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Abstract

Health care costs, health care resource utilization, and time to next treatment were compared
among patients with chronic lymphocytic leukemia initiated on front-line ibrutinib single agent (N
= 322) or chemoimmunotherapy (N = 839). Ibrutinib was associated with lower total health care
costs driven by lower medical costs (despite higher pharmacy costs), and longer time to next
treatment versus chemoimmunotherapy.

Background: Studies assessing ibrutinib’s economic burden versus chemoimmunotherapy (CIT)
focused on pharmacy costs but not medical costs. This study compared time to next treatment
(TTNT), health care resource utilization (HRU), and total direct costs among patients with chronic
lymphocytic leukemia (CLL) initiating front-line ibrutinib single agent (lbr) or CIT.

Materials and Methods: Optum Clinformatics Extended DataMart De-ldentified Databases
were used to identify adults with = 2 claims with a CLL diagnosis initiating front-line Ibr or CIT
from February 12, 2014 to June 30, 2017. Inverse probability of treatment weighting was used to
control for potential differences in baseline characteristics between the Ibr and CIT cohorts. Two
periods were considered: entire front-line therapy (until initiation of second-line therapy) and first
6 months of front-line therapy. Comparisons with a subgroup of CIT patients initiating
bendamustine/rituximab (BR) were also conducted.
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Results: TTNT was significantly longer for Ibr (N = 322) relative to CIT (N = 839; hazard ratio,
0.54; P=.0163; Kaplan-Meier rates [24 months]: lbr = 88.6%, CIT = 75.9%) and the subset of
CIT patients treated with BR (N = 455; hazard ratio, 0.54; P=.0208; Kaplan-Meier rates [24
months]: Ibr = 89.0%, BR = 79.0%). During the entire front-line therapy, Ibr patients had
significantly fewer monthly days with outpatient visits (rate ratio = 0.75; £=.0200). Ibrutinib’s
higher pharmacy costs (mean monthly cost difference [MMCD] = $6,849; P < .0001) were offset
by lower medical costs (MMCD = -$10,615; £<.0001), yielding net savings (MMCD = -$3,766;
P <.0001) versus CIT. Ibr was associated with net savings (MMCD = -$5,569; P < .0001) versus
BR. Cost savings and reductions in HRU were more pronounced during the first 6 months of front-
line therapy.

Conclusion: During front-line CLL treatment, Ibr was associated with longer TTNT, fewer
monthly days with outpatient visits, and net monthly total cost reduction versus CIT and BR.

Keywords

Administrative claims data; Bruton’s tyrosine kinase inhibitor; Front-line therapy; Health care
economics and outcomes research; Oral targeted therapy

Introduction

A major breakthrough in the treatment of chronic lymphocytic leukemia (CLL)/small
lymphocytic lymphoma (SLL; collectively referred to as CLL) has been the advent of anti-
CD20-based chemoimmunotherapy (CIT).13 For many patients, rituximab-based CIT, such
as bendamustine plus rituximab (BR) or fludarabine cyclophosphamide plus rituximab
(FCR), was, until recently, the standard of care*:>; overall, these regimens are still commonly
utilized in real-world clinical practice.® Despite this progress, BR and FCR have limited
efficacy in subgroups of patients with 17p deletions (a region that contains the 7253 locus).
1.7-10 |n addition, long-term safety concerns, including a higher risk of secondary
myelodysplastic syndrome, acute myeloid leukemia, and transformation to diffuse large B-

cell lymphoma (ie, Richter’s transformation), are other limitations associated with CIT.
4,11,12

More recently, the approval of new targeted therapies greatly improved the prognosis of
patients with CLL.%13 Along with venetoclax (single agent or in combination with rituximab
or obinutuzumab), ibrutinib (single agent or in combination with obinutuzumab) is among
the oral targeted therapies approved by the United States (US) Food and Drug
Administration in the front-line setting regardless of 7253 mutation status.14-16 |n addition,
the National Comprehensive Cancer Network (NCCN) guidelines currently list ibrutinib as
the preferred front-line regimen regardless of age, comorbidity, and 17p deletion/TP53
mutation status.1” Across 7 trials, ibrutinib demonstrated favorable clinical efficacy in
patients with or without prior treatment or unfavorable genetic prognosis (ie, unmutated
/GHVand/or TP53alterations).18-24 In particular, phase 111 trial data demonstrated that front-
line ibrutinib was associated with longer progression-free survival (PFS) than BR in patients
> 65 years of age,?* and that ibrutinib plus rituximab led to fewer grade 3 or 4 adverse
events and to longer PFS and overall survival (OS) than FCR in patients < 70 years without
17p deletion.23
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Per prescribing information, ibrutinib treatment should be continued until progression.16 In
contrast, CIT is administered for up to 6 28-day cycles (ie, approximately 6 months).2>
Therefore, approximately 6 months after treatment initiation, the drug costs of ibrutinib will
continue to accumulate, whereas those of CIT are expected to fall to zero, yielding higher
total drug costs for ibrutinib. However, the superior effectiveness of ibrutinib relative to CIT,
23,24 and the different routes of administration (ie, ibrutinib: oral, 16 CIT: intravenous?®) may
translate into lower medical costs for ibrutinib compared with CIT, thereby potentially
offsetting the higher drug costs. To date, studies that assessed the economic burden of
patients treated with ibrutinib versus CIT focused only on pharmacy costs,26 were conducted
outside of the US,27:28 or relied on data modeling rather than empirical data analyses.2”-28
Notably, Chen et al concluded that oral targeted therapies will dramatically increase the
overall economic burden of CLL, but relied solely on literature-derived estimates and
projections without consideration for differences in drug effectiveness that may reduce
medical costs.2% Thus, this study was conducted to assess and compare real-world time to
next treatment (TTNT), health care resource utilization (HRU), and health care costs in
patients with CLL initiated on front-line treatment with ibrutinib single-agent versus CIT
regimens and versus BR specifically (as this regimen is the most commonly used type of
CIT in contemporary real-world clinical practice).5:1

Materials and Methods

Data Source

The Optum Clinformatics Extended DataMart De-lIdentified Databases, which cover 13
million annual lives of UnitedHealth Group members in all US census regions, were used. It
contains historical data on patient demographics, dates of eligibility, date of death, claims
for inpatient and outpatient visits, pharmacy encounters, costs of services, and laboratory
tests and results. It includes claims from both commercial and Medicare Advantage plans.
Data are de-identified and comply with the patient requirements of the Health Insurance
Portability and Accountability Act (HIPAA).

Patients’ disease history was identified starting from January 1, 2004. Data related to the
administration of CLL treatments of interest (ie, ibrutinib and CIT) was collected from
February 12, 2014 to June 30, 2017. This period was chosen to capture ibrutinib use
following US approval and inclusion in the NCCN guidelines. Ibrutinib was approved for
patients who received at least 1 prior therapy on February 12, 2014, for patients with 17p
deletion on July 28, 2014, and as a front-line therapy on March 4, 2016. Ibrutinib was added
to the NCCN treatment recommendations in 2014 for relapsed/refractory patients and for
front-line therapy in patients with 17p deletion. It was recommended as a front-line therapy
for all patients in 2016.

Study Design

A retrospective study design was used. The index date (between February 12, 2014 and May
31, 2017) was defined as the date of initiation of the first observed treatment with ibrutinib
or CIT after the first observed CLL diagnosis. The baseline period was defined as the 12
months pre-index.
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Per the prescribing information, patients treated with ibrutinib should continue treatment
until progression,18 whereas CIT treatment should be given for up to 6 28-day cycles (ie,
approximately 6 months).2> Thus, 2 observation periods were considered post-index: (1)
From front-line treatment initiation up to the earliest of second-line treatment initiation, end
of eligibility (eg, disenrollment, loss of follow-up, death), or lack of available follow-up data
(hereinafter referred to as the front-line therapy period); and (2) from front-line treatment
initiation up to the earliest of 6 months post-initiation, end of eligibility, or lack of available
follow-up data (hereinafter referred to as the first 6-month period). The front-line therapy
period was chosen to reflect a period where both cohorts should have received their index
treatment for at least 6 months post-index, but those in the ibrutinib cohort should be
continuing treatment, whereas those in the CIT cohort should subsequently have ceased
treatment as indicated per prescribing guidelines.1® The first 6-month period reflects the
period of evaluation under the new Oncology Care Model. The Oncology Care Model was
issued by the Centers for Medicare and Medicaid Services in 2016 with the objective to
provide higher quality and more coordinated oncology care using a payment arrangement
that emphasizes financial and performance accountability for care provided to patients with
cancer.30 This period was also chosen to reflect a timeframe where both treatment cohorts
would likely be continuously treated.

Study Population

To be included in the study, patients were required to have = 2 claims with a diagnosis of
CLL (ie, International Classification of Diseases, Ninth Revision, Clinical Modification
[ICD-9 CM] code: 204.1; International Classification of Diseases, Tenth Revision, Clinical
Modification code [ICD-10 CM]: C91.1) or SLL (ICD-10 CM code: C83.0), have initiated
front-line treatment with ibrutinib single-agent or a CIT regimen between February 12, 2014
(date of ibrutinib approval in the US for patients who received at least 1 prior therapy) and
May 31, 2017; be = 18 years old as of the index date, have = 12 months of continuous
eligibility pre-index, and have = 30 days of continuous eligibility post-index (to capture all
agents used as part of the front-line regimen). Patients were excluded if they had = 1 claim
with a diagnosis for end-stage renal disease (ie, ICD-9 CM code: 585.6; ICD-10 CM code:
N18.6) at any time.

Patients were classified into 2 different cohorts based on the front-line treatment received:
ibrutinib single agent (ibrutinib cohort) or CIT regimen (CIT cohort). Among the CIT
cohort, the subgroup of patients treated with BR (BR cohort) was also examined separately
because this regimen is the most widely used type of CIT among patients with CLL in
contemporary real-world clinical practice.

Study Measures

Study measures included TTNT, HRU, and health care costs. TTNT was used as a proxy for
PFS and was defined as the time from index date to the initiation of a new second-line
treatment. All-cause HRU and costs captured all types of services received and claimed for
by the patient, including those related to the management of the disease, the management of
adverse events, and other common services associated with the use of ibrutinib and CIT.
Costs reported in the data represented payer-incurred costs.
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All-cause HRU included the number of inpatient admissions, number of days of inpatient
stay, number of days with outpatient services, number of days with emergency room (ER)
visits, and number of days with other services. Inpatient admissions were defined as
inpatient episodes occurring in an acute care hospitalization or skilled nursing facility
setting. Outpatient HRU was further stratified by the number of days with antineoplastic/CIT
drug administration (ie, days with claims with a procedure code for antineoplastic agents
such as those used in a CIT regimen), days with services related to drug administration (ie,
all other services provided during the encounter for the administration of an antineoplastic
agent [eg, nurses, equipment, monitoring, professional services, facility services]), and days
with other outpatient services. ER visits were defined as any facility, place of service, or
professional services labeled as “emergency room.” Other services included skilled nursing
facility services not classified as inpatient, home health, hospice, rehabilitation center, long-
term care, drug administration not classified elsewhere, radiology services not classified
elsewhere, and surgery services not classified elsewhere. In addition to all-cause HRU,
cancer-related HRU was also reported. Cancer-related HRU was defined as claims with a
primary or secondary diagnosis for cancer (ICD-9 CM codes: 140-239; ICD-10 CM codes:
CO00-D49).

All-cause total health care costs were stratified by medical and pharmacy costs. Medical
costs were further stratified by inpatient, outpatient, ER costs, and other costs; outpatient
costs were stratified by antineoplastic/CIT drug costs, antineoplastic/CIT drug
administration costs, and other outpatient costs. In addition to all-cause health care costs,
cancer-related health care costs were reported. Cancer-related medical costs were defined as
claims with a primary or secondary diagnosis for cancer (ICD-9 CM codes: 140-239;
ICD-10 CM codes: C00-D49). Cancer-related pharmacy costs were defined as costs of
antineoplastic agents and of corticosteroids commonly used with antineoplastic agents (ie,
prednisone, dexamethasone, and methylprednisolone).

Statistical Analysis

Means, medians, and standard deviations were used to report continuous variables; counts
and percentages were used to report categorical variables. To account for differences in
baseline characteristics between the study cohorts, inverse probability of treatment
weighting (IPTW) was used. Weights were calculated based on the propensity score (PS) of
being treated with ibrutinib. The PS for each patient was estimated using multivariable
logistic regression adjusting for the following characteristics observed during the baseline
period: age, gender, US region, month and year of index date, insurance plan type, time from
first CLL diagnosis to index date, Charlson comorbidity index, baseline comorbidities
(hypertension, lymphoma, deficiency anemias, diabetes, coagulation deficiency, chronic
pulmonary disease), and baseline use of corticosteroids. Each patient was assigned a weight
of 1/PS for those in the ibrutinib cohort and 1/(1-PS) for those in the corresponding
comparator cohort; weights were then normalized by the mean weight. Consequently, the
weighted sample sizes (ie, post-IPTW) were different from the original sample sizes
although the same patients contributed to the analysis. In other words, before IPTW, each
patient has a weight of 1 and after IPTW, each patient has a different weight. When adding
the weight for each patient after IPTW in a given cohort, the sum of weights (ie, weighted

Clin Lymphoma Myeloma Leuk. Author manuscript; available in PMC 2021 June 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Emond et al.

Results

Page 6

sample size) may be different than the original sample size for a given cohort. The resulting
differences between the weighted cohorts of interest reflect the average treatment effect.

After weighting, the baseline characteristics were compared between the 2 groups using
standardized differences (Std. diff.). Characteristics with Std. diff. < 10% were considered as
balanced.31:32 TTNT was described using weighted Kaplan-Meier (KM) curves and
compared between cohorts using hazard ratios (HRs), 95% confidence intervals (Cls), and
P-values calculated from weighted Cox proportional hazards models. Using weights
obtained from IPTW, weighted generalized linear models with Poisson distribution for HRU
and normal distribution for costs were used to compare outcomes between treatment groups.
Non-parametric bootstrap procedures were used to evaluate statistical significance and 95%
Cls. Because the duration of treatment is different between ibrutinib and CIT (ie,
approximately 6 months for CIT and until progression for ibrutinib) and not all patients
could be followed for the same amount of time, HRU and cost outcomes were evaluated per-
patient-per-month (PPPM), an approach commonly used in non-experimental study settings.
Cost outcomes were inflated to 2017 US dollars. All weighted models included 2
independent variables: an indicator for the treatment group and a continuous variable
measuring baseline total health care costs.

Baseline Characteristics

Of 1161 eligible patients, 322 were treated with ibrutinib single-agent and 839 were treated
with a CIT regimen, including 455 treated with BR (Figure 1). Other CIT regimens observed
included FCR (N = 134), and obinutuzumab-based CIT (N = 89). Given the smaller sample
sizes, results were not reported separately for FCR, obinutuzumab-based CIT, and other CIT
regimens observed. During the baseline period, the ibrutinib cohort comprised older patients
(mean age [before IPTW] = 72.5 vs. 68.8 years; Std. diff. = 34.4%) and a lower proportion
of male patients (57.8% vs. 64.2%; Std. diff. = 13.3%) compared with the CIT cohort before
IPTW. Patients in the ibrutinib cohort had a longer average time from CLL diagnosis to
index date (24.5 vs. 17.7 months; Std. diff. = 28.9%). After applying IPTW, the weighted
sample sizes of the ibrutinib and CIT cohorts were 583 and 578, respectively. Weighted
cohorts were well-balanced with respect to all demographic and clinical characteristics
examined (eg, mean age = 69.9 vs. 69.6; Std. diff. = 3.2%; proportion of males = 61.2% vs.
62.4%; Std. diff. = 2.6%; and mean time from CLL diagnosis to index date = 19.4 vs. 19.1
months; Std. diff. = 1.8%) (Table 1). Conclusions similar to the ibrutinib versus CIT
comparison could be drawn when comparing baseline characteristics of the ibrutinib and BR
cohorts (see Supplemental Table 1 in the online version).

Comparison of TTNT

The median follow-up was 12.9 months in the ibrutinib cohort and 13.1 months in the CIT
cohort. The median duration of the front-line therapy period was 10.6 months in both the
ibrutinib and CIT cohorts. After 24 months of follow-up, ibrutinib-treated patients were
significantly less likely to initiate a next line of therapy compared with CIT-treated patients
(KM rates: 88.6% [lbrutinib] vs. 75.9% [CIT]; HR, 0.54; 95% ClI, 0.33-0.90; P=.0163)
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(Figure 2). Similar results were obtained when comparing the ibrutinib cohort with the BR
cohort (KM rates: 89.0% [lIbrutinib] vs. 79.0% [CIT]; HR, 0.54; 95% Cl, 0.32-0.92; P
=.0208) (Figure 2).

Comparison of HRU

Relative to any evaluated comparator group, patients in the ibrutinib cohort had fewer days
PPPM with outpatient services, fewer days PPPM with antineoplastic drug administration,
and fewer days PPPM with outpatient services related to antineoplastic drug administration
during the front-line therapy period (all £ < .05); the number of days PPPM with ER visits
did not significantly differ during this period (Table 2). Compared with the front-line therapy
period, greater reductions in PPPM HRU were observed in the ibrutinib cohort when
considering the first 6-month period. In addition to fewer number of days PPPM with
outpatient services, the number of days PPPM with ER visits was significantly lower in the
ibrutinib cohort compared with the CIT and BR cohorts (Table 3). Most PPPM all-cause
HRU claims were cancer-related. In all comparisons, similar results were found for PPPM
cancer-related HRU (ie, lower HRU for ibrutinib vs. all combined CIT and vs. BR).

Comparison of Health Care Costs

During the front-line therapy period, patients in the ibrutinib cohort incurred $3,766 lower
PPPM total all-cause costs versus those in the CIT cohort (P < .05). This difference was
driven by $10,079 lower outpatient PPPM costs (£ < .05). The difference in outpatient costs
was attributable to $6,583 lower PPPM antineoplastic drug costs, $2,494 lower PPPM drug
administration costs, and $1,002 lower PPPM costs for other outpatient services not related
to the administration of antineoplastic drugs (all < .05). Patients in the ibrutinib cohort
incurred $6,849 higher PPPM pharmacy costs compared with patients in the CIT cohort (P
< .05) (Table 4). Higher savings PPPM were observed in the ibrutinib cohort versus the CIT
cohort when considering the first 6-month period (mean monthly cost difference [MMCD] =
-$8,365; P<.05) (Table 5), with $15,664 savings in medical costs offsetting the $7,299
higher pharmacy costs of ibrutinib.

Compared with BR patients, ibrutinib patients had significantly lower PPPM all-cause health
care costs (MMCD = -$5,569) during the front-line therapy period. When evaluating other
cost strata, results were largely similar to those observed for the ibrutinib versus CIT
comparison (Table 4). Similar to previous comparisons, total cost savings were even more
pronounced over the first 6-month period, reaching $10,896 PPPM (Table 5). In all
comparisons, PPPM cancer-related costs accounted for more than 90% of PPPM all-cause
costs. Total cost savings PPPM were similar when considering only cancer-related costs.

Discussion

In this claims-based study, nearly 90% of patients initiated on front-line ibrutinib did not
initiate a new treatment after 24 months, suggesting only a limited proportion of patients
experienced disease progression during this period. This represented a significantly higher
proportion compared with CIT and BR, which is consistent with the superior efficacy
observed in clinical trials for ibrutinib.18-24 Front-line treatment of CLL with ibrutinib was
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also associated with lower total costs when compared with CIT and BR. The higher
pharmacy costs associated with ibrutinib were fully offset by lower outpatient drug
administration costs in all comparisons. Cost savings related to outpatient services not
related to the drug administration were also observed in the ibrutinib cohort compared with
the CIT and BR cohorts. Similar conclusions could be drawn whether outcomes were
evaluated during the duration of the front-line therapy period, or during the first 6 months of
front-line treatment, although differences were more pronounced when considering the latter
period.

Although ibrutinib is associated with longer PFS compared with previous CIT standards of
care,23:24 concerns were raised regarding its high cost.26 Using a modeling approach, results
from Shanafelt et al suggested that the cost of ibrutinib would likely be too prohibitive for
some patients to remain on treatment, which could lead to poor medication adherence and
real-world outcomes worse than anticipated based on results from randomized controlled
trials (RCTSs). Although PFS was not assessed in the current study, results from the present
real-world study suggest ibrutinib was associated with lower total health care costs and
fewer days with ER or outpatient services when compared with CIT and BR. In addition, the
higher proportions of patients who remained on front-line treatment in the ibrutinib cohort
24 months post-index also argues against Shanafelt et al’s hypothesis with regards to
patients’ adherence. A recent chart review study found that only 10% of patients who
temporarily discontinued ibrutinib for a minimum of 60 days and restarted treatment did so
owing to economic reasons.33

The results of the present study also contradict those from a recent study conducted by Chen
et al, who concluded that the introduction of oral targeted therapies will dramatically
increase the overall cost of CLL management over time based on a simulated model.2°
Multiple reasons account for the discrepancy with findings from the current study.3* First, as
acknowledged by Chen et al, the greater efficacy of new targeted agents?3:24 will inevitably
lead to a higher prevalence of CLL over time and higher global or lifetime costs. Such way
of reporting burden-of-illness statistics is misleading as it depicts higher life expectancy as
an additional societal burden. Second, the authors compared the oral targeted therapy
scenario with a CIT scenario where patients who fail second-line BR/ofatumumab would
transition to the model’s terminal state (ie, death). However, this does not reflect current
standard of care and ignores the impact of further lines of therapy on costs. Third, a
comprehensive assessment of medical costs should factor in inpatient and outpatient
services, but Chen et al relied on literature-derived cost estimates for common adverse
events from clinical trials, thus not capturing all types of services provided to the patient.
Fourth, Chen et al’s model relied on data extracted from multiple clinical trials and
observational studies. This approach may be prone to confounding given that it does not
account for heterogeneity in trial design and differences in the outcomes of patients treated
in a clinical trial versus those treated in clinical practice. Finally, the assumption that oral
targeted therapies will reach a market share of 100% by 2019 appears to be inflated,
particularly in light of the present results (in 2017: Nyprutinib = 147, N7 = 87).

Results from the present study suggest that ibrutinib treatment leads to lower HRU and
lower medical costs compared with CIT. Notably, these lower medical costs fully offset the

Clin Lymphoma Myeloma Leuk. Author manuscript; available in PMC 2021 June 13.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Emond et al.

Limitations

Page 9

higher pharmacy costs of ibrutinib and led to savings in total health care costs. Interestingly,
although ibrutinib outpatient drug administration costs were expected to be lower than those
for CIT, given the drug’s oral mode of administration, other outpatient costs not related to
drug administration were also lower. Although the current study did not evaluate efficacy,
these results suggest that at least part of the cost differences observed in the current study
may be driven by the higher efficacy of ibrutinib relative to CIT, which was demonstrated in
recent phase 111 trials.23:24 Further research is warranted to validate whether the longer PFS
associated with ibrutinib single-agent may drive part of the cost savings observed in the
current study.

Results from the current study also suggest that patients treated with front-line ibrutinib
therapy were less likely to initiate second-line treatment. Almost 90% of patients initiated on
front-line ibrutinib treatment did not initiate a new treatment after 2 years. This result is
consistent with the high PFS rates observed across all ibrutinib trials.18-24 More specifically,
this is consistent with the results of the E1912 and A041202 phase |11 trials, which showed
that front-line ibrutinib was associated with longer PFS than BR,24 and that ibrutinib plus
rituximab led to longer PFS and OS than FCR.23:24 Therefore, the present study builds on
the results from these trials by providing evidence that the higher efficacy of front-line
ibrutinib versus CIT may translate into the real world and lead to cost savings for payers.

Prior to 2016, ibrutinib was approved as a front-line treatment only in patients with 17p
deletions and may still be used more often in populations with a poor prognosis. As 7P53
mutations are associated with an unfavorable prognosis, the conclusions of the current study
are likely conservative estimates of the potential cost savings associated with ibrutinib
treatment relative to CIT. Conversely, the BR cohort may include fewer patients with TP53
mutations or 17p deletions as this regimen was found poorly effective for this population in
second-line.3® Given that mutation status was not available in the current study, sensitivity
analyses could not be performed on subgroup of patients with different mutation profiles.
Next, given the low sample of patients initiated on FCR (N = 134) or obinutuzumab-based
CIT (N = 89) and the very different profile of these patients (eg, in terms of age for FCR),
comparisons between ibrutinib and these 2 groups of patients were not performed. Another
limitation is that despite adjusting for observed confounders using IPTW, the contribution of
unobserved confounders cannot be ruled out. In the A041202 trial, median PFS was 43
months in patients treated with BR,24 with 67% of patients who completed the 6 cycles of
therapy. Because the observed median duration of the front-line therapy period reached 10.6
months, this suggests that progression was not observed for many patients and that patients’
observation period has been truncated upon end of eligibility or lack of available follow-up
data. Therefore, the results of the present study may not totally reflect outcomes incurred
during the real front-line therapy period, which should end at the earliest of initiation of
second-line therapy or death. It should also be noted that the present analyses may not be
generalized to patients treated outside the US because of geographic disparities in drug costs
and cost of administration of outpatient intravenous therapies in the US versus elsewhere.36
Finally, claims data may contain omissions and inaccuracies, but this is expected to equally
affect all cohorts, and, thus, should not impact the overarching conclusions of this study.
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Conclusions

Almost 90% of patients initiated on frontline ibrutinib did not initiate a new treatment after 2
years, which is higher than the proportion observed in CIT-treated patients. These results are
consistent with the high rates of PFS observed in ibrutinib RCTs.18-22 |brutinib-treated
patients incurred lower HRU and health care costs than CIT-treated patients during their
front-line of therapy; this difference was more pronounced over the first 6 months of
treatment. In addition to drug administration-related costs, outpatient costs unrelated to drug
administration were also lower in ibrutinib-treated patients. Similar results were found when
comparing ibrutinib with BR.

Supplementary Material
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Clinical Practice Points

For patients with CLL, rituximab-based CIT, such as BR, was, until recently,
a standard of care; overall, these regimens remain commonly utilized in the
real-world. However, some CITs have a poor tolerability profile or limited
efficacy in specific sub-populations. Ibrutinib is the only single-agent targeted
therapy approved for CLL in the front-line setting regardless of TP53
mutation. To the best of our knowledge, none of the studies that assessed the
economic burden of patients treated with ibrutinib used empirical data
collected in the United States and included medical costs in addition to
pharmacy costs.

This study was conducted to compare TTNT, HRU, and total direct health
care costs in patients with CLL initiated on frontline treatment with ibrutinib
single agent versus CIT regimens and versus BR specifically.

In the present study, ibrutinib single agent was associated with longer TTNT
(HR, 0.54), fewer monthly days with outpatient visits (rate ratio, 0.75), and
monthly total cost savings (mean monthly cost difference = —$3,766),
compared with CIT and BR during the total duration of front-line treatment.
Cost savings and reductions in HRU were even more pronounced when
considering only the first 6 months of front-line treatment.

These results suggest that ibrutinib single-agent is associated with lower total
costs driven by lower medical costs, despite higher pharmacy costs, compared
with CIT and BR. Patients may benefit from oral ibrutinib treatment, as
shown by longer TTNT and lower HRU and costs compared with CIT and
BR.
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>2 claims with a diagnosis of CLL or SLL' while being continuously enrolled in the health insurance
plan
N = 49,466

Patients initiated on ibrutinib single agentor any combination” of
NCCN-recommended chemotherapy® and immunotherapy® agents (February 12, 2014 or later)>
following the first CLL/SLL diagnosis
N =2,106 (4.3%)

>18 years of age as of the index date
N =2,106 (100.0%)

=12 months of continuous eligibility prior to the index date (baseline period)
N=1,310 (62.2%)

v

>30 days of continuous eligibility after the index date
N =1,252 (95.6%)

'

No claim with a diagnosis for end-stage renal disease at any time®
N =1,235 (98.6%)

Initiating front-line treatment
N = 1,161 (94.0%)

v

Ibrutinib CIT

N =322 (27.7%) N = 839 (72.2%)
BR

N = 455 (54.2%)

Figure 1. Selection of the Study Population
Abbreviations: BR = bendamustine/rituximab; CIT = chemoimmunotherapy; CLL = chronic

lymphocytic leukemia; NCCN = National Comprehensive Cancer Network; SLL = small
lymphocytic lymphoma. Notes: 1CLL diagnosis was identified using 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. SLL diagnosis was identified using ICD-10 CM code C83.0. 2For
combination therapy, the prescription date of each agent had to be within 30 days apart.
3Chemotherapy agents included bendamustine, chlorambucil, cyclophosphamide,
cytarabine, doxorubicin, fludarabine, oxaliplatin, pentostatin, vincristine, lenalidomide, and
cladribine. “lImmunotherapy agents included alemtuzumab, obinutuzumab, ofatumumab, and
rituximab. °The date of the first claim for one of these treatments following the first
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CLL/SLL diagnosis is the index date. 8End-stage renal disease was identified using ICD-9
CM code 585.6 and ICD-10 CM code N18.6.
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Number of months from initiation of first line to initiation of new

treatment
Patients at risk
6 months 12 months 18 months 24 months
Tbrutinib, n (%) 384 (65.9) 262 (45.0) 151 (25.9) 83(143)
CIT, n (%) 382 (66.1) 267 (46.1) 166 (28.8) 107 (18.6)

treatment

Page 16
100%
20% —K\E—
80% — — —_—
70% ——
60v, | Hazard ratio (95% CI) at 24 months: rutiny
% 0.54(0.32:0.92)* ——BR

50%

40%

30%

20%

10%

0%

0 6 12 18 2
Number of months from initiation of first line to initiation of new
treatment

6 months 12 months 18 months 24 months
Ibrutinib, n (%) 245(63.3) 163 (42.1) 99 (25.6) 62(16.1)
BR, n (%) 243 (62.4) 170 (43.6) 106 (27.3) 74.(19.1)

Figure 2. Time to Next Treatment for Ibrutinib Versus CIT (A) and BR (B)l' 2
Abbreviations: BR = bendamustine/rituximab; CI = confidence interval; CIT =

chemoimmunotherapy. Notes: “Indicates AP-value < .05. \Weighted populations were
obtained by using inverse probability of treatment weights. The inverse probability of
treatment weights were estimated based on propensity score. Variables used in the
propensity score calculation included the following baseline characteristics: age, gender,
United States region, month and year of index date, insurance plan type, time from first
chronic lymphocytic leukemia diagnosis to index date, Charlson comorbidity index, baseline
comorbidities (hypertension, lymphoma, deficiency anemias, diabetes, coagulation
deficiency, chronic pulmonary disease), and baseline use of corticosteroids. 2Hazard ratios
were calculated using weighted Cox proportional hazards regression models adjusted for

baseline total all-cause costs.
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