BioDrugs (2023) 37:219-233
https://doi.org/10.1007/s40259-023-00583-9

SYSTEMATIC REVIEW t‘)

Check for
updates

Systematic Literature Review of Economic Evaluations of Treatment
Alternatives in Chronic Lymphocytic Leukemia

Lészl6 Lorenzovici'? - Laszl6 Szilberhorn® - Szabolcs Farkas-Raduly' - Andrea lldiko Gasparik? -
Andreea Mihaela Precup' - Adél Gyongyvér Nagy' - Carsten Utoft Niemann*> - Tero Aittokallio®”® . Zoltan Kal6>° -
Marcell Csanadi®

Accepted: 19 January 2023 / Published online: 16 February 2023
© The Author(s) 2023

Abstract

Background Economic evaluations are widely used to predict the economic impact of new treatment alternatives. Com-
prehensive economic reviews in the field of chronic lymphocytic leukemia (CLL) are warranted to supplement the existing
analyses focused on specific therapeutic areas.

Methods A systematic literature review was conducted based on literature searches in Medline and EMBASE to summarize
the published health economics models related to all types of CLL therapies. Narrative synthesis of relevant studies was
performed focusing on compared treatments, patient populations, modelling approaches and key findings.

Results We included 29 studies, the majority of which were published between 2016 and 2018, when data from large clinical
trials in CLL became available. Treatment regimens were compared in 25 cases, while the remaining four studies considered
treatment strategies with more complex patient pathways. Based on the review results, Markov modelling with a simple
structure of three health states (progression-free, progressed, death) can be considered as the traditional basis to simulate
cost effectiveness. However, more recent studies added further complexity, including additional health states for different
therapies (e.g. best supportive care or stem cell transplantation), for progression-free state (e.g. by differentiating between
with or without treatment), or for response status (i.e. partial response and complete response).

Conclusions As personalized medicine is increasingly gaining recognition, we expect that future economic evaluations will
also incorporate new solutions, which are necessary to capture a larger number of genetic and molecular markers and more
complex patient pathways with individual patient-level allocation of treatment options and thus economic assessments.
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the field of chronic lymphocytic leukemia (CLL).

Narrative synthesis of relevant studies was performed
focusing on compared treatments, patient populations,
modelling approaches and key findings.

This review defined the traditional approach of model-
ling in this field, but also highlighted that model com-
plexity should be increased to address more complex
research questions.
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1 Introduction

Chronic lymphocytic leukemia (CLL) is a lymphoprolifer-
ative B-cell malignancy characterized by the proliferation
and accumulation of morphologically mature but immuno-
logically dysfunctional B-cell lymphocytes [1]. The most
common presentation is an asymptomatic lymphocytosis
detected by incidental blood tests. Patients with progres-
sive disease have a rising lymphocytosis, adenopathy,
hepatosplenomegaly and bone marrow infiltration result-
ing in bone marrow failure with anemia and thrombocy-
topenia [2]. CLL is the most common type of leukemia
in Western populations with an incidence of 4.2/100,000,
and the incidence is slightly higher in males. Worldwide,
191,000 cases and 61,000 deaths are attributed to CLL
every year [3, 4].

Since in most cases CLL remains an incurable disease,
the goals of therapy are to improve quality of life (QoL)
and to prolong survival; however, several surrogate end-
points are used in clinical trials, such as response rate,
minimal residual disease (MRD) status or progression-
free-survival (PFS), as improvement in these endpoints
are associated with better survival. Ultimately, in most
patients, survival and QoL depend on the effect of treat-
ment sequences given along the course of the disease [4].
The decision to start CLL treatment is taken according
to IWCLL (International Workshop on Chronic Lympho-
cytic Leukemia) criteria, when the patient’s symptoms or
blood counts indicate that the disease has progressed to
a point where it may affect QoL [5]. Only patients with
progressive disease require therapy, whereas for patients
with early disease, the management is based on a watch-
and-wait strategy [4]. However, QoL can be significantly
impacted by infections during the watch-and-wait strategy
due to immune dysfunction inherent to the CLL itself.

CLL therapy has faced several major developments over
the last 2 decades. Initially, the basis of therapy was sin-
gle-agent chemotherapy, but later chemo-immunotherapy
(CIT) became standard of care, especially for younger and
fit patients [6]. For patients with comorbidities or unable
to tolerate intensive CIT regimens, low intensity chemo-
therapy combined with antibody-based therapies have been
shown to be effective in large clinical trials [7]. Although
CIT regimens were the standard first-line treatments for
patients with CLL for years, oral targeted therapy has
recently emerged as an alternative and often preferred
treatment option based on Bruton Tyrosine Kinase (BTK)
and protein B-cell lymphoma 2 (BCL-2) inhibitors [8].
Currently, multiple effective therapy options are available.
However, these are relatively newly developed molecules
with high costs. Time on therapy can become lengthy for
monotherapy since it is recommended to continue until
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disease progression or significant toxicity. In addition,
there is a need for continuous monitoring during therapy,
which adds an additional cost burden on the public health-
care system [9].

More and more attention is being focused on personalized
management of patients with CLL due to recent advances in
molecular and genomics profiling that correlates with out-
come on different treatment options. This relates to diag-
nosis (e.g. immunophenotyping), response predictors (e.g.
del(17p)/TP53 mutation), treatment (e.g. BCR signaling
inhibitors, BCL-2 antagonists, chimeric antigen receptor T
cells also known as CAR-T cells) or methods to evaluate
MRD [10]. Genetic markers, including immunoglobulin
heavy chain variable region gene (IGHV) mutation status,
TP53 mutation or a deletion at chromosome 17p, are becom-
ing the basis of personalized treatment in CLL, and such
markers can guide health professionals to make treatment
decisions. It is expected that targeted treatment can lead to
decreased side effects and increased effectiveness by consid-
ering genetic tumor phenotype information and other param-
eters (i.e. comorbidities, concomitant medication, germline
genetics, adverse events) [8].

To predict the economic impact of the new treatment
alternatives and the personalized treatment approaches in
CLL for payers, economic evaluations should be performed
using various modelling approaches [11]. The use of health
economic models to support healthcare decisions in the
field of oncology is widely accepted [12]. The results of
the economic analyses provide information on the poten-
tial costs and benefits of new cancer treatments and therapy
sequences, compared with standard treatment, which are
particularly important for decision makers as demand for
better treatments increases while the healthcare budgets
remain less flexible [13].

There has been a growing amount of literature about
the health economic aspects of CLL since the early 2000s
[14]. A systematic literature review published in 2014 iden-
tified nine studies that reported economic models to esti-
mate the cost effectiveness of a treatment for CLL [15]. It
found that the majority of CLL studies adopted a Markov
model approach. The economic models were subject to key
uncertainties; in particular, a lack of data on the long-term
effectiveness of treatment [15]. A more recent study pub-
lished in 2019 reviewed articles related to cost effective-
ness, especially for CLL-targeted therapies. It provided a
narrative review and a summary of the available evidence
on the different types of targeted therapies [16]. Although
the former study is a comprehensive review, it was published
before the appearance of the most advanced therapies in the
field in 2014, and the latter study focused only on targeted
therapies. Therefore, at the time of preparing our study, an
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up-to-date analysis that reviews the economic evaluations
of all potential therapies for CLL patients was warranted.

The present study was conducted to systematically collect
and synthesize current evidence on the economic evaluations
in the field of CLL management. We performed a system-
atic literature review to identify published health economics
models related to all types of CLL therapies, and provide a
comprehensive overview of the key modelling approaches
and their conclusions.

2 Methodology

The aim of the literature review was based on focused review
questions, which enabled efficient planning of the literature
search. The review questions in Supplementary Material I
(see electronic supplementary material [ESM]) provide an
explicit statement of questions being addressed in this work.
The systematic literature review was conducted and reported
in compliance with the PRISMA 2020 Statement [17], a
guide for standard reporting of systematic literature reviews.

2.1 Literature Search and Screening

The literature search covered Medline (via PubMed) and
EMBASE (via SCOPUS) databases. The search strategy was
developed with a search string identifying all hits poten-
tially relevant for the disease area in focus (CLL) and for
economic evaluations. We used either specific keywords or
relevant subject headings of PubMed and EMBASE. The
developed search strategy is presented in Supplementary
Material II (see ESM) in a tabular format. The search was
performed in June 2021.

Search hits were de-duplicated first (as overlap was
expected between the two databases), followed by title and
abstract screening for exclusion by two researchers inde-
pendently to ensure internal quality control. To assess eli-
gibility for inclusion in the review, the potentially relevant
articles were next evaluated in full text by two researchers
independently. Full-text papers that did not fulfil the inclu-
sion criteria were excluded, and reasons for exclusion were
documented. In case of disagreement between the two inde-
pendent researchers on inclusion/exclusion, a third, senior
researcher was invited to decide on inclusion. Inclusion/
exclusion of papers were documented with EndNote. The
process was documented in tabular format and was presented
with a PRISMA flowchart.

The following exclusion criteria were applied during lit-
erature screening (the same criteria was used for the initial
title and abstract screening and for the full-text screening):
duplicates; no English abstract; article not reporting origi-
nal data (e.g., letter, editorial, comment, or non-systematic

review); the primary focus of the study is not CLL patients;
studies not reporting an economic model or not using mod-
elling techniques; former systematic literature reviews and
meta-analyses with/without relevant topic.

Former systematic literature reviews with relevant topic
were excluded but collected separately and the references
of the papers were screened for further inclusion. To further
increase the sensitivity of the systematic review, a so-called
snowball approach was adopted, in which the reference lists
of the included studies were screened for additional relevant
papers.

2.2 Data Collection and Data Synthesis

Data from included studies were extracted to an MS Excel
file. A pilot, annotated data extraction file was circulated
to all reviewers (three researchers working independently),
together with three example studies. Following the pilot
extraction, the data extraction grid was finalized accord-
ing to the comments. Data extraction was limited to find-
ings relevant to the research topic. The data extraction
sheet included fields on (1) the general characteristics of
the included studies; (2) the modelled study population; (3)
model characteristics and methods; (4) quantification of
costs and (5) quantification of benefits. All relevant data
were extracted from the included papers in the final data
extraction spreadsheet. Extracted data were double-checked
by an independent reviewer for quality assurance of the sys-
tematic literature review.

A narrative synthesis of the extracted data was performed
according to the review questions, without meta-analysis
of study findings. This report includes a summary of the
investigated technologies, compared treatments, modelled
patient population and the type of modelling approach. It
is important to note that this brief summary only includes
the information collected from scientific papers. Conference
materials, such as poster presentations or abstracts of an oral
presentation, were not excluded from the review, but they
were not included in the narrative synthesis report and the
below results, as they generally include a less comprehensive
and detailed description about the modelling approach and
the characteristics of the analysis.

Risk of bias assessment of the included studies was per-
formed with the ECOBIAS checklist [18]. This tool was
developed to conduct a risk-of-bias assessment in model-
based economic evaluations. It includes an overall checklist
and more specific aspects focusing on bias related to struc-
ture, data and consistency, with a total of 22 items.
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3 Results

In total, we identified 1138 records from EMBASE and
433 records from PubMed before June 2021. After the ini-
tial title and abstract screening, we considered 111 records
in the full-text review phase. There were 77 records that
were conference materials, and did not fall under the sub-
ject of this review. The remaining 34 studies were carefully
reviewed in full text, and five of them were excluded because
no economic modelling was performed. The remaining 29
studies were subject to data extraction. A flow chart of the
literature review is presented in Supplementary Material 111
(see ESM).

3.1 General Characteristics and Investigated
Therapies

The objectives of these studies are listed in Supplemen-
tary Material IV (see ESM). The study location, the type
of investigated technologies, the treatment line and spe-
cific characteristics of the patient population are shown in
Table 1. The first study was published in 1991 (the only
study before 2000), whereas the majority of the studies were
published between 2016 and 2018 (17/29), when the large
clinical trials about CIT (e.g., CLLS, CLL10, CLL11 or
COMPLEMENT 1) and about targeted therapies (e.g. RES-
ONATE trials) were available as primary data sources. There
were ten studies from the UK, seven from the US, two from
Canada and Spain, and a single study from eight countries
(Australia, Finland, France, Germany, Netherlands, New
Zealand, Portugal and Ukraine).

In 25 studies, specific treatment regimens (at least two
or more) were compared and evaluated in terms of the
cost effectiveness based on economic modelling (Table 1).
Among these, one study performed a trial-based economic
evaluation also (for short-term outcomes), besides the eco-
nomic modelling. In addition, an early economic modelling
was performed in another study based on premature clini-
cal data. Details on the specific patient population of the
investigated studies were collected in 12 studies. In eight of
these studies, only patients unsuitable for fludarabine-based
therapy (and/or with comorbidities) were considered. In two
cases, patient selection was linked to del(17p)/TP53 muta-
tion status, in one study only double refractory (refractory to
fludarabine and alemtuzumab) patients were included, while
in one study only patients unable to tolerate third-line treat-
ment were considered.

The specific therapies from the 25 studies that investi-
gated treatment regimens are shown in Table 1. A simple
two-arm comparison was performed in 18 studies, three
studies compared three treatment arms, while four-arm,
five-arm and six-arm comparisons were done in one study
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each. There was one study where 18 different combinations
of three treatment regimens were defined (both first-line and
refractory treatment lines were considered in defining the
combinations). There were 15 studies where first-line treat-
ment was investigated, four where only relapsed/refractory
patients were included and four where both of them were
considered. In one study, the treatment line was not clear,
while in one study only the third line was considered. In the
majority of studies (n = 17/25), CIT regimens were inves-
tigated at least in one arm. Targeted therapies were investi-
gated only in five studies (three on ibrutinib, including one
where acalabrutinib was used on the comparator arm, one
on idelalisib and one on venetoclax).

We identified four studies that not only investigated spe-
cific treatment regimens, but had a broader perspective and
compared treatment strategies. Treatment strategies were
defined based on the anticipated use of targeted therapies
and genetic testing among CLL patients in the future. These
studies tried to cover a longer treatment pathway from first
line to relapse-refractory treatment lines based on certain
features of the available therapies (specific examples are dis-
cussed in more detail below). Those four studies that com-
pared treatment strategies are summarized below:

¢ One study evaluated a total of five treatment strategies;
two strategies that reflected varying genetic testing prac-
tices (defined as assays solely targeting specific genes
of interest); two related to genomic testing (defined as
genome-wide testing, simultaneously scrutinizing multi-
ple genes); and one where no genetic or genomic testing
is used. Selection of specific therapies in the first line
and subsequent lines were linked with the use of genetic
or genomic testing and the utilization of the information
from these tests [19].

e Another study simulated multiple lines of therapies dur-
ing the course of CLL management and assumed two
scenarios on the use of ibrutinib. In one scenario, the
targeted therapy was considered as the first line, while in
the other scenario it was considered as the third line [20].

e A third study simulated the expected evolving manage-
ment of CLL patients until 2025 with two scenarios. One
scenario assumed that CIT regimens will be replaced by
oral targeted therapies first in the relapse setting, and then
as the first-line treatment. The other scenario assumed
that CIT would remain the standard of care for the period
[21].

e A similar study aimed to quantify the economic burden
of oral targeted therapies when compared with CIT regi-
mens. It also simulated the CLL patient population under
varying treatment options until 2025. A scenario where
CIT remains the standard of care was compared with
another scenario where the use of oral targeted therapy
increases gradually over time [9].
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Table 1 General information about the included studies

References

Study country  Specific patient popula-

tion characteristics

No. compared regimens

Abbreviation of the
compared regimens

Treatment line of the
compared regimens

Studies comparing treatment regimens (n = 25)

Weeks et al. [25]
Dervaux et al. [39]

Scott and Scott [23]

Main et al. [29]
Hornberger et al. [27]
Woods et al. [42]
Adena et al. [26]

Kongnakorn et al. [22]
Mandrik et al. [30]

Becker et al. [32]

Blommestein et al.
[33]

Casado et al. [34]

Danese et al. [24]

Herring et al. [40]

Miiller et al. [31]
Soini et al. [37]

Hatswell et al. [44]

Howard et al. [28]
Paquete et al. [35]

Williams et al. [46]
Barnes et al. [38]

Casado et al. [43]

USA

France

New Zealand

UK

USA
UK

Australia

USA
Ukraine

UK

Netherlands

Spain

USA

Canada

Germany
Finland

UK

UK
Portugal

UK
USA

Spain

Not defined
Not defined

Patients who were able
to tolerate third-line
treatment

Not defined

Not defined

Patients not eligible
for fludarabine-based
therapy

Not defined

Not defined
Not defined

Patients unsuitable for
full-dose fludarabine-
based therapy

Patients unsuitable for
full-dose fludarabine-
based therapy

Patients with comorbidi-
ties that make them
unsuitable for full-
dose fludarabine-based
therapy

Not defined

Patients for whom
fludarabine-based ther-
apies are considered
inappropriate

Not defined

Patients unsuitable for
fludarabine-based
therapy

Double refractory
(refractory to fludara-
bine and alemtu-
zumab)

Not defined

Patients who are unsuit-
able for full dose
fludarabine-based
therapy

Not defined

Patients without a 17p
deletion

Not defined

2

18 combinations

Ig vs No Ig

Mini-CHOP vs F vs Clb
(in different combina-
tions)

A vs FC-R

FC-R vs FR; FC-R vs
CIb

FC-R vs FC
B vs Clb

FC-R vs FC

B vs A vs Clb
FC-R vs FC

G-Clb vs R-ClIb vs Clb
vs B vs R-B vs O-Clb

G-Clb vs R-ClIb vs
O-CIb vs Clb

G-Clb vs R-Clb

R-Chemo vs Chemo

O-CIb vs Clb

FC-R vs FC

G-Clb vs O-Clb vs R-B
vs R-CIb vs Clb

O vs BSC

FC-R vs FCM-miniR
G-CIb vs R-CIb vs Clb

FC-R vs FC

Ibr vs CIb/G-ClIb (theo-
retical alternative)

Ide-R vs R

Not defined

First line; relapsed/
refractory

Third line

First line

First line
First line

First line; relapsed/
refractory

First line

First line; relapsed/
refractory

First line

First line

First-line

First line; relapsed/
refractory

First line

First line
First line

Relapsed/refractory

First line
First line

First line
First line

Relapsed/refractory
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Table 1 (continued)

References Study country  Specific patient popula-

tion characteristics

No. compared regimens

Treatment line of the
compared regimens

Abbreviation of the
compared regimens

Mistry et al. [45] UK Indication 1: relapsed/ 2
refractory patients
who had the del(17p)/
TP53 aberration
Indication 2: relapsed/
refractory patients who
lacked the del(17p)/

TP53 aberration

Patients with comorbidi- 2
ties that make them
unsuitable for full-
dose fludarabine-based
therapy

Not defined 2

Sinha and Redekop
[36]

Vreman et al. [41] UK

Ven vs BSC Relapsed/refractory

Ibr vs G-Clb First line

Acp vs Ibr Relapsed/refractory

Study Study country Specific patient No.
population charac-

teristics scenarios

compared

Description of compared treatment scenarios

Studies comparing treatment strategies / patient pathways (n = 4)

Buchanan et al. [19] UK Not defined 5
Chen et al. [21] USA Not defined 2
Patel et al. [20] USA Not defined 2
Lachaine et al. [9] Canada Not defined 2

Scenario 1: Genetic testing + no Ibr

Scenario 2: Genetic testing + Ibr

Scenario 3: No genetic or genomic testing

Scenario 4: Genomic testing + Ibr

Scenario 5: Genomic testing + Ibr + O

Scenario 1: CIT regimens will be replaced by oral targeted therapies
by 2025

Scenario 2: CIT would remain the standard of care for the period

Scenario 1: The patient pathway is simulated with Ibr in the 1st line

Scenario 2: The patient pathway is simulated with Ibr in the 3rd line

Scenario 1: CIT regimens remain the standard of care until 2025

Scenario 2: The use of oral targeted therapy increases gradually over
time until 2025

A alemtuzumab, Acp acalabrutinib, B bendamustine, BSC best supportive care, CHOP cyclophosphamide-vincristine-prednisone-doxorubicin,
CIT chemo-immunotherapy, CIb chlorambucil, F fludarabine, F'C fludarabine-cyclophosphamide, FCM-miniR fludarabine-cyclophosphamide-
mitoxantrone-low-dose rituximab, FC-R fludarabine-cyclophosphamide-rituximab, G-CIlb obinutuzumab-chlorambucil, /br ibrutinib, Ide-R
idelalisib-rituximab, /g immunoglobulin, O-Clb ofatumumab-chlorambucil, R rituximab, R-B rituximab-bendamustine, R-Chemo rituximab +

chemotherapy, R-ClIb rituximab-chlorambucil, Ven venetoclax

3.2 Modelling Approaches of the Included Studies

A great majority of the studies (25/29) used Markov or par-
titioned survival modelling method with mutually exclusive
health states. Among the four studies that did not follow
the logic of mutually exclusive health states, there was
only one study where a more complex patient-level discrete
event simulation methodology was used [22]. In case of the
remaining three studies, one used a decision tree model-
ling method [23], one used an epidemiological simulation
model [24], and in one study the modelling method was not
described in detail, therefore, no clear method was identified
[25]. The modelling approaches of the studies are presented
in Table 2.

The simplest model structure for studies with mutually
exclusive health states for CLL was a three-state Markov
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model structure (progression-free state, progression state
and death). This was used in six models to evaluate the
cost effectiveness of specific treatment regimens for CLL
patients [26-31]. However, on top of this simple structure,
we identified different approaches in the other studies that
add more complexity to the modelling. These approaches
are discussed below.

3.2.1 Separate Health State for no Treatment

We identified eight studies where the progression-free state
was separated into two different health states [9, 21, 32-37].
In one state, patients were under treatment without pro-
gression, while in the other state, patients were not treated
and had no progression. This allows the impact of having
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Table2 Summary of modelling approach in the included studies

References

Modelling methodology (additional complexity to the
simple 3 health state structure)

Number of health states and their names

Weeks et al. [25]
Dervaux et al. [39]

Scott and Scott [23]
Main et al. [29]
Hornberger et al. [27]
Woods et al. [42]

Adena et al. [26]
Kongnakorn et al. [22]
Mandrik et al. [30]
Becker et al. [32]

Blommestein et al. [33]
Casado et al. [34]

Danese et al. [24]
Herring et al. [40]

Miiller et al. [31]
Soini et al. [37]

Buchanan et al. [19]
Chen et al. [21]
Hatswell et al. [44]
Howard et al. [28]

Paquete et al. [35]
Williams et al. [46]
Barnes et al. [38]

Casado et al. [43]

Mistry et al. [45]

Sinha and Redekop [36]
Vreman et al. [41]
Patel et al. [20]

Lachaine et al. [9]

No clear description
Markov modelling (health states by therapy type)

Decision tree
Markov modelling
Markov modelling

Markov modelling (health states by therapy type and by
response)

Markov modelling

Discrete event simulation

Markov modelling

Markov modelling (health state for no treatment)

Markov modelling (health state for no treatment)
Markov modelling (health state for no treatment)

Epidemiological simulation model

Markov modelling (health states by therapy type and by
response)

Markov modelling
Markov modelling (health state for no treatment)

Markov modelling (health states by therapy type)

Partitioned survival modelling (health state for no treat-
ment)

Markov modelling (health states by therapy type)

Partitioned survival modelling (health states for no treat-
ment)

Partitioned survival modelling
Markov modelling
Markov modelling (Health state for no treatment)

Partitioned survival modelling

Markov modelling (Health states by therapy type)

Partitioned survival modelling
Partitioned survival modelling
Markov modelling (Health states by therapy type)

Markov modelling (Health state for no treatment)

N/A

4 in Ist line: Response to 1st line, Progression after 1st line
without 2nd line, Progression after 1st line with 2nd line,
Death; 3 in 2nd line: Response to 2nd line, Progression
after 2nd line, Death

N/A
3: Progression-free, Progressed, Death
3: Progression-free, Progressed, Death

6: Stable disease, Partial response, Complete response,
Progressive disease, Best supportive care, Death

3: Progression-free, Progressed, Death
N/A
3: Progression-free, Progressed, Death

4: Progression-free with therapy, Progression-free without
therapy, Progressed, Death

4: Progression-free with therapy, Progression-free without
therapy, Progressed, Death

4: Progression-free with therapy, Progression-free without
therapy, Progressed, Death

N/A

9: Stable disease, Partial response, Complete response, Pro-
gressive multifocal leukoencephalopathy, Progression to
2nd line, Progression to 3rd line, Progression to 4th line,
Best supportive care, Death

3: Progression-free, Progressed, Death

4: Progression-free with therapy, Progression-free without
therapy, Progressed, Death

5: Progression-free, Progressed, Best supportive care, Bone
marrow transplant, Death

4: Progression-free with therapy (Watchful waiting),
Progression-free without therapy, Progressed, Death

5: Progression-free, Progressed, Best supportive care, Bone
marrow transplant, Death

4: Progression-free with therapy (Watchful waiting),
Progression-free without therapy, Progressed®, Death

3: Progression-free, Progressed”, Death
3: Progression-free, Progressed, Death

4: Progression-free with therapy, Progression-free without
therapy, Progressed, Death

3: Progression-free, Progressed?, Death

7: Progression-free, Progression to 2nd line, Progression to
3rd line, Progression to 4th line, Progression to 5th line,
Best supportive care, Death

3: Pre-progression, Post-progression?, Death

3: Pre-progression, Post-progression?, Death

6: 1st line therapy, Progression to 2nd line, Progression to
3rd line, Progression to 4th line, Best supportive care,
Death

4: Progression-free with therapy (Watchful waiting),
Progression-free without therapy, Progressed, Death

*Partitioned survival modelling was used, in which progression is not modelled directly as a state, but the time in progression state is derived
from the difference in the area between the overall survival and progression-free survival curves
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treatment in terms of both costs and benefits to be captured
within the no-progression state.

3.2.2 Separate Health States According to Therapy Type

We identified eight studies where certain therapy types had
separate health states, such as for best supportive care or
stem cell transplantation [19, 20, 36, 38—42]. Similarly,
in some of these studies, the different lines of therapies
were modelled as separate health states, which reflects
the assumption that the number therapy lines in CLL has
an impact on patient outcomes. This approach allows the
impact of each specific therapy to be captured in terms of
both costs and benefits among those who require treatment.

3.2.3 Separate Health States According to Response

We identified two studies where the level of patients’
response to the therapy was considered in different health
states [40, 42]. For instance, partial response and complete
response were added as health states of separate treatment
outcomes. This allows one to capture the impact of achiev-
ing different levels of response in terms of both costs and
benefits.

3.2.4 Partitioned Survival Modelling

We identified six studies where partitioned survival model-
ling was used while assuming that patients were transition-
ing between mutually exclusive health states [21, 41, 43—46].
In this approach, progression is not modelled directly as
a state, but the time in progression state is derived from
the difference in the area between the overall survival and
progression-free survival curves. One of these studies even
compared the effect of using Markov modelling or using
the partitioned survival method [46]. It validated the appli-
cability of both methods, but also concluded that due to the
different assumptions, the selection of the modelling method
impacts on the cost-effectiveness results.

It is important to note that these additional approaches to
the traditional three-state model are not mutually exclusive,
and the various approaches could be combined to capture
more complex simulation problems appropriately. We found
examples for this:

e A study used a model structure, where the progression-
free state was divided as patients with and without treat-
ment. In addition, the best supportive care and ibrutinib
therapy had separate health states [36].

e Another study defined partial and complete response
health states after first-line therapy. In addition, the sec-
ond, third and fourth line of therapies also had separate
states [40].
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e Some of those studies that performed partitioned sur-
vival modelling also had more a complex structure than
the simple-three state approach. One of them included
a watchful waiting state before first-line therapy, which
allows that some patients enter the model without having
treatment [21]. Another study with partitioned survival
modelling had a model structure with a separate health
state for the best supportive care, which was considered
separate from the other CLL treatment regimens [41].

3.3 Summary of Study Findings

The great majority of studies calculated the total cost per
quality-adjusted life-year (QALY) gain in the cost-effective-
ness analyses (n = 26). In these studies, the costs and the
QALYs were modelled for each compared alternative and
then the incremental cost-effectiveness ratio (ICER) was
calculated expressing the net cost per a QALY gain. Table 3
includes the cost per QALY gain in the base-case scenario
of each study and the study conclusion. The main results
of the studies are also briefly discussed by highlighting the
main patterns below.

The addition of rituximab to the fludarabine—cyclophos-
phamide combination was investigated in six studies, four
from Europe and a single study from Australia and the US
[26, 27, 29-31, 46]. All studies used CIT in first line based
on the CLLS8 clinical trial, but a study from Ukraine also
considered relapsed or refractory patients. All the studies
found that the addition of rituximab is a cost-effective alter-
native, when taking into account the national cost-effective-
ness thresholds.

We identified five studies that investigated first-line
CLL patients who were not eligible for fludarabine-based
therapy and received chlorambucil-based CIT regimens or
chlorambucil alone [32-35, 37]. All the studies were con-
ducted in Europe and used data from the CLL11 trial. All the
studies concluded that when considering the national cost-
effectiveness thresholds, obinutuzumab + chlorambucil is
a cost-effective treatment regimen for fludarabine-ineligible
first-line CLL patients.

Ibrutinib was investigated in three studies for first-line
CLL patients, two of which were conducted in the US and
one in the UK [20, 36, 38]. Different comparator alterna-
tives were used in these studies, but all of them found that
ibrutinib is not cost effective in first line. Interestingly, each
study considered a base-case scenario with a given list price
of ibrutinib, and then calculated the discount that would be
required for being under the cost-effectiveness threshold.

Besides ibrutinib, alternative targeted therapies were also
investigated in three studies [41, 43, 45]. One study compared
venetoclax with best supportive care for relapsed or refractory
patients in the UK and found that it was not cost effective in
the base-case model. Another study compared the combination
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of idelalisib + rituximab with rituximab for relapsed or refrac-
tory patients in Spain and found that it was cost effective. The
third study compared acalabrutinib with ibrutinib and found
that it was not cost effective in relapsed patients in the UK.

Regarding the studies comparing treatment strategies,
results of two studies are important to highlight [19, 21]. A
study that compared alternatives based on using genetic and
genomic testing in the UK found that the use genomic test-
ing was unlikely to be cost effective using the standard ICER
threshold. It highlighted that either a societal costing perspec-
tive or a lower price for targeted therapies could make the
use of genomic testing cost effective in the UK. The other
study compared the scenario where CIT regimens are replaced
by oral targeted therapies by 2025 to the scenario where CIT
remains the standard of care for the period. It concluded that
the ICER would be above the cost-effectiveness threshold in
the US, and therefore more sustainable pricing strategies for
targeted therapies are needed.

Results of the remaining studies are not detailed here as
they either investigated a therapy which has been mostly
outdated since the publication of the paper or because they
were similar to the abovementioned patterns with some minor
changes. However, all results are presented in Table 3.

3.4 Results of the Risk of Bias Assessment

177,198 GBP (Scenario 5 vs 3)
Use of genomic testing was not cost effective

189,000 USD

The completed ECOBIAS checklist of the 29 included stud-
ies can be found in Supplementary Material V (see ESM).
Most studies had low risk of bias, however, two important
issues were revealed. Internal consistency checking or vali-
dation procedures were only reported for the minority of the
studies (7/29). This might be only a reporting bias, as valida-
tion is usually a standard element of model development, so
it can be anticipated that it was done for more studies but not
reported. The other issue was related to costing. While the cur-
rency was clearly reported for all studies, the year of costing
was not clear for eight of the 29 studies. This is an important
bias in the analyses as all studies used multiple data sources
for costing, and in many cases the cost data was reflecting on
different years. Other aspects of the quality assessment were
generally reported with sufficient clarity. The study perspective
was clearly defined for all studies, the costing approach was
detailed in almost all of the cases (28/29), discounting was

More sustainable pricing strategies for targeted therapies are needed

Cost per QALY gain in base case scenario + Study conclusion

vs No genetic or genomic testing vs Genomic

testing + Ibr vs Genomic testing + Ibr + O
therapies by 2025 vs CIT would remain the

Genetic testing + no Ibr vs Genetic testing 4+ Ibr 8565 GBP (Scenario 1 vs 3); 31,153 GBP (Scenario 2 vs 3); 50,559 GBP (Scenario 4 vs 3);
standard of care for the period

CIT regimens will be replaced by oral targeted

Abbreviation of the compared regimens

A alemtuzumab, Acp acalabrutinib, AUD Australian dollars, B bendamustine, BSC best supportive care, CAD Canadian dollars, CHOP cyclophosphamide-vincristine-prednisone-doxorubicin,
CIT chemo-immunotherapy, CIb chlorambucil, EUR Euros, F fludarabine, FC fludarabine-cyclophosphamide, FCM-miniR fludarabine-cyclophosphamide-mitoxantrone-low-dose rituximab,

FC-R fludarabine-cyclophosphamide-rituximab, GBP British pounds, G-CIb obinutuzumab-chlorambucil, Ibr ibrutinib, Ide-R idelalisib-rituximab, /g immunoglobulin, NZD New Zealand dol-
lars, O-Clb ofatumumab-chlorambucil, R rituximab, R-B rituximab-bendamustine, R-Chemo rituximab + chemotherapy, R-CIb rituximab-chlorambucil, R/R relapsed or refractory, USD United

g applied in the majority of the studies (24/29) and the model
3 % ; y structure was also clearly presented for 28 evaluations. Sen-
© = sitivity analysis to quantify uncertainties were incorporated
] . . . .
g into most studies (27/29). All other aspects of the risk of bias
S =) > assessment are included in Supplementary Material V (see
5} = 5
E = S = ESM).
£ B = )
3ls| &g = =
o § o _8
A 5 3
= |9 = < 2}
2o |45 5]
elgl= © Z
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4 Discussion

This study provides a review of economic evaluations in
the field of CLL. Compared with previous studies [15, 16],
this review is more up to date and did not limit the type
of therapies that were considered. These are important
aspects due to the recent advancements in the therapeu-
tic area of CLL. We identified 29 scientific publications
that included economic modelling to estimate the cost
effectiveness of different treatment regimens and treat-
ment strategies. It was important to differentiate between
regimens and strategies, because in case of the former,
the direct effects of specific therapies (single agent or
combination) are assessed compared to other(s), which
can be considered the traditional method of economic
modelling. On the other hand, the simulation of treatment
strategies includes multiple specific therapies during the
course of the disease and adds more complexity to the
simulated pathway, which resonates with the whole dis-
ease modelling approach in the scientific literature [47].
This approach usually requires more data and/or more
assumptions to provide valid estimations, but on the other
hand, it also provides better opportunities to capture com-
plex issues such as the impact of new advancements on
the whole patient pathway. The modelling results in these
cases can be used in wider areas of decision support, such
as defining actual clinical or financial guidelines for a
disease.

We were able to clearly distinguish three important
trends in the literature on cost-effectiveness models in
CLL; these are illustrated in Fig. 1. First, CIT regimens,
mainly FC-R, were compared with chemotherapies during

Fig. 1 Publishing economic
evaluations in chronic lympho-
cytic leukemia (CLL)—timeline
and trend. CIT chemo-immu-
notherapy, FC-R fludarabine-
cyclophosphamide-rituximab

Number of studies published
=Y

18

Publication of
CLL8 trial
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the 2010s, mostly based on the CLLS trial results [48].
These studies provided justification for changing the thera-
peutic landscape and accelerated the use of CIT. Then,
large clinical trials were published that compared CIT
regimens with each other, such as the CLL10 or CLL11
trials [7, 49]. These well designed and highly publicized
trials were used to build new cost-effectiveness models and
support the reimbursement of different regimens, mostly
favouring the obinutuzumab + chlorambucil combination
based on the CLL11 trial results. The third trend includes
the current ongoing tendency that attempts the simulation
of treatment strategies, mainly predicting how targeted
therapies will change the whole landscape of CLL treat-
ment. This also includes simulating the impact of specific
therapies such as ibrutinib, idelalisib or venetoclax. This
trend is clearly ongoing as, after our literature search, fur-
ther studies were published on venetoclax [50, 51]. The
number of economic evaluations peaked in 2016 and 2017
when the three trends were overlapping (Fig. 1).

Importantly, we were also able to identify a key mod-
elling study that aimed to take into account the effect of
genomic/genetic testing within a cost-effectiveness simu-
lation [19]. The molecular features of the disease such as
TP53 mutation, del(17p) and IGHV mutational status are
known predictors of the efficacy of treatment strategies, thus
impacting the health economics for different subgroups of
patients [52, 53]. The identified study [19] could provide
an important basis for upcoming works on analyzing per-
sonalized solutions. This will be very important as it can be
anticipated that new therapeutic options will take advantage
of improvements in molecular diagnostics and will focus on
specific patient groups (e.g. patients at high risk for early
relapse) [54].
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The modelling approaches of the identified studies have
been comprehensively investigated. We found that Markov
modelling with a model structure of three health states
(’progression-free’, *progressed’, ’death’) can be consid-
ered the traditional basis to simulate the cost effectiveness
of CLL therapies. However, many studies have added further
complexity to this simple structure. These choices between
methodological solutions can be justified by the research
questions of the modelling exercise, though they may also
be reflective of the availability of resources and opportuni-
ties to increase model complexity. Most notably, we listed
those cases where additional health states were defined
for different therapies, for response status and for no treat-
ment in stable disease. The consideration of therapy type is
important, for instance, because the QoL of CLL patients is
compromised not only by the disease but also by the type of
treatment regimen [55]. The response types (e.g. complete or
partial responses, achieving undetectable MRD) should be
considered to impact the health economic modelling includ-
ing different interactions with different types of treatment.
Therefore, economic evaluations that consider the effect of
biomarkers should reflect this when establishing the model
structure. Also, the option of having a ‘no treatment’ health
status is also relevant to appropriately reflect the length of
the wait and watch approach, which might be different based
on the patients’ risk factors and earlier treatment regimens
[56].

From the modelling methodology perspective, another
important observation was that only one study used discrete
event simulation (DES) [22]. A patient-level simulation
method is mostly used when the individual patient history
is important for the analysis and must be taken into account
during the simulation. On the other hand, in Markov cohort
models, the probability of a given transition is independ-
ent of the timing of earlier transitions [57]. A DES model
was used in the case where bendamustine, alemtuzumab and
chlorambucil therapies were compared. However, no clear
justification was provided for the selection of this modelling
methodology. Although the authors stated that the applica-
tion of the DES approach is a strength of the study, because
the model emulates health care processes more realisti-
cally, no further clarification was provided [22]. Another
study found that the selection of the methodology to simu-
late patient survival does have an important effect on the
evaluation results (partitioned survival modelling vs Markov
modelling) [46].

Our study has important limitations. First, in this review,
we did not include conference materials. Although they were
identified through the literature search, we decided to not
include them because we wanted to capture the modelling
methodology in detail, and most conference materials have
severe limitations in this respect. Second, the results and
the interpretation of the cost-effectiveness analyses were
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only briefly described, since these were already captured
in the literature on hematologic malignancies [58], and
more importantly, the results are highly context-dependent
with limited generalizability across the whole disease area.
Thirdly, our literature search was conducted in June 2021
and since then new studies have been published investigat-
ing the combination of targeted therapies with monoclonal
antibodies. Venetoclax was combined with rituximab for
relapsed or refractory patients in Switzerland, and veneto-
clax was combined with obinutuzumab for first-line treat-
ment of patients in the US [50, 51]. These studies were not
investigated with our careful approach in this review due to
time limitations. However, they support some of our findings
such as the modelling approach, as both used the traditional
three-state study design with partitioned survival modelling.
Fourthly, we considered just two major literature databases
(Medline, EMBASE) and did not apply a forward citation
search. Finally, some important methodological aspects were
not included in the work, because we wanted to keep the
focus on the general characteristics and on the modelling
approaches. Therefore, aspects of quantifying the costs and
benefits, reliability of data sources or management of uncer-
tainty should be further investigated in future studies.

5 Conclusion

The traditional approach of three-state Markov models was
the cornerstone among the 29 health economic reports iden-
tified in CLL. However, this review highlights that model
complexity should be further increased to address more
complex research questions. These include (1) modelling
subgroups of patients based on genetics and comorbidities,
(2) considering different qualities of responses (complete
response, partial response, MRD response) that interact dif-
ferently with different treatment approaches, (3) including
the risk of adverse events on different therapies and (4) con-
sidering different types and durations of therapeutic options.
As personalized medicine approaches are gaining more rec-
ognition in hematology in general and in CLL in particular,
future health economic models should also incorporate new
strategies to capture the individualized patient pathways
appropriately.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40259-023-00583-9.
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