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Aim: To estimate cost savings associated with covalent Bruton’s tyrosine kinase inhibitor (cBTKi) choice
in patients with treatment-naive (TN) and relapsed/refractory (RR) chronic lymphocytic leukemia (CLL)
from a Medicare perspective. Materials & methods: An economic model with Markov structure simulated
outcomes in patients with CLL initiating ibrutinib, acalabrutinib or zanubrutinib monotherapy. Modeled
population included TN and RR patients who had no prior ¢cBTKi. Treatments were dosed per US FDA
label and efficacy assumed identical across cBTKis. Cumulative grade >3 adverse event (AE) rates were
drawn from extended follow-up of ¢cBTKi phase Il clinical trials at similar duration. Costs included drug
price per 2024 wholesale acquisition cost and AE management medical costs from literature, adjusted
for Medicare reimbursement. Outcomes were total change in payer cost over 1, 3 and 5 years. Results:
A cohort of 13,726 patients with CLL was modeled (44% TN, 56% RR). Acalabrutinib’s aggregate grade
>3 AE rate was 25.8% points less in TN patients (35.8% vs 61.6%) and 8.0% points less in RR patients
(75.0% vs 83.0%) compared with ibrutinib, and 20.6% points less in TN patients (35.8% vs 56.4%) and
11.1% points less in RR patients (75.0% vs 86.1%) compared with zanubrutinib. Acalabrutinib saved
$15,478 more per patient versus ibrutinib in year 1 due to lower treatment cost (-$12,076) and lower AE
cost (-$3402). Acalabrutinib also saved $1901 more per patient versus zanubrutinib as acalabrutinib higher
treatment cost (+$1663) was offset by lower AE cost (-$3563). Across all patients, acalabrutinib saved
$212 million more versus ibrutinib and $26 million more versus zanubrutinib from a Medicare perspective.
Acalabrutinib cost savings persisted over 3 and 5 years. Conclusion: Acalabrutinib yielded cost savings
versus ibrutinib and zanubrutinib for patients with CLL in Medicare due to lower treatment cost versus
ibrutinib and fewer grade >3 AEs versus both ibrutinib and zanubrutinib.

Plain language summary: Impact of Bruton’s tyrosine kinase inhibitor treatment choice on Medicare cost
What was the study aim? To estimate cost impact to Medicare from the choice of covalent Bruton'’s
tyrosine kinase inhibitor (cBTKi) for the treatment of patients with chronic lymphocytic leukemia (CLL).
How was the study carried out? An economic model was built to estimate costs for patients with CLL
(both in the treatment-naive and relapsed setting) covered by Medicare who are starting treatment with
ibrutinib, acalabrutinib, or zanubrutinib at recommended doses per their US FDA approved drug labels.
The rates of severe side effects experienced with each treatment were taken from long-term reports of
their major clinical trials. Costs included drug costs and medical costs of managing the severe side effects.
Outcomes were total change in cost over 1, 3 and 5 years after starting treatment.

What were the results? Acalabrutinib saved $15,478 more per patient versus ibrutinib in the first year
due to lower treatment cost (-$12,076) and lower toxicity cost (-$3402). Acalabrutinib also saved $1901
more per patient versus zanubrutinib, as higher treatment cost (+$1663) was offset by lower toxicity cost
(-$3563). Cost savings with acalabrutinib persisted over 3 and 5 years.

What do the results mean? Acalabrutinib showed greater cost savings compared with ibrutinib and
zanubrutinib in patients with CLL in Medicare due to lower treatment cost than ibrutinib and less toxicity
than both ibrutinib and zanubrutinib. (50 \Becaris
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Chronic lymphocytic leukemia (CLL) is a hematologic malignancy characterized by abnormal lymphocyte pro-
liferation [1]. CLL is the most prevalent leukemia in USA adults, with considerable impact on morbidity and
mortality (2,3]. There were over 200,000 US individuals living with CLL in 2024 [2,3]; seven in ten patients
diagnosed with CLL are aged >065 years [3].

Covalent Bruton’s tyrosine kinase inhibitors (cBTKis) — including ibrutinib, acalabrutinib and zanubrutinib —
have significantly improved progression-free survival and overall survival over standard chemoimmunotherapy [4].
cBTKis are considered preferred treatment options for both treatment-naive (TN) and relapsed/refractory (RR)
CLL 5. Despite superiority over previous standard of care, treatment efficacy across the three ¢cBKTis has been
shown to be generally similar in both TN and RR CLL as demonstrated in both head-to-head trial data (6,7) and
matching-adjusted indirect comparisons (MAICs) [s-10].

Beyond efficacy, choice of ¢cBTKi often relies on patient- and drug-specific factors such as comorbidities, cost and
safety profiles (4. Tolerability is a key factor as toxicity is among the most common reasons for discontinuation [4].
First-generation ¢cBTKi ibrutinib is limited by cardiovascular toxicities such as atrial fibrillation and hyperten-
sion [11,12] and has shown higher rates of discontinuation in the real world [13]. In contrast, second-generation
cBTKis acalabrutinib and zanubrutinib have improved selectivity, demonstrating reduced rates of cardiovascular
adverse events (AEs) compared with ibrutinib in clinical trials among patients with RR CLL [6,14]. While there are
no head-to-head clinical trials of acalabrutinib and zanubrutinib, MAICs have estimated lower risk of hypertension
with acalabrutinib than zanubrutinib in TN CLL, and lower risk of hemorrhage, severe hypertension, serious AE
and AE leading to dose reduction with acalabrutinib than zanubrutinib in RR CLL p,10).

Assessing the implications of ¢cBTKi treatment choice for CLL is essential to optimize both patient outcomes
and the sustainability of cancer care systems. While physicians must tailor treatments to the unique needs and
preferences of individual patients, the broader impact of treatment decisions on healthcare expenditures cannot be
overlooked, particularly by payers such as the Centers for Medicare and Medicaid Services (CMS). Given the high
prevalence of CLL among older adults, Medicare reimbursement policies will significantly influence access to these
therapies. This highlights the need for value-based prescribing that considers not only patient outcomes but also
the economic implications of safety profiles and treatment costs. To address these considerations, this study utilized
economic modeling to assess the potential cost savings associated with choice of cBTKi across TN and RR patients
with CLL, focusing on the impact of safety-related differences on health and economic outcomes from a Medicare
perspective.

Materials & methods

An economic model was constructed to simulate economic outcomes among patients with CLL initiating cBTKi
therapy with ibrutinib, acalabrutinib, or zanubrutinib. A US payer perspective — specifically CMS — was used. The
modeled population included both patients with TN and RR CLL from a Medicare perspective (5. TN and RR
CLL populations were modeled separately, then pooled to inform estimated change in cost. The TN population
consisted of newly diagnosed patients with CLL eligible to initiate treatment; asymptomatic ‘watch-and-wait’
patients were excluded [1]. The RR population consisted of patients with CLL in second-line (2L) or third-line (3L)
treatment who have not received prior cBTKi.

Treatment with acalabrutinib was compared with ibrutinib and to zanubrutinib individually. Dosing and
duration of therapy was modeled per current US FDA labeling information, which states all three cBTKis
may be given indefinitely until disease progression or unacceptable toxicity [15-17]. Outcomes included differ-
ences in total, medical and pharmacy cost between cBTKis, per patient and across the Medicare CLL popu-
lation over 1, 3 and 5 years. Outcomes were additionally estimated across patient subpopulations with CLL
of special interest to CMS under the Inflation Reduction Act (i.e., ‘special subpopulations’), including the dis-
abled, terminally ill (<6 months life expectancy), and patients with end-stage renal disease (ESRD) [18]. An
expected annualized cost to CMS, combining total annual costs in each year of treatment weighted by real-
world TN versus RR and time on treatment distributions, was additionally calculated to estimate the typi-
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Figure 1. Markov model. Subsequent treatment state consisted of a pool of pirtobrutinib, lisocabtagene maraleucel
and best supportive care, weighted by real-world US distribution.
cBTKi: Covalent Bruton'’s tyrosine kinase inhibitors; CLL: Chronic lymphocytic leukemia.

cal total cost to CMS associated with each cBTKi across the cBTKi-eligible Medicare CLL population in any
given year.

Model overview

A Markov model approach simulated transitions between four treatment pathway health states in 28-day monthly
cycles: ¢BTKi, venetoclax + rituximab, subsequent treatment (pooled pirtobrutinib, chimeric antigen receptor
[CAR] T cell therapy with lisocabtagene maraleucel, and best supportive care [BSC]) and death (Figure 1). The
model structure reflects a real-world treatment pathway in accordance with current CLL treatment guidelines [1,5]
and validated by clinical subject matter experts (ASK, JMR). In the ¢cBTKi state, patients with CLL who are TN (or
RR) start treatment with ibrutinib, acalabrutinib or zanubrutinib, remaining on therapy until discontinuation due to
intolerance or progression, or death. cBTKi AE management costs were applied over year 1 of treatment, calculated
as a weighted average of monthly management costs for each AE weighted by their cumulative rates over the first
12 cycles. Upon discontinuing ¢BTKi, patients immediately begin 2 year fixed duration venetoclax + rituximab.
Patients may transition to subsequent treatments if disease progresses during or after the fixed duration phase
or remain in the state and receive maintenance care. The subsequent treatment state represents a pooled cost of
pirtobrutinib, CAR T cell therapy and BSC weighted by their respective uptake. Patients remain in this state until
death and can transition to death from any state above.
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Model inputs

Key model inputs included safety, clinical, cost and epidemiology. (Table 1 & Supplementary Table 1). Safety
parameters were used to quantify expected costs incurred from differences in cBTKis safety profiles. Cumulative
grade >3 AE rates were obtained from extended follow-up data of phase IIT clinical trials of all ¢BTKis to
ensure similar follow-up duration [7,11,19-22). Modeled AEs included atrial fibrillation, hypertension, neutropenia,
thrombocytopenia, infections, hemorrhage and diarrhea. Given their frequency, potential high costs of management
and clinical importance, these grade >3 AEs are commonly evaluated across a number of cost—effectiveness analysis
of cBTKis and other targeted therapies in CLL [23-28].

Clinical parameters were used to populate transition probabilities between health states. Clinical parameters
included discontinuation rates for cBTKi and venetoclax + rituximab; uptake distribution of pirtobrutinib, CAR
T cell therapy or BSC following discontinuation of venetoclax 4+ rituximab; and mortality rates for cBTKi,
venetoclax + rituximab, pirtobrutinib, CAR T cell therapy and BSC. No differences in efficacy among the three
cBTKis were modeled; cost differences were driven by differences in treatment cost and cBTKi safety profiles.
cBTKi discontinuation and mortality rates were based on real-world data and assumed equal across ibrutinib,
acalabrutinib and zanubrutinib [13,20-31]. Clinical inputs for the cBTKi health state used data specific TN and
RR populations; however, clinical inputs for post-cBTKi states used the same data between TN and RR as both
would be considered refractory after discontinuing ¢BTKi (Supplementary Table 1). Clinical rates were converted
to probabilities assuming a constant proportional hazard.

Cost parameters were used to estimate direct costs per monthly cycle in each health state. Costs in the cBTKi
health state were calculated by adjusting the total cost of CLL care for the differential cost impact of different cBTKis
AE rates and drug costs. A baseline estimate of total medical care costs (inpatient stays, emergency department
[ED] visits, office visits and other outpatient and ancillary care) on targeted CLL therapy exclusive of AE costs [32]
was adjusted to incorporate ¢cBTKi AE costs by incrementally adding the expected monthly costs of managing
each grade >3 AE type [33], weighted by the cumulative grade >3 AE rates over the first year of cBTKi treatment.
Drug acquisition costs were estimated using 2024 wholesale acquisition costs (WACs) and FDA label dosing
schedules [15-17,34], then added to total medical costs to obtain the total cost for each ¢cBTKi in the health state.
Costs in post-cBTXKi health states were comprised of total medical care cost inclusive of AE costs and drug costs
during active treatment (Supplementary Table 1). Costs from commercial payer data sources were adjusted to
reflect Medicare reimbursements by applying commercial-to-Medicare reimbursement ratios from literature [38,39]
(Supplementary Table 1). All costs were inflated to 2024 USD [40].

Epidemiology parameters were used to construct real-world estimates of expected costs in patients with CLL
covered by Medicare who are eligible to start cBTKi, per-patient and nationwide. The real-world annual relative
distribution of TN versus RR in CLL, where RR included patients in 2L-3L, was obtained from literature to
weight cost estimates per TN and RR patient to derive an overall estimate of cost per patient with CLL [35]. Inputs
for annual incidence of CLL in Medicare and proportion of newly diagnosed eligible for therapy (i.e., excludes
‘watch-and-wait’ patients) were obtained from literature and applied to the number of Medicare beneficiaries in
2024 to estimate the total number of patients with CLL eligible for cBTKi to derive the national cost impact to
Medicare (refer to Supplementary Matierials for more details) (35,36].

Model assumptions

Modeled patients with CLL were assumed to meet 2023 National Comprehensive Cancer Network (NCCN)
criteria for cBTKi therapy [s]. Patients with CLL who are RR were assumed to be cBTKi-naive upon entering the
model to permit TN and RR populations to follow the same treatment pathway model structure in accordance
with current treatment guidelines [1,5]. Monotherapy with acalabrutinib, ibrutinib or zanubrutinib was modeled as
the first and only ¢cBTKi treatment. While cBTKi switching can occur in practice, this assumption permits clear
comparison of cost impact attributed to each ¢cBTKi and follows usual clinical practice where cBTKi retreatment
following occurrence of a grade >3 AE rarely occurs per clinical experts (ASK, JMR, VS). Treatment initiation was
assumed to occur immediately after discontinuing the prior treatment, representing treatment pathway progression
under ideal care. CLL progression, discontinuation and mortality rates were assumed equal across cBTKis. ¢BTKi
AEs were assumed to occur over the first year of treatment to reflect timing of AEs experienced in real-world
practice, including resolution of AEs (or treatment intolerance discontinuation) typically observed by end of year
1 of treatment [13,41].
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Table 1. Key model inputs.

Safety Value Ref.
TN RR
Grade >3 AE rate, cumulative

Acalabrutinib [19,20]
Neutropenia 11.2% 20.0%
Thrombocytopenia 1.1% 10.0%

Atrial fibrillation 1.1% 5.0%
Hypertension 2.8% 4.0%
Hemorrhage 2.8% 4.0%
Infections 16.2% 31.0%
Diarrhea 0.6% 1.0%

lbrutinib [11,20,21]
Neutropenia 12.6% 23.0%
Thrombocytopenia 4.0% 7.0%

Atrial fibrillation 5.2% 4.0%
Hypertension 8.1% 9.0%
Hemorrhage 6.7% 5.0%
Infections 20.6% 30.0%
Diarrhea 4.4% 5.0%

Zanubrutinib [7.22]
Neutropenia 12.5% 22.2%
Thrombocytopenia 2.1% 3.7%

Atrial fibrillation 1.3% 3.1%
Hypertension 9.2% 16.4%
Hemorrhage 5.8% 3.7%
Infections 23.8% 35.5%
Diarrhea 1.7% 1.5%
Clinical Value Ref.
N RR
cBTKi Discontinuation rate, monthly 4.9% 5.4% [29,30]
cBTKi Mortality rate, monthly 0.7% 1.1% [13,31]
Cost Value, 2024 USDT Ref.
TN RR
¢BTKi medical care cost (exclusive of AE costs), monthly $1110 [32]
Grade >3 AE incremental cost, per event [33]

Atrial fibrillation $32,161

Hypertension $33,652

Neutropenia $21,896

Thrombocytopenia $28,927

Infections $27,947

Hemorrhage $27,861

Diarrhea $21,041

Drug acquisition cost, monthly [34]

Acalabrutinib $9770

Ibrutinib $11,165

Zanubrutinib $9578

T Cost inputs shown in table are prior to adjustment for Medicare reimbursement using commercial-to-Medicare reimbursement ratios.
AE: Adverse event; cBTKi: Covalent Bruton'’s Tyrosine kinase inhibitor; CLL: Chronic lymphocytic leukemia; Pts: Patients; RR: Relapsed/refractory; TN: Treatment-
naive; USD: United States dollar.
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Table 1. Key model inputs (cont.).

Epidemiology Value Ref.
TN RR
Incidence of CLL in Medicare 27.5 per 100,000 [35]
Newly-diagnosed CLL Pts eligible to initiate treatment 44% [36]
Real-world annual relative distribution of TN vs RR CLL 44% 56% [36]
Prevalence of disability in CLL 7.2% 5.2% [36]
Prevalence of terminal illness in CLL 13.5% [37]
Prevalence of end-stage renal disease in CLL 4.7% 3.6% [36]

T Cost inputs shown in table are prior to adjustment for Medicare reimbursement using commercial-to-Medicare reimbursement ratios.
AE: Adverse event; cBTKi: Covalent Bruton’s Tyrosine kinase inhibitor; CLL: Chronic lymphocytic leukemia; Pts: Patients; RR: Relapsed/refractory; TN: Treatment-
naive; USD: United States dollar.

Data analysis

The parameters were incorporated into a Microsoft Excel calculator model to estimate costs associated with cBTKi
treatment choice over 1, 3 and 5 years. Separate Markov chain simulations were constructed for TN and RR
populations using 28-day cycles and applying a 3% annual discount rate (42]. Costs were calculated at both per-
patient and nationwide CLL population level. Annual incidence of CLL in Medicare was combined with the 2024
Medicare beneficiary count and stratified by real-world TN and RR distribution to determine starting population
sizes. For the CMS payer perspective, only direct healthcare costs (medical and pharmacy) were included; indirect
costs were not evaluated. Population-level costs for each ¢BTKi were calculated by summing monthly pharmacy,
medical and total costs over 1, 3 and 5 years for TN and RR populations. Per-patient costs were derived by dividing
these totals by the respective TN and RR population sizes. Weighted averages based on relative TN versus RR
shares were used to estimate overall costs per patient with CLL, which were multiplied by the total Medicare CLL
population size to calculate overall population-level costs. The expected annualized cost to CMS in the real-world
CLL cohort was calculated an average of total costs of each year on treatment, weighted by the real-world relative

distribution of TN versus RR patients and real-world distribution of years since cBTKi start (Supplementary
Table 1).

Sensitivity, probabilistic & scenario analyses

A subgroup analysis was conducted to examine outcomes in special subpopulations of patients with CLL in
Medicare including the disabled, terminally ill and patients with ESRD [18). The number of patients comprising
the special subpopulations was estimated by applying the proportions of patients with CLL in Medicare who have
disability, <6 months life expectancy and ESRD from literature (36,37 to the total population size of patients with
CLL eligible for cBTKi therapy in Medicare (Table 1). Total change in number of grade >3 AEs, population-level
costs and annualized costs were then estimated for each special subpopulation by multiplying per-patient estimates
by estimated subpopulation sizes.

Use of observed grade >3 AE rates from extended follow-up of pivotal cBTKi clinical trials with similar durations
in the base case is transparent and avoids assumptions or extrapolation of trial data. However, when cBTKis are not
compared head-to-head, differences in trial populations may impact AE rates and limit comparability. To address
this concern, a scenario analysis was conducted using MAIC results to inform AE rates for cBTKi comparisons
in TN and RR not available from head-to-head clinical trials. MAIC-adjusted grade >3 AE rates for ibrutinib
in TN and zanubrutinib in TN and RR were derived by applying the relative differences in AE rates from
acalabrutinib estimated in the available published MAICs to the acalabrutinib clinical trial rates used in the base
case (8-10) (Supplementary Table 2). Modeled grade >3 AE rates for ibrutinib and zanubrutinib not evaluated in
the MAICs were assumed equal to acalabrutinib rates. Another scenario analysis examined the impact of alternate
TN and RR population specifications on outcomes where: the RR population included 2L only, and all newly
diagnosed patients with CLL were assumed eligible to start treatment (i.e., includes ‘watch-and-wait’ patients) and
RR included 2L only (Supplementary Table 1). These alternative scenarios address the concern that the baseline
population used had above average disease severity since ‘watch-and-wait’ patients were excluded from the modeled
TN cohort, and RR patients may be more likely to receive cBTKi treatment in 2L than 3L. A third scenario analysis
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examined outcomes when varying rates of cBTKi discontinuation from any cause, including potentially toxicity
(Supplementary Table 3).

Uncertainty was tested through deterministic sensitivity analysis and probabilistic analysis (DSA, PA). DSA
varied key individual safety, clinical and cost parameters +/-20%. PA was performed via Monte Carlo simulations
over 5000 iterated scenarios using Microsoft Excel visual basic code. Costs were represented by y distributions and
probabilities by B distributions, with parameter standard deviations assumed 20% of the deterministic value.

Results

Base case

A cohort of 13,726 patients with CLL (44% TN, 56% RR) was modeled to reflect a real-world population with
CLL covered by Medicare who are eligible to start cBTKi therapy. Infection was the most common grade >3
AE across cBTKis in TN (20.6% ibrutinib, 16.2% acalabrutinib, 23.8% zanubrutinib) and RR (30.0%, 31.0%,
35.5%) patients, followed by neutropenia (TN: 12.6%, 11.2%, 12.5%; RR: 23.0%, 20.0%, 22.2%). Overall,
acalabrutinib had the lowest aggregate grade >3 AE rate, with reductions of 25.8%-points versus ibrutinib (35.8%
vs 61.6%) and 20.6%-points versus zanubrutinib (35.8% vs 56.4%) in TN patients, and reductions of and 8.0%-
points versus ibrutinib (75.0% vs 83.0%) and 11.1%-points versus zanubrutinib (75.0% vs 86.1%) in RR patients.
Key differences for acalabrutinib included lower rates of grade >3 hypertension (2.8% vs 8.1% for ibrutinib and
9.2% for zanubrutinib), infections and atrial fibrillation (1.1% vs 5.2% for ibrutinib) in TN patients, and lower
rates of grade >3 hypertension (4.0% vs 9.0% for ibrutinib and 16.4% for zanubrutinib), thrombocytopenia
(10.0% vs 7.0% for ibrutinib and 3.7% for zanubrutinib) and diarrhea (1.0% acalabrutinib vs 5.0% ibrutinib) in
RR patients. Ibrutinib, acalabrutinib and zanubrutinib annual WACs were $213,677, $186,979 and $183,303,
respectively.

Combining drug cost and grade >3 AE differences, acalabrutinib showed cost savings of $15,478 per patient
versus ibrutinib over the first year of treatment, driven by lower treatment cost ($12,076 decrease) and lower AE
cost (33402 decrease) (Figure 2 & Supplementary Table 4). Acalabrutinib also showed cost savings of $1901 per
patient versus zanubrutinib over the first year, as higher acalabrutinib treatment cost (31663 increase) was offset
by savings from lower AE cost ($3563 decrease) (Figure 2 & Supplementary Table 4). Cost savings per patient
with acalabrutinib versus ibrutinib and zanubrutinib persisted over 3 ($23,735; $764) and 5 ($25,545; $515) years
(Figure 2).

Across all patients with CLL in Medicare, estimated cost savings with acalabrutinib over 1, 3 and 5 years,
respectively, were $212 million, $326 million and $351 million versus ibrutinib, and $26 million, $10 million and
$7 million versus zanubrutinib (Figure 3 & Supplementary Table 4). At current drug prices, the CLL population-
level annualized cost savings to CMS with acalabrutinib would be $64 million versus ibrutinib and $2 million
versus zanubrutinib (Supplementary Table 4).

Sensitivity, probabilistic & scenario analyses

Among the modeled cohort of 13,726 patients with CLL, 4875 were estimated to be disabled, 560 with ESRD and
1849 terminally ill. Compared with ibrutinib, acalabrutinib was associated with 1186 fewer, 95 fewer and 292
fewer grade >3 AEs across disabled, ESRD, terminally ill patients with CLL, respectively, over 1 year (Figure 4 &
Supplementary Table 5). Compared with zanubrutinib, acalabrutinib was associated with 966 fewer, 89 fewer and
282 fewer grade >3 AEs across disabled, ESRD, terminally ill patients with CLL, respectively. Estimated cost
savings with acalabrutinib across disabled, ESRD and terminally ill subpopulations, respectively, of $87-$144
million, $9-$15 million and $29-48 million versus ibrutinib, and $6-$14 million, $0.3—-$1 million and $1-$4
million versus zanubrutinib over 1-5 year horizons. At current drug prices, acalabrutinib would result in annualized
cost savings across disabled, ESRD and terminally ill subpopulations, respectively, of $26 million, $3 million and
$9 million versus ibrutinib, and $1.6 million, $0.1 million and $0.3 million versus zanubrutinib.

MAIC informed aggregate grade >3 AE rates for acalabrutinib were 22.9% points less than ibrutinib and
5.0% points less than zanubrutinib in TN, and 8.0% points less than ibrutinib and 20.1% points less than
zanubrutinib in RR. Differences in MAIC-informed AE rates resulted in cost savings with acalabrutinib over 1 year
of $15,142 per patient versus ibrutinib and $1501 per patient versus zanubrutinib. In both alternate population
scenarios, acalabrutinib resulted in cost savings compared with ibrutinib and zanubrutinib. Savings versus ibrutinib
over 1 year were $16,919 per patient, totaling $138 million across all patients in scenario 1 and $313 million
in scenario 2. Savings versus zanubrutinib over 1 year were $2529 per patient, totaling $21 million across all
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Figure 3. Increase in total cost with ibrutinib and zanubrutinib compared with acalabrutinib across all patients with
chronic lymphocytic leukemia from a Medicare perspective. Total cost is the sum of direct medical care costs,
including cost of AE management and pharmacy costs associated with the cBTKi therapy. Positive numbers indicate
cost saving with acalabrutinib; negative numbers indicate increased cost with acalabrutinib.

cBTKi: Covalent Bruton'’s tyrosine kinase inhibitor; CLL: Chronic lymphocytic leukemia; USD: United States dollar.
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Figure 4. Increase in number of grade >3 adverse events in year 1 of covalent Bruton’s tyrosine kinase inhibitor
treatment with ibrutinib and zanubrutinib compared with acalabrutinib and total annualized cost savings with
acalabrutinib across disabled, ESRD and terminally ill patients with chronic lymphocytic leukemia in Medicare.
*Annualized cost calculated as an average of annual costs weighted by the real-world distributions of TN versus RR
and years since cBTKi therapy start across CMS special subpopulation (2024 USD, discounted).

AE: Adverse event; cBTKi: Covalent Bruton’s tyrosine kinase inhibitor; CLL: Chronic lymphocytic leukemia; CMS:
Centers for Medicare and Medicaid Services; ESRD: End stage renal disease; RR: Relapsed/refractory; TN:
Treatment-naive; USD: United States dollar.

patients in scenario 1 and $47 million in scenario 2. Varying cBTKi discontinuation showed 1-year savings of
$19,872 and $2267 per patient with acalabrutinib versus ibrutinib and zanubrutinib, respectively. Cost savings
were generally maintained over 3 and 5 years (Supplementary Table 6). DSA (Supplementary Figures 1-6) and
PA (Figure 5 & Supplementary Figures 7—10) confirmed overall robustness of base case results, with sensitivity
observed only to drug prices. Lower AE cost with acalabrutinib versus ibrutinib and zanubrutinib was maintained
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Figure 5. Probabilistic analysis results. Difference in adverse event costs versus difference in pharmacy costs over
1 year between (A) acalabrutinib versus ibrutinib and (B) acalabrutinib versus zanubrutinib in 5000 iterated scenarios.
AE: Adverse event.

in all probabilistic scenarios, while lower pharmacy cost was maintained in 68.5% scenarios versus ibrutinib and
46.8% versus zanubrutinib.

Discussion

Use of acalabrutinib among patients with TN and RR CLL yielded cost savings in comparison to other cBTKis
from a CMS payer perspective. Results were driven by current ¢cBTKi drug prices and reduced AE costs over
short-term (1 year since cBTKi initiation) and longer-term (3 and 5 years). Acalabrutinib had both lower drug cost
and lower grade >3 AEs rates than ibrutinib, making acalabrutinib a clear choice over ibrutinib. Although annual
acalabrutinib WAC was $3676 more than zanubrutinib, this treatment cost difference was entirely offset by cost
savings from lower grade >3 AEs rates with acalabrutinib.
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This study is not only useful for payer decision-making in general, it can also help inform CMS decision-making
under Inflation Reduction Act (IRA)-mandated ‘maximum fair price’ negotiations for select drugs covered under
Medicare [18,43]. CLL largely affects the elderly population, meaning widespread adoption of ¢cBTKi treatment
can have substantial financial implications for Medicare due to their high cost and ongoing administration. CMS
is increasingly focused on value-based healthcare, which aims to optimize health outcomes relative to cost. The
safety and tolerability of cBTKis can affect patient adherence and overall treatment success in addition to disease
management costs [4,13,32]. Therefore, assessing the value of differences in ¢cBTKi safety profiles is important
for informed treatment decisions. The evidence generated in this study can be used to inform CMS national
coverage determinations, reimbursement policies and value-based contracts such as through drug price negotiations
under IRA, which will have significant implications for access to these cBTKi treatments for most patients with
CLL. Negotiations for ibrutinib have already taken place (441. Under IRA, CMS mandates a drug’s comparative
effectiveness relative to existing alternatives; CMS is also required to address unmet medical needs, including for
special subpopulations with disabilities, ESRD, the elderly and the terminally ill [18]. Lower incidence of severe
AEs with acalabrutinib can address the need for treatments patients can better tolerate, particularly for those
sensitive to certain side effects or with comorbidities. Model results showed acalabrutinib was associated with a
reduction of thousands of grade >3 AEs over 1 year of treatment compared with ibrutinib and zanubrutinib across
disabled, ESRD and terminally ill patients with CLL covered by Medicare. Moreover, the total cost implications
of choice of ¢BTKi treatment estimated in this study can be used to inform CMS budget forecasting and resource
allocation.

Strengths of this study include modeling separate cohorts for TN and RR patients with CLL and use of safety
data from pivotal phase III clinical trials. A pooled estimate across TN and RR patients with CLL was used to
inform the cost impact of cBTKis because it is straightforward to interpret and aligns with CMS’s approach of
negotiating drug prices at the drug level rather than indication level, considering the cost impact across all users
in Medicare. However, this study was subject to limitations. Model health states represented treatment pathways
rather than disease progression, and the model structure represented only one possible treatment pathway for
both TN and RR CLL [1,5]. However, these treatment pathways were based on NCCN guidelines and validated
by clinical experts (ASK, JMR), structured to focus on differential cBTKi cost impacts rather than replicate the
broader CLL treatment landscape. This study did not account for efficacy differences across cBTKis. While ALPINE
demonstrated superiority of zanubrutinib over ibrutinib in RR CLL (7], this analysis focused on cost-offsets driven by
differences in safety profiles rather than clinical efficacy, and cost comparisons between zanubrutinib and ibrutinib
were not derived from this model. Assumption of equivalent efficacy conservatively estimates acalabrutinib and
zanubrutinib performance relative to ibrutinib. All value differences were based on pharmaceutical cost and medical
costs related to cBTKi safety profiles. cBTKi discontinuation was assumed equal in the base case despite toxicity
being a frequent cause. However, acalabrutinib cost savings were generally maintained when varying discontinuation
in scenario analysis; notably, this evaluation was conservative as the model did not explicitly model any negative
health impacts from treatment discontinuation or potential long-term costs or benefits of remaining on cBTKi.
Grade >3 AE rates from extended follow-up of pivotal ¢BTKi clinical trials modeled in the base case were not
matching-adjusted for differences in trial populations. However, scenario analysis was performed using MAIC-
informed AE rates, which agreed with base case findings. Although ¢BTXKis can be used in combination with other
treatments like obinutuzumab, cBTKis were evaluated as monotherapy only for ease of comparison across cBTKi
treatment options. The model evaluates cost impact of ¢BTKi choice conditional on eligibility to start cBTKi; thus,
results are generalizable to this subpopulation rather than the full Medicare population with CLL. Many patients
with CLL are ‘watch-and-wait’ and not included in this analysis; however, those who later require cBTKi would
enter the model once eligible. RR population size was approximated using an incident-year framework, which may
slightly bias cost offsets upward due to smaller AE differences in RR; however, conclusions are unlikely affected as
AE differences are directionally consistent across TN and RR. WAC-based drug prices modeled do not account for
negotiated discounts and rebates.

Conclusion
Acalabrutinib yielded cost savings compared with ibrutinib and zanubrutinib for patients with CLL from a
Medicare perspective due to lower treatment cost than ibrutinib and fewer grade >3 AEs than both ibrutinib and
zanubrutinib.
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Summary points

e Chronic lymphocytic leukemia (CLL) affects over 200,000 individuals in the US, with approximately 20,700 new
cases, of which 70% aged 65 years or older at diagnosis, and 4500 deaths in 2024.

e CLL has had a number of recent clinical advancements including US FDA approved covalent Bruton's tyrosine
kinase inhibitors (cBKTis) ibrutinib, acalabrutinib and zanubrutinib.

e Ibrutinib is limited by cardiovascular toxicities such as atrial fibrillation and hypertension, while acalabrutinib and
zanubrutinib have improved selectivity, demonstrating reduced rates of cardiovascular adverse events (AEs)
compared with ibrutinib in clinical trials.

e While there are no head-to-head clinical trials of acalabrutinib and zanubrutinib, matching-adjusted indirect
comparisons (MAICs) have estimated significantly lower risk of hypertension, hemorrhage, serious AE and AE
leading to dose reduction with acalabrutinib than zanubrutinib.

e This study constructed an economic model to estimate potential cost impact to Medicare in choice of ¢BTKi based
on differences in safety profiles for treatment of treatment-naive (TN) and relapsed/refractory (RR) patients with
CLL.

e Compared with ibrutinib, acalabrutinib was associated with cost savings of $15,478 per patient over the first year
of treatment, driven by lower treatment cost (12,076 decrease) and lower AE cost (33402 decrease).

e Compared with zanubrutinib, acalabrutinib was associated with cost savings of $1901 per patient over the first
year of treatment, as higher acalabrutinib treatment cost ($1663 increase) was offset by lower AE cost ($3563
decrease).

e Cost savings with acalabrutinib versus ibrutinib and zanubrutinib persisted over 3 ($25,615; $1331) and 5
($27,635; $1053) years.

e At current drug prices, the CLL population-level annualized cost savings to CMS with acalabrutinib would be $64
million versus ibrutinib and $2 million versus zanubrutinib.

e Findings of this study can be used to inform Medicare national coverage determinations, reimbursement policies
and value-based contracts such as through drug price negotiations under the Inflation Reduction Act, which will
have significant implications for access to these ¢cBTKi treatments for the majority of patients with CLL.
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