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Abstract

Background A recently conducted matching-adjusted indirect comparison demonstrated that bosutinib improved progression-
free survival, and delayed progression to advanced disease compared with dasatinib and nilotinib in patients with second line
(2L) chronic-phase chronic myeloid leukemia (CP-CML). However, the long-term clinical and economic impact of using
bosutinib versus dasatinib and nilotinib has not been evaluated. The objective was to determine the cost-effectiveness of
bosutinib compared with dasatinib and bosutinib compared with nilotinib from a US payer perspective.

Methods A cost-effectiveness model was developed using partition survival methods and three health states: progression-
free, progression, and death. Trial data (individual patient-level and aggregate-level data) informed the progression-free
and overall survival estimates. Costs included drugs and medical resource use. Utility values were obtained from literature.
Sensitivity analyses (SAs) included one-way and probabilistic sensitivity analyses (PSAs).

Results Comparing bosutinib versus dasatinib resulted in a gain of 0.4 discounted life years, 1.5 quality-adjusted life years
(QALYs), and incremental costs of $28,459 (values in 2020 US dollars), for an incremental cost-effectiveness ratio (ICER)
of $19,811/QALY gained. Comparing bosutinib versus nilotinib resulted in a gain of 0.8 discounted life-years, 1.8 QALYS,
and incremental costs of $76,563, for an ICER of $41,932/QALY gained. Drug costs and extrapolation distribution type
were the main drivers of the model in the one-way SAs. In the PSAs, bosutinib had >90% and >80% probabilities of being
cost-effective at a willingness-to-pay threshold of $100,000/QALY versus dasatinib and nilotinib, respectively.
Conclusions Our results suggest that compared with dasatinib and nilotinib, bosutinib may represent good value for money
for treating 2L CP-CML patients.

1 Introduction

Chronic myeloid leukemia (CML) is a type of cancer that
affects the blood and bone marrow. In the chronic phase
(CP), most patients have few troubling symptoms. However,
CML can evolve from a relatively stable disease into a more
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rapidly progressing one (accelerated phase; AP), eventually
transforming into a rapidly progressing disease (blast phase;
BP) [1]. The annual incidence of newly diagnosed cases of
CML in the USA is estimated at1—1.3 cases per 100,000. As
of 2020, the prevalence of CML is estimated at 112,000. [2]
Treatment options depend on the disease phase and other
prognostic factors [3].

As some patients will be either refractory or intoler-
ant to their first tyrosine kinase inhibitor (TKI) treatment
choice, another TKI can be administered. Available TKIs
for second-line (2L) CP-CML include bosutinib, nilotinib,
and dasatinib.

Nilotinib is approved in 2L for imatinib-resistant or
-intolerant Philadelphia chromosome positive (Ph+) CP-
CML, based on a phase II, single-arm, open-label study [4].
Endpoints of this study included progression-free survival
(PFS) and overall survival (OS). Dasatinib is approved for
patients with resistance or intolerance to prior therapy,
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Key Points for Decision Makers

When adjusted for cross-trial differences in disease
and patient baseline characteristics, second-generation
tyrosine kinase inhibitors (TKIs; bosutinib, dasatinib,
and nilotinib) display similar overall survival (OS) and
improved progression-free survival (PFS) for bosutinib
compared to the other TKIs in second-line treatment
(2L) of chronic phase chronic-myeloid leukemia (CP-
CML).

In a cost-effectiveness model, improved PFS for bosuti-
nib patients translates into a longer time spent in the less
expensive progression-free health state (e.g., patients
progress slower to the more advanced and expensive
stages of the disease) compared to dasatinib and nilotinib
patients.

With similar OS (to dasatinib and nilotinib patients),
more time spent by the bosutinib patients in the less
expensive and with a higher quality of life stage of the
disease (progression-free) and less time spent in the
more expensive and with a lower quality of life stage
of the disease (progression) results in bosutinib being a
cost-effective intervention in 2L. CP-CML compared to
dasatinib and nilotinib.

including imatinib, who have Ph+ CP-CML. In an open-
label, phase III trial, PFS and OS rates of patients treated
with dasatinib were evaluated [5]. Bosutinib is approved for
patients newly diagnosed with Ph+ CP-CML, as well as for
patients who no longer benefit from or did not tolerate other
treatments. A phase 1/2 study of bosutinib (SKI-606) in Ph+
leukemias included adult 2L CP-CML [6], and assessed OS
and PFS.

With no head-to-head trials of bosutinib, dasatinib, and
nilotinib in the 2L. CP-CML setting, a matching-adjusted
indirect comparison (MAIC) comparing OS and PFS was
conducted [7]. Analyses showed a statistically significant
difference in PFS between bosutinib and nilotinib and
between bosutinib and dasatinib, both in favor of bosutinib.
No statistically significant differences in OS were observed.

The objective of this study was to assess the cost-effec-
tiveness of bosutinib compared with nilotinib, and bosutinib
compared with dasatinib, in terms of OS and PFS, as a 2L
treatment for CP-CML, using the outcomes of a previously
conducted MAIC.
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2 Methods

The current cost-effectiveness analysis was conducted by
means of a standard three-state partitioned survival oncol-
ogy model [8] from a US-payer perspective that was pro-
grammed in Microsoft Excel and Visual Basics for Appli-
cations (Fig. 1). This methodology was chosen due to the
time-to-event nature of the outcomes (OS, PFS). The model
includes mature OS and PFS data for the three TKIs con-
sidered (at a follow-up time of 8, 6, and 4 years for bosuti-
nib, dasatinib, and nilotinib, respectively). The effects were
measured in quality-adjusted life years (QALYS).

2.1 Model Structure

The health states (HS) included in the model are progres-
sion-free, progression, and death. Patients enter the model in
the progression-free HS (corresponding to the start of their
2L of treatment) where they can remain, progress [mov-
ing to the third-line of treatment (3L)], or die. Progressed
patients can remain in the progression HS or die. Patients
progressing to 3L treatment cannot be treated with the same
TKI as was used in the 2L setting. Only bosutinib, nilotinib,
dasatinib, and ponatinib are included as possible 3L thera-
pies (other therapies were not included because of their low
frequency of use in the 3L setting) [9—11]. The model cycle
length is 1 month, and a half-cycle correction was used. This
cycle length is a reflection of the clinical expectations, and
represents a balance between model computational burden

S(t)

Progression = OS - PFS

Progression-free

- ~
4 N\
/ \
Progression-free Progression Death
\ /
A ,
- -

Abbreviations: OS = overall survival; PFS = progression-free survival

Fig.1 Health economic model structure. OS overall survival, PFS
progression-free survival
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and granularity. Additionally, 1 month is considered short
enough to minimize approximation error [12].

Patients entering the model incur treatment costs, face
HS-specific utilities, and experience adverse event (AE)-
related disutilities (decrements in utility) [13, 14]. To both
costs and effects, a 3% discount rate was applied [15]. All
analyses were conducted according to the ISPOR guidelines
on good research practices for cost-effectiveness analysis
alongside clinical trials [16, 17].

2.2 Model Inputs
2.2.1 Clinical Data

In the absence of head-to-head trials, unanchored MAICs
were used to assess the comparative efficacy of nilotinib,
dasatinib, and bosutinib [7, 18, 19]. Unanchored MAICs use
individual patient data (IPD) from trials of one treatment to
match baseline summary statistics reported from trials of
another treatment, to adjust for the cross-trial heterogeneity
in disease and patient baseline characteristics. After match-
ing, the resulting treatment outcomes are compared across
balanced trial populations. For this analysis, only the three
second-generation (2G) TKIs (nilotinib, dasatinib, and bosu-
tinib) included in international treatment guidelines for the
treatment of 2L CML were considered [20-22]. A critical
appraisal of the three clinical trials is available in the Online
Supplementary Material (Table S1). Aggregate data were
used from the pivotal studies of nilotinib (NCT00109707)
[4] and dasatinib (CA180-034) [5], as well as IPD from the
bosutinib trial (NCT00261846) [6].

The results of the MAICs showed a statistically sig-
nificant differentiation in PFS rates between bosutinib and
nilotinib with a hazard ratio (HR) of 0.54 (95% confidence
interval [CI] 0.38-0.76) and between bosutinib and dasatinib
with a HR of 0.63 (95% CI 0.44-0.90), both in favor of bosu-
tinib. In terms of OS, the MAIC showed a non-significant
HR of 0.82 (95% CI 0.54-1.26) when dasatinib was com-
pared with bosutinib, and a non-significant HR of 0.72 (95%
CI 0.46-1.13) when nilotinib was compared with bosutinib.

The adjusted OS, PFS Kaplan-Meier (KM) curves, and
corresponding hazard ratios (HRs) resulting from the MAIC
analysis were implemented in the current health economic
model and extrapolated over a life-time horizon. The bosu-
tinib OS and PFS curves used in the model are the ones
resulting from the MAIC. Dasatinib and nilotinib OS and
PFS curves used in the model are from their corresponding
clinical trials, since these are the trials that the bosutinib
IPD was matched on in the MAIC. In the base-case sce-
nario, HS transition probabilities of patients were derived
from the reweighted trial data from the MAIC, up to the
point that it was no longer available. Weibull, lognormal,
log-logistic, exponential, and Gompertz parametric survival

models were used for the extrapolation of OS and PFS after
the point when trial data were no longer available. All para-
metric survival models were estimated using treatment as a
regressor. Goodness of fit was assessed using the Akaike’s
Information Criterion (AIC) score: the lower the AIC score
value, the better the fit.

Adverse event incidence rates were sourced from the US
Food and Drug Administration (FDA) labels of each TKI
included in the model for non-cardiovascular AEs [23-25],
and from the literature [26] for cardiovascular AEs. Adverse
event incidence per treatment is assumed to be equal in both
the progression-free and the progression HS. The additional
mortality caused by cardiovascular AEs is assumed to be
indirectly captured by the OS curves from the clinical trials
of each comparator. Adverse event incidence rates are shown
in Table 1.

2.2.2 Utility Inputs

Utilities corresponding to the clinical stages of CML
(sourced from Szabo et al. [27], n = 74) were elicited from
CML patients in the USA using the time trade-off methodol-
ogy, assuming seven clinical CML HS. Health-state utilities
for progression-free patients are assumed to be equal to the
utility of chronic patients who are responsive to treatment
(i.e., 0.78). For progressed patients, the utility is calculated
as an average between acute and blastic patients with and
without response to the treatment (0.395). The values are
presented in Table 1. A detailed description of how the util-
ity inputs were derived is shown in Fig. S1 in the Online
Supplementary Material.

Adverse event disutilities were sourced from the Tufts
cost-effectiveness analysis registry [28], and applied in the
model using the additive method described in Ara et al. [29].
The applied input values are presented in Table 1. Disu-
tilities corresponding to acute AEs (e.g., anemia, diarrhea,
etc.) were applied only in the first month of treatment, while
those corresponding to chronic AEs (e.g., cardiovascular)
were assumed to occur with the same incidence throughout
the treatment duration. A detailed description of how AE
inputs were derived is shown in Fig. S2 in the Online Sup-
plementary Material.

2.2.3 Cost Inputs

Both the intervention and comparators entail drug costs,
HS costs, and AE costs. All costs are reported in 2020 US
dollars. Drug costs were sourced from the sponsor and con-
sist of the monthly wholesale acquisition costs for January
2017 inflated to February 2020 using annual consumer price
index values [30] (Table 1). Drug costs were assumed to be
the same for both 2L and 3L treatment and patients were
assumed to be treated until death.
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Table 1 Model inputs with corresponding probabilistic distributions and uncertainty

Applied utility rate per Health state Bosutinib Dasatinib Nilotinib
specific cycle*
Utility Distribution Utility Distribution Utility Distribution
First month Progression-free 0.64 Beta 0.60 Beta 0.60 Beta
Progression 0.32 Beta 0.32 Beta 0.32 Beta
Subsequent months Progression-free 0.78 Beta 0.77 Beta 0.76 Beta
Progression 0.38 Beta 0.38 Beta 0.38 Beta
Cost type (category) Subcategory Monthly costs (SE) Distribution
Drug costs’ Bosutinib $14,612 ($2,922.36) Fixed
Dasatinib $13,427 ($2,685.38) Fixed
Nilotinib $13,425 ($2,684.98) Fixed
Ponatinib $18,410 ($3,681.92) Fixed
Health state costs® Progression-free $190 ($37.92) Gamma
Progression $4,742 ($948.30) Gamma
Adverse event costs Anemia $6,378 ($1,275.63) Gamma
Diarrhea $5,490 ($1,098.03) Gamma
Neutropenia $8,330 ($1,665.98) Gamma
Thrombocytopenia $7,107 ($1,421.41) Gamma
Peripheral arterial occlusive diseases $16,426 ($3,285.11) Gamma
Ischemic heart disease $16,607 ($3,321.38) Gamma
Stroke or TIA $8,741 ($1,748.12) Gamma
Adverse event Disutility (SE)* Distribution Utility weight (SE)* Distribution
Anemia - - 0.58 (0.12) Beta
Diarrhea -0.29 (0.06) Normal - -
Neutropenia -0.18 (0.04) Normal - -
Thrombocytopenia -0.18 (0.04) Normal - -
Peripheral arterial occlusive diseases - - 0.65 (0.13) Beta
Ischemic heart disease - - 0.79 (0.16) Beta
Stroke or TTA - - 0.61 (0.12) Beta
Adverse event Incidence rate**
Bosutinib Dasatinib Nilotinib Ponatinib
Incidence (SE)  Distribution  Incidence (SE)  Distribution  Incidence (SE)  Distribution  Incidence (SE)  Distribution
Anemia 9.0% (0.01) Beta 13.0% (0.03) Beta 11.0% (0.02) Beta 0.1% (0) Beta
Diarrhea 9.0% (0.01) Beta 2.0% (0.01) Beta 3.0% (0.01) Beta 1.0% (0) Beta
Neutropenia 11.0% (0.02) Beta 36.0% (0.04) Beta 31.0% (0.03) Beta 24.0% (0.03) Beta
Thrombocytopenia 26.0% (0.02) Beta 24.0% (0.03) Beta 30.0% (0.03) Beta 36.0% (0.03) Beta
Peripheral arterial occlu- 0.1% (0) Beta 0.2% (0) Beta 1.3% (0) Beta 3.9% (0.01) Beta
sive diseases
Ischemic heart disease 0.3% (0) Beta 0.6% (0) Beta 1.4% (0) Beta 6.0% (0.01) Beta
Stroke or TIA 0.1% (0) Beta 0.7% (0) Beta 0.3% (0) Beta 2.9% (0.01) Beta

SE standard error, TIA transient ischemic attack

*The utility rates applied in the cost-effectiveness model were obtained from the original utilities (listed in the references) from which adverse
event dis-utilities have been subtracted (Fig. S1 in the Online Supplementary Material)

**Adverse event incidence rates were sourced from the corresponding US Food and Drug Administration (FDA) labels for non-cardiovascular
adverse events and Chai et al.[26] for cardiovascular adverse events

"Drug costs were sourced from the sponsor and represent monthly WACs for January 2017, inflated to February 2020

$Health state costs were sourced from Rochau et al.[31] and from Reed et al.[32] and were inflated to February 2020

T Adverse event costs were calculated based on the International Classification of Diseases Clinical Modification (ICD-CM) codes and the cor-
responding number of patients discharged from hospital for each adverse event in part

# Adverse event disutilities/utility weights were derived from the Tufts cost-effectiveness analysis registry
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Health-state costs (sourced from two previous health
economic models [31, 32]) are linked to the clinical stages
of CML and are incurred by patients every cycle. For
patients in the progression-free HS (linked to the CP-CML
stage), only outpatient costs were considered, since typi-
cally patients with CP-CML are not admitted as inpatients
to hospitals as a result of their diagnosis. For patients in
the progression HS (linked to the AP-CML and BP-CML
stages), both inpatient and outpatient costs were considered,
since patients who are initially treated as outpatients may be
admitted to hospitals.

Adverse event costs were calculated based on the Interna-
tional Classification of Diseases Clinical Modification codes
and the corresponding number of patients discharged from
hospital for each AE in part (Table 1).

2.3 Deterministic Analyses

In the base-case analysis, MAIC-reweighted OS and PFS
KM curves were applied in the model for nilotinib and dasat-
inib and corresponding IPD-derived KM curves for bosu-
tinib, respectively. Parametric curve extrapolation started
from the cut-off point of the trial data using the best fitting
model, according to the AIC scores. Treatment-specific out-
comes were estimated for costs, life years (LYs), and QALY's
gained. Incremental values for the same parameters were
generated, along with the incremental cost-effectiveness
ratio (ICER).

2.4 Sensitivity Analyses

Uncertainty around the results was explored in a one-way
sensitivity analysis (SA). All model input parameters were
varied, one at a time, while holding the remainder of the
parameters constant. One-way SAs have been performed by
applying the upper and lower boundary given by the distri-
bution around each of the parameters in the model (with a
95% CI) (Table 1). Where distributions were not available,
a +20% range from the point estimate was assumed. The
result is graphically illustrated through a tornado diagram,
showing the ten parameters having the highest impact on
the ICER.

2.5 Probabilistic Analyses

A probabilistic SA (PSA) was performed to examine the
combined effect of the uncertainty surrounding all vari-
able parameters of the model. Values were sampled from
the uncertainty distributions specific for each parameter
(Table 1). Parameter-specific uncertainty distribution was
estimated based on the standard error (SE) of the deter-
ministic point estimate. In the absence of the latter, a 20%
SE was assumed. The PSA performed on the deterministic

point estimates included 1,000 simulations and its results
are presented in a cost-effectiveness plane and in the cost-
effectiveness acceptability curve (CEAC) [33].

2.6 Scenario Analyses

Several scenarios were simulated to explore uncertainty
around the structural assumptions used in the model, and
their resulting ICERs were compared. In a first-scenario
analysis (ScAl), alternative parametric survival curve
extrapolations were tested on OS and PFS KM data. Cost,
utility, and adverse event input parameters were kept con-
stant across the simulated scenarios. In a second-scenario
analysis (ScA2), all treatment costs were set to zero to better
assess the ICER in the absence of treatment cost uncertainty.

3 Results
3.1 Base-Case Analysis
3.1.1 Deterministic Results

According to the AIC score, log-normal was the best fitting
model to OS and PFS KM data in both comparisons and
therefore was applied in the base-case scenario. Survival
extrapolations of the best fitting models as well as the AIC
scores corresponding to all models are shown in Fig. S3a-d
and in Table S2 in the Online Supplementary Material.

In the comparison of bosutinib with dasatinib, 0.4 and
1.5 discounted incremental LYs and QALYs were gained,
respectively, with bosutinib treatment. The incremental total
costs were $28,459, with a discounted ICER of $19,811 per
QALY gained. In the comparison of bosutinib with nilotinib,
0.8 and 1.8 discounted incremental LYs and QALY's were
gained, respectively, with bosutinib treatment. The incre-
mental total costs were $76,563, with a discounted ICER
of $41,932 per QALY gained. The gain in LYs and QALY's
largely occurs in the progression-free HS. The additional
costs are divided over the progression-free and the pro-
gression HS (representing 87% and 13% of the total time,
respectively, in the comparison with dasatinib) and over the
progression-free and the progression HS (representing 88%
and 12%, respectively, in the comparison with nilotinib). In
both comparisons, the benefit for bosutinib is derived from
the higher utility gained in the progression-free HS com-
pared to the lower utility gained in the progression HS for
dasatinib and nilotinib.

The higher PFS for patients on bosutinib compared to
patients on dasatinib translates into more LYs and QALY's
gained in the less costly progression-free HS than in the
more expensive progression HS. Table 2 shows the total
and disaggregated costs for each HS, total QALY's gained,
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Table 2 Discounted outcomes of the comparison between bosutinib, dasatinib, and nilotinib

TKI Total costs Total LY Total QALYs Incremental costs Incremental ~ ICER (costs/QALY) NMB?*
QALYs
Bosutinib $2,376,024 12.9 9.5 $28,459 1.5 $19,811 $(1,426,024)
Dasatinib $2,347,565 12.5 8.0 $(1,547,565)
Bosutinib $2,316,965 12.6 9.3 $76,563 1.8 $41,932 $(1,386,965)
Nilotinib $2,240,402 11.8 7.5 $(1,490,402)
Health state  Bosutinib Dasatinib Increment
LYs QALYs Costs LYs QALYs Costs LYs QALYs Costs
Progression- 11.6 9.0 $2,053,822 8.5 6.5 $1,383,252 3.1 2.5 $670,570
free
Progression 1.3 0.5 $314,640 4.0 1.5 $954,728 -2 -1 $(640,088)
Health state  Bosutinib Nilotinib Increment
LYs QALYs Costs LYs QALYs Costs LYs QALYs Costs
Progression- 11.4 8.8 $2,021,919 7.8 6.0 $1,278,879 3.6 2.8 $743,040
free
Progression 1.2 04 $287,439 4.0 1.5 $951,646 -28 —4.1 $(664,207)

TKI tyrosine kinase inhibitor, LY life years, QALY quality-adjusted life years, ICER incremental cost-effectiveness ratio, NMB net monetary ben-

efit (at the $100,000 willingness-to-pay threshold)

#Net monetary benefit was calculated for each therapy as: effectiveness (QALYs) * $100,000 (willingness-to-pay threshold) minus the total costs

as well as the incremental costs and QALYs for each
comparison.

3.2 Sensitivity Analysis

The sensitivity analysis (SA) showed that drug costs have
the highest impact on the ICER. High drug costs for bosuti-
nib have a positive impact on the ICER, whereas high drug
costs for dasatinib and nilotinib have a negative effect on
the ICER. The ICER also showed increased sensitivity to
the distribution of the OS and PFS extrapolation models.
This was captured through the inclusion of the log-normal
intercept in the top ten parameters having the highest impact
on the incremental estimates. The results of the SA are dis-
played in the tornado diagrams shown in Fig. 2a, b.

3.3 Probabilistic Results

The results of the PSA following 1,000 iterations are shown
in Fig. 3a, b. In the comparison with dasatinib, the ICER
distribution is relatively compact, with most of the values
between negative $200,000 and $200,000. In the compari-
son with nilotinib, the ICER distribution is sparser (there-
fore displaying more uncertainty), with most of the values
between negative $200,000 and $400,000. According to
the cost-effectiveness acceptability curves (Fig. 4a, b), the
probability that bosutinib is a cost-effective option compared
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with dasatinib at the $100,000 threshold is estimated to be >
90%. The probability that bosutinib is a cost-effective option
compared to nilotinib at the same threshold is estimated to
be > 80%, thus confirming the higher uncertainty than in the
bosutinib versus dasatinib comparison.

3.4 Scenario Analyses

The SA results showed evidence of high sensitivity of the
ICER to the parametric survival models used to extrapo-
late OS and PFS for the three TKIs being compared. The
first scenario analysis displays the comparative outcomes
between the different extrapolation scenarios and the base
case for the comparison between bosutinib and dasatinib and
between bosutinib and nilotinib, respectively.

Compared to the base case, the first scenario showed
higher incremental QALYs when other parametric curves
are used for extrapolation than those from the base case (log-
normal). Although the base case seems a more conservative
approach, the additional QALY gained in the alternative
scenarios proved to be more costly than the ones gained in
the base case. Because of that, the ICER was also higher
when alternative extrapolation curves were used.

In the second scenario, when all treatment costs were
set to zero (to exclude treatment cost-related uncertainty),
bosutinib patients still had higher overall LY and QALY
gains, resulting in dominant ICERs.
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Abbreviations: bos = bosutinib; PFS = p ion-free survival; das = dasatinib; OS = overall survival; tx = treatment; pon = ponatinib; HS = health state; ICER — incremental cost-effectiveness ratio

b

Drug costs bos PFS )

Drug costs nil PFS e
05 bos log-normal tx [EEEE—— |
05 bos log-normal intercept —— |
® ICER high input
Drug costs bos progression | | ® |CER low input
Drug costs pon progression [
PFS bos log-normal tx |-
Costs progressed HS nil [ |
05 bos log-normal scale [ |
Utility PFS [ .
-$200,000 -$150,000 -$100,000 -$50,000 $0 $50,000 $100,000 $150,000 $200,000 $250,000 $300,000
ICER
Abbreviations: bos =t inib; PFS =p ion-free survival; nil = nilotinib; OS = overall survival; tx = treatment; pon = ponatinib; HS = health state; ICER — incremental cost-effectiveness ratio
Fig.2 a Deterministic sensitivity analysis outcomes: tornado dia- nado diagrams for the comparisons between bosutinib and nilotinib.
grams for the comparison between bosutinib and dasatinib. bos bosu- bos bosutinib, PFS progression-free survival, nil nilotinib, OS overall
tinib, PFS progression-free survival, nil nilotinib, OS overall survival, survival, zx treatment, pon ponatinib, HS health state, /ICER incre-
tx treatment, pon ponatinib, HS health state, /CER incremental cost- mental cost-effectiveness ratio

effectiveness ratio. b Deterministic sensitivity analysis outcomes: tor-
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Fig.3 a Cost-effectiveness plane for the comparison between bosuti-
nib and dasatinib. USD United States dollars, QALYs quality-adjusted
life years. b Cost-effectiveness plane for the comparison between

Table S3 in the Online Supplementary Material shows the
comparative ICERs between the two alternative scenarios
and the base case.

4 Discussion

The purpose of this analysis was to compare the cost-effec-
tiveness of available TKI therapies in 2L CP-CML.
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bosutinib and nilotinib. USD United States dollars, QALYs quality-
adjusted life years

A previously conducted MAIC [7] showed that in terms
of OS, findings were numerically in favor of bosutinib
although not statistically significant when compared with
dasatinib and nilotinib and statistically significant in favor
of bosutinib for PFS, relative to the same two TKIs. Subse-
quently, we developed a health economic model centered on
OS and PFS, to capture the potential benefit demonstrated
by the MAIC analyses. Following the latter analyses, the
resulting OS and PFS KM curves were extrapolated using
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Fig.4 a Cost-effectiveness acceptability curve for the comparison between bosutinib and dasatinib. b Cost-effectiveness acceptability curve for

the comparison between bosutinib and nilotinib

parametric survival models and the extrapolations incorpo-
rated into the cost-effectiveness model. Dasatinib and nilo-
tinib were included as comparators in the model in the 2L
treatment setting. Ponatinib was included as one of the 3L
therapies for patients who progressed [34].

The model results indicate that bosutinib is cost-effective
relative to dasatinib and nilotinib. For the base case, when
compared with dasatinib, the model showed a discounted
ICER of $19,811 per QALY gained (1.5 QALY gained at
a cost of $28,459). Although patients on bosutinib incurred

slightly higher costs than patients on dasatinib, those on
bosutinib also gained overall more QALYs relative to the
patients on dasatinib. Patients on dasatinib gained more
QALYs in the (more expensive) progression HS, while
patients on bosutinib gained more QALY in the (less expen-
sive) progression-free HS. Because the additional QALY's
gained in progression by patients on dasatinib do not out-
weigh the additional QALY's gained by the patients on bosu-
tinib in the progression-free HS, bosutinib appeared to be
more cost-effective than dasatinib.
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When compared with nilotinib, the model showed a dis-
counted ICER of $41,932 per QALY gained (1.8 QALY
gained at a cost of $76,563). Similar to the comparison with
dasatinib, patients on bosutinib incur slightly higher costs
than patients on nilotinib, however they also gain more
QALYs overall. Bosutinib is more cost-saving than nilo-
tinib due to the fewer QALY's gained in the more expensive
progression HS. Additionally, patients on bosutinib gain
more QALYS in the less expensive progression-free HS than
patients on nilotinib. For these reasons, bosutinib appears
more cost-effective than nilotinib.

The underlying evidence suggests that a differentiation
in terms of OS between the three TKIs is unlikely, however
patients on bosutinib benefit from an improved PFS com-
pared to patients receiving other TKIs. This results into the
cost-effectiveness of bosutinib.

A SA and a PSA assessed the uncertainty surrounding
the model parameters. The CEACs displayed a probability
of > 90% and approximately 80% of bosutinib being cost-
effective against dasatinib and nilotinib, respectively, at the
$100,000 threshold. The ICER tornado diagrams showed in
both cases that drug costs are the input values to which the
ICER is most sensitive, followed by the parametric extrapo-
lation models.

Scenario analysis showed that OS and PFS benefits were
sensitive to the parametric approach considered. The log-
normal model had the lowest AIC score and the best visual
fit to the data for both comparisons and hence was used in
the base case [35]. Other parametric extrapolations increased
the incremental survival (LY), resulting in higher ICER val-
ues, due to the longer time patients spend in the more expen-
sive progression HS. The generalized gamma extrapolation
model [35] typically generates convergence issues when run
in R/Stata and hence was not used in this cost-effectiveness
model. Another scenario analysis showed that when drug
costs are excluded from the analysis, dominant ICERSs result,
due to the higher LY and QALY gains for bosutinib patients
compared to dasatinib and nilotinib patients.

There is no strict threshold value for the willingness-to-
pay (WTP) per QALY gained in the USA; however, most
submissions aim for a maximum of $150,000/QALY [36].
Health interventions showing ICERs < $50,000/QALY are
regarded of high value; ICERs between $50,000/QALY and
$150,000/QALY are considered of intermediate value, while
those with ICERs > $150,000/QALY are seen as low value
[37]. Our analyses have shown that, compared with dasatinib
and nilotinib, bosutinib is a highly cost-effective intervention
at the $50,000/QALY threshold. However, our model results
were very sensitive to a range of extrapolation models used
for OS and PFS, leading to much higher ICERs in the sce-
nario analysis. Even with ICERs up to five times higher than
those in the base case, bosutinib seems to be a cost-effec-
tive intervention at the higher WTP thresholds ($150,000)
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applied in practice by US payers. Therefore, from the wider
ICER-acceptance perspective, the conclusions of the cur-
rent cost-effectiveness model are stable across all parametric
distributions considered.

CP-CML is a rare indication, with limited data to vali-
date. Nevertheless, the MAIC underlying the model was
validated with clinicians. The HRs underlying the model
are statistically significant for PFS but not for OS. Since
PFS is regarded only as an intermediate endpoint in some
countries, the generalizability of the model results depends
on the uncertainty surrounding OS. In the absence of long-
term OS data for the therapies considered in the paper, the
extrapolations rely on statistical fit. The uncertainty around
OS extrapolations has been acknowledged and quantified in
a SA and PSA: different parametric models do not seem to
impact the conclusions of this paper.

Previous studies have examined the cost-effectiveness
of nilotinib and dasatinib. Using a lifetime Markov disease
progression and cost-effectiveness model, Ward et al. [38]
concluded that dasatinib is dominant in the UK compared
to nilotinib in the first-line and the 2L CML setting, due
to improved mean survival outcomes and lower acquisi-
tion costs (savings of £29,308 and £28,706 respectively). A
Markov model published in Wu et al. [39] showed a domi-
nance of dasatinib over nilotinib, with the findings of higher
health gains (6.34 compared to 6.19 QALYs) at lower costs
($133,866 and $141,184, respectively). Finally, Hoyle et al.
[40] concluded using an area-under-the-curve partitioned
survival model that although patients on dasatinib have
higher health gains than patients on nilotinib (7.85 compared
to 7.63 QALYs gained), the associated costs are higher for
dasatinib than for nilotinib (£161,432 and £70,143, respec-
tively). At the time when the cost-effectiveness analysis was
conducted, bosutinib was not available (hence was not con-
sidered), and the OS data were immature. Additional infor-
mation on the current model validation (assumptions and
results, using the validation-assessment tool published in
Vemer et al. [41]) is available in the Online Supplementary
Material.

Limitations of the previously conducted MAIC [7] apply
to the current health economic model as well, since the lat-
ter is based on the former. Access restricted to marginal
covariates means that only observed differences between the
trials could be corrected for (e.g., baseline characteristics
that were reported in the published trials). By matching the
baseline characteristics of the bosutinib patients with those
of the nilotinib/dasatinib patients, it is implicitly assumed
that the latter patients represent the target population. For a
more objective comparison, the target population should be
the one in national cohorts or CP-CML registry studies [19].
Another limitation is the general MAIC design allowing
only for one-by-one comparisons that generate survival input
parameters separately for the bosutinib versus dasatinib and
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bosutinib versus nilotinib comparisons. This translates into it
being impossible to assess the cost-effectiveness of dasatinib
versus nilotinib.

Additionally, the model does not consider more granular
CML HS, such as AP and BP over time, since a differentia-
tion between AP and BP was not relevant for modeling the
treatment pathway. Although clinically BP is a more serious
condition than AP, it is progressing out of the chronic phase
that represents the critical change in a patient’s health status.
For patients progressing to AP/BP, different utilities have
been assigned, depending on whether patients had a response
to the treatment or not. However, since the exact number of
patients progressing to AP/BP with/without response is not
reported for nilotinib and dasatinib, equal weights per each
sub-state in the progression HS were assumed and an aver-
age between them was included in the model. Cardiovascular
AEs considered in this model could potentially be fatal and
hence lead to a conflation with OS. Chai et al. [26] do not
report the number of patients that survived the event, and
therefore an assumption was made that all cardiovascular
AEs are non-fatal. Nevertheless, AEs do not seem to impact
the ICER.

Another limitation is that patients in the model can only
switch to another treatment if they progress; however, in the
real-world setting, patients may switch to other therapies for
more various reasons, which were not incorporated in the
current model, such as intolerance and the availability of
the newer therapies.

In conclusion, our analyses demonstrate that bosutinib
seems to be cost-effective relative to dasatinib and nilotinib,
with discounted base-case ICERs of $19,811 and $41,932,
respectively.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40258-021-00666-0.
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