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Abstract

Context: Tyrosine Kinase Inhibitors (TKls) have transformed
outcomes for chronic myeloid leukemia patients. However,
their bioavailability can be reduced when co-administered
with Acid-Reducing-Agents (ARAs) which occur in up to 1 in
2 patients. This may compromise efficacy and increase cost
of care.

Objective: We used a US-claims database to assess the cost
impact of concomitant use of TKIs with ARAs over 24
months.

Design, setting and participants: The Merative claims
database identified patients with a CML code and 6 months
data before and 24 months after starting a TKI. These were
divided into TKI-Only and TKI-ARA cohorts. Hospitalization,
readmission, and ER visit rates were analyzed and the total
cost of care computed for the two cohorts over a period of
24 months, entropy balancing was used to adjust for
covariates.

Results: 2,630 patients were identified, including 1,913 in
TKI-Only (73%) and 712 in TKI-ARA (27%) cohorts. In TKI-
Only vs TKI-ARA cohorts, hospitalization rates were 27% vs
39%, readmission rates 14% vs 26%, and ER visit rates 48%
vs 59%, respectively. Total Cost of Care Per Patient Per
Month (PPPM) for 24 Months was $10,286 in TKI-Only
versus $12,950 in TKI-ARA. The respective cost with
commercial insurance was $11,353 vs $15,444. In TKI-Only
vs TKI-ARA hospitalization, outpatient drug and outpatient
procedure PPPM costs were $3,965 vs $6,331, $7,799 vs
$8,283, and $1,391 vs $2,176, respectively.

Conclusion: Concomitant use of a TKI and ARA is associated
with increased total cost of care in CML. TKI and ARA-
comedication was also associated with increased hospital
admissions, readmissions within 30 days and increased ER
visits.

Keywords: Acid-reducing-agents; Tyrosine kinase inhibitor;
Chronic myeloid leukemia; Health care cost; Health care
resource utilization; Real world evidence

Introduction

Chronic Myeloid Leukemia (CML) is a myeloproliferative
disease with a incidence of approximately 1-2 cases per 100,000
people annually in the US and accounts for about 15% of all
adult leukemias [1]. The disease predominantly affects older
adults, with a median age at diagnosis of around 64 years [1].
Advances in treatment, particularly with the advent of Tyrosine
Kinase Inhibitors (TKIs), have significantly improved survival
rates, turning CML into a manageable chronic condition for
many [2]. As a result, the prevalence of CML in remission is
increasing, with more patients living longer [3]. The hallmark of
CML is the presence of the Philadelphia chromosome, a
balanced reciprocal translocation between the long arms of 9
and 22 chromosomes [t (9; 22) (q34; q11)] [4]. This translocation
creates the BCR-ABL fusion gene, encoding an aberrant tyrosine
kinase that drives leukemic cell proliferation [5]. The direct
causal relationship between CML and this well-defined
genotypic anomaly afforded the development of therapies, TKIs,
to target this abnormal kinase, inhibiting its activity and thereby
controlling the disease [6]. The first TKI, imatinib (Gleevec), was
introduced in the clinics in 2001 and represented a paradigm
shift in CML treatment [7,8].

Clinical trials demonstrated remarkable efficacy, with most
patients achieving complete hematologic and cytogenetic
responses [9]. Imatinib transformed CML from a disease with a
median survival of three to five years to one where patients
could anticipate near-normal life expectancy with continuous
treatment [9]. Following imatinib, second-generation TKls such
as dasatinib (Sprycel) and nilotinib (Tasigna) were developed
[10]. These drugs offer several advantages, including greater
potency against the BCR-ABL kinase and efficacy against some
imatinib-resistant mutations [10]. Studies have shown that
dasatinib and nilotinib can induce faster and deeper molecular
responses compared to imatinib [10]. While the 2" generation
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TKls have some advantages, their solubility is significantly
influenced by pH, which can impact their absorption and
bioavailability resulting in a negative impact on disease control
[11-13]. Therefore, conditions that increase gastric pH, such as
the use of Proton Pump Inhibitors (PPIs) or other Acid Reducing
Agents (ARAs), can reduce solubility and, consequently, the
bioavailability potentially leading to suboptimal therapeutic
levels. One retrospective registry study demonstrated a 15%
reduction in 5-year overall survival in CML patients taking ARAs
with a TKI [14]. Therefore, the concomitant use of ARAs with a
TKI should be avoided [15].

Despite this, the concomitant use of TKls and ARAs is common
in clinical practice due to the high prevalence of gastroeso-
phageal reflux disease and peptic ulcer disease among cancer
patients [16,17]. Studies indicate that up to 50% of all cancer
patients receiving TKls are also prescribed ARAs with potentially
more patients using over the counter preparations [15].

Despite the negative impact of concomitant TKls and ARAs on
disease control, data examining any negative impact in terms of
healthcare resource utilization in CML-patients is lacking. In this
study, we analyzed the Merative Research claims database to
estimate the potential impact of concomitant prescribing of TKls
and ARAS vs TKIs alone on the total cost of care per patient over
a 24-month period.

Methodology

The Merative Research Database is a comprehensive and
longitudinal source of healthcare data bringing together claims
resources capturing medical, hospital, prescription, and
demographic data. The closed claims data derived from health
insurance providers in the 2006-2023 time period were utilized
to identify adult patients with an ICD-10 CML code C92.1X or an
ICD-9 CML code 205.1X, and at least 1 paid and dispensed claim
for a CML-Indicated TKI. Each patient was required to have
continuous enrollment (CE) 6 months before and 24 months
after the date of first TKI prescription (TKI Index Date) (Figure 1).

Study Months

Jan 2006 Nov 2023
| 1 1 1
1 1 1 1

6 months before TKI First TKI Prescription: 24 months after TKI Index
Index date ”TKI Index Date” date

Continuous Enroliment

Figure 1: Study design.

Two sub-cohorts of patients were considered: 1) the TKI-only
cohort, including patients who were prescribed only TKI and 2)
the TKI-ARA cohort, comprising of patients who were
concomitantly prescribed TKI and ARA at any time. Entropy
balancing was used to balance the distribution of covariates
between the two sub-cohorts [18]. Entropy balancing is a
reweighting method which employs a mathematical
optimization approach to reweight data to adjust for covariates
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ensuring exact covariate balance between treatment and control
groups. This method adjusts covariates such as age, gender, and
health status to achieve balance across multiple moments like
mean, variance and skew. Unlike propensity score matching,
which pairs individuals based on similarity and may exclude
unmatched cases, entropy balance reweights the entire dataset,
retaining all individuals. This comprehensive inclusion enhances
the robustness of statistical inferences by preserving sample size
and minimizing data loss, while allowing for different types of
treatment groups including binary, continuous and multinomial.
This allows comparisons between two or more treatment groups
[19].

The two cohorts were balanced for age at index, sex,
insurance, region, initiation with 1st or 2nd generation TKI - and
Elixhauser Comorbidity Index (ECI) score. ECI, used to assess the
comorbidity burden with a stratification into five categories
from negligible to severe, is highly adaptable to administrative
claims data, making it ideal for retrospective observational
studies where detailed clinical variables may be lacking. The
observations were re-weighted so that the distribution of
covariates in each group was as similar as possible, subject to
mean and variance. The Cost of Care and Health Care Resource
Utilization (HCRU) analyses were adjusted for inflation and
reported in 2023 dollars paid to providers. The costs are
reported in total cost Per Patient Per Month (PPPM), both for
patients with codes and normalized over total patient study
cohort. Hospitalization readmission and total cost of care were
analyzed by Major Diagnostic Categories (MDC) codes, Revenue
Codes, Diagnosis Related Groups (DRG) codes and by Site of
Service. Emergency room (ER) visits were identified using
revenue code, site of service or observation status Current
Procedural Terminology (CPT) codes.

Results

2,630 Adult TKI Patients with a CML Code and fulfilling the
criteria of CE 6 months before and 24 months after TKI Index
Date were identified (demographics are presented in
Supplementary Table 1 in the Supplementary Materials). Of
these, 1,918 (73%) were in the TKI-Only cohort and 712 (27%) in
the TKI-ARA cohort. In the 24 months following the TKI Index
date, 27% of patients in TKI-Only were hospitalized compared to
39% of patients in TKI-ARA cohorts (Figure 2a). Hospitalizations
per 1,000 cohort patients per year were 2.1 times higher for
patients in the TKI-ARA cohort (256 vs 530). Of patients who
required hospitalization, 14% of TKI-Only patients required
readmission within 30 days, compared to 26% of TKI-ARA patients,
a 2.6-fold increase (Figure 2b). 48% of TKI-Only patients had an
ER visit, compared to 59% of patients on TKI-ARA. ER visit days
per 1,000 cohort patients per year were 1.6-fold higher for TKI-
ARA patients at 749 vs 1,169, (Figure 2c). The total cost of care
included inpatient services, outpatient procedures, outpatient
drugs and long-term care. The total mean cost per patient over
the 24-month period was $246,872 for TKI-Only patients and
$310,805 for TKI-ARA patients, an average cost per month of
$10,286 vs $12,950 respectively (Figure 3). This difference was
even greater when analyzing patients with commercial insurance
with a PPPM cost of $11,354 vs $15,444 (Figure 3).
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Table 1: Top 10 DRG codes and PPPM cost when normalized over cohort in all cases.

Top 10 DRG codes TKI-Only

TKI-ARA Increase in Cost (%)

Allogenic bone marrow $262.73

transplant

$372.77 41.9%

Lymphoma and non-acute $16.46

leukemia without CC*/MCC**

$206.65 1155.5%

Lymphoma and non-acute $16.74

leukemia with CC*

$149.97 795.9%

Chemotherapy with acute $14.78
leukemia as SDX or with high
dose chemotherapy agent with

MCC*

$147.88 900.5%

Chemotherapy with acute $6.31
leukemia as SDX with CC* or

high dose chemotherapy agent

$102.34 1521.9%

Lymphoma and non-acute $31.85

leukemia with MCC**

$91.94 188.7%

Acute leukemia without major | $36.18

O.R. procedure with MCC**

$60.78 68%

Chemotherapy with acute $4.35
leukemia as SDX without CC*/

MCC**

$55.62 1178.6%

Esophagitis, gastroenteritis and $2.21
miscellaneous digestive disorders

with MCC**

$36.29 1542.1%

Simple pneumonia and pleurisy | $8.88

with CC”

$33.81 280.7%

The Total Cost of Care by MDC Code was also assessed. The
highest PPPM cost when normalized across the cohort was for
the myeloproliferative disease code. The PPPM costs were $942
for TKI-Only patients vs $2,354 for TKI-ARA patients, translating
to a 2.5-fold difference.

Discussion

The detrimental effects of Acid-Reducing Agents (ARAs) on
the efficacy of Tyrosine Kinase Inhibitors (TKIs) pose a
considerable obstacle in the treatment of Chronic Myeloid
Leukemia (CML). For any cancer therapy to be effective, it is
imperative that the active pharmaceutical ingredient reaches
the tumor site in adequate concentrations consistently.
However, the pH-sensitive absorption characteristics of many
TKls make them vulnerable to alterations in gastric pH induced
by the concurrent use of ARAs [20]. Consequently, this
interaction has necessitated restrictions on the co-
administration of ARAs with TKls, either by requiring careful
timing of medication or by avoiding concomitant use entirely
due to the resulting negative effects on bioavailability and the
risk of diminishing clinical efficacy [20]. Despite these
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limitations, it has been observed that approximately one-third of
patients with CML undergoing TKI therapy are also prescribed
ARAs [14]. This phenomenon may stem from the significant need
for ARAs among cancer patients, and/or may reflect a lack of
awareness regarding their potential impact on therapeutic
outcomes and limited alternatives in treatment regimens [17].
While there are no randomized trials to investigate the impact of
ARA use on clinical outcomes, multiple studies have suggested a
negative impact on outcomes with concomitant ARA use across
multiple cancers which is most likely driven by the reduction in
solubility with increased pH and a consequent reduction in
bioavailability [12, 21-25]. A recent Swedish registry study
demonstrated a 15% reduction in overall survival in CML patients
taking TKI’s with PPIs [14]. In a retrospective study of 12,538
patients with lung cancer, renal cell cancer, CML, liver cancer, or
pancreatic cancer, TKI-PPl use decreased survival at 90 days
(hazard ratio, 1.16; 95% confidence interval, 1.05-1.28) and at 1
year (hazard ratio, 1.10; 95% confidence interval, 1.04-1.18)[21].
In a cross-sectional study carried out in 4 cancer centers in
France, more than one quarter of the patients used PPIs. Almost
one third of those treated were suspected to have reduced
efficacy if taken concomitantly with TKIs [16].
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While there appears to be a clear pharmacokinetic and clinical
rationale for concern over the concomitant use of TKls with
ARAs, there is little data exploring the impact on cost of care for
these patients and healthcare systems. Our analysis explored
this in a real world setting and the results are consistent with the
reported clinical data, suggesting a greater likelihood of hospital
admission related to compromised disease control in CML
patients taking ARAs compared to patients on TKls alone. This
leads to a less favorable clinical outcome, an increased
requirement for health resource utilization and, therefore, an
increase in cost of care. The underlying cause may be a
suboptimal exposure to the TKI highlighting the importance of
adequate absorption and bioavailability for optimal disease
control. This hypothesis is supported by our data, observing a
PPPM of myeloproliferative disorder according to MDC coding
being 2.5-fold higher for patients co-medicated with a TKl and an
ARA, suggesting poorer disease control with comedication.

Our data provides additional important findings of the impact
on patients and healthcare systems. As ARA-comedicated
patients still have very good outcomes despite the significant
drug-drug interaction and bioavailability challenges, there can be
a failure to appreciate the suboptimal outcomes. Consequently,
the overall patient journey will likely be much more difficult and
costly. Understanding the impact on hospitalizations is important
as it can help to explain the broader impact beyond the influence
on response rates and indicates an understanding of the
potential impact on patient quality of life.

The surprising aspect of our claims data is the scale of the
difference observed. An observed 2.1-fold increase in
hospitalizations per 1,000 cohort patients per year in patients on
concomitant ARAs highlights the scale of the issue and suggests a
more challenging path for these patients. The reasons for
admission based on DRG codes suggest that poorer disease
control is a key driver for healthcare intervention. An interesting
observation was that one of the highest PPPM cost was for
Allogeneic Bone Marrow Transplant (ABMT) at $263 vs $373 in
TKI-Only vs TKI-ARA. This may also be suggestive of poorer
disease control as ABMT, per guidelines, is recommended for
patients who have progressed beyond the chronic phase and
require escalation in treatment [26]. The observation of the
highest PPPM cost, myeloproliferative disease code, further
supports this at $942 in TKI-Only patients vs $2,354 in TKI-ARA
patients.

The utilization of a claims database in this analysis enabled the
assessment of a sizeable patient cohort, accurately reflecting
real-world healthcare utilization patterns while encompassing
comprehensive details regarding diagnoses, procedures,
medication prescriptions, and overall healthcare engagement.
However, it is crucial to recognize that the primary purpose of
this data collection is for billing rather than for research, thereby
introducing potential inaccuracies, coding errors, and incomplete
data. While claims data offers extensive insights into healthcare
utilization, it inherently lacks detailed clinical information, which
can impede the understanding of the clinical nuances and
context of patient care. Additionally, the profiles of individuals
captured in the database may reflect a disproportionate
representation of certain insurance types or socioeconomic
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backgrounds, potentially leading to biased findings. Moreover,
the inherent selection bias is evident, as the dataset includes
only those individuals actively seeking healthcare services.
Prescribing concomitant ARAs may indicate a higher-risk patient
population, which could contribute to suboptimal outcomes.

To mitigate these concerns, entropy balancing was employed
to match cohorts demographically and clinically based on age at
index, sex, type of insurance, geographic region, initiation of
first- or second-generation TKls, and Elixhauser Comorbidity
Index (ECI) score, thereby reducing or eliminating confounding
effects through appropriate weighting. Unlike propensity score
matching or inverse probability weighting, entropy balancing
directly optimizes weights so that the reweighted moments (e.g.,
means, variances) of covariates in the control group match those
in the treatment group by construction [18]. This approach
avoids common pitfalls such as poor balance, loss of data
due to matching, or unstable extreme weights.

One key benefit is that entropy balancing guarantees
covariate balance without iterative diagnostics or tuning,
enhancing internal validity and reducing confounding bias [27].
Because the weights are derived by minimizing the entropy
distance from uniform weights, the method maintains sample
efficiency and reduces variance inflation relative to propensity
score methods [28]. Additionally, it allows for incorporating
higher-order moments and interactions, increasing flexibility in
modeling complex covariate distributions.

Entropy balancing is particularly advantageous when
treatment assignment is non-random and baseline covariate
differences are pronounced, making it a valuable tool for causal
inference in health services research, economics, and
epidemiology.

Additionally, the ECI score is a widely used tool for adjusting
comorbidity burden in health services research and
administrative claims-based studies. It captures a broad range of
30 comorbid conditions using International Classification of
Diseases (ICD) codes and is particularly suited for inpatient
datasets.

One key advantage is its superior predictive performance.
Multiple studies have demonstrated that the ECI outperforms
the Charlson Comorbidity Index in predicting inpatient mortality,
length of stay, hospital costs, and readmission risk [29, 30].

Moreover, the ECI is particularly well-suited for use with
administrative claims data, where diagnostic codes are available
but clinical measures may be limited. It is compatible with both
ICD-9 and ICD-10 coding systems, and validated algorithms exist
for extracting the comorbidities efficiently, making it widely
applicable in large-scale epidemiological and health services
research.

Despite the inherent challenges involved in interpreting
claims data, the findings of this study align closely with existing
clinical evidence, indicating that the concomitant use of TKls and
ARAs is associated with poorer patient outcomes and increased
healthcare costs. These outcomes may adversely affect patients'
quality of life, warranting further investigation.
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The recognized unmet need is clear: there is a pressing
requirement for high-quality prospective clinical studies to
elucidate the impact of concomitant ARAs on outcomes for
patients undergoing TKI treatment. Additionally, the
development of TKIs with reduced pH-dependent absorption is
necessary to provide improved therapeutic options for CML
patients who require ARAs. Advances in drug formulation
technologies also hold promise for enhancing the bioavailability
of existing TKls in the presence of ARAs.

Furthermore, it is vital for regulatory agencies and clinical
guidelines to integrate the latest evidence regarding the
interactions between ARAs and TKIs, thereby providing
unequivocal recommendations to clinicians. Lastly, these
guidelines should be updated to endorse specific drugs or
formulations that are tailored to patient needs, ensuring optimal
therapeutic experiences and outcomes.
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