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Background

P2Y > inhibitors are a class of medications indicated with aspirin as part of dual antiplatelet
therapy (DAPT) for patients with acute coronary syndrome after undergoing percutaneous
coronary intervention (PCI). Taking a P2Y 1, inhibitor along with aspirin after PCI reduces the
incidence of cardiovascular death, nonfatal MI, and stroke in the following year. Clopidogrel, the
first oral P2Y 1> inhibitor, was approved in 1997 and was used widely as part of DAPT therapy.
However, there are some issues with clopidogrel such as low bioavailability and slow onset of
platelet inhibition compared to newer agents, heterogeneity in patient response, and drug
resistance. These concerns were addressed with two newer oral agents, prasugrel and ticagrelor,
which were approved in 2009 and 2011, respectively. This study aims to examine the
heterogeneity in treatment effects of these antiplatelet agents and assess how healthcare

providers and patients change their behaviors as a result. In Aim 1, I examined whether



physicians identify heterogeneity of treatment effects (HTE) with P2Y 12 inhibitors and change
their prescribing patterns as a result. This is extended into Aim 2, which explored whether
physicians’ adaptions in prescribing patterns was a cost effective strategy. Aim 3 assessed
patients’ adherence to P2Y 12 inhibitors and determined if any factors were associated with

heterogenous impacts along the adherence distribution.

Methods

In Aim 1, an instrumental variable approach with person-centered treatment effects was used to
assess patient-level comparative effectiveness and safety outcomes from January 2010 to
December 2017. These outcomes were used to study whether physician adapted their prescribing

patterns over the study period to match the most optimal P2Y 1> inhibitor with the patient.

In Aim 2, results from Aim 1 were extended to develop a hybrid lifetime Markov model to assess
whether physicians’ adaptive prescribing with P2Y 1, inhibitors was a cost effective strategy
compared to universal treatment with clopidogrel or the newer P2Y 12 inhibitors. Inputs for the 1-
year short term model were informed from Aim 1 results, while inputs for the lifetime model

were informed from the literature.

In Aim 3, conditional and unconditional quantile regression models were used along with more
traditional logistic regression models to examine medication adherence of the three P2Y 12
inhibitor, and to determine which covariates had heterogenous impacts along the adherence

distribution. Patients who received drug eluting stents were measured for 185 days.



Results

In Aim 1, 52,823 patients were included for analysis. Patients on ticagrelor and prasugrel had a
significantly lower probability of major adverse cardiovascular events [-3.97 percentage points
(95% CI, -6.97 to -0.26)] and significantly lower probability of major bleeding events [-2.93
percentage points (95% Cl, -4.83 to -0.70)] compared to patients on clopidogrel. Physicians were
able to better align patients who would benefit on clopidogrel from 17.39% in 2010 to 26.40%
by 2015, but patient outcomes were not significantly different than when everyone received

ticagrelor or prasugrel.

In Aim 2, physicians’ adaptive prescribing resulted in 11.63 life-years (LYs), 9.92 quality-
adjusted life-years (QALYs), and $72,403 total costs; universal clopidogrel resulted in 11.59
LYs, 9.84 QALYs, and $72,670 total costs; and universal prasugrel or ticagrelor resulted in
11.67 LYs, 10.00 QALYs, and $73,325 total costs. Universal treatment with prasugrel or
ticagrelor was a dominant strategy compared to universal treatment with clopidogrel and a cost-
effective strategy compared to targeted prescribing with an incremental cost-effectiveness ratio

of $11,144/QALY.

In Aim 3, adherence to P2Y 12 inhibitors were generally high (88.74%, 90.52%, 88.95%, and
89.60% for branded clopidogrel, generic clopidogrel, prasugrel, and ticagrelor, respectively). The
unconditional quantile regression approach showed prasugrel and ticagrelor had significantly
lower adherence compared to branded clopidogrel, especially around the 30" percentile. Other
factors that impacted adherence the most were having comorbid depression and living in the

southern region.



Conclusions

The research from this dissertation provided a deeper understanding of P2Y 12 inhibitors and how
heterogeneity of treatment effects impacted physician prescribing and in turn the cost-
effectiveness of targeted prescribing with these antiplatelet agents. This research also revealed
which factors impacted adherence the most along the entire adherence distribution so that future

strategies to improve adherence could be better informed.



Table of Contents

LISt Of FIGUIES ...eeieiiiieciie ettt et et e e et e et e e e taeessteeesseeensaeesssaeesssaeenssaessseeensseenne i
LISt OF TADIES ...ttt ettt sttt st ettt et sbe et s il
Chapter 1: Addressing heterogeneity of treatment effects and targeted treatment of P2Y 1
inhibitors using a novel instrumental variable method .............ccccoviiiiiiiiniiiiniee 1
AADSTIACE ...ttt bt h et h bt a e bt et eh bt e et bt et e ht e b entenhe e 1
B 7216 (¢ 0 101013 T USSP 2
IMIETROMS. ...ttt ettt et e a e bt et sa et et a et b et et naes 4
RESUILS ...ttt et b et sttt ae et bttt beeaees 8
DISCUSSION ..ttt ettt ettt a e et e bt e ettt e bt e s bt e eabe e bt e eabe et e e nbeeembeebeesabeenbeaseesnneanne 9
Tables and FIGUIES ......coocuiiiiiiiiieiiece ettt ettt ettt ettt e et e e be e s e enseesaaeenseenseas 13
RETETEICES ...ttt sttt sttt et sb et ettt sae e 21
Chapter 2: Examining the cost-effectiveness of empirical passive personalization with P2Y 12
inhibitors in patients with acute coronary Syndrome .............ccceerieriieriienieesieenieereesiee e eneeees 23
AADSTIACT ...ttt ettt h e et e bt a bt bt e bt e e bt e bt e eaee et e e bt e eateeatean 23
BacKgIOUNA .......oiiiiecee et et e e s e et eeetaeeebaeennaaeenes 25
IMIETROMS. ..ottt et ettt ettt et 26
RESULILS ...ttt ettt et e bt e et e e bt e s it e et e e bt e e ateeateas 31
DIISCUSSION ..ttt ettt ettt h bttt e bt e s et e e bt e s aeeembeeebeeembe e bt e sabeembeanseesabeenbeeeneas 33
Tables and FIGUIES ........ooouiiiiiiiiieiiecie ettt ettt ettt ettt e et e bt e s saeebeessaeenseenseas 37
RETEIEIICES ...ttt ettt ettt et e bt e st e e b e 46
Chapter 3: Exploring heterogeneity of effects across the distribution of medication adherence
with P2Y 1 inhibitors using conditional and unconditional quantile regression approaches........ 48
AADSTIACT ...ttt ettt h e bt b e e a bt bt e bt e et e e bt e e ate et e e beeeateeatean 48
BacK@IOUNA ......oouiiiiieiii ettt ettt ettt e et e enb e e reeearean 49
IMIETROMS. ..ottt et ettt ettt et 50
RESULILS ...ttt ettt ettt e et e bt e s bt e et e e bt e e aeeeateas 53
DIISCUSSION ..ttt et b et sh et a e bt es e s bt et sa s e st e es b e sbe et e eae e beeatenaeenee e 56
Tables and FIGUIES ........oocuiiiiiiiiieiiecie ettt ettt st ettt e et e bt e s eaeenseessaeenseenseas 60
RETRIEIICES ...ttt ettt et ettt et be e st e be e 83
F N 0] 01S] 114 D RSP 85
RETETEICES ...ttt sttt st sb e et b ettt et et na e e 87



List of Figures

Figure 1.1. Identification of the marginal treatment effect............cccceeeviieviiieniiiiieee e, 15
Figure 1.2. Covariate imbalance across treatment ............c.eecueeruieeiienienieenieenee e eiee e 16
Figure 1.3. Covariate imbalance across instrumental variable .............ccoceeerieniiiiniincneneens 16
Figure 1.4. Average treatment effects of effectiveness........ccvevvvveeeiieeriiieicieece e 17
Figure 1.5. Average treatment effects of safety.......ccccovvviieiiiiiiiiicc e 17
Figure 1.6. Subgroup analysis of MACE OULCOMES .........ccocieriiiiiiiniieiiieiiecee et 18
Figure 1.7. Subgroup analysis of major bleeding OUtCOMES............ecvveeeiieriierieeriienieeieeseee e 18
Figure 1.8. Heterogeneity of treatment effects of P2Y 12 inhibitors..........ccoceiiiiiiiiiiniiniins 19
Figure 1.9. Targeted treatment of newer P2Y 12 inhibitor initiators...........coceevieniieiiiinieiiieneenne 20
Figure 1.10. Targeted treatment of clopidogrel INTtAtOrS ........cceveererierieriirienecerceeeee e 20
Figure 2.1, 1-year dECISION tICC.......eccvureeeiieeiieeeiieeeieeeriteeeieeesteeeaaeeeaeeessseeessseeesseeessseeensseesnseens 40
Figure 2.2. Lifetime Markov model...........ccoooiiiiiiiiiiiiiiecieeiee et 41

Figure 2.3. Tornado diagram of the one-way sensitivity analysis of passive personalization vs.
universal NeWer P2Y 12 TNRIDITOT....c..oiiiiiiiiiii e 42
Figure 2.4. Tornado diagram of the one-way sensitivity analysis of passive personalization vs.
CLOPIAOZIECL ...t ettt e e et e st e et e et essaeenbeesaeeesbeenseessaesnseenseens 42
Figure 2.5. Probabilistic sensitivity analysis on incremental cost-effectiveness plane ................ 43
Figure 2.6. Cost effectiveness acceptability curve at different thresholds for willingness to pay 44
Figure 2.7. Incremental cost-effectiveness ratio of universal treatment with prasugrel or

ticagrelor versus empirical targeted prescribing OVer time...........cceecveerieeieeriienieeiierie e 45

Figure 3.1. Unconditional distribution of proportion of days covered ...........ccceeeuieviierieeciiennnnne. 82

i



List of Tables

Table 1.1. BaSEIINE CRaraCtEIISTICS .. uuuueeeeeeeeeeeee e e e e e e e e e e e et e e e e e e e e e eeeeeeeneaaeeeeeeereannnns 13

Table 1.2. Effectiveness and safety outcomes in 12 months following initiation of antiplatelet

therapy under various therapeutic SCENATIOS .........eevueieiieriieiiieriieeie et erite et e sieeereeseeeeeeesee e 14
Table 2.1. Key inputs for the two-part cost effectiveness model...........c.ccocvveeceiiciieniiienieeeeen. 37
Table 2.2. Results of the cost effectiveness analysis .........cocceevveriiiiiienieniiierieeceeee e 39
Table 3.1. Baseline CharacteriStICS. .. ..cuuuiiiiiiiiiiieiieeie ettt e 60
Table 3.2. Unadjusted summary measures of P2Y 12 Inhibitors.........cccceeeveeeiiiiiiieciieeeieeeieene 61
Table 3.3. Logistic regression for adherence (PDC>80%0) ........ccccuvvviierieniieiiienieeieeeeeeeieeeen 62
Table 3.4. Conditional quantile regression results for PDC (adherence) ...........cccceveevienvenicnnnene 64
Table 3.5. Unconditional quantile regression results for PDC (adherence) ...........cccceeveevveeeneen. 65
Table 3.6. Logistic regression for adherence (PDC>80%), males..........ccceoeeriiiiiininnicinienene 66
Table 3.7. Conditional quantile regression results for PDC (adherence), males...........c.ccccuce...... 68
Table 3.8. Unconditional quantile regression results for PDC (adherence), males...................... 69
Table 3.9. Logistic regression for adherence (PDC>80%), females...........cccoooeeriiininniininnnene 70
Table 3.10. Conditional quantile regression results for PDC (adherence), females..................... 72
Table 3.11. Unconditional quantile regression results for PDC (adherence), females................. 73
Table 3.12. Logistic regression for adherence (PDC>80%), age>55 .......cocevvvevieviinieneniienenne 74
Table 3.13. Conditional quantile regression results for PDC (adherence), age>55...................... 76
Table 3.14. Unconditional quantile regression results for PDC (adherence), age>55.................. 77
Table 3.15. Logistic regression for adherence (PDC>80%), age<55 ....ceeevvievieriiienienieeieeeeee 78
Table 3.16. Conditional quantile regression results for PDC (adherence), age<55..........ccccn.ee. 80
Table 3.17. Unconditional quantile regression results for PDC (adherence), age<55.................. 81

il



ACKNOWLEDGEMENTS

Throughout my five years at the University of Washington, I received a great deal of
support and assistance. I would like to thank my dissertation chair Anirban Basu and my
committee members Josh Carlson and Kelley Branch for their mentorship, expertise, and
guidance. | learned so much from them throughout the process and will be forever grateful.

I would also like to thank Ryan Hansen who served as my academic advisor during my
first two years of the PhD program. He always gave me great advice and made sure I was
managing a good work-life balance. Another faculty member who helped me think critically
about research throughout my years was Aasthaa Bansal. I am grateful I was able to learn from
her expertise as a biostatistician from my independent study.

The support of my fellow students, colleagues, and friends in the CHOICE Institute made
the PhD process much easier to endure. Each student is amazing in his or her own way, and I
look forward to collaborating on future projects with everyone. Finally, a special thank you to
my family for encouraging me when times were tough and giving me the strength to cross the

finish line.

v



Chapter 1: Addressing heterogeneity of treatment effects and targeted
treatment of P2Y 12 inhibitors using a novel instrumental variable method

Abstract

Importance: Clopidogrel and newer P2Y 12 inhibitors are a mainstay of dual antiplatelet therapy
after acute coronary syndrome patients undergo percutaneous coronary intervention. There is less
understanding as to how patients were selected to receive the newer antiplatelets, and especially
if better “passive” personalization of P2Y 12 inhibitors receipt was achieved over time,
presumably through a learning-by-doing process.

Objective: To evaluate personalized prescribing behavior from physicians with P2Y 12 inhibitors,
and its impact on patient outcomes.

Design, Setting, and Participants: This retrospective cohort study included 52,891 patients with
acute coronary syndrome from IBM® MarketScan® Research Databases who had an incident
percutaneous coronary intervention and an incident prescription fill for a P2Y 12 inhibitor from
January 1, 2010 to December 31, 2016. A novel instrumental variable method assessed patient-
level comparative effectiveness and safety outcomes through December 31, 2017. We examined
changes in P2Y 1, physician prescribing patterns over the study period and classified
personalization as when receipt of P2Y 12 inhibitors aligned with their predicted dominance over
clopidogrel at the patient level.

Exposure(s): P2Y 12 inhibitors (prasugrel, ticagrelor) compared to clopidogrel prescriptions

Main Outcome(s) and Measure(s): The primary effectiveness outcome was major adverse
cardiovascular events of myocardial infarction, death, in-hospital mortality, and revascularization

and major bleeding.



Results: The estimated average risk difference favored ticagrelor or prasugrel over clopidogrel
by improving the effectiveness outcome [-3.97 percentage points (95% CI, -6.97 to -0.26)] and
the safety outcome [-2.93 percentage points (95% CI, -4.83 to -0.70)]. However, heterogeneity
analysis suggests that 19.89% of patient would benefit from clopidogrel, either on the
effectiveness or the safety side. In 2010, the clopidogrel personalization match quality was at
17.39%. Over time, this quality increased to 26.40% by 2015, to the extent that realized patient
outcomes were not significantly different than when everyone had received newer P2Y 1,
inhibitors. The predominant motivation behind improving match quality seem to be driven by
clopidogrel’s safety profile in select patients.

Conclusions and Relevance: Increased adoption of newer P2Y 12 inhibitors seems to be
associated with improved health outcomes in patients due to improving “passive” personalization
of these treatments. This suggests personalization can lead to significant cost-savings, although
there remains significant room for improvement in match quality that could further reduce risks

in major adverse cardiovascular events and major bleeding.

Background

P2Y 12 inhibitors with aspirin as dual antiplatelet therapy (DAPT)!" are guideline-based therapy
for patients with acute coronary syndrome (ACS) patients and who undergo a percutaneous
coronary intervention (PCI).>* DAPT prevents restenosis and other secondary major adverse
cardiac events (MACE) such as myocardial infarction (MI) and stroke.*> Until 2009, the P2Y >
inhibitor of choice was clopidogrel. However, genetic changes to the CYP 2C19 gene affects a
patient’s ability to metabolize clopidogrel, a prodrug, into its active form that leads to

heterogeneity of treatment effects (HTE).® Pharmacogenetic tests now exist that may be able to



determine which patients would be appropriate candidates for clopidogrel use.” However, there is
a lack of consensus in the use of the genetic test due to generalization of the test, absence of
insurance coverage leading to out-of-pocket costs to the patient, and most importantly, no clear

randomized trial evidence nor support from the national clinical guidelines. '’

Two newer P2Y 1, inhibitors prasugrel and ticagrelor were approved in 2009 and 2011,
respectively.!!'> While prasugrel is also a prodrug, there were fewer concerns with the
metabolism to its active metabolite, and it demonstrated significant improvements compared to
clopidogrel for MACE in randomized trials, likely due to stronger inhibition of the P2Y 1>
site.!>!* Ticagrelor did not require metabolism and also demonstrated better outcomes compared
to clopidogrel in randomized trials.!®> Similar results supported use of these newer P2Y 1>

inhibitors in comparative effectiveness research (CER) studies and meta-analyses.'6!8

While the newer P2Y 12 inhibitors showed better efficacy and effectiveness outcomes, safety was
a concern as major bleeding rates were significantly higher compared to clopidogrel.'*!°
Clinicians have to balance effectiveness and safety possibilities for each individual patient in
actual practice. While clinical trials and traditional comparative effectiveness studies addressed
the heterogeneity of treatment effects through subgroup analysis, they are not nuanced enough to
discover the optimal treatments for individual patients. Physicians are aware that this average
treatment effect (ATE) from trials may not be applicable to all individual patients, and as a
result, they attempt to make the best treatment choice possible by balancing formal study results,
clinical judgement, and past experiences with patients.!” This phenomenon has been studied

previously and is an empiric measurement of patients and physicians “learning by doing”



through repeated personal trials with interventions and acquired knowledge.?’ Recent
advancements in econometric methods using instrumental variables (IV) have allowed
heterogenous treatment effects to be studied by obtaining person-centered treatment effects to
assess the degree to which physicians are individualizing care through personalized
prescribing.??? Previous studies have used IV techniques to address measured and unmeasured
confounders in this clinical space, but it is our understanding that this is the first study to fully
address if physicians’ prescribing patterns change from recognizing and learning from HTE of
P2Y 1, inhibitors. The aim of this study was to examine physicians’ prescribing patterns with

P2Y 1, inhibitors to individualize care in the context of HTE.

Methods

Study design, study population, and data source

We used a retrospective cohort design using commercial claims and encounters data from IBM®
MarketScan® Research Databases from 2010-2017. Patients greater than 18 years of age were
identified as having an index event if they had an incident PCI. We excluded patients who had a
prior PCI or coronary artery bypass graft (CABG) in the year prior. In order to measure this and
to identify outcomes in the one year after PCI, patients were required to have continuous
enrollment for one-year pre and post-index event. Patients were then excluded if they did not
have an incident prescription fill for a P2Y 12 inhibitor 90 days pre- through 30 days post- PCI, a
criterion used previously in this clinical setting.?* Baseline covariates were collected in the one-

year pre-index period and patients were followed up for effectiveness and safety outcomes in the



one-year post-index period. The University of Washington Institutional Review Board approved

a waiver for the study as the data were deidentified.

The treatment variable was newer P2Y 12 inhibitor (vs. clopidogrel). The method used in this
study used a latent utility model that imposed a binary choice, and as a result the treatment
variable could not be specified in more detail to prasugrel or ticagrelor. From a clinical
perspective, clopidogrel is still used most often, and so the first decision choice a physician
makes is whether to prescribe clopidogrel or one of the newer P2Y 12 agents.?* The effectiveness
outcome was operationalized as revascularization and MACE, which encompassed in-hospital
mortality, myocardial infarction, and stroke using International Classification Disease ninth
revision Clinical Modification (ICD-9CM) and tenth revision (ICD-10CM) codes. All-cause
mortality was not available from the data. The safety outcome of major bleed was identified

using ICD-9CM and ICD-10CM codes from a previously published study using the same data.?

Baseline covariates included age, gender, insurance type, the Charlson Comorbidity Index (CCI),
Elixhauser comorbidities, dyslipidemia, anticoagulant indication, HAS-BLED score, PCI
indication (STEMI, NSTEMI, unstable angina, stable angina), stent type, and baseline healthcare
utilization (emergency department, inpatient, outpatient). Dyslipidemia was defined as having at
least one relevant diagnosis code and one prescription fill for an anti-cholesterol medication in
the baseline period. Anticoagulant indication was identified if patients had diagnosis codes for
pulmonary embolism, deep vein thrombosis, and atrial fibrillation as this variable could be
associated with both the effectiveness and safety outcome. For PCI indication, patients who were

not identified as having STEMI or NSTEMI were assumed to have unstable angina.



Statistical Analysis

We used an instrumental variable (IV) approach to control for observed and unobserved
confounders in the study. The IV used was the frequency with which a patient’s metropolitan
statistical area (MSA) used newer P2Y 12 inhibitors during the 6 months prior to a patient’s
index date. After controlling for year and MSA-level fixed effects, in order to control for overall
clinical practice trends and area level confounders, the exogenous variation in treatment choices
over time was exploited by the differential growth in 6-months-lagged MSA-level P2Y 12

inhibitors use (IV) over time across MSAs.

A limitation with traditional IV analysis is that the resultant treatment effect parameter, the local
average treatment effect (LATE), is for a group of unidentifiable patients in the data set. This is
because the LATE is only for those patients who would have changed their treatment choice only
if their level of IV changed, which is an action that is not identifiable to the analyst. In order to
further characterize the treatment effects to specific patients in a data set, local IV methods were
developed that utilize treatment choice information across the distribution of a continuous IV by
imposing a latent utility model.?® Without loss of generalization, it is assumed that a positive
latent utility indicates that patients receive P2Y 12 inhibitors over clopidogrel. Through this
model, marginal patients are identified who are indifferent to receiving P2Y 12 inhibitors or
clopidogrel because their observed characteristics (observed confounders and IV level)
“balances” against their unobserved confounders such that their latent utility is zero. A small
nudge/perturbation to the IV level (Figure 1.1), which by definition can move independent of all

other confounders, would change their treatment choice. Consequently, comparing outcomes



across small changes in the IV level produces estimates of the treatment effects for these
marginal patients (called the marginal treatment effects). Varying the level of the continuous IV
can produce the marginal treatment effects for different marginal patients with different levels of

observed and unobserved confounder levels

Approach to Estimating PeT effects using the IV Design

Since for each patient in our sample we know the treatment choice one has made and their
observed confounder levels, we can identify the levels of unobserved confounders that would
conform with the treatment choice (based on the latent utility model) and average the MTEs
estimated over those levels of unobserved confounders to form a person-centered treatment
(PeT) effect.?! PeT effects are easy to interpret as they are the individualized treatment effects
conditional on a patient’s observed risk factors and averaged over that patient’s individualized
unobserved risk factors that conform to one’s choice. PeT effects can be averaged over any
observed factors to obtain an overall or subgroup-level mean treatment effect estimate. For

further clarification of the LIV method used, MTEs, and PeT effects, please see Appendix A.1.1.

Logistic regression models were used to obtain the PeT effects for effectiveness and safety. Both
outcome measures were reported as mean (95% CI) differences in the absolute risk of
MACE/revascularization and major bleed. By measuring both PeT effects for effectiveness and
safety, optimal treatments could be identified for patients by determining which treatment would
produce the best effectiveness and safety outcomes. SAS (version 9.4; SAS Institute) and Stata

(version 13.1; StataCorp LP) were used for data collection and analyses.



Results

A total of 66,001 patients were identified through the inclusion and exclusion criteria. This
population was reduced to the central 80% (n=52,823) of the IV where there was variation and
enough of a sample size. Unadjusted baseline characteristics revealed patients on newer P2Y 12
inhibitors were generally younger and had fewer comorbidities (Table 1.1). The strength of the
IV was assessed and considered strong (F statistic, 20.41), and the IV demonstrated a reduction
in baseline covariate imbalance for predicted residuals across the median IV level compared to
across treatment (Figures 1.2 and 1.3). Furthermore, our instrument passed a falsifiability test by

showing no difference in pneumonia outcomes across levels of IV (p=0.77).1¢

In the overall study period, the estimated risk difference for the effectiveness outcome was a 3.97
percentage point reduction (95% CI, -6.97 to -0.26) and a 2.93 percentage point reduction (95%
ClI, -4.83 to -0.70) for the safety outcome, both of which favored the newer P2Y 12 inhibitors
(Table 1.2). These effects generally held constant across the study period (Figures 1.4 and 1.5).
The average treatment effect on the treated showed that the significant risk reduction in MACE

improved slightly from 2010 to 2013 but trended in the opposite direction afterwards.

Subgroup analysis showed a significant 8.95 percentage point MACE risk reduction (95% CI,
1.48 to 14.75) for STEMI patients initiating newer P2Y 12 inhibitors and a significant 4.74
percentage point reduction (95% CI, 0.52 to 8.30) for patients initiating newer P2Y 12 inhibitors
under 55 years of age (Figure 1.6). Patients who had a drug-eluting and bare-metal stent also

showed significant improvement in effectiveness. For major bleed, patients with STEMI,



NSTEMLI, diabetes, DES, and BMS had significantly lower risk when initiating newer P2Y 12

inhibitors (Figure 1.7).

There was variability in PeT effects for effectiveness and safety for both newer P2Y 12 and
clopidogrel users (see Figure 1.8). Throughout the study period, around 80% of patients who
initiated on prasugrel and ticagrelor were optimally matched, meaning they obtained the most
benefit in effectiveness and safety compared to if they had been prescribed clopidogrel (Figure
1.9). Among clopidogrel initiators, the proportion of patients whose optimal therapy would have
been the newer P2Y 12 inhibitors showed a downward trend from 82.61% in 2010 to 73.60% in

2015 (Figure 1.10).

If all patients initiated treatment on prasugrel or ticagrelor, the predicted probability of MACE
and revascularization would have been 16.9% while major bleed would have been 11.6% (Table
1.2), both significant improvements over current clinical practice. If all patients started on
clopidogrel, both the effectiveness and safety outcomes would have increased relative to the
status quo of targeted prescribing patterns by 8.29% and 8.21%, respectively, although
significance was not reached. If all patients were matched to the antiplatelet that produced the
most beneficial effectiveness and safety effects, we estimated the outcomes under these ideal
scenarios to significantly lower the predicted probability of MACE and revascularization to
15.9% (95% CI, 14.3% to 18.4%) and major bleed to 11.1% (95% CI, 9.9% to 12.4%).
Discussion

Our analysis revealed the ATE for the effectiveness outcome was statistically significantly better

for the newer P2Y 12 inhibitors compared to clopidogrel throughout the treatment period. Better



effectiveness outcomes for newer P2Y 12 inhibitors are in line with results from previous CER
studies.!®!” The safety outcome marginally favored the newer P2Y 12 inhibitors throughout the
study period. This finding contrasted with those found in RCTs.!*!> However, this could be due
to a homogenous and older population in the clinical trials, which contrasts with our more
heterogenous, younger population. Furthermore, previous CER studies also found safety with
prasugrel or ticagrelor to be nonsignificant compared to clopidgorel.'®!3?7 The significant safety
difference in our study compared to previous CER studies could be due to our analysis fully
accounting for heterogeneity of treatment effects and accounting for unobserved confounders.
Similarly, when assessing effectiveness and safety results by subgroup analysis, while some
results were consistent (e.g. patients with STEMI, NSTEMI, DES, and BMS) for effectiveness,

safety outcomes favored prasugrel or ticagrelor in contrast to the clinical trials.

Not surprisingly, there was considerable HTE with these antiplatelet medications (Figure 4), and
we found trends that indicated adjusting targeted treatment over time for the studied antiplatelet
medications as physicians seemed to change prescribing patterns with experience. With the
newer P2Y 12 inhibitors, the results suggested physicians prescribing patterns held generally
constant, especially when assessed in terms of MACE reduction. For patients initiated on
clopidogrel, our study implied from the prescribing patterns that physicians targeted patients who
might not benefit as much from the newer P2Y 1, inhibitors. These shifts in clinical practice
might reflect the implications from CER studies that while prasugrel and ticagrelor are more
effective than clopidogrel in reducing MACE, the safety profile of the newer P2Y 12 inhibitors

has a mixed signal.

10



There are also several policy implications with our study. Currently, the clinical guidelines
advocate the use of newer P2Y 1, inhibitors, specifically ticagrelor, over clopidogrel.? In that
scenario, both effectiveness and safety outcomes would have significantly improved in our
patient population. A health plan perspective would advocate the use of clopidogrel for their
enrollees as its generic status makes it preferable for a tiered formulary. In this scenario, there
would be a higher, albeit not significant, probability of both MACE and major bleeding. Most
interestingly, if patients’ optimal therapy could be known, perhaps with the help of a validated
pharmacogenetic test, a further improvement in MACE and major bleeding could be achieved.
While this is a lofty ambition to perfectly predict optimal treatment, it should be the goal of
personalized medicine. While conflicting opinions currently exist regarding pharmacogenetic

testing in this area, future studies are needed to assess its applicability.

Our study has several strengths. We used a novel IV method to examine HTE, clinical practice
adjusting to HTE, and possible policy implications of leveraging approaches to improve
personalized medicine. We believe our study is the first to study these phenomena in the context
of P2Y 12 inhibitors. Similar to other studies using an IV approach in this clinical area, we
believe our IV to be strong and valid, while also passing a falsifiability test where previous

studies failed.

This study also has limitations. While we believe our IV approach to be sound methodologically,
the assumptions of exogeneity condition and exclusion restriction of IV analysis are not directly
testable. MarketScan as a dataset also has the limitation of not having all-cause mortality data

which would have been clinically meaningful. However, as we only used the commercial claims
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database, loss of follow-up due to death outside of the hospital setting within the one-year
follow-up period is less of a concern compared to studies done in a more elderly population.
Furthermore, as aspirin claims are sparse in MarketScan, likely due to out-of-pocket cash
purchase by patients, we assume patients are compliant with aspirin medication use as part of

DAPT.

In the absence of identifiable characteristics of HTE for P2Y 12 inhibitors, physicians’
prescribing patterns changed with time, possibly indicating improvement of targeting care with
these antiplatelet agents. With continued use of these medications, physicians may have learned
which patients would benefit most from clopidogrel or one of the newer agents. Clinical practice
and patient outcomes could improve if prescribing patterns were guided by mechanisms to

identify factors that affect treatment effect heterogeneity.
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Tables and Figures

Table 1.1. Baseline characteristics

Newer Standardized Standardized
Clopidogrel P2Y12 difference across difference
Variable (n=33,496) (n=19,322) | P value treatment across IV
Age, mean (SD) 55.16 (6.53) 54.38 (6.74) | <0.001 0.0434 0.0032
Male, n (%) 25498 (76.1) | 15194 (78.6) | <0.001 0.0258 0.0029
Fee-for-service, n (%) 28209 (84.2) | 16769 (86.8) | <0.001 0.0207 0.0018
Incident PCI inpatient setting, n (%) 21571 (64.4) | 13164 (68.1) | <0.001 0.0370 0.0025
Incident PCI drug-eluting stent, n (%) 12196 (36.4) 8033 (41.6) | <0.001 0.0205 0.0003
Incident PCI bare metal stent, n (%) 19374 (57.8) | 10641 (55.1) | <0.001 0.0044 0.0008
Incident PCI due to STEMI, n (%) 18561 (55.41) | 11920 (61.69) | <0.001 0.0518 0.0016
Incident PCI due to NSTEMI, n (%) 14449 (43.14) | 7220 (37.37) 0.89 0.0026 0.0019
Incident PCI due to unstable angina, n
(%) 486 (1.45) 182 (0.94) | <0.001 0.0958 0.0019
Baseline outpatient visits, mean (SD) 4.18 (13.38) 3.25(10.73) | <0.001 0.0280 0.0025
Baseline inpatient visits, mean (SD) 0.03 (0.25) 0.02 (0.19) <0.001 0.0193 0.0003
Baseline ER visits, mean (SD) 0.09 (0.62) 0.07 (0.59) 0.002 0.0112 0.0026
Charlson comorbidity index, mean (SD) 1.67 (1.92) 1.49 (1.69) | <0.001 0.0521 0.0002
Anticoagulant indication, n (%) 2784 (8.3) 1101 (5.7) | <0.001 0.0409 0.0018
Hyperlipidemia, n (%) 19272 (57.5) | 10416 (53.9) | <0.001 0.0322 0.0004
Valvular disease, n (%) 2000 (6.0) 941 (4.9) | <0.001 0.0279 0.0007
Hypertension, n (%) 17912 (53.5) 9846 (51.0) | <0.001 0.0380 0.0041
Chronic pulmonary disease, n (%) 3185 (9.5) 1665 (8.6) | <0.001 0.0221 0.0005
Diabetes without complications, n (%) 7798 (23.3) 4245 (22.0) | <0.001 0.0235 0.0032
Diabetes with complications, n (%) 2061 (6.2) 984 (5.1) | <0.001 0.0249 0.0011
Hypothyroidism, n (%) 2588 (7.7) 1471 (7.6) 0.64 0.0106 0.0003
Obesity, n (%) 4278 (12.8) 2473 (12.8) 0.93 0.0151 0.0019
Fluid & electrolyte disorders, n (%) 2706 (8.1) 1301 (6.7) <0.001 0.0279 0.0055
Deficiency anemias, n (%) 2415 (7.2) 1101 (5.7) | <0.001 0.0330 0.0005
Depression, n (%) 1997 (6.0) 1018 (5.3) | <0.001 0.0176 0.0023
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Renal disease, n (%) 1763 (5.3) 692 (3.6) | <0.001 0.0350 0.0029
HAS-BLED score, mean (SD) 0.84 (0.83) 0.77 (0.77) | <0.001 0.0546 0.0013
Peripheral artery or vascular disease, n

(%) 2308 (6.9) 1054 (5.5)| <0.001 0.0281 0.0022

Table 1.2. Effectiveness and safety outcomes in 12 months following initiation of antiplatelet therapy under various

therapeutic scenarios

Scenario

Status-quo

All patients started on newer P2Y12
inhibitor

All patients started on clopidogrel

All patients started on optimal predicted
therapy

Effectiveness Safety
Predicted % change Predicted % change

probability of from p- probability of from p-

MACE status-quo  value major bleed status-quo  value
0.193 (0.189 - 0.134 (0.131 -

0.196) - 0.137) -
0.169 (0.154 - 0.116 (0.105 -

0.187) -12.43 <0.05 0.127) -13.43 <0.05
0.209 (0.190 - 0.145 (0.134 -

0.224) 8.29 0.18 0.153) 8.20 0.15
0.159 (0.143 - 0.111 (0.099 -

0.184) -17.61 <0.01 0.124) -17.16 <0.01

Note: p-values reflect comparisons of predicted probability of events under various scenarios to status quo
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Figure 1.1. Identification of the marginal treatment effect
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Figure 1.2. Covariate imbalance across treatment
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Figure 1.4. Average treatment effects of effectiveness
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Figure 1.6. Subgroup analysis of MACE outcomes
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Figure 1.7. Subgroup analysis of major bleeding outcomes
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Figure 1.8. Heterogeneity of treatment effects of P2Y12 inhibitors
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Figure 1.9. Targeted treatment of newer P2Y 12 inhibitor initiators
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Chapter 2: Examining the cost-effectiveness of empirical passive
personalization with P2Y 1> inhibitors in patients with acute coronary
syndrome

Abstract

Importance: In Aim 1, universally treating patients with a newer P2Y 12 inhibitor demonstrated
effectiveness compared to clopidogrel or current targeted prescribing of any of the three
antiplatelet agents based on patient characteristics. However, given the higher cost and potential
safety concerns of the newer P2Y 12 inhibitors, the potential cost-effectiveness of this universal
treatment strategy compared to current prescribing patterns is unknown.

Objective: To estimate the potential cost-effectiveness of empirical targeted prescribing
compared to universal use of either clopidogrel or a newer P2Y 12 inhibitor for the secondary
prevention of major cardiac adverse events.

Design, Setting, and Participants: We constructed a hybrid model (1-year and lifetime) to
estimate costs and outcomes for patients after recent acute coronary syndrome and percutaneous
coronary intervention. Inputs for first year of the model were based on Aim 1 using IBM®
MarketScan® data that showed significant improvement in major adverse cardiovascular events
for treatment with a newer P2Y 1, inhibitor compared to targeted prescribing or clopidogrel.
Sources and long-term model inputs were derived from the literature. Patients were assumed to
take their P2Y 12 inhibitor for the guideline-based 1-year after acute coronary syndrome (short
term model) and then returned to aspirin monotherapy. We used a healthcare payer perspective,
discounted costs and outcomes at a rate of 3%, and adjusted costs to 2019 US dollars.
Exposure(s): Targeted prescribing of clopidogrel, prasugrel, and ticagrelor vs. universal

clopidogrel vs. universal newer P2Y 12 inhibitor
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Main Outcome(s) and Measure(s): Lifetime costs, life years (LY's) and quality-adjusted life-
years (QALYSs), and incremental cost-effectiveness ratio (ICER)

Results: Targeted prescribing resulted in 11.63 LYs, 9.92 QALYs, and $72,402 total costs;
universal clopidogrel resulted in 11.59 LYs, 9.84 QALYs, and $72,670 total costs; universal
newer P2Y 12 inhibitors resulted in 11.67 LY, 10.00 QALYs, and $73,325 total costs. Targeted
prescribing was a dominant strategy compared to universal clopidogrel treatment. However,
universally treating patients with a newer P2Y 12 inhibitor compared to current targeted
prescribing was a cost-effective strategy with an ICER of $11,144/QALY. These results were
robust in one-way and probabilistic sensitivity analyses.

Conclusions and Relevance:

Universal treatment with newer P2Y 12 inhibitors, as advocated by current clinical guidelines, is a
cost-effective approach compared to current clinical practice. Future studies assessing the
potential cost-effectiveness of a more personalized approach to treatment, such as

pharmacogenetic-guided therapy, would be beneficial.
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Background

Cost-effectiveness analysis (CEA) is a mechanism to approximate the value of pharmaceutical
treatment, especially for new drugs that are typically more costly than current standard of care or
generic medications.! In the United States, CEA is not routinely or explicitly used for coverage
and reimbursement decisions, but is nevertheless an important consideration for decision makers
to compare costs and measures of effectiveness for different interventions.? Typically, CEA is
carried out by using the average treatment effect (ATE) from clinical trials or observational
studies to compare two or more interventions, which is a measure of the difference in outcomes
for a treated and control group. The ATE would include, for example, the hazard ratio of one
treatment compared to another and the corresponding confidence intervals. However, there has
been a push to incorporate patient variability to treatment, known as heterogeneity of treatment
effects (HTE) into CEA models, since the ATE is not applicable for all patients.?> HTE studies
inform at a subgroup level (e.g. gender, age, comorbidity), but ideally a model would be able to

incorporate HTE at an individual patient level.

P2Y 12 inhibitors are a class of medications that have been associated with HTE.®® These
antiplatelet agents are guideline-based therapy for acute coronary syndrome and percutaneous
coronary intervention to prevent secondary myocardial infarction (MI) and cardiovascular
death.”!! Generally, clinicians adapt prescribing patterns through learning which medications
might work best for an individual through experience in similar patients, a process termed

passive personalization (PP) in the literature.'?
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In Aim 1, our group assessed how physicians empirically apply this targeted prescribing with
P2Y 1, inhibitors in patients with acute coronary syndrome (ACS).!? ). We used IBM®
MarketScan® data and a novel instrumental variable method to assess effectiveness of these
antiplatelet medications in reducing major adverse cardiovascular events (MACE) at the patient
level. The newer P2Y 12 inhibitors significantly lowered MACE by 3.97 percentage points (i.e.
the ATE) at 1-year follow-up compared to clopidogrel (95% CI, -6.97 to -0.26). However, we
found considerable heterogeneity in treatment effects of clopidogrel and the newer P2Y 12
inhibitors, and we observed the trends in heterogeneity changing over time. This meant
physicians were changing targeted prescribing to determine which drug would bring the most

clinical effectiveness benefit to patients over time.

Previous CEA models have shown that the newer P2Y 1, inhibitors are likely cost-effective with
incremental cost-effectiveness ratio (ICER) approximately ranging from $5,000 to $30,000 per
quality-adjusted life-year (QALY) gained.!*!” Another CEA showed genotype-driven
antiplatelet therapy in the short-term could also be cost effective.?’ There have also been CEA
that examine whether real-world clinical practice is cost-effective.?!*? Bridging together these
two concepts, we sought to model cost-effectiveness of clinical practice of prescribing
clopidogrel or newer P2Y 1, inhibitors ticagrelor or prasugrel in the context of heterogeneity of
treatment effects. The objective of this study was to assess the cost-effectiveness of empirical
clinical practice of targeted prescribing versus universal clopidogrel or universal newer P2Y 12

inhibitors, and to determine the policy and clinical implications of the results.

Methods

Markov Model Overview
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We developed a hybrid economic model that included a short-term (1-year) decision tree and a
lifetime Markov model using Microsoft Excel (Redmond, WA, USA). The model used a US
healthcare sector perspective. Both the short and lifetime model frameworks were based on
previously published CEA studies.!® The 1-year decision tree was initiated by patients who
underwent PCI and then could enter one of three interventions: empirical targeted prescribing
informed by current clinical practice, universal treatment with a newer P2Y 1, inhibitor
(ticagrelor or prasugrel), or universal treatment with clopidogrel (Figure 2.1). Patients received
the P2Y 12 inhibitor for the full year. If the patients went through the targeted prescribing decision
node, they were prescribed what the physician deemed best for them in terms of effectiveness
and safety. Patients would then experience one of the following outcomes: no further event,
revascularization, non-fatal (MI), non-fatal stroke, and death from any cause. In the base case

analysis, Aim 1 informed the proportion of patients receiving each P2Y 12 inhibitor (Table 2.1).

At the end of the 1-year decision tree, patients entered the Markov model in the appropriate
health state (Figure 2.2). Similar to previous CEAs, patients who experienced revascularization
or no event in the 1-year decision tree were grouped together. Patients who experienced non-fatal
MI and non-fatal stroke remained in that state for a year and then transitioned to their respective
post MI/stroke-health states. We applied a discount rate of 3%, used yearly cycles, used half-
cycle corrections, and a lifetime time horizon. All costs were adjusted and reported in 2019 US
dollars using the medical care consumer price index. The results were reported as costs per life-

year (LY) gained and cost per quality-adjusted life-year (QALY) gained.
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Clinical Inputs

Clinical inputs and transition probabilities are detailed in Table 2.1. Patients entered the 1-year
model at the age of 55, which was the average age in Aim 1. Patients that entered the targeted
prescribing arm had a 63% chance of being prescribed clopidogrel, a 29% chance of prasugrel,
and an 8% chance of ticagrelor. While the proportion of patients on prasugrel and ticagrelor
could be estimated and used separately for cost purposes, the 1-year clinical probabilities were a
combined estimate as the methods from Aim 1 imposed an explicit binary treatment choice (i.e.
newer P2Y 1, inhibitor versus clopidogrel). Also, since our previous analysis used MarketScan®,
which does not have mortality data, we used a 1-year fatal MI and stroke probability from the

literature.?

The transition probabilities in the Markov model were informed by the literature in this clinical
setting.!”?*?% While previous studies did not allow patients in the post-health states to experience
the other clinical event, we felt this did not accurately reflect possible outcomes, and thus
allowed this possibility. Furthermore, MI and stroke-specific hazard ratios for an increased risk

of death in the health states were applied to the US background mortality rate.!”

Adverse Events

The main serious adverse events for P2Y 1, inhibitors are bleeding complications. Bleeding
probabilities were taken from package inserts for the model?®.?”. For clopidogrel, the ticagrelor

US product monograph was used for bleeding rates. For prasugrel, the prasugrel US product
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monograph was used but the bleed rates were adjusted based on clopidogrel’s bleed rate in the
ticagrelor product monograph for fairer comparison. The bleed rates were applied only to the 1-
year short term model when patients were expected to take medication. No adjustment to the
bleed rates from the product monograph were needed as the follow up period was similarly 1-

year.

Quality-of-Life Inputs

The utility values used in the short and lifetime models were based off the literature.!*?® Utility
decrements were applied to both the non-fatal MI and non-fatal stroke states when patients

experienced the events.

Cost Inputs

Pharmaceutical costs for the P2Y 12 inhibitors were taken from the federal supply schedule (FSS)
as suggested by the 2" Panel on CEA.>>*" The FSS represents the costs paid by federal agencies

in the US and are the lowest price offered by the pharmaceutical manufacturer.

Since bleeding adverse events require medical intervention, costs for these events were
calculated from diagnosis related group codes (DRG). Minor bleeds were calculated by taking
the average of intracranial and gastrointestinal hemorrhages without major complication or
comorbidity (DRG 066 and 379), while major bleeds were averaged for those with major

complication or comorbidity (DRG 064 and 377).
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Costs for the 1-year model were generated from Aim 1. Clinical costs for the lifetime model
were gathered from the literature. In the lifetime model, the no event health state cost was taken
from the CEA conducted alongside the ticagrelor RCT, which was conducted from the
perspective of Sweden.!” To convert the currency used from this study (€), the purchasing price

parity of the European Union was used and then updated to 2019 US dollars.

Sensitivity Analyses

To test the robustness of the two-part model, one-way sensitivity analysis and probabilistic
sensitivity analysis were conducted. In the one-way sensitivity analysis, model parameters were
varied between reasonable ranges based on confidence intervals or clinical judgment. The
distributions of the parameters were based on recommended text.?! In the probabilistic sensitivity
analysis, we ran 5,000 simulations and created a cost-effectiveness acceptability curve to
examine which treatment arm would be cost-effective at varying willingness-to-pay threshold

ranges.

We also conducted a scenario analysis to evaluate the upper bound of how cost-effective current
clinical practice of targeted prescribing could be by matching patients to their optimal P2Y 12
inhibitor, meaning they were prescribed the antiplatelet agent that would result in the lowest
probability of a MACE outcome. We also tracked the cost-effectiveness of empirical targeted
prescribing over time to assess whether adaptive changes in prescribing patterns improved with

more familiarity in recognizing heterogeneity of treatment effects.
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Model Validation

We validated the appropriateness of the conceptual model by using a structure from previously
published studies and refined using expert clinical judgement.?? We also used best available
inputs from the literature, ensured the implemented software and code worked properly through
using extreme values and tested the health state transition traces, and compared our results to

similar CEA models in the literature.

Results

Clinical Outcomes

In the base-case analysis, LYs were 11.63 in the empirical PP, 11.67 in the universal ticagrelor or
prasugrel arm, and 11.59 in the universal clopidogrel arms (Table 2.2). After incorporating the
utility values for the different health states, patients had an estimated 9.92, 10.00, and 9.84

QALYs.

Costs and Cost Utility

Lifetime costs per patient averaged $72,402, $73,325, and $72,670 for the empirical PP,
universal clopidogrel or prasugrel, and universal clopidogrel arms, respectively (Table 2.2).
Estimated drug costs in the 1-year model were lowest for generic clopidogrel ($16) and highest

for the branded newer P2Y 12 inhibitors ($4,662). AE costs were similarly lowest for generic
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clopidogrel ($423), followed by PP ($444) and newer P2Y 12 inhibitor ($503). Treatment with
universal prasugrel and ticagrelor compared to current clinical prescribing patterns resulted in
$923 lower total costs and 0.08 fewer QALYS, translating into an incremental cost-effectiveness
ratio of $11,144 per QALY gained. On the other hand, universal treatment with clopidogrel was

dominated as this strategy resulted in higher total costs and lower QALYs.

Sensitivity Analyses

In the one-way sensitivity analysis for empirical PP compared to a universal ticagrelor or
prasugrel treatment strategy, the most influential parameters of the ICER were 1-year non-fatal
MI rates for both treatment arms, discount rate, and 1-year revascularization rates for both
treatment arms (Figure 2.3). At the highest end of 1-year non-fatal MI rate for empirical PP, the
resultant ICER was $23,805/QALY. Comparing empirical PP to universal clopidogrel, the most

influential parameters in this sensitivity analyses were the same (Figure 2.4).

In the probabilistic sensitivity analysis for empirical PP versus universal ticagrelor or prasugrel,
3.56% of simulations resulted in fewer incremental QALY'S and higher incremental costs for
PP, while most simulations (96.44%) resulted in fewer incremental costs and QALY's (Figure
2.5). For the simulations examining empirical PP vs. universal clopidogrel, 32.86% resulted in
higher incremental costs and QALY's for PP, and 67.14% resulted in lower incremental costs and
more QALYs. In the cost effectiveness acceptability curve revealed that PP was most likely a
cost-effective strategy from a willingness to pay threshold range of $0 to $12,000 (Figure 2.6).

Outside of this range, the universal P2Y 12 was the most favorable cost-effective option.
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In the best case scenario where physicians were able to perfectly predict the antiplatelet agent a
patient would benefit most from, the model resulted in estimates of 11.68 LYs and 10.02 QALY
at a total cost of $69,653. As a result, this treatment strategy dominated both treatment arms of
universal ticagrelor or prasugrel and universal clopidogrel. The ICER of universal treatment with
prasugrel or ticagrelor compared to current targeted prescribing showed a downward trend for

the first few years but began showing an upward trend after 2013 (Figure 2.7).

Discussion

Empirical targeted prescribing is a treatment strategy that reflects actual clinical practice and
how physicians personalize medications to individual patients with acquired knowledge and
experience over time. Our model is the first to incorporate heterogeneity of treatment effects
from real-world data to assess the potential cost-effectiveness of alternative interventions with
P2Y 12 inhibitors. We showed that universal treatment with ticagrelor or prasugrel is a cost-
effective strategy compared to current prescribing patterns or universal treatment with

clopidogrel.

In our model, universal treatment with prasugrel and ticagrelor resulted in a favorable ICER
($11,144/QALY gained) compared to actual prescribing practice. This is below the most
common low-end threshold in the US of $50,000/QALY." However, empirical targeted
prescribing resulted as a dominant strategy compared to treatment with universal clopidogrel.
While the incremental differences in total costs and QALYs were small, the sensitivity analyses

demonstrated the model to be robust. In the sensitivity analyses, even at the highest end for the
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most influential parameters, the resultant ICER fell below the $50,000 QALY threshold, and
most simulations supported the finding of the deterministic results. Even though the intent of our
study was not necessarily to assess ticagrelor or prasugrel treatment compared to clopidogrel, our
estimates of the LYs, QALYSs, and ICER of this comparison were similar to published studies

suggesting our model structure and input estimates were valid.!>!”

The deterministic result and most of the PSA simulations of empirical PP vs. universal P2Y 12
inhibitor fell in quadrant III because the proportion of prescriptions in the PP arm were largely
for clopidogrel. This was likely due to familiarity of the medication for physicians, as well as the
lower generic drug costs compared to the newer P2Y 1, inhibitors. Therefore, the lower
effectiveness outcomes of clopidogrel influenced the LY's and subsequent QALY's of the PP arm
more than the treatment mix of newer P2Y 12 inhibitors. Since the current guidelines for this
population of patients advocate the use of ticagrelor, a newer P2Y 1, inhibitor, from a policy
perspective, this comparison could be thought of as the potential cost-effectiveness of actual

clinical practice against absolute adherence to treatment guidelines.>?

On the other hand, the universal prescription of clopidogrel for this patient population could be
interpreted as taking a health plan perspective, in which the use of clopidogrel is advocated
through formulary tier restrictions and use of newer P2Y 1, inhibitors are limited. In this case,
actual clinical practice through PP is a dominant strategy as physicians are more effective and

cost saving than simply giving all patients clopidogrel.
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In the scenario analysis where patients were matched to their optimal medication in terms of
effectiveness and safety, this was not surprisingly a dominant strategy, even when factoring in
the cost of the pharmacogenetic test. Since patients transition to different health plans on average
every 2 to 3 years, payers may be wary of investing in up-front costs when they may not reap the
downstream health and economic benefits of their enrollees.** However, if similar results held in
a different population where the payer could obtain the benefits, such as Medicare or in single
payer countries, the return on investment could potentially be a cost-effective or even cost-

savings strategy over the patient’s lifetime.

There are limitations in this study. Due to the nature of Markov models, patients transitioned
between health states in a memory-less way, meaning a patient who cycles through the non-fatal
MI and stroke health states multiple times will have the same transition probabilities, utilities,
and costs as another patient who may experience only one event. Furthermore, some of the
clinical and transition estimates were taken from European countries such as the increased risk of
death through hazard ratios, but to lessen concerns, these estimates were taken from a CEA study
conducted alongside the pivotal trial for ticagrelor. In addition, whether genetic testing for
clopidogrel efficacy improves outcomes is a subject of debate and is not part of clinical
guidelines at present but will be clarified with upcoming trials. Finally, the model results are
driven primarily by the first year in the model where different outcome probabilities are

informed by Aim 1.

In conclusion, passive personalization by physicians, who personalize treatments based on their

experience and acquired knowledge, are likely to be cost-effective for either ticagrelor or
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prasugrel as compared to universal treatment with clopidogrel alone. Further, universal use of
any one antiplatelet was inferior to passive personalization by physicians. Sensitivity analyses
supported these results indicating a robust model. These data support robust physician education

as well as personalized medical approach to patients in order to improve patient outcomes at less

cost.
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Tables and Figures

Table 2.1. Key inputs for the two-part cost effectiveness model
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Point
estimate Low High  Distribution Source
Passive personalization arm, % prescribed
Clopidogrel 0.63 0.57 0.70 Normal Suh et al.
Prasugrel 0.29 0.26 0.31 Normal Suh et al.
Ticagrelor 0.08 0.07 0.09 Normal Suh et al.
Transition probabilities
1-year revascularization, passive personalization 14.92% 13.42% 16.41% Normal Suh et al.
1-year non-fatal M1, passive personalization 6.14% 5.52% 6.75% Normal Suh et al.
1-year non-fatal stroke, passive personalization 1.63% 1.46% 1.79% Normal Suh et al.
1-year revascularization, universal newer P2Y 2 14.25% 12.82% 15.67% Normal Suh et al.
1-year non-fatal MI, universal newer P2Y, 4.28% 3.85% 4.71% Normal Suh et al.
1-year non-fatal stroke, universal newer P2Y2 1.14% 1.03% 1.26% Normal Suh et al.
1-year revascularization, universal clopidogrel 15.64% 14.08% 17.20% Normal Suh et al.
1-year non-fatal M1, universal clopidogrel 7.89% 7.10% 8.68% Normal Suh et al.
1-year non-fatal stroke, universal clopidogrel 2.07% 1.86% 2.27% Normal Suh et al.
1-year fatal MI and fatal stroke 7.55% 6.80% 8.31% Normal Donahoe et al.
Increased risk of death in the no event state 2.00 1.80 2.20 Log normal Nikolic et al.
No event/post revascularization to MI 1.90% 1.71% 2.09% Normal Nikolic et al.
No event/post revascularization to stroke 0.30% 0.27% 0.33% Normal Nikolic et al.
Increased risk of death in the non-fatal MI state 6.00 5.40 6.60 Log normal Nikolic et al.
Increased risk of death in the post-MI state 3.00 2.70 3.30 Lognormal Nikolic et al.
Post non-fatal MI to stroke 2.00% 1.80% 2.20% Normal Hachet et al.
Increased risk of death in the non-fatal stroke
state 7.43 6.69 8.17 Log normal Nikolic et al.
Increased risk of death in the post-stroke state 3.00 2.70 3.30 Lognormal Nikolic et al.



Post non-fatal stroke to MI 1.00% 0.90% 1.10% Normal Edwards et al.
Healthcare costs

1-year no event $16,720 $15,048 $18,392 Normal Suh et al.
1-year revascularization $48.,242 $43,418 $53,066 Normal Suh et al.
1-year non-fatal M1 $54,848 $49.363 $60,333 Normal Suh et al.
1-year non-fatal stroke $72,745 $65,471 $80,020 Normal Suh et al.
No event/post-revascularization $2,226 $2,003 $2,448 Normal Nikolic et al.
Non-fatal M1 $25,150 $22.635 $27,665 Normal Afana et al.
Post-MI $12,666 $11,399 $13,932 Normal Nicholson et al.
Non-fatal stroke $17,314 $15,583 $19,046 Normal Earnshaw et al.
Post-stroke $6,533 $5,879 $7,186 Normal Earnshaw et al.
Genetic test P2Y 12 $295 $265 $324 Normal CPT code 81225
Drug costs
Federal Supply
Clopidogrel, cost per 75 mg tablet $0.05 $0.04 $0.05 Normal Schedule
Federal Supply
Prasugrel, cost per 10 mg tablet $15.22 $13.70 $16.75 Normal Schedule
Federal Supply
Ticagrelor, cost per 90 mg tablet $4.52 $4.07 $4.97 Normal Schedule
Adverse event costs
Major bleeding $10,228 $9,206 $11,251 Normal DRG 064 & 377
Minor bleeding $4,436 $3,992 $4,880 Normal DRG 066 & 379
Quality-of-life (utility) estimate
No event/post revascularization state 0.90 0.81 0.99 Beta Cowper et al.
Sullivan &
Non-fatal MI and post-MI state 0.70 0.63 0.77 Beta Ghushchyan
Sullivan &
Non-fatal stroke and post-stroke state 0.65 0.59 0.72 Beta Ghushchyan
Sullivan &
Annual QALY decrement, non-fatal MI state 0.04 0.04 0.04 Beta Ghushchyan

38



Sullivan &
Annual QALY decrement, non-fatal stroke state 0.05 0.05 0.06 Beta Ghushchyan

CPT current procedural terminology, DRG diagnosis related group, MI myocardial infarction, mg milligram

Table 2.2. Results of the cost effectiveness analysis

Health state Drug Total ICER
costs costs AE costs costs LYs QALYs (QALY)
Current targeted prescribing $70,242 $1,716 $444 $72,402 11.63 9.92
Universal treatment with clopidogrel $72,230 $16 $423 $72,670 11.59 9.84 Dominated
Eﬁ;gf;l treatment with ticagrelorand ¢q0 160 §4660  $503  §73325 1167 10.00  S11,144.06

AE adverse event, ICER incremental cost-effectiveness ratio, LYs life-years, QALYs quality-
adjusted life-years
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Figure 2.1. 1-year decision tree
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Figure 2.2. Lifetime Markov model
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Figure 2.3. Tornado diagram of the one-way sensitivity analysis of passive personalization vs. universal newer P2Y1: inhibitor
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Figure 2.4. Tornado diagram of the one-way sensitivity analysis of passive personalization vs. clopidogrel
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Figure 2.5. Probabilistic sensitivity analysis on incremental cost-effectiveness plane
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Figure 2.6. Cost effectiveness acceptability curve at different thresholds for willingness to pay
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Figure 2.7. Incremental cost-effectiveness ratio of universal treatment with prasugrel or ticagrelor versus empirical targeted
prescribing over time
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Chapter 3: Exploring heterogeneity of effects across the distribution of
medication adherence with P2Y 1, inhibitors using conditional and
unconditional quantile regression approaches

Abstract

Background: Previous research assessing medication adherence with P2Y 1, inhibitors have
shown relatively good adherence rates ranging from 78%-92%. The studies that used
administrative claims data to measure adherence defined adherence using an arbitrary cut point
of >80% medication possession ratio (MPR) or proportion of days covered (PDC). While this
method is used frequently, it does not allow the researcher to observe how each factor impacts
adherence along the entire distribution. The objective of the study was to use conditional quantile
regression (CQR) and unconditional quantile regression (UQR) to assess heterogenous effects of
adherence of P2Y1; inhibitors and covariates of interest and compare these results to those from

a traditional logistic regression framework.

Methods and Results: This study used the commercial claims and encounters databases from
IBM® MarketScan® in this study from 2010-2017. We included patients who had an incident
percutaneous coronary intervention, used a drug-eluting stent, and filled an incident prescription
for a P2Y 12 inhibitor. Their adherence was measured for 185 days using PDC. Adherence to
branded clopidogrel, generic clopidogrel, branded prasugrel, and branded ticagrelor were
assessed, along with factors that could impact adherence using logistic regression, CQR, and
UQR. In CQR, the effect of a covariate on a quantile of adherence is conditioned on the average
values of the other covariates, which limits the interpretability of results. Recent advancements

in UQR overcomes this limitation. We found that while adherence to the antiplatelets was
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generally good, prasugrel and ticagrelor had significantly lower PDC compared to branded
clopidogrel, especially around the 30™ percentile where adherence is ~80%. Other covariates

such as comorbid depression and living in the southern region affected adherence the most.

Conclusions: Using CQR and UQR allowed for heterogenous assessment of covariates along the
adherence distribution, which is not possible with the traditional logistic regression method.
Patients who have good, but not excellence adherence, seem to be impacted the most by the

newer P2Y 1, inhibitors.

Background

P2Y 12 inhibitors are antiplatelet medications that are recommended in conjunction with aspirin
as part of dual antiplatelet therapy (DAPT) for patients who undergo percutaneous coronary
intervention (PCI) with drug-eluting stents (DES).! While previous versions of the guideline
have advocated for the use of DAPT for at least one year, the most recent guidelines regarding
DAPT after DES recommend a minimum duration of therapy for at least 6 months.! These oral
medications provide clinical benefits to the patients by lowering their risk of secondary major
adverse cardiac events (MACE).*” However, as with any therapy, the patient must adhere to the

medications to receive the benefits.

Previous adherence studies have been conducted in this patient setting looking at clopidogrel at
its branded stage and as a generic, as well as the two more recently approved branded P2Y 12
inhibitors, prasugrel and ticagrelor. These medications have shown to have high adherence rates

ranging from 78% - 92% with varying follow up times from 1 month to 1 year.* !> However,
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ticagrelor had lower rates of adherence due to its adverse event of dyspnea or coughing. '>!4

These studies used two methods to measure adherence. One was through surveying the patients,
and the other method was through calculating medication possession ratio (MPR) or proportion
of days covered (PDC) using administrative claims data. In the latter case, adherence was

operationalized as having an MPR or PDC of 80.0% or greater.

There a few limitations with this operational definition of adherence. The first is that the 80.0%
cut-off has no fundamental reasoning as to why it should be used to define adherence from a
clinical perspective. Another issue arises from using such a strict cut-off to aggregate patients
into two arbitrary groups. As a result, while it is more than likely that patients who have a PDC
of 80.5% and 79.5% are similar, these patients would be considered different, and the resultant

analysis could make spurious associations affecting adherence.

Recent advances in quantile regression (QR) addresses some of these concerns by examining
how covariates affect the outcome along its distribution.'®!7 In this way, the entire distribution of
adherence could be measured and studied instead of having two rigid groups. The objective of
our study was to assess medication adherence to P2Y 1, inhibitors in patients with acute coronary
syndrome for the first six months after undergoing PCI with DES, and to contrast the results with
traditional adherence analysis through logistic regression models with two arbitrary groups of

adherent and non-adherent.

Methods

Data Source
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We used the commercial claims and encounters databases from IBM® MarketScan® in this study
from 2010-2017. MarketScan® is composed of fully adjudicated medical (inpatient and
outpatient) and pharmaceutical claims. In any given year, there are more than 20 million patients
in the database and reflect real-world treatment patterns. As MarketScan® is a deidentified
database, the University of Washington Institutional Review Board approved a waiver for the

study.

Study population

The study population consisted of patients greater than 18 years of age who underwent an
incident PCI with DES starting from 2010; patients who had a PCI event anytime one-year prior
were excluded. Patients were then required to have a claim for an incident P2Y 12 inhibitor
prescription fill 90 days pre- through 30 days post-DES, as used previously.!® Patients were also
required to have continuous enrollment one-year pre- and six months post-DES event to collect
baseline variables and outcomes, respectively. Patients were categorized into four groups based
on the antiplatelet they initiated and finished for the six-month follow-up period: clopidogrel

(brand), clopidogrel (generic), prasugrel, and ticagrelor.

Outcomes and baseline characteristics

The primary outcome that was measured to determine adherence was PDC, which is supported
by the Pharmacy Quality Alliance and the Centers for Medicare and Medicaid Services.!® Rather

than simply summing days of supply as in MPR, PDC adjusts by measuring the number of days
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“covered” by a prescription. For the logistic models assessing adherence, patients with a PDC
value of 80% or greater were considered adherent. In both analyses, baseline characteristics that
were adjusted for included age, gender, insurance type, Charlson Comorbidity Index, Elixhauser
comorbidities, baseline healthcare utilization, region, and year fixed effects to control for clinical

practice time trends.

Statistical analysis

We used conditional quantile regression (CQR) and unconditional quantile regression (UQR) as
our primary statistical method to assess adherence. Using quantile regression (QR) allows the
analyst to identify different relationships at different parts of the distribution of the dependent
variable.? As a result, QR allows different slopes of the regression to vary across quantiles of
PDC. This contrasts with methods that assess mean levels such as ordinary least squares
regression where the association between a covariate and PDC (i.e. the slope) would remain
parallel, or the same, at different levels of the quantile. This would mean, for example, that
number of unique medications affect people at the 40™ percentile of adherence the same way as

those at the 10™ percentile. While possible, this uniformity in association is not likely.

CQR is a maximume-likelihood procedure that produces regression coefficients that are
associated with different quantiles of the conditional distribution of the dependent variable.?!
This results in a coefficient 57 that can be interpreted as the marginal effect of a covariate on the
™ quantile of the dependent variable’s distribution, conditioned on the mean value of all the

other covariates in the model. Because the coefficient is conditioned on the mean value of other
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covariates, the interpretation of the coefficient changes when different sets of covariates are
included in the model. To obtain coefficients that correspond to effects at the 1 quantile of the
dependent variable’s distribution, independent of the other covariates in the model, unconditional
QR (UQR) was developed.'® The applicability of this approach has been applied to medication
adherence to highlight heterogenous associations previously.!” To explore differential
associations by relevant subpopulations, we also decided to conduct the logistic, CQR, and UQR

models in subgroup analyses by gender and age.

Results

The final sample in our study consisted of 35,762 patients. The mean age was similarly around
55 years of age for patients in all four cohorts, and the majority (76.71%) of patients were males
(Table 3.1). Approximately 85% of patients had a fee-for-service insurance type, and the
remaining patients had a managed care plan. Across the four cohorts, patients were on 6 or 7

unique medications in the baseline period before initiating a P2Y 12 inhibitor.

The average PDC was 88.74, 90.52, 88.95, and 89.60 for clopidogrel (brand), clopidogrel
(generic), prasugrel, and ticagrelor users, respectively (Table 3.2). In all four cohorts, the
unconditional PDC was left skewed, with a peak at 100 (Figure 3.1). Approximately 31%, 38%,
29%, and 31% of patients had perfect adherence at the end of the 6 months for clopidogrel

(brand), clopidogrel (generic), prasugrel, and ticagrelor users, respectively.

In the logistic regression model, where adherence was defined as >80% PDC, patients on

branded prasugrel and ticagrelor were significantly less likely to be adherent (odds ratio
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(OR)=0.88, 95% confidence interval (CI): (0.80,0.97), OR=0.80, 95% CI: (0.70, 0.92),
respectively) compared to branded clopidogrel (Table 3.3). The marginal (unconditional) effect
resulted in the probability of adherence declining by 1.54% and 2.76% for prasugrel and
ticagrelor, respectively. Adherence for generic clopidogrel did not result in an adherence
difference compared to branded clopidogrel. Other associations that resulted in the largest
marginal effects of adherence were for taking 8 or more unique medications at baseline (3.07%,
95% CI: (1.92%, 4.21%), the southern region (-3.21%, 95% CI: (-4.28%, -2.13%)), depression (-

2.65%, 95% CI: (-3.94%, -1.35%)).

In both the CQR and UQR frameworks, an 80% PDC was around the 30" percentile as shown by
the constant (intercept) term (Tables 3.4 and 3.5). In the CQR and UQR models at the 30"
percentile, adherence for prasugrel and ticagrelor were highly impacted with both models
showing a decrease in adherence compared to branded clopidogrel. The CQR model resulted in
the largest negative effects for adherence for the newer P2Y 12 inhibitors at the 20" quantile.
However, these results were much less pronounced in the UQR model, possibly indicating that
adherence was not greatly impacted at the lower quantiles. For patients taking 8 or more
medications at baseline, having depression, or living in the southern region, the CQR framework
resulted in the lowest quantile having the largest negative impact on adherence with
monotonically waning effects at each higher quantile. As seen with the newer P2Y 12 inhibitors in
the UQR model, the effects for all three previously mentioned factors were relatively small

except for at the 30" percentile.

Subgroup by gender
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In the logistic regression model for males, similar effects were found as in the main model
(Table 3.6). While generic clopidogrel did not show a difference in adherence compared to
branded clopidogrel, prasugrel and ticagrelor showed lower odds of being adherent at 80% PDC
(OR=0.89, 95% CI: (0.80, 1.00), OR=0.81, 95% CI: (0.69, 0.95), respectively). In the CQR
model, patients on the newer P2Y 12 inhibitors had the largest negative effects on adherence at
the 20" and 30" percentile (Table 3.7). However, in the UQR framework, relatively large effects

were only seen at the 30" percentile (Table 3.8).

In the logistic regression model for females, generic clopidogrel, prasugrel, and ticagrelor all
showed lower ORs that were not significant due to wide Cls (Table 3.9). Similar to the results
seen in males, the CQR model showed large negative effects on adherence for the newer P2Y 12
inhibitors compared to branded clopidogrel at the 20" and 30™ percentile (Table 3.10), while the
UQR model showed the largest negative impact of adherence at the 30" percentile for these

medications (Table 3.11).

Subgroup by age

In patients >55 years of age, the logistic model showed no difference in the three antiplatelets of

interest compared to branded clopidogrel (Table 3.12). In the CQR and UR models, the newer

P2Y 12 inhibitors had similar negative effects on adherence at the 20™ and 30™ percentiles

(Tables 3.13 and 3.14). The CQR model showed that comorbid conditions have a considerable
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negative impact on adherence at the lower quantiles, and the UQR results mirrored these findings

at the 20" percentile.

In patients <55 years of age, the logistic model (Table 3.15) showed significantly lower odds of
being adherent for patients on prasugrel and ticagrelor compared to branded clopidogrel
(OR=0.82, 95% CI: (0.71, 0.94) and OR=0.76, 95% CI: (0.62, 0.94), respectively). These
translated into the probability of adherence declining by 2.67 and 3.63 percentage points,
respectively. While the effects on adherence of the newer P2Y 12 inhibitors were similarly large
at the 20" and 30" percentiles in the CQR framework (Table 3.16), the 30™ percentile in the
UQR framework clearly had the largest negative impact on adherence for the newer antiplatelet
drugs where the PDC was around 84% (Table 3.17). While many comorbid conditions had a
significant impact on adherence in the CQR model as seen in the older subgroup, these effects

were reduced or became insignificant in the UQR model.

Discussion

Adherence was generally good in all four cohorts with most patients having a PDC over 80%
across the four quantiles, similar to previous studies in the literature. *'°> However, there were
still differences that were revealed from the quantile regressions. Compared to traditional logistic
regression for assessing adherence using a cutoff of PDC>80% for adherence, the CQR and
UQR frameworks showed more heterogenous effects of covariates across the different quantiles.
As a result, we were able to show through the CQR and UQR results that there is a change in the
spread of adherence for each covariate at different levels, which was not possible with the

traditional logistic regression model.
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Compared to branded clopidogrel, the odds of adherence were lower for prasugrel and ticagrelor
in the logistic regression and across all but the lowest quantile in the CQR and UQR regressions.
We found similar adherence rates to a study that assessed clopidogrel and prasugrel adherence
using the same MarketScan® data.!"!> Furthermore, the authors found predictors of low
adherence to be depression and baseline anticoagulant use, while baseline statin use predicted
higher adherence. While we found similar significant effects for depression, its effect on
adherence were heterogenous across the quantiles as the lowest quantiles were impacted the most
in the CQR while using the UQR framework reduced much of its effects. Our covariates that
closely matched baseline anticoagulant and statin use (i.e. anticoagulant indication and
hyperlipidemia, respectively) showed effects in the same direction as the study by Nordstrom et

al. but were not significant in any of the models.'!

Interestingly, we found that patients who were taking more than 8 medications at baseline and
those taking between 4 and 7 had better adherence than those taking less than 4. The direction of
this finding persisted across the logistic, CQR, and UQR frameworks, but with varying
magnitudes across quantiles. A previous study assessing adherence in cardiovascular disease also
found that those with greater medication burden might necessitate stricter compliance to medical
routine and in turn improve adherence.?? The study also concluded that having to take more
medications may indicate greater illness severity and this in turn leads to more attention to
adherence.?? This positive association of higher pill burden and higher adherence has also been

seen in other severe and symptomatic disease.?
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Studies that have assessed discontinuation with ticagrelor show higher nonadherence rates
compared to studies that assess the other antiplatelets.!>!* These studies indicate that the side
effect of dyspnea is the main reason. While we were unable to assess side effects, we similar
found that ticagrelor had significantly lower PDC percentage points compared to the other
antiplatelets across the quantiles, and especially around the 30" percentile where the PDC was

around 80%. This was most evident when we conducted subgroup analysis in female patients.

A benefit of using the CQR and UQR frameworks is that health care providers would be able to
target specific subgroups of patients. For example, some sort of incentive or encouragement
could be developed to help prasugrel and ticagrelor patients around the 30™ percentile since it
seems this adherence quantile is most negatively impacted by these newer P2Y 12 inhibitors,
meaning those who have good adherence but could do slightly better to achieve great adherence.
Similarly, extra attention could be paid attention to those who have certain comorbid conditions

in patients with age greater than 55 at lower adherence quantiles as shown in Table S9.

Our study has several limitations. Since adherence was generally high and since we measured
PDC for only 185 days, there were not enough ties in the data to measure the covariate impacts
across all the quantiles. Also, we were confined to the variables that we were able to obtain from
MarketScan®, which does not include side effect or socioeconomic information. There could be
generalizability issues as this is a commercial database, and as a result, it is unknown if similar
findings would be present in a Medicare population. Lastly, as we included patients with at least

one prescription fill, we are not able to address primary nonadherence.
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This study also had several strengths. This is the first study to the authors’ knowledge to
compare brand and generic clopidogrel, prasugrel (brand), and ticagrelor (brand) using an
administrative claims database. Our study also revealed how certain variables differentially
impact adherence across quantiles in both a CQR and UQR framework. This highlighted
heterogenous aspects of adherence that are impacted that were not able to be observed in a

traditional logistic regression.
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Tables and Figures

Table 3.1. Baseline characteristics

Age, mean (sd)

Male, n (%)

Northeast, n (%)

North Central, n (%)

South, n (%)

West, n (%)

Charlson Comorbidity Index, mean (sd)
Fee-for-service, n (%)

Incident DES inpatient setting, n (%)
Incident DES due to STEMI, n (%)
Incident DES due to NSTEMI, n (%)
Incident DES due to unstable angina, n (%)
Baseline outpatient visits, mean (sd)
Baseline inpatient visits, mean (sd)
Baseline emergency room visits, mean (sd)
Baseline number of medications, mean (sd)
Anticoagulant indication,n (%)
Hyperlipidemia, n(%)

Valvular disease, n (%)

Hypertension, n (%)

Chronic pulmonary disease, n (%)
Diabetes without complications, n (%)
Diabetes with complications, n (%)
Hypothyroidism, n (%)

Obesity, n (%)

60

Clopidogrel, brand Clopidogrel, generic Prasugrel Ticagrelor
(n=8,482) (n=11,530) (n=10,463) (n=5,287)
55.33 (6.57) 55.53 (6.59) 54.58 (6.87) 54.85 (6.77)
6505 (76.69) 8584 (74.45) 8276 (79.10) 4066 (76.91)
1162 (13.70) 2153 (18.67) 1503 (14.37) 949 (17.95)
2463 (29.04) 2748 (23.83) 2467 (23.58) 1300 (24.59)
3077 (36.28) 4585 (39.77) 4831 (46.17) 2445 (46.25)
1779 (20.97) 2043 (17.72) 1661 (15.88) 591 (11.18)
1.34 (1.69) 2.00 (2.15) 1.50 (1.74) 1.82 (1.88)
6685 (78.81) 9857 (85.49) 9098 (86.95) 4631 (87.59)
6528 (76.96) 7831 (67.92) 7810 (74.64) 4215 (79.72)
4463 (52.62) 5869 (50.92) 6374 (60.92) 3217 (60.85)
3946 (46.52) 5549 (48.13) 3986 (38.10) 2022 (38.25)
73 (0.86) 112 (0.97) 103 (0.98) 48 (0.91)
3.45(11.32) 4.14 (12.88) 2.93 (9.08) 3.27 (11.10)
0.02 (0.18) 0.03 (0.26) 0.02 (0.20) 0.02 (0.23)
0.08 (0.50) 0.11 (0.62) 0.09 (0.70) 0.09 (0.47)
6.45 (4.92) 6.86 (5.25) 6.10 (4.82) 6.05 (4.96)
507 (5.98) 1100 (9.54) 532 (5.09) 279 (5.28)
4644 (54.75) 6777 (58.8) 5588 (53.41) 2800 (52.96)
465 (5.48) 929 (8.06) 581 (5.55) 328 (6.20)
4748 (55.98) 7485 (64.92) 5995 (57.30) 3034 (57.39)
777 (9.16) 1607 (13.94) 1058 (10.11) 591 (11.18)
2024 (23.86) 3337 (28.94) 2661 (25.43) 1343 (25.40)
538 (6.34) 1064 (9.23) 680 (6.50) 401 (7.59)
704 (8.30) 1255 (10.89) 962 (9.19) 566 (10.71)
1061 (12.51) 2298 (19.93) 1649 (15.76) 1000 (18.91)




Fluid & electrolyte disorders, n (%) 614 (7.24) 1239 (10.75) 732 (7.00) 464 (8.78)
Deficiency anemias, n (%) 559 (6.59) 1163 (10.09) 674 (6.44) 385 (7.28)
Depression, n (%) 537 (6.33) 1132 (9.82) 790 (7.55) 435 (8.23)
Renal disease, n (%) 352 (4.15) 798 (6.92) 406 (3.88) 265 (5.01)
Peripheral artery or vascular disease, n (%) 551 (6.50) 980 (8.50) 608 (5.81) 320 (6.05)
Table 3.2. Unadjusted summary measures of P2Y12 inhibitors
Clopidogrel, brand  Clopidogrel, generic Prasugrel Ticagrelor
n=8,477 n=11,504 n=10,448 n=5,276
PDC, mean (sd) 88.74 (19.20) 90.52 (17.60) 88.95 (18.01) 89.60 (16.81)
Quantile
Q10 64.52 64.52 64.52 64.52
Q20 80.65 84.95 80.65 80.65
Q30 93.01 94.62 90.32 90.32
Q40 96.77 96.77 95.70 95.16
Q50 96.77 96.77 96.77 96.77
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Table 3.3. Logistic regression for adherence (PDC>80%)

Clopidogrel, generic (ref: clopidogrel, brand)
Prasugrel (ref: clopidogrel, brand)

Ticagrelor (ref: clopidogrel, brand)

Age

Male

Charlson Comorbidity Index

Fee-for-service (ref: managed care)

Incident DES inpatient setting

Incident DES due to STEMI (ref: unstable angina)
Incident DES due to NSTEMI (ref: unstable angina)
Baseline outpatient visits

Baseline inpatient visits

Baseline emergency room visits

Baseline unique medications, >4 and <8 (ref: <4)
Baseline unique medications, >8 (ref: <4)
Anticoagulant indication

Hyperlipidemia

Valvular disease

Hypertension

Chronic pulmonary disease

Diabetes without complications

Diabetes with complications

Hypothyroidism

Obesity

Fluid & electrolyte disorders

Deficiency anemias

Odds Average marginal 95% CI for
ratio 95% CI effect (dy/dx) marginal effects
0.98 (0.87, 1.11) -0.21 (-1.62, 1.19)
0.88 (0.80, 0.97) -1.54 (-2.69, -0.40)
0.80 (0.70, 0.92) -2.76 (-4.48, -1.03)
1.02 (1.02, 1.03) 0.27 (0.22,0.33)
1.07 (1.00, 1.15) 0.83 (-0.06, 1.72)
0.95 (0.93,0.97) -0.63 (-0.89, -0.36)
1.07 (0.98, 1.16) 0.82 (-0.24, 1.87)
1.03 (0.96, 1.12) 0.41 (-0.52, 1.35)
1.22 (1.12, 1.34) 249 (1.39, 3.60)
1.11 (1.01, 1.21) 1.24 (0.10, 2.38)
0.99 (0.99, 1.00) -0.05 (-0.08, -0.02)
0.89 (0.78, 0.99) -1.50 (-2.99, -0.02)
0.95 (0.89, 1.00) -0.67 (-1.38,0.03)
1.09 (1.01, 1.18) 1.15 (0.11, 2.20)
1.28 (1.17,1.41) 3.07 (1.92,4.21)
0.96 (0.85, 1.08) -0.53 (-1.99, 0.93)
1.04 (0.97, 1.11) 0.46 (-0.39, 1.31)
0.85 (0.76, 0.96) -1.97 (-3.41,-0.53)
0.84 (0.79, 0.90) -2.12 (-2.97,-1.27)
0.98 (0.89, 1.08) -0.29 (-1.49, 0.90)
0.84 (0.78,0.91) -2.11 (-3.11, -1.12)
0.92 (0.81, 1.04) -1.08 (-2.61, 0.45)
1.04 (0.94, 1.16) 0.52 (-0.73, 1.78)
1.11 (1.02, 1.20) 1.24 (0.22, 2.25)
0.89 (0.80, 0.99) -1.45 (-2.75,-0.14)
0.92 (0.82, 1.03) -1.02 (-2.40, 0.37)
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Depression 0.81 (0.73, 0.90) -2.65 (-3.94, -1.35)
Renal disease 1.01 (0.87, 1.17) 0.16 (-1.66, 1.99)
Peripheral artery or vascular disease 0.88 (0.78, 0.98) -1.62 (-3.03, -0.20)
North Central (ref: Northeast) 1.00 (0.90, 1.10) -0.03 (-1.16, 1.11)
South (ref: Northeast) 0.77 (0.71, 0.85) -3.21 (-4.28, -2.13)
West (ref: Northeast) 1.03 (0.93, 1.16) 0.39 (-0.87, 1.64)

DES, drug eluting stent; PDC, proportion of days covered
Boldfaced estimates indicated statistical significance (p-value < 0.05)
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Table 3.4. Conditional quantile regression results for PDC (adherence)

Clopidogrel, generic (ref: clopidogrel, brand)
Prasugrel (ref: clopidogrel, brand)
Ticagrelor (ref: clopidogrel, brand)

Age

Male

Charlson Comorbidity Index

Fee-for-service (ref: managed care)

Incident DES inpatient setting

Incident DES due to STEMI (ref: unstable angina)
Incident DES due to NSTEMI (ref: unstable angina)
Baseline outpatient visits

Baseline inpatient visits

Baseline emergency room visits

Baseline unique medications, >4 and <8 (ref: <4)
Baseline unique medications, >8 (ref: <4)
Anticoagulant indication

Hyperlipidemia

Valvular disease

Hypertension

Chronic pulmonary disease

Diabetes without complications

Diabetes with complications
Hypothyroidism

Obesity

Fluid & electrolyte disorders

Deficiency anemias

Depression

Renal disease

Peripheral artery or vascular disease

North Central (ref: Northeast)

South (ref: Northeast)

West (ref: Northeast)

Constant

Q10 Q20 Q30 Q40
0.61 0.50  -0.56 0.02
131 343 284  -0.81
-1.98 516  -4.05  -1.58
0.48 034 021 0.07
0.95 .15 055 0.14
-1.82 0.79  -0.40  -0.15
1.47 1.61 1.06 0.08
0.09 0.21 0.29 0.20
5.33 2.80 1.16 0.38
4.14 200  0.60 0.22
-0.08 0.11  -0.07  -0.04
2.53 255  -2.68  -2.33
2.13 -1.72 -0.82  -0.57
3.76 127  0.70 0.27
7.16 3.58 1.57 057
-2.04 034 -0.09 0.11
1.78 042 030 0.12
-4.9 170 -1.32 -0.14
-4.66 -1.63 081  -025
-2.68 138 -095  -0.13
-2.85 291 233 -0.69
-3.06 165 =225 -1.11
1.57 0.28 029  -0.04
2.09 137 0.65 0.21
-3.62 173 =079 -0.40
-1.34 163 -099  -0.31
-4.71 373 284 -0.95
1.47 057  0.69 0.07
3.12 241 213 -0.93
0.64 077  -024  -0.06
-5.36 495 313 -0.96
1.21 113 -0.18  -0.10
3731 6555 8120 9191

DES, drug eluting stent; PDC, proportion of days covered

Boldfaced estimates indicated statistical significance (p-value < 0.05)
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Table 3.5. Unconditional quantile regression results for PDC (adherence)

Q10 Q20 Q30 Q40

Clopidogrel, generic (ref: clopidogrel, brand) -0.12 -0.14 0.35 0.11
Prasugrel (ref: clopidogrel, brand) -0.05 -0.69 -2.63 -0.61
Ticagrelor (ref: clopidogrel, brand) 0.00 -1.05 490 -1.00
Age 0.10 0.11 0.26 0.05
Male 0.08 0.33 0.73 0.12
Charlson Comorbidity Index -0.37 -0.26 -0.53 -0.10
Fee-for-service (ref: managed care) 0.13 0.32 1.41 0.02
Incident DES inpatient setting -0.13 0.18 0.19 0.20
Incident DES due to STEMI (ref: unstable angina) 1.64 0.93 1.51 0.27
Incident DES due to NSTEMI (ref: unstable angina) 0.78 0.52 0.88 0.16
Baseline outpatient visits -0.02 -0.03 -0.06 -0.01
Baseline inpatient visits -0.89 -094 -194 -0.25
Baseline emergency room visits -0.57 -034  -0.67  -0.09
Baseline unique medications, >4 and <8 (ref: <4) 0.62 0.44 1.02 0.17
Baseline unique medications, >8 (ref: <4) 1.57 1.25 2.05 0.33
Anticoagulant indication -0.01 -0.20  -0.02 0.06
Hyperlipidemia 0.44 0.16 0.27 0.07
Valvular disease -1.26 -091 -1.23 -0.14
Hypertension -0.77 -0.79 -133  -0.23
Chronic pulmonary disease -0.63 -0.12  -0.89  -0.13
Diabetes without complications -0.93 -0.85 -245 -0.49
Diabetes with complications -0.28 -0.52  -1.67 -0.09
Hypothyroidism 0.39 0.20 0.18 0.01
Obesity 0.36 0.50 0.88 0.13
Fluid & electrolyte disorders -1.20 -0.65 -1.18 -0.20
Deficiency anemias 0.15 -0.44  -0.65 -0.09
Depression -1.11 -1.13  -2.59 -0.54
Renal disease 0.29 -0.01 0.84 0.12
Peripheral artery or vascular disease -0.73 -0.70  -2.62 -0.45
North Central (ref: Northeast) -0.11 0.01 -0.51 -0.04
South (ref: Northeast) -1.07 -1.23 -3.84  -0.62
West (ref: Northeast) 0.16 0.15  -0.07 0.07
Constant 60.22 76.30  79.40  94.46

DES, drug eluting stent; PDC, proportion of days covered
Boldfaced estimates indicated statistical significance (p-value < 0.05)
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Table 3.6. Logistic regression for adherence (PDC>80%), males

Average

Odds marginal effect 95% CI for
Variables ratio 95% CI (dy/dx) marginal effects
Clopidogrel, generic (ref: clopidogrel, brand) 1.01 (0.88,1.16) 0.07 (-1.53,1.68)
Prasugrel (ref: clopidogrel, brand) 0.89 (0.80, 1.00) -1.37 (-2.66,-0.07)
Ticagrelor (ref: clopidogrel, brand) 0.81 (0.69, 0.95) -2.62 (-4.57,-0.67)
Age 1.02 (1.02,1.03) 0.26 (0.20,0.32)
Charlson Comorbidity Index 0.94 (0.92,0.96) -0.75 (-1.05,-0.44)
Fee-for-service (ref: managed care) 1.08 (0.98, 1.20) 0.98 (-0.20, 2.16)
Incident DES inpatient setting 1.09 (1.00, 1.19) 1.03 (-0.03, 2.08)
Incident DES due to STEMI (ref: unstable angina) 1.21 (1.09, 1.34) 2.33 (1.08,3.57)
Incident DES due to NSTEMI (ref: unstable angina) 1.14 (1.02,1.27) 1.58 (0.26,2.90)
Baseline outpatient visits 1.00 (0.99, 1.00) -0.04 (-0.08, 0.00)
Baseline inpatient visits 0.85 (0.74, 0.98) -1.97 (-3.66, -0.28)
Baseline emergency room visits 0.94 (0.88,1.01) -0.74 (-1.56,0.09)
Baseline unique medications, >4 and <8 (ref: <4) 1.08 (0.99, 1.18) 0.97 (-0.17,2.10)
Baseline unique medications, >8 (ref: <4) 1.26 (1.14,1.41) 2.81 (1.53,4.09)
Anticoagulant indication 0.91 (0.80, 1.04) -1.12 (-2.75,0.51)
Hyperlipidemia 1.04 (0.96, 1.12) 0.46 (-0.50, 1.43)
Valvular disease 0.81 (0.71,0.93) -2.51 (-4.19, -0.82)
Hypertension 0.84 (0.77,0.91) -2.16 (-3.12,-1.20)
Chronic pulmonary disease 0.97 (0.86, 1.10) -0.32 (-1.77,1.13)
Diabetes without complications 0.86 (0.78,0.95) -1.81 (-2.95,-0.67)
Diabetes with complications 0.97 (0.84,1.14) -0.32 (-2.18, 1.54)
Hypothyroidism 1.05 (0.91, 1.20) 0.56 (-1.10,2.22)
Obesity 1.14 (1.04, 1.26) 1.63 (0.42,2.84)
Fluid & electrolyte disorders 0.89 (0.78,1.01) -1.41 (-2.99,0.16)
Deficiency anemias 0.89 (0.77, 1.03) -1.40 (-3.11,0.31)
Depression 0.81 (0.71,0.93) -2.51 (-4.18,-0.84)
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Renal disease

Peripheral artery or vascular disease
North Central (ref: Northeast)
South (ref: Northeast)

West (ref: Northeast)

0.99
0.91
1.00
0.78
0.99
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(0.83, 1.18)
(0.80, 1.05)
(0.89, 1.12)
(0.70, 0.86)
(0.88, 1.12)

-0.14
-1.08
-0.03
-3.08
-0.09

(-2.24, 1.96)
(-2.77, 0.60)
(-1.30, 1.24)
(-4.29, -1.88)
(-1.48,1.31)



Table 3.7. Conditional quantile regression results for PDC (adherence), males

Q10 Q20 Q30 Q40

Clopidogrel, generic (ref: clopidogrel, brand) 1.03 0.28 -0.43 0.07
Prasugrel (ref: clopidogrel, brand) -0.88 -2.88 -249 -0.69
Ticagrelor (ref: clopidogrel, brand) 223 472 -3.76 -1.34
Age 047 034 020 0.07
Charlson Comorbidity Index =217 -091 -042 -0.14
Fee-for-service (ref: managed care) 2.34 2.09 1.02 0.11
Incident DES inpatient setting 1.47 1.20 0.46 0.31
Incident DES due to STEMI (ref: unstable angina) 509 235 1.00  0.28
Incident DES due to NSTEMI (ref: unstable angina) 4.44 1.30 0.14 0.04
Baseline outpatient visits 0.00 -0.07 -0.06 -0.03
Baseline inpatient visits 247 -3.87 -3.20 -2.44
Baseline emergency room visits -2.81 -1.22  -0.67 -0.45
Baseline unique medications, >4 and <8 (ref: <4) 3.10 1.03 0.58 0.14
Baseline unique medications, >8 (ref: <4) 6.46 291 1.32 0.44
Anticoagulant indication -4.62 -1.64 -0.15 0.05
Hyperlipidemia 1.21 0.99 0.24 0.15
Valvular disease -4.75 -298 -2.07 -0.56
Hypertension 459 -2.14 -0.79 -0.22
Chronic pulmonary disease 247 -146 -1.20 -0.11
Diabetes without complications 235 -2.64 -2.00 -046
Diabetes with complications 021 -1.16 -1.42 -0.55
Hypothyroidism 1.13 0.38 0.02 -0.03
Obesity 2.11 1.93 0.68 0.19
Fluid & electrolyte disorders -3.50 -1.07 -0.85 -0.27
Deficiency anemias -2.81 -2.13 -1.03 -0.25
Depression -6.47 -4.07 -3.36 -1.16
Renal disease 0.77 025 -0.08 -0.35
Peripheral artery or vascular disease -1.97  -1.56 -1.06 -0.59
North Central (ref: Northeast) 0.86 -0.92 -0.29 -0.10
South (ref: Northeast) -543 -4.69 -2.80 -0.82
West (ref: Northeast) 021 -1.40 -044 -0.18
Constant 3797 65.05 81.99 9245

DES, drug eluting stent; PDC, proportion of days covered

Boldfaced estimates indicated statistical significance (p-value < 0.05)
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Table 3.8. Unconditional quantile regression results for PDC (adherence), males

Q10 Q20 Q30 Q40

Clopidogrel, generic (ref: clopidogrel, brand) 0.00 0.00 0.49 0.17
Prasugrel (ref: clopidogrel, brand) -0.01 -0.62 -2.04 -0.58
Ticagrelor (ref: clopidogrel, brand) -0.05 -1.02 -4.00 -0.98
Age 0.10 0.11 0.21 0.05
Charlson Comorbidity Index -0.38 -0.32 -047 -0.11
Fee-for-service (ref: managed care) 0.20 0.40 1.29 0.04
Incident DES inpatient setting 0.08 0.46 0.59 0.29
Incident DES due to STEMI (ref: unstable angina) 1.46 0.91 1.08 0.22
Incident DES due to NSTEMI (ref: unstable angina) 0.77 0.66 0.40 0.04
Baseline outpatient visits 0.00 -0.02 -0.05 -0.01
Baseline inpatient visits -1.88 -132 -149 -0.22
Baseline emergency room visits -0.56  -0.38 -0.50 -0.09
Baseline unique medications, >4 and <8 (ref: <4) 0.50 0.38 0.62 0.10
Baseline unique medications, >8 (ref: <4) 1.40 1.20 1.35 0.28
Anticoagulant indication -0.52  -0.50 0.00 0.04
Hyperlipidemia 0.35 0.18 0.37 0.09
Valvular disease -1.28 -1.24 -2.05 -0.33
Hypertension -090 -0.84 -1.22 -0.22
Chronic pulmonary disease -0.65 -0.15 -0.75 -0.14
Diabetes without complications 093 -0.76 -1.74 -043
Diabetes with complications 0.04 -021 -0.88 -0.01
Hypothyroidism 0.44 0.22 0.04 0.04
Obesity 0.45 0.69 1.10 0.13
Fluid & electrolyte disorders -0.99 -0.62 -0.75 -0.13
Deficiency anemias -0.01 -0.63 -042 -0.07
Depression -149  -1.17  -2.76 -0.67
Renal disease -0.02 -0.21 -0.03 -0.03
Peripheral artery or vascular disease -040 -046 -1.57 -0.34
North Central (ref: Northeast) 0.01 0.00 -0.58 -0.07
South (ref: Northeast) -0.96 -125 -3.23 -0.58
West (ref: Northeast) -0.01  -0.05 -0.36 0.00
Constant 60.23 7645 82.28 9451

DES, drug eluting stent; PDC, proportion of days covered
Boldfaced estimates indicated statistical significance (p-value < 0.05)
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Table 3.9. Logistic regression for adherence (PDC>80%), females

Average

Odds marginal effect 95% CI for
Variables ratio 95% CI (dy/dx) marginal effects
Clopidogrel, generic (ref: clopidogrel, brand) 0.91 (0.71, 1.15) -1.23 (-4.17,1.71)
Prasugrel (ref: clopidogrel, brand) 0.84 (0.69, 1.02) -2.17 (-4.59,0.25)
Ticagrelor (ref: clopidogrel, brand) 0.77 (0.59,1.02) -3.35 (-6.99, 0.29)
Age 1.02 (1.02,1.03) 0.32 (0.20,0.43)
Charlson Comorbidity Index 0.98 (0.94,1.02) -0.30 (-0.82,0.22)
Fee-for-service (ref: managed care) 1.03 (0.86, 1.23) 0.41 (-1.89,2.71)
Incident DES inpatient setting 0.88 (0.75,1.03) -1.64 (-3.66, 0.38)
Incident DES due to STEMI (ref: unstable angina) 1.25 (1.04, 1.51) 2.92 (0.52,5.32)
Incident DES due to NSTEMI (ref: unstable angina) 1.03 (0.86, 1.23) 0.35 (-1.94,2.63)
Baseline outpatient visits 0.99 (0.99, 1.00) -0.08 (-0.13,-0.03)
Baseline inpatient visits 0.98 (0.76, 1.25) -0.32 (-3.54,291)
Baseline emergency room visits 0.95 (0.87, 1.05) -0.64 (-1.87,0.59)
Baseline unique medications, >4 and <8 (ref: <4) 1.18 (0.98,1.42) 2.36 (-0.26, 4.98)
Baseline unique medications, >8 (ref: <4) 1.38 (1.14, 1.66) 4.30 (1.67,6.93)
Anticoagulant indication 1.16 (0.90, 1.05) 1.96 (-1.34,5.27)
Hyperlipidemia 1.04 (0.90,1.19) 0.46 (-1.36,2.28)
Valvular disease 0.94 (0.76, 1.16) -0.80 (-3.56,1.95)
Hypertension 0.86 (0.74, 0.99) -1.97 (-3.83,-0.11)
Chronic pulmonary disease 0.97 (0.82,1.15) -0.35 (-2.51, 1.80)
Diabetes without complications 0.80 (0.68, 0.93) -2.97 (-5.01,-0.92)
Diabetes with complications 0.80 (0.65, 1.00) -2.82 (-5.61,-0.03)
Hypothyroidism 1.03 (0.88, 1.20) 0.32 (-1.67,2.31)
Obesity 1.02 (0.88,1.19) 0.29 (-1.65,2.22)
Fluid & electrolyte disorders 0.88 (0.74, 1.06) -1.60 (-3.95,0.76)
Deficiency anemias 0.97 (0.81,1.17) -0.37 (-2.80, 2.06)
Depression 0.80 (0.67,0.94) -2.95 (-5.09,-0.81)
Renal disease 1.08 (0.81, 1.43) 1.00 (-2.66, 4.66)
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Peripheral artery or vascular disease
North Central (ref: Northeast)
South (ref: Northeast)

West (ref: Northeast)

0.79
1.00
0.76
1.21
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(0.64,0.97)
(0.81,1.23)
(0.63,0.92)
(0.95, 1.55)

-3.09
-0.03
-3.61

2.19

(-5.74, -0.44)
(-2.53,2.48)
(-6.02, -1.20)
(-0.62, 5.01)



Table 3.10. Conditional quantile regression results for PDC (adherence), females

Q10 Q20 Q30 Q40

Clopidogrel, generic (ref: clopidogrel, brand) -0.06 -2.69 -1.81 -0.37
Prasugrel (ref: clopidogrel, brand) -2.23  -4.60 -4.03 -1.60
Ticagrelor (ref: clopidogrel, brand) -0.69 -6.22 -5.47 -2.38
Age 0.61 0.36 0.23 0.10
Charlson Comorbidity Index -1.14  -0.67 -0.47 -0.15
Fee-for-service (ref: managed care) -1.34  0.04 0.88 0.20
Incident DES inpatient setting -3.32  -1.55 -0.65 -0.38
Incident DES due to STEMI (ref: unstable angina) 6.51 3.39 1.26 0.60
Incident DES due to NSTEMI (ref: unstable angina) 557 2.57 1.92 0.77
Baseline outpatient visits -0.17 -0.16 -0.09 -0.04
Baseline inpatient visits 1.06 0.04 -1.92 -1.88
Baseline emergency room visits -1.18  -2.28 -0.98 -0.68
Baseline unique medications, >4 and <8 (ref: <4) 524 3.00 1.77 0.85
Baseline unique medications, >8 (ref: <4) 8.19 5.09 2.89 1.35
Anticoagulant indication 2.66 2.53 0.85 0.34
Hyperlipidemia 3.21 -0.26 0.34 0.01
Valvular disease -2.22  0.51 0.45 0.33
Hypertension -3.15 -0.73 -0.56 -0.52
Chronic pulmonary disease -1.38  -0.92 -0.68 -0.07
Diabetes without complications -2.63 -3.56 -3.06 -1.46
Diabetes with complications -8.70 -4.08 -3.10 -1.51
Hypothyroidism 0.63 0.72 0.13 -0.17
Obesity 0.92 -0.25 0.21 0.13
Fluid & electrolyte disorders -3.66 -2.40 -1.01 -0.59
Deficiency anemias 0.55 -2.03 -1.17 -0.69
Depression -295 -2.73 -1.74 -0.79
Renal disease 251 342 2.07 0.83
Peripheral artery or vascular disease -7.37 -4.66 -3.65 -2.34
North Central (ref: Northeast) 1.57  0.00 0.03 0.35
South (ref: Northeast) -4.23  -5.63 -3.75 -1.32
West (ref: Northeast) 5.73  0.88 1.12 0.47
Constant 31.56 66.09 79.93 90.09

DES, drug eluting stent; PDC, proportion of days covered
Boldfaced estimates indicated statistical significance (p-value < 0.05)
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Table 3.11. Unconditional quantile regression results for PDC (adherence), females

Q10 Q20 Q30 Q40

Clopidogrel, generic (ref: clopidogrel, brand) -0.83  -0.87 -0.58 -0.17
Prasugrel (ref: clopidogrel, brand) -0.29 -1.32 -5.03 -1.01
Ticagrelor (ref: clopidogrel, brand) 0.04 -1.74 -7.62 -1.46
Age 0.16 0.17 0.39 0.06
Charlson Comorbidity Index -0.55 -0.18 -0.55 -0.11
Fee-for-service (ref: managed care) 0.03 0.23 1.05 -0.01
Incident DES inpatient setting -1.15 -0.84 -2.03 -0.11
Incident DES due to STEMI (ref: unstable angina) 3.28 1.42 3.07 0.54
Incident DES due to NSTEMI (ref: unstable angina) 141 0.24 4.33 0.69
Baseline outpatient visits -0.08 -0.06 -0.09 -0.01
Baseline inpatient visits 1.79 -0.28 -3.43 -0.40
Baseline emergency room visits -1.08 -0.43 -1.14 -0.14
Baseline unique medications, >4 and <8 (ref: <4) 1.94 1.13 3.56 0.63
Baseline unique medications, >8 (ref: <4) 334 215 5.32 0.73
Anticoagulant indication 249 1.14 0.97 0.28
Hyperlipidemia 1.07 0.14 0.15 0.00
Valvular disease -1.79 -0.43 0.39 0.39
Hypertension -0.54 -0.96 -0.76 -0.38
Chronic pulmonary disease -0.94 -0.11 -0.69 -0.20
Diabetes without complications -1.35 -1.51 -5.12 -0.93
Diabetes with complications -143  -1.52 -4.06 -0.30
Hypothyroidism 029 0.16 0.25 -0.06
Obesity 021 0.10 -0.06 0.25
Fluid & electrolyte disorders -2.39 -1.01 -2.86 -0.51
Deficiency anemias 0.52 -0.16 -1.42 -0.17
Depression -0.88 -1.46 -3.05 -0.43
Renal disease 1.54  0.63 3.37 0.70
Peripheral artery or vascular disease -2.37 -1.77 -5.25 -1.01
North Central (ref: Northeast) -0.71  0.08 0.31 0.04
South (ref: Northeast) -2.16 -1.71 -6.82 -0.92
West (ref: Northeast) .21  1.22 2.03 0.48
Constant 57.62 74.67 83.16 93.28

DES, drug eluting stent; PDC, proportion of days covered
Boldfaced estimates indicated statistical significance (p-value < 0.05)
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Table 3.12. Logistic regression for adherence (PDC>80%), age>55

Average

Odds marginal effect 95% CI for
Variables ratio 95% CI (dy/dx) marginal effects
Clopidogrel, generic (ref: clopidogrel, brand) 1.04 (0.89, 1.22) 0.45 (-1.35,2.24)
Prasugrel (ref: clopidogrel, brand) 0.95 (0.83,1.08) -0.61 (-2.09, 0.87)
Ticagrelor (ref: clopidogrel, brand) 0.84 (0.70, 1.01) -2.10 (-4.30,0.09)
Age 1.02 (1.01, 1.04) 0.25 (0.08,0.42)
Male 1.02 (0.93,1.12) 0.24 (-0.86, 1.34)
Charlson Comorbidity Index 0.95 (0.93,0.98) -0.56 (-0.88, -0.25)
Fee-for-service (ref: managed care) 1.02 (091, 1.14) 0.22 (-1.13,1.57)
Incident DES inpatient setting 1.01 (092, 1.11) 0.12 (-1.01, 1.25)
Incident DES due to STEMI (ref: unstable angina) 1.27 (1.12, 1.45) 2.82 (1.35,4.29)
Incident DES due to NSTEMI (ref: unstable angina) 1.11 (0.98, 1.26) 1.25 (-0.21,2.71)
Baseline outpatient visits 1.00 (0.99, 1.00) -0.05 (-0.09, -0.01)
Baseline inpatient visits 0.95 (0.80,1.11) -0.65 (-2.54,1.23)
Baseline emergency room visits 0.95 (0.88,1.02) -0.63 (-1.46,0.21)
Baseline unique medications, >4 and <8 (ref: <4) 1.14 (1.02,1.27) 1.61 (0.22, 3.00)
Baseline unique medications, >8 (ref: <4) 1.40 (1.24,1.58) 3.93 (2.45,5.41)
Anticoagulant indication 0.91 (0.79, 1.05) -1.12 (-2.75,0.52)
Hyperlipidemia 1.05 (0.95,1.15) 0.52 (-0.55, 1.59)
Valvular disease 0.90 (0.78, 1.04) -1.19 (-2.88,0.49)
Hypertension 0.86 (0.79, 0.95) -1.69 (-2.77,-0.61)
Chronic pulmonary disease 1.01 (0.89, 1.14) 0.08 (-1.37,1.53)
Diabetes without complications 0.87 (0.79, 0.97) -1.58 (-2.8,-0.37)
Diabetes with complications 0.91 (0.78, 1.07) -1.09 (-2.92,0.74)
Hypothyroidism 1.07 (0.94,1.21) 0.74 (-0.76, 2.24)
Obesity 1.11 (0.99, 1.24) 1.23 (-0.06, 2.52)
Fluid & electrolyte disorders 0.87 (0.76, 1.00) -1.56 (-3.17,0.04)
Deficiency anemias 0.85 (0.74,0.97) -1.95 (-3.57,-0.33)
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Depression

Renal disease

Peripheral artery or vascular disease
North Central (ref: Northeast)
South (ref: Northeast)

West (ref: Northeast)

0.80
0.97
0.86
0.99
0.79
1.12
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(0.70, 0.92)
(0.81, 1.16)
(0.75, 0.99)
(0.87,1.13)
(0.70, 0.88)
(0.97, 1.30)

-2.55
-0.33
-1.70
-0.06
-2.88

1.19

(-4.15, -0.95)
(-2.43,1.77)
(-3.31,-0.08)
(-1.48, 1.35)
(-4.24,-1.53)
(-0.35,2.72)



Table 3.13. Conditional quantile regression results for PDC (adherence), age>55

Q10 Q20 Q30 Q40
Clopidogrel, generic (ref: clopidogrel, brand) 2.49 1.10 0.46 0.21
Prasugrel (ref: clopidogrel, brand) 0.11  -220 -136 -0.33
Ticagrelor (ref: clopidogrel, brand) -041 -417 -3.43 -1.02
Age 0.69 0.27 0.17 0.06
Male -0.81 0.48 0.42 0.13
Charlson Comorbidity Index -2.07 -090 -041 -0.13
Fee-for-service (ref: managed care) 0.89 1.78 0.45 0.05
Incident DES inpatient setting -0.22  -0.17 0.02 0.11
Incident DES due to STEMI (ref: unstable angina) 5.28 2.76 0.90 0.26
Incident DES due to NSTEMI (ref: unstable angina) 3.94 2.21 0.79 0.17
Baseline outpatient visits -0.03  -0.07 -0.06 -0.03
Baseline inpatient visits 247  -1.27 -1.14 -1.89
Baseline emergency room visits -235 -1.28 -0.53 -0.48
Baseline unique medications, >4 and <8 (ref: <4) 3.97 1.44 0.98 0.22
Baseline unique medications, >8 (ref: <4) 8.85 4.35 1.93 0.51
Anticoagulant indication -3.08 -0.77 -0.47 0.09
Hyperlipidemia 1.21 1.09 0.14 0.04
Valvular disease -421  -1.58 -0.70  -0.02
Hypertension -3.94 -132 -042 -0.08
Chronic pulmonary disease -0.76  -0.88 -0.77  -0.09
Diabetes without complications -2.66 -239 -146 -0.31
Diabetes with complications -4.13 -199 -247 -0.69
Hypothyroidism 1.58 0.23 0.29 0.05
Obesity 1.61 1.71 0.81 0.28
Fluid & electrolyte disorders -263 -198 -1.23 -0.36
Deficiency anemias -2.80 -2.67 -1.01 -0.35
Depression -4.46 -3.27 -2.75 -0.68
Renal disease 2.04 1.04 0.97 0.18
Peripheral artery or vascular disease -1.74 -2.86 -2.61 -0.67
North Central (ref: Northeast) 0.70 -0.75 -0.20 -0.03
South (ref: Northeast) -5.23  -4.64 -236 -0.55
West (ref: Northeast) 274 -0.42 0.06 0.04
Constant 26.66 69.84 84.04 92.53

DES, drug eluting stent; PDC, proportion of days covered

Boldfaced estimates indicated statistical significance (p-value < 0.05)
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Table 3.14. Unconditional quantile regression results for PDC (adherence), age>55

Q10 Q20 Q30 Q40

Clopidogrel, generic (ref: clopidogrel, brand) 0.30 1.03 0.77 0.29
Prasugrel (ref: clopidogrel, brand) 047 -3.31 -1.64 -0.39
Ticagrelor (ref: clopidogrel, brand) 0.39 -548 -3.84 -0.82
Age 0.13 0.45 0.21 0.06
Male -0.44 2.21 0.40 0.16
Charlson Comorbidity Index -037 -126 -039 -0.11
Fee-for-service (ref: managed care) 0.09 2.89 0.68 -0.01
Incident DES inpatient setting -0.29 0.16 0.17 0.17
Incident DES due to STEMI (ref: unstable angina) 2.01 3.86 0.98 0.26
Incident DES due to NSTEMI (ref: unstable angina) 0.93 3.04 0.77 0.23
Baseline outpatient visits -0.01 -0.14  -0.04 -0.01
Baseline inpatient visits -0.68 269 -126  -0.20
Baseline emergency room visits -0.56  -0.87 -0.59 -0.14
Baseline unique medications, >4 and <8 (ref: <4) 0.61 2.18 0.83 0.20
Baseline unique medications, >8 (ref: <4) 1.70 6.61 1.96 0.43
Anticoagulant indication -0.22 -1.25  -0.09 0.04
Hyperlipidemia 0.47 1.32 0.17 0.07
Valvular disease -094  -1.78  -0.57  -0.07
Hypertension -0.50 -249 -0.76 -0.10
Chronic pulmonary disease -0.33 -0.77  -0.73 -0.18
Diabetes without complications -098 -3.44 -155 -0.42
Diabetes with complications -0.60  -3.91 -1.31 -0.13
Hypothyroidism 0.22 0.62 0.17 0.06
Obesity 0.28 2.95 1.28 0.25
Fluid & electrolyte disorders -0.76  -4.08  -0.97 -0.19
Deficiency anemias -0.19 -2.09  -0.85 -0.21
Depression -1.00 -5.29 -2.15 -0.51
Renal disease 0.30 1.53 0.73 0.14
Peripheral artery or vascular disease -045 516 -1.89 -0.43
North Central (ref: Northeast) 0.06 0.12 -0.33 -0.09
South (ref: Northeast) -0.77 -5.85 -2.58 -0.55
West (ref: Northeast) 0.92 0.75 0.41 0.17
Constant 58.37 75.14 8220 93.23

DES, drug eluting stent; PDC, proportion of days covered
Boldfaced estimates indicated statistical significance (p-value < 0.05)
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Table 3.15. Logistic regression for adherence (PDC>80%), age<55

Odds Average marginal 95% CI for
Variables ratio 95% CI effect (dy/dx) marginal effects
Clopidogrel, generic (ref: clopidogrel, brand) 0.92 (0.77, 1.11) -0.99 (-3.27,1.29)
Prasugrel (ref: clopidogrel, brand) 0.82 (0.71,0.94) -2.67 (-4.49, -0.85)
Ticagrelor (ref: clopidogrel, brand) 0.76 (0.62,0.94) -3.63 (-6.42,-0.84)
Age 1.02 (1.02, 1.03) 0.32 (0.21, 0.44)
Male 1.14 (1.02, 1.28) 1.77 (0.25,3.28)
Charlson Comorbidity Index 0.95 (0.92,0.98) -0.71 (-1.18, -0.24)
Fee-for-service (ref: managed care) 1.13 (0.99, 1.28) 1.62 (-0.08, 3.32)
Incident DES inpatient setting 1.07 (0.94,1.20) 0.85 (-0.78, 2.48)
Incident DES due to STEMI (ref: unstable angina) 1.18 (1.03, 1.34) 2.16 (0.45, 3.87)
Incident DES due to NSTEMI (ref: unstable angina) 1.10 (0.96, 1.26) 1.23 (-0.60, 3.06)
Baseline outpatient visits 1.00 (0.99, 1.00) -0.06 (-0.11, 0.00)
Baseline inpatient visits 0.80 (0.67,0.97) -2.93 (-5.42,-0.44)
Baseline emergency room visits 0.95 (0.87,1.04) -0.68 (-1.93,0.56)
Baseline unique medications, >4 and <8 (ref: <4) 1.07 (0.95,1.20) 0.87 (-0.73,2.47)
Baseline unique medications, >8 (ref: <4) 1.15 (1.00, 1.32) 1.84 (-0.01, 3.69)
Anticoagulant indication 1.08 (0.86, 1.35) 1.01 (-1.99, 4.02)
Hyperlipidemia 1.03 (0.93, 1.14) 0.35 (-1.03, 1.74)
Valvular disease 0.76 (0.62,0.93) -3.66 (-6.28,-1.03)
Hypertension 0.82 (0.74,0.91) -2.70 (-4.07,-1.32)
Chronic pulmonary disease 0.94 (0.80, 1.09) -0.89 (-2.97,1.18)
Diabetes without complications 0.81 (0.71,0.92) -2.87 (-4.57,-1.17)
Diabetes with complications 0.91 (0.74,1.12) -1.21 (-3.94,1.53)
Hypothyroidism 1.00 (0.85,1.19) 0.04 (-2.18,2.27)
Obesity 1.11 (0.98, 1.26) 1.45 (-0.21,3.11)
Fluid & electrolyte disorders 0.91 (0.77, 1.07) -1.33 (-3.54, 0.88)
Deficiency anemias 1.07 (0.88,1.30) 0.91 (-1.66,3.47)
Depression 0.82 (0.70,0.97) -2.63 (-4.83,-0.43)
Renal disease 1.09 (0.84,1.41) 1.09 (-2.40, 4.58)
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Peripheral artery or vascular disease
North Central (ref: Northeast)
South (ref: Northeast)

West (ref: Northeast)

0.91
1.01
0.76
0.94
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(0.74,1.11)
(0.87, 1.18)
(0.67,0.88)
(0.79, 1.11)

-1.33

0.12
-3.61
-0.84

(-4.08, 1.41)
(-1.77, 2.00)
(-5.38, -1.84)
(-2.98, 1.30)



Table 3.16. Conditional quantile regression results for PDC (adherence), age<55

Q10 Q20 Q30 Q40
Clopidogrel, generic (ref: clopidogrel, brand) -0.95 -2.10 -2.25 -0.72
Prasugrel (ref: clopidogrel, brand) -2.44 -4.67 -4.78 -1.85
Ticagrelor (ref: clopidogrel, brand) -3.16 -5.91 -5.33 -2.57
Age 0.40 0.38 0.21 0.08
Male 4.89 1.36 0.55 0.00
Charlson Comorbidity Index -1.71 -0.86 -0.27 -0.13
Fee-for-service (ref: managed care) 2.08 2.24 1.57 0.18
Incident DES inpatient setting 1.15 1.36 1.16 0.52
Incident DES due to STEMI (ref: unstable angina) 4.45 2.59 1.28 0.32
Incident DES due to NSTEMI (ref: unstable angina) 4.67 2.15 0.10 0.17
Baseline outpatient visits -0.14 -0.17 -0.09 -0.04
Baseline inpatient visits 0.23 -3.23 -3.38 -4.19
Baseline emergency room visits -2.15 -1.69 -0.89 -0.49
Baseline unique medications, >4 and <8 (ref: <4) 2.91 1.44 0.69 0.21
Baseline unique medications, >8 (ref: <4) 4.61 1.81 0.52 0.26
Anticoagulant indication 3.24 -0.86 0.82 0.31
Hyperlipidemia 2.35 0.17 0.46 0.30
Valvular disease -6.98 -5.27 -3.81 -1.12
Hypertension -6.22 -2.27 -1.22 -0.43
Chronic pulmonary disease -4.36 -2.24 -0.86 -0.29
Diabetes without complications -2.62 -3.70 -4.09 -1.72
Diabetes with complications -1.24 -2.63 -0.83 -1.82
Hypothyroidism 2.04 0.61 -0.42 -0.24
Obesity 2.04 1.69 0.35 -0.08
Fluid & electrolyte disorders -4.37 -0.92 -0.65 -0.36
Deficiency anemias 1.86 0.31 0.07 -0.11
Depression -5.65 -4.70 -2.67 -1.57
Renal disease 1.92 0.35 -0.31 -1.01
Peripheral artery or vascular disease -9.30 -0.47 -1.98 -1.50
North Central (ref: Northeast) 0.36 -0.81 -0.50 -0.12
South (ref: Northeast) -5.32 -5.26 -4.06 -1.54
West (ref: Northeast) -2.09 -1.87 -1.14 -0.26
Constant 37.64 61.41 79.82 91.87

DES, drug eluting stent; PDC, proportion of days covered

Boldfaced estimates indicated statistical significance (p-value < 0.05)
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Table 3.17. Unconditional quantile regression results for PDC (adherence), age<55

Q10 Q20 Q30 Q40

Clopidogrel, generic (ref: clopidogrel, brand) -0.89 -0.71 -1.19 -0.28
Prasugrel (ref: clopidogrel, brand) -090 -1.57 -551 -1.32
Ticagrelor (ref: clopidogrel, brand) -0.75 -193 -6.85 -1.86
Age 0.14 0.17 033 0.06
Male .13 090 1.52 0.17
Charlson Comorbidity Index -0.55 -0.38 -0.67 -0.11
Fee-for-service (ref: managed care) 027 078 3.16 0.26
Incident DES inpatient setting 0.07 044 0.76 0.27
Incident DES due to STEMI (ref: unstable angina) 1.70  1.12  2.66 0.50
Incident DES due to NSTEMI (ref: unstable angina) 0.83 0.67 1.70 0.17
Baseline outpatient visits -0.05 -0.04 -0.07 -0.02
Baseline inpatient visits -1.53 234 -323 -048
Baseline emergency room visits -0.76  -0.43 -0.84 -0.06
Baseline unique medications, >4 and <8 (ref: <4) 1.00 045 030 0.24
Baseline unique medications, >8 (ref: <4) 198 097 047 0.14
Anticoagulant indication 0.51 0.44 -0.03 0.13
Hyperlipidemia 0.52 0.14 083 0.15
Valvular disease -2.83 -2.26 -3.18 -0.46
Hypertension -1.47 -1.33 -2.28 -0.61
Chronic pulmonary disease -1.58 -0.40 -1.59 -0.16
Diabetes without complications -1.10 -1.48 -4.77 -0.94
Diabetes with complications 0.34 -0.80 -1.77 -0.22
Hypothyroidism 0.82 0.01 -0.07 -0.20
Obesity 075 0.80 046 0.09
Fluid & electrolyte disorders -2.56 -0.75 -1.60 -0.22
Deficiency anemias 1.15 052 -0.07 0.21
Depression -1.78 -1.46 -3.65 -0.69
Renal disease 035 058 021 -0.02
Peripheral artery or vascular disease -2.09 -0.74 -3.13 -0.74
North Central (ref: Northeast) -044 0.11 -0.74 -0.06
South (ref: Northeast) -2.01 -1.76 -6.25 -1.13
West (ref: Northeast) -1.22 -0.39 -1.33 -0.21
Constant 57.86 73.17 84.37 93.21

DES, drug eluting stent; PDC, proportion of days covered
Boldfaced estimates indicated statistical significance (p-value < 0.05)
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Figure 3.1. Unconditional distribution of proportion of days covered
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Appendix

Appendix A.1.1. Formal models behind local instrumental variable (LIV) methods,
marginal treatment effects, and person-centered treatment (PeT) effects

Assume the following model of potential outcomes:
Yi=DiY1i+ (1-Di)Yoi (D)

where Di=0 represents untreated (i.e. clopidogrel), Di=1 represents treated (i.e. newer P2Y 12
inhibitor), Yoi represents the outcome (i.e. MACE or major bleed) in the untreated state and Y 1;
represents the outcome in the treated state.

This can then be expressed as
Yii = ni(Xoi, Xui, vi) for j=0,1 ()

where Xo; represents a vector of observed characteristics, Xu; represents a vector of unobserved
characteristics correlated with treatment decision, and v represents all unobserved random
variables.!

As in Heckman and Vytlacil (1999)?, assume the following latent variable model where the
treatment assignment is generated by a latent variable D;*:

Di* = up(Xoi, Zi) - Upi ?3)

where X,; represents a vector of observed variables, Zi represents a vector of observed random
variables (i.e. instruments), Up; represents unobserved variables, and pip is an unknown function
If the patient perceives some benefit from treatment choice, they will choose treatment. In other
words, Di=1 if Di* > 0 and D=0 if D;*<0. Through this model, a marginal patient can be
identified as someone whose levels of observed and unobserved characteristics are balanced such
that they are indifferent to taking clopidogrel or newer P2Y 1, inhibitor. Then, by shifting the IV
level a tiny bit, for example from 0.50 to 0.51, a marginal treatment effect (MTE) can be
captured for this level of IV. This is because the change in IV is so small that the risk factors
(observed and unobserved) should be the same between these two levels such that the only
reason for changing the treatment choice is due to living in a particular MSA with a particular
treatment rate of newer P2Y 12 inhibitor. Thus, any change in average outcomes can be attributed
to the marginal patients who made different treatment choices because the level of IV changed.
However, these are still hypothetical individuals that cannot be identified by the analyst.

With more than 300 MSAs and 14 six-month study periods, the IV in this study can take on over
4200 distinct values, resulting in a continuous IV measure. By using a continuous IV, different
levels of the instrument can be used to obtain MTEs over the entire distribution of the IV. PeT
effects extend the LIV methods to characterize patients based on their observed and unobserved
characteristics. !

PeT(x, 2| D=1) = 5s [ MTE (x0,v) dv )
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1 1
PGT(XO, z | D=0) = T(XO,Z)IP(XO,Z) MTE (XO, 'U) dv (5)

where X, represents the observed variables and v represents all unobserved random variables.
The PeT effect for those who take newer P2Y 12 inhibitor is the treatment on the treated (TT)
conditional on xo and z, while for those taking clopidogrel, the PeT effect is the treatment on the
untreated (TUT) conditional on xo0 and z. PeT effects explain more individual-level variability
because they incorporate information about the treatment choice (D) and the circumstance in
which it was made (Z).!

For further clarification and explanation, an excellent summary is provided in a recent paper’s
supplementary material using the same methods.?
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