceptable clinical markers.
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Risk-stratified treatment approaches in multiple myeloma

On account of the recent advances in understanding the prognostic significance of bio-
markers in MM and the development of molecular diagnostic techniques, risk-stratified
treatment is gaining more and more support. In a risk-stratified treatment approach,
patients are stratified to a more personalized therapy option based on their status for
risk markers demonstrated to be associated with improved health outcomes when given
a specific therapy. As a result, patients who would otherwise gain little or no health
benefits from a particular therapy are stratified to either an alternative treatment option
demonstrated to be beneficial for patients with their risk profile or experimental therapy
when no such alternative exists. By improving care for particular risk groups, such a
strategy offers the potential to improve the overall quality and effectiveness of care.

A risk-stratified treatment approach for multiple myeloma stratifies patients into either
of two groups: standard and high-risk. Standard-risk patients have a median overall
survival of 6 to 7 years while high-risk patients are defined as having a median expected
survival of less than 2 to 3 years despite autologous HSCT [33]. In standard-risk patients,
the strategy is disease control with sequential use of drugs to preserve quality-of-life
along with prolongation of survival. In high-risk patients, a more aggressive approach
with combination therapies is used to achieve and maintain a complete response to
therapy since recent data demonstrate this to be an important requirement for long-
term survival in this patient population [34].

Arising from the heterogeneity in patient prognosis, there are a number of risk-stratified
treatment approaches that have been proposed. The treatment of high-risk patients
could be altered from that of standard-risk patients by means of the following: (i) addition
of bortezomib to non-bortezomib combinations, (ii) a more intensive dosage schedule
for bortezomib (i.e., higher starting dose or additional cycles), (iii) no thalidomide main-
tenance, or (iv) the addition of allogeneic HSCT. Early studies of bortezomib have found
evidence for (i) when stratifying the treatment effect according to cytogenetic markers
[24, 25], which were later confirmed in independent studies [35-39]. . In strategy (iii),
the treatment of standard-risk patients would be altered by the addition of thalidomide
maintenance, which was shown to improve PFS with a late OS benefit in patients with
no adverse cytogenetic marker, while high-risk patients would not receive thalidomide
maintenance since it showed no significant PFS and worse OS [40]. For options (ii) and
(iv), no data is currently available. Whether these risk-stratified approaches in multiple
myeloma lead to clinically important improvements in patient prognosis still requires
validation in prospective studies.

15

CHAPTER 1



16 | Chapter 1.

Economic burden of multiple myeloma

Like most indications in oncology, the costs of care for multiple myeloma are increasing,
presumably due to advances in therapy and standard use of HSCT. The ageing popula-
tion is also a catalyst for increasing its overall budget impact in the future.

The cost of novel agents and HSCT are substantially higher compared to the conven-
tional chemotherapies that were used to treat multiple myeloma prior to the turn of the
century. Based on the most recent published estimates of the average wholesale prices
in the USA, the cost of one 4-week cycle of thalidomide and lenalidomide is US$7,362
(100-mg capsules, quantity 28) or $88,3344 per year (12 cycles) and $11,447 (25 mg cap-
sules, quantity 21) or $137,364 per year (12 cycles), respectively [41]. Furthermore, the
cost of one 21-day cycle of bortezomib was estimated to be $6,450 (3.5-mg vial, quantity
four) or $70,950 per patient (11 cycles). These costs do vary per regimen depending on
the dose per cycle and number of cycles administered. Prices also vary further across
countries as a result of variation in pricing agreements and the availability of gener-
ics. In the Netherlands, for example, thalidomide is generically available resulting in a
lower cost compared to the US, with the cost of one 4-week cycle equal to €196 (100-mg
capsules, quantity 28) or €2,352 per year (12 cycles) [42]. Lenalidomide and bortezomib
are not available as generics resulting in similarly high prices for these therapies in the
Netherlands compared to the US. The costs of one 4-week cycle of lenalidomide cor-
respond to €5,390 (25 mg capsules, quantity 21) or €64,678 per year (12 cycles), while
for bortezomib one 21-day cycle costs €3,816 (3.5-mg vial, quantity four) or €41,976 per
patient (11 cycles) [42]. The costs of HSCT are also high, with the median cost per patient
for autologous and allogeneic HSCT in 1997 US dollars being $55,500 and $105,300,
respectively[43], compared to €45,670 and €101,919 in the Netherlands, respectively
[44]. Further adding to the number of therapy combinations and possibly increasing
costs, it is expected that second- and third-generation proteasome inhibitors and im-
munomodulatory agents will be available in the near future [45]. Taking this into consid-
eration, payers of health care are questioning whether the increased economic burden
of treatment options for multiple myeloma is justified by the health gain they produce.

In the case of novel therapies, a substantially higher reimbursement price has indeed
created concerns with value for money and access to care. Some payers have intro-
duced reimbursement schemes to manage uncertainty about value and patient access
to expensive therapies. In multiple myeloma, such schemes have been introduced for
the drug bortezomib. In the UK, a risk-sharing scheme was introduced after NICE found
that bortezomib was not considered to offer value for money in relapsed/refractory
patients[46]. The agreement, which was put forward by the manufacturer, states that
the NHS will reimburse the manufacturer for the costs of the drug only for patients who



General introduction

respond after 4 cycles. In the meantime, the clinical experience with bortezomib in daily
practice will generate outcomes research data to be used to further assess the ‘real-world’
costs and health benefits of the drug in the UK. In the Netherlands, a reimbursement
scheme requiring outcomes research within four years of access in daily practice was also
introduced to assess the therapeutic value, appropriate use (e.g., patient characteristics,
types of treatments, dosages, and dose modifications), costs, and cost-effectiveness of
expensive inpatient drugs'[47], with the drug bortezomib qualifying for such a scheme.
Based on the results of outcomes research, the decision for reimbursement is revisited
after four? years. Although both the UK and the Netherlands have introduced reimburse-
ment schemes requiring outcomes research to clarify the uncertainty around the costs
and health benefits of bortezomib, it has never been addressed whether observational
data collected during the drug’s diffusion phase is useful in this regard. To address this
issue, the Dutch healthcare insurance board (i.e., College voor Zorgverzekering or CVZ)
requested that a pilot outcomes research study be performed for two drugs, one of
which included bortezomib in the indication of relapsed/refractory MM.

Besides reimbursement schemes, implementation of risk-stratified treatment approach-
es in daily practice could improve not only health outcomes but also the efficiency of
care. By making upfront treatment decisions based on prognosis, patients with a favor-
able prognosis who stand to gain little from a particular treatment protocol would be
spared unnecessary and often expensive therapy. On the other hand, risk groups that
benefit equally from two or more therapy options that differ primarily in costs can be
stratified toward the least costly option. There remains a need to address not only the
potential therapeutic value of risk-stratified treatment options in multiple myeloma but
also their potential cost-effectiveness. By assessing their potential therapeutic and eco-
nomic impact, useful evidence can be generated that motivates stakeholders to support
future studies evaluating their clinical utility.

THE ECONOMIC EVALUATION OF HEALTH CARE

Health technology assessment (HTA) is a useful tool for addressing the “economic impact
and efficiency of health technology in terms of its short- and long-term health benefits
and resource use” [48]. HTA is multidisciplinary by nature in that it focuses on the medi-

1. Expensive was defined by having a projected budget impact equal to or higher than 0.5% of the total

hospital budget for inpatient drugs at the macro level.

2. The initial timeframe was three years but has since been changed to four years.
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cal, organizational, economic, ethical and social consequences of health technology in
order to meet the needs of a variety of policymakers seeking information throughout
the lifecycle of a technology.

An economic evaluation is a commonly applied method in HTA to address questions
concerning the economic impact of health technologies. Economic evaluations are
generally defined as the “comparative analysis of alternative courses of action in terms
of their costs and consequences [49]."The steps taken in an economic evaluation include
the identification, measurement, valuation and comparison of all costs and consequenc-
es of the alternatives under consideration. Depending on how the consequences are
measured, economic evaluations can be classified as cost-effectiveness analysis (CEA),
cost-utility analysis (CUA), or cost-benefit analysis, with practical application mainly
limited to CEA and CUA. The results generated by such an analysis provide evidence of
the relative value of one alternative compared to another, given the analytical perspec-
tive used in the analysis. In recent decades, economic evaluations have more frequently
been applied to support decision making in the field of health care as a result of the
increasing number of treatment options available for patients and the rising health
care expenditure. In many settings, an economic evaluation of a fully developed health
technology is required for reimbursement decisions of new therapies and can also be
used for inclusion in the treatment guidelines [50]. The common question being asked
is simply whether the additional therapeutic value of a health care technology or pro-
gram is in balance with its costs. For reimbursement decision-making specifically in the
Netherlands, CUAs are the preferred form of economic evaluation [51].

Early-stage versus classical economic evaluations

The timing at which an economic evaluation is performed can generally be classified as
either early-stage, which corresponds to the development phases preceding the market
approval phase, or as the classical from which corresponds to the reimbursement phase
and beyond (Figure 3). As one would expect, the stakeholders involved in decision
making differ according to whether an early-stage or classical HTA is conducted. For
an early-stage HTA, the stakeholders are often investors and developers/manufacturers,
while for a classical HTA decision making is often conducted by regulators, payers, and
others involved in the diffusion phase of the technology such as care providers, hospital
managers and drafters of treatment guidelines. The choice of data source used as the
basis of the evidence for costs and consequences also depends on the development
phase of the health care technology. Sources of evidence include clinical trials, retro-
spective and prospective observational studies, or modeling studies which are based on
a variety of sources. Most often it is the case that clinical trial and/or observational data
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R
stage

Post-
marketing
and
outcomes
research

Market access
and/or
reimbursement

Technology
development phase

Preclinical
R&D

Stakeholders Developers,

investors

Regulators, payers, and others involved in adoption

Data source Literature reviews,
interviews with key

opinion leaders

Clinical trials and observational studies

Figure 3. Early-stage versus the classical form of economic evaluations.

is used for classical economic evaluations, while modeling studies based on a variety of
sources are more commonly used in early-stage economic evaluations [52].

Although economic evaluations can be conducted at any point in time, there are
always tradeoffs inherent in decision-making. For example, the earlier a technology is
assessed, the more likely its diffusion can be curtailed if it is unsafe or ineffective. At an
early stage, it may also provide information through a market assessment or it can be
used in go/no go decision regarding further development, future trial design, or price
determination [53]. On the other hand, due to the nature of the data available during the
early development phase and since the methods are intended to support policy level
decision-making, the findings of an early assessment may not be definitive or perhaps
misleading for the stakeholders involved [52]. For example, the technology may not
yet be perfected, its users may not yet be proficient, the production costs may not yet
have stabilized, the technology may not have been applied in enough circumstances
to recognize its potential benefits, and its long-term effectiveness and safety may be
completely uncertain. It could be argued, however, that these issues are not inherent to
early-stage economic evaluations, per se, as they could be present in the classical form
as well. Namely, the use of outcomes research, as a classical form, in assessing the value
of a new technology in daily practice also presents methodological challenges that
impact the usefulness of the results in decision-making [54]. The extent to which there
are similar challenges to performing early-stage and classical deserves further attention.

Economic evaluations in multiple myeloma

A number of partial economic evaluations, namely cost studies, in MM have been con-
ducted using patient-level data from the hospital perspective in Sweden [55] and, more

19
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recently, France [56] and Italy [57]. The costs reported for Swedish patients were mainly
based on conventional therapies, and the results from Italy did not provide information
on the use of novel agents. A more recent cost study conducted in France found that
total costs were substantial mainly due to novel agents, although this conclusion was
based mainly on the increasing costs due to bortezomib. It remains unclear to what
extent the increased costs of treating MM are caused by the costs of novel therapies
alone or other treatment-related costs. Knowledge on the major cost drivers in multiple
myeloma could pinpoint resource use that represents good value for money or, con-
versely, instances of waste that could be targeted by cost reduction initiatives.

Previous reviews of full economic evaluations in multiple myeloma have found that
economic evidence is scarce and largely lacking for novel therapies [58, 59]. Continued
expansion in the availability of costly novel therapies will enhance the role of economic
evaluations in reimbursement decisions and amendments to the treatment guidelines.
To assess the validity of the results obtained from economic evaluations, the quality of
the methodology applied to produce the results should be taken into account by users
of their results. A critical review of the trends and quality of the methodology applied in
economic evaluations in multiple myeloma, particularly for novel agents, has not been
conducted. Therefore, the robustness of the results reported by existing studies remains
questionable to users of economic evaluations. Furthermore, it is useful to identify the
unmet needs and shortcomings of existing evaluations in multiple myeloma so as to
inform researchers performing future evaluations of methods for quality improvement.

Economic evaluation of stratified treatment approaches

Stratified treatment approaches have the potential to improve treatment efficacy but
also improve safety and quality-of-life as well as reduce costs. Demonstration of the
clinical and economic utility of clinical markers is often needed for reimbursement
decisions or to convince care providers of their usefulness in care. However, it can be dif-
ficult to estimate the utility of stratified treatment approaches, particularly in the early
phases of product development or in cases where conducting a randomized controlled
trial (RCT) is unethical. There are additional barriers to their development such as the
development costs and time needed to validate clinical biomarkers, lower potential rev-
enues on account of the inherent exclusion of patients, and the time and money needed
to educate providers about the therapeutic implications of the clinical biomarker [60,
61]. Economic evaluations provide a framework by which all of the relevant benefits of
stratified medicine can be distinguished and valued. Since economic evaluations can be
performed at an early-stage development phase, it could serve useful in clarifying both
the therapeutic and economic value of clinical markers in the absence of a RCT. However,
there is a paucity of economic evaluations in the area of stratified medicine, with only
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11 references found in a systematic review [62]. The application of economic evaluations
in addressing the potential value of stratified medicine approaches deserves more at-
tention, particularly in the area of hematologic malignancies such as multiple myeloma
where multiple treatment options with heterogeneous responses are available.

THESIS AIMS

The overall aim of this thesis is to evaluate the health benefits and costs of current and
hypothetical treatment options in MM. This thesis begins with examining the evidence
available from existing economic evaluations in MM and the quality thereof. To assess
the methodological challenges to performing outcomes research for novel therapies
in MM, this thesis then examines the feasibility of evaluating the appropriate use, ef-
fectiveness and cost-effectiveness of bortezomib in relapsed/refractory patients treated
in Dutch daily practice. Subsequently, the potential therapeutic and economic value for
hypothetical risk-stratified treatment approaches in MM is evaluated by means of an
early-stage economic evaluation. Based on the findings of two studies, a secondary aim
is to assess the feasibility and usefulness of performing early-stage economic evaluations
of hypothetical risk-stratified treatment approaches in hematological malignancies.

Research questions

1. What is the economic evidence generated by and the quality of the methodology
applied in all existing economic evaluations of the treatment of multiple myeloma?

2. What is known about the efficacy, costs and impact on health-related quality-of-life
particularly for novel therapies in multiple myeloma?

3. What is the real-world effectiveness and appropriate use of bortezomib for multiple
myeloma in Dutch daily practice?

4. What are the real-world costs of treating multiple myeloma with bortezomib versus
other therapies in Dutch daily practice?

5. What is the real-world cost-effectiveness of the novel therapy bortezomib in ad-
vanced multiple myeloma compared to the standard of care in Dutch daily practice?

6. Is there potential therapeutic and economic value at the early phase of technology
development for risk-stratified treatment approaches in multiple myeloma using
new and existing molecular markers?

7. Can the method of cost-effectiveness analysis be applied at an even earlier phase
of technology development to demonstrate the potential value for risk-stratified
treatment approaches in chronic myeloid leukemia using hypothetical molecular
markers?

21
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THESIS OUTLINE

The research questions addressed in this thesis are categorized into three sections with
each chapter addressing a separate research question. Part 1 addresses the state of
knowledge about the efficiency of care in multiple myeloma and the quality of all previ-
ous work in this area (Chapter 2) and with a particular focus on novel agents (Chapter 3).
Part 2 addresses the feasibility of outcomes research in evaluating the appropriate use
and effectiveness (Chapter 4), costs (Chapter 5), and relative cost-effectiveness (Chapter
6) of bortezomib in multiple myeloma patients treated in Dutch daily practice. Finally, the
potential value of stratified treatment in multiple myeloma is assessed in Part 3. Chapter 7
presents an early-stage economic evaluation to assess the potential cost-effectiveness of
a risk-stratified approach in multiple myeloma using new and existing molecular markers
to predict survival. Chapter 8 presents the application of an early-stage economic evalu-
ation in an even earlier phase of technology development to assess the potential cost-
effectiveness of a risk-stratified treatment approach for chronic myeloid leukemia, also a
hematological disorder, using a hypothetical molecular marker to predict upfront treat-
ment response. The final chapter of this thesis (Chapter 9) provides a detailed discussion of
the implications of these findings for policy makers, care providers, and researchers. Some
observations are then discussed regarding the extent to which there are similar challenges
to performing early-stage economic evaluations and outcomes research in MM alongside
providing recommendations for initiatives to meet the objectives of both.
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ABSTRACT

Continued expansion in the availability of costly alternative therapies in multiple my-
eloma will enhance the role of economic evaluations in reimbursement decisions and
amendments to the treatment guidelines. The quality of economic evaluations should
be taken into account by clinicians involved in decision-making. A systematic review
and critique of the methodology was performed to assess the trends and quality in
economic evaluations in multiple myeloma to date. A literature search was conducted
to identify full economic evaluations in multiple myeloma as of December 2009. Details
of the economic evaluation methods applied were extracted. Each study underwent a
quality assessment based on the Drummond checklist for high-quality economic evalu-
ationsin healthcare. Eighteen published economic evaluations were identified. Stem cell
transplantation in combination with intensive chemotherapy has been demonstrated
to be cost-effective, while interferon alpha is generally ineffective at additional costs.
Evaluations have become less frequent in the last decade, especially for newer therapies
despite their important contribution to improvements in outcomes. The quality of the
methodology applied and its documentation can be improved in many aspects. As users
of the results of economic evaluations, clinicians involved in guiding decision-making
should be critical of the quality of economic evaluations in multiple myeloma. To ensure
access to and identification of high quality studies, researchers conducting economic
evaluations of future advances should strive toward evaluations that fulfill the Drum-
mond criteria and are properly documented.
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INTRODUCTION

Multiple myeloma is a progressive hematologic malignancy accounting for approxi-
mately 0.8% of all cancer diagnoses and 0.9% of all cancer deaths worldwide [1]. It is
considered a severe disease that remains incurable.

The treatment paradigm for multiple myeloma usually consists of initial treatment which
may include stem cell transplantation (SCT) followed by maintenance therapy to pro-
long patient response to initial therapy and treatment for relapsed or disease refractory
to initial therapy. Supportive agents to alleviate symptoms of the disease or side effects
of treatment are also commonly administered. Novel therapies, such as thalidomide,
bortezomib and lenalidomide, promise improved outcomes [2] at increased acquisition
costs. Additional agents currently under development are expected to be added to the
list of options available in the future.

Previous reviews of economic evaluations in multiple myeloma have found that eco-
nomic evidence is scarce and largely lacking for novel therapies [3, 4]. Earlier advances
in treatment, such as SCT, resulted in higher incremental costs but led to relatively
greater incremental effectiveness. More recent advances, however, have been shown
to be marginally less cost-effective compared with earlier advances, despite being con-
sidered cost-effective. Accordingly, future treatments will likely become marginally less
cost-effective, thus enhancing the role of cost-effectiveness studies in reimbursement
decisions for multiple myeloma.

Continued expansion in the availability of costly alternative therapies will enhance
the role of economic evaluations in reimbursement decisions and amendments to
the treatment guidelines. To assess the validity of the results obtained from economic
evaluations, the quality of the methodology applied to produce the results should be
taken into account by users of their results. Existing reviews of economic evaluations in
multiple myeloma did not include a quality assessment component. Therefore, the va-
lidity of the results reported by such studies remains questionable to users of economic
evaluations.

The objective of this review was to provide an overview of the trends in methodology. A
critical appraisal of the methodology was also conducted to identify whether the qual-
ity was adequate for users of their results in decision-making and to identify needed
improvements for future evaluations.
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METHODS

Search

A literature search was performed as of 31 December 2009 (Medline, EMBASE, Cochrane
Database of Systematic Reviews) using the search strategy described in Appendix A. The
following inclusion and exclusion criteria were used: (1) treatment for multiple myeloma
was the main topic of the article; (2) only research articles were considered and abstracts
and reviews were excluded after screening the references for relevant publications; and
(3) only articles using the English language were considered. Full papers were obtained
for publications whose titles or abstracts were considered relevant or where the title or
abstract information was not sufficient to make a decision. Full papers were rejected
if the article did not include both a costing and an effectiveness element to the study.
Studies using data from a patient population heterogeneous for many types of diseases
in addition to multiple myeloma were excluded if both cost and effect estimates specific
to multiple myeloma patients were not reported.

Data extraction

Details of the economic evaluation methods applied were extracted, including the
type of evaluation, comparators, source of data for effectiveness, time horizon, payer
perspective, inclusion of indirect costs, effectiveness outcomes, and incremental costs
and effectiveness. Source of funding for the study was also extracted.

Quality assessment

The criteria used for the quality assessment were based on Drummond’s checklist
(Table 1), which is a standard quality assessment checklist specifically designed to criti-
cally assess economic evaluations [5]. It provides a list of ten questions to assist users
of economic evaluations in separating the various elements of methodology applied
in economic evaluations so that each can be scrutinized. Questions 1 through 9 and all
subquestions for criterion 10 were used. Each of the questions was operationalized to
enable a‘yes’ or 'no’ answer for each item on the checklist. If the article did not provide
enough information to determine a clear answer to the question, the article was scored
with a‘no’for the criterion in question. If a criterion was met only for the costs or effects,
this was also scored with a‘no’ but made transparent.
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Table 1. List of criteria adapted from Drummond et al. (2005) applied in quality assessment.

Q1 Was a well-defined question posed in answerable form?

Q2 Was a comprehensive description of the competing alternatives given?

Q3 Was the effectiveness of the programs or services established?

Q4 Were all relevant costs/consequences for each alternative identified in light of viewpoint?
Q5 Were costs and consequences measured in appropriate physical units?

Q6 Were costs and consequences valued credibly?

Q7 Were costs and consequences adjusted for differential timing (i.e., discounted)?

Q8 Was an incremental analysis of costs and consequences of alternatives performed?

Q9 Was the impact of uncertainty in the estimates of costs and consequences examined?

Q10a Was the conclusion easily interpretable and based on objective comparison in terms of costs and
effect difference?

Q10b Were the results compared with those of others and allowances made for methodological
differences?

Q10c Did the study discuss the generalizability of the results to other settings/patient groups?

Q1o0d Did the study allude to or take account of other important factors in the choice or decision under
consideration?

Q10e Did the study discuss issues of implementation and whether free resources could be redeployed to
other programs?

RESULTS

Search

Figure 1 depicts the selection process conducted for this review. The search identified a
total of 967 potentially relevant articles. After reviewing the titles and abstracts, 33 articles
were selected for full review. Finally, we reviewed 18 studies that reported full economic
evaluations, which included six cost-effectiveness analyses (CEA), five cost-minimization
analyses (CMA), three cost-utility analyses (CUA), three cost-benefit analyses (CBA) and
one cost-consequence analysis (CCA). No CUAs have been conducted since 2004.

General characteristics of selected studies

All identified economic evaluations were published between the years 1994 and 2009.
Details regarding the comparators and source of effectiveness are provided in Table 2.
Details of the methodology are provided in Table 3.

Comparators and stage of treatment

An economic evaluation was published for each stage in the treatment paradigm for
multiple myeloma (Table 2). The majority of studies evaluated initial therapy, which
consisted of conventional chemotherapy and/or stem cell transplant. Few have been
published for targeted agents, with only one CEA conducted for bortezomib compared
to best supportive care or thalidomide in the relapsed/refractory phase of treatment.
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Titles and/ or abstracts
screened and inspected
n =967

Papers rejected at the

title/abstract stage
n=934

Full copies retrieved and
inspected
n=33

Full papers excluded after
applying exclusion criteria
n=15

Publications meeting inclusion
criteria
n=18

Figure 1. Flowchart describing the article selection process.

Data source for effectiveness

Effectiveness was demonstrated by a RCT (n=7), retrospective cohort study (n=4), and a
meta-analysis of RCTs (n=3). The study design applied to estimate effectiveness for the
intervention and alternative comparators differed for five studies. The weakest compari-
sons were studies that compared effectiveness estimated from a RCT design to that of
estimates from a retrospective cohort study [6] and a Delphi panel supplemented with
estimates from the literature [7]. One study compared effectiveness estimated from a
RCT to a meta-analysis that pooled estimates from both controlled and uncontrolled
studies [8]. Two studies compared estimates from a prospective design to that from a
retrospective design with both groups matched for patient characteristics to simulate a
retrospective case-control study [9, 10].

Perspective
The perspective was not stated for seven studies (Table 3). Perspectives that were stated
included that of the payer, society, hospital and provider.

Time horizon and effectiveness outcomes

The time horizon varied between studies but was generally limited to the stage within
the treatment paradigm. Evaluations of initial treatment most commonly adopted the
longest time horizon and reported effectiveness outcomes in either life-years (LYs) or
quality-adjusted life-years (QALYs). Studies assessing costs and benefits of SCT typically
adopted a short time horizon since the objective of such analyses was to assess methods
to save costs during the transplantation procedure. Consequently, effectiveness out-
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comes were reported in term of costs of treatment and adverse events. For maintenance
and relapsed/refractory treatment, time horizons were either one year [11] or survival
from start of treatment [7, 12], with effectiveness outcomes measures being months or
LYs, respectively. Economic evaluations of supportive therapies assessed the costs and
effects of treatment from 1 to 3 years and reported effectiveness outcomes in terms of
monetary costs [13-15].

Incremental cost and effectiveness

Most studies found the intervention to result in either improved or equal effectiveness
compared to the alternative as well as increased costs. Some trends in incremental cost
and effectiveness results can be seen. Transplantation alone or in combination with
intensive therapy has generally been demonstrated to be effective though more costly
[6, 9, 10, 16-18], with the exception of one study [19]. The addition of interferon alpha
(IFN) to therapy has generally been shown to be limited in terms of health outcomes
while at additional costs [8, 12, 20], with the exception of IFN in combination with
VMPC (vincristine, melphalan, cyclophosphamide and prednisolone) [21]. Cost-savings
were demonstrated for outpatient versus inpatient transplants[22], use of vincristine,
adriamycin, dexamethasone (VAD) plus pegylated liposomal doxorubicin (DVd) instead
of VAD plus low dose dexamethasone (VAd) [23], as well as large instead of standard
volume leukapheresis collection when two transplants are required. Zoledronic acid
for supportive care with bisphosphonates is as effective as pamidronate, though the
incremental cost difference was not significantly different [15].

Acknowledgement of funding

Variation in the source of funding was observed, with studies acknowledging either
no funding, funding from the manufacturer, government and non-profit or academic
organizations.

Quality of selected studies

Figure 2 describes a summary of the quality of all studies included in this review accord-
ing to the Drummond criteria. Details of the critique according to questions 1 through
9 and subquestions for question 10 for each study are available in Appendix B and C,
respectively.

Nine studies (50%) included a well-defined research question by stating somewhere in
the article the objective of the analysis, comparator strategies and the perspective of the
analysis [6-10, 13, 17, 18, 20]. Almost all studies (89%) clearly described the alternative
given [6-10, 12-16, 18-20, 22-24].
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Proportion of Studies Satisfying Drummond Criteria

Yes No; Not clear; Costs or effects only

Well-defined research question
Comprehensive description of the competing alternatives

Effectiveness of the programmes or services established
All relevant costs/consequences for each alternative
identified
Appropriate units for measurement of costs and
consequences

Credible of costs and

Adjustment for differential timing
Incremental analysis performed

Assessment of uncertainty

23%

50%

50%

50%

56%

50%

67%

56%

89%

69%

50%

11%

50%

50%

44%

50%

33%

44%

Conclusion easily interpretable and based on comparison 61% 39%
Comparison of results with previous studies 61% 39%
Discussion of generalizabilty 33% 67%
Discussion of important factors to be taken into account 78% 22%
Di ion of issues of impl i 11% 89%

Figure 2. Summary of quality according to Drummond criteria.

Nine studies (50%) adequately demonstrated comparative effectiveness, mainly by
means of a RCT or a meta-analysis of RCTs. The remaining studies demonstrated effec-
tiveness of the comparator strategies by means of non-experimental comparisons.

Whether all relevant costs and consequences were identified and valued in appropri-
ate units was difficult to determine for half (56%) of all studies. This was particularly a
problem for studies that did not mention the perspective of the analysis [11, 12, 14-16,
19, 22, 24].

Nine studies (50%) valued both costs and consequences credibly [9-11, 13, 15, 16, 18,
20, 23], while three did not provide enough information regarding the valuation pro-
cedure for costs in order to judge quality [12, 17, 24]. The remaining studies did not
meet this criterion for a variety of reasons. One study compared post-therapy survival
time between two groups for which time in therapy began at the start of therapy for
the intervention while for the alternative follow-up began at the end administration of
therapy [19]. An invalid assumption of equal effectiveness between comparator groups
was assumed in one study [6] despite being shown to be statistically different and for
another due to incomparable patient groups[22]. The validity of the cost analysis was
questionable for one study which reported an insignificant difference in costs between
the two comparator groups despite the significantly fewer costly side effects reported
in the trial [14]. A cost analysis assuming equal long-term costs for different comparator
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treatments and using cost estimates taken from a variety of country perspectives and
institutions was considered invalid [8]. Lastly, the use of a Delphi panel to estimate the
costs and effectiveness of the alternative strategy was not considered credible [7].

Five studies (38%) did not incorporate discounting because the time horizon of the
analysis did not extend beyond 1 year [6, 11, 15, 22, 24]. Of the studies with a time
horizon greater than one year, three (23%) discounted both costs and consequences

Table 4. Critique of selected studies according to criteria 1 through 9 of Drummond et al. (2005).

First author Q1 Q2 Q3 Q4 Q5 Q6 Q7 Qs Q9
Donatini et al. (1994)" no yes no viewpoint viewpoint  costs no no no
not clear not clear only
Laakso et al. (1994)' no yes yes viewpoint effectsonly effects no no no
not clear only
Henon et al. (1995)' no yes no viewpoint viewpoint yes no yes no
not clear not clear
Duncan et al. (1996)° yes yes no yes yes costs irrelevant  no yes
only
Jagannath et al. (1997)% no yes no viewpoint viewpoint  costs irrelevant  costs no
not clear not clear only only
Nord et al. (1997)% yes yes yes yes yes yes costsonly yes yes
Trippoli et al. (1997)" no yes yes viewpoint effectsonly effects no yes no
not clear only
Trippoli et al. (1998)2 yes yes no yes yes effects yes yes yes
only
Dranitsaris et al. (1999)" yes yes yes no no yes effects yes yes
only
Ludwig et al. (2000)" no no yes viewpoint viewpoint yes irrelevant  no no

not clear not clear

Gulbrandsen et al. (2001)° yes yes no yes yes yes costsonly yes yes
Sampson et al. (2001)" yes no yes yes yes effects no yes yes
only
Kouroukis et al. (2003)™ yes yes no yes yes yes yes? yes yes
Mehta et al. (2004)” yes yes no yes yes costs no yes yes
only
Van Agthoven et al. (2004)'® yes yes yes yes yes yes yes yes yes
Reed et al. (2005)" no yes yes viewpoint yes yes irrelevant  yes yes
not clear
Porter et al. (2007)% no yes yes yes yes yes no no no
Zubair et al. (2009)* no yes no viewpoint effectsonly effects irrelevant  yes no
not clear only
Total ‘yes": 50% 89% 50% 50% 56% 50% 23% 67%  56%

aDiscounting was incorporated in the sensitivity analysis
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[8, 10, 18]. Only one of the three discounted health effects lower than costs to take into
account the increase in future value of health [10].

Twelve studies (67%) performed an incremental analysis of both costs and effects [7-10,
12,13, 15-18, 20, 24]. One study presented the incremental effectiveness between the
alternative strategies but did not present the incremental costs [22].

Studies that examined uncertainty in the cost and effect estimates did so by means of
a sensitivity analysis. A total of ten studies (56%) performed a sensitivity analysis on
pre-determined parameters expected to have an impact on the results [6-10, 13,15, 17,
18, 20].

Eleven studies (61%) based the conclusions on the interpretation of some overall index
or ratio of costs to effectiveness, such as an incremental cost-effectiveness ratio (ICER).

Eleven studies (61%) compared the costs and effectiveness results from their study to
those of previous studies [6, 9, 10, 13, 14, 16-18, 20, 22, 24]. In some cases, the authors

Table 5. Critique of selected studies according to sub-questions for criteria 10 of Drummond et al. (2005).

First author Q10a Q10b Q10c Q1od Q10e
Donatini et al. (1994)" yes no no yes no
Laakso et al. (1994)' no yes no yes no
Henon et al. (1995)' yes yes yes no yes
Duncan et al. (1996)° no yes no no no
Jagannath et al. (1997)% no yes no no yes
Nord et al. (1997)% yes yes no yes no
Trippoli et al. (1997)"? yes no no no no
Trippoli et al. (1998)? yes no yes yes no
Dranitsaris et al. (1999)"3 yes yes yes yes no
Ludwig et al. (2000)" no effects only no yes no
Gulbrandsen et al. (2001)° yes yes no yes no
Sampson et al. (2001)" yes yes no yes no
Kouroukis et al. (2003)™ yes yes yes yes no
Mehta et al. (2004)” yes no no yes no
Van Agthoven et al. (2004)® yes yes yes yes no
Reed et al. (2005)" no no no yes no
Porter et al. (2007)* no yes yes yes no
Zubair et al. (2009)** no effects only no yes no

Total'yes": 61% 61% 33% 78% 1%
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mentioned that there were no previous studies for comparison [13, 18] or made com-
parisons to previous studies of other indications or treatments than that under study in
the analysis [8].

Discussion of generalizability was considered in six studies (33%) [8, 10, 13, 16, 18, 23].
The majority of these studies questioned the generalizability of the results to other
patient groups or health care settings, namely due to differences in care and prognosis
among patients in the source population compared to that in the study population.

Most studies (78%) took into account other important factors in the choice of decision
under consideration, with four excluding a discussion of such considerations [6, 12,
16, 22]. Important factors included improved protocol [10, 11, 19] [7], the addition of
or more precise estimate for costs [10, 13, 17, 23], and administration of treatment as
an outpatient procedure or at home instead of as an inpatient [18], end of patent and
reduction of time required for infusion of treatment [15], reduction in treatment-related
risk for adverse events [24], and the difference in various patient subgroups [14, 20]. Two
studies stated that a more relevant comparator for the alternative strategy should have
been used [8, 9].

Very few studies (11%) discussed issues of implementation [16, 22]. Neither of the two
studies that reported cost-savings with the intervention strategy [23, 24] discussed
whether freed resources could be deployed to other worthwhile programs.

DISCUSSION

Economic evaluations in multiple myeloma have become less frequent in the past de-
cade. As of December 2009, two have become available in the literature since the latest
review conducted by Moeremans and Annemans [4]. The past decade has also been
marked by few CUAs in this indication, suggesting that a limitation persists in identifying
treatment- and/or disease stage-specific utility values.

Evaluations of newer, advanced therapies such as thalidomide, bortezomib and lenalid-
omide are lacking despite their important contribution to improvements in survival and
quality of life [25]. This suggests that evaluations of treatment for multiple myeloma are
not keeping pace with the rate of advances in therapy. Given the continued expansion
in the availability of alternative therapies as well as combinations of new and existing
therapies, the number of economic evaluations in the indication of multiple myeloma
should increase. Further advances in gene-expression profiling and single-nucleotide
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polymorphism analysis are anticipated to further individualize treatment approaches
for patients [26], resulting in much needed assessments into whether an individualized
approach leads to improved outcomes and cost-savings. Future analyses should also
assess the added value of a drug in which consideration of the sequence of all drugs
between diagnosis and death. Such evaluations will be useful in formulating evidence-
based guidelines for multiple myeloma in an era characterized by numerous alternative
agents.

The quality of economic evaluations in multiple myeloma can be improved. The ability
to judge the quality was often difficult because of inadequate description of the analy-
sis, particularly for costs. It was unclear whether this was a result of poor quality in the
methodology or documentation. Few studies incorporated standard methods expected
in high quality economic evaluations of healthcare, such as assessment of uncertainty
in the estimates and discounting. Many studies relied on effectiveness estimates from
non-experimental studies that were often based on different patient populations. The
uncommon discussion of generalizability and issues of implementation is surprising
given their importance for users of the results of economic evaluations. Discussion of
generalizability allows users to consider issues of transferability of the results their set-
ting. Further, to assess the feasibility of implementation and redeployment of newer yet
more expensive treatment, it is important to discuss any changes in the administration
of care and the associated acquisition costs.

Low transparency and methodological weaknesses economic evaluations in the indica-
tion of hematology have been reported previously [27, 28]. Weaknesses in methodology
and documentation have also been reported in critical reviews of oncology treatment,
such as colorectal [29, 30] and breast cancer [31, 32]. Poor quality may not be unique
to hematology but more generally a hallmark of economic evaluations in oncology. As
recent evidence has demonstrated that healthcare targeting more severe diseases is
more likely to be reimbursed [33], the trend for methodological weaknesses and low
transparency of the results for economic evaluations in cancer may suggest that disease
severity leads to different requirements for methodology. Hence, quality may be over-
looked in economic evaluations within oncology. With typically a high cost per QALY
threshold in oncology treatment, we argue that the highest quality possible should be
required when incorporating the results of economic evaluations in decision-making.

This critical review has implications for those conducting economic evaluations of treat-
ment for multiple myeloma. To ensure that high quality studies are performed, improve-
ments in documentation of the viewpoint and research question being addressed are
necessary. A discussion of the generalizability of the results to other settings is also
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necessary. Standard methodology should be incorporated, such as discounting and
sensitivity analyses, especially given the uncertainty surrounding estimates based on
small number of patients and potentially incomparable groups. Lastly, there is a need for
more research demonstrating the differences, or absence therefore, in the quality of life
of multiple myeloma patients so that utilities can be incorporated into a CUA. This will
be necessary for assessment of newer, more expensive drugs that may provide smaller
margins of improved effectiveness but a meaningful gain in quality of life.

A limitation of this study is the restriction to peer-reviewed articles. Due to the exclusion
of conference abstracts, more recent economic evaluations of newer, more advanced
therapies for multiple myeloma may have been discarded. However, the assessment of
the quality of such studies is difficult due to the limited information provided in abstracts.

As advances in treatment of multiple myeloma are expected to continue, researchers
conducting economic evaluations of advances in therapy as well as users of the results
should take into account the implications of this critical review. Users should be aware
that the quality of such studies varies. To identify economic evaluations for which the
results can be useful for decision-making, the Drummond criteria are useful for judg-
ment of quality. For researchers conducting economic evaluations, it should be realistic
to satisfy each of the Drummond criteria. Consideration of the weaknesses reported
here will ensure that reimbursement decisions and treatment decisions are based on
the highest quality pharmacoeconomic evidence. If the trends in quality continue, the
results of economic evaluations for decision-making will be of little value.
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APPENDIX A
Search strategy

The following search strategy was used in all databases to find relevant articles. Search

terms 1 to 3 were used to identify studies involving multiple myeloma patients. Terms

4 to 18 were used to find economic evaluations. Lastly, the results from these three

categories were combined in steps 19 to 21.

Search terms

1
2
3
4.
5.
6
7
8
9
1

0.

multiple myeloma*
plasma cell myeloma*
plasma-cell myeloma*
economics

econom*

costs

costly

costing
pharmacoeconomics
pharmacoecon®
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11. budget*

12. expenditure*

13. energy

14 .12not 13

15. “value for money”
16. cost-eff*

17. cost-ben*

18. cost-util*

19. 1Tor2or3

20. 4or50r60or7or8or9or10or1lori14ori15ori6or17o0r18
21. 19and 20
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ABSTRACT

Recent advances in oncology treatment have improved patient outcomes at the
expense of increasing healthcare costs. The indication multiple myeloma is especially
characterized by a recent and continuing flood of expensive novel agents. A review en-
compassing all elements necessary to perform an economic evaluation of novel agents
for multiple myeloma was conducted for thalidomide, bortezomib and lenalidomide.
Improvements in efficacy have led to a switch from conventional therapy to novel agents
as standard therapy. Incremental cost-effectiveness ratios for novel agents alone or in
combination with conventional agents were generally regarded to be within accept-
able ranges. Conflicting results were reported for the incremental cost-effectiveness of
bortezomib versus lenalidomide as unresolved questions remain regarding their com-
parative effectiveness. Future economic evaluations will require an assessment of the
cost-effectiveness of these agents in terms of sequence within the treatment paradigm
and in combination with one another.
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INTRODUCTION

Worldwide, the costs of novel anti-cancer therapies challenge patient access to advances
in cancer care and controlling its financial impact on healthcare budgets [1]. The recent
and continuing flood of advances in treatment of multiple myeloma is an example in
oncology where the availability of expensive novel agents has presented a challenge
to providers and payers to be certain of their value for money based on randomized
controlled trial (RCT) data alone at the time of market access [2].

Currently, there are three novel agents available for treatment of both newly diagnosed
and relapsed/refractory multiple myeloma: thalidomide, bortezomib and lenalidomide.
Thalidomide and its analog lenalidomide, also known as an immunomodulatory drug
(IMiDs), inhibit the progression of multiple myeloma by a number of mechanisms, such
as inhibition of interleukin (IL)-6, which is a growth factor for the proliferation of my-
eloma cells, as well as activation of apoptotic pathways and augmenting the activity of
NK-dependent cytotoxicity [3]. Bortezomib is a first-in-class proteasome inhibitor that
targets the proteosome-ubiquitin pathway [4], which is known to have a considerable
role in tumorigenesis [5].

All three drugs have demonstrated to be effective [6], while their acquisition and treat-
ment-related costs can differ [7]. Based on the most recent published estimates of the
average wholesale prices in the US, one 4-week cycle of thalidomide and lenalidomide is
$7,362 (100 mg capsules, quantity 28) or $88,3344 USD per year (12 cycles) and $11,447
(25 mg capsules, quantity 21) or $137,364 per year (12 cycles), respectively [8]. In the
same study, the cost of one 21-day cycle of bortezomib was estimated to be $6,450 (3.5
mg vial, quantity 4) or $70,950 per patient (11 cycles). These costs do vary per regimen
depending on the dose per cycle and number of cycles administered. Generics are not
likely to become available for the coming decade as each drug is currently protected
under patent, with bortezomib being the first to expire in the year 2022 followed by
thalidomide in 2023 and lenalidomide in 2026 [9]. It is expected that second- and third-
generation proteasome inhibitors and immunomodulatory agents will be available in
the near future [10], further adding to the number of therapy combinations and possibly
increased costs.

With increasing availability of expensive novel agents, economic evaluations are needed
in multiple myeloma. Elements necessary to conduct economic evaluations include
evidence for the clinical effectiveness, impact on quality of life, and costs of care [11].
A review that encompasses all of these elements necessary for economic evaluations of
novel anti-cancer agents in multiple myeloma is not available. The aim of this review was
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to summarize and evaluate the level of evidence for efficacy, health-related quality of
life, and cost-effectiveness available for novel agents in treatment of multiple myeloma.

METHODS

This review examines published studies assessing the therapeutic value, including the
efficacy and safety of each drug, health-related quality of life impact and economic eval-
uations of each drug. The search was performed via Medline and Embase and included
all references available through September 5, 2011 and written in English. Exclusion was
initially based on the title and subsequently after reading the abstract. All remaining
references were then reviewed. Conference abstracts were excluded. Reviews were used
solely for identifying additional sources.

The review of efficacy used the following search term combinations: ‘thalidomide AND
multiple myeloma; ‘lenalidomide AND multiple myeloma; and ‘bortezomib AND mul-
tiple myeloma’ Results were limited to studies involving humans and pivotal Phase llI
clinical trial results, while post-hoc analyses of such trials were excluded. For the review
of health-related quality of life, the following keywords were used: ‘quality of life AND
multiple myeloma) ‘patient reported outcomes AND multiple myeloma; ‘health related
quality of life AND multiple myeloma, ‘patient experience AND multiple myeloma; ‘utility
AND multiple myeloma; and ‘utilities AND multiple myeloma’ All quality of life studies
were limited to novel agents and only studies reporting qualitative measures of health-
related quality of life. In the searches for economic literature, the following keywords
were used: ‘cost AND multiple myeloma; ‘economic AND multiple myeloma), and ‘phar-
macoeconomic AND multiple myeloma’. Only economic evaluations that examined both
the costs and health impact of novel agents were included. Costs reported in economic
evaluations were converted to Euros and US dollars (USD) for the cost year assumed in
the analysis based on historical conversion rates [12].

Selected publications were reviewed according to the treatment phases in the disease
paradigm for multiple myeloma: upfront therapy for previously untreated disease,
which includes consolidation treatment, and therapy for relapsed/refractory disease.
Maintenance therapy was not included in the review as it has yet to be demonstrated as
beneficial in terms of survival [13].
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Table 1. Search results per category

Category Full papers Reason for exclusion (number of studies)

I. Efficacy and safety

Initial records 56

Excluded 29 Review (6), Post-hoc analysis (16), Deemed low quality on account of

differences in baseline characteristics among treatment groups (1),
Retracted (1), Maintenance (1), Intermediate results only (1), Non-
inferiority trial (1), Single-arm successor trial (1), Trial description only (1)

Included 27
Thalidomide 13

Bortezomib 7

Lenalidomide 4

Combination 3
1I. Quality of life
Initial records 1
Excluded 8 Review (3), Methodology paper not reporting measures of health-related

quality of life (4), No novel agents (1)

Included 3
11l. Economic
Initial records 17
Excluded 14 Review (8), Partial economic evaluation excluding health benefits (6)
Included 3
RESULTS

Search

Table 1 describes the results of the search for publications. A total of 26 publications
were included in the review of efficacy and safety, with 13 for thalidomide, 7 for bortezo-
mib, 4 for lenalidomide, and 3 for combination therapy consisting of a combination of
novel agents. Fewer publications were identified for the health-related quality of life and
economic review, with a total of 3 and 3 publications reviewed, respectively.

Efficacy

Upfront therapy: stem cell transplant ineligible
A number of Phase Ill studies have demonstrated evidence for the efficacy of novel
agents in patients ineligible for stem cell transplant (SCT) (Table 2).

Thalidomide in newly diagnosed patients has been assessed extensively in patients in-
eligible for SCT and shown to consistently improve most outcomes when administered
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in combination with conventional therapy consisting of melphalan and prednisone
(MPT) or dexamethasone (TD) versus conventional therapy consisting only of melphalan
and prednisone (MP). Overall response rates (ORR) and complete response (CR) rates for
MPT and TD in this setting were superior compared to MP and ranged from 57% to 69%
and from 2% to 15.6%, respectively [14-19]. Median progression-free survival (PFS) and
overall survival (OS) were superior for MPT compared to MP alone [14, 16-19], while TD
was not shown to be superior than MP alone [15].

Bortezomib in similar patients included in the Velcade as Initial Standard Therapy
(VISTA) trial [20, 21] resulted in high ORRs in this setting (71%) as well as high CR rates
(30%) (Table 3). Median time-to-progression (TTP) for bortezomib was 24 months while
median OS has not been reached for the VISTA trial but three-year OS was 68.5%.

The combination of bortezomib and thalidomide as first-line therapy for patients ineli-
gible for SCT has shown the most promising results in terms of response with an ORR
and CRrate ranging from 81-89% and 28-38% [22, 23]. However, it is difficult to conclude
whether bortezomib therapy in combination with thalidomide is favorable compared to
bortezomib without thalidomide in terms of time-to-event outcomes. Namely, the com-
bination of bortezomib plus melphalan and prednisone (VMP) improved median PFS
and 3-year OS compared to bortezomib plus thalidomide and prednisone (VTP), though
this was not found to be statistically significant (34 versus 25 months; 74% versus 65%)
[22]. In a separate study, VMPT-VT significantly improved progression-free survival (PFS)
compared to VMP though similarly it was found that there was no significant difference
in OS [23].

Lenalidomide has also shown to be effective as first-line therapy to previously untreated
patients mostly ineligible for SCT or high-dose therapy [24]. High ORR and CR rates were
observed, 78% and 26%, respectively, and the three-year OS was 79%.

Upfront therapy: stem cell transplant eligible

The use of each novel agent has been assessed for efficacy in previously untreated
patients eligible for SCT (Table 4). In eligible patients, the addition of thalidomide to
dexamethasone was shown to be superior to dexamethasone alone, with significantly
improved ORR and CR rates [25, 26]. Time-to-event results for the comparison of TD to
dexamethasone alone were only available for one of the two studies, which demon-
strated an improvement of 16.1 months of survival spent without progression (median
22.6 versus 6.5 months; P < 0.001) [26]. Thalidomide was further shown to result in more
favorable response rates in older patients when administered prior to SCT as MPT [27]
than when administered in combination with adriamycin and dexamethasone (TAD) as
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part of Total Therapy 2 (ORR: 76% versus 60%) [28, 29]. However, time-to-event estimates
favor Total Therapy 2 consisting of TAD compared to MPT, with a median event-free sur-
vival of 72 months for compared to a median PFS of 27.5 months, respectively. A more
recent trial enrolling younger patients aged 18-65, the Haemato Oncology Foundation
for Adults in the Netherlands (HOVON)-50 trial, found TAD achieved a significant im-
provement in response rates and PFS compared to VAD, while OS was not significantly
different [30].

Consolidation therapy with thalidomide immediately after single SCT was also reported
by Spencer et al. (2009) on behalf of the investigators of the phase Ill Australian Leu-
kemia and Lymphoma Group (ALLG) MM6 trial [31]. Therapy consisted of alternate day
prednisolone alone or in addition to thalidomide daily for a maximum of twelve months.
Patients in the thalidomide arm achieved significantly higher rates of response after 12
months of maintenance therapy and an extended 3-year PFS and OS from randomiza-
tion.

Bortezomib as induction therapy in SCT eligible patients resulted in improved response
rates (ORR: 79% versus 60-76%) as well as time-to-event estimates (median PFS: 36
months versus 27.5-34 months) compared to TAD and MPT [32]. Further still, bortezomib
in combination with thalidomide showed the most favorable results as upfront therapy
in these patients [33], with an ORR of 93% and CR rate of 19% compared to the range of
60-79% and 3-19% for bortezomib or thalidomide alone. Time-to-event results are still
too early but available data suggest improvements in these outcomes as well.

Therapy for relapsed/refractory disease

The evidence for thalidomide in the relapsed/refractory patients from Phase Il trials is
lacking. However, evidence in this setting is available for bortezomib and lenalidomide
(Table 5).

Bortezomib has been demonstrated to be more effective than dexamethasone in the
Assessment of Proteasome Inhibition for Extending Remissions (APEX) trial [34, 35]
for relapsed/refractory patients. Specifically, patients treated with bortezomib versus
dexamethasone experienced a median TTP and OS of 6.2 and 29.8 months versus 3.5
and 23.7 months, respectively. ORR was also significantly different at 43% compared
to 18%, respectively. Bortezomib was found to be more effective when combined with
pegylated liposomal dexamethasone (PLD) compared to bortezomib alone in terms of
time-to-event estimates such as median PFS (9.3 versus 6.5 months) and 15-month OS
(76% versus 65%), though no significant differences in ORR and CR (44 versus 41% and
4% versus 2%, respectively) rates were demonstrated [36]. Mikhael et al. (2008) reported
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that bortezomib alone or in combination with dexamethasone is safe and effective in
heavily pre-treated MM patients, with favorable ORR (50.9% versus 43% ) comparable to
that reported in the APEX trial [37].

As for lenalidomide in the relapsed/refractory setting, both the MM-09 trial conducted
in North America and the international MM-010 trial demonstrated lenalidomide in
combination with dexamethasone (RD) to be superior to dexamethasone alone, with
a higher ORR (60.6% versus 21.9%) and median TTP (13.4 versus 4.6), as well as OS (38
versus 31.6 months) [38-40].

Safety

Thalidomide

Common grade 3 or 4 treatment-related adverse events (AEs) in patients treated with
thalidomide included constipation, neuropathy, somnolence, depression, and venous
thromboembolism (VTE). The frequency varied depending on whether it is given in
combination or as monotherapy. Thalidomide in combination generally increased the
risk for AEs. In newly diagnosed patients, the addition of thalidomide to other active
agents generally increased the incidence of AEs associated with thalidomide, including
constipation, neuropathy, somnolence and VTE. When given as consolidation therapy
in comparison to prednisolone, thalidomide is associated with increased incidence
of grade 3 or 4 neuropathy and constipation [31]. In this same study, VTE was not sig-
nificantly more common likely due to the low dose of thalidomide and the low tumor
burden.

Bortezomib

Based on the incidence of AEs found in Phase Il trials, the most common AEs related
to bortezomib treatment included hematological events, such as thrombocytopenia
and neutropenia, and PN. As initial treatment, VMP was associated with similar rates of
hematological AEs and a higher incidence of PN compared to MP. All grade 3 or 4 gastro-
intestinal AEs were more common in the VMP group than in the MP group (18 versus 5%)
as well as herpes zoster (13 versus 4%). For patients with relapsed/refractory disease, the
APEX trial demonstrated the most relevant grade 3 or 4 AEs in the bortezomib arm to
be PN (8%), thrombocytopenia (30%), and neutropenia (14%) [34]. Other AEs were also
found to be associated with discontinuation of treatment, including gastrointestinal
disorders, fatigue, hypercalcemia, and spinal cord compression. Some combinations of
bortezomib present increased risk for additional AEs, such as the addition of pegylated
liposomal doxorubicin for treatment of relapsed/refractory disease which resulted in a
5% incidence of hand-foot syndrome [36]. In addition, the combination of thalidomide
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and bortezomib presents a trade-off of a higher risk for serious cardiac events which
should carry weight when making treatment decisions [23].

Lenalidomide

Although lenalidomide is an analog of thalidomide, it has a different adverse event
profile compared to thalidomide. Serious AEs associated with thalidomide, such as
peripheral neuropathy (PN), constipation and somnolence, were uncommon in patients
treated with lenalidomide. Common treatment-related AEs in patients treated with
lenalidomide included myelosuppression and VTE. Signs of myelosuppression included
neutropenia, thrombocytopenia and, to a lesser extent, anemia. VTE is particularly
associated with lenalidomide in combination with dexamethasone in the absence of
thromboprophylaxis. The pooled analysis of the two Phase Il trials of lenalidomide
in combination with dexamethasone reported the most frequent grade 3 or 4 AEs to
be neutropenia (35%), anemia (11%), thrombocytopenia (13%), infection (16%), atrial
fibrillation (3%) and VTE (13%), which was most likely related to the fact that throm-
boprophylaxis was not mandated in this trial. An increased risk of skin toxicities with

Table 6. Health-related quality of life studies conducted for novel agents in relapsed/refractory multiple
myeloma

Novel Comparator Trial PRO Significant differences observed in novel Reference
agent Questionnaire agent group
MPT  MP HOVON-49 EORTC QLQ-C30 Induction: Deterioration in physical function [41]

and QLQ-MY24  and constipation.
Maintenance: Deterioration in scored for
paresthesia. Improved QLQ-C30 scores for pain,
insomnia, appetite loss, emotional function
and future perspectives, as well as QLQ-MY24

items sick.
Vv None SUMMIT  EORTC Improved fatigue scores in patients with CRor  [42]
QLQ-C30,QLQ-  PR. Mostly stable scores in patients with minor
MY24, FACIT response or no change, and deterioration in
and FACT/GOG- most scores for progressive patients. Changes
NTX in scores for neuropathy-related symptoms
were stable.
" HDD APEX EORTC QLQ-C30 Improved global health status, better physical ~ [43]
and FACT/GOG- health, role, cognitive, emotional functioning
NTX scores and NTX. Deterioration in dyspnea and

sleep symptoms scores.

APEX: Assessment of Proteasome Inhibition for Extending Remissions; CR: complete response; EORTC:
European Organization for Research and Treatment of Cancer; FACIT: Functional Assessment of Chronic
Iliness Therapy ; FACT: Functional Assessment of Cancer Therapy; GOG: Gynecologic Oncology Group ;
HDD: high-dose dexamethasone; HOVON: Haemato Oncology Foundation for Adults in the Netherlands;
MPT: melphalan prednisone thalidomide; MP: melphalan prednisone; NTX: neurotoxicity scale; PR: partial
response; PRO: patient-reported outcomes; QLQ-C30: quality of life questionnaire for cancer version

3; QLQ-MY24: quality of life questionnaire myeloma-specific module; SUMMIT: Study of Uncontrolled
Multiple Myeloma Managed with Proteasome Inhibition Therapy; V: bortezomib.
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lenalidomide has also been reported [41] and was added to the list of precautions sec-
tion of its labeling in 2009.

Health-related quality of life

Three studies are available in the literature reporting health-related quality of life data
for multiple myeloma patients treated with novel agents, one for thalidomide as upfront
treatment[42] and two for bortezomib in relapsed/refractory treatment [43, 44] (Table 6).

Previously untreated patients

Alongside the HOVON-49 study, which assessed MPT versus MP in newly diagnosed
elderly patients [19], all patients completed the European Organization for Research and
Treatment of Cancer (EORTC) quality of life questionnaire (QLQ)-C30 and the myeloma-
specific module (QLQ-MY24). Quality of life was measured at baseline and then 3,9, 12
and 18 months after start of cycle 1. Results showed that both arms improved patient-re-
ported outcome scores for overall global health, fatigue, pain, side effects, insomnia and
appetite loss [42]. However, during thalidomide maintenance, MPT showed improved
scores for pain, insomnia, appetite loss and sick. MPT was however associated with
greater risk for parasthesis consistent with a dose effect. The authors concluded that
despite greater toxicities with MPT, it was not reflected in the overall QLQ-C30 scores.

Relapsed/refractory patients

Using the Study of Uncontrolled Multiple Myeloma Managed with Proteasome Inhibition
Therapy (SUMMIT) trial data which was a Phase Il trial assessing single agent bortezomib
in relapsed/refractory patients, it was demonstrated that changes in patient-reported
outcome scores measured by the EORTC QLQ-C30, QLQ-MY24, Functional Assessment
of Chronic lliness Therapy (FACIT) and Functional Assessment of Cancer Therapy/Gyne-
cologic Oncology Group (FACT/GOG) neurotoxicity scale (NTX) showed statistically sig-
nificant differences between response groups [43]. Improvements in patient-reported
outcomes were seen in patients with CR or PR; mostly stable scores were seen in patients
with minor response or no change; and deterioration was observed in most scores for
progressive patients. Changes in scores for neuropathy-related symptoms were stable.
Fatigue scores significantly improved with CR and PR. When looking at various minimal
important difference thresholds, the proportion of patients improved exceeded 35% for
several domains within all change group definitions. In summary, this study demon-
strated the complementary value of patient-reported outcome assessments in further
interpreting clinical response, impact of AEs, and patient prognosis in trials for multiple
myeloma.
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Phase Il APEX trial patients were also surveyed using the EORTC QLQ-C30 and FACT-
NTX questionnaires, administered at baseline and every 6 weeks up to 42 weeks [44].
Bortezomib patients showed significantly higher global health status compared to
dexamethasone patients. Bortezomib was also associated with better NTX score, de-
spite higher rates of PN. Improved health-related quality of life for bortezomib treated
patients was shown to be partially explained by improved survival.

Economic evaluations

Three published economic evaluations from the US and the EU have been published as-
sessing the cost-effectiveness of novel agents in relapsed/refractory multiple myeloma:
one comparing bortezomib to thalidomide or best supportive care (BSC) in the US [45]
and two comparing bortezomib to lenalidomide, both in combination with dexametha-
sone, in Sweden [46] and Norway [47] (Table 7).

From the US payer perspective, bortezomib alone in patients with relapsed/refractory
disease was compared to BSC based on the results of a Phase Il trial. Irrespective of previ-
ous treatment, bortezomib treatment resulted in a gain of 1.33 life-years (LYs) at a total
lifetime cost of $65,222 (USD 2003) or €57,656 (Euro 2003) compared with a gain of 0.21
LYs at a total lifetime cost of $14,423 (USD 2003) or €12,750 (Euro 2003) for BSC [45]. For
bortezomib in patients with previous thalidomide treatment, the results were similar
with a gain of 1.31 LYs at a total lifetime cost of $69,200 (USD 2003) or €61,173 (Euro
2003). The costs and health benefits for bortezomib in thalidomide-naive patients were
the most favorable with a gain of 2.33 LYs at a cost of $69,200 (USD 2003) or €60,833
(Euro 2003) compared to a gain of 0.7 LYs at a cost $37,264 (USD 2003) or €32,942 (Euro
2003) for thalidomide. For less than twice the estimated lifetime costs of thalidomide,
bortezomib treatment prior to thalidomide in the relapsed/refractory setting was esti-
mated to result in more than three times the health benefits as that with thalidomide.
The results for bortezomib were therefore concluded to be within an acceptable range of
cost-effectiveness. It is important to note, however, that the effectiveness assessments
for BSC and thalidomide therapy were not based on actual patient-level data but instead
the responses obtained from a Delphi panel of experts.

Two indirect comparisons of bortezomib to lenalidomide have been conducted. The first
study was conducted from the perspective of Sweden, which found bortezomib plus
dexamethasone to be dominant compared to RD by means of a partitioned-survival
analysis modeling study using the results of the Phase Ill APEX and MM-010/MM-011
trials [46]. The results showed that bortezomib plus dexamethasone resulted in 4.78 LYs
or 2.94 quality-adjusted LYs (QALYs) at a total lifetime cost per patient of $265,337 (USD
2010) or €199,003 (Euro 2010). RD resulted in fewer health benefits and higher costs
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at 4.51 LYs or 2.91 QALYs at a total lifetime cost per patient of $342,608 (USD 2010) or
€256,956 (Euro 2010). Dexamethasone alone was less costly but resulted in fewer health
benefits with 3.72 LYs or 2.26 QALYs at a total lifetime cost per patient of $178,790 (USD
2010) or €134,093 (Euro 2010). The results were found to be sensitive to a number of
parameters, including: (i) utility prior to and following relapse, (ii) bortezomib chemo-
therapy costs, and (iii) number of bortezomib administrations.

A more recent study conducting the same comparisons was performed from the
third-party payer perspective of Norway by means of a discrete event simulation (DES)
[48] also using the APEX and MM-009/MM-010 trial results [47]. The results for health
benefits were in contrast to that found in the previous study as RD was found to result
in greater LYs and QALYs compared to bortezomib plus dexamethasone (4.06 LYs and
2.95 QALYs versus 3.11 LYs and 2.19 QALYs, respectively). Costs in Norway were also
higher for RD compared to bortezomib plus dexamethasone, with total lifetime costs
per patient of $114,868 (USD 2010) or €86,151 (Euro 2010) and $83,493 (USD 2010) or
€62,620 (Euro 2010), respectively. Results were sensitive to the four-year time horizon
and post-progression survival.

DISCUSSION

Advances in treatment have resulted in a switch from conventional therapy to novel
agents as standard therapy for multiple myeloma. Each novel agent has been demon-
strated to be more effective compared to conventional therapy as upfront therapy. The
most favorable results as upfront therapy have been shown for combination therapy of
two or more drugs. In relapsed/refractory patients, lenalidomide and bortezomib are
more effective compared to conventional agents, while no Phase Il trials have been
reported for thalidomide in this setting. No direct evidence that one is safer and more
effective than the other has been demonstrated but more generally that one may be
more appropriate for a particular patient group at a particular stage of the disease.

For economic evaluations, it is important to address the question of whether there is an
improvement or a loss in patient-reported outcomes for novel agents, as it may be that
case future agents will lead to improved quality of life rather than extended life. Patient-
reported outcome studies have demonstrated improvements in health-related quality
of life during thalidomide maintenance therapy and for relapsed/refractory patients
responding to bortezomib, while evidence is needed to establish an improvement with
lenalidomide. The findings that the impact of toxicities was not reflected in the quality
of life measures for either thalidomide or bortezomib suggests that the questionnaires
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currently used may not be sensitive enough to detect their impact on loss of quality of
life. Nonetheless, the results of these studies are useful for the conduct of a cost-utility
analysis, as they can be used to generate a summary measure (i.e., utility) that represent
the gains and loss in quality of life along with the survival gains associated with a par-
ticular treatment within a particular patient group (i.e., QALYs).

Despite the availability of these patient-reported outcome studies, there remain few
studies reporting utility values. The utilities that have been used in cost-utility analyses
[46, 47] were all taken from Van Agthoven et al. (2004), which was a study conducted
for treatment of multiple myeloma prior to the availability of novel agents [49]. Even
the analyses conducted for market access in the UK submitted by the manufacturers
of bortezomib and lenalidomide also relied on the utility estimates from Van Agthoven
et al. (2004) in their cost-utility analyses [50, 51]. Given the evidence from the trials on
bortezomib for a significant improvement in responding patients, health-related quality
of life in future studies should be assessed according to response to a particular treat-
ment, as it may be more relevant to apply different utility values according to response
to therapy, especially when comparing novel agents that have similarly favorable effi-
cacy. Fortunately, research is underway addressing this need by evaluating methods for
deriving utilities for cancer from the EORTC QLQ-C30 [52], which is the most commonly
used health-related quality of life survey method in cancer clinical trials in Europe and
Canada. Further research should also address whether the cancer-specific questionnaire
QLQ-C30 is adequately sensitive for measuring health-related quality of life in multiple
myeloma patients and whether a disease-specific is more appropriate.

There is little information about the cost, let alone the cost-effectiveness, of novel
agents for multiple myeloma outside of the US and EU in the published literature. The
few economic evaluations that are available were conducted from the perspective of the
healthcare systems in the US and the EU. No economic evaluations were available for
upfront therapy and only three available for relapsed/refractory therapy. The economic
value of these novel agents for treatment of multiple myeloma patients outside of the
US and EU as well as for their use as upfront therapy in newly diagnosed patients repre-
sent important avenues that deserve further investigation.

The incremental cost-effectiveness ratio (ICER) for each drug relative to the other
have demonstrated to be within acceptable threshold limits, though the evidence for
bortezomib compared to lenalidomide is still questionable. From the US perspective,
the cost-effectiveness ratios were more or less similar for thalidomide and bortezomib
[45], while evidence from comparisons of bortezomib and lenalidomide in combina-
tion with dexamethasone found conflicting results. For bortezomib versus thalidomide,
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bortezomib in patients previously untreated with thalidomide was in a cost-effective
range below a threshold of €20,000 per LY. Economic evaluations of bortezomib
compared to lenalidomide in the treatment of relapsed/refractory disease, however,
have demonstrated bortezomib as either dominant (i.e., improved health at reduced
costs) in the Swedish situation [46] or less costly and less effective in Norway [47]. These
findings suggest that bortezomib as relapsed/refractory therapy would be favored over
lenalidomide from the Swedish perspective as it offers a ‘win-win’ situation. In Norway,
however, lenalidomide would be considered more cost-effective assuming a threshold
of approximately equal to or slightly below €30,000 per LY or QALY. Both studies did find
that bortezomib was less costly compared to RD and this should be consistent in other
countries since reference prices for reimbursement are typically based on that in the US,
which is also known to be higher for lenalidomide [8]. However, the ICER for bortezomib
compared to lenalidomide is at this point still uncertain on account of the conflicting
results for incremental effectiveness.

The conflicting effectiveness results from these two studies are surprising given that
both studies modeled the same comparisons using data from the same trials. The ex-
planation for this is likely to be the difference in modeling methods and assumptions.
Hornberger et al. (2010) performed a partitioned survival analysis using the published
estimates for the trials as reported in the literature [46]. In contrast, Moller et al. (2011)
performed a DES which was based on patient-level data for lenalidomide and published
literature estimates for the bortezomib strategy [47]. Both studies over-estimated the
median OS in terms of LYs compared to the results of the trials that reported a median
OS of 2.5 LYs for bortezomib and 3.2 LYs for lenalidomide. The degree of over-estimation
is less severe for the results reported by Moller et al. (2011) (V: 3.11 LYs; RD: 4.06) [47],
while the Hornberger et al. (2010) analysis greatly overestimated the effectiveness
(V: 4.78 LYs; RD: 4.51) [46]. Heterogeneity in outcomes in multiple myeloma patients
has been demonstrated[53]. The use of partitioned survival analysis by Hornberger et
al. (2010), however, may have limited the ability to include such heterogeneity as this
method does not allow examination of the effect of covariates on the survival curves
[54]. Studies assessing the precision of DES models have demonstrated that DES models
more accurately predict survival on account of improved precision. Greater precision
is gained because more variables influencing outcomes can be added to a DES model
[55], which is especially relevant when modeling outcomes for diseases such as multiple
myeloma with a great deal of heterogeneity and limited follow-up data [56].

Not only do differences in the modeling methods contribute to the conflicting results,
butalso differences in the assumptions for post-progression survival (PPS). The DES study
assumed that PPS was a function of the best response achieved, which was specific to
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response type but irrespective of initial treatment for relapsed/refractory disease, based
on a fitted model using the patient-level data from the MM-009/-010 trial. In contrast,
Hornberger et al. (2010) used the hazard ratios reported in the literature to estimate
cycle-specific probabilities for TTP and OS which did not incorporate differences in sur-
vival associated with best response. As best response rates were more favorable in the
RD arm of the MM-009/-010 study compared to the bortezomib arm of the APEX trial (i.e.,
ORR: 60% versus 43%, respectively), the PPS calculated in the DES model incorporated
greater gains in survival for the RD strategy compared to bortezomib. The assumption of
gains in survival with achievement of better response was partially valid in the model by
Moller et al. (2011), as the prognostic value of response to treatment with novel agents
in relapsed/refractory therapy has been demonstrated [57, 58]. However, the assump-
tion that the survival gains by response type does not differ by therapy was invalid as the
degree of benefit has been shown to differ by therapy [59]. Nonetheless, both studies
should be questioned namely on account of the fact that both studies performed a
cost-utility analysis by means of an indirect comparison, which is susceptible to various
differences in the trials under comparison that could render them incomparable (i.e.,
patient characteristics and setting) and instead may explain the conflicting results [60,
61].

Recent evidence on the efficacy of novel agents requires mentioning as it could im-
pact their cost-effectiveness. Existing economic evaluations were based on data from
trials administering a higher dose of dexamethasone and a more intensive treatment
scheme for bortezomib. However, a low-dose approach for dexamethasone is now the
standard of care [62] as it has been found to improve outcomes by lowering the risk for
toxicity-related dose modifications or treatment interruptions [63]. Bortezomib has also
demonstrated a better toxicity profile and no difference in efficacy when administered
once weekly instead of twice weekly [22, 23]. Economic evaluations incorporating
more recent evidence for low-dose dexamethasone and once weekly bortezomib
could improve the cost-effectiveness ratios for novel agent regimens. Furthermore, a
recent review of Phase lll trials of treatments for multiple myeloma showed an excess
of second primary cancers among patients with multiple myeloma receiving lenalido-
mide maintenance therapy [64]. This finding could have an unfavorable impact on its
cost-effectiveness. However, the risk for second malignancies after multiple myeloma
was established decades ago prior to the availability of lenalidomide, and it is generally
regarded that the risk of dying from multiple myeloma is considerably higher than the
risk of the development of a second cancer [65]. The risk-benefit ratio for lenalidomide
is therefore in favor of treatment, hence having no impact on its cost-effectiveness ratio.
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Another important issue to consider when assessing the cost-effectiveness of novel
agents in multiple myeloma is whether or not the focus should be on estimating the
mean cost-effectiveness results from the population level. The majority of analyses
comparing novel agent regimens to one another tend to be sensitive to the hazard
ratio or survival difference between the novel agent strategies and the utility of pro-
gression. This suggests that the extent to which one agent improves health outcomes
compared to the other at the population level is small. More meaningful improvements
in cost-effectiveness could be found for particular patient groups accounting for their
heterogeneity in prognosis, treatment response, and sensitivity to side effects or the
presence of molecular biomarkers.

Additional targeted agents are expected to be available in the near future depending on
the results of ongoing clinical trials [66]. Two promising agents demonstrating favorable
efficacy results in Phase | and Il studies include the third-generation IMiD, pomalidomide
[67], and the second-generation proteasome inhibitor, carfilzomib [68]. Pomalidomide
has shown high response rates in patients refractory to lenalidomide or bortezomib [69,
70], and like its predecessor it was well tolerated with manageable adverse events and
no grade 3 neuropathy and no thromboembolic events. Pomalidomide was granted
orphan status by the EU in 2009 while in the US its approval is pending Phase Ill trial re-
sults expected to become available September 2012 [71]. Carfilzomib has demonstrated
significant activity in heavily pre-treated patients relapsing or refractory to previous
therapy with novel agents [61, 72], also with a manageable toxicity profile, consisting
mainly of myelosuppression and very little neuropathy. Its manufacturer recently filed
for accelerated FDA approval based on early findings although Phase Il trial results are
not expected to become available until December 2013 [73]. However, the FDA eventu-
ally rejected accelerated approval status, instead granting a standard review with a set
target date of July 2012 [74]. The reasons cited included a preference for Phase Il data
and the fact that the trial was a single arm study. The same requirements for data are
likely to be expected for future agents seeking approval for multiple myeloma.

CONCLUSION

The arrival of second- and third-generation novel agents will require evidence demon-
strating improvements in health that will be compared to the costs and health gains
of standard therapy, which is currently dominated by thalidomide, bortezomib and
lenalidomide. The gaps in knowledge regarding health-related quality of life improve-
ments should be addressed for current and future novel agents as it may be the case
that newer agents improve quality of life rather than extend life and this may also be



Economic evaluations of novel agents

associated with best response to therapy. Further unresolved questions remain regard-
ing the comparative effectiveness as well as the cost-effectiveness of currently available
novel agents in terms of appropriate sequencing tailored to the patient and when used
in combination with one another.

EXPERT COMMENTARY

The cost-effectiveness of all three therapies when used alone or in combination with
conventional agents is generally considered to be within acceptable limits. However,
the incremental cost-effectiveness of one compared to the other is less known as the
evidence on their comparative effectiveness is lacking. Existing modeling studies have
not been able to overcome the data limitations as we see conflicting results in studies
based on efficacy from similar trials. The assumptions for health benefits with novel
agents incorporated in existing modeling studies are influential and often overestimate
the lifetime health gains. Modeling studies in this indication should therefore be care-
fully criticized by experts on the validity of their assumptions so as to avoid informing
decision-making based on unrealistic estimates of health benefits.

FIVE-YEAR VIEW

The treatment paradigm for multiple myeloma is quickly evolving in ways that will likely
increase the total costs of treatment while also extending life expectancy, although the
costs could decrease with the finding of a cure that replaces chronic treatment. First,
the availability of treatment options for multiple myeloma will continue to expand with
additional targeted agents expected to be available in the near future. In addition to
pomalidomide and carfilzomib, FDA approval is expected in the coming years for other
investigational agents demonstrating promising efficacy results in early trials: vorinostat
[75], and perifosine [76]. Phase Il data for vorinostat, which is an inhibitor of the histone
deacetylase, were recently presented and shown to be favorable [77]. Results of the
Phase lll study for perifosine, which is an inhibitor of heat-shock protein 90, are expected
as early as September 2012 [78, 107]. Two other drugs also on the horizon include an
inhibitor of histone deacetylase, panobinostat [79, 80], and a monoclonal antibody,
erlotuzumab [81], for which Phase Il trial results are expected as early as September
2013 [82] and March 2014 [83], respectively. Payers will assess whether these drugs are
demonstrated to be cost-effective in the near future. Given the trend toward increasing
research and development costs of novel agents, unit prices for these agents are likely
to be similar to that of bortezomib and lenalidomide but could potentially be even
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higher. Second, there is also a move toward combination therapy of three or more drugs
including at least one novel agent. With demonstration of improved outcomes based
on drug synergy [84], patients will be eligible for a combination of novel agents. The ad-
ditional costs of combination therapy with more than one expensive novel agent could
further increase the lifetime costs of treatment. Third, the indication for novel agents
may expand further to asymptomatic smoldering multiple myeloma (SMM) patients
[85], which is an asymptomatic precursor disease with a high propensity to progress
to symptomatic multiple myeloma. In particular, high-risk SMM patients are an identifi-
able group that may benefit from early treatment. Recent evidence suggests possible
benefits for these patients with treatment of novel agents, such as immunomodulatory
drugs, on account of their toxicity and efficacy profiles[86, 87], which will lead to a fur-
ther increase in the overall economic burden of multiple myeloma treatment. Finally,
treatment stratification based on both clinical and molecular stratification is currently
being explored by means of gene-expression profiling [88]. Through demonstration of
the prognostic impact of molecular markers, biomarkers and diagnostic approaches for
identification of risk groups will facilitate a more personalized treatment approach for
future patients. Amid these changes in the treatment paradigm, future economic evalu-
ations of treatment for multiple myeloma will focus on assessing the health gains and
costs of treatment with novel agents for more narrowly defined patient groups.
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ABSTRACT

Decision makers more often request outcomes research of novel cancer drugs to
help resolve uncertainty of their health benefits and budget impact during the initial
reimbursement decision phase. Given the known limitations to observational data in
demonstrating treatment effects, we assessed its usefulness in evaluating the appro-
priate use and effectiveness of bortezomib in advanced multiple myeloma patients
treated in Dutch daily practice. Data were retrospectively collected from the pivotal trial
patients (APEX; n=333) and two groups of daily practice patients treated with bortezo-
mib following progression from HOVON-50 (n=201): patients treated as of May 2009
(HO50-1; n=72) and June 2012 (HO50-2; n=129). Prognosis, treatment, and effective-
ness were compared. Prognosis was less favorable for HO50-1 compared to APEX and
HO50-2. Lower planned dosages (20%), frequent dose modification (57%), premature
discontinuation (65%) and treatment variation were observed in HO50-1 versus APEX.
Data on serum (32-microglobulin (65%), c-reactive protein (72%), response rates (15%)
and progression dates (14%) were missing in patient charts. Estimating progression-free
survival was not feasible. Observational data was useful for assessing drug use and
overall survival in initially eligible daily practice patients. However, the drug’s real-world
effectiveness was not representative of the target patient population but was instead
limited to a sample of patients with unfavorable prognosis. Decision-making incorporat-
ing inferences about effectiveness of novel drugs in multiple myeloma requires careful
consideration of the possibilities as well as the limitations of outcomes research during
the drug’s uptake period.
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INTRODUCTION

Multiple myeloma (MM) is a malignant plasma cell disorder which accounts for 1% of all
cancer diagnoses worldwide and 13% of all hematologic malignancies[1]. The survival of
MM patients has improved substantially in the past decade partly due to the introduc-
tion of novel agents [2],[3], among which includes bortezomib (Velcade®).

The pivotal phase lll APEX (Assessment of Proteasome Inhibition for Extending Remis-
sions) trial demonstrated superior efficacy of bortezomib compared to dexamethasone
in advanced MM [4, 5], leading to its approval in 2003 and 2004 by the FDA [6] and
European Medicines Agency (EMA) [7], respectively. Decision makers in the Netherlands
and the UK were confronted with uncertainty regarding its effectiveness in daily practice
and overall budget impact and hence access to care. Consequently, a conditional reim-
bursement was instituted by means of a performance-based scheme in the UK [8] and a
coverage with evidence development scheme in the Netherlands [9, 10]. Both policies
allowed access to the drug while requiring outcomes research to be performed to assess
appropriate drug use (e.g., patient characteristics, types of treatments, dosages, and
dose modifications), effectiveness and costs in daily practice.

Outcomes research is useful for facilitating a feedback loop to clinicians about shortfalls
in daily practice so that policies can be implemented to improve quality and access to
care [11, 12]. It does however have its limitations as it is based on observational data
often collected during the diffusion phase of a new technology, lending it susceptible
to bias [13]. Decision making that incorporates biased effectiveness data from daily
practice could lead to the wrong decision and ultimately hinder rather than improve
society’s access to innovations in healthcare. Therefore, it is important to inform deci-
sion makers involved in reimbursement decisions of the feasibility and usefulness of
observational data to assess the therapeutic value of a new drug in daily practice.

To demonstrate the value of outcomes research in evaluating a drug’s appropriate use
and real-world effectiveness, we conducted an outcomes research study of bortezomib
in advanced MM in the Netherlands following its EMA approval, as outlined in the Dutch
policy rule. We report here the evidence generated in daily practice compared to the
trial and draw conclusions regarding the usefulness of observational data to assess the
drug’s therapeutic value in Dutch patients.
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METHODS

Data on two patient cohorts receiving bortezomib for treatment of advanced MM were
collected: one from daily practice patients treated in the Netherlands following progres-
sion/relapse or refractory disease from an RCT for upfront therapy (n=201) [14], and one

from the pivotal phase lll APEX trial (n=333) [4, 5].

Patient groups

Information about the inclusion/exclusion criteria for each patient group is available in

Table 1.

Table 1. Description of patient groups and study methods.

Trial setting (n=333)

Daily practice (n=201)

APEX (n=333)**

HO50-1 (n=72)

HO50-2 (n=129)

Eligibility
criteria
For inclusion:

For exclusion:

Measurable progressive
disease after one to three
previous treatments;
Karnofsky > 60; Platelet count
>50.000 per cubic millimeter;
Hemoglobin > 7.5 g/dl;
Neutrophil count = 750 per
cubic millimeter; Creatinine
clearance = 20ml/min

Previous bortezomib or
refractory to high dose
dexamethasone; Grade 2
peripheral neuropathy; Any
clinically significant coexisting
illness unrelated to myeloma

Relapsed or refractory

to HOVON 50 treatment
protocol for first line;
Measurable progressive
disease after one or more
previous treatments;
Received bortezomib for
relapsed/refractory disease
in daily practice

Secondary malignancy
(excluding basal cell
carcinoma); Received
bortezomib for relapsed/
refractory disease under a
controlled trial setting

Relapsed or refractory

to HOVON 50 treatment
protocol for first line;
Measurable progressive
disease after one or more
previous treatments;
Received bortezomib for
relapsed/refractory disease in
daily practice

None

Study design

Randomized controlled trial

Retrospective observational
design

Retrospective observational
design

Data collection

Prospective

Detailed case reports using
medical charts review

Data extracted from trial
follow-up data collected by
the HOVON Data Centre

Date of follow-
up

June 2002 to March 2006

January 2001 and May 2009
with date of last contacted
updated as of June 2012

January 2001 and June 2012

Data points
available for
comparison

Baseline prognostic factors,
treatment, adverse events,
efficacy in terms of response
rates, TTP and OS.

Baseline prognostic factors,
treatment, adverse events,
effectiveness in terms of
response rates, TTP and OS.

Baseline prognostic factors
and effectiveness in terms of
response rates, TTP and OS.

Daily practice patients
Daily practice patients were selected from 556 patients enrolled from November 2001
to June 2005 in the phase Ill Dutch-Belgian Cooperative Trial Group for Hematology
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Oncology (HOVON)-50 trial [14] which investigated the treatment effect of thalidomide,
adriamycin and dexamethasone (TAD) versus vincristine, adriamycin and dexametha-
sone (VAD) in newly diagnosed Durie-Salmon stage II/lll MM patients aged 18 — 65 years.
In this trial, TAD improved event-free survival and PFS compared to VAD while patients
randomized to TAD had strongly reduced survival after progression/relapse. Patients re-
lapsing from the HOVON-50 regime were then treated with treatment options available
for advanced disease at the discretion of the treating physician, e.g. with bortezomib, in
everyday clinical practice.

To demonstrate the pitfalls of assessing effectiveness during the initial years of the
drugs availability in daily practice, patients in this cohort consisted of two groups:
daily practice sample 1 (HO50-1) (n=72) and daily practice sample 2 (HO50-2) (n=129).
HO50-1 included the original group of patients for which the outcomes research study
was performed in the years 2006-2009. For this group, detailed case reports using medi-
cal charts were retrospectively collected. Data was collected from start of HOVON-50
therapy until last known follow-up between January 2001 and May 2009.

All HOVON-50 patients who had received bortezomib for relapsed/refractory disease
before June 2012 were extracted from trial follow-up data collected by the HOVON
Data Centre (HDC). A total of 193 patients were identified which also included 64 of the
HO50-1 patients, for which the date of last contact and follow-up status were updated.
The remaining 129 patients were included in the HO50-2 group. Data for these patients
were taken from the follow-up data which is periodically collected by the HDC. Since the
primary purpose of collecting data after progression/relapse by the HDC was for track-
ing overall survival for all patients treated in the trial, it did not provide detail regarding
drug use and safety.

APEX trial patients

The trial patient population was represented by the bortezomib arm of the APEX trial,
which enrolled advanced patients from June 2002 to October 2003. To allow for sta-
tistical comparisons, the manufacturer of bortezomib (Janssen Pharmaceuticals, Inc.)
provided the mean and standard deviation of continuous data on baseline prognostic
factors in the bortezomib arm as well as the aggregate level data on the number of
events and patients still at risk per month that was used to calculate the median TTP and
OS reported in the publication.
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Analysis

Patient prognosis
Baseline characteristics at start of bortezomib treatment were compared, where pos-
sible, between HO50-1 patients and APEX and HO50-2 patients.

Treatment and safety

Duration and total dosages of bortezomib treatment received were compared between
HO50-1 and APEX patients as well as reported toxicities and rates of dose modification
and discontinuation of treatment. Comparisons between HO50-1 and HO50-2 patients
were not performed since detailed data on treatment in follow-up was not available at
the HDC.

Effectiveness

Outcomes for effectiveness included response rates, overall survival (OS) and time to
progression (TTP), as defined by the European Group for Blood and Marrow Transplant
[15]. OS and TTP were calculated from start of bortezomib treatment. Comparison of
effectiveness outcomes to other endpoints frequently reported in the trial such as time
to and duration of response was not possible since they were most often not recorded
in medical charts.

The comparison of effectiveness to efficacy reported to the Dutch Healthcare Board in
2009 was based on the data for HO50-1 patients available up until this time [16]. To show
the limitations of the data when restricting the follow-up period to 3 years, updated
survival time for HO50-1 patients available in the HDC data as of June 2012 was also
shown.

Data was summarized as the mean and standard deviation for continuous variables
and as numbers (with percentages) of subjects for categorical variables. For baseline
comparisons between the HO50-1 patients versus the APEX and HO50-2 patients, the
independent sample t-test was used to test for significant difference in means and chi
square test for differences in proportions. The median and 95% confidence interval for
TTP and OS in the HO50-1 and HO50-2 patients were computed by the Kaplan-Meier
estimator. Since patient-level data was not available for the APEX patients, estimates
for the median and 95% confidence interval for TTP and OS for these patients were
taken from the data reported in the publication. Consequently, survival curves which
compared the TTP and OS between the three patients groups were presented instead
of Kaplan-Meier curves, which do not provide the patient-level detail regarding censor-
ing. The Wilcoxon statistic was used to test for equality of survival between the HO50-1
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versus APEX and HO50-2 patients. To compute the Wilcoxon statistic for the comparison
of HO50-1 versus APEX patients using aggregate data, the survival times were interval-
censored for both patient groups, while this was not necessary for the comparison of
HO50-1 versus HO50-2 since patient-level data was available. All p-values are 2-sided,
and a significant level a = 0.05 was used. Analyses were conducted with the statistical
software program SAS, version 9.1 (SAS Institute Inc., Cary, NC).

RESULTS

Baseline prognosis

HO50-1 versus APEX

Not all prognostic factors at start of bortezomib treatment were recorded in medical
charts, such as serum B2-microglobulin (65% missing) and c-reactive protein (72% miss-
ing) (Table 2). Those available showed that HO50-1 patients were younger (p<0.01), and
presented with a significantly shorter time since diagnosis (mean 3.3 versus 4.2 years;
p<0.01) despite similar number of previous therapies. Types of previous treatment
regimens received were significantly more extensive with HO50-1 patients having been
more heavily pre-treated.

HO50-1 versus HO50-2

HO50-1 patients were more often female (56% versus 69%; p=0.05) and younger at the
start of bortezomib treatment (mean: 58 versus 60 years; p=0.05). HO50-1 patients were
not a representative sample of all patients treated in the HOVON-50 trial since they more
often received VAD compared to the HO50-2 patients (60% versus 46%). HO50-1 patients
also presented with a significantly shorter time since diagnosis than HO50-2 patients
(3.3 versus 3.9 years; p<0.001) suggesting that the HO50-1 patients were a cohort of
patients progressing first from first-line treatment.

Treatment and safety

HO50-1 versus APEX patients

Data in medical charts on administration of bortezomib for HO50-1 patients were
detailed. Bortezomib was administered as monotherapy in 32% of all administrations,
primarily in combination with one or more other drugs (68%), particularly dexametha-
sone (61%).
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In APEX patients, bortezomib dosages (1.3 mg/m?) were administered four times per
three-week cycles up to eleven cycles. Approximately 18% and 39% of the HO50-1 and
trial patients, respectively, received the planned eight cycles set forth in the trial. The
median length of bortezomib therapy was four cycles in HO50-1 patients compared to

Table 2. Comparison of baseline characteristics between daily practice and APEX patients

Baseline Characteristic APEX4,5 HO50-1 P-valuet HO50-2 P-valuet
(n=333) (n=72) (HO50-1vs. (n=129) (HO50-1 vs.
APEX) HO50-2)
Male gender 56% 56% 0.96 69% 0.05%*
Age at start bortezomib* 61(9.8) 58 (7.8) 0.02%* 60 (7.2) 0.05**
HOVONS50 treatment arm 0.05%*
TAD/VAD 40%/60% 54%/46%
Received ASCT in HOVON50 22% 14% 0.13
Time since diagnosis (yr)* 4.2(3.3) 3.3(1.1) <0.01** 3.9(1.9 <0.001**
Missing 0,6% 0% 0%
Serum B2 (mg/liter)* 5.1(5.3) 39(3.1) 0.04** 35(2.1) 0.60
Missing 3% 65% 82%
C-reactive protein (mg/liter)* 109(19.3) 18.7(345) 0,33 17.4(25.2) 0.89
Missing 10% 72% 81%
Hemoglobin (g/liter)* 109 (16.8) 114 (20.9) 0,08 119 (19.4) 0.12
Missing 1% 0% 43%
Platelet count (cells/mm?3x 10°)* 1.98 (8.8) 1.72(1.0) 0,74 1.88(8.2) 0.29
Missing 1% 0% 43%
Number of previous lines 0,43 0.11
1 40% 35% 46%
20r3 56% 58% 47%
=4 4% 7% 7%
Type of previous therapy
Corticosteroids 98% 100% 0.22 NA
Alkylating agents 91% 98% 0.03** NA
Anthracyclines 77% 98% <0.01** NA
Thalidomide 48% 40% 0,85 NA
Vinca alkaloids 75% 100% <0.01** NA
SCT or other high-dose therapy 67% 94% <0.01** NA
Experimental or other 3% 6% 0.28 NA

*Reported as the mean (SD). tThe independent sample t-test was used to test for significant difference

in means and chi square test for differences in proportions. The log-rank statistic was used to test for
differences in median survival measures. **P-values were significant at alpha = 0.05. ASCT: autologous
stem cell transplantation; NA: not available; TAD: thalidomide adriamycin dexamethasone; VAD: vincristine
adriamycin dexamethasone.
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six in the trial. The planned daily practice dosage per cycle was on average lower (20%)
for HO50-1 as well as the cumulative total dose received.

Comparison of adverse events was difficult because severity grades for adverse events
were often not stated in patient charts. The incidence of any adverse event in HO50-1
patients was less (~80%) than the incidence seen with the trial patients (~100%). A qualita-
tive assessment showed that the type of adverse events was similar to that in the trial, with
no unexpected adverse events occurring in HO50-1 patients. Dose modifications occurred
in 57% of HO50-1 patients, of which 80% listed an adverse event as a contributing factor.
Excluding patients discontinuing due to intercurrent death (n=7) or still being treated at
the time of data collection (n=3), 21% of HO50-1 patients (n=15) stopped for reasons of
stable disease or end of planned protocol while 65% (n=47) discontinued bortezomib
early. The most common reasons were progression of disease (45%) and toxicity (31%), of
which 60% were due to peripheral neuropathy. Other reasons for discontinuation included
patient condition, refusal, and poor response. Discontinuation due to treatment-related
adverse events occurred in 24% of HO50-1 patients compared to 37% in the APEX trial.

HO50-1 versus HO50-2
A comparison between HO50-1 and HO50-2 patients in terms of treatment and safety
was not performed since this level of detail was not available in the HDC follow-up data.

Effectiveness

HO50-1 versus APEX

Comparisons of effectiveness and efficacy outcomes for HO50-1 and trial patients are
shown in Table 3. Available follow-up for HO50-1 patients as of May 2009 was lower com-
pared to APEX patients (median: 15.9 versus 22 months). Overall response rates were not
significantly different between the two groups (50% versus 38%), namely on account of
similar rates for complete response. Other response categories were however different,
with HO50-1 patients more often achieving a very good, partial or minor response (54%
versus 41%; p<0.01), less often achieving no change (3% versus 43%; p<0.01) and more
frequently progressive disease (19% versus 7%; p<0.01) or were not evaluated (15% ver-
sus 3%; p<0.01). A total of 51 HO50-1 patients achieved progression (71%) for which 7
(14%) the date of progression was missing from the patient chart requiring censoring at
start of next treatment. TTP in daily practice was found to be similar to the trial (median:
6.8 versus 6.2 months; p=0.70). The survival curves depicted in Figure 1 show that TTP
was similar in early points in time but eventually diverge in favor of the trial patients. TTP
was not significantly different for HO50-1 patients compared to the trial when stratifying
by HOVON-50 treatment.
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Figure 2 shows the discrepancy in OS for HO50-1 patients when right-censored as of May
2009 and June 2012. Using the data available as of May 2009, the median OS (17.2 versus
29.8 months; p<0.01) for HO50-1 patients was significantly shorter compared to trial
patients with HO50-1 patients consistently experiencing poorer survival, especially in
patients receiving VAD versus TAD as upfront therapy (median: 16.1 versus 29.8; p=0.02).

Table 3. Effectiveness outcomes for bortezomib in daily practice versus APEX patients

APEX?*5 HO50-1 P-valuet HO50-2 (n=129) P-valuet
(n=333) (n=72) (HO50-1 (HO50-1
vs. APEX) vs. HO50-
2)
Mean total follow-up as of May 18.2 13.7 <0.01**
2009 (months)
Patients still in follow-up as of May 56% 51% 0.49
2009
Mean total follow-up as of June 23.9 <0.01** 23 0.61
2012 (months)
Patients still in follow-up as of June 29% <0.01** 34% 0.47
2012
Overall response (CR/VGPR/PR) 38% 50% 0.10 NR
CR 6% 8% 0.46 3% 0.97
VGPR/PR/MR 41% 54% <0.001** 53% 0.92
No change 43% 3% <0.001** 10% 0.06
Progressive disease (and relapse) 7% 19% <0.001** 25% 0.39
Not evaluated 3% 15% <0.001** 9% 0.14
VAD arm 65% 0.96
Median (95% ClI) P-value+ Median (95% Cl) P-valuet
Time to progression all patients 6.2 (NR) 6.8 (5.4-8.5) 0.70 7.8(6.1-9.3) 0.01%*
(months)
TAD arm 7.4(54-9.4) 0.33 8.0(6.1-11.5) 0.40
VAD arm 6.5(3.6-8.5) 0.59 7.7 (5.2-10.2) 0.19
Overall survival all patients as of 29.8(23.2-NE) 17.2(12.9-32.5) <0.01**
May 2009 (months)
TAD arm 17.2(11-32.5) 0.09
VAD arm 16.1 (10.9 - NE) 0.02

Overall survival all patients as of 29.8(23.2-NE)  23.1(14-34.1) 0.06 24.1(17.7 - 30.6) 0.72
June 2012 (months)

TAD arm 21.1(12.9-38.1) 0.14 22.1(16.2-33.5) 0.88
VAD arm 25.7(12.5-36.3) 0.20 28.7(17.7-31.1) 0.76

1The independent sample t-test was used to test for significant difference in means and chi square test
for differences in proportions. Wilcoxan statistic was used to compare hazard functions. **P-values
were significant at alpha = 0.05. CR: complete response; MR: minor response; NE: not evaluable; NR: not
reported; PR: partial response; TAD: thalidomide adriamycin dexamethasone; VAD: vincristine adriamycin
dexamethasone; VGPR: very good partial response.
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As of June 2012, the median OS (23.1 versus 29.8; p=0.06) for daily practice patients was
slightly lower for HO50-1 patients compared to the trial patients but was not influenced
by HOVON-50 treatment.

HO50-1 versus HO50-2
As of June 2012, the median follow-up available for HO50-1 and HO50-2 patients was
similar (20.2 versus 19.2 months) (Table 3). HO50-1 patients achieved similar responses

Time to progression

—_

—— APEX (n=333)
HO50-1 (n=72)
— -HO50-2 (n=129)

O~ 4
o N o o

e
[

o o
) [O%}
R

/

o
=
.

(=]

0 3 6 9 12 15
Time (months)

Proportion of patients without progression (%)
(=3
S

Figure 1. Time to progression curves for APEX and daily practice patients.

Overall survival
——APEX (n=333)

HO50-1 as of May 2009 (n=72)
~=="HO50-1 as of June 2012 (n=72)
— -HO50-2 (n=129)

0.9
0.8
0.7
0.6
0.5 e
0.4 \“Q\
0.3
0.2
0.1

Propoprtion of patients surviving (%)

0 : : : : : : : : : : ‘
0 3 6 9 12 15 18 21 24 27 30 33

Time (months)

Figure 2. Overall survival curves for APEX and daily practice patients.

CHAPTER 4



92 | Chapter4.

to HO50-2 patients. Despite similar response profiles, TTP for HO50-1 patients was lower
(median: 6.8 versus 7.8 months; p=0.01) (Figure 1), which remained consistent when
stratifying by HOVON-50 treatment arm. Patients receiving VAD in first line, regardless
of group, progressed sooner than patients receiving TAD. In terms of survival, there was
no significant difference in median OS (23.1 versus 24.1 months; p=0.72) (Figure 2). OS
from start of bortezomib was less favorable for patients receiving TAD during first-line
for both groups.

DISCUSSION

Outcomes research into the use and effectiveness of bortezomib in advanced MM
generated evidence on the dynamics of care in daily practice and the limitations to
observational data. It was useful for addressing who received bortezomib and how
bortezomib was administered in daily practice. Our results show that prognosis was
less favorable for the first daily practice patients treated with bortezomib (i.e., HO50-1)
compared to the pivotal trial and daily practice patients eligible at a later point in time
(i.e., HO50-2). An important limitation however was that not all prognostic factors could
fully be assessed due to missing values in medical charts. Further differences could have
been present according to other prognostic factors found to substantially contribute
to adverse outcomes, such as cytogenetic markers and comorbidities [17, 18], but were
missing entirely in patient charts. Evidence regarding use revealed more conservative
treatment (i.e., lower planned dosages and frequent dose modification) in HO50-1
patients alongside treatment variation and premature discontinuation, which are treat-
ment practices that could reduce the treatment effect.

We showed that the real-world effectiveness of bortezomib did not confirm its efficacy
and demonstrated the limitations to the evidence on effectiveness. It is likely that the
discrepancy between efficacy and effectiveness is explained by differences in prognosis
and use of the drug. The discrepancy in the available data on response and progression
rates could also be due to a number of differences between daily practice and a trial
setting such as the frequency of follow-up, criteria or the methods used to evaluate re-
sponse or progression. A proper evaluation of TTP using observational data was further
challenged by missing data, lending this outcome susceptible to overestimation since
missing data required censoring the date of progression at the date of start of next treat-
ment. Estimating time-to-next-treatment instead of progression rates in daily practice
is probably more appropriate, as recommended by Durie et al. (2006) [19], but would
not allow for comparisons with trial endpoints. Given these caveats of observational
data, decision makers should be warned about making invalid comparisons between
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trial-based and daily practice outcomes using response and progression rates. OS, on
the other hand, is a more reliable outcome measure for comparisons, since it is clear
in the charts when death has been reached. We do recommend however that OS be
evaluated for MM patients in terms of previous treatment, which was shown to be an
independent predictor [14, 20].

The timeframe impacted the results as it influenced patient selection in terms of sample
size and prognosis. A small number of patients treated with bortezomib could initially
be identified in daily practice (i.e., n=72) which is related to the low prevalence of the
disease and the slow rate of bortezomib uptake in daily practice [21]. The patients in-
cluded in the HOVON-50 trial were initially the most favorable patients in daily practice
since they would otherwise not have been eligible for this trial. However, the worst off
patients from this trial were selected in the HO50-1 group since they were the early
failures. By extending the timeframe from 2009 to 2012, as demonstrated in the HO50-2
group, more patients with a more favorable prognosis became eligible for bortezomib,
thus demonstrating better outcomes. A recent population-based study reported
similar findings with better outcomes in patients with late relapse due to increased
use of salvage high dose therapy and introduction of new drugs [22]. We believe that
an insufficient timeframe led to the problem of incomplete follow-up, resulting in OS
estimates not representative of the entire cohort but instead those experiencing early
death. Since the time of our study, the Dutch authority has extended the evaluation
period from three to four years presumably, in part, due to the realization that more
time is needed to collected the required data [23]. There remains however no consensus
on the timeframe needed to conduct outcomes research since the timeframe is largely
dependent on the decision problem and indication.

The study limitations pertain to its retrospective design, which precluded prospective
data collection on patient-reported outcomes and known prognostic factors gener-
ally not included in medical charts. The drawbacks of any observational study, be they
retrospective, prospective or registry-based, is that there is no set treatment protocol
and physicians are free to manage patients[24], lending outcomes to be affected by a
number of factors unrelated to the safety and efficacy of an intervention[25]. Despite its
high costs, the advantage of a population-based registry, however, is that it includes all
patients, which avoids the problem of introducing selection bias when sampling from
the target population. On the other hand, provider-introduced selection bias (i.e., con-
founding by indication) remains a possibility even for registry studies. Since conducting
the present study, a population-based registry for hematological malignancies has been
implemented in the Netherlands [26], but whether it overcomes the limitations shown
here is currently being evaluated.
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The implications of these findings are most relevant for decision makers requesting
outcomes research for new drugs in MM and researchers performing such studies. The
future of treatment for these patients remains promising with new drugs expected to
come available within the coming years [27]. Like bortezomib, these drugs will likely
be approved first for the indication of advanced MM, as this is the current trend for
introducing innovation into the treatment paradigm. Decision makers requesting future
outcomes research studies should be made aware of the extensive treatment varia-
tion that in exists in MM and how it influences the usefulness of collecting outcomes
research data. Consideration should also be given to the influence of the dynamics in
care during a new drug’s uptake in daily practice. In the future, decision makers should
carefully select the outcomes measures that are necessary for informed decision making
about drug reimbursement instead of requesting a comprehensive set of all possible
outcomes. Clinicians and researchers performing these studies should be involved in
outcomes research from the start since they can inform decision makers about the type
and quality of evidence that can be generated in daily practice.

In conclusion, an observational study in advanced MM generated evidence on the
use and health impact of a new drug in the first eligible patients. However, the drug’s
real-world effectiveness was not representative of the target patient population but
was instead limited to a sample of patients with unfavorable prognosis. When making
inferences regarding the effectiveness of novel drugs in MM, decision makers should
give careful consideration beforehand to the possibilities as well as the limitations of
outcomes research during the drug’s uptake period.
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ABSTRACT

High costs of novel agents increasingly put pressure on limited health care budgets.
Demonstration of their real-world costs and cost-effectiveness is often required for
reimbursement. However, few published economic evaluations of novel agents for
multiple myeloma exist. Moreover, existing cost analyses were heavily based on con-
ventionally treated patients. We investigated real-world healthcare costs of relapsed/
refractory multiple myeloma in Dutch daily practice. A retrospective medical chart
review was conducted for 139 patients treated between January 2001 and May 2009.
Total monthly costs attributable to each cost component were described across all regi-
mens and for bortezomib-, thalidomide- and lenalidomide-based treatment regimens.
Mean monthly total costs (€3,981) varied depending on the sequence of therapy (range:
€442 - €31,318). Significant cost drivers across all regimens included costs of therapy
and hospital admissions. The acquisition costs for novel agents in particular accounted
for 32% of mean total monthly costs. Prognostic factors associated with increased mean
total monthly costs in multivariate regression analysis included low platelet counts
(p=0.01) and worsening performance status (p<0.001). Mean total monthly costs of
bortezomib- and lenalidomide-based regimens were significantly higher than those
for thalidomide-based regimens in second, third and fourth treatment line. Real-world
costs during treatment of RRMM vary greatly. Cost drivers include hospital admissions
and acquisition costs of novel agents. Costs also vary by prognostic factors and treat-
ment-related resource use. Future studies assessing the costs of combination therapy
consisting of two or more novel agents are encouraged.
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INTRODUCTION

Multiple myeloma (MM) is an incurable malignancy caused by the autonomous growth
of malignant plasma cells [1]. Worldwide it accounts for approximately 0.8% of all cancer
diagnoses and 0.9% of cancer deaths in 2002. In Europe, the annual incidence of MM is
4.5-6 per 100,000 people with a median age at diagnosis between 63 and 70 years [2].

Relapse always occurs and patients eventually become refractory to all available treat-
ments. Conventional therapies achieve a median survival duration of three to four years,
while autologous stem cell transplant (SCT) has extended the median life expectancy
from diagnosis to five years [3]. New generation therapies, such as bortezomib, tha-
lidomide and lenalidomide, promise even further gain in life expectancy [4], while at
significantly increased acquisition costs.

Given the limited budget for healthcare, many decision makers require demonstration
of cost-effectiveness and budget impact and are interested in the ‘real-world’ costs of
expensive drugs. However, few published economic evaluations exist for novel agents in
MM [5]. Existing cost-effectiveness analyses were based on cost analyses using a synthe-
sis of data sources and expert opinion and not patient-level data to estimate resource
use [6-8].

Cost studies in MM have been conducted using patient-level data from the hospital
perspective in Sweden and, more recently, France and Italy [9-11]. The costs reported
for Swedish patients were mainly based on conventional therapies [9] and the results
from Italy did not provide information on the use of novel agents [11]. A more recent
cost study conducted in France found that total costs were substantial mainly due to
novel agents, though this conclusion was based mainly on the increasing costs due to
bortezomib [10]. It remains unclear to what extent the increased costs of treating MM
are caused by the acquisition costs of therapy.

To improve upon previous research, we investigated the real-world healthcare costs and
significant drivers of increased costs for treatment of relapsed/refractory MM (RRMM) in
daily practice in the Netherlands during the era of novel agents.

CHAPTER5
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METHODS

Patient population

The patient population included patients previously enrolled in the phase [l HOVON-50
trial which investigated the treatment effect of thalidomide in newly diagnosed symp-
tomatic MM patients aged 18-65 years [12]. Patients in this trial received upfront therapy
with chemotherapy alone or in combination with thalidomide, followed by high dose
melphalan and SCT. Patients relapsing from protocol-based upfront therapy and treated
for RRMM in daily practice were included in our study.

Detailed case reports were collected retrospectively using medical charts and electronic
records for patients treated between January 2001 and May 2009. Data relates to the
time period when patients relapsed or progressed from upfront therapy until last known
date of follow-up.

Resource use and unit prices

Total costs for individual patients were determined by the identification of resource use
and unit costs of all cost components. The analysis was based on the resource use of the
full patient sample including patients still treated at the end of data collection. All costs
were based on Euro 2009 cost data. Where necessary, costs were adjusted to 2009 using
the general price index from the Dutch Central bureau of Statistics [13].

Unit costs of hospital visits and admissions, procedures and concomitant medication
are presented in supplemental Table S1. The unit cost calculations for hospital visits and
admissions were based on detailed micro-costing studies reflecting full hospital costs,
including overhead costs [14]. Some unit costs were weighted for their origin to reflect
the distribution of patients among university versus general hospitals in Dutch daily
practice. The cost of radiotherapy, surgical procedures, and medical imaging services
were valued using the fees issued by the Dutch Healthcare Authority [15]. Unit costs for
laboratory services were based on a detailed inventory of the resource use of 12 patients
(approximately 1,000 tests). Unit costs of concomitant treatment were acquired from
the cost guidelines available from the national pharmaceutical formulary drafted by
the Dutch Healthcare Insurance Board [16]. Detailed daily concomitant treatment costs
were determined for 18 patients and were considered representative of the remaining
121 patients.

Unit costs for therapy regimens are shown in supplemental Table S2. The unit cost of
donor lymphocyte infusions was taken from published micro-costing studies and cor-
rected for resource use to prevent double counting [17]. Unit prices for autologous and
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allogeneic SCT were taken from a cost study conducted for the Netherlands [18], which
are exclusive to the costs of the pre-transplantation and transplantation phase except
for hospital visits and admissions as these costs were included separately.

The price for thalidomide is substantially lower in the Netherlands compared to the
rest of Europe. To allow generalizability to the European perspective, unit prices for tha-
lidomide were based on estimates reported by previously published cost studies [9, 10].
All other prices for therapy regimens were acquired from the national pharmaceutical
formulary drafted by the Dutch Healthcare Insurance Board [16].

Statistical analyses

To correct for differences in follow-up between censored patients and patients still be-
ing treated at the time of data collection, total costs per patient were corrected by the
patient’s total follow-up time and total monthly costs were reported. The association
between prognostic factors at start of RRMM treatment (independent variables) and
average total monthly costs across all lines (dependent variable), controlling for patient
characteristics, was modeled by means of a generalized linear regression model with
a gamma distribution and log link function [19]. Only prognostic factors with 10% or
fewer missing values and a significant bivariate effect were entered into the multivariate
model. The final model was chosen based on the likelihood ratio test for goodness-of-fit.

To compare costs between novel agent-based regimens, groups were defined as follows:
1) bortezomib-based included any combination with bortezomib; 2) thalidomide-based
included any combination with thalidomide except in combinations with bortezomib
and lenalidomide; 3) lenalidomide-based included any combination with lenalidomide
except in combination with bortezomib. Statistical comparisons of continuous variables
were performed using the Kruskal-Wallis test for two or more related samples followed
by pair-wise tests with the Mann-Whitney test to identify which groups differed sig-
nificantly from the others. The Fisher’s exact text and Cochran-Armitage test for trend
were used for categorical or ordinal variables with two or more than two categories,
respectively. Statistically significant differences were concluded for comparisons with a
p-values less than or equal to an alpha of 0.05. All statistical analyses were conducted
with the statistical software program SAS, version 9.1 (SAS Institute Inc., Cary, NC).
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Table 1. Patient characteristics and prognostic factors at start of relapsed/refractory treatment

Frequency (%) Mean Median Range Missing
Patient characteristics
Male Gender 58% 0%
Age 57 60 34-69 0%
Durie-Salmon stage at diagnosis: 0%
1A/B 2%
A 21%
1B 1%
A 66%
1B 10%
Months from diagnosis to RRMM : 0%
All patients (n=139) 25 24.9 1.9-61.4
First-line therapy
TAD (-SCT) (n=39) 25.6 24.9 2.1-55.6
TAD (+SCT) (n=8) 29 256 18.5-54.7
VAD (-SCT) (n=71) 232 24.6 1.9-57.9
VAD (+SCT) (n=21) 28.8 25 13-61.4
Best response to initial therapy: 6%
Complete response 12%
Partial response 66%
Minor response 7%
No change 4%
Progressive disease 5%
Prognostic factors
Albumin (g/1) [mean (sd)] 389 39 16.6-58.9 34%
Serum B2 (mg/l) 3.8 2.8 1.1-16.7 69%
C-reactive protein (mg/l) 234 6 1-171 68%
Hemoglobin (mmol/I) 7.5 77 21-10 31%
Platelet count (¥*10°'A9/I) 220 191 10-828 2%
Creatinine clearance (mmol/l) 6.84 6 1-16 82%
Plasma cell infiltration > 50% 15% 51%
Present with neurotoxicity 35% 6%
WHO performance status: 8%
Asymptomatic 44%
Symptomatic but ambulatory 35%
In bed < 50% 8%
In bed > 50% 3%
Bedridden 3%

RRMM: relapsed/refractory multiple myeloma; SCT: stem cell transplantation; SD: standard deviation; TAD:
thalidomide, adriamycin and dexamethasone; VAD: vincristine, adriamycin and dexamethasone.
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Table 2. Breakdown of mean monthly costs during relapsed/refractory treatment

2nd line (n=139)

3rd line (n=90)

4th line (n=54) All lines (n=139)*

Mean Min-Max Mean Min-Max Mean Min-Max Mean (%) Min-Max
Months of follow-up 138 03-63 84 0.8-427 71 1.1-222 24 0.6-70.1
Alive at data collection 49%
Mean Monthly Costs Mean SD Mean SD Mean SD Mean SD
(Euro 2009)
Hospital visits 338 294 531 326 470 350 364 258
Outpatient 191 132 266 162 260 224 201 123
Daycare 138 210 254 267 198 254 152 176
Emergency room 7 22 10 25 9 20 9 22
Telephone consults 2 3 2 3 4 1 2 2
Hospital admissions 1007 2,686 1,065 1,818 925 1,714 1,201 2,268
Intensive care unit 101 607 81 476 147 995 168 683
Hematology or surgery ward 905 2,552 985 1,741 778 1,112 1,032 2,066
Radiotherapy 124 465 108 238 75 197 83 146
Surgery 51 265 60 243 40 288 63 223
Diagnostics 402 802 485 422 433 446 432 757
Total concomitant 512 788 571 428 587 503 557 676
medication costs
Acute
Anti-bacterial / fungal / viral 13 34 25 44 14 21 15 32
(acute infection)
Anemia (red blood cell 50 267 53 141 87 270 60 205
transfusion)
Thrombocytopenia (platelet 79 509 52 226 57 212 82 462
infusion)
Chronic/Prophylactic
Anti-bacterial / fungal / viral 78 84 98 83 83 84 86 74
(prophylaxis)
Biphosponates 109 52 107 54 111 50 107 47
Anemia (erythropoietin 8 26 1 30 16 36 11 27
injection)
Neurotoxicity 14 63 32 91 27 84 20 67
Gastro-intestinal 138 144 163 143 160 144 149 127
Analgesics 24 25 31 25 32 25 26 22
Active therapy 822 975 1,782 1,787 2,090 2,155 1,106 979
Bortezomib 363 954 1,049 1,600 602 1,293 465 738
Thalidomide 315 419 117 296 76 242 219 287
Lenalidomide 59 379 533 1,406 1,376 2,203 363 762
Dexamethasone 6 13 6 8 7 7 5 8
Adriamycin 5 21 6 21 6 24 5 16
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Table 2. (Continued)

2nd line (n=139) 3rdline (n=90) 4th line (n=54) All lines (n=139)*
Mean Min-Max Mean Min-Max Mean Min-Max Mean (%) Min-Max

Vincristine 1 6 1 5 1 7 1 5
Melphalan 3 9 2 10 4 15 3 7
Prednisone 1 3 0 1 1 5 1 2
Cyclophosphamide 0 1 1 4 2 6 1 1

Donor leukocyte infusions 68 249 66 205 15 49 43 11
Interferon alpha 0 0 1 6 0 0 1 3
Other/experimental 1 15 0 0 1 7 1 5

Stem cell transplantation 211 825 191 838 65 346 173 447

Total monthly costs 3,469 4,408 4,792 2,983 4,685 3,017 3,981 3,538

SD: standard deviation. *These costs are calculated per month over the patient’s entire follow-up

RESULTS

Baseline characteristics

Baseline characteristics of all patients are shown in Table 1. The majority of patients
received VAD (n=92; 65%) as upfront treatment and 20% (n=29) received SCT as part
of upfront therapy. Many patients responded to upfront treatment, with 66% having
achieved a partial response. Regarding known prognostic factors, most patients pre-
sented at start of RRMM treatment with favorable performance status.

Costs during relapsed/refractory treatment

A total of 139, 90, and 54 patients received second, third, and fourth line treatment with
20 patients receiving 5 or more lines of therapy. Mean monthly costs incurred during all
treatment regimens are presented in Table 2. Generally, costs varied substantially within
the patient population with mean total costs during the entire follow-up of approximately
€3,981 permonth (range: €442 -€31,318) or€72,968 per patient (range: €1,423 - €232,685).
Mean total costs during second and third line were approximately €3,469 per month (range:
€353 - €31,318) or €30,982 per patient (range: €1,067 — €169,132) and €4,792 per month
(range: €421 - €13,437) or €33,319 per patient (range: €1,193 — €191,124), respectively.
Mean total costs during fourth line were €4,685 per month (range: €490 - €15,881) or
€32,889 per patient (range: €1,055 - €144,967) which was higher compared to second and
third line due to more frequent use of novel agents, especially lenalidomide. Generally,
costs of therapy and hospital admissions were drivers of increased costs across all regi-
mens. Supplemental Table S3 provides additional information describing the distribution
of these costs, such as the median, range, and the parameters for the gamma distribution.

There was large variation in costs for therapy regimens within the lines as well as
across lines. Thalidomide was most commonly administered in second line (n=71; 75%
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Table 3. Generalized linear model results describing the association between prognostic factors and total
monthly costs

Average total monthly costs in RRMM (n=126%)

Independent variable B SE P-value eb 95% Cl
Constant 9.0705 0.3927 <0.001 8695 4024 18034
Age start RRMM (years) -0.0186 0.0065 0.0043 0.982 0969  0.994
Death at time of data collection (yes/no) 0.4278 0.0984 <0.001 1.534 1.265 1.860
HOVON-50 thalidomide maintenance** 0.2956 0.1082 0.0063 1.344 1.087  1.661
Platelet count start RRMM (*10/9/1) -0.0009 0.0003 0.0107 0.999 0.999  1.000
Worsening WHO performance status 0.1959 0.0499 <0.001 1.216 1.103 1.341

*Fewer observations included in the model due to missing values

**Reference category is none or interferon alpha

Cl: confidence interval; SE: standard error; RRMM: relapsed/refractory multiple myeloma; WHO: world health
organization.

all administrations); bortezomib was administered most often in third line (n=35; 44%
all administrations); and lenalidomide was most often administered in fourth line (n=20;
40% all administrations). A treatment sequence pattern of treatment initially with tha-
lidomide followed by bortezomib explained these findings as the majority of patients
receiving thalidomide in second line had previously received non-thalidomide-based
regimens as upfront therapy (i.e., VAD) (90%), which was statistically significantly higher
compared to the patients receiving bortezomib (44%) (p<0.0001).

Regression of prognostic factors on costs

Controlling for age, survival status at data collection, and upfront treatment, an association
was found between known prognostic factors at start of RRMM and mean total monthly costs
of RRMM across all lines (Table 3). The most statistically significant associations were observed
for the prognostic factors WHO performance status and platelet count. Worsening WHO per-
formance status was associated with a 22% increase in mean total monthly costs (P<0.001).
A higher platelet count was associated with decreased mean total monthly costs (p=0.0107).

Costs during novel agent regimens

Mean monthly costs during bortezomib- , thalidomide- and lenalidomide-based
regimens are described in Table 4. Mean total monthly costs were significantly lower
in second, third and fourth line during thalidomide-based regimens (€2,684, €3,393
and €4,308, respectively) compared to bortezomib-based (€4,814, €5,966 and €6,260,
respectively) and lenalidomide-based (€4,215, €5,029 and €5,114, respectively) regi-
mens. The lower costs for thalidomide-based regimens was due to the lower acquisition
costs for novel agents (€592, €700 and €672) compared to bortezomib-based (€2,089,
€2,718 and €2,825) and lenalidomide-based (€2,049, €3,423 and €3,651) regimens. Mean
total monthly and acquisition costs for novel agents did not differ significantly between
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Figure 1. Proportion of mean total monthly costs during all regimens and separately during bortezomib-,
thalidomide-, and lenalidomide-based regimens by main cost categories.

bortezomib-based and lenalidomide-based regimens. Higher mean total monthly costs
during bortezomib-based regimens were observed for hospital visits. Costs during
lenalidomide regimens were mainly attributable to significantly higher acquisition costs
of lenalidomide.

Figure 1 further illustrates that the structure of total monthly costs also differed across
novel agent regimens. Approximately 67% and 49% of mean monthly costs incurred
during lenalidomide- and bortezomib-based treatment regimens were attributable to
the acquisition costs of the drug, compared to 30% during thalidomide-based treat-
ment and 32% average across all regimens. Costs attributable to hospital visits and
hospital admissions were important cost drivers during bortezomib-based (15% and
11%, respectively) and thalidomide-based regimens (12% and 16%, respectively) and
less influential during lenalidomide-based (6% and 6%, respectively) regimens.
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DISCUSSION

Costs during treatment of RRMM varied greatly and were largely attributable to hospital
admissions and acquisition costs of novel agents. Costs varied also by treatment-related
resource use. The variation is not surprising since healthcare costs are known to be
skewed with costs generally increasing as prognosis worsens. Known prognostic factors
such as poor performance status and low platelet count were indeed associated with
increased costs. Other relationships may also exist but this could not be assessed with
the data collected in our study. Given that MM as a heterogeneous disease with high-risk
patients in particular continuing to have a poor outcome despite improvements in treat-
ment and survival [20], further investigation should address whether the cost to health
benefit ratio in these patients is more favorable for regimens containing existing novel
agents versus those containing experimental therapies.

Total costs during bortezomib-based and lenalidomide-based regimens are significantly
higher compared to thalidomide-based regimens. The costs during bortezomib-based
regimens were high on account of hospital visits and acquisition costs of the drug, while
lenalidomide-based regimens were costly due to the acquisition costs of the drug alone.
Since bortezomib was only administered intravenously in this study, hospital visits were
required. Some cost-savings could result with subcutaneous administration of bortezo-
mib [21] or by reducing waste of bortezomib by using unused reconstituted bortezomib
within two weeks [22] or adjustment of vial size [23]. Whether these options lead to
cost-savings should be addressed in future studies.

Published existing economic evaluations have compared bortezomib to best supportive
care or thalidomide [7] and lenalidomide [6, 8]. None of these studies based the cost
analysis on real-world estimates. As for existing costs studies, the costs seen here are
similar to the costs reported for Sweden [9] and France [10]. In Sweden, the costs also
varied between individuals with inpatient stays (35%) and therapy-induced adverse
events (42%) constituting a large proportion of mean total monthly costs [9]. Costs of
chemotherapy in Sweden were similarly found to increase over treatment lines. Mean
total monthly costs were, however, lower compared to our study (i.e., €2,770 versus
€3,981), most likely due to less frequent use of novel agents. The more recent study
from France reported higher costs compared to Sweden mainly due to greater use of
novel agents (73%) [10]. Similar to our study, a large proportion of the total monthly
costs reported in the French study were attributable to the costs of chemotherapy
drugs (66%) and inpatient hospital stays (15.4%). Mean total monthly costs from France
were, however, slightly lower compared to our study (i.e., €3,130 versus €3,981). This is
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probably due to differences in methodology as our study implemented the method of
micro-costing, which results in a more expansive yet accurate list of resource use [24].

In contrast to the healthcare costs in Italy [11], the mean total costs per patient (€1,171
per month or€14,053 per year) were considerably lower compared to our results (€3,981
per month or €47,772 per year). The authors did report a similar finding that the majority
of the costs were attributable to therapy and hospital admissions. However, their cost
estimates are not comparable for a number of reasons affecting transferability. First,
concomitant medication costs were not included. Second, actual differences in costs
may be present on account of differences in the patient group and treatment practice.
Third, lower tariffs were applied. Finally, random variation could account for the differ-
ences since the Italian study was a single-centre study.

The transferability of real-world cost studies across countries can be assessed by the
patterns observed for resource use and cost drivers over time. Hospital admissions were
consistently found to account for a large portion of the total costs. In addition, therapy
costs are increasingly becoming an important driver of increased costs. Similar to the
French study [10], the high degree of variation in costs was mainly due to the period of
data collection (2001-2009) which was characterized by rapid changes in therapy op-
tions. The EMA approved bortezomib and lenalidomide in 2004 and 2007, respectively.
As aresult, the patients included in our study represent a cohort treated during the early
years of the availability of both novel and expensive agents. This explains why the use
of bortezomib was more common in third line compared to second line as well as the
generally low numbers of patients receiving lenalidomide-based regimens. As a conse-
quence of the low numbers of patients receiving lenalidomide, comparisons between
lenalidomide-based regimens and regimens with other novel agents should be judged
carefully.

Variation in treatment and associated costs will remain a hallmark of RRMM. An abun-
dance of novel agents will characterize the future treatment paradigm for MM [25], and
with demonstration of improved outcomes based on drug synergy [26], patients will
also be eligible for a combination of novel agents. The additional costs of combination
therapy with expensive novel agents could be substantial and should be assessed in
future real-world studies.
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SUPPLEMENTAL DATA
Table S1. Unit costs for hospital resource use (Euro 2009)
Resource Use Unit Price Unit
Hematological outpatient visit * €110 day
Hematological daycare visit* €167 day
Emergency room visit €109 day
Intensive care unit €2,080 day
Hematological inpatient ward* €516 day
Consultation by telephone €13 day
Radiotherapy standard €1,656 per session
Radiotherapy intensive €7,971 per session
X-ray €52 per session
Skeletal scan €177 per session
CT scan €208 per session
MRI €270 per session
Radionucleide scan €350 per session
PET scan (total body) €1,411 per session
Laboratory (per test) €53 per test
Cytology testing €47 per test
Echo (ultrasound) €86 per test
Bacterial culture €14 per test
Viral culture €27 per test
Concomitant medication
Acute
Antibacterial / antifungal / antiviral €211.50 per 10 days
Anemia (red blood cell transfusion) €204.00 per unit
Thrombocytopenia (platelet infusion) €492.80 per unit
Chronic/Prophylactic
Antibacterial / antifungal / antiviral €5.56 day
Biphosponates €4.45 day
Anemia (erythropoietin injection)** €3.21 day
Neurotoxicity €9.57 day
Gastro-intestinal €217 day
Analgesics €1.70 day

*Weighting factor of 67:33 for general and university hospitals;

**Unit cost of injection given every three weeks was converted to a daily price.
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Table S2. Unit costs of therapy regimens for treatment of multiple myeloma (Euro 2009)

Therapy Unit Price
Novel agents
Bortezomib (iv) 3.5mg €954.52
Thalidomide (oral) 1mg €0.24
Lenalidomide (oral) 5mg €210.27
10 mg €222.26
15mg €233.69
25mg €256.66
Other therapy
Dexamethasone (oral) 1mg €0.06
Dexamethasone (iv) 5mg €2.66
20mg €781
Doxorubicin (iv) 1mg €1.48
Vincristine (iv) 1mg €8.82
Melphalan (iv) 50 mg €52.25
Melphalan (oral) 2mg €047
Prednisone (iv) 25mg €242
Prednisone (oral) 5mg €0.05
Cyclophosphamide (oral) 50 mg €0.14
Cyclophosphamide (iv) 200 mg €11.21
500 mg €18.15
1000 mg €34.38
Interferon alpha (subcutaneous) 1.0x 1076 IE €8.89
Fludarabine (iv) 50 mg €266.94
Lomustine (oral) 40 mg €23.39
Cytarabine (iv) 1600 mg €72.31
Etoposide (iv) 200 mg €40.25
Carboplatin (iv) 150 mg €100.65
Donor lymphocyte infusion related €2,342.03
unrelated €7,876.64
Pre-transplantation and transplantation costs
(excluding hospital visits and admissions)
Autologous PBSCT €11,149.00
Allogeneic PBSCT €29,652.00
Allogeneic MUD €65,209.00

iv: intravenous; MUD: matched unrelated donor; PBSCT: peripheral blood stem cell transplantation.
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ABSTRACT

Dutch policy regulations require outcomes research for the assessment of appropri-
ate drug use and cost-effectiveness after four years of temporary reimbursement. We
investigated whether outcomes research of bortezomib reduced the initial policymaker
uncertainty regarding real-world cost-effectiveness. Our cohort study included 139
relapsed/ refractory multiple myeloma patients who were treated outside of a clinical
study; 72 received bortezomib and 67 did not receive bortezomib. Detailed data were
retrospectively collected from medical records in 38% of Dutch hospitals. All patients
received second-line treatment; 65%, 40%, and 14%, received three, four, five or more
lines of therapy. Neither a specific treatment sequence nor an appropriate comparator
could be identified because of large variation in regimes. Kaplan-Meier curves showed
an increased overall survival (mean [median] OS: 29.5 [33.2] versus 28.0 [21.6] months)
for bortezomib patients (Wilcoxon p=0.01). Total mean costs were €81,626 (range:
€17,793 - 229,783) and €52,760 (range: €748 - 179,571) for patients receiving bort-
ezomib and patients not receiving bortezomib, respectively. However, patients treated
with bortezomib were not comparable to other patients despite attempts to correct for
confounding. Therefore, it was impossible to develop a feasible model to obtain a valid
incremental cost-effectiveness estimate. It was possible to develop evidence on the use
of bortezomib, its effects and costs in everyday practice. However, much uncertainty
remained regarding its real-world incremental cost-effectiveness. Policymakers should
carefully consider if outcomes research sufficiently decreases uncertainty or whether
other options (e.g., finance- and/or outcomes-based risk-sharing arrangements) are
more appropriate to ensure sufficient value for money.
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INTRODUCTION

Rising health care expenditures are making it extremely difficult to manage early access
to promising innovative drugs while ensuring value for money. Globally, health care
systems have therefore introduced policies to reduce initial decision makers’ uncertainty
regarding the clinical and economic performance of new, often expensive, drugs. These
policies address clinical and/or finance uncertainty, for example by means of finance-
based [1, 2] or outcome-based [2, 3] risk sharing agreements such as coverage with
evidence development schemes [4-6] or outcomes research requirements [7, 8].

Although outcomes research and evidence development requirements increasingly seem
an attractive policy option, many unanswered questions remain regarding their actual value
[2, 6, 9] and feasibility [10-12]. In The Netherlands, outcomes research requirements were
first implemented in 2006 for expensive inpatient drugs. From 2013 onwards, this policy will
be extended to specific groups of outpatient drugs. In the Dutch coverage with evidence
development policy, early access is linked with the obligation to conduct outcomes research
in accordance to guidelines [13], namely to gather data in everyday clinical practice on
appropriate drug use (e.g., patient characteristics, types of treatments, dosages, and dose
modifications) and real-world cost-effectiveness. After four years of use, a reassessment will
determine whether or not the drug will continue to be reimbursed [14]. Notably, recent
Dutch experiences revealed insufficient data to perform a reassessment after four years of
outcomes research (i.e., omalizumab, infliximab, and ranibizumab).

In 2006, bortezomib was added on the expensive drug list for relapsed/ refractory
multiple myeloma, an incurable malignant plasma cell disorder. At the time of the initial
reimbursement decision, Dutch policymakers only had information from one pivotal
phase Il trial [15], which found bortezomib to be superior to high dose dexamethasone
in terms of increased time to progression (6.22 versus 3.49 months), response rates (38%
versus 18%), response duration (8 versus 5.6 months), and one-year survival rate (80%
versus 66%). Costs were estimated at €27,432 per treated patient, which was solely
based on the price of bortezomib vials; no data on cost-effectiveness was available [16].
Despite favourable trial results, the scarcity in available evidence (i.e. one phase Il trial in
669 patients) implied a high degree of uncertainty for policymakers regarding bortezo-
mib’s value in everyday clinical practice in terms of real-world effectiveness, health care
costs and cost-effectiveness. Because bortezomib was added on the expensive inpatient
drug list, outcomes research needed to be conducted to facilitate a re-evaluation of the
initial reimbursement decision.
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This paper describes our experiences in The Netherlands in performing outcomes
research of bortezomib in relapsed/ refractory multiple myeloma. We investigated
whether outcomes research of bortezomib reduced initial policymaker uncertainty
regarding real-world use, effectiveness, health care costs, and cost-effectiveness after
data collection in everyday practice. To our knowledge, this is the first study evaluating
cost-effectiveness of bortezomib based on real-world data only.

METHODS

Patient population and data collection

To identify patients who were eligible for bortezomib treatment in everyday practice, we
selected our patient population from patients previously enrolled in a clinical trial (HO-
VONS50). The phase Il HOVON5O trial enrolled 556 (543 Dutch) patients from November
2001 to June 2005 to investigate the treatment effect of thalidomide in newly diagnosed
Durie-Salmon stage I/ lll multiple myeloma patients aged 18 - 65 years [17]. Patients
who went off-protocol from this trial regime no longer received protocol-based therapy
and were therefore eligible for our outcomes research study as they were treated for
relapsed/ refractory multiple myeloma in everyday clinical practice.

We approached Dutch hospitals to obtain permission for data collection. We continued to
include hospitals until the desired number of patients who received off-protocol treatment
for relapsed/ refractory disease had been reached. Power calculations (two-sided, a=0.05,
power= 0.7) of the desired sample size (n>124) were based on differences in response
percentages (0.38 versus 0.18) in the APEX trial [15]. In total, 139 patients were included;
72 received bortezomib and 67 did not receive bortezomib. Because many patients (49%)
were treated in more than one hospital, data were collected in 42 hospitals (38% of all
Dutch hospitals, and approximately 57% of Dutch hospitals treating haemato-oncology
patients). Figure 1 shows the flowchart of the patient selection process.

Detailed data for outcomes research were retrospectively collected from hospital re-
cords from the time of first relapsed/ refractory disease until end of follow-up. Data were
collected on baseline patient characteristics, types of treatments and regimes, dosage
schemes, adverse effects, treatment response, response rate, time to progression, time
till next treatment, survival and resource use.

Drug use and real-world cost-effectiveness

To assess drug use in everyday practice, we examined baseline patient characteristics,
types of treatments received, dosages and dose modifications. To estimate overall sur-
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vival (OS) and time to next treatment, Kaplan-Meier curves were computed from start of
relapsed/ refractory treatment stratified by receipt of bortezomib. Different adjustment
methods, such as average covariate adjustment, regression adjustment by propensity
scores and matched analysis, were applied to the Cox multivariate regression model to
correct for differences in baseline characteristics between patients receiving bortezomib
and patients not receiving bortezomib.

Treatment costs were computed from a hospital perspective. Costs for individual
patients were determined by applying unit costs to individual resource use of the fol-

HOVONS50 study population
543 Dutch patients
No 2nd treatment line recorded
''''''''''''''''''''''''''''''''''''''' in HOVONS50 database:
293 patients excluded
\ 4
Off protocol HOVON50
Receiving 2nd line treatment
(HOVON registration)
n=250
__________________________________________________ Secondary Malignancy:
7 patients excluded
Received bortezomib
''''''''''''''''''''''''''''''''''''''' in an RCT setting
31 patients excluded
___________________________________________________ <6 HOVONS5O0 patients in hospital:
25 patients excluded
___________________________________________________ Patient treated 2 3 hospitals:
1 patient excluded
___________________________________________________ Medical Records inaccessible:
3 patients excluded
A A 4
NEVER received EVER received
bortezomib in daily practice bortezomib in daily practice
n=75 n=108
_______ Sufficient sample size: —____ ) Sufficient sample size:
8 patients excluded 36 patients excluded
v v
NEVER EVER
received bortezomib received bortezomib
n=67 n=72

Figure 1. Flowchart of the patient selection process.
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lowing cost components: outpatient, emergency room, and day-ward visits, hospital
admissions, consultations by telephone, radiotherapy, (surgical) procedures, laboratory
services, medical imaging services, treatment and concomitant treatment. One-way
sensitivity analyses were carried out by varying the unit costs of hospital visits (inpatient
care, outpatient visits, and day-care treatment) between 50% and 150%. Details of the
unit costs and cost-analysis are reported elsewhere [18].

For cost-effectiveness of bortezomib in everyday practice, we investigated the feasibil-
ity to obtain comparable patient groups, identify treatment comparators, and estimate
(incremental) cost-effectiveness.

Statistical analysis was conducted with the statistical software program SAS, version 9.1
(SAS Institute Inc., Cary, NC).

RESULTS

Baseline patient characteristics

Missing values on baseline characteristics were common. Low numbers of available
prognostic data occurred for example for serum [32-microglobulin levels (71% missing),
albumin levels (34% missing), performance status (8% missing), and neurotoxicity as-
sessment (6% missing).

Based on available data, baseline characteristics at start of relapsed/ refractory treat-
ment differed between patients treated and not treated with bortezomib (see Table 1).
Significant differences were observed for the proportion of patients presenting with
neurotoxicity (p=0.01), WHO performance status (p=0.03), type of maintenance therapy
(p=0.01) and time until first progression (p=0.03). As a result, prognosis at start of re-
lapsed/ refractory disease varied greatly between both the patient groups.

Types of treatments received, dosages and dose modifications

Treatment details including type of treatment, dosages and dose modifications were
well reported in hospital records. On account of the rapid advances in recent years in
treatment options available for multiple myeloma, variation was observed in treat-
ments received by patients. Table 2 shows the number of patients receiving treatment
by treatment line. All 139 patients received second line treatment, 65% received third
line, 40% fourth line, 14% fifth line, 6% sixth line, 2% seventh line and 1% eighth line
treatment. Because of a large degree of variation, it was impossible to identify a general
treatment pattern. Nevertheless, the percentage of patients treated with thalidomide
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decreased over the lines, whereas lenalidomide usage increased. Of all patients receiv-

ing bortezomib, 79% were previously treated with thalidomide, which coincided with

Dutch treatment guidelines. Six patients received bortezomib in more than one line.

As Table 2 reveals, a combination of treatments was common practice; more than ten

drugs were given in more than twenty different combinations. The most frequent com-

binations were thalidomide/ dexamethasone (n=57), lenalidomide/ dexamethasone

Table 1. Baseline characteristics at start of relapsed/ refractory treatment

Characteristic Received bortezomib Never received P-value
(n=72) bortezomib (n=67) t
Patient-related characteristics % %
Missing Missing
Age [mean (range)] 57 (34-69) 58 (35-68) 037
Female 44% 0% 39% 0% 0.60
WHO performance status 0/ 1/ 22 59%/ 33%/ 8% 8% 35%/ 42%/ 22% 7% 0.03*
Albumin (g/1) [mean (range)] 40.0 (27.0-59.0) 14% 37.8(16.6-52.0) 16% 0.11
Serum B2 (mg/l) [mean (range)] 4.1(1.3-16.7) 64% 3.0(1.1-5.7) 79% 0.20
C-reactive protein (mg/l) [mean (range)] 11.4 (1-67) 67% 31.6 (1-171) 69% 0.07
Creatinine clearance (mmol/l) [mean (range)] 7.0(1.9-16.0) 79% 8.5(2.3-16.0) 90% 0.42
Haemoglobin (mmol/l) [mean (range)] 7.5(5.0-9.5) 31% 7.1(2.1-10.0) 31% 0.16
Platelet count (x10%1) [mean (range)] 213 (10-657) 1% 227 (28-828) 1% 0.54
Plasma cell infiltration > 50% 28% 56% 19% 46% 0.57
Neurotoxicity present 44% 10% 25% 3% 0.01*
Previous treatment-related characteristics
First line HOVON50 experimental TAD arm 40% 0% 27% 0% 0.11
Received stem cell transplantation 26% 0% 15% 0% 0.14
Maintenance therapy
None/ IFNa 43%/ 21% 0% 63%/ 24% 0% 0.01*
Thalidomide 36% 13%
Best response to first line treatment 6% 6% 0.12
Complete response/ Partial response 15%/76% 11%/ 63%
Minor response/ No change 5%/3% 11%/ 5%
Progressive disease 1% 10%
Reason for going off protocol HOVON50 0% 0%
Normal completion 25% 13% 0.09
Excessive Toxicity 21% 28% 0.33
Progression/Relapse 32% 28% 0.71
Months until first progression [mean (range)]  27.6 (2.0-57.9) 1% 22.4(1.9-61.4) 1% 0.03*

tContinuous variables were compared by Kruskall-Wallis test, and either Pearson’s chi-sqaure or Fisher’s exact
test was used to compare categorical variables across all groups; *significant at a=0.05
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Table 2. Treatments received by treatment line

All 139 patients

Line 2 Line 3 Line 4 Line 5 Line 6 Line7 Line8

Treatment (N=139) (n=90) (n=55) (n=20) (n=8) (n=3) (n=2)
Bortezomib 25 18% 35 39% 12 22% 6 30% 1 13% 1 33% O
Lenalidomide 4 3% 14 16% 21 38% 6 30% 5 63% 1 33% 1 50%
Thalidomide 73 53% 15 17% 8 15% 3 15% 1 13% O 1 50%
Adriamycin 17 12% 10 1% 4 7% 2 10% O 2 67% O
Vincristine 11 8% 6 7% 4 7% 2 10% O 0 0
Melphalan 21 15% 7 8% 5 9% 2 10% 1 13% 0 0
High dose melphalan (HDM) 9 6% 4 4% 1T 2% 0 0 0 0
Dexamethasone 80 58% 52 58% 32 58% 9 45% 5 63% 2 67% O
Prednisone 28 20% 12 13% 13 24% 10 50% 4 50% 2 67% 1 50%
Cyclophosphamide 14 10% 9 10% 14 25% 6 30% 1 13% 1 33% 1 50%
Donor lymphocyte infusion 19 14% 11 12% 4 7% 2 10% 1 13% O 0
(DLI)
Stem cell transplantation 19 14% 7 8% 2 4% 1 5% 0 0 0
(allo+auto)
Interferon alpha 0 2 2% 0 0 1 13% 0 0
Experimental 1T 1% 1T 1% 0 0 0 0 0
Other 1T 1% 2 2% 3 5% 2 10% O 0 0

Totals 322 187 123 51 20 9 4

(n=38), melphalan/prednisone (n=32) and vincristine/ adriamycin/ dexamethasone
(n=22).

Bortezomib was given as mono-therapy in 29% and as combination therapy in 71% of
the administrations. It was combined with one other treatment in 58%, two other treat-
ments in 9% and three or more other treatments in 5% of the administrations. It was
most often combined with dexamethasone (41%). Most of the patients were treated in
comparable cycle regimes similar to the pivotal registration trial (i.e. APEX trial [15, 19]).
However, patients in everyday practice received fewer treatment cycles (4 versus 6) as
well as lower dosages (13%).

It was not feasible to establish a pattern for bortezomib dose modifications according
to toxicities. Often, no reason for dose modification was reported or physicians only
reported that the condition of the patient required a dose modification without describ-
ing the reason for poorer condition. In total, 53% of bortezomib regimes required a dose
modification. As expected, the most common reported toxicity was neurotoxicity (61%).
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Product-Limit Survival Function Estimates
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49% (35) 51% (37) 33.20 (25.07 38.83)
54% (36) 46% (31) 21.57 (14.63 50.43)

Figure 2. Kaplan-Meier OS curves from start of relapsed/refractory treatment stratified by receipt of
bortezomib.

Treatment effects

Policymakers generally prefer OS and quality adjusted life years (QALYs) as outcome
measures in reimbursement decision making [20]. Therefore, OS from start of relapsed/
refractory disease was used to analyse the treatment effect of bortezomib. Moreover,
using either time to progression or progression free survival as effectiveness measures,
which is usual in clinical trials, was deemed inappropriate because physicians seemingly
used less strict criteria in comparison to clinical trials which dictate response criteria.

The mean follow-up duration was 26.0 (SD 14.4) and 21.5 (SD 16) months for patients
treated and patients not treated with bortezomib, respectively. At the end of data col-
lection, 37 bortezomib and 31 non-bortezomib patients were still alive. Kaplan-Meier
curves (see Figure 2) from start of relapsed/ refractory treatment showed a longer mean
(29.5 versus 28.0 months) and median (33.2 versus 21.6 months) OS for patients receiv-
ing bortezomib (Logrank p=0.31; Wilcoxon p=0.01). The crossing of curves might be due
to the low number of patients still in follow-up after approximately 36 months (i.e.14
patients in each group). It could also be related to great heterogeneity within the patient
groups or between the groups (i.e. patients groups are incomparable).
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Previous research found that receiving thalidomide as first line treatment is associated
with reduced overall survival after relapsed/ refractory treatment [21, 22]. Therefore,
we stratified the Kaplan-Meier curves [not shown] by HOVON50 treatment arm (Tha-
lidomide, Adriamycin, and Dexamethasone (TAD) arm versus Vincristine, Adriamycin
and Dexamethasone (VAD) arm). This revealed an increased survival (Logrank p=0.056;
Wilcoxon p=0.015) in favour of the non-experimental HOVON50 arm (mean [median]
OS: bortezomib patients VAD arm 30.9 [33.6] and TAD arm 27.0 [29.2] months; and non-
bortezomib patients VAD arm 29.9 [31.1] and TAD arm 13.7 [15.9] months). Moreover,
differences (Logrank p=0.41; Wilcoxon p=0.04) in survival [not shown] were also found
between the treatment lines in which bortezomib was administered (mean 0S: 18.8, 31,
31.6 months, and median OS: 24.0, 35.4, 32.5 for receiving bortezomib in second, third,
or fourth line or later, respectively). However, as Figure 3 shows, further stratifying all
four groups by HOVON50 treatment arm resulted in a statistically insignificant effect
on OS (Logrank p=0.16; Wilcoxan p=0.08). This was mainly due to the small number of
observations in each group (numbers ranged from 5 to 25 in the bortezomib groups).

Product-Limit Survival Function Estimates

Received bortezomib in 2nd, VAD arm (n=11)

Never bortezomib, TAD arm (n=18)

Never bortezomib, VAD arm (n=49)

----- — Received bortezomib in 2nd line, TAD arm (n=14)
—— Received bortezomib in 3rd line, TAD arm (n=10)

------- — Received bortezomib in 3rd line, VAD arm (n=25)

-~ Received bortezomib in 4th line+, TAD arm (n=>5)

Received bortezomib in 4th line+, VAD arm (n=7)

0.4 1

Survival Probability
i
i
TR
=

0.2

04 Logrank p=0.1608

T T T T
0 20 40 60

Months

Figure 3. Kaplan-Meier OS curves from start of relapsed/refractory treatment stratified by receipt of
bortezomib, bortezomib treatment line and Hovon50 treatment arm.
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Table 3. Total mean costs from start of relapsed/ refractory treatment stratified by receipt of bortezomib

Ever received bortezomib  Never received bortezomib

(n=72) (n=67)
Costs (Euro 2009) Mean SD Mean SD
Hospital admissions
Haematology/ internal/ surgical ward €12,294 €13,750 €12,168 €13,843
Intensive care unit €607 €2,909 €2,297 €6,071
Hospital visits
Outpatient €5,676 € 3,902 €3,732 €4,023
Day-care €4,799 €2,993 €1,132 €1,653
Emergency room visits €160 €216 €65 €111
Telephone consults €51 €65 €30 €53
Radiotherapy €1,971 €3,139 €1,698 €2,623
Surgery €766 €2,058 €1,383 €3,035
Diagnostics (e.g., laboratory & radiology) €7,497 €5,246 €6,417 €7,264
Concomitant medication €13,103 €8,855 €9,017 €8,637
Acute €2,521 €4,882 €802 €1,683
Chronic/ prophylactic €10,582 €7,591 €8,215 €8,398
Therapy €37,118 €28,790 € 16,496 €28,140
Bortezomib €17,407 €11,143 €0 €0
Lenalidomide €10,769 €18,062 €8,923 € 24,282
Thalidomide €514 €708 €818 €957
Dexamethasone €103 €127 €67 €69
Adriamycin €133 €268 €39 €105
Vincristine €25 €61 €6 €20
Melphalan €76 €202 €67 €124
Prednisone €21 €78 €7 €15
Interferon alpha €22 €134 €6 €49
Cyclophosphamide €17 €40 €9 €23
Donor leukocyte infusions €1,594 €3,015 €467 €1,310
Stem cell transplantation €3,969 €13,313 €4,412 €10,937
Other €52 €269 €0 €0
Total costs
Mean €81,626 €47,246 €52,760 €45,865
Minimum €17,793 €748
Maximum €229,783 €179,571

SD = standard deviation
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Despite applying different adjustment techniques (i.e., average covariate adjustment,
regression adjustment by propensity scores and matched analysis) to the Cox multi-
variate regression model, none succeeded in correcting for differences between patient
groups. This suggests that residual confounding by indication exists on account of miss-
ing information. Consequently, patients receiving bortezomib were incomparable to
patients not receiving bortezomib and thus any comparison between the groups would
be invalid.

Treatment costs

Table 3 presents the total mean costs for patients treated with bortezomib (n=72) and
patients not treated with bortezomib (n=67). Total mean costs for patients treated with
bortezomib amounted to €81,626 but varied widely between patients (range: €17,793
to €229,783). Active treatment (costs excluding stem cell transplantation €30,733; SD
€24,654) was the most important cost driver accounting for 44% of total costs. Bortezo-
mib accounted for 57% and lenalidomide for 35% of the active treatment costs. Total
mean costs for patients receiving bortezomib in second line (n=25), third line (n=35),
and fourth line or later (n=12) were €53,726, €95,962, and €97,937, respectively. These
differences were most likely due to the fact that the majority of patients (68%) treated
in second line were still in follow-up at the time of data collection compared to 54% and
8% of patients in third line and fourth line or later, respectively.

Total mean costs for patients not treated with bortezomib amounted to €52,760 and
also varied widely between patients (range: €748 to €179,571). The most expensive
patients consumed substantial high proportions of their total costs for hospital stays,
resource use and active treatment. Inpatient hospital days (€12,168; SD €13,843) was the
most important cost driver (23%), followed by active treatment (€14,821; costs exclud-
ing stem cell transplantation €10,409; SD €24,340). Lenalidomide (€8,923; SD €24,282)
accounted for 60% of the active treatment costs and 17% of the total costs; stem cell
transplant (€4,412; SD €10,937) accounted for 30% of the active treatment costs and 8%
of the total costs.

One-way sensitivity analysis by varying the unit costs of inpatient hospital days, day-care
treatments and outpatient visits appeared to have a rather modest influence on the total
mean costs. The greatest influence was obtained by varying the unit price for inpatient
hospital days (range bortezomib patients: €75,176 to €88,076; range non-bortezomib
patients: €45,527 to €59,993).
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Real-world cost-effectiveness

Because of great differences in baseline prognosis, the inability to correct for these differ-
ences, and extensive treatment variation, it was impossible to develop a feasible model
to obtain valid and precise incremental cost-effectiveness estimates of bortezomib com-
pared to other treatments. However, without the intention to make direct comparisons,
it was possible to estimate costs per month of survival for patients receiving bortezomib
and patients not receiving bortezomib.

The costs from start of relapsed/ refractory treatment for patients treated with bort-
ezomib were €2,767 per month of survival (total mean costs: €81,626; mean OS: 29.5
months). Similarly, for patients treated with bortezomib in second line, the costs were
€2,858 per month of survival (total mean costs: €53,726; mean OS: 18.8 months). Costs
for patients receiving bortezomib in third line and fourth line or later were €3,096 (total
mean costs: €95962; mean OS 31.0 months) and €3,099 (total mean costs: €97,937; mean
OS 31.6 months) per month of survival, respectively.

The costs from start of relapsed/ refractory treatment for patients not treated with
bortezomib were €1,884 per month of survival (total mean costs: €52,760; mean OS:
28.0 months).

DISCUSSION

Despite favourable findings of bortezomib’s registration study, there was a high degree
of uncertainty for policymakers in terms of real-world effectiveness, health care costs
and cost-effectiveness at the time of the initial reimbursement decision. Although out-
comes research and evidence development requirements globally seem to be popular
as well as promising policy options to reduce decision maker uncertainty [4, 7, 23], our
results show that its actual value might depend on the type of evidence required and
type of uncertainty addressed.

The reimbursement decision was based on one phase Ill trial [15]. No data were avail-
able on long-term survival and healthcare costs besides the price of bortezomib vials.
Consequently, policymakers were uncertain of bortezomib'’s effects, costs and cost-
effectiveness in everyday practice. The registration trial compared bortezomib to high
dose dexamethasone. In contrast, outcomes research showed that treatment in clinical
practice was far more heterogeneous. Although real-world patients received fewer
bortezomib treatment cycles (4 versus 6) as well as lower dosages (13%) compared to
trial patients, time to progression (6.8 versus 6.22 months) and response rates (complete
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response: 8% versus 6%; very good, partial, and minimal response: 55% versus 41%)
seemed reasonably similar. However, one-year survival rate was lower in everyday clini-
cal practice (66% versus 80%). (A detailed comparison between our real-world patients
and trial patients is reported elsewhere [24]). Furthermore, outcomes research showed
detailed healthcare costs beyond the price of bortezomib itself. Thus, outcomes research
of bortezomib provided valuable information to policymakers on types of treatments
received, which patients received or did not receive bortezomib, bortezomib dosages,
dose modifications, (overall) survival, treatment costs, and costs per month of survival
of relapsed/ refractory multiple myeloma patients in everyday clinical practice. Hence,
outcomes research reduced initial policymaker uncertainty about bortezomib use, ef-
fects and health care costs in everyday practice.

However, outcomes research did not reduce the uncertainty of the incremental cost-
effectiveness of bortezomib compared to other treatments. Because of extensive
treatment variation, it was not possible to identify appropriate treatment comparators.
Furthermore, as expected, our results confirm previous concerns [25-28] that great
heterogeneity and a lack of randomisation in everyday practice resulted in incompa-
rable patient groups. Although other observational studies successfully employed the
propensity score matching technique [29-33], essential prerequisites [34], such as large
patient numbers and consistency in comparator, were missing in our study. Despite ap-
plying different adjustment techniques to the Cox multivariate regression model, none
succeeded in correcting for differences between patient groups mainly on account of
small patient numbers, extensive treatment variation and missing data. Consequently,
we concluded that it was impossible to compare patients receiving bortezomib and pa-
tients not receiving bortezomib; any comparison between the groups would be invalid.
Therefore, a feasible model to estimate real-world incremental cost-effectiveness of
bortezomib compared to other treatments remains to be demonstrated.

At the time of reassessment, policymakers could, besides our outcomes research results,
make use of published literature providing information from various studies describing
the efficacy of bortezomib as mono-therapy or combination therapy as well as describ-
ing the efficacy of other new multiple myeloma therapies. Only a few cost studies [35-37]
and economic evaluations [38-40] were published in relapsed/ refractory multiple my-
eloma. However, previous cost-studies were based on conventional therapies [35], did
not apply micro-costing techniques [36], nor provided information on the use of novel
agents [37]. Previous economic evaluations were based on synthesising data and expert
opinions and did not use patient level data [38-40]. Therefore, our outcomes research
results provided, to our knowledge, the first results based on real-world data only.
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We believe that our results illustrate the value of outcomes research as well as its chal-
lenges and thus provide important lessons for policymakers. We acknowledge that we
base our conclusions on one outcomes research study in multiple myeloma. Therefore,
our conclusions might not be generalisable to outcomes research for all other drugs.
However, our findings regarding missing data, incomparability of patients, treatment
heterogeneity due to rapid treatment advances, and low patient numbers are most
likely generalisable to other drugs in comparable diseases. For example, recent Dutch
experiences also revealed insufficient data to perform a reassessment after four years of
data collection (i.e., omalizumab, infliximab, and ranibizumab). A limitation of our study
was that we used the HOVONS50 population to select patients who received bortezomib
outside of a clinical trial. Many Dutch multiple myeloma patients, however, received
bortezomib within a clinical trial. Consequently, we might have induced selection bias.
This is, however, partly a consequence of only using everyday practice data in outcomes
research. Even if we would have increased our sample size, outcomes research may be
infeasible for a low prevalence disease. Another limitation was the use of a retrospective
research design. Because of this, we faced a great deal of important missing information
and we could not collect data on quality of life. Although we believe that a prospec-
tive design, using a registry, would offer greater control over patient selection and data
collection, a registry will not resolve all issues as shown by four Dutch registries for
cancer patients [41]. Population-based registries might however enable the selection of
sufficient numbers of similarly treated patients and reduce issues with generalisability,
missing information, and lack of standardisation in reporting in hospital records. Fur-
thermore, registries can also be used to monitor and improve quality of care beyond
outcomes research. However, if medical records are to be used for data collection, it is
important to emphasise that there is a high need to improve reporting of clinical data.

Because much uncertainty remained regarding the incremental (cost-) effectiveness,
the question arises if outcomes research was the best option to reduce policymaker
uncertainty regarding value for money of bortezomib in relapsed/ refractory multiple
myeloma. In England and Wales, for example, after first receiving a negative advice from
NICE, the manufacturer and the UK department of health agreed on a performance
based response-rebate scheme for bortezomib [42]. Although the Dutch minister an-
nounced the implementation of risk-sharing arrangements from 2013 onwards [43],
coverage with evidence development by outcomes research has been the only legal
policy option in The Netherlands.

Several taxonomies exist that classify different risk-sharing arrangements [1, 9, 23, 44,
45], but many issues related to various arrangements are known. For example, monitor-
ing issues, administrative burden, and time-consuming procedures for filling claims
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unfortunately resulted in many missing claims in the UK bortezomib response-rebate
scheme [46]. Also other studies [2, 3, 23,47, 48] reported issues related to risk-sharing ar-
rangements, such as high implementation and transaction costs, administrative burden,
lack of transparency, challenges in measuring treatment effect, and a lack of appropriate
data infrastructures. Accordingly, the first schemes in the UK included outcomes-based
(response-rebate) schemes whereas in the later years most patient access schemes con-
cerned finance-based agreements (e.g., dose-capping), which are easier to implement
in practice. Moreover, recent Dutch experiences revealed insufficient data to perform
a reassessment after four years of data collection (i.e.,, omalizumab, infliximab, and
ranibizumab).

Nevertheless, at the time of the initial reimbursement decision, potential issues chal-
lenging outcomes research of bortezomib might have been in line with expectations
regarding relapsed/ refractory multiple myeloma treatment (i.e. small patient popula-
tion, rapid advances in treatment). However, it also remains debatable if an outcomes
based risk-sharing agreement, such as in the UK, would have decreased policymaker
uncertainty regarding the value for money of bortezomib. Although such an agreement
requires less data and great patient heterogeneity would not be an issue, other issues
are likely to exist (e.g., validity of the outcome measure, monitoring issues, administra-
tive burden). Instead of requiring outcomes research in general, as in the Dutch case,
policymakers could also consider requesting additional data on specific uncertain items
—for example prioritised by a Value of Information analysis (VOI)- to enhance outcomes
of investments of valuable resources. Policymakers could also consider requesting
Bayesian updating of the existing model, or a synthesis of evidence from the real-world
with trial follow-up and other published information.

There is currently, however, no flowchart available to policymakers which outlines the
policy options available to best address the various types of uncertainty regarding value
for money of a new health care technology under consideration for reimbursement. Fu-
ture research might consider developing guidelines that assist policymakers in selecting
the most appropriate arrangement addressing the type of uncertainty in question. Such
guidelines should preferably provide a flowchart describing different options (e.g., con-
ditional reimbursement, finance- or outcomes-based risk-sharing arrangements, patient
registry) and appropriate time-frames while taking into account the type of uncertainty
(e.g., medical or economic uncertainty), the type of disease (e.g., population size, acute
versus chronic) and characteristics of the drug.

To conclude, outcomes research of bortezomib provided valuable information to poli-
cymakers on real-world patients, types of treatments, dosages, dose modifications and
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health care costs. However, assessing (incremental) effectiveness and cost-effectiveness
was challenged by small patient numbers, missing data, extensive treatment variation
and great patient heterogeneity in everyday practice. Although the generated evidence
improved informed decision making regarding the value of bortezomib in relapsed/
refractory multiple myeloma in everyday practice, much uncertainty remained regard-
ing its incremental cost-effectiveness. At reimbursement decision making, policymakers
should carefully consider what type of evidence could lead to an acceptable reduction
in uncertainty regarding the value for money of each specific drug in its re-evaluation.
Instead of implementing outcomes research requirements in general, policy makers
should carefully consider which option (e.g., finance- or outcomes-based risk-sharing ar-
rangement) will appropriately reduce uncertainty and ensure sufficient value for money
and is worth the costs of implementation.
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ABSTRACT

Biomarkers associated with prognosis in multiple myeloma (MM) distinguish adverse
prognosis, such as patient factors, markers of tumor burden, and molecular markers
of tumor biology. Challenging the traditional uniform treatment (UT) approach, a
risk-stratified treatment (RST) is proposed where high-risk patients receive bortezomib-
based regimens while standard-risk patients receive alternative regimens. The objective
was to evaluate the potential therapeutic and economic value of RST compared to UT in
newly diagnosed transplant-eligible MM patients in Dutch daily practice. A Markov-type
decision analytic model compared total health benefits and costs for two strategies: 1)
UT where all patients received the standard of care consisting of bortezomib induction/
maintenance and 2) RST where treatment was stratified according to clinical and tumor
biomarkers only, molecular biomarkers only, or any biomarker. In RST, high-risk patients
received bortezomib while other patients received chemotherapy and thalidomide.
Input data originated from clinical trials, literature reviews, observational studies and
national tariffs. Various sensitivity and scenario analyses were performed. RST domi-
nated UT, with average health gains of 0.007-0.059 LYs (0.009-0.040 QALYs) and cost-
savings of €1,842-€4,924 depending on biomarker set. A scenario analysis for RST where
all high-risk patients received an experimental treatment increased health by 0.40 LYs
(0.30 QALYs) and costs by €2,567 compared to UT. Influential parameters included the
price of bortezomib and survival and quality-of-life-related parameters. An economic
evaluation of biomarkers in the preclinical development phase provided evidence that
RST in MM may improve health outcomes and lower costs. Modeling techniques made
it feasible to assess the circumstances under which RST would be promising and hence
guide the prioritization of designing experimental studies to evaluate clinical utility.
These findings should encourage payers and users to support the clinical development
and adoption of RST approaches in MM.
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INTRODUCTION

Multiple myeloma (MM) is a malignant plasma cell disorder that accounts for approxi-
mately 10% of all hematologic malignancies [1]. The median overall survival (OS) of MM
has nearly doubled over the past decade, ranging from 4 to 10 years. Improvement in
survival has not been realized for all patients with a subgroup of patients consistently
having a poor prognosis with a median OS of 2-3 years [2].

Markers of tumor burden and patient factors in MM are useful for predicting prognosis
and comparison of trial results. The International Staging System (ISS) is based on tumor
burden markers serum B2 microglobulin and albumin [3]. Patient factors also have
prognostic significance, such as creatinine levels as a marker of renal failure [4]. Mo-
lecular markers of tumor biology also have prognostic value, such as florescence in situ
hybridization (FISH) which demonstrated the survival for patients with and without a
cytogenetic abnormality differs significantly (median OS being 53 versus 80 months) [5].
Molecular tests based on gene expression signatures further demonstrated indepen-
dent prognostic value [6-8], and therefore incorporating of molecular markers within
prognostic classification system has been acknowledged by a number of key opinion
leaders [9, 10]. In particular classification based on ISS stage and del(17p) and/or t(4;14)
on FISH has been proposed [11]. Incorporating the patient factor creatinine and gene
expression signatures could further improve the sensitivity of prognostic classification.

The clinical utility of such a prognostic classification systems depends on its impact
in treatment decision making. Currently, two methods dictate the current treatment
approach towards newly diagnosed MM patients: a uniform treatment (UT) approach
and a risk-stratified treatment (RST) approach [12]. UT comprises of similarly treating all
patients irrespective of prognostic risk while RST adapts the treatment decision making
process based on prognostic risk. The rational for RST is based on the desire to preserve
quality-of-life for patients with a good prognosis or patient convenience or evidence for
significant differences in treatment efficacy between risk groups. For example, patients
with an expected survival beyond the median may wish to avoid high-risk of early on-
set of irreversible toxicity, while for others is the route of administration or number of
hospital visits an important factor in treatment choice. Differences in treatment efficacy
have been demonstrated; high-risk patients achieve significantly longer survival with
bortezomib-based induction regimens compared to non-bortezomib-based regimens,
while the improvement for patients without high-risk markers were not significantly
different [11, 13-18]. Itis also proposed that high-risk patients receive potentially cura-
tive experimental options that are otherwise not recommended due to high rates for
treatment-related mortality (TRM) such as allogeneic stem cell transplant (allo-SCT) [19]
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which has a 30% TRM with the possibility of cure for some patients despite initial poor
risk factors [20].

Based on these findings, we propose a RST approach for newly diagnosed transplant-eli-
gible patients where high-risk patients are stratified to bortezomib-based induction and
maintenance regimens while standard-risk patients are treated with non-bortezomib-
based regimens shown to be similarly effective without the risk of peripheral neuro-
toxicity. Such an approach has the potential to improve the health benefits of high-risk
patients while also reducing costs, such as the Netherlands, Sweden, France and the
UK, where the cost of bortezomib-based regimens is substantially higher compared to
alternative regimens [21-24].

We aimed to address the potential therapeutic and economic implications of RST versus
UT by conducting an economic evaluation for newly diagnosed transplant-eligible
patients treated in the Netherlands. We further assessed whether the cost-effectiveness
of RST where high-risk is detected by existing markers for adverse prognosis differs from
a detection method that incorporates molecular markers.

METHODS

Patient selection

Patient-level data was obtained from the HOVON 65/GMMG-HD4 trial for a total of 815
newly diagnosed transplant eligible patients randomized to either bortezomib-based
induction and maintenance (PAD-B) or chemotherapy-based induction and thalidomide
maintenance (VAD-T). Details regarding the study protocol and patient characteristics
can be found elsewhere [17].

. N No test Uniform treatment All patients Bortezomib-based regimen
Initial treatment of newly

diagnosed transplant cligible
multiple myeloma patients

High risk Bortezomib-based regimen

X

Test Risk-stratified treatment Standard risk Non-bortezomib-based regimen

y

Unknown risk Bortezomib-based regimen

1-x-y

Figure 1. Decision analytic model comparing the costs and health benefits of the uniform treatment
approach versus a risk-adapted approach.

*M denotes Markov structure and x and y denote the population prevalence of high and standard-risk
prognosis, respectively.
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Decision analytic model

A decision analytic model was used to compare the total costs and health benefits for
two strategies: 1) UT where all patients receive bortezomib-based regimens; and 2) RST
where treatment is determined according to a patient’s baseline prognosis (Figure 1).
The RST approach categorized patients into three groups: 1) high-risk patients who were
positive for one or more adverse prognostic markers; 2) standard-risk patients who did
not fulfill the criteria for high-risk and for which data was available for all prognostic
factors; and 3) unknown-risk patients for which high-risk criteria could not be met and
data was missing for one or more prognostic factors. This third group of patients were
retained in the analysis to reflect the reality of daily practice where data is often missing
and treatment decisions must be made despite thereof.

High-risk disease was detected according to three alternatives: RST-1) using currently
available prognostic tests in daily practice assumed to be the gold standard, such as ISS
stage lll, high creatinine levels (>2 mg/dL), t(4;14), or del(17p) on FISH; RST-2) using a
positive result for a high-risk gene signature that detects patients with an OS less than
2 years [7]; and RST-3) using the gold standard scenario but with reclassification only for
patients negative for the gold standard with a positive gene signature.

Markov structure

To model the disease process, a Markov model with a time horizon of 15 years com-
prised of 180 one-month cycles (Figure 2). The model assumes that a population of
408 patients enters the first cycle in the progression-free state and was at risk of two
events, either death before progression or progressive disease. Patients entering the

Newly diagnosed
transplant eligible
multiple myeloma
patients

Progression free

v

Progressive
disease

Figure 2. Markov structure of the decision analytic model

143

CHAPTER 7



144

Chapter 7.

progressive state as the first event were then at risk for death after progression. For
survival curves estimating the time to events, various distributions were assessed for
model fit according to the criteria of the lowest AIC and the -2 log likelihood. A Weibull
survival function for progression-free survival (PFS) estimated the probability of the first
event, irrespective of death or progression. The probability of the first event type being
progression or death was estimated using a logistic regression with ‘event type’ as the
dependent variable and independent variables for treatment arm, risk group, and time
to event. For progressive patients, an exponential survival function for overall survival
(OS) after progression estimated the probability of death. Covariates for treatment arm
and risk group were added to the survival functions to distinguish survival curves by
treatment/risk subgroups.

Input parameters

Supplemental tables 1 through 4 (S1-4) provide details of the regression coefficients
and supplemental tables 5 and 6 (S5, S6) provide details regarding the resource use, unit
costs and all other input parameters assumed in the analysis.

Transition probabilities

The cumulative PFS and OS probability at time=t, was calculated using the following
formula: S(t)=exp(-((t/ scale)” shape)) where i=1 to 180 months and scale was param-
eterized as exp(BO+(Bjxj)) with j corresponding to the model covariates.

The odds of the first event being progression was calculated using the following for-
mula: odds of progression = exp([30+(Bij.)) /(1+ exp(BO+(Bjxj)) where j corresponds to the
model covariates. It then follows that the odds of death = 1 - odds of progression.

Unit prices and resource use

Mean total costs were calculated from a Dutch healthcare payer perspective and were
limited to the costs of the treatment protocol, cytogenetic testing, peripheral neuropa-
thy and the costs of treatment for relapsed/refractory disease.

For calculating resource use (Table S5), the percentage of patients undergoing stem cell
transplantation and the average number of cycles of induction and consolidation was
based on the average across all patients selected for the analysis, which was decided
based on no presence of significant difference between the two treatment arms. Main-
tenance therapy began in cycle (i.e.,, month) 12 for all patients but was made to cor-
respond with the progression-free survival per treatment/risk patient subgroup. Costs
of treatment protocol were then calculated by applying unit prices (Table S6) to the
frequency or duration of resource use. Unit prices for anticancer agents were based on
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Table 1. Description of patients according to HOVON 65/GMMG-HD4 treatment arm

Descriptive parameters All patients PAD-B VAD-T P-value*
(n=815) (n=408) (n=407)
Age [mean (range)] 56 (26 - 66) 56 (32 -66) 56 (26 - 66) 0.67
No. % No. % No. %
ISS stage 0.04+

185 25% 80 22% 105 28%
I/l 559 75% 292 78% 267 72%
missing 71 9% 36 9% 35 9%
t(4;14) FISH 0.67
positive 68 14% 35 14% 33 13%
negative 435 86% 212 86% 223 87%
missing 312 38% 161 39% 151 37%
del(17p) FISH 0.12
positive 64 11% 25 9% 39 13%
negative 530 89% 261 91% 269 87%
missing 221 27% 122 30% 99 24%
elevated creatinine (> 2 mg/dL) 0.34
positive 80 10% 36 9% 44 11%
negative 735 90% 372 91% 363 89%

missing 0 0% 0 0% 0 0%
% pts classified according to strategy RST-1: 0.07t
Gold standard
High-risk: any marker 276 34% 126 31% 150 37%
Standard-risk: no marker 241 30% 123 30% 118 29%
Unknown-risk 298 37% 159 39% 139 34%
% pts classified according to strategy RST-2: 0.11

Gene signature only
High-risk positive 63 8% 26 6% 37 9%
High-risk negative 224 27% 119 29% 105 26%
Unknown-risk 528 65% 263 64% 265 65%

% pts classified according to strategy RST-3: 0.10
Gold standard or gene signature

High-risk: any marker 294 36% 136 33% 158 39%

Standard-risk: no marker 232 28% 120 29% 112 28%

Unknown-risk 289 35% 152 37% 137 34%
Grade 3PN 135 17% 88 22% 47 12% <0.001t
Grade 4 PN 18 2% 15 4% 3 1% 0.0041

*p-values for student’s t-test or chi square test of significant differences between treatment groups.
tStatistically significant difference in descriptive parameter across treatment arms at a = 0.10.

FISH: fluorescence in situ hybridization; ISS: international staging system; PAD-B: bortezomib adriamycin
dexamethasone as induction and bortezomib maintenance; PN: peripheral neuropathy; RST: risk-stratified
treatment; VAD-T: vincristine adriamycin dexamethasone as induction and thalidomide maintenance.
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tariffs from the Dutch Healthcare Insurance Board [25]. The cost of SCT was taken from
a multicenter study conducted in the Netherlands [26]. The cost of FISH testing for two
markers (i.e., t(4;14) and del(17p)) was based on the tariff for a cytogenetic FISH panel
established by the Netherlands Healthcare Authority [27]. Since the gene signature was
not yet available for purchase at the time of analysis, a price of 1500 euros was assumed
based on expert opinion.

The incidence of peripheral neuropathy (PN) was significant different between treat-
ment arms and was hence made to vary according to regimen. The cost of treatment
of PN was calculated based on the frequency and duration of treatment with the onset
of PN corresponding to the average number of days since start of protocol observed
per treatment arm. Patients with grade 3 or 4 PN were assumed to be treated daily with
pregabalin for 600mg/day based on communication with a treating neurologist. The
treatment duration was assumed 6 months until improvement of symptoms, which was
based on the median time to improvement/resolution reported in APEX trial [28]. Grade
4 patients were assumed to require 6 months of revalidation therapy at an hourly rate
and cost of a specialist visit based on the Dutch manual for costing in economic evalu-
ations [29].

An average cost for treatment of relapsed/refractory disease was applied monthly until
death following progression, which was taken from a cost study based on 139 Dutch
patients treated for relapsed/refractory disease in the era of novel agents [22].

Quality-adjusted life-years

To calculate quality-adjusted life-years (QALYs), utility values were applied to patients in
the progression-free (0.81) and progression (0.65) health states using estimates derived
from the study by van Agthoven et al. (2004) [30].

All patients with grade 3 or 4 PN were assumed to experience a reduction in quality-of-
life since the NCI CTCAE assessment criteria characterize grade 3 PN to be associated
with severe pain interfering in daily life activities and grade 4 to be further disabling
and leading to life-threatening consequences. A review of the literature identified the
results of a study by McDermott et al. (2006) which reported a mean EQ-5D health state
valuation for patients with severe neuropathic pain equal to 0.16 [31], which was ap-
plied for a duration of 6 months to patients experiencing grade 3 or 4 PN.

Discounting
In accordance with Dutch guidelines, the costs and effectiveness were discounted at a
yearly rate of 4% and 1.5%, respectively [32].



Early-stage economic evaluation of risk-stratified treatment | 147

Scenario analysis and assessment of model uncertainty

A scenario analysis was performed to assess the potential cost-effectiveness of a RST-3
approach where high-risk patients were assumed to receive experimental RIC allo-SCT
by sibling donor. The impact of RIC allo-SCT was assumed to result in 30% of patients
experiencing a 100% risk of TRM within one year following receipt of allo-SCT and 30%
of patients experiencing cure with the remaining 40% experiencing a median PFS of
2 years. Patients experiencing cure were assumed at risk of death due to other causes
based on the age-adjusted mortality rate for the Dutch population [33].

Univariate sensitivity analyses were performed to assess the impact of parameters
expected to be influential on the incremental cost-effectiveness ratio (ICER).

Gene Gene Gene

signature signature signature Totals:
Gold standard l positive negative unknown
High risk - Any of the
following: ISS Ill, t(4;14),
del(17p), or elevated 4 5 AES o
creatinine
Standard risk - None of the
following: ISS Ill, t(4;14),
del(17p), or elevated 2 1 2l
creatinine
Unknown - no confirmed
high risk with missing data
on ISS Il t(4:14), del(17p), 21 2 e
or elevated creatinine

Totals: 63 224 528 815

Figure 3. Classification and reclassification of patients according to high-risk definitions applied in
strategies RST-1, RST-2, RST-3.

Net reclassification rate: 9 + 9 = 18/815 = 2%;

Diagnostic performance of the gene signature: 40% sensitivity (45/45+68); 91% specificity (96/9+96).
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RESULTS

Patient groups and health outcomes

Table 1 shows that the age at start of treatment and creatinine levels were similar be-
tween both treatment arms. The groups differed with respect to ISS stage with VAD-T
patients more often presenting with advanced ISS stage compared to PAD-B patients
(26% vs 20%; p=0.04). Consequently, more patients in the VAD-T group (37% vs 31%;
p=0.07) were detected as high-risk by the gold standard. Despite missing data, the
groups were also similar in terms of a positive test for t(4;14), deletion 17p or the high-
risk gene signature. The groups differed regarding incidence of PN, with PAD-B patients
having anincreased incidence of grade 3 (22% vs 12%; p<0.001) or 4 (4% vs 1%; p=0.004)
compared to VAD-T patients.

Figure 3 describes the reclassification of all 815 patients when incorporating the high-
risk gene classifier into the gold standard method for detecting high-risk. In total, 9
unknown-risk and 9 standard-risk patients were reclassified as high-risk using the high-
risk gene signature, which corresponds to a reclassification rate of 2.2% (18/815). The
diagnostic performance of the high-risk gene classifier, when excluding patients with
unknown-risk according to both methods, corresponds to a sensitivity and specificity of
40% (45/45+68) and 91% (96/9+96), respectively.

Table 2 provides the median PFS and OS after progression in months per patient group
per treatment arm. Median PFS for PAD-B was significantly improved compared to the
VAD-T treatment arm. PAD-B was also superior to VAD-T when stratifying patients into
the high-risk group across all RST alternatives. In standard-risk patients, however, there
was no difference in median PFS between the two treatment regimens, thus justify-
ing the assumption that standard-risk patients receive VAD-T while high-risk patients
received PAD-B. Unknown-risk patients were also assumed to receive PAD-B on account
of the superior PFS compared to VAD-T in this group.

OS after progression, however, was similar in the PAD-B versus VAD-T treatment arm,
likely due to the rescue effect of subsequent therapy for patients treated initially with
VAD-T. Similar findings were also seen when stratifying by standard-risk and unknown-
risk patients. For high-risk patients, median OS after progression favored PAD-B.

Costs

UT was more costly (€194,613) compared to RST-1, RST-2 and RST-3 (range: €189,689-
192,771) (Table 3). Cost-savings with all RST alternatives were found for induction and
maintenance since standard-risk patients received the less costly induction regimen VAD
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and thalidomide maintenance. Cost-savings were also seen for treatment of PN since
VAD-T has a lower incidence compared to PAD-B. On the other hand, the costs of therapy
for relapsed/refractory disease were higher for RST compared to UT due to improved OS
after progression in standard-risk patients receiving VAD-T compared to PAD-B.

A comparison between RST alternatives shows little variation in the discounted total life-
time costs with a small difference mainly attributable to the costs of molecular testing.

Table 2. Kaplan Meier survival estimates of progression free and overall survival after progression
according to patient group and HOVON 65/GMMG-HD4 treatment arm

Progression free survival Overall survival after
[median (95% Cl)] progression
[median (95% Cl)]
Strategy/patient group PAD-B VAD-T PAD-B VAD-T
uT
Average all patients 349 29.1 30.5 31.3
(30.6 - 38.6)T (25.5-324)t (23.2-36.9) (22.6-37.0)
RST
High-risk
RST-1: Gold standard only 27.4 19.9 204 16.4
(22.4-34.9)t (16.8-24.1)t (17.4-38.7)t (9.6-21.6)t
RST-2: Gene signature only 17.0 11.6 14.1 6.7
(10.8-22.4)t (4.0-15.2)t (2.8-35.4) (34-13.2)
RST-3: Gold standard or gene 26.0 19.9 20.4 16.4
signature (21.5-30.8)t (16.8-24.1)t (17.4-35.4)t (9.7-22.6)t
Standard-risk
RST-1: Gold standard only 35.1 37.0 354 374
(30.4-40.7) (32.1-46.0) (30.3-NR) (26.4-39.3)
RST-2: Gene signature only 349 36.5 342 42.7
(30.1-39.6) (28.8-41.4) (20.0-NR) (324-NR)
RST-3: Gold standard or gene 355 41.1 36.6 374
signature (30.6 - 40.8) (33.2-50.7) (30.3-NR) (27.2-39.3)
Unknown-risk
RST-1: Gold standard only 382 320 27.3 42.7
(32.6-44.4)t (25.1-37.7)t (20.1-NR)t (329-NR)t
RST-2: Gene signature only 37.8 305 30.5 329
(31.5-41.5)t (26.7 -35.2)t (22.0-38.7) (24.6-39.0)
RST-3: Gold standard or gene 39.6 323 287 42.7
signature (34.7-45.1)t (25.5-37.7)t (20.1-NR)t (32.9-NR)t

tStatistically significant difference in outcome within patient group across treatment arms at a = 0.10
based on Wilcoxon statistic. Cl: confidence interval; PAD-B: bortezomib adriamycin dexamethasone as
induction and bortezomib maintenance; RST: risk-stratified treatment; SE: standard error; UT: uniform
treatment; VAD-T: vincristine adriamycin dexamethasone as induction and thalidomide maintenance.
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Cost-effectiveness

At a higher total cost and lower health benefits (6.441 LYs or 4.385 QALYs), UT was the
least cost-effective option at €30,215/LY or €44,382/QALY compared to all RST alterna-

Table 3. Modeled estimates of lifetime direct medical costs per treatment strategy
Induction CAD/SCT/ Mainte- Grade3 Grade4 Therapy Mo-  Total costs

HDM nance PN PN for RRMM lecular (discounted)
testing
uT
Bortezomib forall €11,737 €41,093 €29,734 €252 €711 €148,386 €- €194,613
patients
RST
RST-1: Gold
standard
averageforall €8359  €41,153  €20,715 €216 €548 €156,768 €868 € 189,689
patients
High-risk- €11,701  €40,582  €25,807 €247 €706 €97,500 €868 €156,201
bortezomib
Standard-risk - no €523 €41,347 €1,603 €134 €171 €188407 €868 €187,102
bortezomib

Unknown-risk- €11,759 €41,455  €31,432 €255 €715 €179308 €868 €218,217
bortezomib

RST-2: Gene
signature only

averageforall €8476 €41,172  €21,222 €217 €554 €158973 €1,500 €192,545

patients
High-risk- €11,508 €38,331 €12,236 €225 €681 €55,047 €1,500 €111,499

bortezomib
Standard-risk - no €523 €41,205 €1,572 €132 €169 €176,285 €1,500 €179,342

bortezomib

Unknown-risk- €11,764 €41,439 €30,979 €255 €715 €161,475 €1,500 €206,543
bortezomib
RST-3: Gold
standard or
gene signature

average forall  €8,437 €41,182 €20,765 €217.05 €552 €158874 €2,368 €192,771
patients

High-risk- €11,699  €40,502 € 25,390 €246 €705 €98,246 €2368 €157,924
bortezomib

Standard-risk - no €523 €41,543 €1,634 €135 €172 €200,728 €2368 €197,274
bortezomib

Unknown-risk- €11,763  €41,505 €31,714 €255 €715 €180,010 €2,368 €220,333
bortezomib

CAD: cyclophosphamide adriamycin dexamethasone; HDM: high dose melphalan; PN: peripheral
neuropathy; RRMM: relapsed refractory multiple myeloma; RST: risk-stratified treatment; SCT: stem cell
transplantation.
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tives. The average cost-savings for RST ranged from €1,842 to €4,924 for health gains
in the range of 0.007 to 0.059 LYs or 0.009 to 0.040 QALYs, depending on the detection
method for high-risk. The ICERs for all RST alternatives were considered dominant to UT
as they offered a ‘win-win’situation of health gains at reduced costs.

Table 4. Modeled estimates of the cost-effectiveness of stratified treatment versus uniform treatment

Costs (€) Effectiveness (LYs) Effectiveness (QALYs)

Incre- Total Incre- ICER Incre- ICER

% pa- Total mentil LYs ment*al L) total menta: (QALY)

tients costs costs LYs QALYs QALYs
uT
Bortezomib forall 100% € 194,613 6.441 4.385
patients

RST

RST-1: Stratified us-
ing gold standard

average forall 100% €189,689 €-4,924 6449 0.007 Domi- 4.394 0.009 Domi-

patients nant nant
High-risk - bortezomib 30.9% € 156,201 4734 3.285
Standard-risk-no 30.1% € 187,102 7.015 4,788
bortezomib
Unknown-risk - bort- 39.0% €218,217 7.370 4,969
ezomib

RST-2: Stratified us-
ing gene signature

average forall 100% €192,545 €-2,068 6.500 0.059 Domi- 4.425 0.040 Domi-

patients nant nant
High-risk - bortezomib  6.4%  €111,499 2487 1.723
Standard-risk-no 29.1% € 179,342 6.614 4534
bortezomib
Unknown-risk - bort-  64.5% € 206,543 6.846 4.645
ezomib

RST-3: Gold standard
or gene signature

averageforall 100% €192,771 €-1,842 6493 0.052 Domi- 4.419 0.034  Domi-

patients nant nant
High-risk - bortezomib  33.3% € 157,924 4.676 3.240
Standard-risk-no 29.4% €197,274 7.349 4.995
bortezomib
Unknown-risk - bort- 37.3% €220,333 7.440 5.018
ezomib

*Calculated as RST minus UT. ICER: incremental cost-effectiveness ratio; LY: life-year; RIC allo-SCT: reduced-
intensity conditioning allogeneic stem cell transplant; RST: risk-stratified treatment; QALY: quality-
adjusted life-year; QoL: quality-of-life; UT: uniform treatment.
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The cost-effectiveness ratio (CER) of the three RST scenarios was similar while their
therapeutic and economic value differed. The RST-1 alternative offers the least improve-
ment in health while at the greatest cost-savings at a cost-effectiveness ratio (CER)
of €29,413/LY or €43,170/QALY. RST-2 and RST-3 offered greater health gains despite
lower cost-savings compared to RST-1. RST-2 was less costly and offered greater health
gain compared to RST-3, thus representing the more economical option with a CER of
€29,622/LY or 43,512/QALY versus €29,689/LY or €43,623/QALY, respectively.

Scenario analysis and parameter uncertainty

A hypothetical RST-3 scenario where all high-risk patients were assumed to receive
experimental RIC allo-SCT was found to increase costs by €2,567 and improve health
by 0.40 LYs and 0.30 QALYs compared to UT (Table 5). Survival-related parameters and
the utility of the progressive health state were influential on the cost-effectiveness of
RST, with lower values for these parameters leading to health loss with RST compared to
UT. Incremental costs were influenced further by the cost of bortezomib demonstrating
that at lower prices for bortezomib it is more cost-effective to treat all patients with
bortezomib rather than spend the extra money to test all patients.

Table 5. Scenario analysis to estimate the effectiveness and cost-effectiveness of experimental therapy for
high-risk patients

Costs (€) Effectiveness (LYs) Effectiveness (QALYs)

Total Incremen- Total Incre- ICER(LY) Total Incre- ICER

Scenario analysis: High-risk receive costs  tal costs* LYs mental QALYs mental (QALY)
LYs * QALYs*

RIC allo-SCT

RST-3: Gold standard or gene signature
average for all patients  100% €197,180 €2,567 6.841 0400 €6425 4.686 0300 €8,545

High-risk - bortezomib 33.3% €171,164 5.721 4,041
plus RIC allo-SCT

Cure: Background 30% €158,913 12.989 9.297
mortality only

TRM: Death within one 30% €120,259 0.987 0.686
year following transplant
procedure

Median PFS of 2 years 40% €218,531 3.821 2616

tStandard-risk-no 29.4% €197,274 7.349 4.995
bortezomib

tUnknown-risk- 37.3% €220,333 7.440 5.018
bortezomib

*Calculated as RST minus UT. tModeled estimates of costs and effectiveness for these patients were
unchanged since treatment was assumed to remain the same as in the base case. ICER: incremental
cost-effectiveness ratio; LY: life-year; RIC allo-SCT: reduced-intensity conditioning allogeneic stem cell
transplant; TRM: treatment-related mortality; QALY: quality-adjusted life-year; QoL: quality-of-life.
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DISCUSSION

We report here the first study to show using standard decision analytic modeling tech-
niques the potential for both the therapeutic and economic benefits of RST approaches
in MM that incorporates molecular markers of adverse prognosis. Decision analytical
modeling was useful for assessing the potential clinical utility and budget impact of
possible scenarios for RST management as well as the influence of the uncertainty sur-
rounding the therapeutic evidence. As expected, the evidence regarding the survival
outcomes for the treatment options in each risk group was found to be influential. Cur-
rently, it is only believed to be useful to stratify high-risk patients, particularly ultra-high-
risk, to bortezomib, while the impact of RST on all other patients is not yet developed. To
resolve the uncertainty about the therapeutic impact of RST approaches, the next step
is to update the model with extended follow-up and additional patients once available.

The question remains which of the three methods for detecting high-risk disease is pre-
ferred since all three RST approaches incorporating molecular markers were found to be
cost-effective compared to UT. It is not likely for all three scenarios to be feasible across
all care settings or even appropriate for every treatment goal. Their feasibility requires
the technical capability and an adequate amount of bone marrow cells to perform
molecular testing. For settings that do have the capability, the detection methods that
maximize health benefits for all patient groups are those that incorporate FISH with a
high-risk gene signature. Despite a low sensitivity compared to FISH, the high-risk gene
signature could have value when used alone as it did provide additional independent
prognostic value as well as potential for cost-savings. The choice between the less sensi-
tive detection method based only on the gene signature (RST-2) and that with greater
sensitivity which incorporates additional markers (RST-3) will depend on the cutoff level
imposed for the definition of high-risk prognosis which is actually dependent on the
treatment goal at hand. Since a lower cutoff based on a median of 2 years will detect
the most severe form of high-risk, an RST approach based on the gene signature alone
would be preferred for treatment decisions with the goal of treating the most severe
patients with an experimental treatment option that offers the change of cure despite a
high-risk of TRM. A higher threshold, on the other hand, will identify additional patients
with a less severe prognosis who have shown to demonstrate significant improvements
with bortezomib. Nonetheless, our results demonstrate that RST management incorpo-
rating a high-risk gene signature to a current prognostic classification system can be
a cost-saving method to identify additional patients of adverse prognosis that are not
picked up by existing techniques.
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Currently, bortezomib-based regimens as initial therapy is the preferred option for most
patients regardless of prognostic risk [34, 35]. Only for high risk patients is stratification
to alternative treatment options suggested [36], such as experimental regimens used
alone or in combination with bortezomib and lenalidomide, more intensive bortezomib
dose, or allo-SCT. However, there is currently no evidence for improved prognosis in
high-risk patients receiving these alternatives. Taking into account the small number of
high-risk patients, developers and key opinion leaders may face uncertainty regarding
whether it is worthwhile to perform clinical efficacy studies for these alternatives, which
are not only time-consuming and costly but also have a low chance of a significant
finding. Using standard decision analytic modeling techniques, it has been shown that
early economic evaluations assessing the potential therapeutic and economic impact
of experimental treatment strategies allows decisions about product development to
be based on the knowledge that is available prior to the clinical research phase [37].
By applying the same method, the findings shown here for the RST-3 scenario analysis
demonstrate the circumstances that a strategy incorporating allo-SCT for high-risk pa-
tients must fulfill to improve prognosis and be economically favorable. The usefulness
of developing such a model is that it can be adapted to evaluate the outcomes achieved
with the alternatives mentioned above.

It is nowadays considered mandatory to perform cytogenetic testing of newly diag-
nosed patients [10]. However, our results demonstrate that a large, influential group
of unknown-risk patients could not be classified due to missing data on cytogenetics.
Surprisingly, this was observed within a trial setting where more stringent protocols
exist suggesting that missing cytogenetic is surely to be an even greater issue in
daily practice. The problem with missing data on prognostic factors is that it is not clear
whether its occurrence is random. A randomly missing test could be associated with
differences in treatment center protocol or technical issues with testing. If random, it is
expected that the outcomes for such patients would be similar to that with the uniform
approach. However, this group consistently demonstrated the most favorable prognosis
suggesting that the missing data was not truly random and instead represents a more
homogenous group. Given that there is potential for therapeutic and economic benefits
to molecular testing, future research is needed to gain a better understanding of the
barriers to the use of cytogenetic testing in daily practice. Insight into the attitude of
practitioners toward molecular techniques may pinpoint strategies to improving their
adoption in daily practice and consequently the quality and costs of care.

There are a few issues concerning the generalizability of the results. First, alternate
molecular markers for high-risk could have been use in the detection method. It is well
known that the definition of high-risk varies across studies, with details on cytogenetic
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factors not consistently available. For example, recent evidence shows that t(4;14) may
not be an independent marker for high-risk but instead indicative of an intermedi-
ate risk group consisting of heterogeneous patients[8, 38]. This marker was however
retained on account of the numerous studies demonstrating bortezomib to overcome
some high-risk features of t(4;14), indicating these patients would not be candidates for
non-bortezomib-based regimens. Additional cytogenetic markers for adverse progno-
sis, such as t(14;16) and t(14;20)[39], are also candidate markers but were unfortunately
not available. Inclusion of these markers could further improve the sensitivity of the
gold standard assumed in our analysis, which presents an interesting scenario for fur-
ther research. Second, the trial patients from whom the outcomes were based may not
be representative of daily practice patients in terms of prognosis and/or comorbidities.
The advantage of a decision analytic model is that it can easily be adapted with obser-
vational data to assess whether the outcomes seen here are realistic to the everyday
daily practice patient. Third, preferences for particular regimens may differ across set-
tings as a consequence of cost. For example, thalidomide is not available as generic
in the US and has been shown in some instances to be more costly to bortezomib [40].
Given that the cost of bortezomib was influential in our analysis, an RST approach for
bortezomib-based versus thalidomide-based regimens may not be financially attractive
in the US compared to UT. Finally, the alternative induction regimen VAD may not be
a relevant therapy option for some settings. At the time the trial was conducted, VAD
was considered a relevant alternative, while many now consider thalidomide induction
(TAD) the relevant alternative. However, we believe VAD to remain relevant given that
its main active therapy is dexamethasone which continues to be commonly used as
monotherapy within and outside a trial setting.

Some limitations to the methods also deserve mentioning. First, the diagnostic
performance observed for the high-risk gene signature used in our analyses may be
considered overly optimistic since the same patients from which it was developed were
used to assess its performance and hence cost-effectiveness [41]. The results could also
be susceptible to a phenomenon known as the spectrum effect which leads to a falsely
high test performance when the study population used to evaluate the performance
of a test does not adequately represent all subgroups with the target population [42].
Consequently, the diagnostic performance and hence cost-effectiveness of the gene
signature could differ depending on the study population, particularly when the genetic
determinants of high-risk disease differ in other patient populations. Future research
efforts should aim to externally validate the findings of our study using an independent
dataset. Second, the utility values to compute QALYs were based on conventional as op-
posed to targeted therapies. The choice of utility values was simply based on available
estimates in the literature. The lack thereof is a consequence of the fact that preference-
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based measures, such as the EuroQol five-dimensional (EQ-5D) questionnaire, are not
included in many cancer trials but instead non-preference-based measures to assess
patient-reported outcomes. Efforts to generate updated utility values from non-prefer-
ence-based measures for multiple myeloma are currently underway using the method
of mapping [43, 44].

To conclude, RST approaches using molecular markers for bortezomib-based regimens
versus alternative regimens in newly diagnosed transplant-eligible MM patients have
the potential to be more effective and less costly compared to UT. A few issues remain,
however, that need to be addressed by future research to properly assess the value of RST
in MM: 1) consensus on the definition of high-risk and the relevant treatment options; 2)
the barriers to adoption of molecular testing in daily practice; and 3) model validation
in independent datasets. A re-assessment of the effectiveness and cost-effectiveness of
RST is needed as additional evidence regarding the clinical utility of markers of adverse
prognosis in MM comes available.
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SUPPLEMENTAL DATA

Table S1. Regression coefficients to model survival in the uniform treatment strategy

coefficient se p-value
Regression coefficients for Weibull PFS
constant 3.553 0.111 <0.001
PAD-B (versus VAD-T) 0.1712 0.0713 0.0163
shape 1.1811 0.0428
Regression coefficients for exponential OS model after progression
constant 3.7071 0.2143 <0.001
PAD-B (versus VAD-T) 0.0411 0.1375 0.765

shape 1.0000

Regression coefficients for logistic model to estimate probability of

first event being progression (versus death)

constant 0.1377 0.4706 0.7699
PAD-B (versus VAD-T) -0.3104 0.3006 0.3019
time to event (months) 0.1481 0.0184 <0.001

OS: overall survival; PAD-B: bortezomib adriamycin dexamethasone as induction and bortezomib
maintenance; PFS: progression-free survival; se: standard error; VAD-T: vincristine adriamycin
dexamethasone as induction and thalidomide maintenance.

Table S2. Regression coefficients to model survival in risk-stratified treatment-1 strategy

coefficient se p-value
Regression coefficients for Weibull PFS
constant 3.6853 0.1222 <0.001
PAD-B (versus VAD-T) 0.1593 0.0705 0.0238
high-risk (versus unknown-risk) -0.3614 0.0825 <0.001
standard-risk (versus unknown-risk) 0.0028 0.0895 0.9746

shape 1.1971 0.0433
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Table S2. (Continued)

coefficient se p-value
Regression coefficients for exponential OS model after progression
constant 3.9988 0.2439 <0.001
PAD-B (versus VAD-T) 0.0155 0.1377 0.9104
high-risk (versus unknown-risk) -0.7039 0.1559 <0.001
standard-risk (versus unknown-risk) 0.0458 0.1934 0.8128
shape 1
Regression coefficients for logistic model to estimate probability of
first event being progression (versus death)
constant 0.3591 0.5361 0.503
PAD-B (versus VAD-T) -0.3256 0.3016 0.2803
high-risk (versus unknown-risk) -0.3079 0.3447 0.3717
standard-risk (versus unknown-risk) -0.1798 0.4256 0.6726
time to event (months) 0.1469 0.0186 <0.001

OS: overall survival; PAD-B: bortezomib adriamycin dexamethasone as induction and bortezomib
maintenance; PFS: progression-free survival; se: standard error; VAD-T: vincristine adriamycin
dexamethasone as induction and thalidomide maintenance.

Table S3. Regression coefficients to model survival in risk-stratified treatment-2 strategy

coefficient se p-value
Regression coefficients for Weibull PFS
constant 3.6058 0.1095 <0.001
PAD-B (versus VAD-T) 0.1728 0.0684 0.0115
high-risk (versus unknown-risk) -1.0381 0.1152 <0.001
standard-risk (versus unknown-risk) 0.0169 0.0787 0.8304
shape 1.2302 0.0443
Regression coefficients for exponential OS model after progression
constant 3.7341 0.2175 <0.001
PAD-B (versus VAD-T) 0.0704 0.1381 0.6102
high-risk (versus unknown-risk) -1.0142 0.1888 <0.001
standard-risk (versus unknown-risk) 0.1748 0.1731 03124
shape 1
Regression coefficients for logistic model to estimate probability of
first event being progression (versus death)
constant 0.262 0.4926 0.5948

) -0.2864 0.3034 0.3452

high-risk (versus unknown-risk) -0.3154 0.393 0.4223
standard-risk (versus unknown-risk) -0.3606 0.3557 0.3108
) 0.1472 0.0186 <0.001

PAD-B (versus VAD-T

time to event (months,
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OS: overall survival; PAD-B: bortezomib adriamycin dexamethasone as induction and bortezomib

maintenance; PFS: progression-free survival; se: standard error; VAD-T: vincristine adriamycin

dexamethasone as induction and thalidomide maintenance.

Table S4. Regression coefficients to model survival in risk-stratified treatment-3 strategy

coefficient se p-value
Regression coefficients for Weibull PFS
constant 3.6993 0.1217 <0.001
PAD-B (versus VAD-T) 0.1607 0.0701 0.0219
high-risk (versus unknown-risk) -0.4043 0.0814 <0.001
standard-risk (versus unknown-risk) 0.0220 0.0913 0.8092
shape 1.2026 0.0434
Regression coefficients for exponential OS model after progression
constant 4.0000 0.2357 <0.001
PAD-B (versus VAD-T) 0.0182 0.1377 0.8905
high-risk (versus unknown-risk) -0.6953 0.1554 <0.001
standard-risk (versus unknown-risk) 0.1180 0.2027 0.5605
shape 1.0000
Regression coefficients for logistic model to estimate probability of
first event being progression (versus death)
constant 0.3889 0.5353 0.4675
PAD-B (versus VAD-T) -0.328 0.3018 0.2771
high-risk (versus unknown-risk) -0.3735 0.3434 0.2768
standard-risk (versus unknown-risk) 0.0042 0.4586 0.9927
time to event (months) 0.1454 0.0185 <0.001

OS: overall survival; PAD-B: bortezomib adriamycin dexamethasone as induction and bortezomib

maintenance; PFS: progression-free survival; se: standard error; VAD-T: vincristine adriamycin

dexamethasone as induction and thalidomide maintenance.

Table S5. Input parameters for resource use, quality of life utilities and discounting

Input parameters Estimate Source Reference
Frequency and duration of resource use

Duration of induction (no. cycles) 3 Sonneveld et al. (2012) [171
Proportion of patients receiving auto-SCT 88% Sonneveld et al. (2012) [17]
Cycle when CAD/auto- SCT/HDM is given 6 Sonneveld et al. (2012) [17]
Proportion of patients receiving 1 cycle HDM 52% Sonneveld et al. (2012) [17]
Proportion of patients receiving 2 cycles HDM 34% Sonneveld et al. (2012) [17]
Proportion of patients receiving allo-SCT 8% Sonneveld et al. (2012) [17]
Cycle when allo-SCT is given 9 Sonneveld et al. (2012) [17]
Proportion of patients with grade 3 PN Sonneveld et al. (2012) [17]
PAD-B treatment arm 22% Sonneveld et al. (2012) [17]
VAD-T treatment arm 12% Sonneveld et al. (2012) [17]




Table S5. (Continued)
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Input parameters Estimate Source Reference
Proportion of patients with grade 4 PN
PAD-B treatment arm 4% Sonneveld et al. (2012) [17]
VAD-T treatment arm 1% Sonneveld et al. (2012) [17]
Duration of grade 3 PN (total no. of cycles) 6 Richardson et al. (2009) [28]
Duration of grade 4 PN (total no. of cycles) 6 Richardson et al. (2009) [28]
Incident cycle of PN grade 3 Sonneveld et al. (2012) [17]
PAD-B treatment arm 4 Sonneveld et al. (2012) [17]
VAD-T treatment arm 12 Sonneveld et al. (2012) [17]
Incident cycle of PN grade 4 Sonneveld et al. (2012) [17]
PAD-B treatment arm 1 Sonneveld et al. (2012) [17]
VAD-T treatment arm 9 Sonneveld et al. (2012) [17]
Daily dose of pregabalin for grade 3 or 4 PN 600 Based on expert clinical opinion
(mg)
Number of revalidation visits per cycle 22 Based on expert clinical opinion
Number of specialist visits for PN per month 2 Based on expert clinical opinion
Health state utilities
Progression-free health state 0.81 van Agthoven et al. (2004) [30]
Progression health state 0.65 van Agthoven et al. (2004) [30]
Grade 3 or 4 PN 0.16 McDermott et al.(2006) [31]
Discount rate
Costs 4% Dutch Healthcare Insurance Board [32]
(Cv2)
Effects 1.5% Dutch Healthcare Insurance Board [32]

(Cvz)

CAD: cyclophosphamide adriamycin dexamethasone; HDM: high dose melphalan; PAD-B: bortezomib
adriamycin dexamethasone as induction and bortezomib maintenance; PN: peripheral neuropathy; SCT:
stem cell transplantation; VAD-T: vincristine adriamycin dexamethasone as induction and thalidomide

maintenance.

Table S6. Unit prices
Unit prices Unit Unit  Source Reference
price
(Jan
2012)
Anticancer agents
Vincristine 1mg €9.74  Dutch Healthcare Insurance Board (CVZ) [25]
Doxorubicin 1mg €1.48  Dutch Healthcare Insurance Board (CVZ) [25]
Dexamethasone 1mg €0.06 Dutch Healthcare Insurance Board (CVZ) [25]
Thalidomide 50 mg €3.50 Dutch Healthcare Insurance Board (CVZ) [25]
Bortezomib  3.5mg €955 Dutch Healthcare Insurance Board (CVZ) [25]
Cyclophosphamide 1 mg €0.04 Dutch Healthcare Insurance Board (CVZ) [25]
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Table S6. (Continued)
Unit prices Unit Unit  Source Reference
price
(Jan
2012)
Anticancer agents
Melphalan ~ 1mg €3.49  Dutch Healthcare Insurance Board (CVZ2) [25]
Etoposide 1 mg €1.14  Dutch Healthcare Insurance Board (CVZ) [25]
Cisplatin ~ Tmg €0.50 Dutch Healthcare Insurance Board (CVZ) [25]
Prednisone 1 mg €0.01  Dutch Healthcare Insurance Board (CVZ) [25]
Pre-transplantation phase
G-CSF (filgrastim) 30x10A6 € 103.01 Dutch Healthcare Insurance Board (CVZ) [25]
E/ML
Auto-SCT pre-transplantation 1 unit €11,937 Blommestein et al. (2012) [26]
RIC Allo-SCT pre-transplantation 1 unit €31,480 Blommestein etal.(2012) [26]
Transplantation and follow-up
phase
Auto-SCT pre-transplantation 1 unit €21,123 Blommestein et al. (2012) [26]
RIC Allo-SCT pre-transplantation 1 unit €24,894 Blommestein et al. (2012) [26]
Post-transplantation 1-year
follow-up phase
Auto-SCT pre-transplantation 1 unit €12,610 Blommestein etal. (2012) [26]
RIC Allo-SCT pre-transplantation 1 unit €45,549 Blommestein et al. (2012) [26]
Peripheral neuropathy
Pregabalin  1mg €0.01  Dutch Healthcare Insurance Board (CVZ) [25]
Revalidation therapy 1 hour €110  Hakkart van-Rooijen et al. (2010) [29]
Specialist visit 1 unit €72 Hakkart van-Rooijen et al. (2010) [29]
Tmonth €3,981 Gaultney etal. (2012) [22]
Relapsed/refractory therapy
Molecular testing
FISH test per test €868  Dutch Healthcare Authority (NZa) [27]

High-risk gene signature pertest €1,500 Based on expert opinion

CAD: cyclophosphamide adriamycin dexamethasone; FISH: fluorescence in situ hybridization; G-CSF:
granulocyte-colony stimulating factor; HDM: high dose melphalan; PAD-B: bortezomib adriamycin
dexamethasone as induction and bortezomib maintenance; PN: peripheral neuropathy; RIC: reduced-
intensity conditioning; SCT: stem cell transplantation; VAD-T: vincristine adriamycin dexamethasone as
induction and thalidomide maintenance.
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ABSTRACT

A cost-effectiveness analysis was performed to assess the potential value of companion
diagnostics in supporting treatment decisions for dasatinib and nilotinib in chronic
myeloid leukemia. A decision model was developed, and model inputs were taken from
the literature and publicly available sources. The perspective of the healthcare sector in
the Netherlands was used. Sensitivity and scenario analyses were performed to assess
uncertainty in the results. The companion diagnostic could improve health and reduce
costs though the estimates are uncertain due to limited evidence for comparative ef-
fectiveness between dasatinib and nilotinib. The results were sensitive to the cost of
treatment, utility of progression and progression-free survival. This case demonstrates
the use of cost-effectiveness analysis at an early stage of health technology assessment
to generate economic evidence for their use in treatment decisions and to support
decision-making for their development.
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INTRODUCTION

Recent advances in oncology treatment have resulted in a new treatment paradigm
based on agents that specifically target biomarkers. Optimal use of targeted agents
can be determined by companion diagnostics, either genomic- or tumor-based, that
provide information about treatment efficacy at a functional level of the target for a
particular tumor. Their application may lead to improved guidance of drug discovery at
its earliest stages and direct individualized care of cancer patients [1]. The introduction
of such tests into clinical practice has been lagging due to a variety of barriers such
as the complexity of the technology and various clinical, economic and organizational
barriers [2, 3].

Cost-effectiveness of companion diagnostics

Cost-effectiveness analysis (CEA) is a method for comparing the relative costs and ben-
efits of competing alternatives under conditions of limited resources. In the healthcare
sector, an incremental cost-effectiveness ratio is calculated whereby a new treatment
strategy is compared with current practice[4]. CEA has played a crucial role within the
healthcare framework to inform decisions at various levels. Proponents believe that it
has a similar role in assessing the clinical value of personalized medicine [5]. Testing
before treating may be economically viable if the savings gained by avoiding ineffective
treatment and adverse events are greater than the costs of testing. One well-known
study reported favorable cost-effectiveness results for a companion diagnostic in breast
cancer [6]. However, systematic reviews of CEAs in companion diagnostics have high-
lighted the scarcity of such studies and the need for higher quality economic evidence
supporting their use [7, 8].

Application of companion diagnostics in CML

Chronic myeloid leukemia (CML) is a myeloproliferative disorder characterized by a
chromosomal translocation that gives rise to a gene that encodes a deregulated tyro-
sine kinase [9]. An effective tyrosine kinase inhibitor (TKI), imatinib, has demonstrated
significant activity in CML. This novel therapy has few side effects, a favorable record
of efficacy [10], and was found to be cost-effective [11-16]. Nonetheless, resistance to
imatinib is common with up to 80% becoming resistant after five years, depending on
disease phase [10, 17, 18]. The only clinically significant predictor of resistance to TKI
therapy is the presence of T315] mutation [19].

Newer, alternative TKls (nilotinib and dasatinib) are used to treat patients resistant
to both standard-dose (400 mg daily) and high-dose (800 mg daily) imatinib. In the
absence of a prospective study and a CEA comparing the two, it is difficult to make a
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general recommendation for one over the other. Poor quality evidence demonstrating
the cost-effectiveness of dasatinib and nilotib has resulted in some decision-makers,
such as the National Institute for Health and Clinical Effectiveness (NICE), to claim that
dasatinib and nilotinib cannot be recommended for use [20]. The choice between two
alternative TKIs for which little comparative effectiveness evidence is available presents
an opportunity for applying personalized medicine.

As improved outcomes in CML have been shown to be associated with a patient’s
response to therapy [21, 22], many practitioners are using fluorescence in situ hybridiza-
tion (FISH) testing for response monitoring after start of treatment [23]. Prediction of an
individual patient’s response profile to therapy prior to therapy with a companion diag-
nostic may improve outcomes in current care by application of personalized medicine.

We conducted a CEA to assess the potential cost-savings and health gains of treating
according to the results of a companion diagnostic in CML. The companion diagnostic
described in this report is based on kinase activity profiling technology using a diag-
nostic microarray platform for predicting response profile to therapy prior to start of
therapy. It has been applied in several therapy response prediction studies, including
CML [24-26].

METHODS

Analytical approach

A decision model was developed for a baseline population of CML patients in the
chronic phase who were eligible for second-line therapy with TKiIs, failed to respond to
high dose imatinib, and who lack the T315I mutation. The perspective of the healthcare
sector in the Netherlands was used. Direct medical costs consumed by the hospital and/
or healthcare insurer relevant to the comparator strategies were identified and valued.
A two-year time horizon was chosen because the median follow-up available in the
literature at the time of conducting the present CEA for patients undergoing second-line
therapy with TKls was limited [27, 28]. Costs and effects were discounted at a rate of
4% and 1.5%, respectively, in abidance with the Dutch guidelines for cost-effectiveness
analyses[29].

Model structure

Figure 1 presents the structure of the model comparing the following treatment strate-
gies: 1) no testing strategy, which represents current care and consists of second-line
treatment with dasatinib during the first year and a switch to nilotinib during the second
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Optimal response with dasatinib: Disease progression
Administer dasatinib

No progression

Optimal response with nilotinib: Disease progression
Administer nilotinib

No progression
Response testing with
companion diagnostic Respond to both dasatinib and nilotinib: Discase progression
| Administer dasatinib

Treatment of chronic
phase CML

patients who fail high
dose imatinib therapy
and lack T3151 Allogeneic SCT
mutation Respond to neither dasatinib or nilotinib: [ “4Noprogression
Administer alternative therapy

No progression

Discase progression

!

Disease progression
Respond to dasatinib INFa+LDAC

No progression

!

No testing:

s Di .
dasatinib for all Respond to iscase progression

3rd line nilotinib
No progression

H

No response to dasatinib:

Administer nilotinib as 3rd line treatment Disease progression
Allogeneic SCT

No response to No progression

3rd line nilotinib

Disease progression

INFa+LDAC
No progression

Figure 1. Structure of the decision model comparing the companion diagnostic strategy to the no testing
strategy in second-line treatment for CML.
SCT: stem cell transplant; IFNa+LDAC: interferon-alpha plus low-dose arabinosylcytosine.

year if failing to respond; and 2) companion diagnostic strategy, where treatment deci-
sions were made on the basis of the patient’s response profile as depicted by biomarker-
based testing.

The no testing strategy was based on the treatment recommendations for the target
patient population as described by the Dutch Handbook for treatment of hematological
disorders [30]. It was assumed that dasatinib is first administered to patients who fail
first-line imatinib therapy followed by treatment with nilotinib after failing dasatinib.
Patients not responding to dasatinib within the first 12 months were assumed to receive
nilotinib for the second 12-month period.

In the second strategy, patients were classified into one of the following categories ac-
cording to the predicted response by the companion diagnostic: 1) optimal responder to
dasatinib, 2) optimal responder to nilotinib, 3) optimal responder to both and 4) optimal
responder to neither. Each patient was treated according to the results of the test as-
suming the performance of the test achieves a sensitivity and specificity approximating
100%. If a patient was predicted to respond to both dasatinib and nilotinib equally, the
patient received dasatinib. Alternative treatments in CML, such as allogeneic stem cell
transplant (allo-SCT) if eligible and/or interferon-alpha plus low-dose arabinosylcytosine
(IFNa+LDAC) were administered to patients identified as nonresponders to both TKiIs.
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Table 1. List of model input parameters used in the analysis.

Input Treatment and Disease Basecase Ranget Source Reference
parameter Phase estimate
Proportion of  Dasatinib in second-line 52% 0.42-0.63 Kantarjian and Pasquini [27]
responders etal. 2007
Nilotinib in second-line 48% 0.42 - 0.54 Kantarjian and Giles et [28]
al. 2007
Dasatinib in third-line 26% 0.08-0.44 Quintas-Cardamas et al. [32]
2007
Nilotinib in third-line 31% 0.16-0.49 Giles et al. 2006 [31]
Optimal responder to D, CP 14% NA% See Figure 2.
Optimal responder to N, CP 15% NA% See Figure 2.
Optimal responder to either 35% NA% See Figure 2.
DorN,CP
Optimal responder to neither 36% NA$ Assumed
DorN,CP
Progression- First year second-line 98% 0.94-1.0 Kantarjian and Pasquini [27]
free survival dasatinib or nilotinib, etal. 2007
responders
First year second-line 93% 0.86-1.0 Kantarjian and Pasquini [27]
dasatinib, nonresponders etal. 2007
Second year second-line 97% 0.93-1.0 Tam etal.2008 [33]
dasatinib or nilotinib,
responders
Second year third-line 73% 0.56-0.9 Giles etal. 2006 [31]
nilotinib, responders and
nonresponders
First and second year 82% 0.80-0.84 Gratwohl et al 2006 [34]
allogeneic SCT
Incidence of progression 9% Gratwohl et al 2006 [34]
year 1
Incidence of progression 10% Gratwohl et al 2006 [34]
year 2
First and second year 90% 0.87-0.93 O’Brien et al. 2003 [35]
INFa+LDAC
Incidence of progression 7% O'Brien et al. 2003 [35]
year 1
Incidence of progression 3% O’Brien et al. 2003 [35]
year 2
Quality of life  Utility in the chronic phase 85% 0.84-0.86 Reed etal.2003 [14]
Utility in progression from 60% 0.45-0.75 Reed et al. 2003 [14]

chronic phase




Table 1. (Continued)
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Input Treatment and Disease Basecase Ranget Source Reference
parameter Phase estimate
Probability Allogeneic SCT 50% 0.4-0.6  Based on expert clinical
of receiving opinion
alternative
treatments
among nonre-
sponders
INFa+LDAC 50% 0.4-0.6  Based on expert clinical
opinion
Costs of TKI 1 year of dasatinib treatment € 48,321 33,825- Dutch Healthcare [36]
treatment 62,817  Insurance Board (CVZ)
1 year of nilotinib treatment €50,738  35,516- Dutch Healthcare [36]
65,959 Insurance Board (CVZ)
Costs of Allogeneic SCT €92,056 64,439 - Dutch Healthcare [37]
treating non- 119,673  Authority (NZa)
responders
Year of INFa+LDAC €19,758 13,831- Groot et al. 2003 [12]
25,686
Costs of FISH testing, per unit cost €313 0-626  Dutch Healthcare [37]
diagnostic including specialist fee Authority (NZa)
testing
Companion diagnostic €3,036 0-6,072 Rossetal. 2008 [38
Median time- Responders to TKls 6 months 1-12 Kantarjian and Pasquini [27]
to-response etal. 2007
Discountrate  Effectiveness 1.5% 0-0.035 Dutch Healthcare [29]
Insurance Board (CVZ)
Costs 4% 0-0.035 Dutch Healthcare [29]

Insurance Board (CVZ)

*The 95% Cl was selected for the range varied in the sensitivity analysis. For estimates where this was
not available, the 95% Cl was calculated using the standard error. tAssessment of these estimates in
the sensitivity analysis was conducted by varying the estimates from which they were derived. FISH:
fluorescence in situ hybridization; TKI: tyrosine kinase inhibitor; NA: not applicable.

Model inputs

Table 1 describes all model input parameters used in the analysis. Clinical trial results

were used to estimate the proportion of patients who will and will not respond to da-

satinib and nilotinib (Figure 2). To derive the response rate of 15% for patients respond-

ing only to nilotinib, the nonresponse rate of 48% reported for second-line dasatinib

by Kantarjian et al. (2007) was multiplied by the third-line response rate of 31% for

nilotinib patients who failed second-line dasatinib reported by Giles et al. (2006) [27,

31]. To derive the response rate of 14% for patients responding only to dasatinib, the

nonresponse rate of 52% reported for second-line nilotinib by Kantarjian et al. (2007)

was multiplied by the third-line response rate of 26% for dasatinib patients who failed

second-line nilotinib reported by Quintas-Cardamas et al. (2007) [28, 32]. The estimate
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of 36% for the proportion of patients not responding to TKI therapy was based on an
average of the estimated proportion not responding to dasatinib or nilotinib in second-
line and third-line (i.e., 38.5% and 33%, respectively). Figure 3 illustrates the proportions
responding to dasatinib, nilotinib or both, with the remaining proportion of patients

(i.e., 35%) responding to neither drug.

Progression-free life-years (PFLYs) were calculated using PFS estimates from the litera-
ture, which were applied for the proportion of responders and nonresponders separately
when available. Yearly PFS for second- and third-line TKI treatments was available from

Administer 2nd
line dasatinib to Administer 2nd
chronic phase Based on Based on line nilotinib to
patients Kantarjian and Kantarjian and Ch’;:!‘fs::‘;‘e
Pasquini et al. Giles et al.
( A (, AN 2007 2007
. No response to second-line D Respond to s \
Second-line o A, ' s No response to second-line N -
3 second-line N
Administer 3rd-line nilotinib 52% of 100% 5% !
.| Administer 3rd-line dasatinib 48% of 100%
- 0%z ':|:| 0.42
. . [ Noresponse to either | | " Respond to N only | . . (
Third-line 69% of 48% . Based on Giles Based on Quintas No response to either Respond to D only
31%0f48% etal.2006  Cardamas etal.
: 033 015 2007 74% of 52% 26% of 52%
0385 0135

Figure 2. Estimates available from a literature review to calculate the proportion of responders and
nonresponders to dasatinib and nilotinib.

tBased on Kantarjian et al. [27]. #Based on Giles et al. [31]. §Based on Kantarjian et al. [28]. 1 Based on
Quintas-Cardama et al. [32]. D: dasatinib; N: nilotinib

Base case: Effectiveness overlap based on literature review

inib

36% Dasatlinib

Scenario 5: No effectiveness overlap Scenario 6: Complete effectiveness overlap

Nilotinib Dasatinib Nilotinib

Dasatinib

50%

48% 52%

50%

Figure 3. Comparative effectiveness assumed in the base case analysis and scenario analyses 5 and 6.
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clinical trials [27, 31, 33]. The two-year PFS estimate for patients receiving IFNa+LDAC or
allo-SCT were taken from separate sources in the literature [34, 35].

Quality-adjusted life-years (QALYs) were also reported. Utility measures for CML only dif-
fer when a patient progresses to the next phase and were available from a phase 3 study
assessing imatinib [14]. A utility measure of 0.854 for the chronic phase was applied to
the proportion of the progression-free population, and a utility of 0.595 for being in the
subsequent disease phase was applied to the proportion progressing.

Unit costs for dasatinib and nilotinib were taken from the Dutch Healthcare Insurance
Board of the Netherlands [36]. The cost of allo-SCT and FISH testing were taken from the
Dutch Healthcare Authority [37]. The cost of the companion diagnostic was assumed
to be €3,026 based on the cost estimate for a companion diagnostic for breast cancer
[38]. Costs of adverse events were not included in the study since the safety profiles do
not generally differ between dasatinib and nilotinib [39]. Cost of FISH testing among
responders was applied monthly for six months, which was based on the median time
until dasatinib failure reported by in the literature [27], and then every three months the
remainder of the year. FISH testing among nonresponders was assumed monthly for the
entire year. Unit prices were from the year 2008 and inflated to represent the cost year
2009 [40].

Assessment of model uncertainty

Univariate sensitivity analyses were conducted to assess the impact of model inputs
on the incremental estimates. Ranges for probability and utility estimates were based
on the 95% confidence interval. Clinical opinion was elicited for a range of possible
estimates for the proportion of patients eligible for allo-SCT in second-line. Costs of
treatment were varied between plus and minus thirty percent. The cost of FISH and com-
panion diagnostic testing were varied between zero and twice the base case estimate.
Time-to-response was varied between one and 12 months. Two-way sensitivity analyses
were conducted for the discount rates for costs and effectiveness.

Six scenarios were designed and compared with the base case to quantify the impact
of key assumptions on the incremental estimates. Since the base case analysis assumed
that patients who progressed lived progression-free up until the end the year, four
scenario analyses were designed to compare different median TTP for responders and
nonresponders to second-line therapy in the second year, assuming an estimate for TTP
of 11 months in the first year. The combinations of median TTP reflected in the four sce-
narios are based on the possibility that there is either no relationship between TTP and
response status or a response advantage of longer TTP compared to nonresponders.
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Scenarios five and six assessed the impact of the two most extreme examples of com-
parative efficiency between dasatinib and nilotinib, i.e., no effectiveness overlap and a
complete effectiveness overlap (Figure 3). Scenario five assumed that 48% only respond
to nilotinib and 52% only respond to dasatinib, as reported in second-line clinical trials
[27, 41]. Scenario six assumed that approximately half of all patients will respond to
either dasatinib or nilotinib based on the average of these estimates.

Table 2. Incremental costs and effectiveness results for the base case and scenario analyses.

Comparator strategy

No Companion
testing  diagnostic

Outcome Estimate Estimate Incremental  ICER
Base case scenario Costs €101,500 € 89,000 -€ 12,500

PFLYs 1.74 1.84 0.09 Dominant

QALYs 1.61 1.63 0.02 Dominant
Time to progressiont scenarios
Scenario 1 Costs €110,400 € 94,400 -€ 16,000
Responders: 1 month PFLYs 1.77 1.85 0.08 Dominant
Nonresponders: 1 month QALYs 1.65 1.67 0.02 Dominant
Scenario 2 Costs €102,800 €95,000 -€7,800
Responders: 11 months PFLYs 1.78 1.86 0.09 Dominant
Nonresponders: 1 months QALYs 1.65 1.67 0.02 Dominant
Scenario 3 Costs €99,000 €95,500 -€ 3,500
Responders: 11 months PFLYs 1.83 1.87 0.05 Dominant
Nonresponders: 6 months QALYs 1.66 1.68 0.01 Dominant
Scenario 4 Costs €95,200 €95,900 €700
Responders: 11 months PFLYs 1.88 1.88 0.01 €128,474
Nonresponders: 11 months QALYs 1.68 1.68 0.00 €496,038
Comparative effectiveness scenarios
Scenario 5 Costs €101,300 €98,900 -€ 2,400
No effectiveness overlap: PFLYs 1.70 1.85 0.15 Dominant
52% respond to D and 48% respond to N  QALYs 1.56 1.60 0.04 Dominant
Scenario 6 Costs €57,700 €46,400 -€11,300
Complete effectiveness overlap: PFLYs 1.70 1.77 0.07 Dominant
50% respond to both and 50% respond  QALYs 1.56 1.58 0.02 Dominant

to neither

All costs are rounded to the nearest 100 euros. *Varied for 2nd line and set equal to 11 months in 1st line
for both responders and non-responders with either dasatinib (D) or nilotinib (N). PFLYs: progression-free
life-years; QALYs: quality-adjusted life-years; ICER: incremental cost-effectiveness ratio; ICERs shaded in
grey represent scenarios of dominance for the companion diagnostic scenario.
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Effectiveness drivers

PFS 2nd yr: 3rd line nilotinib

Utility progression

PFS 1st yr: nonresponders to 2nd line dasatinib
Prop. pts. responder to dasatinib second-line
Prop. pts. eligible for allo-SCT in 2nd line

Prop. pts. responder to dasatinib third-line
Prop. pts. responder to nilotinib third-line

PFS 1st yr: responders to 2nd line dasatinib
2-yr PFS INFa+LDAC, CP

Model inputs

Discount rate costs and effects

2-yr PFS Allo-SCT

PFS 2nd yr: responders to 2nd line dasatinib
Utility non progression

Prop. pts. responder to nilotinib second-line

0.000 0.005 0.010 0.015 0.020  0.025 0.030  0.035 0.040  0.045

Figure 4. Tornado diagram depicting effectiveness drivers among the model inputs.

allo-SCT: allogeneic stem cell transplant; CP: chronic phase; IFNa+LDAC: interferon-alpha plus low-dose
arabinosylcytosine; PFS: progression-free survival; Prop. pts: proportion patients; yr: year; QALYS: quality-
adjusted life-years.

RESULTS

Results are presented in Table 2. In the base case, the companion diagnostic strategy
dominates the no testing strategy as it improves health outcomes and reduces costs. At
a cost of €89,000, the companion diagnostic strategy results in 1.84 PFLYs or 1.63 QALYs,
which provides greater health gains for the cost compared to 1.74 PFLYs or 1.61 QALYs at
a cost of €101,500 with the no testing strategy.

Figures 4 and 5 illustrate the main effectiveness and cost drivers, respectively, among
the model inputs. The incremental effectiveness estimate was most sensitive to the PFS
estimate for patients treated with third-line nilotinib, the utility of progressive disease
and the PFS for nonresponders to second-line dasatinib therapy. The incremental cost
estimate was most sensitive to the cost of dasatinib treatment and the PFS estimate for
patients treated with third-line nilotinib.

Scenarios one through four show that health gains and cost-savings for the companion
diagnostic strategy are maximized when TTP is short for all patients in year 2 (Table
2). Scenarios two through four suggest that TTP for nonresponders may indeed impact
the incremental costs and effectiveness of the companion diagnostic strategy. Scenarios
five and six show that the larger the effectiveness overlap, the greater the cost-savings
since the cheaper alternative of the two, dasatinib, can be administered (Table 2). Alter-
natively, health outcomes are maximized with no effectiveness overlap.
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Cost drivers

Cost 1 yr of dasatinib treatment

PFS 2nd yr: 3rd line nilotinib

Cost of allo-SCT

Cost of companion diagnostic

Prop. pts. responder to dasatinib third-line
Prop. pts. responder to nilotinib third-line
Cost 1 yr of nilotinib treatment

PFS 1st yr: nonresponders to 2nd line dasatinib
Prop. pts. eligible for allo-SCT in 2nd line

Cost 1 yr of INFa+LDAC

Median time to response

Model inputs

PFS 1st yr: responders to 2nd line dasatinib
Prop. pts. responder to dasatinib second-line
Discount rate costs and effects

Cost of response monitoring

Prop. pts. responder to nilotinib second-line

-20000.00 -18000.00 -16000.00 -14000.00 -12000.00 -10000.00 -8000.00 -6000.00

Incremental cost (B)

Figure 5. Tornado diagram depicting cost drivers among the model inputs.
allo-SCT: allogeneic stem cell transplant; IFNa+LDAC: interferon-alpha plus low-dose arabinosylcytosine;
yr: year.

DISCUSSION

A companion diagnostic strategy in CML offers the potential to improve both the ef-
fectiveness and costs of second-line treatment at a time horizon of 2 years. Patients are
treated with the most effective TKI or diverted to more effective alternative treatments
at an earlier moment in treatment than currently implemented in usual care.

The value of companion diagnostics in CML is still uncertain due to the limited clinical
evidence for second-line TKls. The value is strongly influenced by two factors: the differ-
ence in health outcomes between responders and nonresponders and the correlation
between responsiveness to dasatinib and responsiveness to nilotinib. The clinical utility
of this companion diagnostic is dependent on not only the effectiveness of targeted
therapies but also their comparative effectiveness. This is a crucial level of uncertainty
since the societal benefit of personalized medicine has been found to largely depend on
the quality of the evidence demonstrating its clinical utility [42-44].

The sensitivity and specificity assumed in the analysis are not based on that of another
test but assumed due to lack of evidence. Imperfect sensitivity and specificity would
obviously result in false negatives (i.e., patients missing out on the benefits of TKI treat-
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ment) and false positives (i.e., patients receiving TKI despite no benefits and unnecessary
costs). The main aim in this early phase of development was to explore the potential of
a companion diagnostic under ideal diagnostic performance. The rationale was that if a
companion diagnostic is not attractive at that level of performance, then it will not be
viewed as a test with much potential value. Therefore, in this phase, we did not examine
the impact of sensitivity and specificity in the analysis. This can, however, be included in
the model and we agree this is a necessary next step once more information is available
regarding both the performance and the impact of false results.

The calculation of the test price as a pre hoc objective was not included in the analysis
because cost-effectiveness is not considered when determining price. The price should
instead reflect its market value. Because the market value is still unknown, the price
assumed was chosen to represent the upper range of possible prices for currently
available companion diagnostics. If a more conservative estimate were assumed, the
cost-savings with the companion diagnostic strategy would improve at most by a factor
of €3,000. Therefore, the price of the companion diagnostic can range between €0 and
€15,500 to retain its cost-savings assuming all patients are tested. Sensitivity analysis to
assess the impact of price at an early stage of technology development may be useful
if an estimate of the price is available though uncertainty regarding the population size
for which its true market value is based.

Further research should focus on obtaining better estimates of PFS and TTP by response
status to demonstrate robust incremental estimates. To speculate whether the trend of
cost-savings and health gains will continue beyond two years, extending the analysis
to consider a life-time horizon will provide more valuable information. It is also worth
exploring whether an adjustment for quality-of-life differences among responders and
nonresponders is necessary and if the average QALYs gained actually differ by response
status.

Future changes to the approved placement of TKIs within the treatment paradigm of
CML are also relevant for future analyses. For example, recent evidence lead the United
States Federal Drug Administration (FDA) to approve nilotinib and dasatinib for first-line
therapy [45, 46]. Future analyses from the Dutch healthcare perspective may require
an assessment of the cost-effectiveness of companion diagnostics for CML in first-line.
As imatinib is expected to be the first of the three TKIs to go off patent, the impact of
cheaper generics on the cost-effectiveness of a companion diagnostic in first-line CML
treatment should also be considered. Evaluation of these issues may be necessary for all
companion diagnostics. Further, whether or not the results of the test will impact clinical
decision-making is an additional concern for companion diagnostics. We recommend
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that further assessment of the potential value of companion diagnostics in CML include
the results of a survey which examines the probability that physicians will treat accord-
ing to the results of a companion diagnostic.

Despite these limitations, economic models evaluating all emerging diagnostics are
helpful for examining whether systemic changes in healthcare are required for their
adoption [47, 48]. They can be used at any phase in development to analyze the circum-
stances a personalized treatment strategy based on companion diagnostic testing must
fulfill to be favorable. Their results will stimulate key stakeholders to discuss the circum-
stances under which a particular companion diagnostic makes sense in economic terms.
Furthermore, they provide the kind of evidence required by payers, such as comparative
information on new tests versus usual care and the impact of their predictive value [49].

CONCLUSION

We present the use of CEA in assessing the potential value for companion diagnostics
in CML. Such methods can be used to complement other standard methods applied
at early stages of technology development for decision-making about investment in
research and development. Given the barriers of physician awareness and information
available for the clinical benefit of companion diagnostics, the results of this analysis
can also be useful for communicating the potential value of this technology to various
stakeholders.

FUTURE PERSPECTIVE

Cost-effectiveness analyses may be required in future reimbursement decisions for
companion diagnostics [43]. Incentives from regulating bodies will likely increase the
number of cost-effectiveness analyses conducted in companion diagnostics. The prom-
ise of funding specific to the health technology assessment of diagnostics in the UK and
increased federal support in the US for comparative effectiveness research may result in
higher standards for quantity and quality of their clinical and economic evidence [50,
51]. The European Commission has also identified cost-effectiveness research among
the gaps in current evidence needed to ensure effective policy on personalized medi-
cine [52]. As the knowledge base within the field of biomarkers expands, the economic
assessment of companion diagnostics may become more relevant but may require more
sophisticated modeling methods.
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INTRODUCTION

For the decades prior to the start of the research conducted in this thesis, multiple my-
eloma (MM) was a disease treated primarily with conventional therapies. Chapters 2 and
3 demonstrated that the quantity and quality of existing economic evaluations in MM
were limited despite the introduction of a number of novel therapies that have contrib-
uted to an extended survival at significantly higher costs. To fill the gaps in knowledge
about the health economics of MM care, this thesis addressed a number of questions
regarding the health benefits and costs of current care.

The following section of this thesis first discusses the feasibility of using outcomes
research to assess the appropriate use, effectiveness and cost-effectiveness of novel
therapies for MM in Dutch daily practice. The extent to which a risk-stratified treatment
approach could improve patient prognosis and the cost-effectiveness of current MM
care is then discussed followed by a reflection on the feasibility and usefulness of early-
stage economic evaluations for hypothetical treatment approaches. Finally, some obser-
vations are then discussed regarding the extent to which there are similar challenges to
performing early-stage economic evaluations and outcomes research in MM and some
recommendations for initiatives to meet the objectives of both are then provided.

FEASIBILITY OF OUTCOMES RESEARCH IN MULTIPLE MYELOMA

Part 2 of this thesis demonstrated that outcomes research did not clarify all questions
about the value of the novel therapy bortezomib (Velcade®) for MM in Dutch daily
practice. Observational data was found to be useful for assessing a novel drug’s appro-
priate use (i.e., dosages and cycles), effectiveness in terms of overall survival, and cost-
effectiveness in initially eligible daily practice patients. Its usefulness in decision-making
regarding relative value compared to standard care was however limited.

Findings and implications

Real-world appropriate use, effectiveness and cost-effectiveness of bortezomib

Using a medical chart review, it was feasible to assess the appropriate use of bortezo-
mib in daily practice although data on effectiveness measures was limited (Chapter 4).
Regarding appropriate use, detailed data was available to determine the dosages, total
number of cycles and treatment combinations that occurred in daily practice. It was not
evident in observational data however why one drug was chosen over the other(s). This
is an important flaw of retrospective observational research in general. As for effective-
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ness measures, it was feasible to assess overall survival, while progression-free survival
and response rates were difficult to measure on account of commonly missing data.
Treatment sequence was an influential factor in assessing overall survival due to the
possibility of salvage with novel therapies following conventional therapies. Data was
also often missing on safety outcomes and some important prognostic factors.

The real-world costs of relapsed/refractory treatment varied according to prognostic
factors, treatment line and treatment-related resource use (Chapter 5). It was con-
cluded therefore that cost comparisons between particular treatments regimens be
differentiated according to (or corrected for) prognostic group and treatment sequence
as opposed to the average lifetime costs per average patient. In general, bortezomib
regimens were more costly compared to thalidomide (Thalidomid®) and lenalidomide
(Revlimid®) regimens across all relapsed/refractory treatment lines. Hospital costs were
especially influential during bortezomib-based regimens, demonstrating that its intra-
venous administration method further increased its costs burden compared to that for
orally administered drugs, i.e., thalidomide and lenalidomide. This finding underscores
the importance of including treatment-related costs in economic evaluations, as the
inclusion of these costs leads to underestimation of total costs and budget impact and
thus overestimation of cost-effectiveness.

In Chapter 6, it was shown that bortezomib treatment in Dutch daily practice achieved a
mean health gain in overall survival of 29.5 months or 2.46 life-years (LYs) at a total mean
cost of €81,626, resulting in a cost-effectiveness ratio (CER) in the relapsed/refractory
setting of €33,181 per LY. In comparison to the results of the dossier submitted by the
manufacturer, which reported a total health gain of 35.6 months or 2.92 LYs and costs of
€45,720 at a CER of €15,446/LY [1], the findings from outcomes research show that the
initial effectiveness and cost-effectiveness of bortezomib in Dutch daily practice was
overestimated. The discrepancy is most likely attributable to the less favorable progno-
sis of daily practice patients compared to the pivotal trial patients and the fact that the
manufacturer’s analysis assumed 40% of patients would save costs of hospital visits due
to receipt of bortezomib as outpatient. The CER in daily practice was further shown to be
most favorable when administered at first relapse (total mean costs: €53,726; mean OS:
1.56 LYs; CER: €34,440/LY) versus second (total mean costs: €95962; mean OS: 2.58 LYs;
CER: €37,194/LY) and later (total mean costs: €97,937; mean OS: 2.63 LYs; CER: €37,238/
LY). It is therefore recommended that bortezomib be used as early as possible in the
relapsed/refractory setting to maximize its cost-effectiveness.

The external validity of these effectiveness and cost-effectiveness estimates were
however limited to few patients and primarily those with unfavorable prognosis. The

185

CHAPTER 9



186

Chapter 9

cause for this limitation was attributed to the dynamics in MM care affecting diffusion
of innovation. During the years of data collection, it was found that there were indica-
tions of underutilization and residual regional differences in the first two years following
its introduction into Dutch daily practice suggestive of accessibility issues [2]. Since
bortezomib administration does not require specialised skills or hospital facilities, it was
speculated that underutilization was the result of variation in prescription behavior and
patient referral. Expertise was further speculated to be a possible reason for referring
patients to other more experienced centers. In consideration of the findings along with
that of our outcomes research study, it is concluded that decision-making incorporating
inferences about effectiveness of novel drugs in MM requires careful consideration of
the limitations to performing outcomes research during the drug’s uptake period in
daily practice.

To summarize, outcomes research into the appropriate use, effectiveness, and cost-
effectiveness of bortezomib in advanced MM generated useful evidence on the dynam-
ics of care in daily practice and the limitations to observational data. It was feasible
to address who received bortezomib and how bortezomib was administered in daily
practice. For reimbursement decisions, it was found to be useful for obtaining a CER
based on real-world data. It should be emphasized however that the real-world CER for
a new drug in MM may have limited external validity and should strictly be interpreted
according to clinically significant prognostic subgroup and treatment sequence (when
applicable) rather than as representative of the average daily practice patient.

Real-world incremental cost-effectiveness of bortezomib

Outcomes research was however not the preferred method to answer questions about
the incremental effectiveness of bortezomib in daily practice compared to standard care
(Chapter 6). With outcomes research it was not feasible to understand why bortezomib
was administered versus alternative therapy. Consequently, it was not feasible to cor-
rect for residual confounding by indication, and thus no appropriate comparator group
could be found. Hence, uncertainty remains regarding ICER for bortezomib compared
to alternative therapies available in daily practice. In light of these findings, it is not
recommended that decision-makers in reimbursement utilize outcomes research alone
to make inferences about the relative effectiveness and cost-effectiveness of new drugs
in daily practice for MM patients.

Study limitations and recommendations for future research

An important shortcoming to any medical chart review is the lack of documentation
regarding treatment decision-making (i.e., prescribing behavior). Without such informa-
tion, confounding by indication may persist. Other options for data collection could be
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explored, such as a pragmatic (practical) clinical trial which are specifically designed to
answer policy questions such as the studies in this thesis [3] or a population-based reg-
istry which includes all patients treated in daily practice [4]. Regarding the former, the
advantages of its prospective, experimental nature are accompanied by generalizability
and enhancement of compliance in daily practice [5]. However, there are drawbacks to
practical clinical trials since they require significant expansion of infrastructure, health
care provider support for more reliance on high-quality evidence, and a substantial
increase in public and private funding [3]. Registry studies also have drawbacks, as
they are not capable of resolving the issue of missing and low quality data since the
data is derived from the same source as a medical chart review. Early results from the
Population-based HAematological Registry for Observational Studies (PHAROS), which
in the meantime was implemented to monitor the care of all Dutch hematological
patients [6], show that the estimation of an incremental cost-effectiveness ratio (ICER)
was similarly challenged by low patient numbers due to similar issues of treatment
variation and heterogeneity [7]. Regardless of data collection method, it is important
to emphasise that there is a high need to improve reporting of clinical data, particularly
reasons for prescribing behavior. This requires that health care providers support the
aims of outcomes research and are involved in their implementation.

To arrive at a valid ICER using outcomes research, further research is needed into the
feasibility and methodology for merging the complementary aspects of randomized
controlled trials (RCT) and observational data. Such research could pave the way for
future evaluations of new drugs in MM that integrate observational data within the
original RCT-based model used for reimbursement decision-making. The develop-
ment of a model based on the original RCT trial results that is updated according to
the heterogeneity observed in daily practice retains the advantages of randomization
with the added benefit of generalizability. In this respect, RCT data and observational
data would both be viewed as vital, complementary evidence necessary to informed
decision-making about relative gains in value for money.

One essential question that remains to be addressed is whether the evidence from
outcomes research sufficiently resolves decision maker uncertainty regarding value
for money. It was not possible to answer this question in the present thesis due to the
pilot nature of the outcomes research study of bortezomib. A number of other drugs are
currently reimbursed under the coverage with evidence development policy, including
bortezomib in the treatment of newly diagnosed MM patients[8]. While decisions are still
awaited for the majority of these drugs, the outcomes of recent reassessment suggest
that outcomes research after four years alone is not sufficient for resolving uncertainty
regarding value for money. Namely, the reassessments for omalizumab (Xolair®) for
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severe asthma (ICER: €35,905 per quality-adjusted life-year (QALY)) [9] and ranibizumab
(Lucentis®) for macular degeneration (ICER: of €53,453/QALY) [10] have revealed in-
sufficient data to perform a reassessment after four years of outcomes research. It is
questionable therefore whether outcomes research was a worthwhile use of resources
for assessing uncertainty regarding value for money at reimbursement.

Recent efforts to apply the techniques of value of information (VOI) of analysis in the
context of conditional reimbursement could be applied in the future at the initial
reimbursement decision to prioritize outcomes research from the start [11]. Using the
techniques of VOI analysis, specific types of evidence can be prioritized at the start of the
outcomes research in terms of their contribution in resolving uncertainty about a new
drug’s real-world effectiveness and cost-effectiveness. Based on such prioritization, an
outcomes research study could be designed to collect data only on critical parameters
shown to be feasible with observational data rather than collecting data on all param-
eters, as was the case in this thesis.

Another option is to instead implement other coverage schemes such as financial- and
outcomes-based risk-sharing arrangements, similar to that implemented in England and
Wales for bortezomib [12]. Future reimbursement policies in the Netherlands may in-
deed incorporate other options. For example, the Dutch minister has recently proposed
the implementation of risk-sharing arrangements from 2013 onwards [13]. A unique
arrangement from the Dutch context was recently advised by the Dutch Healthcare
Insurance Board (CVZ) for omalizumab [9]. The advice to the Minister of Health was that
a pay-for-performance scheme be instituted for a period of two years during which time
outcomes research will continue to be conducted. No pay-for-performance scheme
was suggested for ranibizumab, but instead it was recommended that reimbursement
continue until 2015 during which time data would continue to be collected from daily
practice [10]. After this time, the decision to reimburse ranibizumab will be revisited
in consideration of all additional evidence, both from daily practice and clinical stud-
ies, which could result in a similar risk-sharing arrangement to that for omalizumab. As
more drugs reach the reassessment phase, future research should examine the extent to
which outcomes research resolves uncertainty about value for money.

POTENTIAL THERAPEUTIC AND ECONOMIC VALUE OF RISK-STRATIFIED
TREATMENT APPROACHES IN MULTIPLE MYELOMA

One of the objectives of part 3 was to apply the method of economic evaluation at the
early-stage of product development to assess the potential value of risk-stratified treat-
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ment approaches in MM. While the potential for therapeutic gains and cost-savings was
demonstrated, there remained a large degree of uncertainty surrounding the results.

Findings and implications

Chapter 7 demonstrated that risk-stratified treatment approaches in MM incorporating
existing and new molecular markers of adverse prognosis could improve health and save
costs compared to a uniform treatment approach. Uncertainty surrounding the cost-
effectiveness results remained, however, on account of the statistically non-significant
confidence intervals for survival in some risk groups and clinically important uncertainty.
The causes for non-significant findings included incomplete follow-up and low patient
numbers with data on molecular markers. Despite the uncertainty, the usefulness of a
modeling study was that it facilitated scenario analyses to assess the potential value of
experimental treatment options.

Some unresolved issues remain with the current treatment paradigm for MM that
impact the generalizability of these results. First, there is variation in the definition of
high-risk prognosis and consequently the prognostic markers used to identify adverse
prognosis. In other words, the prevalence of high-risk, and hence standard-risk, differs
according to the definition of high-risk that is applied. This leads to variation in the di-
agnostic performance and hence cost-effectiveness of risk-stratified approaches across
settings. Even when assuming a standardized definition for high-risk, treatment centers
can further differ in their preferences for treatment of high and standard-risk patients.
For example, it is widely accepted that high-risk patients detected by ISS stage, t(4;14)
FISH or del(17p) FISH [14] should receive a bortezomib-based regimen [15]. However,
there is no consensus on whether the treatment of standard-risk patients (i.e., patients
not presenting with adverse prognostic factors) should be altered from the current
standard of care, which is often bortezomib-based. This means that in settings where
bortezomib remains the standard of care for all patient risk groups, the extra costs of
testing required to implement a risk-stratified treatment approach may not be justified
since the treatment decision will not be influenced by the test. On the other hand, a
risk-stratified treatment approach for bortezomib would have more value in settings
where standard-risk patients receive non-bortezomib-based regimens. It would also be
valuable where an experimental therapy option exists which offers high-risk patients
the chance for cure. With these issues in mind, the cost-effectiveness of a risk-stratified
treatment approach in MM is setting-specific and should be assessed accordingly.

Study limitations and recommendations for further research

Aninfluential limitation of the methods applied in Chapter 7 was that the observed asso-
ciations between the high-risk gene signature and adverse prognosis were susceptible
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to optimism bias since the data used in the model was taken from the same patients
used to develop the test. Validation of the results using efficacy data from an indepen-
dent source, such as a prospective stratified trial and/or daily practice, is needed. Data
could be taken from, for example, the European Myeloma Network (EMN)-02 trial which
enrolls newly diagnosed MM patients, which incorporates a protocol requiring testing
using gene signature techniques for their validation in prediction of prognosis and
resistance [16]. Moreover, the model results can also be validated using daily practice
data available from the PHAROS registry [6].

Future research is needed to address the barriers to testing for molecular markers since
a large number of patients had missing data on molecular markers. Missing tests were
found despite the recommendation of key opinion leaders to perform testing in all
patients at diagnosis[17]. It is known that the feasibility of molecular testing varies de-
pending on the technical capability of the treatment center performing the test as well
as biological feasibility (i.e., adequate bone marrow sample). If the missing data were in-
deed arising completely at random due to these factors, the prognosis of unknown-risk
patients should have been similar to the uniform treatment approach, which reflected
the average prognosis across all patients. However, the patients with missing data ap-
peared to be a nonrandom group since the average prognosis for this group was the
most favorable of all risk groups, even when compared to standard-risk patients. This
suggests that there are other r easons explaining missing data for molecular merkers,
which is likely to be a combination of factors[18-20]. Future studies aimed at identifying
the factors affecting adoption of molecular testing specifically in the Netherlands are
recommended so as to pinpoint strategies to improve their use in daily practice.

METHODOLOGICAL CONSIDERATIONS FOR EARLY-STAGE ECONOMIC
EVALUATIONS OF STRATIFIED TREATMENT

With the addition of Chapter 8 in Part 3, the objective was also to evaluate the feasibil-
ity and usefulness of early-stage economic evaluations of molecular markers in risk-
stratified treatment approaches for hematological malignancies. Based on the findings
of both studies, a number of methodological considerations to early-stage economic
evaluations of risk-stratified medicine approaches in hematology can be formulated.

The main difference between the methods applied in Chapters 7 and 8 is the data source
used to estimate effectiveness of risk-stratified treatment. The magnitude of uncertainty
surrounding the effectiveness estimates would arguably be smaller in Chapter 7 com-
pared to Chapter 8 since assumptions were made based on actual patient-level trial
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data versus the literature. The uncertainty surrounding the results however remained
an important issue in both studies. The reason for this was that robust evidence for the
comparative effectiveness between novel therapies was difficult to find for subgroups
and when available was often based on a small number of patients since data on prog-
nostic markers were often missing. Although these early-stage economic evaluations
could not provide absolute estimates for cost-effectiveness of risk-startified treatment,
the development of an accurate, straightforward model was necessary for quantifying
the effectiveness and cost-effectiveness of current care strategies. The current care
model was important as it provided a platform for discussion among a variety of stake-
holders on the needs in care and the potential clinical utility of risk-stratified treatment
management in daily practice. Based on these conversations, scenario analyses were
an important method to assess various assumptions about treatment implications of
the new technology in terms of health impact and costs. Sensitivity analyses to assess
the impact of parameter uncertainty were further helpful in identifying the influence of
potentially modifiable characteristics on the probability that a risk-stratified treatment
approach would be more effective and cost-effective than uniform treatment. To sum-
marize, the primary objective of an early economic evaluation of risk-stratified treatment
is to develop an accurate model of current care, and then only when feasible should it be
extended to assess the potential impact of the new technology.

Since the decision to develop a molecular marker is often made under uncertainty about
clinical utility, the evidence generated by economic evaluations is a useful method for
developers of the test to demonstrate and monitor the uncertainty throughout the de-
velopment process. The evidence can also be used to convince potential investors and
collaborators to commence and/or continue support of clinical studies demonstrating
clinical utility. The existence of a simple model during the preclinical phase is useful
in this regard as it can be updated to generate more robust estimates of effectiveness
and cost-effectiveness throughout the development phase. By updating the model at
various Go/No Go decisions throughout the development phase, it can be assessed
whether the uncertainty about effectiveness and cost-effectiveness is reduced as data
on influential parameters becomes available. While this was not our aim, it should be
feasible to apply a Bayesian approach, as demonstrated by others [21, 22], to assess the
impact of additional data on the statistical uncertainty surrounding the results from the
models in Chapters 7 and 8 of this thesis.

Early-stage economic evaluations can also provide useful evidence regarding the cir-
cumstances under which the molecular marker would be most promising in terms of
meeting the needs of the end user. It is often the case that a number of potential uses
for a new technology are considered at the preclinical development phase. Evidence
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on the potential health and budget impact of the alternative can complement the
criteria used by the developer to judge whether to pursue a particular indication for
the test since these attributes are likely to be relevant to the end user. The techniques
of multi-criteria decision analysis (MCDA), which are used to support decision-making
that involves a number of competing attributes and multiple stakeholder perspectives,
provide a formal way of valuing the alternative uses of the technology based on a set
of attributes found to be relevant to the decision-maker. In the case of molecular tests,
we will assume here that the user (i.e,, clinician) of the test is the most relevant decision
maker, although payers would be a relevant decision maker as well. For example where
the user is the decision maker, Hilgerink et al. (2011) applied the technique of MCDA
to increase the transparency of the treatment decision-making process incorporating
medical devices [23]. To apply this technique, it is first important to rank the relevant
attributes of the alternative uses of the marker in order of their importance to the end
user. Possible attributes could include some measurement of need or disease burden,
whether clinical utility has been established, diagnostic performance, effectiveness or
cost. This can be done by applying the method of conjoint analysis to elicit attribute
preferences from a survey of care providers [24]. A comparison of the alternative uses for
the technology could then be performed based on the ranking of attributes by means
of the method of analytical hierarchy process (AHP) [25]. Based on the results of the AHP
analysis, the development of the test could then be steared toward the most promising
indication that meets the needs and preferences of the user and thus ensuring its adop-
tion in daily practice.

RECOMMENDATIONS TO MEET THE OBJECTIVES OF BOTH EARLY-STAGE
ECONOMIC EVALUATIONS AND OUTCOMES RESEARCH IN MULTIPLE
MYELOMA

Despite methodological differences, outcomes research and early-stage economic
evaluations in MM are complementary to one another. Both forms have the potential to
address the needs of a variety of stakeholders, be they the developer, user (i.e., patient
and/or care provider) or payer. Outcomes research during the diffusion phase of a new
health technology is helpful in evaluating the effectiveness and cost-efectiveess of
the current care process and to identify the needs for quality improvement. Using this
knowledge about current care, early-stage economic evaluations can be then performed
to guide the developer in developing a technology which aims to resolve the needs in
care as identified by outcomes research and hence improves both patient prognosis
and the efficiency of care. Likewise, the development an early economic evaluation that
is based on real-world data will be useful for both the developer and the payer at the
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market access stage. An existing model benefits the developer as it would avoid the
time investment required to perform the analysis and it would provide the payer with
more certain results about the effectiveness and cost-effectiveness of the technology in
daily practice.

It was demonstrated in this thesis, however, that there are challenges to meeting the
objectives of outcomes research and early economic evaluations in the context of MM.
First, there was limited availability of robust, high quality data, with many types of data
often missing (i.e., patient- and tumor-related prognostic factors, prescribing behavior,
response and progression rates, patient-reported outcomes). One option to improve the
quality of existing data is to emphasize to care providers the need to improve reporting
of clinical data. Another option is to improve access to high quality data by setting up a
novel data integration system that incorporates all clinical data and biomarker research
in the Netherlands, similar to that implemented in other settings[26]. For example, a
system at Duke University in the USA aggregates data from electronic patient records,
tumor registry, billing, patient-reported outcome studies, and clinical trials into a single
database[27]. The advantage of this system is that it integrates various data sources to
improve transparency of the entire care process and align a number of objectives in
health economics and outcomes research, including that of financial- and outcomes-
based reimbursement schemes and the evaluation of treatment strategies incorporating
biomarkers. For implementation of such an ambitious system in the Netherlands, this
would require the combination of data from the two most important sources available
in hematology: the PHAROS registry, which includes patient-reported outcomes and
data from daily practice, and the clinical trial data collected by the Haemato Oncology
Foundation for Adults in the Netherlands (HOVON) [28]. For the financial aspect, data
from hospital billing records would also be required. One key issue with this option is the
source of funding since these data sources are proprietary databases. The funding such
a system could be organized by means of a multidisciplinary consortium since a number
of stakeholders, including developers, care providers, payers, patients, and researchers,
will benefit from high quality data. Obvious sources of funding would therefore include
developers of health care technology in hematology, payers of health care and patient
advocacy groups.

Another approach to improve the quality of evidence generated by outcomes research
and early economic evaluations in MM could be to actually apply the Dutch coverage
with evidence development policy to molecular tests. This was implemented by the
Centers for Medicare and Medicaid Services for pharmacogenomic warfarin tests when
used in trial settings [29]. Such an approach could enhance evidence generation for
biomarker-based treatment strategies by encouraging their use in daily practice and
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hence generate data on the potential impact of molecular testing in terms of their ef-
fectiveness and cost-effectiveness.

Drawing from the experience with outcomes research in this thesis, it is still possible
however that these initiatives do not succeed in providing useful data about relative
effectiveness and cost-effectiveness. The reason for this is the widespread treatment
variation observed in Dutch daily practice, which makes it difficult to find comparable
treatment groups to assess relative outcomes of current and future care strategies.
This variation was even observed in the presence of established treatment guidelines
[30]. The reasons for treatment variation are numerous, including differences in patient
preferences, interpretation of the efficacy evidence and compliance to established
guidelines, and policies affecting access to care. To help explain and resolve the causes
for treatment variation, it would be worthwhile to conduct research into the barriers to
following the treatment guidelines for both patients and care providers.

Ultimately the issues with data quality and treatment variation led to uncertainty in the
results from economic evaluations of MM care. With this in mind, it would be helpful to
develop a disease model for current care of MM in the Netherlands using daily practice
data from the sources mentioned above (i.e., PHAROS, HOVON, and billing records). A
disease model incorporating all sources of data available from RCTs and Dutch patients
would generate more robust estimates of the effectiveness and cost-effectiveness of
current, new and hypothetical treatment strategies in Dutch daily practice. Morevover,
the disease model for MM could be used throughout the lifecycle of the technology
by applying Bayesian updating and VOI analysis to help resolve the various types of
uncertainty that exist about the effectiveness and cost-effectiveness of MM care.

CONCLUDING REMARKS

The health economics of MM is complex owing primarily to the heterogeneity in patient
prognosis. Future research in this area should move away from addressing efficiency-
related questions in heterogeneous groups and instead focus on improving outcomes in
more narrowly defined groups with homogenous prognosis, particularly by incorporat-
ing prognostic risk markers and treatment sequence. It should be emphasized that this
is only possible with active interdisciplinary collaboration and the sharing of existing
data among a variety of stakeholders.

Alongside providing much insight into the effectiveness and efficiency of MM care, this
thesis also identified a number of methodological challenges and recommendations
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for further research in conducting economic evaluations in MM. It is the hope rather

that these challenges be seen as opportunities for furthering the aim to improve the

prognosis of MM patients.
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Summary

SUMMARY

Multiple myeloma (MM) is a cancer of the plasma cells that accounts for approximately
1% of all cancers and 10% of hematological malignancies. The average age of onset
is 65 years and the median survival is 4-7 years. As it is an incurable disease, patients
eventually relapse from initial treatment consisting of one of more anti-cancer therapy
regimens with or without stem cell transplant depending on eligibility. In the relapsed/
refractory stage, patients are re-treated with a number of regimens upon signs of pro-
gressive disease until the patient eventually becomes resistant to therapy. Traditionally,
MM was treated using conventional chemotherapy regimens. This changed with the
introduction of the first targeted therapy thalidomide around the late 1990’s followed
by bortezomib and lenalidomide in the early to mid-2000’s and more widespread use
of stem cell transplantation. With manufacturers requesting higher unit prices for
novel versus conventional therapies, the overall budget impact of the increased costs
of treatment advances could be substantial. In response to uncertainty regarding the
value of novel drugs, payers asked for additional information on the effectiveness and
cost-effectiveness of expensive drugs in daily practice. Specifically in the Netherlands,
uncertainty resulted in a coverage with evidence development policy instituted in 2008
requiring outcomes research into the appropriate use, effectiveness, and costs of ex-
pensive inpatient drugs. The drug bortezomib for the indication of relapsed/refractory
MM would have qualified for such a policy. Since little knowledge was known about
the feasibility and usefulness of outcomes research, a pilot outcomes research study for
bortezomib was conducted.

To begin to understand the impact of treatment advances in the efficiency of MM care,
it was important to first assess what was already known about the effectiveness and
cost-effectiveness of the standard of care. Part 1 of this thesis assessed the state of
knowledge about the efficiency of care in multiple myeloma and the quality of previous
work in this area (Chapter 2), with a particular focus on novel therapies (Chapter 3). In
Chapter 2, it was found that stem cell transplantation in combination with intensive
chemotherapy has been demonstrated to be cost-effective, while evaluations have
become less frequent in the last decade, especially for novel therapies despite their
important contribution to improvements in outcomes. Furthermore the quality of the
methodology applied and its documentation could be improved in many aspects. Few
studies incorporated standard methods expected in high-quality economic evaluations,
such as assessment of uncertainty in the results and discounting. Many existing studies
relied on effectiveness inputs for the comparators that were based on non-experimental
studies including different patient populations. Based on the scarcity of economic
evaluation of novel therapies available in the literature, in Chapter 3 a more focused
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review of the therapeutic and economic evidence available was performed specifically
for novel therapies in MM. It was found that the therapeutic evidence indeed revealed
improved efficacy and safety for novel therapies compared to conventional therapies.
Patient-reported outcomes studies have demonstrated improvements in health-related
quality of life during thalidomide maintenance therapy and relapsed/refractory patients
responding to bortezomib. Evidence is still needed to demonstrate improvements dur-
ing lenalidomide therapy. At the time the review presented in Chapter 3 was conducted,
a total of three studies were found which assessed the cost-effectiveness of novel thera-
pies; two of which compared bortezomib versus lenalidomide in relapsed/refractory
patients by means of an indirect comparison using two separate trials. The assumptions
for health benefits with novel therapies incorporated in these modeling studies were
found to be influential and often overestimated the lifetime health gains. Consequently,
it was concluded that existing modeling studies in MM have not been able to overcome
the data limitations regarding comparative effectiveness given the conflicting results
in studies based on efficacy from similar trials. It was also found that the utility values
used to generate quality-adjusted life-years (QALYs) have consistently been based on an
earlier study performed prior to the availability of novel therapies, suggesting a need for
patient-reported outcomes studies of novel therapies.

Part 2 of this thesis examines the feasibility and implications of outcomes research in
evaluating the appropriate use and effectiveness (Chapter 4), costs (Chapter 5), and
incremental cost-effectiveness (Chapter 6) of bortezomib in relapsed/refractory MM pa-
tients. The results of this pilot study found that observational data was useful in assessing
the appropriate use, overall survival, and costs of bortezomib in daily practice patients.
However, when assessing the appropriate use and effectiveness of bortezomib in daily
practice, as shown in Chapter 4, generalizability of the findings was limited to patients
with unfavorable prognosis. The cohort of patients that were treated with bortezomib
during its adoption phase in daily practice were of less favorable prognosis compared
to those treated in the pivotal RCT used for reimbursement. Furthermore these patients
were worse off compared to patients treated with bortezomib following the time period
for conducting outcomes research. Chapter 5 showed that the real-world costs of re-
lapsed/refractory treatment vary greatly with cost drivers including hospital admissions
and the price of novel therapies. Increased costs were further shown to be associated
with adverse prognostic factors and treatment-related side effects. Bortezomib-based
regimens in particular were shown to be significantly more costly due to a higher unit
price, more frequent hospital visits necessary for intravenous administration, and higher
costs for concomitant medications. These results demonstrate that it is possible to
develop evidence on the cost-effectiveness of a novel drug during the diffusion phase
using outcomes research. However, as shown in Chapter 6, the incomparability of the
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patients treated with bortezomib compared to controls treated with alternative regi-
mens (i.e., confounding by indication) made it impossible to resolve the uncertainty re-
garding incremental cost-effectiveness. Based on the findings in Part 2, it was concluded
that the dynamics in daily practice for MM during the diffusion period, i.e., inexperience
with the drug and the already existing treatment variation, challenged the feasibility
to identify a valid comparator and to generate incremental estimates. Decision-makers
requesting outcomes research to make inferences about the relative effectiveness and
cost-effectiveness of new drugs in daily practice for MM were warned of the influence of
the diffusion period for new drug in daily practice. Instead, it was advised that decision-
makers carefully consider whether outcomes research sufficiently decreases uncertainty
or whether other options (e.g., financial- and outcomes-based risk-sharing arrange-
ments) might be more appropriate to ensure sufficient value for money.

While experimental studies demonstrated improvements in survival during the novel
agent era, the gains in health have not been widespread as some patients consistently
have poor prognosis despite such progress. The heterogeneity in treatment effective-
ness has led many to recommend a risk-stratified treatment (RST) approach, where pa-
tients are treated according to the presence of biomarkers shown to have independent
associations with patient outcomes. Though yet to be demonstrated, a more personal-
ized approach in MM could improve the effectiveness and cost-effectiveness of novel
therapies compared to a uniform treatment approach. In light of this uncertainty, the
objective of Part 3 was to apply the method of economic evaluation at the early-stage to
assess the potential value of risk-stratified treatment (RST) approaches. The potential for
health gains and cost-savings were demonstrated for adverse prognostic markers MM
patients in Chapter 7, while uncertainty surrounding the results was an influential factor.
Similar findings were found in Chapter 8 when applying the same method at an even
earlier phase of technology development for hypothetical markers to predict upfront
treatment response in chronic myeloid leukemia. Both studies highlighted a number of
methodological considerations when performing early-stage economic evaluations of
RST approaches in hematology. Namely, robust evidence for comparative effectiveness
between novel therapies remains difficult to find and limited to subgroups with small
patient numbers. Early-stage economic modeling was however useful since the devel-
opment of a simple, straightforward model facilitated the quantification of the costs
and effectiveness of current care strategies. It also provided a platform for discussion
with stakeholders on the needs in care and the possible implications the technology
could have on treatment decision making in daily practice. By incorporating possible
care scenarios into the model, scenario analyses could be performed to assess various
assumptions about effectiveness of the new technology and identify at what cost the
new technology may negate its economic argument.
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In the final chapter of this thesis (Chapter 9), a detailed discussion of the implications
of these findings for policy makers, care providers, and researchers is provided. Some
observations are then discussed regarding the extent to which there are similar chal-
lenges to performing early-stage economic evaluations and outcomes research in MM.
This thesis concludes with recommendations for initiatives to meet the objectives of
both early-stage and classical economic evaluations in MM.
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SAMENVATTING

Het multipel myeloom (MM) is een vorm van bloedkanker die zich op oudere leeftijd
manifesteert. MM beslaat 10% van de vormen van bloedkanker en ongeveer 1% van alle
soorten kanker. De gemiddelde leeftijd bij aanvang van de ziekte is 65 jaar en de gemid-
delde overleving 4 tot 7 jaar. MM is een ongeneeslijke ziekte waardoor alle patiénten
ondanks initiéle behandeling na verloop van tijd een terugval zullen krijgen. De initiéle
behandeling bestaat uit een of meerdere anti-kankerkuren gevolgd door stamceltrans-
plantatie indien de patiént hiervoor in aanmerking komt. In de refractaire fase daarna
worden patiénten behandeld zodra ze tekenen van voortgaande ziekte vertonen. Hier-
voor zijn meerdere strategieén voorhanden totdat de patiént uiteindelijk therapieresis-
tent wordt. Aanvankelijk werd MM behandeld met conventionele chemotherapie. Dit is
veranderd sinds de introductie van doelgerichte therapieén zoals thalidomide aan het
eind van de vorige eeuw, gevolgd door bortezomib en lenalidomide aan het begin van
de 21e eeuw. Daarnaast wordt door vooruitgang in de techniek vaker gebruik gemaakt
van stamceltransplantatie. Deze vernieuwde therapieén hebben een hogere unit prijs
dan conventionele chemotherapie en zorgen daardoor voor een flinke impact op bud-
getten. Als reactie hierop vragen financiers vaker om aanvullende informatie over de
kosten en de effectiviteit van dure geneesmiddelen in de dagelijkse praktijk. Deze me-
thode heeft als doel de onzekerheid betreffende de werkelijke, zogenaamde ‘real world;,
waarde van deze middelen te verminderen. In Nederland specifiek heeft die onzekerheid
geleid tot een beleid waarin vergoeding van dure intramurale geneesmiddelen wordt
gekoppeld aan bewijsvoering van de kosteneffectiviteit. Sinds 2008 wordt er voor deze
geneesmiddelen onderzoek verricht naar het gerechtvaardigd gebruik, de effectiviteit
en de kosten in de dagelijkse praktijk. Het medicijn bortezomib zou in aanmerking zijn
gekomen voor dit nieuwe beleid, echter de behandeling van recidief / refractair MM met
bortezomib was ten tijde van de beleidswijziging reeds goedgekeurd. Omdat er destijds
nog weinig bekend was over de uitvoerbaarheid en het nut van uitkomstenonderzoek
in het verzamelen van bewijs van waarde van een medicijn is besloten tot het uitvoeren
van de in dit proefschrift gepresenteerde pilot uitkomstenonderzoek naar bortezomib.

Voor een beter begrip van de impact van de vooruitgang in MM behandeling op de effi-
ciéntie van zorg was het van belang om eerst de effectiviteit en kosteneffectiviteit van de
huidige standaard van zorg in kaart te brengen. In Deel 1 van dit proefschrift beschrijven
wij de huidige kennis van de efficiéntie van behandeling van het multipel myeloom en
de kwaliteit van onderzoek tot dusver op dit gebied (Hoofdstuk 2), met in het bijzonder
aandacht voor de doelgerichte therapieén (Hoofdstuk 3). In Hoofdstuk 2 bespreken wij
meerdere studies die aantonen dat stamceltransplantatie in combinatie met intensieve
chemotherapie kosteneffectief is. Het aantal studies was echter beperkt doordat derge-
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lijke evaluaties in het laatste decennium minder frequent worden verricht, vooral voor
de doelgerichte therapieén zijn er weinig van dergelijke studies ondanks hun belang-
rijke bijdrage aan de verbeterde prognose. Daarnaast zou de kwaliteit en documentatie
van de gebruikte methodologie in deze studies op een aantal vlakken verbeterd kunnen
worden. Slechts enkele studies maakten gebruik van standaard methoden die men mag
verwachten van een kwalitatief goede economische evaluatie, zoals de beoordeling van
onzekerheid in de resultaten en discontering. Daarnaast baseerden de meeste studies
de effectiviteit van de comparator groepen op niet-experimentele studies met verschil-
lende patiéntenpopulaties. Vanwege een schaarste aan literatuur over economische
evaluaties van doelgerichte therapieén presenteren wij in Hoofdstuk 3 een overzicht
van het therapeutische en economische bewijs beschikbaar over de efficiéntie van
doelgerichte therapieén in MM. Wij stellen vast op basis van therapeutisch bewijs dat
doelgerichte therapieén een betere werkzaamheid en veiligheid hebben ten opzichte
van conventionele behandelingen. Uitkomsten onderzoek heeft laten zien dat zowel pa-
tiénten tijdens thalidomide onderhoudsbehandeling als recidief / refractaire patiénten
reagerende op bortezomib, een betere gezondheidsgerelateerde kwaliteit van leven
rapporteren. Er is meer bewijs nodig over het effect van lenalidomide behandeling
op de kwaliteit van leven. Op het moment van schrijven van Hoofdstuk 3 werden in
totaal drie studies gevonden met betrekking tot de kosteneffectiviteit van doelgerichte
therapieén in MM. Twee van deze studie vergeleken bortezomib met lenalidomide bij
recidief / refractaire patiénten door een indirecte vergelijking met behulp van data uit
twee onafhankelijke experimentele studies. De gezondheidswinst van behandeling met
bortezomib en lenalidomide die deze modeleer studies veronderstelden bleek invloed-
rijk en vaak een overschatting van de werkelijkheid.

Op basis van tegenstrijdige resultaten van modeleer studies die zijn gebaseerd op
efficiéntie van vergelijkbare experimentele studies, concluderen wij dat bestaande
modeleer studies in MM niet in staat zijn gebleken om de beperkingen in data van
vergelijkende effectiviteit te overwinnen. Tot slot blijkt uit ons onderzoek dat de uti-
liteitswaarde die wordt gebruikt om de gezondheidsgerelateerde kwaliteit van leven
gecorrigeerde levensjaren (QALY) te kunnen genereren gebaseerd is op onderzoek van
voor de beschikbaarheid van de doelgerichte therapieén. Hiermee tonen wij aan dat er
een noodzaak is voor patiéntuitkomsten onderzoek van doelgerichte therapieén.

In Deel 2 van dit proefschrift onderzoeken wij de haalbaarheid en de implicaties van
uitkomstenonderzoek in het evalueren van de effectiviteit en het juist gebruik (Hoofd-
stuk 4), de kosten (Hoofdstuk 5), en de relatieve kosteneffectiviteit (Hoofdstuk 6) van
bortezomib bij recidief / refractaire MM patiénten. Uit ons onderzoek blijkt dat obser-
vationele gegevens bruikbaar zij voor het beoordelen van juist gebruik, de kosten en
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de totale overleving van deze patiénten behandeld met bortezomib in de dagelijkse
praktijk. Echter, de evaluatie van de effectiviteit en het juist gebruik van bortezomib
in Hoofdstuk 4 laat zien dat de resultaten alleen generaliseerbaar zijn bij patiénten
met een ongunstige prognose. Vooral de groep patiénten die werden behandeld in
de eerste jaren nadat bortezomib op de markt beschikbaar was gekomen, hadden een
ongunstigere prognose dan degenen die behandeld waren in de cruciale RCT die was
gebruikt voor de goedkeuring van vergoeding. Bovendien waren deze patiénten slech-
ter af in vergelijking met patiénten behandeld met bortezomib na de periode voor het
uitvoeren van uitkomstenonderzoek. Hoofdstuk 5 laat zien dat de ‘real-world’kosten van
behandeling van recidief / refractaire MM sterk verschillend is en dat deze kosten vooral
beinvloed worden door ziekenhuisopnames en de prijs van doelgerichte therapieén.
Hogere kosten werden daarnaast geassocieerd met ongunstige prognostische factoren
en behandelingsgerelateerde bijwerkingen. Behandelstrategieén gebaseerd op borte-
zomib bleken aanzienlijk duurder te zijn door de hogere prijs, frequentere ziekenhuisbe-
zoeken voor intraveneuze toediening van medicatie en hogere kosten voor comedicatie.
Voorgaande hoofdstukken laten zien dat het mogelijk is om met uitkomstenonderzoek
bewijs te verzamelen voor de kosteneffectiviteit van nieuwe doelgerichte therapieén,
zoals bortezomib, in de eerste jaren na introductie op de markt. Tot slot laten wij in
Hoofdstuk 6 zien dat het onmogelijk is om de onzekerheid over relatieve kosteneffec-
tiviteit weg te nemen doordat patiénten behandeld met bortezomib niet vergelijkbaar
zijn met controles die werden behandeld met alternatieve behandelingen (oftewel
confounding by indication). Op basis van de bevindingen in Deel 2 van dit proefschrift
concluderen wij dat de dynamiek in de dagelijkse praktijk tijdens de introductie fase van
bortezomib voor MM, anders gezegd de onervarenheid met het medicijn en de reeds
bestaande variatie van behandeling, de haalbaarheid beperkt om een valide controle
te identificeren en om relatieve kosteneffectiviteitschattingen te maken. Beleidsmakers,
die uitkomstenonderzoek verlangen om conclusies te trekken over de relatieve effecti-
viteit en kosteneffectiviteit van nieuwe doelgerichte geneesmiddelen voor MM, worden
gewaarschuwd voor de invloed van de introductie fase van deze geneesmiddelen in de
dagelijkse praktijk. In plaats daarvan adviseren wij beleidsmakers zorgvuldig af te wegen
of uitkomstenonderzoek voldoende onzekerheid wegneemt of dat andere opties (zoals
financieel- of resultaatgebaseerde regelingen voor risicodeling) geschikter zijn om
voldoende waarde voor geld te garanderen van nieuwe doelgerichte geneesmiddelen.

Sinds het tijdperk van de doelgerichte therapieén is er een betere overleving maar deze
is nog beperkt doordat sommige patiénten ondanks de medische vooruitgang een
slechte prognose houden. De heterogene effectiviteit van behandeling zou ondervan-
gen kunnen worden door het gebruik van een behandelschema naar risico, ook wel
‘risk-stratified treatment’ (RST) genaamd, gebaseerd op biomarkers die onafhankelijk
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geassocieerd zijn met de uitkomsten van de verschillende patiéntgroepen. De waarde
van RST moet nog worden bewezen maar een dergelijke individuele benadering van MM
patiénten zou de effectiviteit en kosteneffectiviteit van nieuwe doelgerichte genees-
middelen sterk kunnen verbeteren. In Deel 3 van dit proefschrift bestuderen wij deze
RST benadering en passen wij de methode van vroeg stadium economische evaluatie
toe om de potentiéle waarde van de RST in te schatten. In Hoofdstuk 7 worden de po-
tentiéle therapeutische waarde en de kostenbesparing aangetoond voor prognostisch
ongunstige markers in MM patiénten, de onzekerheid over de resultaten was daarbij
een invloedrijke factor. Vergelijkbare bevindingen werden gevonden in Hoofdstuk 8
waarin wij dezelfde methode toepassen op een nog vroegere fase van technologische
ontwikkeling van hypothetische markers die vooraf respons op de behandeling bij chro-
nische myeloide leukemie voorspellen. Deze twee studies benadrukken een aantal me-
thodologische overwegingen die men in acht moet nemen bij de uitvoering van vroeg
stadium economische evaluaties van RST benaderingen in de hematologie, vooral het
vinden van robuust bewijs voor vergelijkbare effectiviteit tussen nieuwe doelgerichte
therapieén blijkt moeizaam en beperkt tot subgroepen met kleine patiéntaantallen. Het
ontwikkelen van een vroeg stadium eenvoudig economisch model was daarentegen
wel nuttig voor het kwantificeren van de kosten en de effectiviteit van de huidige zorg-
strategieén. Het bood eveneens een platform voor discussie met belanghebbenden
over de behoeften in de zorg en de mogelijke implicaties die deze technologie zou
kunnen hebben op de besluitvorming over behandeling in de dagelijkse praktijk. Door
verschillende zorgpaden in het model te verwerken konden scenarioanalyses worden
verricht waarmee de verschillende veronderstellingen over de klinische utiliteit van de
nieuwe technologie konden worden onderzocht en waarmee bovendien bepaald kon
worden bij welke prijs de nieuwe technologie niet langer rendabel is.

In het laatste Hoofdstuk 9 van dit proefschrift voeren wij een gedetailleerde discussie
over de implicaties van deze bevindingen voor beleidsmakers, zorgverleners en on-
derzoekers. Op basis van onze bevindingen bespreken wij vervolgens in welke mate
vergelijkbare uitdagingen kunnen worden verwacht in vroeg stadium economische
evaluaties en uitkomstenonderzoek in MM. Wij besluiten dit proefschrift met een discus-
sie over de aanbevelingen voor nieuwe initiatieven om de doelen te halen van zowel
vroeg stadium als klassieke economische evaluaties in MM.
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