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Abstract

Objective: Preplanned economic analysis of a pragmatic trial using electronic-medical-record—
linked interactive voice recognition (IVR) reminders for enhancing adherence to cardiovascular
medications (i.e., statins, angiotensin-converting enzyme inhibitors [ACEIls], and angiotensin
receptor blockers [ARBS]).

Methods: Three groups, usual care (UC), IVR, and IVR plus educational materials (IVR+), with
21,752 suboptimally adherent patients underwent follow-up for 9.6 months on average. Costs to
implement and deliver the intervention (from a payer perspective) were tracked during the trial.
Medical care costs and outcomes were ascertained using electronic medical records.

Results: Per-patient intervention costs ranged from $9 to $17 for IVR and from $36 to $47 for
IVR+. For ACEI/ARB, the incremental cost-effectiveness ratio for each percent adherence
increase was about 3 times higher with IVR+ than with IVR ($6 and $16 for IVR and IVR+,
respectively). For statins, the incremental cost-effectiveness ratio for each percent adherence
increase was about 7 times higher with IVR+ than with IVR ($6 and $43 for IVR and IVR+,
respectively). Considering potential cost offsets from reduced cardiovascular events, the
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probability of breakeven was the highest for UC, but the 1\VR-based interventions had a higher
probability of breakeven for subgroups with a baseline low-density lipoprotein (LDL) level of
more than 100 mg/dl and those with two or more calls.

Conclusions: We found that the use of an automated voice messaging system to promote
adherence to ACEIs/ARBs and statins may be cost-effective, depending on a decision maker’s
willingness to pay for unit increase in adherence. When considering changes in LDL level and
downstream medical care offsets, UC is the optimal strategy for the general population. However,
IVR-based interventions may be the optimal choice for those with elevated LDL values at

baseline.
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Introduction

Adherence with cardiovascular medications is critical to successful treatment, but many
patients are non-adherent, leading to poor outcomes and increased health care costs. A
recent systematic review showed that patients with lower adherence to statins and other
cardiovascular medications were more likely to experience excess hospital stays and costs,
including incident coronary artery disease, cerebrovascular disease, heart failure, and
mortality than were patients with better adherence [1]. In spite of this, reports [2] indicate
that more than 26% of patients are non-adherent (i.e., <80% adherent) with statins and 22%
are non-adherent with angiotensin converting enzyme inhibitor (ACEI) and angiotensin
receptor blocker (ARB).

Successful interventions to enhance adherence with cardiovascular medications have
included intensive, multimodal approaches that combine patient education with behavioral
strategies (e.g., special pill packaging) and pharmacist follow-up [3]. Modest improvements
in adherence to cardiovascular medications have been seen with less intensive efforts such as
mailed educational materials [4] and for primary non-adherence with automated telephone
reminders for patients taking statins [5].

Several studies have illustrated the relationship between better medication adherence and
lower costs. For example, one recent study suggested that patients with congestive heart
failure who were enrolled in health plans whose population had medication adherence in the
lowest quartile had a 50% greater cost of care than similar patients in health plans with
adherence in the highest quartile [6]. Relatively few studies, however, have examined the
cost-effectiveness of interventions aimed at increasing adherence to cardiovascular
medications. We conducted an economic analysis of a large pragmatic trial that used health
system information-technology—enabled resources of varying intensities to enhance
adherence to statins and ACEI/ARB.
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Our economic analysis was conducted alongside PATIENT (Promoting Adherence to
Improve Effectiveness of Cardiovascular Disease Therapies), a pragmatic trial that compared
the effectiveness of two electronic medical record (EMR)-linked, health information-
technology (HIT)-based interventions aimed at increasing adherence to statins and ACEI/
ARB. The trial was conducted in three Kaiser Permanente regions (Northwest [Oregon and
Southwest Washington], Southeast [Georgia], and Hawaii) and was approved by their
respective institutional review boards. Participants were 40 years and older with diabetes
mellitus (DM) and/or cardiovascular disease (CVD), with suboptimal adherence (<90%) to
statins or ACEI/ARB during the previous 12 months, and were due or overdue for a refill at
the time of randomization.

Full details of the parent study are available elsewhere [7]. Patients were randomized to
receive usual care (UC), interactive voice recognition (IVR) calls, or IVR plus educational
materials (IVR+). In both the IVR and IVR+ arms, patients received automated telephone
calls when they were due or overdue for a statin or ACEI/ARB refill. At randomization,
patients in the IVR and IVR+ arms were mailed pamphlets explaining that they would
receive the calls. Calls lasted 2 to 3 minutes and used speech-recognition technology;
content included education, the option of being transferred to a pharmacist, and assistance
with prescription refills. The flow of the call was determined by specific patient responses
and whether the patient was due and/or overdue for a refill. The initial VR calls asked for
permission to leave future detailed messages (electronically or with other household
members). Calls for any given medication class were stopped on participants’ request, or if
they had evidence of allergy/intolerance or medical contraindications; this happened in less
than 1% of participants.

In addition to the IVR calls, patients in the IVR+ arm received a personalized reminder letter
if they were 60 to 90 days overdue (about 0.6 per person) and a live outreach call (about 0.3
per person) if they were 90 days or more overdue, as well as EMR-based feedback to their
primary care providers. They also received a personalized health report displaying their
latest blood pressure and cholesterol levels, a pill organizer, and bimonthly mailings to
answer common questions.

UC patients received a basic informational brochure; any adherence efforts occurred via
routine medical care processes.

Clinical Trial Results

A total of 45,051 patients were identified who met the initial inclusion criteria, of which
6,158 were excluded because of medical contraindications (e.g., liver disease, pregnhancy,
stage 4 or worse chronic kidney disease, and allergy/intolerance) and 2,778 for
administrative reasons (e.g., no valid telephone number). We randomly selected 25,323
patients for study inclusion and randomized them into the main study arms (n = 21,752) or
to one of two ancillary treatment arms (see Vollmer et al. [7] for more information). The
ancillary arms are not included in this analysis, but because they also received automated
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calls and other materials, we included them in the fixed cost calculations. There were no
meaningful differences at baseline (Table 1); 16,380 ever qualified for statin calls; 13,036
ever qualified for the ACEI/ARB analyses. Electronic data systems identified patient
outcomes over follow-up. Average follow-up was 9.6 months and did not vary by treatment
arm [7]. Adherence was measured using pharmacy records of the proportion of days covered
(PDC) based on the days supply [8,9]. For statins, adherence among IVR patients was 2.2
percentage points higher than UC (95% confidence interval [CI] 1.1, 3.4), and IVR+
adherence was 3.0 percentage points higher than UC (95% CI 1.9, 4.2), but IVR and IVR+
were not significantly different from each other. Results were similar for ACEI/ARB
medications, but IVR+ was significantly more effective than IVR. Low-density lipoprotein
(LDL) levels were captured from laboratory findings resulting from normal care processes.
Among those with baseline LDL of more than 100 mg/dl, follow-up LDL measurements
were lower for patients in both treatment arms, but blood pressure levels were not changed.

Economic Outcomes

Intervention

We reported three cost-effectiveness outcomes from the trial for the follow-up period: 1) cost
per percent increase in ACEI/ARB adherence, 2) cost per percent increase in statin
adherence, and 3) cost per mg/dL drop in LDL. We analyzed subgroups on baseline
adherence (50% and under), baseline LDL (greater than 100 mg/dL), number of calls
received/qualified for (i.e., IVR and IVVR+, two or more calls when an individual was
reached or a detailed message left; UC individuals qualifying for two or more calls) and
individuals with CVD costs above the median at baseline.

Costs

Our analysis takes the payer (health plan) perspective. The cost of the intervention included
both labor and non-labor inputs (Table 2). We estimated staff costs associated with the
intervention using a weekly time tracking system, wherein staff reported the number of
hours spent on tasks in support of the intervention. Recognizing that these costs include the
cost of doing the research, we adjusted them to subtract our research protocol-driven costs.
We also estimated the replication costs (i.e., the cost that might be incurred by a health plan
adopting our intervention without major modification). After discussing principles of cost
allocation, these adjustments were arrived at through consensus with study staff,
investigators, and health plan employees whose positions currently required administering
similar programs. We estimated cost per participant in two ways: 1) as-delivered (adjusted to
exclude research-protocol-driven costs) and 2) replication cost (further adjusted to reflect
adoption in other health plans). Wage rates came from study personnel salary; to fully
allocate the labor costs, we added a fringe benefit of 30% and an overhead of 20%. All other
intervention costs came from actual amounts paid to vendors in the trial. For subgroup
analyses, per-patient fixed costs were assumed to be constant across all scenarios.

Medical Care Utilization and Costs

Utilization data were extracted for all participants from electronic data warehouses
containing comprehensive information from electronic medical records (EMRs), hospital
discharge abstracts, claims, outpatient dispensing, and other health plan administrative data
sources; data were standardized across plans [10]. Our analysis of health care utilization
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focused on the primary cost drivers of CVD: inpatient stays, outpatient clinic visits, and
pharmacy dispensing.

We estimated the cost of inpatient and outpatient medical care encounters related to CVD
using standardized costing methods [11] and /nternational Classification of Diseases, Ninth
Revision (ICD9) diagnostic codes wherein standard prices are applied to each visit, with
adjustment for department, provider type, diagnosis related groups (DRG), and length of
stay. These costs were based on Kaiser Permanente Northwest (KPNW) aggregate
expenditures and applied to the other sites. Drug costs approximated those in the retail
market. Costs for care delivered in non—Kaiser Permanente facilities came from paid
amounts for visits, procedures, and related services. Costs were inflated to reflect 2012 US
dollars; we did not discount costs or effects because of the short (1 year) time frame of the
analysis.

Statistical Analysis

We calculated the incremental cost-effectiveness ratio (ICER) as the ratio of extra cost to the
extra effect (i.e., AC/AE). We used net benefit regression methods [12-14] to estimate the
intervention’s probability of being cost-effective for each outcome using replication costs.
To assist translation of the results into practice, we reported the probability of the
intervention being cost-effective across a wide range of thresholds of a health care plan’s
willingness to pay (WTP) for an additional outcome by constructing cost-effectiveness
acceptability curves and their frontier (plotting the probability that the optimal option was
cost-effective across the range of WTP thresholds). Costs incorporated into the ICER
calculations included intervention delivery and medication costs because these were clearly
related to the adherence intervention but exclude LDL testing costs as its use was not
influenced by the intervention. Additionally, as described above, we reported costs
associated with inpatient and outpatient care for CVD. Using net benefit regression methods
[12-14], all analyses were adjusted for age, sex, study site, number of unique medications at
baseline (as proxy for disease severity and medication burden), presence of DM/CVD, and
baseline level of the dependent variable.

We recognize that at present there is no guidance for WTP thresholds for a % increase in
medication adherence. Thus, to aid in translating our findings for decision makers, we used
net-benefit regression to estimate the probability that the costs of the intervention would (at
least) be covered by expected offsets from reduced cardiovascular events due to LDL
lowering. We performed this break-even analysis using estimates from the Cholesterol
Treatment Trialists’ (CTT) Collaboration, who conducted extensive, patient-level meta-
analyses of 26 randomized trials among 170,000 patients and showed that each 39 mg/dL
decrease in LDL leads to annual reductions in major vascular events (e.g., coronary
revascularization, stroke, myocardial infarction, and coronary death) of 21% (95% CI 19,
23), with no evidence of a threshold effect [15]. The estimated baseline rate of major
vascular events from the CTT study was 4%, so each mg/dL reduction in LDL implies a
reduction of approximately 0.00022 per person in major vascular events (i.e. 0.04x0.21/39
mg/dL). Because break-even is linked to cost of care, we applied that expected reduction in
major vascular events to cost estimates [16] of caring for patients with those major vascular
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events. For example, if the cost of care for a major vascular event was $70,000, the above
per person reduction estimate implies a break-even WTP per mg/dL LDL lowering of about
$15 (0.00022 x $70,000).

As did the clinical trial reporting, [7] our analysis focuses on adherence effects for
ACEI/ARB and statins separately. Thus our cost-effectiveness estimates are relevant to
decision-makers who wish to influence adherence to those classes independently. Because
there were some patients in the study sample who used both classes of medications (Table 1)
we can estimate the effect of the economy of scope within the specific case-mix from our
sample. We did this using assumptions of joint production after discussion with members of
the study team; we report the associated ICER changes. Analyses on follow-up LDL
included only patients on statins and controlled for baseline LDL levels. SAS [version 9.1,
Cary, NC] and STATA [version 11, College Station, TX] were used for all the analyses.

Intervention costs (Table 2) varied by arm and ranged from $9 to $17 (replication cost and
as-delivered cost, respectively) for IVR, and from $36 to $47 for IVR+. Costs of statins and
ACEI/ARB (data not shown) over follow-up for UC were $167 (95% CI $161-$172), $172
(95% CI $167-$177) for IVR, and $176 (95% CI $171-$181) for IVR+. CVD-related health
care utilization costs over follow-up were $1566 (95% CI $1424, $1707) for UC, $1648
(95% CI $1506, $1790) for IVR, and $1564 (95% CI $1423, $1705) for IVR+.

The base case ICER on ACEI/ARB (Table 3) for IVR and IVR+ were $5.78 and $15.58,
respectively, for a unit increase in adherence. At the lowest levels of WTP for a unit increase
in adherence (e.g., <$5), UC had the highest probability of being cost-effective (i.e., =0.6;
see Fig. 1); However, with higher WTP values, IVR and IVR+ were the optimal choices.
ICER results for both IVR and IVR+ were slightly more favorable for the subgroup with
baseline adherence of less than 50% and those with two or more calls, but were worse for
patients with baseline costs above the median.

In both IVR and IVR+, the ICER on adherence for patients using statins was always higher
compared with ACEI/ARB patients; the base-case ICER was more than double for IVR+
($15.58 and $42.64 for ACEI/ARB and statins, respectively). The probability of being cost-
effective for IVR+ among statin users was much lower than among ACEI/ARB users over a
broad range. For example, as demonstrated in Figure 1, in the base case, at a WTP of $50,
the probability of IVR+ being cost-effective was nearly 1.0 for ACEI/ARB, but less than 0.6
for statins, reflecting the greater uncertainty in the statin adherence analysis. Subgroup
analyses within statin users followed a similar pattern to that seen with ACEI/ARB, but were
markedly worse for IVR+ patients, with costs above the median.

When considering the cost-effectiveness on mg/dL lowering of LDL for patients using
statins (Table 3), IVR+ exhibited extended dominance [17] in the base case with an ICER of
$28.77. While results improved for the subgroup with baseline adherence less than 50%
(ICER $16.90), they became markedly more favorable for patients with a baseline LDL of
more than 100 mg/dL (ICER $12.13). As seen in Figure 1, there was considerable
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uncertainty in the LDL analysis, particularly with a WTP between about $35 and $55 where
the probability of IVR+ being optimal was less than 0.6. Among those with a baseline LDL
of more than 100 mg/dL, however, the probability of IVR+ being cost-effective was more
than 0.8 at a WTP of $55.

Table 4 presents the implementation and maintenance costs for various population sizes.
Costs were divided into three components —fixed labor (e.g., materials development and
patient identification), variable labor (e.g., time of pharmacy staff), and variable nonlabor
costs (e.g., mailing and automated phone calls). Replication costs started at $14.52 and
$44.10 for IVR and IVR+, respectively, for a population of 10,000 and were $8.41 and
$34.69 for IVR and IVR+, respectively, for a population of 40,000.

Table 5 focuses on break-even WTP for a Img/dL lowering of LDL. It illustrates that UC
has the highest probability of being cost effective in the base case and for patients with lower
baseline adherence; for patients receiving or qualifying for 2 calls or more IVR had the
highest probability of being cost effective for all but the low cost of care estimate. Among
patients with LDL>100 at baseline, IVR+ had the highest probability of being cost effective
at the average and high cost of care estimates.

We found that accounting for joint production decreased the ICER in the base case for
ACE/ARB to $4.84 from $5.78 (IVR) and to $11.89 from $15.58 (I\VVR+). For statins the
decrease was to $5.72 from $6.24 (IVR) and to $34.27 from $42.64 (IVR+).

Discussion

We found that intervention costs varied by group from about $9 to $17 for IVR and from
$36 to $47 for IVR+. In the case of ACEI/ARB adherence, the ICER for an additional unit
of improvement was about 3 times higher with IVR+ ($5.78 and $15.58, IVR and IVR+,
respectively). For statin adherence, the ICER for an additional unit improvement in
adherence was about 7 times higher with IVR+ than IVR ($6.24 and $42.64 for IVR and
IVR+, respectively). However, IVR+ dominated IVR when considering the ICER for an
additional unit improvement in LDL level. These observations suggest that while more
resource-intensive methods (i.e., IVR+) may appear to be a lower value-for-money option
when considering medication adherence, at least in the case of statins, they are actually a
better value for clinical (i.e., LDL reduction) outcomes. These inconsistent findings illustrate
the difficulty decision makers face regarding the uptake of adherence promotion
interventions. Although outside the scope and budget constraint of our analysis, using
decision models where disparate sources of information are combined (including
observational data on the impact of adherence on long-term costs and outcomes) may be a
useful way forward. However, in the case of medication adherence, the remarkably strong
“healthy adherer” bias [18] poses unique challenges to using observational data in this way.
Pragmatic trials with longer-term, multi-year follow-up are necessary to fully gauge
whether, and under what circumstances, the effects are durable and represent optimal use of
resources.
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During the planning of our study, we had discussions with health plan leaders regarding
factors that would motivate them to adopt these adherence interventions if they were found
effective. One consistent theme they described was a desire to fund interventions that had a
positive return on investment, or were cost-neutral. There are several ways that medication
adherence interventions can provide a positive return on investment, including their role in
avoiding costly events. In addition, there are major incentive programs that payers have
initiated to promote quality of care, including medication adherence. For example, the
Centers for Medicare & Medicaid Services (CMS) in the United States reward Medicare
providers for achieving medication adherence and other benchmarks. The interventions we
evaluated are potentially an important part of a health plan’s overall strategy to increase such
incentive payments. Our results can be used by health plans to assess the costs needed to
achieve improvements in their medication adherence scores. However, it is difficult to
provide guidance on the WTP for adherence that an individual decision maker should target.
This is because, at least in the case of CMS, those quality targets and associated reward
payments vary by many factors including geography, number of enrollees, and how the plan
scores on other quality measures.

Our analysis focused on the cost per unit improvement in clinical parameters. Such analyses
are consistent with standard cost-effectiveness analyses, but a recent systematic review [19]
identified only one study reporting the cost per unit increase in adherence. The study was in
a different clinical area (mental health) and the €149 per percentage point increase in
adherence was not considered cost-effective by the authors. A recent study by Choudhry et
al. [20] provided decision makers with some of the only WTP guidance for adherence
changes that comes from a longer-term, randomized controlled trial following an
intervention in cardiovascular medicine. That study randomized patients to free medication
(or UC) after a myocardial infarction, and followed them for up to 3 years. Free medications
included statins, ACEI/ARB, and beta blockers; adherence rates increased by 5.4 percentage
points (95% CI, 3.6-7.2) across all three medication classes. Patients in the intervention
group showed reduced cardiovascular expenditures of about $2000 over follow-up; this was
11% lower compared with UC (relative spending 0.89 [95% CI 0.77-1.02]). Delivering the
IVR+ intervention over 3 years would cost about $108 ($36 x 3 years), a fraction of the
potential savings demonstrated by Choudhry et al. However, patients in the Choudhry et al.
study were likely sicker (recent myocardial infarction) than the patients in our study. It
included beta blockers, and the adherence effect was nearly twice than what we found, so
such a WTP threshold may not directly translate to patients in our study.

Among patients with an LDL level of more than 100 mg/dL, the IVR+ and IVR
interventions resulted in LDL reductions compared to UC. In order to incorporate this
clinical finding about the effect of LDL into our analysis, we examined the potential
reduction in major vascular events. That analysis (Table 5) strongly suggested superiority for
UC in the base case; the probability of UC being optimal ranged from 0.69 to 0.95,
depending on the assumed cost of care for major vascular events. However, among patients
with a starting LDL of more than 100 mg/dL, IVVR had the highest probability of being
optimal at the lowest cost of care (0.46), and IVR+ had the highest probability of being cost-
effective at the average cost (0.46) and the highest cost (0.74) per event. Targeting the
interventions at patients with high baseline LDL level may be a cost-effective option.
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However, this analysis must be viewed cautiously because it may not directly translate to our
study population. For example, although the CTT analysis found no evidence of a threshold
effect for lipid lowering, the decrease in LDL shown in our study was outside the range
(lower) of the trials included in their analysis.

In the adherence analysis, we found that patients with a baseline adherence of less than 50%
and those in the two-call subgroup had a somewhat more favorable ICER than patients in the
base case. This general pattern of a more favorable ICER among such patients suggested that
(depending on WTP) a less resource-intensive intervention such as IVR may be optimal for
more motivated patients. These analyses were post hoc and should be viewed with caution as
they may overstate the results, but they do illustrate that “lighter touch” interventions (e.g.,
IVR) may be optimal for those who are receptive to them. For example, IVR options might
be offered and provided to patients who accept, while more intensive interventions would be
reserved for less motivated patients. Such a targeted strategy would allow a more affordable
set of interventions. The intervention was less cost-effective in those patients with higher
baseline costs, suggesting that such patients may require other methods. This was
particularly evident in the case of statins and IVR+ where the ICER nearly tripled from the
base case.

The scalability of the intervention is an important component for decision makers. As the
number of patients increases, the cost per patient decreases as fixed costs are being spread
over more individuals, thus improving efficiency. However, the converse is also true; fewer
patients leads to higher per-patient costs.

Strengths of our study include that it was conducted alongside a pragmatic, randomized trial,
with careful assessment of costs. Commensurate with the pragmatic design, the nature of our
main outcome assessment, pharmacy refill adherence, did not depend on patient contact,
thus mitigating any such bias. The interventions tested had minimal impact on existing
clinical work flows and, owing to the pragmatic design, allowed tailoring to site-specific
requirements. Additionally, there were very few exclusion criteria, making our findings
widely applicable to patients with the clinical profiles of those included. The main weakness
of our analysis was the abbreviated follow-up (dictated by funding constraints), which did
not allow for longer-term assessments of clinical outcomes. Follow-up averaged 9.6 months;
this may have been too short of an induction period for us to observe the full intervention
effects and costs. Even over this brief follow-up, however, we did observe clinically relevant
changes in lipid parameters. We found that when CVD costs were included, mean health
care costs were not meaningfully different (as evidenced by overlapping Cls) between the
groups; we reported them for future analyses (e.g., modeling studies) that require care cost
estimates. We also realize that our findings will be less relevant to those who prefer a
societal perspective for economic evaluation; our findings would be a better fit for decision
makers focused on a payer perspective.

Because the tested interventions rely heavily on information-technology—enabled resources
(e.g., electronic pharmacy records and EMR) that can be costly to establish, intervention
implementation may be favored by health systems that have existing functionality. However,
existing data systems can potentially be linked to achieve similar results. Using EMR
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technology this way is consonant with “meaningful use” [21], and may provide an avenue to
help providers meet those goals.

Conclusions

We found that the use of an automated voice messaging system to promote adherence to
ACEI/ARB and statins may be cost-effective, depending on a decision maker’s WTP. When
considering changes in LDL and downstream medical care offsets, UC is the optimal
strategy for the general population. However, IVR-based interventions may be the optimal
choice for those with elevated LDL values at baseline.
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Fig. 1 -

Cost-effectiveness acceptability curves. ACEI, angiotensin-converting enzyme inhibitor;
ARB, angiotensin receptor blocker; IVR, interactive voice recognition; IVR+, IVR plus
educational materials; LDL, low-density lipoprotein.
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