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Aim: Bruton’s tyrosine kinase inhibitors (BTKis), including ibrutinib and acalabrutinib, transformed the
treatment landscape of chronic lymphocytic leukemia (CLL) and small lymphocytic lymphoma (SLL) by
improving outcomes compared with chemoimmunotherapy. Real-world economic comparisons between
BTKis are needed in diverse populations. This study aimed to compare healthcare costs in the Veterans
Health Administration (VHA) among patients with CLL/SLL treated with, and remaining persistent on,
first-line (1L) ibrutinib versus acalabrutinib monotherapy for 12 months. Materials & methods: This
retrospective study used VHA electronic medical record data from January 2006 to July 2024. Eligible
patients initiated 1L ibrutinib or acalabrutinib monotherapy on or after November 2019 and remained
on continuous treatment for >12 months. All-cause and CLL/SLL-related costs were assessed over
12 months of follow-up. Generalized linear models were used to estimate adjusted costs and compare
differences between treatment cohorts. Results: A total of 1059 patients were included (ibrutinib: n = 732;
acalabrutinib: n = 327). During the 12-month follow-up of continuous 1L treatment, the annual adjusted
all-cause total healthcare cost difference between ibrutinib and acalabrutinib was -$2422 (p = 0.46)
(adjusted medical cost difference: $5259, p = 0.03; adjusted pharmacy cost difference: -$5886, p = 0.02).
The annual adjusted CLL/SLL-related total healthcare cost difference between ibrutinib and acalabrutinib
was -$3793 (p = 0.15) (adjusted medical cost difference: $2085, p = 0.05; adjusted pharmacy cost difference:
-$5860, p = 0.02). Conclusion: Among VHA patients with CLL/SLL who initiated and remained on treatment
with 1L BTKi monotherapy for 12 months, annual all-cause and CLL/SLL-related total healthcare costs were
similar between ibrutinib and acalabrutinib. Pharmacy costs were lower for ibrutinib, while medical costs
were lower for acalabrutinib, resulting in overall comparable total costs.

Plain language summary

What is this summary about? Chronic lymphocytic leukemia (CLL) and small lymphocytic lymphoma (SLL)
are common blood cancers in the US, especially among veterans. Two oral medications, ibrutinib and
acalabrutinib, are commonly used as the first treatment for CLL/SLL. While both drugs are effective at
improving disease outcomes, less is known about how much their use impacts healthcare cost in real-world
settings, especially in the Veterans Health Administration, the largest US healthcare system for veterans.
This study compared healthcare costs for patients with CLL/SLL who took either ibrutinib or acalabrutinib
as their first treatment. It looked at 12 months of data after patients started, and remained on, treatment.
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What were the results? Results showed that total healthcare costs were similar between the two groups.
Most costs came from the medications themselves. Although ibrutinib had slightly lower total healthcare
costs, mainly because its pharmacy costs were lower, patients taking ibrutinib had higher outpatient care
costs.

What do the results mean? Patients taking ibrutinib had generally similar total healthcare costs compared
with those taking acalabrutinib during the first year while on treatment, though medication costs were
lower. These insights are important for understanding how these drugs impact healthcare spending,
especially as drug pricing policies evolve.

First draft submitted: 19 June 2025; Accepted for publication: 9 September 2025; Published online:
14 October 2025
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Chronic lymphocytic leukemia (CLL) and small lymphocytic lymphoma (SLL) are the most common leukemias
in the US, with a combined annual age-adjusted incidence of 4.5 per 100,000 and an estimated 5-year survival of
88.1% [1,2]. The CLL treatment landscape has significantly evolved from chemoimmunotherapy (CIT) to targeted
agents, particularly Bruton’s tyrosine kinase inhibitors (BTKis), which disrupt B-cell receptor signaling, a critical
pathway for malignant B-cell survival 3. BTKi treatments have been a major breakthrough, improving survival
outcomes and treatment tolerability compared with conventional CIT [4-6] and have become a recommended
treatment option in patients with treatment-naive and relapsed/refractory CLL/SLL [7].

Ibrutinib, the first-in-class covalent BTKi, received US FDA approval in 2014 for previously-treated CLL,
later expanding to frontline therapy [4,8]. In phase III clinical trials in both first-line (1L) and relapsed/refractory
CLL/SLL, treatment with ibrutinib demonstrated improved progression-free survival (PFS) and overall survival
(OS) compared with immunotherapy and/or chemotherapy (CT) treatments [5,9-12]. A second covalent BTKi,
acalabrutinib, received FDA approval in November 2019 for treatment-naive and relapsed/refractory CLL. The
phase III trial showed acalabrutinib with or without obinutuzumab significantly improved PES over CIT (¢]. In
a phase IIT head-to-head trial for previously-treated CLL, acalabrutinib was noninferior to ibrutinib in terms of
PES 113]. However, a real-world study found that patients treated with ibrutinib were less likely to initiate next
treatment than patients on acalabrutinib, suggesting the need for careful consideration of 1L treatment selection
for CLL/SLL in relation to available BTKis [14].

Despite extensive clinical data, the literature is limited on real-world economic comparisons among patients who
were treated long term with ibrutinib or acalabrutinib. The impact of long-term treatment with BTKi on total
cost of care can vary among patients with CLL depending on healthcare access, reimbursement structures and care
settings [15-17]. For example, a study elsewhere found that patients with hematologic malignancies incurred higher
total costs, including drug and administration costs, when treated in hospital outpatient settings compared with
physician offices or community clinics [16]. In addition, geographic variations in healthcare access have also been
found to impact cost and healthcare resource use (HRU). One study found that among Medicare beneficiaries with
CLL, compared with residency in a metropolitan area, living in a nonmetropolitan area was associated with higher
ED visits and higher hospital outpatient costs [17]. Furthermore, evolving policy changes, such as the Inflation
Reduction Act (IRA) may impact future cost dynamics of BT Kis [18]. As there is limited literature on healthcare cost
among patients treated with BTKis, it is important to quantify costs of BTKis in a diverse CLL population during
this pre-IRA period, adding to the body of evidence on economic comparisons as benchmark before policy-driven
pricing changes.

The Veterans Health Administration (VHA) uses electronic medical records (EMRs) to collect clinical and
administrative data, offering a unique opportunity for economic burden analysis in a large, diverse population
of patients treated with BTKis with long-term medical care. Specifically, veterans are a geographically widespread
population, with a significant proportion of veterans residing in rural areas [19). In addition, prior exposure to
chemicals such as Agent Orange and pesticides are risk factors for CLL/SLL, which are more prevalent in a veteran
population [20-22]. Given that the VHA is comprised of a population with diverse characteristics that may impact
healthcare costs, this study aimed to describe and compare patient characteristics and total cost of care in the
VHA population for patients treated with, and remaining on, 1L ibrutinib versus acalabrutinib monotherapy for
CLL/SLL during the first year following initiation.
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Materials & methods

Data source

This retrospective, observational study used real-world EMR data from the VHA database from 1 January 2006
to 31 July 2024. The VHA is the largest integrated healthcare system in the US, serving over 9 million veterans
annually. The VHA Corporate Data Warchouse includes medical encounter data across VHA facilities, including
medical centers, outpatient clinics and long-term care settings. The Corporate Data Warehouse stores clinical
data in separate databases, (e.g., medications, inpatient admissions, outpatient visits and lab results), and includes
demographics and a range of services from primary and specialty care to rehabilitation and home care.

In this study, costs of care were identified using patient-level data from the VHA Decision Support System
cost database. The Decision Support System uses an approach similar to microcosting, where expenditures are
linked to each patient’s resource use captured through automated tracking. Costs for personnel, medical supplies
and equipment are assessed within each department, while indirect costs, such as facility maintenance or janitorial
services, are proportionally distributed based on factors such as space usage. Patient-specific resource use, such as
laboratory work, imaging and specialty consultation, is extracted from the EMR. These services are quantified using
relative resource units, which account for variations in resource intensity. By dividing total departmental costs by
total relative resource units, a unit cost is derived which is then multiplied by each patient’s resource usage. As
a result, two patients undergoing the same procedure may have different cost estimates due to variations in the
specific resources used during their care [23,24].

Study design

This study used a retrospective cohort design to compare patients with CLL/SLL who initiated 1L treatment
with ibrutinib monotherapy to patients who initiated 1L acalabrutinib monotherapy and remained on treatment
for >12 months. The index date was defined as the date of initiation of ibrutinib monotherapy or acalabrutinib
monotherapy in 1L based on structured VHA data, on or after 21 November 2019. This date corresponds to the
FDA approval of acalabrutinib for 1L CLL/SLL and was selected to ensure comparable time windows for evaluating
both treatments. The baseline period was defined as the 12-month period prior to the index date, during which
patient characteristics were assessed. Historical data starting from 2006 were available in the VHA data and were
used to identify prior diagnoses of CLL/SLL, historical antineoplastic exposure, and other long-term comorbidities
for sample selection.

The follow-up period spanned from the index date to 12 months post-index. The study focused on a treatment-
persistent cohort who remained on 1L monotherapy for >12 months following the index date. The 1L treatment
period was defined as the period from the initiation of 1L treatment until the earliest of treatment discontinuation
(defined as a gap in treatment by 90 days or more) or initiation of a subsequent treatment. A duration of 12 months
was selected since the first year following BTKi initiation is a clinically meaningful window, where patients may
undergo close monitoring.

The study design was determined to be exempt from Institutional Review Board review by the Southeast
Louisiana Veterans Health Care System Institutional Review Board in September 2023.

Study population
Patients were included in the study if they were >18 years of age as of the index date, had >1 medication record
for ibrutinib or acalabrutinib between 1 January 2006 through 31 July 2024, and had >2 diagnoses of CLL/SLL
>30 days apart, including >1 CLL/SLL diagnosis prior to the index date, based on International Classification
of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes 204.1 and International Classification
of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) code C91.1 for CLL and ICD-10-CM code
C83.0 for SLL (Supplementary Table 1). Patients were also required to be continuously enrolled in the VHA
for >12 months before the index date and for >28 days after the index date, have an index date on or after
21 November 2019 (i.e., the FDA approval date for acalabrutinib) to allow the sample to have a comparable
index window, initiate treatment on or below the FDA recommended daily dose of 420 mg/day for ibrutinib
and 200 mg/day for acalabrutinib, and have >12 months follow-up during which they were continuously on 1L
treatment.

Patients were excluded from the study if they received treatment with any antineoplastic agents any time prior
to the index date and within 28 days after the index date (to help ensure that BTKi monotherapy was initiated as
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1L therapy), had a diagnosis for end-stage kidney disease prior to the index date, or if they had >2 diagnoses of
other blood cancers >30 days apart during the time period >6 months prior to the index date.

Patients were classified into two different cohorts based on the 1L treatment received: ibrutinib monotherapy
(ibrutinib cohort) or acalabrutinib monotherapy (acalabrutinib cohort).

Patient characteristics & outcome measures

Patient demographic and clinical characteristics during the baseline period were described. Geographic region was
determined based on the state of residence documented during the index year and was categorized as Midwest,
Northeast, South and West based on the US census bureau divisions [25]. Rural-urban classification was based on
the Rural-Urban Commuting Area codes [26]. Patient ZIP codes at the index date were linked to Rural-Urban
Commuting Area codes and categorized as either urban (metropolitan areas) or rural (including micropolitan,
small town and rural areas). The Quan-Charlson comorbidity index (CCI) was calculated based on the presence of
comorbidities and weighted based on their severity based on the algorithm detailed by Quan ez al. [27).

During the 12-month follow-up period while patients were on continuous treatment with ibrutinib or acal-
abrutinib, the mean daily dose for each of the 12 months while on treatment was summarized for ibrutinib and
acalabrutinib.

In addition, during the follow-up period, annual all-cause and CLL/SLL-related HRU were assessed. Inpatient
visits consisted of visits where patients were admitted to a hospital for at least one overnight stay under a physician’s
care. Outpatient visits included healthcare services where the patient received medical care without being admitted
to a hospital. These included community-based outpatient clinics (CBOCs) and VA medical center (VAMC)
hospital outpatient visits, where the patient does not need overnight care. CBOCs primarily provide outpatient
services related to primary care, with limited specialty services, whereas hospital outpatient visits at VAMCs may
comprise of more specialty and comprehensive services [28]. Emergency department (ED) visits include visits to
a VAMC where a patient seeks immediate care for an acute illness, injury, or other urgent health condition that
requires prompt evaluation and treatment. Patients may subsequently be admitted to the hospital for an overnight
stay or may be discharged on the same day.

Annual all-cause and CLL/SLL-related healthcare costs, including medical costs and pharmacy costs, were
evaluated during the 12-month follow-up period and by quarter (i.e., month 1-3, 4-6, 7-9 and 10-12). Medical
costs were further stratified by inpatient, outpatient and ED costs. CLL/SLL-related HRU and healthcare costs
were defined as medical records with a diagnosis for CLL/SLL. CLL/SLL-related pharmacy costs were defined as
costs of CLL/SLL-related treatments, including BTKis and antineoplastic agents.

Statistical analysis

Patient demographic and clinical characteristics were summarized descriptively using means and standard deviations
(SDs) for continuous variables, and frequencies and proportions for categorical variables. Characteristics were also
compared between the two treatment cohorts using Wilcoxon rank-sum tests for continuous variables and Chi-
square or Fisher’s exact tests for categorical variables.

During the 12-month follow-up period of continuous 1L treatment, annual all-cause and CLL/SLL-related HRU
and healthcare costs were summarized descriptively and compared between the ibrutinib and acalabrutinib cohorts.
HRU comparisons were made using Wilcoxon rank-sum tests. Addressing the study objective, cost comparisons
included adjusted analyses, with mean differences and predicted mean costs estimated using generalized linear
models with a Tweedie distribution. The associated 95% confidence intervals (Cls) and p-values were estimated
using non-parametric bootstrap procedures. Covariates in adjusted models were selected based on balance between
cohorts at baseline and clinical significance and included age category (<65 or >65 years), sex, CCI categories (<2,
3—4 or >5), baseline inpatient or ED visits, baseline outpatient visits and baseline COVID-19 diagnosis (Table 1).
All costs were reported as annualized costs and inflated to mid-year 2024 using medical care service component of
Consumer Price Index (CPI).

Results

Sample identification

Of 1059 eligible patients with CLL/SLL who remained on 1L BTKi treatment for >12 months, 732 were treated
with ibrutinib monotherapy and 327 patients were treated with acalabrutinib monotherapy (Figure 1).
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Table 1. Demographic and baseline clinical characteristics of patients with chronic lymphocytic

leukemia/small lymphocytic lymphoma treated with ibrutinib or acalabrutinib.

Demographics at index date Ibrutinib (n = 732) Acalabrutinib (n = 327) p-value
Age in years, mean =+ SD 725483 743 +85 <0.01f
<65, n (%) 120 (16.4) 43 (13.1) 0.18
>65, n (%) 612 (83.6) 284 (86.9) 0.18
Male, n (%) 722 (98.6) 321(98.2) 0.59

Racef, n (%)

White, non-Hispanic 559 (76.4) 253 (77.4) 0.72
Black 97 (13.3) 39(11.9) 0.55
Hispanic 10 (1.4) 7 (2.1) 0.35
Other$ 15 (2.0) 3(0.9) 0.19
Unknown 51 (7.0) 25(7.6) 0.69

Geographic regionsT, n (%)

South 233 (31.8) 115 (35.2) 0.29
Midwest 242 (33.1) 89 (27.2) 0.06
West 154 (21.0) 67 (20.5) 0.84
Northeast 103 (14.1) 56 (17.1) 0.20

Residential area”, n (%)

Urban 624 (85.2%) 290 (88.7%) 0.13
Rural 107 (14.6%) 36 (11.0%) 0.11
Unknown 1(0.1%) 1(0.3%) 0.52
Index year distribution, n (%)
2019 35 (4.8) 2(0.6) <0.01F
2020 278 (38.0) 31(9.5) <0.01f
2021 225 (30.7) 58 (17.7) <0.01f
2022 155 (21.2) 130 (39.8) <0.01f
2023 39 (5.3) 106 (32.4) <0.01f
Time from earliest observed CLL/SLL diagnosis to index date in 52.1+46.9 56.1 +£49.3 0.20

months, mean + SD

Comorbidities, n (%)

Hypertension 474 (64.8) 224 (68.5) 0.24
Endocrine disorders (other than diabetes) 322 (44.0) 132 (40.4) 0.27
Psychiatric disease 293 (40.0) 120 (36.7) 0.31
Diabetes mellitus 230 (31.4) 114 (34.9) 0.27
Chronic pulmonary disease 140 (19.1) 59 (18.0) 0.68
CAD 107 (14.6) 71(21.7) <0.01t
Coagulopathy (clotting disorder) 91 (12.4) 40 (12.2) 0.93
Renal disease 88 (12.0) 62 (19.0) <0.01f
Peripheral vascular disease 64 (8.7) 29 (8.9) 0.95
Autoimmune disorders 55 (7.5) 23(7.0) 0.78
Atrial fibrillation 47 (6.4) 52 (15.9) <0.01
Mild liver disease 37 (5.1) 18 (5.5) 0.76
CHF 35 (4.8) 35(10.7) <0.01f
Cerebrovascular disease 31(4.2) 25(7.6) 0.021
COVID-19 26 (3.6) 25(7.6) <0.01f

TDenotes p-value < 0.05.

The race/ethnicity reported during the index year was used.

SOther race includes Asian, Native Hawaiian or Pacific Islander and American Indian or Alaskan Native.

9The region documented during the index year was used.

#Residential area was based on Rural-Urban Commuting Area Codes.

CAD: Coronary artery disease; CHF: Congestive heart failure; CKD: Chronic kidney disease; CLL: Chronic lymphocytic leukemia; ED: Emergency department; IP:
Inpatient; SLL: Small lymphocytic lymphoma; SD: Standard deviation.
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Table 1. Demographic and baseline clinical characteristics of patients with chronic lymphocytic

leukemia/small lymphocytic lymphoma treated with ibrutinib or acalabrutinib (cont.).

Demographics at index date Ibrutinib (n = 732) Acalabrutinib (n = 327) p-value
Charlson comorbidity index, mean + SD 2.7 +£1.2(2.0) 3.0+1.7 0.09
All-cause healthcare resource use during baseline
Evidence of IP or ED visit, n (%) 234 (32.0) 92 (28.1) 0.21
Evidence of outpatient visit, n (%) 732 (100.0) 326 (99.7) 0.31

Denotes p-value < 0.05.

The race/ethnicity reported during the index year was used.

SOther race includes Asian, Native Hawaiian or Pacific Islander and American Indian or Alaskan Native.

9The region documented during the index year was used.

#Residential area was based on Rural-Urban Commuting Area Codes.

CAD: Coronary artery disease; CHF: Congestive heart failure; CKD: Chronic kidney disease; CLL: Chronic lymphocytic leukemia; ED: Emergency department; IP:
Inpatient; SLL: Small lymphocytic lymphoma; SD: Standard deviation.

Patients who had >1 medication order/fill/administration for ibrutinib or acalabrutinib
between 21 November 2019 and 31 July 2024
The date of the first ibrutinib, acalabrutinib record was defined as the index date

>2 CLL/SLL diagnoses =30 days apart, including =1 CLL/SLL
diagnosis prior to the index date and age =18 years as of index date

>12 months of continuous VA enroliment prior to the index date and 28 days of continuous
enrollment after the index date. Patients were included if they had no antineoplastic agents
used any time prior to the index date and within 28 days after the index date

n = 1860

Exclude patients with end-stage kidney disease any time prior to the index date and patients with
>2 diagnoses of other blood cancers =30 days apart,
evaluated from 24 months prior to the index date to 6 months prior to the index date

Ibrutinib and acalabrutinib patients who initiated treatment on or below recommended dose'’

Ibrutinib cohort Acalabrutinib cohort

Patients with >12-month 1L BTKi treatment duration

Ibrutinib cohort Acalabrutinib cohort

Figure 1. Chronic lymphocytic leukemia/small lymphocytic lymphoma sample selection flowchart among Veterans
Affairs patients.

1L: First-line; CLL: Chronic lymphocytic leukemia; SLL: Small lymphocytic lymphoma; VA: Veterans Affairs.

The recommended daily doses according to US FDA label are 420 mg for ibrutinib and 200 mg for acalabrutinib.
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Table 2. All-cause and chronic lymphocytic leukemia/small lymphocytic lymphoma-related healthcare

resource use during the 12-months follow-up period.

Ibrutinib (n = 732) Acalabrutinib (n = 327) p-value
All-cause HRU, mean + SD
Inpatient admissions, n 0.22 + 0.64 0.19 + 0.64 0.05
Length of stay per admission 6.59 +9.21 8.55 + 12.57 0.40
ED visits, n 0.75+1.57 0.63 +1.63 0.06
Outpatient visits, n 25.97 +18.04 2273 £17.77 <0.01*
CLL/SLL-related HRU, mean + SD
Inpatient admissions, n 0.18 +£ 0.57 0.15 +0.53 0.27
Length of stay per admission 7.02 £10.12 9.77 £ 13.72 0.31
ED visits, n 0.13 £ 0.46 0.07 £0.34 0.01*
Outpatient visits, n 7.38 +6.38 5.89 + 5.88 <0.01*

CLL: Chronic lymphocytic leukemia; ED: Emergency department; HRU: Healthcare resource use; SLL: Small lymphocytic lymphoma; SD: Standard deviation.

Baseline demographic & clinical characteristics

Demographic and clinical characteristics of the two treatment cohorts are shown in Table 1. The mean =+ SD age
of patients in the acalabrutinib cohort was 74.3 & 8.5 years compared with 72.5 =+ 8.3 years in the ibrutinib cohort
(p < 0.01). No significant differences were observed between the ibrutinib and acalabrutinib cohorts in terms
of sex (98.6 vs 98.2% male, respectively) and race/ethnicity (76.4 vs 77.4% White, non-Hispanic, respectively).
Although not significant, a higher proportion of ibrutinib patients lived in rural areas compared with acalabrutinib
patients (14.6 vs 11.0%; p = 0.11). The ibrutinib cohort initiated treatment in earlier index years compared with
the acalabrutinib cohort (2019: 4.8 vs 0.6%, 2020: 38.0 vs 9.5%, 2021: 30.7 vs 17.7%, 2022: 21.2 vs 39.8%,
2023: 5.3 vs 32.4%; p < 0.01 across all years). The mean + SD time from the earliest observed CLL/SLL
diagnosis to index date was 52.1 £ 46.9 months among patients treated with ibrutinib and 56.1 + 49.3 months
among patients treated with acalabrutinib (p = 0.20). Across the ibrutinib and acalabrutinib cohorts, the most
frequent comorbidities identified were hypertension (64.8 and 68.5%), endocrine disorders (44.0 and 40.4%),
psychiatric disease (40.0 and 36.7%), diabetes mellitus (31.4 and 34.9%) and chronic pulmonary disease (19.1 and
18.0%). Among the less frequently occurring comorbidities across the cohorts, patients on ibrutinib compared with
acalabrutinib had lower coronary artery disease (14.6 vs 21.7%, p < 0.01), renal disease (12.0 vs 19.0%, p < 0.01),
atrial fibrillation (6.4 vs 15.9%, p < 0.01), congestive heart failure (4.8 vs 10.7%, p < 0.01), cerebrovascular disease
(4.2 vs 7.6%, p = 0.02) and COVID-19 (3.6 vs 7.6%, p < 0.01). Overall, the ibrutinib cohort had numerically
lower mean £ SD CCI (2.7 £ 1.2 vs 3.0 £ 1.7, p = 0.09), and fewer patients with CCI >5 than the acalabrutinib
cohort (8.3 vs 14.1%, p < 0.01). During the baseline period, 32.0% of patients in the ibrutinib cohort and 28.1%
of patients in the acalabrutinib cohort had >1 inpatient or ED visit, and nearly all patients had >1 outpatient visit
(100.0% in ibrutinib and 99.7% in acalabrutinib).

Mean daily dose

The mean daily dose during the 12-month follow-up period for patients treated with ibrutinib ranged from 394 mg
(month 3) to 379 mg (month 12), and for patients treated with acalabrutinib, it ranged from 196 mg (month 2)
to 192 mg (month 12).

HRU outcomes

Annual all-cause and CLL/SLL-related HRU during the 12-month follow-up period of 1L continuous treatment
is summarized in Table 2. For all-cause HRU, the mean annual number of inpatient admissions was comparable
between the ibrutinib and acalabrutinib cohorts (0.22 vs 0.19, p = 0.05), as were the mean length of stay per
admission (6.59 vs 8.55 days, p = 0.40) and the mean annual number of ED visits (0.75 vs 0.63, p = 0.60). However,
the ibrutinib cohort had a higher mean annual number of outpatient visits compared with the acalabrutinib cohort
(25.97 vs 22.73, p < 0.01). A similar pattern was observed for CLL/SLL-related HRU. The mean number of
CLL/SLL-related inpatient admissions (0.18 vs 0.15, p = 0.27) and length of stay per admission (7.02 vs 9.77,
p = 0.31) were similar between the two cohorts, while the mean number of CLL/SLL-related ED (0.13 vs 0.07,
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All-cause medical costs

Ibrutinib  ® Acalabrutinib
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Figure 2. Unadjusted all-cause medical and pharmacy costs during the 12-month follow-up, by quarter.
CLL: Chronic lymphocytic leukemia; SLL: Small lymphocytic lymphoma; USD: US dollar.

p < 0.05) and CLL/SLL-related outpatient visits (7.38 vs 5.89, p < 0.01) per year were higher in the ibrutinib
cohort compared with the acalabrutinib cohort.

Healthcare cost outcomes

The descriptive analyses of all-cause medical and pharmacy costs by quarter are reported in Figure 2. The medical
costs for both ibrutinib and acalabrutinib cohorts were highest in the first 3 months ($8453 for ibrutinib and $7499
for acalabrutinib), then remained relatively stable over time with minor variations ($5600-6156 for ibrutinib and
$4879-5629 for acalabrutinib). Pharmacy costs made up the majority of the total cost burden. Mean pharmacy
costs were highest during the first 3 months ($38,081 for ibrutinib and $41,819 for acalabrutinib), and decreased
over time for both ibrutinib and acalabrutinib. During the 12-month follow-up period, the unadjusted annual
all-cause total healthcare costs were $139,589 for the ibrutinib cohort and $142,749 for the acalabrutinib cohort,
with most costs being CLL/SLL-related ($117,301 and $121,069, respectively) (Table 3). Annual all-cause total
healthcare costs were primarily driven by pharmacy costs ($113,229 for ibrutinib cohort and $119,465 and for
acalabrutinib cohort), with a smaller portion related to medical costs (326,360 and $23,284, respectively; Table 3).
Outpatient cost was the largest component of all-cause medical costs ($17,574 for the ibrutinib cohort and $14,234
for the acalabrutinib cohort), accounting for 61.1-66.7% of all-cause total medical costs. The unadjusted total
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Table 3. Unadjusted all-cause and chronic lymphocytic leukemia/small lymphocytic lymphoma-related

costs during the 12-months follow-up period.

Ibrutinib (n = 732) Acalabrutinib (n = 327) Unadjusted mean cost p-value
difference
All-cause costs (2024 USD), mean =+ SD [median]

Total costs 139,589 + 72,270 [133,176] 142,749 + 72,530 [138,152] -3160 0.34
Total medical costs 26,360 + 48,116 [14,095] 23,284 + 49,021 [11,110] 3076 0.18
Inpatient 7008 =+ 41,229[0] 7640 + 40,935 [0] - -

ED 1778 £ 5699[0] 1410 + 4,138 [0] - -
Outpatient 17,574 + 19,374 [12,652] 14,234 + 15,126 [9,928] . -

Pharmacy costs 113,229 + 53,752 [114,392] 119,465 + 51,318 [122,148] -6236 0.01*
CLL/SLL-related costs (2024 USD), mean =+ SD [median]
Total costs 117,301 £ 57,817 [117,505] 121,069 + 54,562 [123,495] -3768 0.15
Total medical costs 6878 + 21,535 [3,059] 4599 + 18,425 [1396] 2278 0.02*
Inpatient 1338 + 19,528 [0] 1338 + 17,081 [0] - -
ED 217 +£1,223 [0] 106 + 592 [0] - -
Outpatient 5323 + 8,103 [2,781] 3156 + 5204 [1396] - -
Pharmacy costs 110,423 + 53,292 [112,481] 116,469 + 50,899 [120,193] -6046 0.02*

CLL: Chronic lymphocytic leukemia; ED: Emergency department; SLL: Small lymphocytic lymphoma; SD: Standard deviation; USD: US dollar.

costs were slightly lower for the ibrutinib cohort compared with the acalabrutinib cohort; however, the differences
were not statistically significant (all-cause: -$3160, p = 0.34; CLL/SLL-related: -$3768, p = 0.15).

After adjusting for baseline characteristics (age, sex, CCI, baseline inpatient or ED visits, baseline outpatient visits
and baseline COVID-19 diagnosis), predicted total annual all-cause costs were $139,814 for the ibrutinib cohort
and $142,236 for the acalabrutinib cohort, with most costs being CLL/SLL-related ($117,293 and $121,086,
respectively; Figure 3). Annual all-cause and CLL/SLL-related total costs remained numerically lower for the
ibrutinib cohort compared with the acalabrutinib cohort (adjusted cost difference: -$2422, p = 0.46 and -$3793,
p = 0.15, respectively). While total medical costs were statistically significantly higher for the ibrutinib cohort
compared with the acalabrutinib cohort (adjusted cost differences: all-cause: +$5259, p < 0.05; CLL/SLL-related:
+$2085, p = 0.05), the pharmacy costs were significantly lower for the ibrutinib cohort than the acalabrutinib
cohort (all-cause: -$5886, p < 0.05; CLL/SLL-related: -$5860, p < 0.05).

Discussion

This is one of the largest studies evaluating healthcare costs of 1L ibrutinib monotherapy versus 1L acalabrutinib
monotherapy using VHA data, the largest integrated healthcare system in the US. Adjusted comparisons of
healthcare costs during the 12 months of continuous 1L treatment showed that both annual all-cause and CLL/SLL
related total healthcare costs were similar between patients initiating ibrutinib versus acalabrutinib. The similar total
healthcare cost was driven by lower pharmacy costs for ibrutinib balanced by lower medical costs for acalabrutinib.
Notably, pharmacy costs were highest in the first 3 months of treatment and gradually declined over time for both
ibrutinib and acalabrutinib.

The all-cause medical cost for patients taking ibrutinib was statistically higher than for patients taking acalabru-
tinib; however, CLL/SLL-related medical cost was similar between the cohorts, indicating non-CLL/SLL-related
medical visits, specifically outpatient visits, contributed significantly to all-cause medical cost differences. While
not examined directly in this study, it is possible that differential access to care may have led to these differences.
For example, a numerically higher proportion of ibrutinib patients lived in rural areas compared with acalabrutinib
(14.6 vs 11.0%), and patients in rural areas could have less access to regular monitoring and care, resulting higher
rates of hospital outpatient and ED visits and associated costs [17].

The CLL/SLL-related pharmacy costs were the majority of the all-cause pharmacy costs, and both were signifi-
cantly lower for ibrutinib. Across both cohorts, we observed that pharmacy costs were higher in the first 3 months
than the following months, which could be due to nonadherence, prescription quantity (e.g., 30- vs 90-day supply),
or dose adjustment. However, our results showed that the mean monthly dose remained relatively steady for all
12 months while patients were on treatment with ibrutinib and acalabrutinib, indicating that dose adjustment
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Figure 3. Adjusted all-cause and chronic lymphocytic leukemia/small lymphocytic lymphoma-related costs during
the 12-month follow-up period.

*p < 0.05; error bars show 95% confidence interval.

CLL: Chronic lymphocytic leukemia; SLL: Small lymphocytic lymphoma; USD: US dollar.

and non-adherence were likely not the main reason for pharmacy cost differences. That said, pharmacy costs, con-
tributing to the total healthcare cost, may be impacted by the VHA-specific pricing contracts, formulary structures
or utilization management. Future research examining patterns of treatment use and treatment costs would be
meaningful.

Prior real-world analyses of BTKis in CLL have reported similar cost differences between ibrutinib and acal-
abrutinib. A study using IQVIA claims data by Muluneh ez a/. reported lower total CLL/SLL-related costs among
patients who received 1L treatment with ibrutinib compared with acalabrutinib [29]. The study by Rogers ez al.
using Acentrus data, found statistically significantly lower all-cause and CLL/SLL-related costs for ibrutinib relative
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to acalabrutinib [30]. Both studies found that compared with acalabrutinib, ibrutinib was associated with a mean
number of inpatient admissions and length of inpatient stay during 1L treatment similar to the findings reported in
the current study. Interestingly, the studies by Muluneh et /. and Rogers ez al. found that ibrutinib was associated
with significantly fewer CLL/SLL physician office visits and/or significantly fewer outpatient visits than acalabru-
tinib, while our current study found that ibrutinib was associated with higher CLL/SLL-related outpatient visits
than acalabrutinib. This discrepancy may be explained by differences in population characteristics between the
VHA population and the Acentrus and IQVIA populations. The IQVIA study analyzed a younger, commercially
insured population (mean age 64 years), whereas the VHA population in the current analysis includes older patients
(mean age 7374 years), who may have different comorbidity burdens, healthcare access patterns or monitoring
needs. Additionally, the VHA population has been documented to represent a more rural population [19], which
may differ from IQVIA or Acentrus.

Both studies also found that pharmacy costs contributed to the majority of total healthcare costs, and they
also found lower pharmacy costs among those treated with ibrutinib compared with acalabrutinib, though the
difference did not reach statistical significance in those studies. The differences in statistical significance between
studies could be attributed to factors including the data source (the Acentrus study included pharmacy data drawn
from medication orders and refills, whereas VHA data reflect a fully integrated healthcare system with distinct
cost structures), as well as cost estimation methods (the Acentrus study estimated costs based on HRU data and
literature-derived cost estimates, whereas the VHA data uses an activity-based costing approach, which captures
direct and indirect costs associated with healthcare). Further, all-cause costs were not reported in the IQVIA
study, limiting comparisons to this study of broader cost estimates. In addition, the IQVIA study employed a
variable follow-up period, limiting the ability to draw direct comparisons with findings in this study. Though
Muluneh et al. evaluated HRU and costs while on 1L treatment, there was a difference in follow-up between the
ibrutinib cohort (1.2 years) and the acalabrutinib cohort (0.8 years). In contrast, the current study utilized a fixed
12-month follow-up period to assess costs specifically incurred while on treatment with BTKis among patients
who were on treatment for an equivalent amount of time. This approach excludes patients who discontinued
early, had inconsistent adherence or persistence, or initiated new or additional therapies. As a result, the current
analysis provides a more direct comparison of HRU and cost outcomes between the two BTKi cohorts during 1L
monotherapy, without the confounding influence of post-treatment events.

The economic impact of BTKis has also been evaluated in studies of broader treatment comparisons. One recent
study used IQVIA claims to evaluate costs among patient initiating 1L therapy with ibrutinib, acalabrutinib and
venetoclax + Obinutuzumab [31]. The authors found that, during the first 12 months of treatment, costs were
higher for combination venetoclax + obinutuzumab (PPPM: $17,839) compared with ibrutinib ($15,066) and
acalabrutinib ($15,219), suggesting that while on-treatment, BT Kis are more cost saving. A claims-based study that
compared ibrutinib to CT or CIT found that patients treated with ibrutinib as 1L treatment had significantly lower
HRU costs and costs compared with patients receiving CT or CIT for office and outpatient visits (p < 0.0001) [321.
Additionally, ED visits were significantly higher for both CT- and CIT-treated patients (p < 0.05), while ED
costs were slightly higher for ibrutinib patients, but the difference was not statistically significant. Another claims
study that assessed HRU and costs among patients initiating front-line ibrutinib or CIT found that higher
pharmacy costs for ibrutinib (mean monthly cost difference [MMCD] = $6849) were offset by lower medical costs
(MMCD = -$10,615), yielding net savings (MMCD = -$3766) versus CIT (all p < 0.0001).

More recent studies using VHA data [20) and Medicare claims data (33] further support the cost-saving po-
tential of ibrutinib compared with CIT. In a VHA study, ibrutinib was associated with higher pharmacy costs
(MMCD = $5204, p < 0.05) but significantly lower medical costs (MMCD = -$7308, p < 0.05), resulting in net
monthly all-cause cost savings of -$2160, though not statistically different [201. A Medicare study found a similar
pattern, whereby patients treated with ibrutinib incurred significantly higher monthly pharmacy costs during 1L
duration (MMCD = $4892, p < 0.001) that were fully offset by lower monthly medical costs (MMCD = -$5888,
p < 0.001), yielding a monthly lower total healthcare cost reduction (MMCD = -$996, p < 0.001) 331. While
there is more research evaluating the cost of ibrutinib compared with other treatments (potentially due to its earlier
approval), these studies demonstrate the potential for BTKis to reduce overall healthcare costs compared with the
traditional treatments.

Policies that address drug pricing should consider the substantial pharmacy cost burden associated with BTKis.
This study, in line with the Acentrus and IQVIA studies, found that costs of BTKis contribute to the majority of
CLL/SLL-related total costs (81-96%), indicating that pharmacy expenditures are the primary driver of budget
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impact for these patients in the VHA system. For the VHA, which is a single-payer system with centralized drug
procurement and negotiation authority, these findings have important implications for formulary decision-making,
contract structuring, and long-term financial planning. To address high drug costs, recent policy changes such as the
IRA aim to enhance pricing negotiations [34]. In this context, understanding the budget impact, cost—effectiveness
and overall economic and clinical value of a drug will be critical in supporting these negotiations and evaluating
the impact of these policies in the future.

As more BTKis become available, including agents with potentially distinct safety profiles, dosing schedules and
prices, it will become increasingly important to assess the total cost of care and the comparative value of each option.
Nonetheless, once the Medicare IRA is implemented in 2026, the cost data reported here can potentially be used
as a benchmark in maximizing the value of BTKi in the management of patient care. Budget impact analyses that
incorporate both drug acquisition costs and downstream medical utilization can guide not only treatment decisions
from a clinical standpoint but also inform sustainable resource allocation within the VHA.

Limitations

Results from this study are subject to limitations. First, the unique structure of the VHA system, including its
comprehensive healthcare coverage, may limit generalizability to other settings. However, the comprehensiveness
and geographical reach of VHA data makes this real-world study one of the largest of its kind, providing valuable
insights into the treatment experiences of patients with CLL/SLL. Second, the costs used in the VHA were derived
using an activity-based costing approach, which captures both direct and indirect patient-specific costs. Therefore,
these cost estimates may not be generalizable to other healthcare systems that use different costing methodologies,
such as claims-based or imputed cost calculations. Despite this, patterns of cost between treatment arms should
remain consistent. Third, as this was a retrospective analysis based on structured EMR data from the VHA, the
data may be subject to omissions or inaccuracies. However, these are expected to be random and affect all patients
equally, minimizing the impact on the conclusions presented here. Fourth, in order to mitigate potential time-
related selection bias due to the later approval of acalabrutinib, this study required patients in both the ibrutinib
and acalabrutinib cohorts to initiate therapy within same time window, when patients would have both BTKi
options (i.e., index dates on or after the approval of acalabrutinib, 21 November 2019).

In addition, this study population was restricted to patients who remained on 1L BTKi therapy for >12 months,
to ensure that differences in cost outcomes were not confounded by variations such as early treatment discontinu-
ation, differences in drug adherence/persistence, or new/add-on treatment initiation. This design strengthens the
comparability of the two treatment groups and allows for a more accurate assessment of cost differences driven by
treatment choice rather than different persistence patterns. However, this study design comes with inherent limi-
tations related to external validity. First, the findings may not reflect the full spectrum of patients with CLL/SLL,
particularly those who discontinued therapy early due to adverse events, disease progression, or other factors, and
those with <12 months of follow-up, and as a result, generalizability to all treatment initiators may be limited. In
addition, though the first year following treatment with BTKi therapy is often characterized by close monitoring,
and as such, is a clinically relevant time period to assess HRU and costs, restricting the sample to patients with
>12 months of continuous treatment may reduce generalizability, as individuals who discontinued treatment earlier
were excluded.

Despite the use of adjusted models for cost comparisons, potential unmeasured confounding may remain.
Clinical parameters such as genetic mutation, or patient performance status were not available in the structured
EMR data and could influence treatment selection and healthcare utilization patterns. Residual confounding from
these or other unobserved clinical factors may have affected cost estimates. Additionally, differences in monitoring
practices between ibrutinib and acalabrutinib may have contributed to differences in outpatient utilization and
associated medical costs.

Further, this study highlights opportunities for future investigation. Zanubrutinib was not included in the
analysis, due to limited sample size and short follow-up time available at the time of data analysis. As zanubrutinib
becomes more widely used in clinical practice, future research will be important to evaluate its cost implications
in real-world settings. In addition, longer follow-up would be valuable to assess evolving clinical complications,
treatment sequences, and long-term cost trajectories beyond the first year of therapy. Finally, because this study did
not include data on clinical outcomes such as disease progression, adverse events, or treatment response, which are
factors that could influence healthcare utilization and cost patterns, future research incorporating these outcomes
could provide important clinical context for interpreting cost differences.
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Conclusion

To our knowledge, this is the first study to evaluate costs among patients with CLL/SLL in the VHA population who
initiated and remained on treatment with 1L BTKi monotherapy for 12 months. Annual all-cause and CLL/SLL-
related total healthcare costs were similar between patients initiating ibrutinib or acalabrutinib. Pharmacy costs
were lower for ibrutinib, while medical costs were lower for acalabrutinib, resulting in overall comparable total
costs. While costs in this study may be different than those outside the VHA, these results can add to the body of
evidence for future research on cost of care with BTKis following implementation of IRA policies.

Summary points

e Chronic lymphocytic leukemia (CLL) and small lymphocytic lymphoma (SLL) are common blood cancers in the US,
with recommended first-line (1L) treatment with targeted therapies like BTK inhibitors (BTKis), which have
improved outcomes.

e This retrospective study compared healthcare costs between two 1L BTKis, ibrutinib and acalabrutinib, among
patients in the Veterans Health Administration (VHA) with CLL/SLL.

e Real-world data were captured from the VHA database between January 2006 and July 2024, and the study
included patients who initiated treatment on or after November 2019 (ibrutinib: n = 732, acalabrutinib: n = 327).

e During the one-year follow-up period while patients were on continuous treatment, patients treated with
ibrutinib and patients treated with acalabrutinib had similar overall healthcare costs, with ibrutinib showing
numerically lower total healthcare costs.

e Specifically, annual all-cause total healthcare costs were $139,589 for the ibrutinib cohort and $142,749 for the
acalabrutinib cohort, with most costs being CLL/SLL-related ($117,301 and $121,069, respectively).

o After adjustment for age, sex, Charlson comorbidity index, baseline inpatient or emergency department visits,
baseline outpatient visits, and baseline COVID-19 diagnosis, the annual all-cause total healthcare cost difference
of ibrutinib compared with acalabrutinib was -$2422 (p = 0.46) and CLL/SLL-related total healthcare cost
difference was -$3793 (p = 0.15).

e Pharmacy costs made up the majority of total costs (81-96%) for both treatment groups, particularly in the first
3 months of therapy, and were significantly lower in the ibrutinib cohort (all-cause: -$5886, p < 0.05;
CLL/SLL-related: -$5860, p < 0.05).

e These findings establish a pre-Inflation Reduction Act benchmark for future cost research and healthcare
planning related to BTKi therapies in CLL/SLL.
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