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Safety and Effectiveness of Extended Treatment with Oral Anticoagulants

Among Patients with Unprovoked Venous Thromboembolism

Abstract

Background: According to the American College of Chest Physicians 2016 guidelines,
the minimum recommended duration of oral anticoagulant therapy for all patients with venous
thromboembolism (VTE) is three months. However, clinical equipoise regarding extending
treatment exists in patients with unprovoked VTE, where the decision to extend anticoagulant
treatment depends on individual patient risk of recurrence and bleeding. The objective of the
dissertation was to utilize the target trial framework to evaluate the effectiveness and safety of
extending treatment with rivaroxaban, the first directly acting oral anticoagulant (DOAC) to be
approved by the Food and Drug Administration for secondary prevention of VTE recurrence,
among patients with unprovoked VTE.

Methods: We used 2011 to 2017 Medicare fee-for-service insurance claims database to
emulate the target trials described. In the first two chapters of the dissertation, insurance claims
data was used to emulate a rivaroxaban discontinuation trial among patients age 66 and older, with
acute unprovoked VTE who completed an initial three-month course of rivaroxaban therapy. The
intervention was extending versus discontinuing treatment with rivaroxaban within 14 days grace
period since time zero and adhering to their treatment strategy unless clinically indicated. We
estimated both the observational analogue of intention-to-treat effect (Chapter 2) and the per-
protocol effect or effect of sustained treatment strategies (Chapter 3). In Chapter 4, we emulated a
target trial with different durations of treatment extension with rivaroxaban among patients age 66

years and older, with unprovoked VTE who completed an initial three-month course of
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rivaroxaban therapy. The intervention was initiating one of five different rivaroxaban treatment
extensions (0-, 3-, 6- 9- and 12-months) and we estimated the observational analogue of per-
protocol effect. The outcomes of interest for all chapters were VTE recurrence, major bleeding
requiring hospitalization and all-cause mortality. For all three chapters, we used a three-step
process of cloning, censoring and using inverse probability weighting to account for the 14-day
grace period given to patients for initiating their treatment strategies from time zero, baseline
confounding and potential selection bias due to artificial censoring.

Results: There were 5114 eligible patients in each of the target trial emulations. The
observational analogue of the intention to treat hazard ratio (HR) for VTE recurrence comparing
continuing versus discontinuing rivaroxaban treatment was 0.51 (95% confidence interval (CI),
0.34 to 0.79), while the per-protocol effect was 0.39 (95% CI, 0.24 to 0.64). In Chapter 4, we
observed that HR comparing strategy of 3-months extended therapy to strategy of 0-month
extended therapy was 0.34 (95% CI 0.16, 0.73) and comparing strategy of 12 months extended
therapy to 0-month extended therapy was 0.28 (95% CI 0.14, 0.56). We did not observe a
corresponding increase in the risk of major bleeding with extended rivaroxaban in any of the three
chapters.

Conclusions: We concluded that extended treatment with rivaroxaban for at least a year
after an initial three-month treatment episode was better than short treatment durations in patients
with unprovoked VTE. We also demonstrated that we could leverage real-world healthcare
databases, such as insurance claims, to help answer research questions for which trials may not be

available or feasible such as comparing different treatment durations.
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Chapter 1. Introduction

Venous thromboembolism (VTE), which includes deep vein thrombosis (DVT) and pulmonary
embolism (PE), is a condition that affects approximately 1 to 2 per 1000 people annually in the
United States.! Risk factors for VTE include age, certain coagulopathies and clinical events or
comorbidities, such as recent major surgery or trauma, prolonged immobilization and cancer.>™
Treatment of VTE usually includes anticoagulation with agents such as warfarin or newer direct-
acting oral anticoagulants (DOACs; rivaroxaban, dabigatran, apixaban or edoxaban) for
prevention of recurrence, with DOACs demonstrating better efficacy and safety compared to

warfarin.’

According to the American College of Chest Physicians 2016 guidelines, the minimum
recommended duration of oral anticoagulant therapy for all patients with VTE is three months.
The decision to extend treatment depends on whether the initial VTE episode was provoked by
clinical risk factors as major surgery or trauma leading to prolonged immobilization, bleeding risk
of the patient and presence of cancer.® Clinical equipoise regarding extending treatment exists in
patients with unprovoked VTE, where the decision to extend anticoagulant treatment depends on

individual patient risk of recurrence and bleeding.%’

The objective of the dissertation was to utilize the target trial framework to evaluate the
effectiveness and safety of extending treatment with rivaroxaban, the first DOAC to be approved
by the Food and Drug Administration for secondary prevention of VTE recurrence, among
patients with unprovoked VTE. While randomized controlled trials (RCTs) are the gold standard
for establishing evidence for drug efficacy, limitations such as the expense, long duration, and
sample size make observational studies an attractive alternative.® When RCTs are theoretically

possible but unethical or otherwise infeasible, the target trial framework helps to ensure that



observational study conducted in its place emulates the hypothetical trial as closely as possible to

facilitate causal inference.

Explicitly specifying a target trial helps in the understanding of where the observational study
deviates from a hypothetical trial (designed to answer the same question) in both the design choices
as well as the analytic plan.” This approach has been applied in answering research questions
regarding timing of antiretroviral initiation, screening for colon cancer and breast cancer, effect of

statins on cancer survival, etc.'%13

In Chapters 2 and 3 of the dissertation, we emulated a rivaroxaban discontinuation trial among
patients with unprovoked VTE who completed an initial three-month course of rivaroxaban
therapy using Medicare fee-for-service insurance claims database from 2011 to 2017. The two

papers differ in the estimated causal contrast of interest — i.e., the intention-to-treat effect in the
first paper and the per-protocol effect in the second. Many published observational studies apply

the intention-to-treat principle where patients are analyzed according to the treatment they ‘decide
to take,” with adjustment for baseline confounding (roughly corresponding to the treatment they
were ‘assigned to take’ in RCTs).!* This estimand in the observational study depends on the
intention of the healthcare provider at baseline (assuming pharmacy dispensing equals actually
taking the drug), a fixed moment in time, and not on how well patients comply with the decision
—i.e. the degree of adherence to the assigned treatments over the follow-up period.!>!¢ In practice,
the question of interest for clinical decision makers is often, “What is the effect of the treatment
regimen if all patients follow it as recommended by healthcare providers or as specified in a
protocol?’ or ‘the effect of sustained treatment strategies.” This refers to the per-protocol effect,

which compares what would have been observed if patients had adhered to their respective



treatment regimens as dictated in a protocol.!”!® The two effects complement each other and

together inform the clinical decision makers and regulators.

In the third paper, we emulated a target trial with different durations of treatment extension with
rivaroxaban among patients with unprovoked VTE who completed an initial three-month course
of rivaroxaban therapy using Medicare fee-for-service claims. In RCTs comparing different
treatment durations, the assignment of treatment strategies is unambiguous at baseline. In
observational studies, we can only observe the duration of treatment that a patient actually
achieves, rather than the prescribed duration, which makes observational studies susceptible to
immortal time and survival biases. !°>! To address this, we used a recently proposed method that
allows comparison of different treatment durations using a three-step process of cloning, censoring

and weighting.?



Chapter 2. Comparative effectiveness and safety of extended treatment with rivaroxaban in

unprovoked venous thromboembolism

2.1 ABSTRACT

Objective: There is insufficient evidence regarding the efficacy and safety of extended treatment
with oral anticoagulants beyond three months among patients with unprovoked venous
thromboembolism (VTE). The objective of the study was to evaluate the safety and effectiveness
of extending versus discontinuing treatment with rivaroxaban, a directly acting oral anticoagulant,
after a period of initial treatment among adults with unprovoked VTE.

Design and setting: Emulation of a target trial of rivaroxaban discontinuation using fee-for-
service Medicare claims data from 2011 to 2017.

Participants: Patients aged 66 years and older with acute unprovoked VTE who were
continuously treated with rivaroxaban for a minimum of 90 days were eligible. We included
patients with clinical equipoise for continuing versus stopping treatment at the end of their initial
rivaroxaban treatment.

Intervention: Extending versus discontinuing treatment with rivaroxaban after three months of
initial treatment.

Outcomes: Recurrence of VTE, major bleeding leading to hospitalization (two definitions) and
all-cause mortality.

Results: The mean age of the 5114 eligible patients was 75.7 (standard deviation, 7.3) years and
60% were female; 112 developed VTE recurrence, 53 and 94 patients developed major bleeding
based on definitions 1 and 2, respectively, and 215 patients died due to any cause over the one-

year follow-up period. The adjusted hazard ratio (HR) for VTE recurrence comparing continuing



versus discontinuing rivaroxaban treatment was 0.51 (95% confidence interval, 0.34 to 0.79). HRs
were 0.77 (0.38 to 1.50) and 1.07 (0.58 to 1.96) for the two major bleeding outcomes and 1.05
(0.72 to 1.52) for all-cause mortality. The adjusted one-year risk difference for VTE recurrence
was -1.83% (-2.47% to -1.19%).

Conclusion: Patients with unprovoked VTE and treated with rivaroxaban had a lower recurrence
of VTE and no higher risk of bleeding if they continued versus discontinued treatment beyond

three months.

2.2 INTRODUCTION

Venous thromboembolism (VTE), which includes deep vein thrombosis (DVT) and pulmonary
embolism (PE), affects approximately 1 to 2 per 1000 people in the United States annually.! The

one-year risk of VTE recurrence ranges from 7% to 13%*>*

and the 10-year recurrence is
estimated to be approximately 30%.”> Warfarin, a vitamin K antagonist, and the direct oral
anticoagulants (DOAC:sS; rivaroxaban, dabigatran, apixaban and edoxaban) are the mainstay of
treatment but require careful balancing of benefits of preventing VTE recurrence with risks of
bleeding.>>* Properly weighing benefits and risks involves optimizing the duration of
anticoagulation. The minimum duration recommended by the American College of Chest
Physicians® in 2016 is three months with the decision to extend treatment conditional on whether

the initial VTE episode was provoked by risk factors (such as prolonged immobility, active cancer)

and individual patients’ risk-benefit profiles.”?®

Randomized trials that compare extended treatment with anticoagulants to placebo, such as
EINSTEIN-Extension,?’*® EINSTEIN CHOICE? and AMPLIFY — EXT,*® have demonstrated a

reduction in the risk of VTE recurrence without a corresponding increase in bleeding risk. The



majority (75 - 90%) of the patients in these trials had an initial unprovoked VTE event. However,

' concluded that, in individuals with unprovoked VTE, there was

a 2017 Cochrane review’
insufficient evidence concerning the efficacy and safety of extending treatment beyond three

months and called for high quality large scale randomized trials to answer this research question.

Currently, no trials answering this research question are underway.

Thus, we used healthcare insurance claims data to emulate a pragmatic randomized trial—a target
trial—comparing the effectiveness and safety of extending versus discontinuing treatment with

rivaroxaban after a three-month period of initial treatment among adults with unprovoked VTE.

2.3 METHODS

193233 and used Medicare fee-for-service data from

We first specified a protocol for the target tria
2011 to 2017 to emulate it. An outline of the protocol of the target trial and its emulation is

provided in Table 2.1. Below we describe the observational data source and the details of the

emulation.



Table 2.1. Specification and emulation of target trial using U.S. Medicare claims, 2011-17.

Protocol Specification of target trial Emulation of target trial
Eligibility Patients aged 66 years and older, hospitalized and Same
criteria discharged with their first episode of acute unprovoked

VTE who started rivaroxaban treatment within 30 days
of discharge from index VTE hospitalization.

As information would be collected from Medicare fee-
for-service claims, those with continuous enrollment in
Medicare (parts A, B and D) for a minimum of 1 year
are eligible.

No anticoagulant prescription within the last year
Continuously treated for minimum duration of 90 days.
Continuous treatment is defined as having a gap of 14
or fewer days between subsequent prescriptions and not
starting any other anticoagulant.

Exclude those with:
e any contraindications for rivaroxaban (Stage IV or
worse CKD)

e indication for indefinite anticoagulation (atrial
fibrillation or cancer)

e switching to a different anticoagulant before day of
randomization

e lack of clinical equipoise on day of
randomization (identified using presence of any
VTE procedure code indicating high suspicion of
VTE recurrence)

e Developed outcome of interest between index
VTE discharge and randomization (death,
DVT/PE recurrence or bleeding event).

e We defined first episode of acute unprovoked VTE
(index event) using inpatient diagnostic code for
acute VTE in the primary position without any
inpatient VTE encounter in the 365 days before index
event.

e We classified the index VTE event as unprovoked by
excluding patients with transient or persistent risk
factors.




Table 2.1 (Continued)

Protocol Specification of target trial Emulation of target trial
Treatment 1. Continue or extend treatment with rivaroxaban and Same
Strategies remain on it during the follow up unless clinically
indicated to discontinue or switch to another
anticoagulant
2. Discontinue rivaroxaban, refrain from using
anticoagulant again during follow up unless
clinically indicated to restart.
After randomization, a 14-day grace period is given to all
patients to either continue or discontinue.
Treatment Patients are randomly assigned at their next healthcare visit ~ Patients included in the study were classified according to
assignment  after day 90 to one of two treatment strategies. This is an  the strategy that their data was compatible with at time

open label trial.

zero. We used information from pharmacy claims data i.e.
presence of a new rivaroxaban fill, to identify the
treatment strategy initiated by each patient over the grace
period.

We attempted to emulate randomization by adjusting for
the following baseline confounders: demographics (age,
sex, race), characteristics of index VTE event, comorbid
conditions (smoking, obesity, ambulatory visits for VTE
and atrial fibrillation, hypertension, type 2 diabetes
mellitus, hyperlipidemia, anemia, ischemic heart disease,
congestive heart failure, ischemic stroke or transient
ischemic attack, coagulation defects, other comorbidities
such as abnormal liver function, acute kidney disease,
peptic ulcer disease), prescription medications including
lipid lowering drugs, antiplatelets, antihypertensives,
healthcare utilization variables, certain diagnostic tests



Table 2.1 (Continued)

Protocol Specification of target trial Emulation of target trial
(renal function and coagulation tests), influenza vaccine
and frailty indicators (Table 2).
Outcomes Recurrence of DVT or PE, major bleeding leading to Same
hospitalization and all-cause mortality
Follow-up Patients are followed over time till development of the Same
outcome, death, loss to follow up or administrative
censoring at 1 year since randomization.
Causal Intention-to-treat effect Observational analogue of intention-to-treat effect
contrasts
Statistical Intention to treat analysis Same,
analysis except the intention-to-treat analysis was conducted in an

Subgroup analysis by baseline age, sex, type of index VTE,
history of smoking and history of bleeding

expanded dataset with 2 copies of eligible patients (one
assigned to each strategy), and we adjusted for baseline
and post-baseline covariates (assessed over 14-day grace
period) using inverse probability weighting.

DVT — deep vein thrombosis; PE - pulmonary embolism; VTE — venous thromboembolism; CKD — chronic kidney disease; CrCI — Creatinine clearance



Observational data source

The Medicare program, managed by the Centers for Medicare & Medicaid Services (CMS)
provides medical and prescription drug coverage to individuals aged 65 years and older,
individuals with certain disabilities, and those with end-stage renal disease,** and has been used
extensively in studies of medication safety and effectiveness.>>* It includes comprehensive
longitudinal information on enrollment and patient demographic characteristics, details of
diagnosis and procedures billed during visits, indicators of laboratory tests ordered, as well as
claims for filled prescription medications. However, we do not have data on results of the
laboratory tests or whether patients take the filled prescription medications. The codes used include
International Classification of Diseases (ICD-9 and ICD-10) codes for diagnoses and procedures,
Healthcare Common Procedure Coding System (HCPCS) and Current Procedural Terminology

(CPT) for procedures, and National Drug Code for prescription fills.

Eligibility criteria

The eligibility criteria were the same as in the target trial: Patients aged 66 years or older, with an
inpatient diagnostic code for acute DVT or PE in the primary position (Supplementary Table
2.1A),%7 who were continuously enrolled in Medicare (parts A, B and D) without any primary
inpatient VTE encounter or anticoagulant prescription fill during the 365 days before the index
VTE discharge were eligible for inclusion in the observational study. We excluded patients for
whom the index VTE event could have been provoked by transient risk factors (defined as any
inpatient code for major trauma or fracture, major surgery or inpatient hospitalization for > 3 days
in the 90 days before index VTE admission)*®>° or persistent risk factors, such as active cancer
(defined as having cancer diagnosis code on two distinct dates in the 365 days before index VTE

discharge).

10



Those who filled a prescription for rivaroxaban as their initial anticoagulant within 30 days of
index VTE discharge (index dispensing date) and were continuously treated for a minimum of 90
days were included. Continuous treatment was defined as having a gap of 14 or fewer days between
subsequent prescription fills and not having any other anticoagulant dispensed during this time.
We included patients for whom the end of days supply of their last rivaroxaban fill before day 83
from the index dispensing date fell between days 84 and 120. This provided a time window during
which we could assume that the presence of a subsequent fill would reflect a decision made to

extend or discontinue treatment around day 90 as specified in the target trial.

As only patients with clinical equipoise regarding extending treatment with rivaroxaban are
eligible for inclusion at the time of randomization in the target trial, we identified such patients at
time zero (equivalent to time of randomization in the observational study) by excluding those with
(1) contraindications for rivaroxaban (stage IV or worse chronic kidney disease or patients
undergoing dialysis),??** (2) indications for indefinite anticoagulation, such as atrial fibrillation or
cancer between 365 days before index VTE event and time zero; and (3) any procedure codes such
as compression ultrasonography, CT thorax, and lung ventilation/perfusion scan between index
VTE discharge and time zero. Patients with these procedure codes were considered as having high
suspicion of VTE recurrence and therefore lacking clinical equipoise. Additionally, those who
developed any outcome of interest between the index VTE discharge and time zero were excluded.

Figure 2.1A shows the design of the emulated observational study.

11



4!

Figure 2.1. Emulation of the target trial using the observational data, U.S. Medicare claims from 2011 to 2017

Index VTE
hospitalization Time zero
(time=z) (time =0)

Continuous Medicare part A, B and D coverage
Days [z-365, z-1]

No anticoagulant fill or inpatient VTE admission
Days [z-365, z-1]

Exclusion: Transient
provoked VTE®
Days [z-90, z-1]

Exclusion: Persistentprovoked VTE (cancer)®, Stage IV or
worse CKD, AF
Days [z-365, 2]

Initial adherenceto
rivaroxaban - Days [z, -1]

Exclusions: Stage [V or
worse CKD, AF, any
outcome of interest and
advanced diagnostic
procedures®
Days [z+1, -1]

Grace period
Days [0, 13]

Baseline covariate assessment period
Days [z-365, -1]

Follow-up window
Days [1, end of follow up?]

Time

2defined as inpatient code in any position for major trauma, major spinal or lower limb fracture, major surgery or being hospitalized for 3 days or more) in the 90 days before
index VTE admission

b defined as two or more claims for the same cancer diagnosis code on two distinct dates

¢includes compression ultrasonography of lower limb, CT thorax and ventilation/perfusion (V/Q) pulmonary angiography

4 Follow up ends - outcome of interest, death, lose pharmacy or medical benefits, or administrative censoring at the end of 360 days

VTE - venous thromboembolism; CKD — chronic kidney disease; AF — atrial fibrillation; CT — computed tomography



Treatment strategies

The treatment strategies were same as in the target trial: (1) Continue or extend treatment with
rivaroxaban and remain on it during the follow up unless clinically indicated otherwise; and (2)
discontinue rivaroxaban, refrain from using anticoagulation again during follow up unless

clinically indicated otherwise. Patients were given a 14-day grace period to initiate their strategies.

Treatment assignment

We classified patients into the treatment strategies that were compatible with their observed data
on filled prescriptions. We assumed that those assigned to the two treatment strategies were
exchangeable at baseline conditional on the following covariates: demographics (age, sex, race),
characteristics of index VTE event (type of VTE, duration of index hospitalization, time to initiate
first fill of rivaroxaban), comorbid conditions (smoking, obesity, ambulatory visits for VTE and
atrial fibrillation, hypertension, type 2 diabetes mellitus, hyperlipidemia, anemia, ischemic heart
disease, congestive heart failure, ischemic stroke or transient ischemic attack, coagulation defects,
other comorbidities such as abnormal liver function, acute kidney disease, peptic ulcer disease),
prescription medications (lipid lowering drugs, antiplatelets, antihypertensives, proton pump
inhibitors and H» blockers, hormone replacement therapy, antidepressants and NSAIDs),
healthcare utilization variables (including number of unique prescription medications, ambulatory
visits, inpatient and emergency visits), certain diagnostic tests (renal function and coagulation
tests), influenza vaccine, and frailty indicators (home oxygen use, wheelchair, walker and cane use
and commode chair use). These covariates were measured over the assessment period from 365

days before the index VTE event to the day before start of follow-up (see below).

13



Follow-up

Time zero, for an eligible individual was defined as the day after the end of day supply of the last
rivaroxaban fill before day 83 from index dispensing date. Patients were followed from time zero
until the outcome of interest, death, loss of pharmacy or medical benefits or administrative

censoring at the end of 360 days.

Outcomes

The three outcomes of interest were the same as the target trial: (A) recurrence of VTE, defined as
presence of a relevant ICD code in the primary position during an inpatient encounter;*’ (B) major
bleeding leading to hospitalization, (we used two definitions: (1) as defined by Cunningham et
al., 2011;* and (2) any gastrointestinal, intracranial, and other bleeding codes in the primary or
secondary position of an inpatient hospitalization); and (C) all-cause mortality, identified using the
Medicare Master Beneficiary Summary File in which 99% of the death days have been validated.*!
Supplementary Table 2.1 contains the codes used in defining the VTE recurrence and major

bleeding requiring hospitalization.

Causal contrast

We focused on an observational analog of the intention-to-treat effect in a trial in which all
participants adhere to their assigned treatment strategy during the grace period. Sometimes this
type of contrast is referred to as a modified intention-to-treat effect: the effect if all participants
started their assigned treatment strategy, regardless of whether they continue to adhere in the

future.

Statistical analysis
In the target trial, the hazard ratio (HR) could be estimated by fitting a Cox model or, because the

outcomes were rare at all times over follow-up, a pooled logistic regression model with an indicator
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for assigned strategy and flexible function of day of follow-up (linear and quadratic terms). One-
year absolute risks (cumulative incidences) under each strategy and risk difference are estimated
by fitting the pooled logistic models with product terms between the indicator for treatment
strategy and day of follow-up.*?

In the observational emulation, due to the grace period, the data for each patient is compatible with
both treatment strategies until an actual prescription fill occurs in the 14 days. For example, if a
patient filled a new prescription of rivaroxaban on the seventh day of the grace period, their data
were consistent with both treatment strategies during the first six days, and only strategy 1 from
the seventh day. To avoid immortal time bias, we created an expanded dataset with two copies of
every eligible patient, assigned a copy to each strategy, and censored them if/when they failed to

follow the given strategy by end of the grace period. *-*

The logistic model was inverse probability weighted to adjust for the potential selection bias
induced by artificially censoring copies during the grace period.*> The denominator of the
nonstabilized weights was estimated via a logistic model that included linear and quadratic terms
for day of grace period as well as baseline and post-baseline covariates, which were measured
every day of the grace period (¢ =0 to 13) and included number of inpatient and emergency visits,
ambulatory visits, distinct medications, and codes for frailty indicators or preventive services
during the 14 days before each day, #, in the grace period. See Supplementary Table 2.2 for details
of the models and assignment of inverse probability weights. Weights were truncated at the 99"
percentile to limit the influence of outliers; estimates based on untruncated weights were similar
(data not shown). We computed 95% confidence intervals (CI) for the hazard ratio by using a
robust variance estimator and for the risk differences by using a nonparametric bootstrap with 500

samples.
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We conducted subgroup analyses according to type of index VTE event (DVT or PE), age (<80
and >80 years), sex, and history of smoking to identify potential subgroups of patients for whom
the treatment strategies may be most beneficial or harmful. All analyses were conducted using

SAS software, version 9.4 (SAS Institute Inc.).

Sensitivity analyses

We assessed the robustness of our estimates to various study design and analytic decisions.
Specifically, we modified two selection criteria: we excluded patients with history of acquired and
congenital coagulation defects (as a persistent risk factor for provoked VTE); and we excluded
patients with more than one VTE diagnostic procedure code between date of index VTE discharge
and ¢t (instead of excluding those with any VTE procedure code). We also tested our assumptions
regarding defining initial continuous treatment and assignment of time zero by defining continuous
treatment with rivaroxaban as treatment gap of seven days or less and, separately, 21 days or less.
Finally, we included patients for whom the end of days supply of their last fill before day 83 fell

between 76 and 120 days from the index dispensing date.

2.4 RESULTS

Patient characteristics

Of 16380 patients with unprovoked VTE eligible at time of index VTE discharge, 5114 were
eligible for inclusion at time zero (Figure 2.2A). Of these, 4204 (82%) initiated strategy 1 of
extending rivaroxaban and 885 (17%) initiated strategy 2 of discontinuing rivaroxaban by the end
of the grace period; 25 patients initiated another anticoagulant. The demographic and clinical
characteristics of patients initiating the two treatment strategies were well balanced between the

two groups (Table 2.2). Those who extended rivaroxaban treatment by the end of the grace period

16



were more likely to be female and have pulmonary embolism as their index VTE event. Patients
discontinuing rivaroxaban were more likely to be smokers, have anemia, have history of acute
kidney disease, and have filled prescriptions for antiplatelets and hormone replacement therapy.
They also had more inpatient and emergency department visits between index VTE discharge and

time zero.
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Figure 2.2. Selection of patients for the emulation of a target trial of extended rivaroxaban
treatment in unprovoked venous thromboembolism, U.S. Medicare from 2011 to 2017

Patients aged = 66 years, with an inpatient primary
diagnosisfor DVT/IPE

+ prior 365 days enrollmentinthe database with no
DVTIPE hospitalization or any anticoagulantfill

+ initiated rivaroxaban within 20 days of index VTE
discharge date .

31817 patients Exclusions:
Provoked VTE - fransientRF (4913)
persistentRF (6913)
CKD stage 4, 5 or ESRD (3328)

Atrial Fibrillation (283)

L J

r
Eligible patients with unprovokedVTE at time of
index VTE discharge

16380 patients Exclusions:
Switchedto another anticoagulant(1153)

Treatmentgap between subsequentfills
marethan 14 days and end of day supply of
the lastfill before day 83 falling outside days
84 to 120 since index rx date (7657)

L 2

Eligible patients with continuous initial treatment

7570 patients Exciusions:

Developed outcome {131)
WTE recurrence and major bleeding

Lack of equipoise (2323)
CKD stage 4, 5 or ESRD
Afrial Fibrillation

Cancer

+ High suspicion VTE procedure code

Eligible patients attime zero

5114 patients*
Initiated strateqgy 1 by end Initiated strategy 2 by end
of grace period of grace period
4204 patients 885 patients

DVT — deep vein thrombosis; PE — pulmonary embolism; VTE — venous thromboembolism; RF - risk factor; CKD — chronic kidney
disease; ESRD — end stage renal disease
*25 patients initiated anticoagulant other than rivaroxaban
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Table 2.2. Demographic and clinical characteristics of 5114 eligible patients, U.S. Medicare
claims from 2011 to 2017

Characteristics All eligible Strategy 1 Strategy 2
individuals® (extend therapy) (discontinue therapy)
at time zero By end of grace period | By end of grace period

Total 5114 4204 885

Demographic characteristics

Age, mean years (SD) 75.7 (7.3) 75.6 (7.3) 76.0 (7.2)

Females 3082 (60.3) 2562 (60.9) 505 (57.1)

Race

White 4437 (86.8) 3647 (86.8) 767 (86.7)

Black 448 (8.8) 367 (8.7) 80 (9.0)

Others 229 (4.5) 190 (4.5) 38 (4.3)

Initial VTE episode

Type of VTE

DVT 1408 (27.5) 1127 (26.8) 613 (30.7)

PE 3706 (72.5) 3077 (73.2) 272 (69.3)

Duration of initial 4(3t05) 4(3t05) 43to))

hospitalization, days

(median and IQR)

Time to initiate 1(1to8) 1(1to8) 1 (1to8)

rivaroxaban, days

(median and IQR)

Comorbid conditions®

One or more

ambulatory visits for

VTE before index

VTE event® 575 (11.2) 474 (11.3) 99 (11.2)

One or more

ambulatory visits for

AF before index VTE

event® 341 (6.7) 276 (6.6) 62 (7.0)

Smoking status 1939 (37.9) 1555 (37) 374 (42.3)

Obesity 1255 (24.5) 1046 (24.9) 202 (22.8)
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Table 2.2 (Continued)

Characteristics All eligible Strategy 1 Strategy 2
individuals® (extend therapy) (discontinue therapy)
at time zero By end of grace period | By end of grace period

Hypertension 4210 (82.3) 3451 (82.1) 737 (83.3)

Diabetes mellitus, type

2 1571 (30.7) 1285 (30.6) 279 (31.5)

Hyperlipidemia 3918 (76.6) 3213 (76.4) 684 (77.3)

Anemia 1526 (29.8) 1237 (29.4) 281 (31.8)

Abnormal liver

function 526 (10.3) 421 (10.0) 99 (11.2)

Acute kidney disease 390 (7.6) 313 (7.5) 74 (8.4)

Peptic ulcer disease 2161 (42.3) 1774 (42.2) 375 (42.4)

Ischemic stroke or

transient ischemic

attack 745 (14.6) 604 (14.4) 136 (15.4)

Ischemic heart disease 1753 (34.3) 1426 (33.9) 321 (36.3)

Congestive heart

disease 559 (10.9) 456 (10.9) 101 (11.4)

Peripheral artery

disease 883 (17.3) 729 (17.3) 150 (16.9)

Coagulation defects 256 (5.0) 209 (5.0) 45 (5.1)

History of bleeding

events 553 (10.8) 452 (10.7) 97 (11.0)

Medication use®

Lipid lowering

medications 2796 (54.7) 2312 (55.0) 474 (53.6)

Antiplatelets 444 (8.7) 354 (8.4) 89 (10.1)

Beta blockers 2190 (42.8) 1800 (42.8) 377 (42.6)

ACEIs or ARBs 2699 (52.8) 2193 (52.2) 490 (55.4)

Proton pump inhibitors

or H2 blockers 1998 (39.1) 1632 (38.8) 354 (40.0)
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Table 2.2 (Continued)

Characteristics All eligible Strategy 1 Strategy 2
individuals® (extend therapy) (discontinue therapy)
at time zero By end of grace period | By end of grace period

Estrogen (alone or

with progestins) 159 (3.1) 121 (2.9) 38 (4.3)

NSAIDs 1600 (31.3) 1318 (31.4) 272 (30.7)

Healthcare utilization measures®

Flu vaccine 3443 (67.3) 2827 (67.2) 598 (67.6)

Use of wheelchair,

walking cane or home

hospital beds 586 (11.5) 491 (11.7) 93 (10.5)

Use of portable oxygen

tanks 655 (12.8) 534 (12.7) 119 (13.5)

365 days before index VTE admission to index VTE admission

Number of distinct 10 (6 to 14) 10 (6 to 14) 10 (6 to 14)

medications filled

Number of I(Itol) I(ltol) I (Ito1)

hospitalizations

Number of emergency 3(1to5) 3(1to5) 3(1to5)

visits

Number of ambulatory
visits

31 (20 to 46)

31 (20 to 46)

31 (20 to 46)

Between index VTE discharge and time zero

Number of distinct 7(41t09) 7(41t09) 6(4t09)
medications filled

> 1 hospitalization

encounter 273 (5.3) 190 (4.5) 79 (8.9)
> 1 emergency

department encounter 1009 (19.7) 803 (19.1) 198 (22.4)
Number of ambulatory 9(5to15) 9(5to15) 10 (5 to 15)
visits

VTE related covariates®

21




Table 2.2 (Continued)

Characteristics All eligible Strategy 1 Strategy 2
individuals® (extend therapy) (discontinue therapy)
at time zero By end of grace period | By end of grace period

> 1 ambulatory visit

with DVT codes 667 (13.2) 568 (13.5) 106 (12.0)

No. of ambulatory 1430 (28.0) 1141 (27.1) 282 (31.9)

visits with PE codes

-0 1625 (31.8) 1358 (32.3) 260 (29.4)
-1
- =22 2059 (40.3) 1705 (40.6) 343 (38.8)

> 1 ambulatory visit

with AF codes 456 (8.9) 374 (8.9) 77 (8.7)

> 1 serum

creatinine/renal

function tests ordered 284 (5.6) 326 (5.6) 46 (5.2)

>1PT, aPTT or INR

ordered 674 (13.2) 545 (13.0) 122 (13.8)

25 eligible patients at time zero initiated another anticoagulant by the end of grace period

b assessed between 365 days before index discharge date and day before time zero, unless mentioned otherwise

¢ assessed between day after index discharge date and day before time zero

SD — standard deviation; IQR — interquartile range

AF — atrial fibrillation; aPTT — activated partial thromboplastin time; ACEI — angiotensin converting enzyme inhibitors; ARBs —
angiotensin receptor blockers; DVT — deep vein thrombosis; PE — pulmonary embolism; VTE — venous thromboembolism; INR
— international normalized ratio;

All values are n(%), unless mentioned otherwise
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Observational analogue of intention-to-treat effect

Among the eligible patients, 112 developed VTE recurrence over the follow-up period (median
360 days; interquartile range [IQR] 267 to 360 days). The adjusted HR for VTE recurrence
comparing those who extended rivaroxaban treatment to those who discontinued was 0.51 (95%
ClI, 0.34 to 0.79). The adjusted one-year risk among those who extended rivaroxaban was 2.2%
and those who discontinued was 4.0%; the adjusted risk difference was -1.8% (95% CI, -2.5% to

-1.2%).

Overall, 53 and 94 patients developed major bleeding based on definitions 1 and 2, respectively
(definition 1 median follow-up 360 days; IQR 275 to 360 days; definition 2 median follow-up 360
days; IQR 273 to 360 days). The adjusted HR for major bleeding based on definition 1 was 0.77
(95% CI, 0.38 to 1.50) and for definition 2 was 1.07 (95% CI, 0.58 to 1.96). The adjusted one-year
risk difference of major bleeding was -0.3% (95% CI, -0.9% to 0.3%) and 0.11% (95% CI, -0.2%

to 0.4%), respectively.

A total of 215 patients died due to any cause over the follow up (median follow-up 360 days; IQR
288 to 360 days). The adjusted HR for all-cause mortality was 1.05 (95% CI, 0.72 to 1.52) and the
one-year risk difference was 0.3% (95% CI, -0.3% to 0.9%). Table 2.3 shows the estimated one-

year HRs and risk differences for all outcomes and Figure 2.3 shows the weighted survival curves.

23



Figure 2.3. Survival curves from the emulation of a target trial of extended rivaroxaban
treatment in unprovoked venous thromboembolism, U.S. Medicare claims
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Figure 2.3 (Continued)

C) Major bleeding — definition 2
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Table 2.3. Estimated hazard ratios and one-year risk differences from the emulation of a
target trial of extended rivaroxaban treatment in unprovoked venous thromboembolism,

U.S. Medicare claims from 2011 to 2017

Follow- 1-year 1-year risk, % 1-year risk
Number me(;Ya?lp, hazard difference*,
of events (IQR)l davs ratio* | Strategy | Strategy %
YS 1 (95% CI) 1 2 (95% CI)
VTE 360 (267 — | 0.51 (0.34, -1.8 (-2.5, -
recurrence 12 360) 0.79) 2.2 4.0 1.2)
Major
bleeding 360 (275~ | 0.77 (0.39,
iy 53 360) 1.50) 1.0 1.3 0.3 (-0.9, 0.3)
gzgﬁiggﬁ ; 94 360 273— | 1.07(0.58, | 2.1 20 | 0.1(-02,04)
360) 1.96)
All-cause 360 (288 — | 1.05(0.72,
mortality 215 360) 152) 4.8 4.5 0.3 (-0.3, 0.9)

IQR - interquartile range; CI — confidence interval; IR — incidence rate

*adjusted for baseline covariates (age, sex, race, characteristics of index VTE event - type of VTE, duration of index
hospitalization, time to initiate rivaroxaban, comorbid conditions - smoking, obesity, ambulatory visits for VTE and atrial
fibrillation, hypertension, type 2 diabetes mellitus, hyperlipidemia, anemia, ischemic heart disease, congestive heart failure,
ischemic stroke or transient ischemic attack, coagulation defects, abnormal liver function, acute kidney disease, peptic ulcer

disease, prescription medications - lipid lowering drugs, antiplatelets, antihypertensives, proton pump inhibitors and Hz blockers,
hormone replacement therapy, antidepressants and NSAIDs, healthcare utilization variables including number of unique
prescription medications, ambulatory visits, inpatient and emergency visits, renal function test and coagulation tests, flu vaccine
and frailty indicators - home oxygen use, wheelchair, walker and cane use and commode chair use) and post-baseline covariates
(number of inpatient and emergency visits, ambulatory visits, number of distinct medications and frailty indicators).
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Subgroup and sensitivity analyses

The HR for extending therapy was 0.35 (95% CI, 0.18 to 0.68) for VTE recurrence among those
aged 80 and older and 0.6 (95% CI, 0.4 to 1.1) for those aged less than 80 years. The HR for all-
cause mortality for those aged 80 years or older was 0.8 (95% CI, 0.5 to 1.3) and for those less
than 80 years was 1.5 (95% CI, 0.8 to 2.7). The estimates for VTE recurrence and all-cause
mortality were similar in other subgroups defined by sex, type of index VTE, and smoking status
(Supplementary Table 2.3). As the number of events for major bleeding, especially for definition
1, was low, we observed imprecise estimates across the predefined subgroups. The HR for major
bleeding definition 1 among males was 0.36 (95% CI, 0.13 to 0.94), though the total number of
events was 20. Estimates were also similar under several sensitivity analyses for potential

misclassification (Supplementary Table 2.4).

2.5 DISCUSSION

Our study aimed to assess the benefits and risks of extending treatment with rivaroxaban compared
to discontinuing it among patients with unprovoked VTE who completed an initial treatment
course. We noted that a majority (around 80%) of patients in our study further extended their
treatment after their initial treatment duration. Our findings suggest that extending treatment with
rivaroxaban, compared with discontinuing treatment, halves the risk of recurrent VTE over a one-

year period without an increase in the risk of major bleeding or all-cause mortality.

Our results are in line with those from the two rivaroxaban extension trials — EINSTEIN
Extension?’ and EINSTEIN CHOICE,* where participants were randomized to an additional six
to 12 months of rivaroxaban versus placebo (EINSTEIN extension) or aspirin (EINSTEIN

CHOICE). The trials showed a substantial benefit of continuing rivaroxaban on preventing VTE
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recurrence; HR 0.18 (95% CI, 0.09 to 0.39) in EINSTEIN extension and HR 0.34 (95% CI, 0.20
to 0.59) in EINSTEIN CHOICE. However, the patients in the trials were young relatively young
(average age of around 58 years) and were admitted with both provoked and unprovoked VTE.
Our findings suggest that the benefits of continuing rivaroxaban can be extended to older
individuals admitted with unprovoked VTE events. Similarly, an observational study with claims
data by Berger et al., 2017** in unprovoked VTE patients also demonstrated decreased risk in VTE
recurrence with continuers (1.45%) compared with discontinuers (2.60%) without a clinically

meaningful increase in risk of major bleeding.

Our point estimates for major bleeding differed based on the definition used. The Cunningham et
al., 2011 algorithm suggested a decreased risk with extended rivaroxaban therapy compared to
discontinuation while the estimate for the more sensitive definition 2 was closer to the null. The
95% CI were wide for both estimates. Overall, we observed few major bleeding events during
follow-up, which may be because our patients had already completed a minimum of three months
of therapy and such events tend to occur early after initiating anticoagulants. The two extension
trials showed null findings, but also had too few major bleeding events to draw robust conclusions.
We also observed that many patients who discontinued their therapy restarted it over the one-year
follow-up. The increased potential of bleeding events after restarting anticoagulants may have led
to increased number of bleeding events among those classified as discontinuing rivaroxaban,
which could partly explain some of our results. In such instances, it would be beneficial to estimate
a per-protocol effect, rather than an intention-to-treat effect. In the subgroup analyses, we found
that males had a decreased risk of major bleeding with extended treatment compared to

discontinuing it. While it is documented that males have a higher risk of VTE compared to females,
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the difference in major bleeding with anticoagulation between sexes is less investigated,®

especially when evaluating risk of extended treatment.

Certain inherent limitations of insurance claims databases could affect our results. First, the codes
used to determine eligibility may be imperfect. If so, our study may include some patients with
provoked VTE or who meet some of the exclusion criteria. Second, our classification of patients
into treatment strategies was based on prescription fill dates, rather than a measure of direct
consumption, which could lead to misclassification. Finally, like in all observational studies,
residual confounding due to unmeasured covariates is a possibility because we do not have
measures of VTE severity or the results of prognostic tests such as D-dimer, ultrasound or CT
scan, which would be important causes of the decision to extend treatment. However, we mitigated
such confounding bias by excluding patients who had a claim for compression ultrasound, CT scan
of chest, or lung perfusion scan during the first three months of rivaroxaban therapy, which may

indicate patients with worsening symptomes.

The strengths of our study lie in our careful implementation of the target trial framework to answer
arelevant clinical question while maintaining transparency regarding the study design and analytic
decisions made. We have tried to ensure that only patients with clinical equipoise for extending
rivaroxaban be included in our study by excluding patients with contraindications to rivaroxaban,
other indications for indefinite anticoagulation, and those with high risk of VTE recurrence.
Similarly, identifying the observational analogue of ‘day of randomization’ is also essential given
that we used pharmacy claims to identify the healthcare visit when a decision for continuing
treatment is made. To this end, we used a combination of continuous initial use and a recent
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prescription fill*® to reduce exposure misclassification and balance covariates between continuers

and discontinuers. We also have used validated definitions of our outcomes, wherever possible.
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2.6 CONCLUSION

An important consideration in therapies where the benefit-risk equation may change over treatment
course is identifying the optimal duration of therapy. Based on the results from the extension trials,
the previous observational studies, and our study, it seems that extended treatment with
rivaroxaban in patients with unprovoked VTE has a substantial benefit on reducing recurrence of

VTE, with little effect on bleeding risk.
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Chapter 3. Using claims data to estimate the effect of sustained treatment strategies: an
application to extended treatment with rivaroxaban in unprovoked venous

thromboembolism

3.1 ABSTRACT

Objective: The per-protocol effect can help decision makers understand the effect of following
sustained treatment strategies over time. In this paper, we explain the approach for estimating the
per-protocol effect of extending rivaroxaban treatment versus discontinuing treatment among
patients with venous thromboembolism using insurance claims database. We also compared the

per-protocol effect to the estimate from a naive as-treated analysis.

Design and setting: Emulation of a target trial of rivaroxaban discontinuation using 2011 to 2017

fee-for-service Medicare claims.

Participants: Patients aged > 66 years with acute unprovoked VTE who were continuously treated
with rivaroxaban for a minimum of 90 days were eligible. We excluded patients with lack of

clinical equipoise for extending rivaroxaban treatment at the end of their initial 90-day treatment.

Intervention: Dynamic treatment strategies of extending treatment with rivaroxaban (unless
clinically indicated to discontinue or switch anticoagulants) versus discontinuing treatment (unless

clinically indicated to restart anticoagulants).

Outcomes: Recurrence of VTE, major bleeding requiring hospitalization and all-cause mortality.

Results: The mean age of the 5114 eligible patients was 75.7 (standard deviation, 7.3) years and

60% were female. Over the one-year follow-up, 53 developed VTE recurrence, 39 and 71 patients
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developed major bleeding based on two separate definitions, and 165 patients died due to any
cause. The per-protocol effect comparing sustained strategies of extending versus discontinuing
rivaroxaban treatment for VTE recurrence was 0.39 (95% CI, 0.24 to 0.64) compared to the naive
as-treated analysis HR of 0.12 (95% CI1 0.06, 0.26). The per=protocol effect HRs were 0.90 (95%
CI 0.53 to 1.52) and 1.15 (95% CI 0.80 to 1.67) for the two major bleeding outcomes and 1.19
(0.95 to 1.47) for all-cause mortality. The adjusted one-year risk difference for VTE recurrence

was -1.47% (-2.14% to -0.80%).

Conclusion: Consistently following treatment regimen of extending rivaroxaban causes a
significant reduction in 1-year risk of VTE recurrence without a corresponding increase in bleeding
among patients with unprovoked VTE who have completed an initial 3-month therapy. Our
findings demonstrate that claims data can be used in specifying the protocol and treatment

strategies as well as estimating the per-protocol effect.

3.2 INTRODUCTION

Observational datasets are often used to compare the effectiveness and safety of medical
treatments. Conceptualizing these observational analyses as an attempt to emulate a (hypothetical)
pragmatic target trial allows us to unambiguously specify the treatment strategies of interest.” For
example, many observational analyses compare individuals who were and were not prescribed a
particular treatment at baseline (after adjustment for baseline confounders). This comparison is the

observational analog of an intention-to-treat analysis in the corresponding target trial.
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However, the magnitude of the intention-to-treat effect depends on the degree of adherence to the
assigned treatment strategies during the follow-up, which is potentially modifiable, and varies
across healthcare settings. A decision maker—patient, clinician, regulator, etc. — interested in the
effect of following the treatment strategies sustained over time as indicated in the protocol would
need to complement the estimation of the intention-to-treat effect with that of the per-protocol
effect in the target trial or its observational analog when using observational data to emulate it.
The per-protocol effect is generally defined by the contrast of strategies that are sustained over

time.

Estimating the per-protocol effect of sustained strategies requires both the use of appropriate
statistical methodology for adjustment for time-varying confounding and a precise definition of
the treatment strategies. Specifically, the strategies of interest are rarely static, such as ‘always
treat’. Rather, the strategies need to be dynamic and specity, for example, under which conditions
(say, the onset of toxicity or contraindications) treatment discontinuation is allowed. That is,
patients would still be following the protocol when they discontinue treatment to severe side

effects.!”

Here, we describe the emulation of a target trial with sustained strategies using observational data.
As an illustration, we estimate the observational analog of the per-protocol of extended treatment
with rivaroxaban, a directly acting oral anticoagulant (DOAC), among patients with unprovoked
venous thromboembolism (VTE). We have previously used the same example to illustrate the
emulation of a target trial without sustained treatment strategies and estimated the observational
analogue of an intention-to-treat effect. The focus of this paper is on the specification of the
treatment strategies using insurance claims data, the analytic plan for estimating the observational

analogue of the per-protocol effect (with adjustment for time-varying confounders) and comparing
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the per-protocol effect to the naive ‘as-treated’ or ‘on-treatment’ analysis reported in many

pharmacoepidemiologic studies.

3.2 METHODS

The database

We used the same database as in Chapter 2 i.e., Medicare fee-for-service insurance claims data

from 2011 to 2017.

Specification of the Target Trial

Treatment for VTE usually includes oral anticoagulants, either warfarin or DOACs (rivaroxaban,
dabigatran, apixaban or edoxaban) for prevention of recurrence. According to the 2016 American
College of Chest Physicians guidelines, patients with unprovoked VTE, i.e. the event not provoked
by either transient risk factors such as prolonged immobilization, or persistent risk factors such as
active cancer,?’ are recommended oral anticoagulants for a minimum duration of 3 months.® There
have been RCTs conducted that demonstrate substantial benefits in reduction of VTE recurrence
with extended anticoagulant therapy compared to discontinuing it after being treated for an initial
period.?’?%3% However, no randomized trials have studied the benefit-risk of extending the
treatment specifically among those patients with unprovoked VTE. Therefore, we designed a target
trial of extended treatment with rivaroxaban, the first DOAC approved for secondary prevention
of VTE, compared to discontinuing it among patients with unprovoked VTE who have completed

an initial treatment of 3 months. The outline of the target trial protocol is shown in Table 3.1.
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Table 3.1. Specification of the pragmatic target trial with sustained treatment strategies and its emulation using US Medicare

data from 2011 to 2017

Protocol Specification of target trial Specification of observational study
Eligibility - Patients aged 66 years and older, hospitalized and Same
criteria discharged with their first episode of acute unprovoked

VTE who started rivaroxaban treatment within 30 days
of discharge from index VTE hospitalization
As information would be collected from Medicare fee-
for-service claims, those with continuous enrollment in
Medicare (parts A, B and D) for a minimum of 1 year
are eligible
No anticoagulant prescription within the last year
Continuously treated for minimum duration of 90 days.
Continuous treatment is defined as having a gap of 14
or fewer days between subsequent prescriptions and not
starting any other anticoagulant.
Exclude those with:
o any contraindications for rivaroxaban (Stage IV or
worse CKD)
o indication for indefinite anticoagulation (atrial
fibrillation or cancer)
o switching to a different anticoagulant before day of
randomization
o lack of clinical equipoise on day of randomization
(identified using presence of any VTE procedure
code indicating high suspicion of VTE recurrence)
o Developed outcome of interest between index VTE
discharge and randomization (death, DVT/PE
recurrence, or bleeding event).

e We defined first episode of acute unprovoked VTE
using inpatient diagnostic code for VTE in the
primary position, unprovoked by transient or
persistent risk factors and without any inpatient
VTE encounter in the 365 days before index VTE
event
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Table 3.1 (Continued)

Protocol

Specification of target trial

Specification of observational study

Treatment
strategies

3. Extend or continue treatment with rivaroxaban and
remain on it during the follow up unless clinically
indicated to discontinue or switch to another
anticoagulant

4. Discontinue rivaroxaban, refrain from using
anticoagulant again during follow up unless
clinically indicated to restart.

After randomization, a 14-day grace period is given to all
patients to either continue or discontinue.

When clinically warranted during the follow-up, patients
and their physicians decide whether to discontinue, switch
or restart anticoagulant therapy.

Same

Treatment
assignment

Patients are randomly assigned at their next healthcare visit
after day 90 to one of two treatment strategies. This is an
open label trial.

Time zero (equivalent to time of randomization) was
defined as the day after end of day supply of the last
rivaroxaban fill before day 83 from first rivaroxaban
dispensing date.

Patients included in the study were classified according
to the strategy that their data was compatible with at
time zero. We used information from pharmacy claims
data i.e. presence of a new rivaroxaban fill, to identify
the treatment strategy initiated by each patient over the
grace period.

We attempted to emulate randomization by adjusting for
the following baseline confounders: demographics (age,
sex, race), characteristics of index VTE event, comorbid
conditions (smoking, obesity, ambulatory visits for
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Table 3.1 (Continued)

Protocol Specification of target trial Specification of observational study
VTE and atrial fibrillation, hypertension, type 2 diabetes
mellitus, hyperlipidemia, anemia, ischemic heart
disease, congestive heart failure, ischemic stroke or
transient ischemic attack, coagulation defects, other
comorbidities such as abnormal liver function, acute
kidney disease, peptic ulcer disease), prescription
medications  including lipid lowering  drugs,
antiplatelets, antihypertensives, healthcare utilization
variables, certain diagnostic tests (renal function and
coagulation tests), influenza vaccine and frailty
indicators (Appendix Table 4).
Outcomes  Recurrence of DVT or PE, major bleeding leading to Same
hospitalization and all-cause mortality
Follow-up Patients are followed over time till they were adherent to Same
their treatment strategy, developed the outcome of interest,
death, loss of pharmacy or medical benefits or
administrative censoring at the end of 52 weeks.
Causal Per-protocol effect Observational analogue of the per-protocol effect
contrasts
Statistical ~ Per protocol analysis: The patients are censored when they = Same as target trial, except the per-protocol analysis
analysis  deviate from their assigned treatment strategy as follows: was conducted

Continue rivaroxaban: Censored when they discontinue or
switch anticoagulants without clinical indication (bleeding
event or contraindication i.e. kidney disease/injury)

Discontinue rivaroxaban: Censored when they restart
anticoagulants without clinical indication (worsening of

in an expanded data set that included 2 copies (1 per
treatment strategy) of each eligible individual with
additional adjustment for baseline confounding.
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Table 3.1 (Continued)

Protocol Specification of target trial Specification of observational study

VTE symptoms or other indications for anticoagulants —
atrial fibrillation, ischemic stroke, hip/knee replacement or
cancer)

We apply inverse-probability weights to adjust for pre- and
post-baseline prognostic factors associated with adherence
to strategies.

Subgroup analyses by baseline age and sex.

DVT — deep vein thrombosis; PE - pulmonary embolism; VTE — venous thromboembolism; CKD — chronic kidney disease



Eligibility criteria

Patients aged 66 years and older, hospitalized and discharged with their first episode of acute
unprovoked VTE and continuously enrolled in Medicare (parts A, B and D) for a minimum of 1
year without any anticoagulant prescription within the last year are eligible for inclusion in the
target trial. Those who started rivaroxaban treatment within 30 days of discharge from index VTE
hospitalization and are continuously treated for minimum duration of 90 days are included.
Continuous treatment is defined as having a gap of 14 or fewer days between subsequent
rivaroxaban prescriptions and not starting any other anticoagulant. Patients with lack of clinical
equipoise regarding extending treatment at time of randomization i.e. those with (a) indications
for indefinite anticoagulation such as atrial fibrillation or cancer or (b) contraindications for
rivaroxaban (stage IV or worse chronic kidney disease or patients undergoing dialysis), (¢) any
procedure codes such as compression ultrasonography, CT thorax and lung ventilation/perfusion
scan between index hospitalization and time of randomization, or who develop any outcome of

interest before time of randomization are excluded from the target trial.

Treatment strategies and assignment

The treatment strategies to be compared in the trial are (1) Extend treatment with rivaroxaban and
remain on it during follow-up unless clinically indicated to discontinue or switch to another
anticoagulant; (2) Discontinue rivaroxaban and refrain from using any anticoagulant during
follow-up unless clinically indicated to restart therapy. The patients are randomly assigned to one
of the two strategies on the next healthcare visit after day 90 and have a 14-day grace period to

initiate their assigned strategy. This is an open label trial.
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The treatment strategies in the target trial are dynamic as the treatment received over the follow-
up period depends on the patient’s time varying characteristics up to that time point. As per our
trial protocol, patients can discontinue or switch (in strategy 1), and restart (in strategy 2)
anticoagulants if the healthcare provider deems it clinically necessary. Once such a clinical
indication occurs, the patient is considered as adhering to the protocol till the end of follow-up

regardless of subsequent anticoagulation status.

Outcomes and follow-up

The outcomes of interest are recurrence of VTE, major bleeding requiring hospitalization and all-
cause mortality. Patients are followed from baseline or time of randomization until they develop
the outcome of interest, death, loss to follow-up (due to loss of pharmacy or medical benefits) or

administrative censoring at the end of 52 weeks, whichever happens first.

Causal contrast

The causal contrast of interest is the per-protocol effect of extending rivaroxaban therapy (unless
clinically indicated to discontinue or switch anticoagulants) versus discontinuing rivaroxaban
therapy (unless clinically indicated to restart anticoagulants). This can also be stated as the effect
of ‘sustained treatment strategies’ i.e. comparing the risk of the outcome had all patients extended
treatment with rivaroxaban and consistently adhered to this strategy to the risk of the outcome had
all patients discontinued treatment with rivaroxaban and consistently adhered to this strategy over

the follow-up period.

Statistical analysis
The per-protocol effect is estimated by fitting a pooled logistic regression model after censoring

patients when they are non-adherent to their assigned treatment strategy. Specifically, patients
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assigned to extending rivaroxaban are censored when they discontinue, or switch anticoagulants
(without clinical indication) and patients assigned to discontinuing rivaroxaban are censored when
they restart anticoagulants (without clinical indication). Time-varying unstabilized inverse-
probability weights are used to adjust for baseline and post-baseline prognostic factors associated
with adherence to strategies. Participants with clinical indication for discontinuation/switching or
restarting anticoagulants are not censored and their weights remain constant from the time of
developing the clinical indication till the end of follow-up. One-year absolute risks under each
strategy and risk difference are estimated by fitting the weighted pooled logistic models with
product terms between treatment strategy and time under follow-up. Subgroup analyses according
to age (<80 and >80 years) and sex are conducted to identify potential subgroups where the

treatment strategies may be more beneficial or harmful.

Emulation of the target trial

Eligibility criteria

We applied the same eligibility criteria in the observational study as in the target trial (Table 3.1).
We defined the first episode of acute VTE in claims data using inpatient diagnostic code for VTE
in the primary position (Supplementary Table 2.1B), without any inpatient VTE encounter in the
365 days before index VTE event. Only VTE events defined as unprovoked by transient (any
inpatient code for major trauma or fracture, major surgery or inpatient hospitalization for > 3 days

)*839 or persistent risk factors such as active cancer

in the 90 days before index VTE admission
(defined as having cancer diagnosis code on two distinct dates in the 365 days before index VTE
discharge) were included. As in the trial, eligible patients had to be continuously treated with

rivaroxaban for minimum duration of 90 days (defined as treatment gap <14 days) and the decision

to extend or discontinue rivaroxaban treatment was to be made around day 90. Hence, we restricted

41



to those patients for whom the end of day supply of their last rivaroxaban fill before day 83 from
index dispensing date fell between days 84 and 120. Figure 2.1B shows the design of the emulated

observational study.

Treatment strategies

The treatment strategies in the observational study were same as in the target trial. Patients had a
14-day grace period since time zero (equivalent of time of randomization in the target trial) to
initiate their strategies. We used information regarding prescription fills from pharmacy claims
and diagnosis and procedure codes from healthcare encounter claims to identify the treatment
strategy initiated by each patient and whether they were adherent to the respective strategies.

The definition of adherence to treatment strategies is given in Table 3.2. We used a combination
of rivaroxaban coverage (14-day gap allowed between prescription fills) and identifying clinical
indications for discontinuing/switching or restarting anticoagulants over 52 7-day periods (k= 0
to 51) to evaluate whether a patient was adherent to their treatment strategy over follow-up.
Approved clinical indications for discontinuation or switching in the protocol include presence of
code for minor bleeding events, stage IV or worse chronic kidney disease, acute kidney disease or
peritoneal/hemodialysis. Approved clinical indications for restarting anticoagulant therapy include
presence of code suggesting VTE progression (diagnostic procedures and any healthcare visit with
VTE codes) or other indications for anticoagulation (code for hip/knee replacement, atrial
fibrillation or ischemic stroke, or cancer). The codes used to define these clinical indications are
given in Supplementary Table 3.1. If a patient initiating strategy 1 either discontinued rivaroxaban
or switched anticoagulant without clinical indication, they were considered as non-adherent and
censored. Similarly. If a patient initiating strategy 2 restarted anticoagulant therapy without clinical

indication, they were considered as non-adherent and censored.
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Table 3.2. Assessment of adherence to the treatment strategies in the observational study over the 1-year follow-up

Treatment strategy 1

Treatment strategy 2

Extend/continue rivaroxaban therapy, remain on it

Discontinue rivaroxaban, refrain from using any

Strategy during follow up unless clinically indicated to anticoagulant during follow up unless clinically indicated to
discontinue or switch to another anticoagulant restart therapy
We used a combination of rivaroxaban coverage (14- . . _
. We used a combination of new anticoagulant prescription
. day gap allowed between prescription fills) and . r e e
Overview . . e e . Do fill and identifying clinical indications for re-initiating any
identifying clinical indications for discontinuing or . .
o . i anticoagulants over the follow-up period.
switching anticoagulants over the follow-up period.
For restarting anticoagulant therapy: presence of code
suggesting VTE progression (diagnostic procedures —
. For discontinuing/switching: presence of code for compression ultrasonography, CT chest, ventilation perfusion
Defining . . . N
. minor bleeding events, stage [V or worse chronic scan, any healthcare visit with codes for VTE), other
clinical . . . . e . . .
ndicati kidney disease, acute kidney disease or indications for anticoagulation (code for hip or knee
indications . L. . . .. .
peritoneal’/hemodialysis in any healthcare encounter replacement, inpatient or emergency visit for atrial
fibrillation or ischemic stroke, or any healthcare visit for
cancer)
Adherence was assessed in 7-day periods, &, over the follow-up (k=0 to 51).
e [f the period k& was covered with rivaroxaban, then Ax e If the period £ was not covered with rivaroxaban, then Ax =
=1. 0.
Defini o If code for clinical indication for e If code for clinical indication for restarting anticoagulant
efining

discontinuation/switching is present in period £,
patient was considered as adherent to protocol for
strategy 1 from period £ till end of follow-up and
continue to contribute person time, regardless of

adherence to
strategies

subsequent rivaroxaban coverage.

o [f date of discontinuation or switching falls in period
k without prior presence of any indication for

therapy is present in period k, patient was considered as
adherent to protocol for strategy 2 from period £ till end of
follow-up and continue to contribute person time, regardless
of subsequent anticoagulant dispensing.

o If date of restarting falls in period k& without prior presence
of any indication for restarting anticoagulant therapy, patient
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Table 3.2 (Continued)

discontinuation/switching, patient was considered as
non-adherent to protocol for strategy 1 i.e. Ax =0 and
censored during period k.

was considered as non-adherent to protocol for strategy 2 i.e.
Ax =1 and censored during period £.

VTE — venous thromboembolism; CT — computed tomography



Treatment assignment

Time zero for an eligible patient was defined as the day after end of day supply of the last
rivaroxaban fill before day 83 from index dispensing date. In contrast to the target trial, we did not
know which treatment strategy each patient initiated at time zero. Instead, patients were classified
into the treatment strategies that were compatible with their observed rivaroxaban prescription fills
over the 14-day grace period. Patients initiating the two treatment strategies were considered to be
exchangeable at baseline conditional on the following covariates: age, sex, race, type of index VTE
event, duration of index hospitalization, time to initiate first rivaroxaban fill, comorbid conditions
(smoking, obesity, ambulatory visits for VTE and atrial fibrillation, hypertension, type 2 diabetes
mellitus, hyperlipidemia, anemia, ischemic heart disease, congestive heart failure, ischemic stroke
or transient ischemic attack, coagulation defects, other comorbidities such as abnormal liver
function, acute kidney disease, peptic ulcer disease), prescription medications (lipid lowering
drugs, antiplatelets, antihypertensives, proton pump inhibitors and H» blockers, hormone
replacement therapy, antidepressants and NSAIDs), healthcare utilization variables (number of
unique prescription medications, ambulatory visits, inpatient and emergency visits), certain
diagnostic tests (renal function and coagulation tests), influenza vaccine and frailty indicators.
These covariates were measured over the assessment period from 365 days before the index VTE

event to the day before time zero.

Follow-up

Follow-up in the observational study was the same as in the target trial.
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Outcomes

The outcomes of interest were (A) recurrence of VTE, defined as presence of a relevant ICD code
in the primary position during an inpatient encounter’’; (B) major bleeding, defined using 1)
algorithm proposed by Cunningham et al., 2011%°; and 2) codes for any gastrointestinal,
intracranial and other bleeding events in an inpatient primary or secondary position; and (C) all-
cause mortality, from the Medicare Master Beneficiary Summary File in which 99% of the death
days have been validated.*! These outcomes were the same as in the target trial (Supplementary

Table 2.1B).

Causal contrast

We focused on the observational analogue of the per-protocol effect.

Statistical analysis

In the observational study, we need to account for the following: baseline confounding, presence

of the 14-day grace period and artificial censoring due to non-adherence to treatment strategies.

We first created an expanded dataset with two copies of every eligible patient at time zero. This
was due to lack of randomization and the grace period allowed in our study during which the data
for each patient may be compatible with both treatment strategies. For example, if a patient fills a
new prescription of rivaroxaban on the 10" day of the grace period, their data would be compatible
with both treatment strategies for the first nine days. One copy was assigned to each strategy and
censored if and when they failed to be consistent with them. One copy remained uncensored by
the end of the grace period corresponding to the strategy that the patient was observed to initiate.

This copy was assessed for adherence to the initiated strategy over follow-up and was censored if
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and when they failed to be adherent. This approach helps avoid immortal time bias, selection bias

and allows us to appropriately include any outcomes that occur during the grace period.”!%#

We used inverse probability weighting to account for baseline confounding as well as selection
bias induced by artificially censoring copies using baseline and post-baseline covariates. The
weight assigned to each copy at time & of follow-up (ranging from 0 to 51) is inversely proportional
to the probability of remaining uncensored through 4 (or being adherent with the strategy the copy
was assigned to), conditional on its covariate history, fill history and being at risk of the outcome.
The post-baseline covariates were measured for all £ periods and included number of inpatient and
emergency visits, ambulatory visits, distinct medications, and codes for cardiovascular disease,
frailty indicators or preventive services accessed during the 14 days before each period, &, over the

follow-up.

We performed these steps separately for each outcome. We fit three pooled logistic regression
models predicting rivaroxaban coverage in the original study population (without the copies) to
estimate the denominator of the weights which included time of follow up (modeled as linear,
quadratic and cubic terms), baseline confounders and post-baseline covariates as mentioned above.
The first model was restricted to the grace period and the next two models to subsequent follow-
up period which allowed the probability of rivaroxaban coverage at time k to vary according to
prior treatment status at k-/. The patients stopped contributing to the weight models once they
changed their anticoagulant therapy for a clinically indicated reason. Weights were truncated at
the 99.5" percentile.

We then fit weighted pooled logistic regression models for each outcome in the expanded dataset
with the copies, including an indicator for treatment strategy and time of follow-up (linear,

quadratic and cubic term) and used a robust variance estimator to compute conservative 95%
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confidence intervals (CI) for HRs. We also estimated one-year risk differences* as mentioned
earlier, with weighted survival curves*? and used nonparametric bootstrapping with 500 samples
to calculate 95% ClIs. Details of the fit models and assignment of weights can be found in
Supplement 3.2. We conducted subgroup analyses according to age (<80 and >80 years) and sex.

All analyses were conducted using SAS software, version 9.4 (SAS Institute Inc.).

Sensitivity analyses

We assessed the robustness of our estimates to various study design and protocol specifications.
A) We modified the definition of continuous rivaroxaban treatment as treatment gap of 21 days or
less, B) allowed all switching (in strategy 1) and restarting anticoagulants (in strategy 2) as
clinically indicated, C) allowed all switching and restarting anticoagulants as not clinically
indicated and grounds for censoring and D) modeled time in the weights and outcome regression

model using cubic splines.

Naive as-treated analysis

The estimate from this analysis differed from the per-protocol effect in three ways. One, we began
follow-up for patients once the grace period was over, on the 15" day since time zero. Two, the
treatment strategies compared here were static regimens of ‘extend rivaroxaban, do not stop for
any reason’ (strategy 1) and ‘discontinue rivaroxaban, do not restart for any reason’ (strategy 2)
with no allowance for clinical indications for changing therapy. Patients in strategy 1 contributed
follow-up time till they discontinued or switched anticoagulants and those in strategy 2 contributed
follow-up time till they restarted any anticoagulant. Third, we did not adjust for any post-baseline
covariates associated with adherence and outcomes of interest. We then fit a pooled logistic

regression model for each outcome with treatment strategy and baseline covariates.
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3.3 RESULTS

We included 5114 eligible patients in our observational study (Figure 2.2B), of which 4204 (82%)
initiated strategy 1 of extending rivaroxaban, 885 (17%) initiated strategy 2 of discontinuing
rivaroxaban by the end of the grace period and 25 patients initiated other anticoagulants. The
characteristics of the included patients are presented in Table 2.2B. Female patients and those with
index VTE as pulmonary embolism were more likely to extend rivaroxaban. Smokers, those with
history of acute kidney disease and prescription fills for antiplatelets and hormone replacement
therapy are more likely to discontinue rivaroxaban.

Adherence to treatment strategies (Table 3.3)

Of the 4204 patients initiating strategy 1 by end of the grace period, 843 (20.1%) had a clinical
indication for discontinuation or switching over the follow-up, while 1259 (30%) and 132 (3.1%)
patients discontinued rivaroxaban or switched anticoagulants without any prior clinical indication
and hence, were censored. Of the 885 patients initiating strategy 2, almost half (450 patients or
48.7%) restarted any anticoagulant therapy for identified clinical reasons i.e. VTE progression or
other indications for anticoagulation and 280 patients (31.6%) restarted therapy without any prior

clinical indication.
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Table 3.3. Number of patients with protocol permitted clinical indications for changing

anticoagulant therapy

Treatment
strategy Adherence to treatment strategy No. patients (%)
initiated*
Any clinical indication for discontinuation/switching
Developed side-effects (bleeding) 696 (16.6)
Developed contraindications to rivaroxaban (stage IV or
worse CKD, acute kidney disease or 147 (3.5)
Strategy 1 — peritoneal/hemodialysis)
Extending Discontinuation/switching without identified indication
rivaroxaban Switched to another anticoagulant 132 (3.1)
(n=4204) . . .
Discontinued rivaroxaban 1259 (30.0)
Continued rivaroxaban till end of follow-up
Continued rivaroxaban treatment till end of follow up
(death, end of data availability or loss of medical or 1970 (46.9)
pharmacy eligibility)
Any clinical indication for restarting
VTE progression: VTE procedure codes or any VTE visit 431 (48.7)
Indefinite anticoagulation: Atrial fibrillation, ischemic 19(0.02)
stroke, cancer ’
Strategy 2 —
Discontinuing Restarting without identified indication
rivaroxaban Restarted anticoagulant therapy, not identified as
.. o 280 (31.6)
(n = 885) clinically indicated
Did not restart anticoagulant till end of follow-up
Did not restart anticoagulant therapy till end of follow up
(death, end of data availability or loss of medical or 155 (17.5)

pharmacy eligibility)

*treatment strategy initiated by end of 14-day grace period

CKD - chronic kidney disease
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Observational analogue of the per-protocol effect

Over the follow-up, we observed 53 events of VTE recurrence over the follow-up (median 19
weeks; IQR 8-33 weeks). The adjusted (baseline and post-baseline) one-year HR for VTE
recurrence comparing those who consistently adhered to strategy of extending rivaroxaban
compared to strategy of discontinuing rivaroxaban unless clinically indicated otherwise was 0.39
(95% CI 0.24, 0.64). The adjusted one-year risk or cumulative incidence among those who
extended rivaroxaban was 1.0% and those who discontinued was 2.5%; the adjusted risk difference

was -1.5% (95% CI-0.8, -2.1).

Overall, 39 and 71 patients developed major bleeding based on definitions 1 and 2, respectively
(for both, median 19 weeks; IQR 8-33 weeks). The adjusted one-year HR for major bleeding based
on definition 1 was 0.90 (95% CI 0.53, 1.52) and for definition 2 was 1.15 (95% CI 0.80, 1.67).
The adjusted one-year risk difference of major bleeding was -0.1% (95% CI -0.5, 0.2) and 0.3%

(95% CI -0.1, 0.7), respectively.

A total of 167 patients died due to any cause over the follow up (median 19 weeks; IQR 8-33
weeks). The adjusted one-year HR for all-cause mortality was 1.19 (95% CI 0.95, 1.47) and the
one-year risk difference was 0.9% (95% CI -0.1, 1.8). Table 3.4 shows the estimated one-year HRs

and risk differences for all outcomes and Figure 3.1 shows the weighted survival curves.
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Table 3.4. Estimated per-protocol 1-year adjusted risk difference and hazard ratio for VTE recurrence, major bleeding, and all-cause

mortality comparing extending with discontinuing rivaroxaban therapy

Estimate No. events/ Hazard ratio 1-year risk 1-year risk 1-year risk difference
No. patients” (95% CI) (strategy 1) (strategy 2) 95% CI)
A. Recurrence of VTE
- Baseline adjusted* 53/5088 0.42 (0.27, 0.65) 1.1 2.4 -1.3 (-0.8, -1.8)
- Baseline and post- 53/5088 0.39 (0.24, 0.64) 1.0 2.5 1.5 (-0.8, -2.1)

baseline adjusted**

B. Major bleeding (Cunningham et al., 2011)
- Baseline adjusted* 39/5088 0.93 (0.61, 1.42) 1.0 1.1 -0.1 (-0.4,0.2)

- Baseline and post-

baseline adjusted** 39/5088 0.90 (0.53, 1.52) L1 1.2 -0.1(-0.5,0.2)

C. Major bleeding (primary or secondary inpatient diagnosis)

- Baseline adjusted* 71/5087 1.09 (0.82, 1.46) 2.1 1.9 0.2 (-0.2, 0.6)
- Bascline and post- 71/5087 1.15 (0.80, 1.67) 2.2 1.9 0.3 (-0.1,0.7)
baseline adjusted™**
D. All-cause mortality
- Baseline adjusted* 165/5090 1.16 (0.97, 1.40) 5.3 43 0.9 (-0.1, 1.9)
- Baseline and post- 165/5090 1.19(0.95, 1.47) 5.0 4.1 0.9 (0.1, 1.8)

baseline adjusted**

# The number of patients is different than 5114 patients eligible at t, as patients censored, developed outcome, died or filled anticoagulant prescription other than rivaroxaban in k = 1 do not contribute to
the analysis.

* adjusted for baseline covariates (age, sex, race, characteristics of index VTE event - type of VTE, duration of index hospitalization, time to initiate rivaroxaban, comorbid conditions - smoking,
obesity, ambulatory visits for VTE and atrial fibrillation, hypertension, type 2 diabetes mellitus, hyperlipidemia, anemia, ischemic heart disease, congestive heart failure, ischemic stroke or transient
ischemic attack, abnormal liver function, acute kidney disease, peptic ulcer disease, prescription medications - lipid lowering drugs, antiplatelets, antihypertensives, proton pump inhibitors and H,
blockers, hormone replacement therapy, antidepressants and NSAIDs, healthcare utilization variables including number of unique prescription medications, ambulatory visits, inpatient and emergency
visits, renal function test and coagulation tests, flu vaccine and frailty indicators - home oxygen use, wheelchair, walker and cane use and commode chair use) and post-baseline covariates (number of
inpatient and emergency visits, ambulatory visits, number of distinct medications and frailty indicators).

** additionally adjusted for post-baseline covariates (number of inpatient and emergency visits, ambulatory visits, number of distinct medications, cardiovascular comorbidity and frailty indicators).



Figure 3.1. Survival curves from the emulation of a target trial of sustained extended
rivaroxaban treatment in unprovoked venous thromboembolism, U.S. Medicare claims
from 2011 to 2017

A) VTE recurrence
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The red line denotes the weighted survival curve of sustained extended therapy with rivaroxaban and the
blue line denotes the weighted survival curve of sustained discontinuation of rivaroxaban therapy.
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Figure 3.1 (Continued)
Major bleeding — definition 2
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The red line denotes the weighted survival curve of sustained extended therapy with rivaroxaban and the
blue line denotes the weighted survival curve of sustained discontinuation of rivaroxaban therapy
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Subgroup and sensitivity analyses

The estimates for VTE recurrence were similar in all subgroups defined by age and sex
(Supplementary Table 3.3). We observed null albeit imprecise estimates for major bleeding across
age and for females. However, we observed that males had a HR of 0.52 (95% 0.22 — 1.23) for
major bleeding (defined by Cunningham et al., 2011%°) and similar estimate for definition B as
well. The HR for all-cause mortality for those aged less than 80 years was 1.45 (95% CI, 1.09 to
1.94). In our sensitivity analyses, we observed estimates for all outcomes to be similar to those
obtained from the primary per-protocol analysis (Supplementary Table 3.4). We did note that when
we modified the protocol to consider that all switching (in strategy 1) and restarting anticoagulants
(in strategy 2) as clinically allowed, the benefit in preventing VTE recurrence in particular was

stronger (HR 0.25; 95% CI 0.14 — 0.44).

Comparison with naive as-treated analysis

There were fewer events in this analysis, compared to the per-protocol analysis (Table 3.5). The
point estimates from the naive as-treated analysis were further from the null for VTE recurrence
(HR 0.12; 95% CI1 0.06, 0.26) and all-cause mortality (HR 1.33; 0.77, 2.29) in comparison to the
respective per-protocol effect estimates. The point estimates for major bleeding were less than 1

but had wide 95% confidence limits.
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Table 3.5. Estimated 1-year adjusted* risk difference and hazard ratio for VTE recurrence, major bleeding, and all-cause mortality

comparing extending with discontinuing rivaroxaban therapy: Results from naive as-treated analysis

Outcomes No. events/ Hazard ratio 1-year risk 1-year risk 1-year risk difference
No. patients” (95% CI) (strategy 1) (strategy 2) (95% CI)

VTE recurrence 31/5023 0.12 (0.06, 0.26) 0.58 4.27 -3.69 (-2.76, -4.62)
Major bleeding

(Cunningham et al., 2011) 30/5023 0.74 (0.28, 1.95) 0.91 1.28 -0.37 (-1.32,0.63)
Major bleeding

(primary/ secondary inpatient 55/5023 0.87 (0.37,2.01) 1.77 1.76 0.01 (-0.84, 0.87)
diagnosis)

All-cause mortality 128/5023 1.33(0.77,2.29) 4.59 3.30 1.28 (-0.65, 3.21)

# The number of patients is different than 5114 patients eligible at t, as patients censored, developed outcome, died or filled anticoagulant prescription other than rivaroxaban
within the grace period did not contribute to the analysis. Follow-up started after the grace period.

* adjusted for baseline covariates (age, sex, race, characteristics of index VTE event - type of VTE, duration of index hospitalization, time to initiate rivaroxaban, comorbid
conditions - smoking, obesity, ambulatory visits for VTE and atrial fibrillation, hypertension, type 2 diabetes mellitus, hyperlipidemia, anemia, ischemic heart disease, congestive
heart failure, ischemic stroke or transient ischemic attack, abnormal liver function, acute kidney disease, peptic ulcer disease, prescription medications - lipid lowering drugs,
antiplatelets, antihypertensives, proton pump inhibitors and H> blockers, hormone replacement therapy, antidepressants and NSAIDs, healthcare utilization variables including
number of unique prescription medications, ambulatory visits, inpatient and emergency visits, renal function test and coagulation tests, flu vaccine and frailty indicators - home
oxygen use, wheelchair, walker and cane use and commode chair use) and post-baseline covariates (number of inpatient and emergency visits, ambulatory visits, number of distinct
medications and frailty indicators).



3.5 DISCUSSION

Our study aimed to demonstrate estimation of the per-protocol effect of extended treatment with
rivaroxaban among patients with unprovoked VTE, with focus on assessing adherence to treatment
strategies using claims data. We found that consistent adherence to treatment strategy of extending
rivaroxaban caused a marked reduction in the risk of recurrent VTE over a 1-year period compared
to strategy of discontinuing therapy (risk difference of -1.5% points; HR 0.39, 95% C1 0.24 —0.64),
with a null effect on major bleeding and a slight increase in risk of all-cause mortality (risk
difference of 0.9% points; HR 1.19, 95% CI 0.95 — 1.47). Intention-to-treat (ITT) analysis of
rivaroxaban extension trials have shown a similar benefit in risk of VTE recurrence, in direction
if not magnitude, with HR of 0.18, 95% CI 0.09 to 0.39 in EINSTEIN extension?’ and HR of 0.34,

95% CI1 0.2 to 0.59 in EINSTEIN CHOICE? respectively with null effect on major bleeding.

The magnitude of ITT effect estimate is dependent on the degree of adherence to the assigned
treatments.'*° However, the per-protocol effect can remove the influence of imperfect adherence,
serve as a complement to the ITT effect and answer a relevant question - ‘If I consistently follow
the treatment regimen 1 as recommended by my healthcare provider compared to regimen 2, how
would my risk of the outcome change?’. In our study, we carefully specified the dynamic treatment
strategies and used proxies to mimic the real-world clinical decision-making process i.e. clinical
circumstances when a provider would switch anticoagulants or reasons behind restarting
anticoagulant therapy after discontinuation, etc. In a trial, these decisions, and the reasons for it
can be prospectively collected along with post-baseline prognostic covariates associated with
adherence to strategies and outcome. However, we relied on prescription fills, diagnostic and
procedure codes in filed Medicare insurance claims to define whether a patient is taking

rivaroxaban, reasons for modifying anticoagulant therapy and any baseline or post-baseline
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covariates. For example, we relied on the presence of codes for minor bleeding event (in any
position and any encounter) assuming that if it was reported in an insurance claim then it may have

some bearing on subsequent clinical decisions.

More complicated treatment strategies may reflect clinical practice more closely but are harder to
implement. For example, we specified that once a patient develops a clinical indication (side-
effect) for discontinuation, they are considered as adhering to their strategy for the remaining
follow-up time and any subsequent change in anticoagulant therapy is at the discretion of the
healthcare provider. A more complicated protocol may have specified a time period for
discontinuation in this situation, following which it would have been acceptable to restart therapy

at a lower dose.

The estimates from the naive as-treated analysis had fewer events and were stronger for VTE
recurrence compared to the per-protocol effect. However, it may not be an estimate of interest.
Medications are used as part of a clinical regimen and it is hard to separate the effect of a drug
from the effect of a regimen. Clinical decisions are almost always dynamic in nature and events
occurring over the course of therapy shape subsequent treatment. Additionally, the likely
informative censoring in the as-treated analysis require additional adjustment of post-baseline
factors associated with adherence and outcome®', which is not the norm in most

pharmacoepidemiologic studies.>

There are several limitations in our study, stemming largely from the limitations of the database
used. As mentioned above, we used information from claims to evaluate adherence to treatment
strategies, which can lead to exposure misclassification. An argument can be made that the

decision made for patients who switched (in strategy 1) or restarted therapy (in strategy 2) over
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follow-up had to be allowed by a provider, given that the dispensing of these medications require
prescriptions. We tested this assumption in sensitivity analyses. We could have incomplete
information on baseline and post-baseline covariates such as aspirin use, obesity, smoking status
as we used diagnosis and procedure codes and pharmacy claims to define them. Presence of

residual confounding due to unmeasured covariates is a possibility.

The strengths of the study lie in the clear specifications of the protocol including selection criteria
to ensure clinical equipoise at time zero, treatment strategies to be compared and the transparency
of the statistical analysis plan. We used an appropriate method to account for the grace period,
avoiding immortal time bias.” In order to identify the observational analogue of ‘time of
randomization’, we used the approach suggested by Krumme et al., 2018*¢ which recommends a
combination of continuous initial use and a recent prescription fill to lower exposure
misclassification and better covariate balance between continuers and discontinuers. We also
employed different sensitivity analyses to test our assumptions about protocol adherence and used

validated definitions of our outcomes, wherever possible.
3.6 CONCLUSION

In summary, we find that consistently following treatment regimen of extending rivaroxaban
causes a significant reduction in 1-year risk of VTE recurrence without a corresponding increase
in bleeding among patients with unprovoked VTE who have completed an initial 3-month therapy.
This research question served as an appropriate example to demonstrate how claims data can be
used in defining the protocol and treatment strategies as well as estimating the per-protocol effect.
Using proxies to approximate clinical decision process can circumvent some limitations in these

commonly used databases.
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Chapter 4. Comparing the effectiveness and safety of different treatment durations: a
study of extended rivaroxaban treatment among adults with unprovoked venous

thromboembolism

4.1 ABSTRACT

Background

Using conventional epidemiologic methods to compare different treatment durations can lead to
bias in observational studies. We aimed to emulate a target trial comparing different extended
durations of rivaroxaban therapy among adults with unprovoked venous thromboembolism who

have completed an initial three months of therapy using a novel method.

Design and setting: Emulation of a target trial of five different extended rivaroxaban treatment

durations (0, 3, 6, 9 and 12 month) using 2011 to 2017 fee-for-service Medicare claims.

Participants: Patients aged > 66 years with acute unprovoked VTE who were continuously treated
with rivaroxaban for a minimum of 90 days were eligible. We excluded patients with lack of

clinical equipoise for extending rivaroxaban treatment at the end of their initial 90-day treatment.

Intervention: Dynamic treatment strategies of different rivaroxaban extended therapies (unless
clinically indicated to discontinue, switch or restart anticoagulants at any time). We used two
different protocol specifications as we used proxies to identify clinical indications for modifying

therapies.

Outcomes: Recurrence of VTE, major bleeding requiring hospitalization and all-cause mortality.

The causal contrast of interest was the observational analogue of the per-protocol effect.
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Results: The mean age of the 5114 eligible patients was 75.7 (standard deviation, 7.3) years and
60% were female. With the primary protocol specification, the adjusted HR comparing strategy 2
(3 months extended therapy) to strategy 1 (discontinue therapy) was 0.34 (95% CI1 0.16, 0.73) and
comparing strategy 5 (12 months extended therapy) to strategy 1 was 0.28 (95% CI 0.14, 0.56).
The 1-year risk of VTE recurrence with strategy 2 was 2.0% points lower than with strategy 1 and
for strategy 5 was 2.7% points lower with strategy 5 than versus strategy 1. With the secondary
specification, we observed an adjusted HR of 0.57 (95% CI 0.28, 1.08) comparing strategy 2 to
strategy 1 and HR of 0.28 (95% CI 0.14, 0.53) comparing strategy 5 to strategy 1. The one-year

risk of major bleeding requiring hospitalization for all arms was comparable.

Conclusion: The study demonstrates the use of a novel method to estimate the effect of different
treatment durations on outcomes using observational data. We noted that a 12-month extension of
rivaroxaban therapy had the lowest risk of VTE recurrence compared to all shorter durations of
rivaroxaban therapy, without a comparable commensurate increase in risk of major bleeding. It is

essential to understand the limitations of insurance claims data when specifying the protocol.

4.2 INTRODUCTION

Quantifying the appropriate duration of pharmacological therapies such as antidepressants®=4,

3336 antibiotics®’ etc. has been much discussed in the literature. Evidence

dual antiplatelet therapy
regarding how long to treat patients is best generated by a randomized controlled trial (RCT) where
assignment of treatment strategy is unambiguous at baseline. In observational studies we can only

observe the duration of treatment that the patient achieves. Using this observed treatment duration

to answer research questions can lead to invalid results.
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Suppose a study compared survival outcomes between those who completed three months of
treatment to those who completed 12 months of treatment. If follow-up started when therapy was
initiated, those treated for 12 months would have to survive the additional nine months and not
have the outcome of interest during that time, leading to immortal time bias.!*?*2? Recently, a new
method has been proposed that involves a three-step process to validly emulate the RCTs of
different treatment durations using observational data.”?? The steps are cloning, censoring and
weighting — (1) create as many clones or replicates as the treatment arms in the RCT and assign
one clone to each arm; (2) follow these clones over time and censor them when they are not
adherent to their assigned treatment arm; and (3) use inverse probability weighting to adjust for
the likely selection bias due to informative artificial censoring. This method has been used in
previous studies to minimize immortal-time and survival biases.!%!3-585

Here, we describe this use of this method on a real-world example comparing the effectiveness
and safety of different durations of extended rivaroxaban treatment in patients with unprovoked
venous thromboembolism (VTE). The minimum duration of oral anticoagulant therapy
recommended by the American College of Chest Physicians in 2016 for all patients with VTE
(which includes deep vein thrombosis [DVT] and pulmonary embolism [PE]) was three months,
with further extension conditional on whether the initial VTE episode was provoked by a risk
factor, bleeding risk of the patient, and presence of cancer.® The more recent guidelines by
European Society of Cardiology in 2019 and the American Society of Hematology in 2020°!
suggest that patients with unprovoked VTE probably should be treated with ‘indefinite’
anticoagulation. Several RCTs examining extended treatment (usually an additional 12- or 18-

27,28

months of therapy) with oral anticoagulants such as warfarin,®® rivaroxaban,?’?® and apixaban®
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have shown reduction in VTE recurrence without an effect on major bleeding. However, these
trials have not compared different durations of oral anticoagulant therapy.

This paper aims to use observational data to emulate a target trial comparing different extended
durations of rivaroxaban therapy among adults with unprovoked venous thromboembolism who
have completed an initial three months of therapy. We use the three-step process mentioned above

to answer this question.

4.3 METHODS

The structure of this section is as follows. First, we describe the observational database used for
the study. Second, we specify the eligibility criteria for the target trial and corresponding
observational study. Third, we describe the treatment strategies, treatment assignment, how to
assess adherence to these strategies for the target trial, and how to implement these approaches in
the database. Fourth, describe how the patients were followed-up and the outcomes of interest.
Finally, we describe the analytic plan to estimate the observational analogue of the per-protocol
effect.

Observational data source

As in Chapters 2 and 3, we used 2011-2017 Medicare claims data for beneficiaries in fee-for-

service plans.

Eligibility criteria for the target trial and corresponding observational data
The specification of the target trial and its emulation is provided in Table 4.1. Briefly, individuals
aged 66 years and older hospitalized and discharged with a first episode of unprovoked DVT or

PE and continuously treated with rivaroxaban for an initial period of three months would be
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eligible for the target trial. Those with clinical equipoise at the end of this initial treatment episode
would be included in the trial.

To mimic these eligibility criteria in the observational study, we included patients aged 66 years
or older with an inpatient diagnostic code for acute DVT or PE*’ in the primary position
(Supplementary Table 2.1C), with continuous enrollment in Medicare (parts A, B and D) and no
primary inpatient VTE encounter or anticoagulant prescription dispensing during the 365 days
before the index VTE discharge. Those for whom the index VTE event was provoked by either
transient or persistent risk factors were excluded. Transient risk factors were defined using
inpatient codes for major trauma or fracture, major surgery or inpatient hospitalization for three or
more days in the 90 days before index VTE admission.*®*° Persistent risk factors were defined as
having a cancer diagnosis code on two distinct dates in the 365 days before index VTE discharge.
Eligible patients filled a prescription for rivaroxaban as their initial anticoagulant within 30 days
of discharge and were continuously treated for a minimum of 90 days. Continuous treatment was
defined using a treatment gap of <14 days between subsequent prescriptions without any other
anticoagulants dispensed. We restricted to patients for whom the end of the days’ supply of their
last rivaroxaban fill before the 83" day after the index dispensing fell between days 84 and 120 to
imitate randomization at around three months following rivaroxaban initiation in the target trial.
We excluded patients with lack of clinical equipoise for extending treatment at time zero (time of
randomization equivalent), including those with (a) codes for indications for indefinite
anticoagulation such as atrial fibrillation or cancer; (b) codes for contraindications for rivaroxaban
(stage IV or worse chronic kidney disease or patients undergoing dialysis) between 365 days
before the index VTE event and time zero; or (c) any procedure codes for compression

ultrasonography, CT thorax, and lung ventilation/perfusion scan between the index VTE discharge
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and time zero. We also excluded those who developed any outcome of interest between the index

VTE discharge and time zero (see below).
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Table 4.1. Specification of the pragmatic target trial of different rivaroxaban treatment durations and its emulation using US Medicare

data from 2011 to 2017

Protocol

Specification of target trial

Specification of observational study

Eligibility criteria

Patients aged 66 years and older, hospitalized and discharged

with a first episode of acute unprovoked VTE who initiated

therapy with rivaroxaban within 30 days of index VTE

discharge and continuously enrolled in Medicare (parts A, B

and D) for a minimum of 1 year are eligible

No anticoagulant prescription within the last year

Continuously treated for minimum duration of 90 days.

Continuous treatment is defined as having a treatment gap of

< 14 days between subsequent prescriptions without initiating

other anticoagulants.

Exclude those with:

o contraindications for rivaroxaban (CKD Stage IV or
WOorse)

o indication for indefinite anticoagulation (atrial fibrillation
or cancer)

o switching to a
randomization

different anticoagulant before

o lack of clinical equipoise at randomization (identified
using presence of any VTE procedure code indicating
high suspicion of VTE recurrence)

o outcome of interest between index VTE discharge and
randomization (death, DVT/PE recurrence or bleeding

event).

Same

e We defined first episode of acute

unprovoked VTE using

- Inpatient diagnostic code for acute
VTE in the primary position,
unprovoked by transient or
persistent risk factors

- No inpatient VTE encounter in the
365 days before index VTE event

Treatment
strategies

Each of the treatment strategies allow modification of therapy
for clinical indications as recommended by healthcare
providers -- i.e., when clinically warranted during the follow-

Same as for the target trial
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Table 4.1 (Continued)

Protocol

Specification of target trial

Specification of observational study

up, patients and their physicians decide whether to discontinue,
switch or restart anticoagulant therapy.

Strategy 1 - Discontinue rivaroxaban and do not reinitiate
anticoagulant treatment

Strategy 2 - Extend rivaroxaban for 3 months, then discontinue
and do not reinitiate anticoagulant treatment
Strategy 3 - Extend rivaroxaban for 6 months, then discontinue
and do not reinitiate anticoagulant treatment
Strategy 4 - Extend rivaroxaban for 9 months, then discontinue

and do not reinitiate anticoagulant treatment

Strategy 5 - Extend rivaroxaban for 12 months and do not
discontinue

After randomization, a 14-day grace period is given to all patients
to initiate their respective assigned strategy.

Treatment
assignment

Patients are randomly assigned at their next healthcare visit after
day 90 to one of five treatment strategies. This is an open label
trial.

Time zero (equivalent to time of
randomization) was defined as the day
after end of day supply of the last
rivaroxaban fill before day 83 from first
rivaroxaban dispensing date.

We created an expanded dataset with 5
copies for each patient at time zero and one
copy was assigned to each treatment
strategy. We wused information from
pharmacy claims data i.e. presence of a
new rivaroxaban fill, to identify the
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Table 4.1 (Continued)

Protocol

Specification of target trial

Specification of observational study

treatment strategy initiated by each copy
over the grace period.

We attempted to emulate randomization by
adjusting for the following baseline
confounders: demographics (age, sex,
race), characteristics of index VTE event,
comorbid conditions (smoking, obesity,
ambulatory visits for VTE and atrial
fibrillation, hypertension, type 2 diabetes
mellitus, hyperlipidemia, anemia, ischemic
heart disease, congestive heart failure,
ischemic stroke or transient ischemic
attack, coagulation  defects, other
comorbidities such as abnormal liver
function, acute kidney disease, peptic ulcer
disease), prescription medications
including  lipid  lowering  drugs,
antiplatelets, antihypertensives, healthcare
utilization variables, certain diagnostic
tests (renal function and coagulation tests),
influenza vaccine and frailty indicators
(Appendix Table 4).

Outcomes

Recurrence of DVT or PE, major bleeding leading to
hospitalization and all-cause mortality

Same

Follow-up

Patients are followed over time until they become non-adherent to
their treatment strategies, develop the outcome, die, are lost to

The copies are followed over time until
they become non-adherent to their
treatment strategies, develop the outcome,
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Table 4.1 (Continued)

Protocol

Specification of target trial

Specification of observational study

follow up, or for a maximum of 52 weeks following
randomization, whichever comes first.

die, are lost to follow up, or for a
maximum of 52 weeks following time
zero, whichever comes first.

Causal contrasts

Per-protocol effect

Observational analogue of the per-protocol
effect

Statistical
analysis

Per protocol analysis: The patients are censored when they deviate
from their assigned treatment strategy

Specification 1

For strategy 1, patients are censored when they restart
anticoagulants without clinical indication (worsening of VTE
symptoms or other indications for anticoagulants — atrial
fibrillation, ischemic stroke, hip/knee replacement or cancer)

For strategy 2 to 4, patients are censored when

e they discontinue rivaroxaban or switch anticoagulants before
3, 6, and 9 months respectively without clinical indication
(bleeding event or contraindication i.e. kidney disease/injury)
OR

o if they re-initiate anticoagulants during the remaining follow-
up without clinical indication

For strategy 5, patients are censored when discontinue or switch
anticoagulants without clinical indication

Specification 2
Same as specification 1, except that all instances of switching and
re-initiating anticoagulants are considered as clinically indicated

Same as target trial, except the per-
protocol analysis was conducted in an
expanded data set that included 5 copies (1
per treatment strategy) of each eligible
individual with additional adjustment for
baseline confounding.
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Table 4.1 (Continued)

Protocol Specification of target trial Specification of observational study

(i.e. no requirement for clinical indications prior to switch/re-
initiate)

We apply inverse-probability weights to adjust for pre- and post-
baseline prognostic factors associated with adherence to

strategies.

DVT — deep vein thrombosis; PE - pulmonary embolism; VTE — venous thromboembolism; CKD — chronic kidney disease



Treatment strategies, assignment, and adherence in the target trial
In the target trial, patients would be randomized to one of the following treatment strategies at
their next healthcare visit after day 90. They would have a 14-day grace period following
randomization to initiate their assigned strategies.

Strategy 1 - Discontinue rivaroxaban and do not reinitiate anticoagulant treatment

Strategy 2 - Extend rivaroxaban treatment for 3 months and then discontinue without

reinitiating anticoagulants

Strategy 3 - Extend rivaroxaban treatment for 6 months and then discontinue without

reinitiating anticoagulants

Strategy 4 - Extend rivaroxaban treatment for 9 months and then discontinue without

reinitiating anticoagulants

Strategy 5 - Extend rivaroxaban treatment for 12 months and do not restart anticoagulant

treatment
An important aspect of these strategies is that they are dynamic in nature, i.e., treatment at each
time would depend on a patient’s time-varying characteristics up to that time in follow-up. Patients
initiating each of these strategies would be allowed to modify their therapy at any point during
follow-up if it were clinically indicated under the protocol -- e.g., they could discontinue if they
developed side effects. Approved clinical indications for discontinuation or switching in the
protocol include developing minor bleeding events, stage IV or worse chronic kidney disease,
acute kidney disease or peritoneal/hemodialysis. Approved clinical indications for restarting
anticoagulant therapy include symptoms of VTE progression or other indications for
anticoagulation (hip/knee replacement, atrial fibrillation or ischemic stroke, or cancer). Once such

a clinical indication occurs, the patient would be considered as adhering to the protocol until the
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end of follow-up regardless of subsequent anticoagulation status. Patients would be followed over
time to assess whether they were adherent to their strategies. If patients were to modify their
anticoagulant therapy without a prior clinical indication, they would be considered non-adherent
to their strategy and censored.

Treatment strategies, assignment, and adherence in the observational study

The treatment strategies in the observational study are the same as in the target trial but were not
randomly assigned. As we can only observe the duration of rivaroxaban therapy that each patient
actually received, it is not possible to know which of the five treatment strategies each patient
initiated at time zero. We addressed this by creating five replicates of each patient, assigning one
to each strategy, and censoring each replicate when they failed to adhere to the assigned
strategy.”?? Figure 4.1 shows a schematic representation of the process of cloning and censoring.

Assessing adherence in the observational study

Claims databases do not provide direct information on why certain clinical decisions or
modifications to therapy are made. Thus, we implemented the protocol in two ways. The primary
specification was one in which we required codes for the clinical indications for switching or re-
initiating therapy to be present in the claims, under the assumption that any treatment modification
without an identified code in the claims would not be clinically indicated. The codes used to define
these clinical indications are given in Supplementary Table 3.1B. In the secondary specification,
we considered all instances of switching and re-initiating anticoagulant therapy as clinically
indicated under the protocol regardless of whether codes for the clinical indications appeared.
Here, we assumed that as all oral anticoagulants require prescriptions for dispensing, any switching

or re-initiating was implicitly approved by a healthcare provider.
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We assessed the adherence of each replicate to the assigned treatment strategy during follow-up
(Table 4.2) using a combination of rivaroxaban coverage (14-day gap allowed between
prescription fills) and clinical indications for discontinuing/switching or restarting anticoagulants
over 52 7-day periods (k =0 to 51). In the primary specification, the replicates assigned to strategy
1 (i.e., discontinue rivaroxaban) were censored when they re-initiated anticoagulants without a
prior code for a clinical indication (i.e., VTE diagnostic procedure or code for VTE, atrial
fibrillation, ischemic stroke, cancer, or hip or knee replacement). For strategy 5, replicates were
censored if they discontinued or switched anticoagulants without a prior code for clinical
indication (i.e., code for bleeding event or contraindication, such as stage IV or worse chronic
kidney disease, acute kidney disease, or peritoneal’/hemodialysis). For strategies 2, 3, and 4,
replicates were censored when they discontinued rivaroxaban or switched anticoagulants before 3,
6, and 9 months, respectively, or when they re-initiated anticoagulants during the remaining
follow-up without codes for a clinical indication. As the requirement of discontinuing exactly at
3, 6 and 9 months respectively was stringent, we allowed a 4-week window for rivaroxaban

discontinuation to determine whether a replicate was adherent (Table 4.2).
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Figure 4.1. Schematic representation of the process of creating replicates and censoring using information from the original study cohort

PANEL A — Original study population

Initial duration Observed — prescription fill from time zero to 5 months then
of Rx discontinued (without any clinical indications) till end of follow-up
1 Observed duration of therapy
[ \

PANEL B — Expanded dataset with replicates

Replicate assigned to strategy |

2
Replicate assigned to strategy 2
Initial duration - 4
of Rx
Replicate assigned to strategy 3
®
Replicate assigned to strategy 4
%
Replicate assigned to strategy 5
L
Time zero 3 months 6 months 9 months 12 months

This patient filled out a rivaroxaban prescription in the grace period, was continuously treated for 5 months and then discontinued without prior
clinical indication (Panel A).

The information from the original study cohort was used in the expanded dataset with 5 replicates to assess each replicate’s adherence to their

assigned strategy (Panel B). The replicates are censored (black cross) if they are not adherent to their assigned strategy. In the expanded dataset,
black line indicates contribution of follow-up time to the analysis.
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Table 4.2. Assessment of adherence of the replicates to the treatment strategies over the 52-week follow-up from the emulation
of a target trial comparing different rivaroxaban treatment durations in unprovoked venous thromboembolism, U.S.
Medicare claims from 2011 to 2017

Strategy Adherence (7-day period, k =0to 51)
Check for:
1) new anticoagulant prescriptions during each period and
Strategy 1 Lo .
(discontinuation) 2) cod§ for clinical ¥ndlcat10.ns for re-1n1t1a.tn.1g therapy . . . .
If restart anticoagulant without prior code for clinical indication, the replicates will be considered as non-adherent to
protocol and censored.
Check for:
1) continuous coverage of rivaroxaban until k= 11-14 (2 periods + ‘3 months’ )
2) code for clinical indications for discontinuation/switching therapy
If discontinue/switch before k£ = 11 without prior code for clinical indication, the replicates will be considered as not
Strategy 2 adherent to protocol and censored.
If continued rivaroxaban coverage after £ = 15, the replicates will be considered as not adherent to protocol and
(extend for 3 B
months, then cen.sored ?t k=13, . . . . .
disconti’nue) If discontinued between k£ = 11 to 14, replicate is adherent to protocol and continue to contribute follow-up time
If discontinued rivaroxaban between k = 11-14, check for
1) new anticoagulant prescriptions from k& until end of follow-up
2) code for clinical indications for re-initiating therapy
If restart anticoagulant without prior code for clinical indication, the replicates will be considered as not adherent to
protocol and censored.
Strategy 3 Same as for strategy 2, except
(extend for 6 Check for continuous coverage of rivaroxaban until k£ =24-27 (2 periods = ‘6 months”)
months, then AND
discontinue) Once discontinued rivaroxaban between k = 24-27, check for re-initiation of anticoagulant therapy
Strategy 4 Same as for strategy 2, except
(extend for 9 Check for continuous coverage of rivaroxaban until £ = 37-40 (2 periods = ‘9 months”)
months, then AND
discontinue) Once discontinued rivaroxaban between k = 37-40, check for re-initiation of anticoagulant therapy
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Table 4.2 (Continued)

Strategy Adherence (7-day period, kK =0 to 51)
Check for:
Strategy 5 1) continuous coverage continuous coverage of rivaroxaban until £ =51 and
(extend for 12 2) code for clinical indications for discontinuation/switching therapy
months) If discontinue/switch anticoagulant without prior code for clinical indication, the replicates will be considered as not

adherent to protocol and censored.




Follow-up

Time zero for eligible participants was defined as the day after the end of days’ supply of the last
rivaroxaban fill before the 83" day after the index dispensing date. Patients were followed from
time zero until they became non-adherent to their treatment strategy, developed the outcome of
interest, died, lost pharmacy or medical benefits, or for a maximum of 52 weeks.

Outcomes

The outcomes of interest were the same as in the target trial: recurrence of VTE, defined as
presence of a relevant ICD code in the primary position during an inpatient encounter;>’ major
bleeding, defined as codes for any gastrointestinal, intracranial, and other bleeding events in an
inpatient primary or secondary position; and all-cause mortality, from the Medicare Master
Beneficiary Summary File in which 99% of the death days have been validated.*! Supplementary
Table 2.1C contains the codes for VTE recurrence and major bleeding.

Statistical analysis

The causal contrast of interest was the observational analogue of the per-protocol effect. In the
target trial, the per-protocol effect would be estimated by fitting a pooled logistic regression model
where we censor participants when they become non-adherent to their assigned treatment strategy.
Time-varying unstabilized inverse-probability weights would be used to adjust for baseline and
post-baseline prognostic factors associated with adherence to the strategies. Participants with
clinical indications for discontinuation/switching or restarting anticoagulants would not be
censored and their weights would remain constant from that time until the end of follow-up. One-
year absolute risks under each strategy and risk differences would be estimated by fitting weighted

pooled logistic models with product terms between treatment strategy and time under follow-up.
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In the observational study, we used inverse probability weighting to account for baseline
confounding as well as selection bias induced by artificially censoring replicates using baseline
and post-baseline covariates. The weight assigned to each replicate at week k& of follow-up (ranging
from 0 to 51) was inversely proportional to the probability of remaining uncensored through & (or
being adherent with the strategy the replicate was assigned to), conditional on its covariate history,
fill history, and being at risk of the outcome. Baseline covariates included age, sex, race, type of
index VTE event, duration of index hospitalization, time to initiate first rivaroxaban fill, comorbid
conditions (smoking, obesity, ambulatory visits for VTE and atrial fibrillation, hypertension, type
2 diabetes mellitus, hyperlipidemia, anemia, ischemic heart disease, congestive heart failure,
ischemic stroke or transient ischemic attack, coagulation defects, other comorbidities such as
abnormal liver function, acute kidney disease, peptic ulcer disease), prescription medications (lipid
lowering drugs, antiplatelets, antihypertensives, proton pump inhibitors and H2 blockers, hormone
replacement therapy, antidepressants and NSAIDs), healthcare utilization variables (number of
unique prescription medications, ambulatory visits, inpatient and emergency visits), certain
diagnostic tests (renal function and coagulation tests), influenza vaccine and frailty indicators.
These covariates were measured over the assessment period from 365 days before the index VTE
event to the day before time zero. The post-baseline covariates were measured for all £ periods and
included number of inpatient and emergency visits, ambulatory visits, distinct medications, and
codes for cardiovascular disease, frailty indicators, and preventive services accessed during the 14
days before each period, k, over the follow-up.

We performed these steps separately for each protocol specification and outcome. We fit three
pooled logistic regression models predicting rivaroxaban coverage in the original study population

to estimate the denominator of the weights. These models included baseline and post-baseline
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covariates, and time of follow-up (modeled as linear, quadratic and cubic terms). The first model
was restricted to the grace period and the other two models to the subsequent follow-up period.
The latter two models predicted the probability of rivaroxaban coverage at time & based on the
rivaroxaban treatment status at k-/. Patients stopped contributing to the weight models once they
changed their anticoagulant therapy for a clinically indicated reason. Weights were truncated at
the 99.5th percentile.

We then fit weighted pooled logistic regression models for each outcome in the expanded dataset,
including four dummy indicators for the treatment strategies and time of follow-up (linear,
quadratic and cubic term). We used a robust variance estimator to estimate 95% confidence
intervals (CI) for hazard ratios (HRs). We also estimated one-year risk differences* with weighted
survival curves* and used nonparametric bootstrapping with 500 samples to estimate 95% Cls.
Details of the models and assignment of weights can be found in Supplement 4.1. All analyses
were conducted using SAS software, version 9.4 (SAS Institute Inc.).

In addition to the secondary protocol specification, we performed two sensitivity analyses. We
modified the definition of continuous rivaroxaban treatment by using a treatment gap of 21 days
or less, and modeled time in the weights and outcome regression model using cubic splines.

4.3 RESULTS

We included 5114 eligible patients in our observational study (Figure 2.2 C), of which 4204 (82%)
filled a rivaroxaban prescription during the 14-day grace period, 885 (17%) did not, and 25 patients
initiated other anticoagulants. The characteristics of the included patients are presented in Table
2.2 C. Those who initiated rivaroxaban during the grace period were more likely to be female and

have had an index pulmonary embolism. Those who did not fill a rivaroxaban prescription in the
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grace period were more likely to have a history of acute kidney disease and smoking and
prescription fills for antiplatelets and hormone replacement therapy.

Clinical indications for modifying anticoagulant therapy in the original study cohort

Of the 4204 patients who filled a rivaroxaban prescription in the grace period, 1005 (24%) had a
clinical indication for discontinuation or switching during follow-up, while 1204 (29%) and 122
(3%) patients discontinued rivaroxaban or switched anticoagulants without any prior clinical
indication, respectively (Table 4.3). Among the 1204 patients who discontinued rivaroxaban
without codes for a clinical indication, 428 (35.6%) patients had a clinical indication for re-
initiating anticoagulant therapy and 624 (51.8%) re-initiated without codes for an indication.

Of the 885 patients who did not fill a rivaroxaban prescription in the grace period, more than half
(n = 506, 57%) restarted anticoagulant therapy for identified clinical reasons (e.g., VTE

progression) and 246 (28%) restarted therapy without any prior codes for a clinical indication.
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Table 4.3. Number of patients with protocol-permitted clinical indications for changing therapy

from the original study cohort

Clinical indications

No. patients

(%)
Any clinical indication
Developed side-effects (bleeding) 656 (15.6)
Developed contraindications to rivaroxaban (stage IV or worse 128 (3.0)
Among those =~ CKD, acute kidney disease or peritoneal/hemodialysis) ’
who filleda  pdication for indefinite anticoagulation: IP/ED VTE event, atrial 221(53)
rivaroxaban  fiprillation, ischemic stroke, cancer :
prescription 1n
the grace period  No clinical indication before discontinuation/switching
(n=4204) Switch to another anticoagulant, without identified clinical
o 122 (2.9)
indication
Discontinued rivaroxaban without identified clinical indication 1204 (28.6)
Continued rivaroxaban treatment until end of follow up 1873 (44.6)
Of'the 4204,  Any clinical indication for re-initiation
those who —ypp o oression: VTE procedure codes or IP/ED VTE visit 397 (33.0)
discontinued
without Indication for indefinite anticoagulation: IP/ED VTE event, atrial 31 (2.6)
identified fibrillation, ischemic stroke, cancer )
) cl%mcgl Re-initiate anticoagulant, without identified clinical indication 624 (51.8)
indication
(n=1204) Did not restart anticoagulant therapy until end of follow up 152 (12.6)
Clinical reasons for re-starting anticoagulant therapy
Among those =~ Worsening of symptoms: VTE procedure codes + 485 (54.8)
who did not fill  inpatient/emergency encounter with VTE )
arivaroxaban  Other indications: Hip and knee replacement, atrial fibrillation, 21 (2.4)
prescription in _ischemic stroke, cancer :
the grace period  Restarted anticoagulant therapy, not identified as clinically 246 (27.8)
(N =885) indicated :
Did not restart anticoagulant therapy until end of follow up 133 (15.0)

*death, end of data availability or loss of medical or pharmacy eligibility
VTE — venous thromboembolism, IP/ED — inpatient or emergency department encounter, CKD — chronic kidney disease
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Observational analogue of the per-protocol effect

Based on the primary specification, there were 22 events of VTE recurrence among the replicates
assigned to strategy 1 of discontinuing rivaroxaban therapy and 22, 28, 34 and 34 events among
the replicates assigned to strategies 2 through 5, respectively, over the follow-up period (Table
4.4). The median follow-up time (and interquartile range [IQR]) was 21 weeks (9-35 weeks) for
those in strategy 1, and 8 weeks (4-14 weeks), 13 weeks (6-22 weeks), 17 weeks (7-29 weeks),
and 19 weeks (8-33 weeks) for strategies 2 through 5, respectively. The adjusted HR comparing
strategy 2 (3 months extended therapy) to strategy 1 was 0.34 (95% CI1 0.16, 0.73) and comparing
strategy 5 (12 months extended therapy) to strategy 1 was 0.28 (95% CI 0.14, 0.56). The 1-year
risk of VTE recurrence with strategy 2 was 1.97% points lower than with strategy 1 and was 2.74%
points lower with strategy 5 versus strategy 1.

For major bleeding and all-cause mortality, the median follow-up for each of the strategies were
similar to that of VTE recurrence. There were 12, 42, 56, 61 and 63 events of major bleeding
among the replicates assigned to strategies 1 through 5, respectively, over the follow-up period.
The adjusted 1-year risk difference for strategy 2 compared to strategy 1 was -0.27% (95% CI -
1.26%, 0.71%) and for strategy 5 compared to strategy 1 was -0.19% (95% CI -0.87%, 0.49%).
For all-cause mortality, there were 29 events among the replicates assigned to strategy and 90,
117, 138 and 146 events among the replicates assigned to strategies 2 through 5, respectively, over
the follow-up period. The adjusted HR for strategy 2 compared to strategy 1 was 1.39 (95% CI
0.81, 2.40) and for strategy 5 versus strategy 1 was 1.18 (95% CI1 0.70, 1.97). The 1-year risk of
all-cause mortality with strategy 2 was 3.35% points higher (95% CI -1.37%, 8.05%) than strategy

1 and for strategy 5 was 0.81% points higher (95% CI -0.39%, 2.01%) than strategy 1.
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With the secondary specification, we observed a trend in the risk of VTE recurrence as the duration
of rivaroxaban treatment increased -- i.e., HR of 0.57 (95% C1 0.28, 1.08) comparing strategy 2 to
strategy 1 and HR of 0.28 (95% CI 0.14, 0.53) comparing strategy 5 to strategy 1. For major
bleeding, we observed a slight increase in the point estimate for risk of major bleeding for
strategies 2 through 5 compared to strategy 1 but the 95% confidence intervals were wide. The

results for all-cause mortality were similar to those observed with the primary specification.
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Table 4.4. Estimated per-protocol effect on VTE recurrence, major bleeding, and all-cause mortality from the emulation of a target

trial comparing different rivaroxaban treatment durations in unprovoked venous thromboembolism, U.S. Medicare claims

A. VTE recurrence

from 2011 to 2017

Primary protocol specification

Secondary protocol specification

Strategy Number of Adjusted HR ﬁ?fjfgiﬁldc:’_iza(g;;)k Number of Adjusted HR r;:l(?(lllisftfzgell;zee,a‘;,
events (95% CI) I events (95% CI) (95% CI)
Strategy 1 22 Ref Ref 30 Ref Ref
Strategy 2 22 0.34 (0.16, 0.73) -2.0 (-0.9, -3.0) 31 0.57 (0.28, 1.08) -1.2(-2.5,-0.1)
Strategy 3 28 0.29 (0.14, 0.59) -2.2(-1.3,-3.2) 32 0.44 (0.19, 0.99) -1.8(-2.7,-0.9)
Strategy 4 34 0.31 (0.15, 0.62) -2.1(-1.4,-2.9) 37 0.32 (0.17, 0.62) -2.1(-2.9,-1.3)
Strategy 5 34 0.28 (0.14, 0.56) -2.7 (2.0, -3.4) 35 0.28 (0.14, 0.53) -2.8 (-3.6, -2.0)

B. Major bleeding requiring hospitalization

Primary protocol specification

Secondary protocol specification

Adjusted 1-year risk

Adjusted 1-year risk

Strategy Nuel‘lllebnetl; of At(ig ‘5‘32,“2: gR differenc(;ai)% (95% N“e‘i‘eblftrs of A‘(ig‘s‘f,f‘égR differencCeI,)% (95%
Strategy 1 12 Ref Ref 14 Ref Ref
Strategy 2 ) 0.85 (039, 1.87) 03 (-13,07) 44 1.12 (0.63, 2.05) 0.1 (-0.9, 1.0)
Strategy 3 56 0.89 (0.40, 1.97) 0.0 (-1.0, 0.9) 58 1.15(0.57, 2.17) 0.1 (-0.9, 1.1)
Strategy 4 61 0.89 (0.40, 1.95) 0.0 (:0.7, 0.7) 65 1.19(0.48, 2.14) 02(-0.7,12)
Strategy 5 63 0.89 (0.41, 1.93) 202 (-09,0.5) 69 1.19 (0.47, 2.05) 0.2(:0.7,1.2)
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C. All-cause mortality

Table 4.4 (Continued)

Primary protocol specification Secondary protocol specification
Strategy Numberof | Adjusted HR | Adjusted yearrisk |0, o of | Adjusted HR | Adjusted l-year risk
difference, % (95% s difference, % (95%
events (95% CI) events (95% CI)
CD Cl
Strategy 1 29 Ref Ref 35 Ref Ref
Strategy 2 90 1.39(0.81, 2.4) 33(-1.4,8.1) 90 1.25(0.77, 2.03) 29(-1.3,7.1)
Strategy 3 117 1.26 (0.75, 2.13) 1.8 (-0.8, 4.5) 118 1.26 (0.72, 2.20) 1.8 (-0.7,4.5)
Strategy 4 138 1.23 (0.74, 2.06) 1.6 (-0.4, 2.5) 149 1.20 (0.69, 2.09) 1.6 (-0.5, 2.6)
Strategy 5 146 1.18 (0.70, 1.97) 0.8 (-0.4, 2.0) 163 1.19 (0.67,2.11) 0.8 (-0.5,2.2)

VTE — venous thromboembolism, HR — hazard ratio, CI — confidence interval




4.5 DISCUSSION

We used healthcare insurance claims data to estimate the effect of different durations of rivaroxaban
therapy on VTE recurrence, major bleeding and all-cause mortality by emulating a target trial using
the three step process of cloning, censoring and weighting.?> We found a beneficial effect on the
risk of VTE recurrence with extended treatment with 12 months of treatment having the lowest risk
of VTE recurrence of all the strategies. However, the incremental benefit for every three additional
months of therapy differed based on the description of the protocol for the target trial. We outlined
two specifications of the protocol, which differed in whether they required codes for clinical
indications for switching or restarting therapy. With the primary specification, we observed that
around 30% of patients who did not fill a rivaroxaban prescription in the grace period re-initiated
therapy without a prior code for clinical indication and more than half of patients re-initiated therapy
without indication after discontinuing it. Additionally, we assumed that those who discontinued
therapy without a clinical indication did so because they had no further need for anticoagulation.
Insurance claims do not provide direct insight into the clinical justification for treatment changes.
We assumed that, if a code for a clinical indication were reported on an insurance claim, it may
influence subsequent clinical decisions. With the secondary specification, all instances of switching
and re-initiating therapy were considered as clinically indicated.

We observed that with both protocol specifications, there was a substantial reduction in the risk of
VTE recurrence with a 3-month extension (strategy 2), compared to discontinuing rivaroxaban after
the initial 3-month treatment episode (strategy 1). However, the additional benefit comparing 6, 9
and 12 months of extended therapy to 3 months of extended therapy was smaller with the primary
specification (~0.74% points further reduction in VTE recurrence risk with 12-month compared to

3-month extension) compared to secondary specification (~1.6% points further reduction in VTE
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recurrence risk with 12-month compared to 3-month extension). The risk of VTE recurrence for
both specifications at 12 months was similar. The direction and magnitude of effect of extended
treatment with rivaroxaban for 12 months compared to discontinuation on risk of VTE recurrence
was similar to that observed in the two rivaroxaban extension trials.?’> However, the trials did not
include multiple extension arms of different durations.

The tapering of the benefit over the follow-up period as seen in our study may be due to a few
reasons. One, the risk of VTE recurrence is not constant over time. It has been shown to increase
for the first 6 months following a first VTE event and then decrease over time.?*% There is also a
possibility of confounding due to good clinical practice by healthcare providers which was not fully
addressed by adjustment for the baseline covariates. However, we did note that the groups of
patients who filled rivaroxaban in the grace period (potentially initiating strategies 2 to 5) vs those
who did not fill a rivaroxaban prescription were very similar on the measured covariates (Appendix
5).

The effect of different extended treatment durations compared to discontinuing treatment on major
bleeding was largely null for both specifications, despite a slight increase in the point estimate with
the secondary specification, which is in line with the two extension trials. Additionally, the absolute
risk differences of major bleeding for strategies 2 to 5 compared to strategy 1 were very small. We
did observe that the risk of all-cause mortality for 3-month extension compared to discontinuation
was higher than that comparing 12-month extension to discontinuation. As we do not have
information on cause-specific mortality, it is unclear if this pattern is driven by VTE recurrence or

bleeding events.
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There are a few other limitations in our study. We used information from health insurance claims
to evaluate adherence to treatment strategies, which may cause exposure misclassification. There
is a potential for residual confounding by baseline and post-baseline covariates such as aspirin use,
obesity, and smoking status as we used diagnosis and pharmacy claims to define them. We did
notice that in the expanded dataset, all outcome events in the 4 strategies of treatment extensions
(strategies 2 to 5) were nested -- 1.e., all events in strategy 2 were also found in strategy 3, all events
in strategy 3 were also found in strategy 4, and so on. This was true for all three outcomes of interest.
The small sample size of our cohort along with few replicates perfectly following the strategies (i.e.
discontinuing exactly in the 4 weeks mentioned) and not reinitiating therapy probably contributed
to this. We could have evaluated the effect of treatment duration in 1-month rather than 3-month
increments if we had more eligible participants.

The strengths of the study lie in its methodology. This is the first study that has used the three-step
method to compare different treatment durations using observational data. The eligibility criteria
for the study were constructed to ensure clinical equipoise at time zero and treatment strategies that
emulated real-world clinical decisions. We used an appropriate method to account for the grace
period, avoiding immortal time bias’ and the approach suggested by Krumme et al., 2018%
(combination of continuous initial use and recent prescription fill) to minimize exposure
misclassification and ensure better covariate balance between continuers and discontinuers. We
also used validated definitions of our outcomes, wherever possible.

4.6 CONCLUSION

In summary, our study demonstrates a novel method to estimate the effect of different treatment
durations on outcomes using observational data. We noted that a 12-month extension of rivaroxaban

therapy had the lowest risk of VTE recurrence compared to shorter durations of rivaroxaban
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therapy, without a commensurate increase in risk of major bleeding. While RCTs are preferred for
evidence generation about appropriate duration of therapies, we can leverage real-world healthcare
databases such as insurance claims and electronic medical records to help answer the same research

questions when trials are not yet available.
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Chapter 5. Conclusion

This dissertation aimed to evaluate the effectiveness and safety of extended treatment with
rivaroxaban among patients with unprovoked VTE who had completed an initial three-month

rivaroxaban treatment using the target trial framework.

Chapters 2 and 3 differed based on the choice of causal contrast — i.e., the intention-to-treat effect
and the per-protocol effect, respectively. In Chapter 2, we observed that, among patients who
completed an initial three months of rivaroxaban treatment, those who extended treatment had a
substantially lower one-year risk of VTE recurrence compared to those who discontinued
rivaroxaban treatment. Similarly, in Chapter 3, we found that consistently following a treatment
regimen of extending rivaroxaban led to a significant reduction in one-year risk of VTE recurrence
compared to consistently following a regimen to discontinue rivaroxaban among patients with
unprovoked VTE who completed an initial three months of therapy. We did not find a
corresponding increase in risk of bleeding for either the intention-to-treat or per-protocol effect. In
Chapter 4, we emulated a target trial with five arms representing different durations of extended
rivaroxaban therapy and noted that a 12-month extension of rivaroxaban therapy had the lowest
risk of VTE recurrence compared to shorter durations of rivaroxaban therapy (i.e., 0-, 3-, 6- and 9-

month extension), without a commensurate increase in risk of major bleeding.

In addition to the clinical findings, this dissertation has several methodological implications. We
found that using the target trial framework enabled us to focus on patients with clinical equipoise
regarding extended treatment, explicitly specify the treatment strategies to be compared and
carefully account for the 14-day grace period allowed to initiate the treatment strategies. The
clinical questions investigated in this dissertation served as valuable examples for illustrating how

claims data can be used in defining the target trial protocol and treatment strategies and how proxies
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can be used to approximate clinical decisions to reduce some limitations of these databases. Chapter
4 was the first study that used the three-step method of cloning, censoring, and weighting to

compare different treatment durations using observational data.

In conclusion, we can leverage real-world healthcare databases, such as insurance claims, to help
answer research questions for which trials may not be available or feasible. Observational studies
using the target trial framework can be used to estimate the effect of sustained treatment or the per-
protocol effect, to complement intention-to-treat effects. Using these data and approaches we
founds that extended treatment with rivaroxaban for at least a year after an initial three-month

treatment episode was better than short treatment durations in patients with unprovoked VTE.
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Supplemental Tables and Figures

Supplementary Table 2.1. Diagnostic and procedure codes for identifying venous
thromboembolism and major bleeding

A. Venous thromboembolism

Defined as presence of any of these codes in the primary or secondary position of an

inpatient admission

The same definition is used to define the index VTE event as well as VTE recurrence.

Pulmonary embolism

ICD 9 CM

415.11,415.12, 415.13, 415.19

ICD 10 CM

126.01, 126.02, 126.09, 126.90, 126.92, 126.99

Deep vein thrombosis

451.11, 451.19,451.2,451.81, 451.83, 451.84,
451.89,451.9,452,453.0, 453.1, 453.2, 453.3,

b9 M 453.4,453.41, 453.42,453.82, 453.83, 453.84,
453.85, 453.86,453.87, 453.89, 453.9,
180.1, 180.20, 180.21, 180.22, 180.23, 180.29,
180.3, 180.8, 180.9, 181, 182.0, 182.1, 182.210,
ICD 10 CM 182.220, 182.290, 182.3, 182.40, 182.41, 182.42,

182.43,182.44, 182.49, 182.4Y, 182.4Z, 182.60,
182.62, 182.890, 182.90, 182.A1, I82.B1,
182.C1
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B. Major bleeding — definition 2

Defined as any gastrointestinal, intracranial and other bleeding codes in the primary or
secondary position of an inpatient hospitalization.

ICD 9 CM

430,431, 432.1,432.0, 432.9, 852.40, 852.42, 852.43, 852.44,
852.45, 852.46, 852.20, 852.22, 852.23, 852.24, 852.25,
852.26, 852.00, 852.02, 852.03, 852.04, 852.05, 852.06, 531.,
531.01, 531.03, 531.04, 531.05, 531.09, 531.2, 531.21, 531.25,
531.4,531.41,531.45, 531.47, 531.48, 531.49, 531.6, 531.61,
532.,532.01, 532.03, 532.04, 532.05, 532.2, 532.21, 532.22,
532.25,532.4,532.41, 532.42, 532.43, 532.44, 532.6, 532.61,
533.,533.01, 533.02, 533.03, 533.09, 533.2, 533.21, 533.29,
533.4,533.41, 533.42, 533.43, 533.6, 533.61, 533.69, 534.,
534.01, 534.02, 534.07, 534.08, 534.2, 534.21, 534.24, 534.27,
534.4,534.41, 534.6, 534.61, 534.62, 534.63, 534.69, 578.,
578.1,578.11, 578.12, 578.13, 578.14, 578.15, 578.17, 578.19,
562.02, 562.03, 562.12, 562.13, 569.3, 569.31, 569.32, 569.33,
569.34, 569.35, 569.36, 569.37, 569.38, 569.39, 569.85, 578.9,
423.0,719.11, 719.11, 719.11, 784.7, 784.8, 599.7, 786.3

ICD 10 CM

160.00, 160.01, 160.02, 160.10, 160.11, 160.12, 160.2, 160.30,
160.31, 160.32, 160.4, 160.50, 160.51, 160.52, 160.6, 160.7,
160.8, 160.9, 161.0, I61.1, 161.2, 161.3, 161.4, I61.5, 161.6,
I61.8,161.9, 162.00, 162.01, 162.02, 162.03, 162.1, 162.9,
S06.4X0A, S06.4X1A, S06.4X2A, S06.4X3A, S06.4X4A,
S06.4X5A, S06.4X6A, S06.4X7A, S06.4X8A, S06.4X9A,
S06.5X0A, S06.5X1A, S06.5X2A, S06.5X3A, S06.5X4A,
S06.5X5A, S06.5X6A, S06.5X7A, S06.5X8A, S06.5X9A,
S06.6X0A, S06.6X1A, S06.6X2A, S06.6X3A, S06.6X4A,
S06.6X5A, S06.6X6A, S06.6X7A, S06.6X8A, S06.6X9A,
K25.0, K25.2, K25.4, K25.6, K26.0, K26.2, K26.4, K26.6,
K27.0,K27.2,K27.4, K27.6, K28.0, K28.2, K28.4, K28.6,
K92.0, K57.11, K57.13, K57.31, K57.91, K57.33, K57.93,
K625, K55.21, K92.2, K57.01, K57.21, K57.41, K57.51,
K57.53,K57.81,131.2, M25.011, M25.012, M25.019, R04.0,
R04.1,R31.9,R04.2, R04.9, R04.81, R04.89, R31.9, R31.0,
R31.1,R31.2
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Supplement 2.2. Technical details for estimation the observational analogue of intention-to-
treat effect from the emulation of a target trial of extended rivaroxaban treatment in

unprovoked venous thromboembolism, U.S. Medicare claims from 2011 to 2017

In the target trial, the intention to treat effect is the hazard ratio of the outcome comparing those
assigned to treatment strategy of extending rivaroxaban to those assigned to strategy of

discontinuing it.

Due to lack of random treatment assignment in our study at time zero (ty), we could only classify
patients to the treatment strategy they initiated by end of the grace period. Hence, the data for

patients may be consistent with more than one strategy for this duration. For example,

e if a patient filled a new prescription of rivaroxaban on the 7th day of the grace period, their

data would be compatible with both treatment strategies for the first six days.

e Similarly, if a patient failed to fill a rivaroxaban prescription in the grace period, their data

would be compatible with both strategies for all 14 days.

To account for this, we created an expanded dataset with two copies of every eligible patient at time
zero, assigned a copy to each strategy and censored them if they failed to be consistent with the
given strategy by end of the grace period. This approach helps avoid immortal time bias and

selection bias and allows us to appropriately include any outcomes that occur during these 14 days.

Note: Patients who initiated an anticoagulant other than rivaroxaban during the grace period also
had two copies in the expanded dataset. Each of the copies were censored on the day they filled that

prescription and hence, contributed the same person time towards both strategies in the analysis.
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Notation used:

t = time in days, range from 0 to end of follow up
C; = indicator for censoring at time, ¢

A = indicator for rivaroxaban fill on time, ¢

A._; = history of rivaroxaban fill up to #-1* day

L; = confounder history till time, ¢

Y: = indicator for outcome on time, ¢

Overbars denote history of the variable.

Model to estimate inverse probability weights:

We performed these steps for each outcome separately. We used inverse probability weighting to
account for confounding and selection bias induced by artificially censoring copies using baseline
and post-baseline covariates. The weight assigned to each copy at time, ¢, of follow-up is inversely
proportional to the probability of remaining uncensored through ¢ (or being consistent with the
strategy the copy was assigned to), conditional on its covariate history, fill history and being at risk

of the outcome.

1
Pr[C, = 0| C,—y = 0,L;,Y, = 0,A;_4]

The probability of a patient’s rivaroxaban fill at day 7 conditional on not having a fill till #-/, baseline
and post-baseline covariates and being at risk of the outcome (estimated from the model described

below) in the original dataset without the copies
is equal to

the probability of being uncensored for each copy in the expanded dataset through day # (or being
consistent with the strategy the copy was assigned to) conditional on not developing the outcome,

covariate and fill history [Cain LE, et al., 2010].

f[AtMt—l'Zt; Y; = 0] = Pr[Ct = 0| Ci-1 =0, Zt; Y, = O;At—l]
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We estimated the denominator of the weights in the original study population without the copies
by fitting a pooled logistic regression model for rivaroxaban initiation (4;). The model was
restricted to days of the grace period (¢ = 0 to 13) on which patients were still ‘at risk’ of initiating
rivaroxaban i.e. had not yet filled their initial rivaroxaban prescription (4,_; = 0). Overbars denote

history i.e. A;_; = (Ag, A1, Ay ... Ap_1).
Logit(Pr[A; = 1|4;_; = 0,L,Y; = 0]) = ao¢ + a4L;,

Where,

@g ¢ 1s a time varying intercept modeled using linear and quadratic term for day ¢ of grace
period,

L, is a vector of baseline and post-baseline covariates,

Y; is indicator for outcome at ¢.
Assignment of weights:

We can use the probabilities from the model to estimate the weights, which will then be applied to
the expanded study population. The weight assigned to each copy at time ¢ is inversely proportional
to the probability of remaining uncensored through time 7 (or being consistent with the strategy the
copy was assigned to) conditional on their covariate history (L;) and being at risk of the outcome

(Y = 0). The contributions to the denominator of weights are given in Appendix 1 Table 1.

Appendix 1 Table 1. Time specific contributions to inverse probability weights

Time Treatment strategy 1 Treatment strategy 2
(extending rivaroxaban) (discontinuing rivaroxaban)

Grace period, day(¢) 1 _ 1 _
OSt<l3 Pr [At :0|At—1 ZO,Lt,YtZO]
End of grace period, 1 1
dayg Pr[4, = 1|4,_, = 0,L,, Y, =0] |Pr[4, =0|4,_, =0,L, Y, = 0]
Z‘ =
After grace period,

day(?) 1 1
t =14 till end of follow
up
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We assumed that the copies initiating strategy 1 did so at the end of the grace period. For copies
assigned to strategy 1, we used this model to estimate the probability of initiating a rivaroxaban fill
on the last day of grace period (# = 13) if it had not been initiated before. The probabilities for days
0 to 12 of the grace period were set to 1. Once the copies initiated their respective strategy, the
denominator of the weights remained constant (i.e. multiplied by 1). The final weight for each

individual at each time point was the product of the weights for that individual up until that time.

Unstabilized weights:
t
wi=| |7z L
=0 f(AelAe—1 = 0,L, Y = 0)

Where,

t = time in days, range from 0 to end of follow up

A = indicator for rivaroxaban fill on day, ¢

A,_; = history of rivaroxaban fill till z-1*' day

L, = confounder history till day, ¢

Y; = indicator for outcome on day, ¢

Distribution of weights:

VTE Major bleeding | Major bleeding All-cause
recurrence definition 1 definition 2 mortality
Mean 1.864 1.865 1.865 1.871
Median 1 1 1 1
Range 1-10.412 1-10.156 1-10.123 1-10.410
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Outcome model:

We fit a weighted pooled logistic regression model for each outcome in the expanded dataset. We

truncated the weights at the 99' percentile.
Logit(Pr[Yeyy = 1|4, Ly, Y = 0, Coyy = 0]) = By + 1A

Where,

Po¢ 1s a time varying intercept modeled using linear and quadratic term for day ¢ of the
follow up,

A is indicator for treatment strategy assigned to the copies,

L, is a vector of baseline and post-baseline covariates,

Y; is indicator for outcome at ¢,

C; 1s indicator for censoring at .
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Supplementary Table 2.3 Estimated adjusted* hazard ratio for all outcomes comparing extended to discontinued rivaroxaban
therapy in unprovoked venous thromboembolism (VTE) stratified by age, sex, type of index VTE, smoking status and bleeding

history
Major bleeding
Subgroup N VTE recurrence HR (95% CI) All-cause mortality
0, 0
HR (95% CT) Definition 1 Definition 2 HR (95% CT)
Age > 80 years 1457 | 0.35(0.18 - 0.68) 1.05(0.28-3.90) | 1.34(049-3.66) | 0.81(0.50—1.30)
Age < 80 years 3657 | 0.63(0.36—1.10) 0.58(026-131) | 093(042-2.07) | 145(0.76—2.74)
Females 3082 | 0.63(0.35—1.14) 125(043-3.62) | 1.51(0.60—3.84) | 0.84(0.52—137)
Males 2032 | 0.45(0.24—0.85) 036(0.13-094) | 056(025-127) | 1.27(0.69-236)
Index VTE: Pulmonary 3706 | 0.55(0.33-0.92) 0.58(0.28—-120) | 0.96(047-197) | 1.03(0.64—1.67)
embolism
Index VTE: Deep vein 1408 | 0.46(020-1.05) | 3.31(042-26.16) | 134(0.36-5.00) | 0.99(0.52—1.90)
thrombosis
Those with history of 1939 0.57 (0.28 — 1.19) 0.75 (0.30 — 1.89) 1.02 (0.39 — 2.64) 1.07 (0.62 — 1.86)
smoking
Those without history of | 5¢) i 0.69(033—141) | 1.04(0.54—1.98) i
bleeding

*adjusted for baseline covariates (age, sex, race, characteristics of index VTE event - type of VTE, duration of index hospitalization, time to initiate rivaroxaban,
comorbid conditions - smoking, obesity, ambulatory visits for VTE and atrial fibrillation, hypertension, type 2 diabetes mellitus, hyperlipidemia, anemia,
ischemic heart disease, congestive heart failure, ischemic stroke or transient ischemic attack, abnormal liver function, acute kidney disease, peptic ulcer disease,
prescription medications - lipid lowering drugs, antiplatelets, antihypertensives, proton pump inhibitors and H, blockers, hormone replacement therapy,
antidepressants and NSAIDs, healthcare utilization variables including number of unique prescription medications, ambulatory visits, inpatient and emergency
visits, renal function test and coagulation tests, flu vaccine and frailty indicators - home oxygen use, wheelchair, walker and cane use and commode chair use)
and post-baseline covariates (number of inpatient and emergency visits, ambulatory visits, number of distinct medications and frailty indicators).




Supplementary Table 2.4. Sensitivity analyses from the emulation of a target trial of
extended rivaroxaban treatment in unprovoked venous thromboembolism, U.S. Medicare
claims from 2011 to 2017

Sensitivity analyses:

1. Additional exclusion - Exclude patients with history of acquired and congenital
thrombophilia (as a persistent risk factor for provoked VTE) N = 5002

2. Modified exclusion: Patients with more than 1 VTE diagnostic procedure codes between
date of index VTE discharge and time zero (instead of >=1 VTE procedure) N = 6027

3. Initial adherence to rivaroxaban defined as treatment gap of 7 days or less (instead of 14
days) N =4361

4. Initial adherence to rivaroxaban defined as treatment gap of 21 days or less (instead of 14
days) N = 5478

5. Patients with end of day supply of their last fill before day 83 falling between 76 and 120
days N = 5653

The estimates are adjusted for baseline covariates (age, sex, race, characteristics of index VTE
event - type of VTE, duration of index hospitalization, time to initiate rivaroxaban, comorbid
conditions - smoking, obesity, ambulatory visits for VTE and atrial fibrillation, hypertension, type
2 diabetes mellitus, hyperlipidemia, anemia, ischemic heart disease, congestive heart failure,
ischemic stroke or transient ischemic attack, abnormal liver function, acute kidney disease, peptic
ulcer disease, prescription medications - lipid lowering drugs, antiplatelets, antihypertensives,
proton pump inhibitors and H> blockers, hormone replacement therapy, antidepressants and
NSAIDs, healthcare utilization variables including number of unique prescription medications,
ambulatory visits, inpatient and emergency visits, renal function test and coagulation tests, flu
vaccine and frailty indicators - home oxygen use, wheelchair, walker and cane use and commode
chair use) and post-baseline covariates (number of inpatient and emergency visits, ambulatory
visits, number of distinct medications and frailty indicators).

105



A. Outcome: VTE recurrence

Sensitivity analysis - VTE recurrence

Sensitivity analysis Mao. of patients Hazard ratio (95% CI)
SA 1 (Exclude: coagulopathies) 5002 —a— 0.51(0.33-078)
SA 2 (Exclude: =1 VTE procedure) G027y —a— 0.61(0.42-0.490)
543 (Rx gap =7 days) 4361 —a— 0.51(0.32-0.287)
544 (Rx gap = 21 days) 5478 —a— 0.52 (0.35-0.78)
SA 5 (EDS - 76 to 120 days) 5E53 —a— 0.52(0.35-0.78)

T T T 1

0.25 050 1.0 2.0 4.0

B. Outcome: Major bleeding (Definition 1)

Sensitivity analysis - Bleeding Def 1

Sensitivity analysis Mo, of patients Harard ratio (95% Cl)
SA 1 (Exclude: coagulopathies) 5002 —a— 0.72(0.37-142)
5A 2 (BExclude: =1 VTE procedure) G027 —a— 077 (0.40-147)
543 (Rx gap = 7 days) 4367 —a— 0.69 (0.35-1.37)
544 (Rx gap = 21 days) 5478 —a— 0.82 (0.42 - 1.59)
545 (EDS - 76 to 120 days) 5653 —a— 0.90 (0.48 - 1.70)

T T T 1

025 0580 1.0 2.0 40

VTE — venous thromboembolism, Rx — treatment, EDS — End of day supply, CI — confidence interval
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C. Outcome: Major bleeding (Definition 2)

Sensitivity analysis - Bleeding Def 2

Sensitivity analysis Mao. of patients Hazard ratio (95% CI)

SA 1 (Exclude: coagulopathies) 5002 I—k—l 1.08(0.59-1.99)

SA 2 (Exclude: =1 VTE procedure) G027y T 1.21(0.68-215)

543 (Rx gap =7 days) 4361 —— 1.12 (0,60 - 2.09)

544 (Rx gap = 21 days) 5478 —— 1.14 (0.62 - 2.09)

SA 5 (EDS - 76 to 120 days) 5E53 —a— 1.16 (0.66 - 2.03)
T T T 1

0.25 050 1.0 2.0 4.0

D. Outcome: All-cause mortality

Sensitivity analysis - All cause mortality

Sensitivity analysis Mao. of patients Hazard ratio (95% CI)
SA 1 (BExclude: coagulopathies) 5002 1.03(0.71-1.50)
SA 2 (Exclude: =1 VTE procedure) G027y 1.02 (072 -1.43)
543 (Rx gap =7 days) 4361 1.01 (067 —1.51)
544 (Rx gap = 21 days) 5478 0.99 (0.69 —1.41)
SA 5 (EDS - 76 to 120 days) 5E53 0.96 (0.63 —1.32)

I | T | 1
0.25 050 1.0 2.0 4.0

VTE — venous thromboembolism, Rx — treatment, EDS — End of day supply, CI — confidence interval
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Supplementary Table 3.1. Diagnostic and procedure codes for clinical indications for
discontinuation, switching or restarting anticoagulant therapy

A. Clinical indications for discontinuation or switching anticoagulants

Definition

Code type

Codes

Minor bleeding: defined as
presence of these codes in
any position in any
healthcare encounter

ICD-9
CM

530.82, 578.0, 7848, 78630, 78639, 5789, 4552, 4555,
4558, 5693, 5781, 5997, 6266, 7191, 7847, 6271, 5310,
5312, 5314, 5316, 5320, 5322, 5324, 5326, 5330, 5332,
5334, 5336, 5340, 5342, 5344, 5346, 53501, 53511,
53521, 53531, 53541, 53551, 53561, 53783, 4560, 45620,
5307, 53082, 5780, 4552, 4555, 4558, 56202, 56203,
56212, 56213, 56881, 5693, 56985, 5781, 5789, 59381,
5997, 6238, 6266, 430, 431, 4320, 4321, 4329, 4230,
4590, 56881, 7191, 7847, 7848, 78630, 78639, 2851

ICD-10 CM

K920, K640, K641, K642, K643, K648, K625, K921,
R310,R311, R3121, R3129, R319, N920, N921, M2500,
M25011, M25012, M25019, M25021, M25022, M25029,
M25031, M25032, M25039, M25041, M25042, M25049,
M25051, M25052, M25059, M25061, M25062, M25069,
M25071, M25072, ,M25073, M25074, 25075, M25076,
M2508, R040, R041, R042, R049, R0489, K250, K252,
K254, K256, K260, K262, K264, K266, K270, K272,
K274, K276, K280, K282, K284, K286, K2901, K2931,
K2941, K2951, K2961, K2921, K2971, K2991, K2981,
K31811, 18501, I8511, K226, K228, K920, K640, K641,
K642, K643, K648, K5711, K5751, K5701, K5713,
K5741, K5753, K5731, K5791, K5721, K5733, K5781,
K5793, K661, K625, K5521, K921, K922, N280, R310,
R311,R3121, R3129, R319, N898, N920, N921, 16000,
16001, 16002, 16010, 16011, 16012, 1602, 16030, 16031,
16032, 1604, 16050, 16051, 16052, 1606, 1607, 1608, 1609,
1610, I611, 1612, 1613, 1614, 1615, 1616, 1618, 1619, 1621,
16200, 16201, 16202, 16203, 1629, 1312, R58, K661,
M2500, M25011, M25012, M25019, M25021, M25022,
M25029, M25031, M25032, M25039, M25041, M25042,
M25049, M25051, M25052, M25059, M25061, M25062,
M25069, M25071, M25072, M25073, M25074, M25075,
M25076, M2508, R040, R041, R042, R049, R0489, D62
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30901, 30903, 30905, 30906, P9010, P9011, P9016,
P9017, P9019, P9020, P9021, P9022, P9023, P9031,

CPT P9032, P9033, P9034, P9035, P9036, P9037, P9038,

P9039, P9040, P9044, P9051, P9052, P9053, P9054,

P9055, P9056, P9057, P9058, P9059, P9060
Chronic kidney disease ICD-9 CM | 5854, 5855, 5856, 5859, 586
defined by presence of
these codes in any position N184, N185, N186, N189, N19, 7992, 7992, 79115,
i healthcare ICD-10 CM
in any 74931, 74901, Z4902, 74931, Z4932
encounter
Acute kidney injury: ICD-9 CM | 5845, 5846, 5847, 5848, 5849
defined by presence of
these codes in any position
in any healthcare ICD-10 CM | N170,N171,N172, N178, N179
encounter

ICD-9 PCS | 3995, 5498
Dialysis: defined by ICD-10 5A1D00Z, 5A1D60Z, 3E1M39Z
presence of these codes in | PCS ’ ’
any position in any ICD-9CM | V45.11, V45.12, V56.0, V56.1, V56.2, V56.31, V56.32
healthcare encounter
1CD-10 CM | 2992, 2992, 29115, 24931, 24901, 24902, Z4931,

74932

B. Clinical indications for restarting anticoagulants

Definition

Code type

Codes

VTE progression: defined
by presence of these codes
in any position in any
healthcare encounter

ICD-9 CM

415.11, 415.12,415.13, 415.19,451.11, 451.19, 451.2,
451.81,451.83,451.84,451.89, 451.9, 452, 453.0, 453.1,
453.2,453.3,453.4,453.41, 453.42, 453.82, 453.83,
453.84, 453.85, 453.86, 453.87,453.89, 453.9,
453.52,453.50,453.51, 453.52, 453.73, 453.72, 453.79,
453.74, 453.75,453.76, 416.2

ICD-10 CM

126.01, 126.02, 126.09, 126.90, 126.92, 126.99, 180.1,
180.20, 180.21, 180.22, 180.23, 180.29, 180.3, 180.8, 180.9,
181, 182.0, 182.1, 182.210, 182.220, 182.290, 182.3, 182.40,
182.41, 182.42, 182.43, 182.44, 182.49, 182.4Y, 182.4Z,
182.60, 182.62, 182.890, 182.90, 182.A1, 182.B1, 182.C1,
182.549, 182.591, 182.592, 182.593, 182.599, 182.5Y1,
182.5Y2, 182.5Y3, 182.5Y9, 182.571, 182.572, 182.573,
182.579, 182.701, 182.702, 182.703, 182.709, 182.721,
182.722,182.723, 182.729, 182.891, 182.91, 182.A21,
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182.A22, 182.A23, 182.A29, 182.B21, 182.B22, 182.B23,
182.B29, 182.C21, 182.C22, 182.C23, 182.C29, 127.82.

Atrial fibrillation: defined
by presence of these codes
in any position in an
inpatient encounter

ICD-9 CM

427.31

ICD-10 CM

148.0, 148.1, 148.2, 148.91

Ischemic stroke: defined
by presence of these codes
in any position in an
inpatient encounter

ICD-9 CM

433.00, 433.01, 433.10, 433.11, 433.20, 433.21, 433.30,
433.31, 433.81, 433.90, 433.91, 434.00, 434.01, 434.10,
434.11, 434.90, 434.91

ICD-10 CM

165.1, 163.02, 163.12, 163.22, 16521, 16522, 16523, 16529,
163.031, 163.032, 163.033, 163.039, 163.131, 163.132,
163.133,163.139, 163.231, 163.232, 163.233, 163.239,
16501, 16502, 16503, 16509, 163.011, 163.012, 163.013,
163.019,163.111, 163.112, 163.113,163.119, 163.211,
163.212,163.213, 163.219, 1658, 163.59, 163.09, 163.19,
1659, 163.00, 163.10, 163.20, 163.29, 166.01, 166.02,
166.03, 166.09, 166.11, 166.12, 166.13, 166.19, 166.21,
166.22, 166.23, 166.29, 166.3, 163.30, 163.311, 163.312,
163.313,163.319, 163.321, 163.322, 163.323, 163.329,
163.331, 163.332, 163.333, 163.339, 163.341, 163.342,
163.343,163.349, 163.39, 163.6, 166.9, 163.40, 163.411,
163.412,163.413,163.419, 163.421, 163.422, 163.423,
163.429, 163.431, 163.432, 163.433, 163.439, 163.441,
163.442,163.443, 163.449, 163.49, 166.8, 163.50, 163.511,
163.512,163.513,163.519, 163.521, 163.522, 163.523,
163.529, 163.531, 163.532, 163.533, 163.539, 163.541,
163.542, 163.543, 163.549, 163.8, 163.9

Hip and knee replacement:
defined by presence of
these codes in any position
in any healthcare
encounter

ICD-9 PCS

815.1, 815.2, 815.3, 815.4, 815.5

ICD-10
PCS

OSR9019, 0SR901A, 0SR901Z, 0SR9029, 0SR902A,
O0SR902Z, 0SR9039, 0SR903A, 0SR903Z, 0SR9049,
OSR904A, 0SR904Z, 0SR907Z, 0SR90J9, 0SRI0JA,
OSR90JZ, 0SR90KZ, OSRB019, 0SRBO1A, OSRB01Z,
OSRB029, 0SRB02A, 0SRB02Z, 0SRB039, 0SRBO3A,
OSRBO03Z, 0SRB049, 0SRB04A, 0SRB04Z, 0SRB07Z,
OSRBO0J9, 0SRBOJA, OSRB0JZ, 0SRBOKZ, 0SRA009,
OSRAOOA, OSRA00Z, O0SRA019, 0SRAO1A, OSRAO01Z,
OSRAO039, 0SRAO03A, 0SRA03Z, 0SRA07Z, 0SRA0J9,
OSRAOJA, OSRAO0JZ, 0SRAOKZ, O0SRE009, 0SREOOA,
OSRE00Z, OSRE019, OSREOIA, O0SRE01Z, OSRE039,
OSREO3A, OSRE03Z, 0SRE07Z, 0SRE0J9, 0SREOJA,
OSREO0JZ, 0SREOKZ, 0SRRO019, 0SRRO1A, O0SRRO1Z,
OSRR039, 0SRR03A, 0SRR03Z, 0SRR07Z, 0SRR0J9,
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OSRROJA, O0SRR0JZ, 0SRROKZ, 0SRS019, 0SRSO1A,
OSRS01Z, 0SRS039, 0SRS03A, 0SRS03Z, 0SRS07Z,
OSRS0J9, 0SRSO0JA, 0SRS0JZ, 0SRSO0KZ, 0SW90JZ,
0SWI3JZ, 0SW94JZ, 0SWAOJZ, 0SWA3JZ, 0SWA4JZ,
0SWBO0JZ, 0SWB3JZ, 0SWE0JZ, 0SWE3JZ, 0SWE4JZ,
OSWRO0JZ, 0SWR3JZ, 0SWR4JZ, 0SWS0JZ, 0SWS3JZ,
0SWS4JZ, 0SRC07Z, 0SRCO0J9, 0SRCOJA, 0SRCO0JZ,
OSRCOKZ, 0SRCOL9, 0SRCOLA, 0SRCOLZ, 0SRDO07Z,
OSRDO0J9, 0SRDOJA, 0SRD0JZ, 0SRDOKZ, 0SRDOL9,
OSRDOLA, OSRDOLZ, OSRT07Z, 0SRT0J9, O0SRTOJA,
OSRTO0JZ, 0SRTOKZ, 0SRU07Z, 0SRUO0J9, 0SRUOJA,
OSRU0JZ, 0SRU0JZ, 0SRUOKZ, O0SRV07Z, 0SRV0J9,
OSRVOJA, OSRV0JZ, 0SRVOKZ, 0SRW07Z, 0SRWO0J9,
OSRWOJA, 0SRWO0JZ, 0SRWO0KZ, 0SWCO0JC,
0SWCO0JZ, 0SWC3JC, 0SWC3JZ, 0SWC4JC, 0SWCA4JZ,
O0SWDO0JC, 0SWDO0JZ, 0SWD3JC, 0SWD3JZ,
O0SWD4JC, 0SWD4JZ, 0SWTO0JZ, 0SWT3JZ, 0SWT4JZ,
0SWU0JZ, 0SWU3JZ, 0SWU4JZ, 0SWVOJZ,
OSWV3JZ, 0SWV4JZ, 0SWWO0JZ, 0SWW3JZ,
0SWW4JZ

Cancer: defined by
presence of these codes in
any position in any
healthcare encounter

ICD-9 CM

140 — 165, 170 - 172, 174 — 176, 179 — 209, 230 — 239

ICD-10 CM

C00 - C26, C30 - C41, C43, C45 - C58, C60 — C96,
C7A, C7B, D00 — D09, D37 — D49
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Supplementary Table 3.2. Technical details of estimation the observational analogue of per-
protocol effect from emulation of a target trial of sustained extended rivaroxaban treatment

in unprovoked venous thromboembolism, U.S. Medicare claims from 2011 to 2017

Under the assumptions of conditional exchangeability, consistency, positivity and no model
misspecification, the per-protocol effect is the effect if everyone had consistently followed the
treatment strategy of extending rivaroxaban therapy to if everyone had consistently followed the
treatment strategy of discontinuing rivaroxaban therapy among adults with unprovoked venous

thromboembolism who completed an initial treatment duration with rivaroxaban.

The statistical analysis has three steps: creating copies (to avoid immortal time bias), censoring
when copies deviate from protocol (to ensure adherence), and inverse probability weighting (to

adjust for selection bias).

Models to estimate denominator of inverse probability weights:

We used inverse probability weighting to account for baseline confounding as well as selection bias
induced by artificially censoring copies using baseline and post-baseline covariates. The weight
assigned to each copy at time & of follow-up (ranging from 0 to 51) is inversely proportional to the
probability of remaining uncensored through & (or being adherent with the strategy the copy was

assigned to), conditional on its covariate history, fill history and being at risk of the outcome.

1
Pr[Cy = 0] Ck—1 = 0,Ly, Y = 0, A 4]

The probability of patient’s rivaroxaban coverage at period & conditional on treatment history,
baseline and post-baseline covariates and being at risk of the outcome (estimated from the models
described below) in the original dataset without the copies

is equal to

the probability of being uncensored for each copy in the expanded dataset through period & (or
being consistent with the strategy the copy was assigned to) conditional on treatment history, not

developing the outcome, covariate and fill history [Cain LE, et al., 2010].
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1 1
PrC, = 0| Cr_y = 0,L, Vi = 0,4 1] flAxlAx_1, Li, Vi = 0]

Notation used:

k = 7-day time periods, range from 0 to 51

Cx = indicator for censoring at time, k

Ay = indicator for rivaroxaban fill on time, k&
Aj,_; = history of rivaroxaban fill up to k-/* period
L, = covariate history till time, k

Yi = indicator for outcome on time, k

Overbars denote history of the variable.

We estimated the denominator of the weights in the original study population without the copies

by fitting three pooled logistic regression models for rivaroxaban coverage (Ay).

e Model 1: was restricted to the grace period, which comprises of 2 7-day periods i.e. k=0

and k£ =1.
Logit(Pr[Ay = 1|Ak_1, L, Y, = 0]) = aop + ayLy,
e Models 2 and 3: were restricted to subsequent follow-up periods i.e. k=2 to 51.
Model 2 was fit to person-time £ that was covered by rivaroxaban in the previous period (Ax = 1)
Logit(Pr[Ay = 1|Aj_1 = 1, L, Y =0]) = Tox + T1Lg

Model 3 was fit to person-time k that was not covered by rivaroxaban in the previous period (Ax =

0)
LOglt(Pr[Ak = 1|AR—1 =0, Zk, Yk = 0]) = 00,’( + lek

Where,
Ay 1s the indicator for rivaroxaban coverage during time k. It is 1 if the period is covered by

rivaroxaban and 0 if it is not
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@k 1s a time varying intercept modeled using linear term for period & of grace period,

Tok 18 a time varying intercept modeled using linear, quadratic and cubic term for period k of
follow-up,

0o k 1s a time varying intercept modeled using linear, quadratic and cubic term for period k of
follow-up,

Ly is a vector of baseline and post-baseline covariates,

Y} is indicator for outcome at k.

Patients stopped contributing to the weight models once they changed their anticoagulant therapy
for a clinically allowable reason. The time periods immediately following one where a new
rivaroxaban prescription was filled were not included in the weights model as 100% of such periods

were covered by rivaroxaban.
Assignment of weights:

We can use the probabilities from the three models to estimate the weights, which will then be

applied to the expanded study population.

Unstabilized weights:
k
i f(AklAg-1, L, Yy = 0)

Where,

k = 7-day time periods, range from 0 to 51

Ay = indicator for rivaroxaban fill on time, &

Aj,_; = history of rivaroxaban fill up to k-/* period

Ly = covariate history till time, k

Yi = indicator for outcome on time, k

Overbars denote history of the variable.
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The contributions to the denominator of weights are given in Appendix 3 Table 1. We assumed that
the copies initiating strategy 1 did so at the end of the grace period. The final weight for each copy

at each time point was the product of the weights for that copy up until that time.

Appendix 3 Table 1. Time period specific contributions to inverse probability weights

. Strategy 1 Strategy 2
Denominator (Extend) (Discontinue)
1
Grace period, period(k) k=1 1 > ak 0
End of iod iod(k) k=2 ! !
nd of grace period, period(k) > ak 1 > ak 0
After grace period, period(k) 1 1
based on observed Ak, k=3 to 51 p_ak p_ak
Period(k), after one with an observed 1 |
prescription dispensing
Period(k), on and after clinically 1 1
indicated to discontinue/switch/restart

Note: Patients who initiated an anticoagulant other than rivaroxaban during the grace period also
had two copies in the expanded dataset. Each of the copies were censored on the period they filled
that prescription and hence, contributed the same person time towards both strategies in the

analysis.

Distribution of weights (after truncating at the 99.5" percentile):

VTE Major bleeding | Major bleeding All-cause
recurrence definition 1 definition 2 mortality
Mean 1.94 1.95 1.95 1.95
Median 1.02 1.02 1.02 1.02
Range 1-20.40 1 -20.26 1-20.27 1-20.33

Outcome model:

We fit a weighted pooled logistic regression model for each outcome in the expanded dataset. We

truncated the weights at the 99.5™ percentile.
Logit(Pr[Ys1 = 1|4, Ly, Y = 0, Cipy = 0D = Box + 14
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Where,
Po x 1s a time varying intercept modeled using linear, quadratic and cubic term for period &
of the follow up,
A is indicator for treatment strategy assigned to the copies,
Ly is a vector of baseline and post-baseline covariates,
Y, is indicator for outcome during £,

Cy 1s indicator for censoring during k.
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Supplementary figure 3.3. Estimated adjusted hazard ratio for all outcomes comparing

sustained extended to discontinued rivaroxaban therapy in unprovoked venous
thromboembolism stratified by age and sex

A. VTE recurrence

Subgroup analysis

Age 80 years and abaove

Age less than 80 years

Males

Females

Subgroup analysis - VTE recurrence

Mo. evenis/Mo. patients

1811450

35/3638

2312020

30/3068

—a—

[ l I
02s 0350 1.0 2.0

B. Major bleeding (Cunningham et al., 2011)

Subgroup analysis

Age B0 years and above

Age less than 80 years

Males

Females

Subgroup analysis - Major bleeding

Mao. eventsiMa. patients

1501450

24/3638

1212020

2713068

4.0

025 050
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Hazard ratio (95% CI)

0.41(0.18-0.95)

0.41(0.22-0.77)

0.39(0.19-0.83)

0.42(0.23-0.79)

Hazard ratio (95% CI)

0.95 (0.38 - 2.35)

0.76(0.39-1.48)

0.52 (0.22-1.23)

1.00 (0.49 - 2.08)



C. Major bleeding (primary/ secondary inpatient diagnosis)

Subgroup analysis - Major bleeding

Subgroup analysis Mo. events/Mo. patients Hazard ratio (95% CI)
Age 80 years and above 331450 T 1.24 (0,67 - 2.30)
Age less than 80 years 3BI3637 i 1.05(0.64-171)
Males 2002020 A 056 (0.28-1.10)
Females 5113067 —a— 1.31(0.82-2.08)

I T T 1

025 050 1.0 2.0 4.0

D. All-cause mortality

Subgroup analysis - All cause mortality

Subgroup analysis Ma. events/Mo. patients Hazard ratio (95% CI)
Age 80 years and above 1101451 I—J—l 088 (0.71-1.35)
Age less than 80 years AAI3639 —a—i 1.45(1.09-1.94)
Males Rarz022 —a— 1.22(0.85-175)
Females 106/3068 I—T—l 1.01(0.71-1.44)

| | 1 T |
025 050 1.0 2.0 4.0

*adjusted for baseline covariates (age, sex, race, characteristics of index VTE event - type of VTE, duration of index
hospitalization, time to initiate rivaroxaban, comorbid conditions - smoking, obesity, ambulatory visits for VTE and
atrial fibrillation, hypertension, type 2 diabetes mellitus, hyperlipidemia, anemia, ischemic heart disease, congestive
heart failure, ischemic stroke or transient ischemic attack, abnormal liver function, acute kidney disease, peptic ulcer
disease, prescription medications - lipid lowering drugs, antiplatelets, antihypertensives, proton pump inhibitors and
H; blockers, hormone replacement therapy, antidepressants and NSAIDs, healthcare utilization variables including
number of unique prescription medications, ambulatory visits, inpatient and emergency visits, renal function test and
coagulation tests, flu vaccine and frailty indicators - home oxygen use, wheelchair, walker and cane use and
commode chair use) and post-baseline covariates (number of inpatient and emergency visits, ambulatory visits,
number of distinct medications, cardiovascular comorbidity and frailty indicators).
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Supplementary Table 3.4 Sensitivity analyses from emulation of a target trial of sustained extended rivaroxaban treatment in

Sensitivity analyses:

unprovoked venous thromboembolism, U.S. Medicare claims from 2011 to 2017

1. Continuous treatment with rivaroxaban defined as treatment gap of 21 days or less (instead of 14 days)

2. Protocol modification: All instances of switching and restarting anticoagulants considered as clinically indicated

3. Protocol modification: All instances of switching and restarting anticoagulants considered as clinically indicated based

4. Analysis: Modelling time with cubic splines

Major bleeding
Sensitivity analysis N VTE recurrence HR (95% CI) All-cause mortality
o (1)
HR (5% CT) Definition 1 Definition 2 HR (5% C1)

Primary analysis 5114 0.39 (0.24, 0.64) 0.90 (0.53, 1.52) 1.15 (0.80, 1.67) 1.19 (0.95, 1.47)
Sensitivity analysis 1 5478 0.42 (0.26, 0.68) 0.88 (0.52, 1.48) 1.13 (0.79, 1.62) 1.17 (0.94, 1.46)
Sensitivity analysis 2 5114 0.25 (0.14, 0.44) 0.68 (0.32, 1.42) 0.86 (0.49 — 1.54) 1.06 (0.71 — 1.59)
Sensitivity analysis 3 5114 0.38 (0.23, 0.65) 0.92 (0.48, 1.76) 1.08 (0.69, 1.72) 1.11 (0.84, 1.47)
Sensitivity analysis 4 5114 0.40 (0.24, 0.65) 0.90 (0.54, 1.51) 1.16 (0.80, 1.67) 1.18 (0.95, 1.48)

# eligible at time zero

*adjusted for baseline covariates (age, sex, race, characteristics of index VTE event - type of VTE, duration of index hospitalization, time to initiate rivaroxaban,
comorbid conditions - smoking, obesity, ambulatory visits for VTE and atrial fibrillation, hypertension, type 2 diabetes mellitus, hyperlipidemia, anemia,
ischemic heart disease, congestive heart failure, ischemic stroke or transient ischemic attack, abnormal liver function, acute kidney disease, peptic ulcer disease,
prescription medications - lipid lowering drugs, antiplatelets, antihypertensives, proton pump inhibitors and H, blockers, hormone replacement therapy,
antidepressants and NSAIDs, healthcare utilization variables including number of unique prescription medications, ambulatory visits, inpatient and emergency
visits, renal function test and coagulation tests, flu vaccine and frailty indicators - home oxygen use, wheelchair, walker and cane use and commode chair use)
and post-baseline covariates (number of inpatient and emergency visits, ambulatory visits, number of distinct medications, cardiovascular comorbidity and frailty

indicators).




Supplement 4.1. Technical details for estimation the observational analogue of per-protocol
effect from the emulation of a target trial comparing different rivaroxaban treatment
durations in unprovoked venous thromboembolism, U.S. Medicare claims from 2011 to

2017

The statistical analysis has three steps: creating replicates (to avoid immortal time bias), censoring
when replicates deviate from protocol (to ensure adherence), and inverse probability weighting (to

adjust for selection bias).

Models to estimate denominator of inverse probability weights:

We used inverse probability weighting to account for baseline confounding as well as selection
bias induced by artificially censoring replicates using baseline and post-baseline covariates. The
weight assigned to each replicate at time & of follow-up (ranging from 0 to 51) is inversely
proportional to the probability of remaining uncensored through & (or being adherent with the
strategy the replicate was assigned to), conditional on its covariate history, fill history and being

at risk of the outcome.

1
Pr[Ck = OI Ck—l = O) Zk) Yk = 0) Ak—l]

The probability of patient’s rivaroxaban coverage at period k conditional on treatment history,
baseline and post-baseline covariates and being at risk of the outcome (estimated from the models
described below) in the original dataset without the replicates

is equal to

the probability of being uncensored for each replicate in the expanded dataset through period & (or
being consistent with the strategy the replicate was assigned to) conditional on treatment history,

not developing the outcome, covariate and fill history [Cain LE, et al., 2010].

1 1
PriC, = 0] Cry = 0,Li, Y = 0,Ax_1]  flAklAk_1, L, Yy = 0]

Notation used:

k = 7-day time periods, range from 0 to 51
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Cx = indicator for censoring at time, k

Ay = indicator for rivaroxaban fill on time, &
Aj_, = history of rivaroxaban fill up to k-/* period
Ly = covariate history till time, k

Yy = indicator for outcome on time, k

Overbars denote history of the variable.

We estimated the denominator of the weights in the original study population without the replicates

by fitting three pooled logistic regression models for rivaroxaban coverage (Ay).

e Model I: was restricted to the grace period, which comprises of 2 7-day periods i.e. k=0

and k = 1.
Logit(Pr[Ay = 1|Ak_1, L, Y, = 0]) = aop + a1y,
e Models 2 and 3: were restricted to subsequent follow-up periods i.e. k=2 to 51.
Model 2 was fit to person-time & that was covered by rivaroxaban in the previous period (Ax = 1)
Logit(Pr[Ay = 1|Aj_1 = 1, L, Y, = 0]) = Tox + T1Lg

Model 3 was fit to person-time k that was not covered by rivaroxaban in the previous period (Ax =
0)

LOglt(Pr[Ak = 1|Ak—1 = 0, Zk’ Yk = 0]) = 90,,{ + lek

Where,
A, 1s the indicator for rivaroxaban coverage during time 4. It is 1 if the period is covered by
rivaroxaban and 0 if it is not
@k 1s a time varying intercept modeled using linear term for period k of grace period,
Tok 18 a time varying intercept modeled using linear, quadratic and cubic term for period & of
follow-up,
0o k 1s a time varying intercept modeled using linear, quadratic and cubic term for period & of
follow-up,

L, is a vector of baseline and post-baseline covariates,
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Y, 1s indicator for outcome at .

In the primary specification, the patients still contributed to the weights model if they discontinued
rivaroxaban therapy (greater than 14-day treatment gap between subsequent prescriptions) without
a prior clinical indication. However, they stopped contributing to the weight models when they
develop a clinical indication for switching or re-initiating anticoagulant therapy.

The time periods immediately following one where a new rivaroxaban prescription was filled were
not included in the weights model as 100% of such periods were covered by rivaroxaban.

In the secondary specification, all re-initiation and switching of anticoagulant therapy was
considered as clinically indicated. The patients stopped contributing to the weight models when

they switched or restarted therapy.
Assignment of weights:

We can use the probabilities from the three models to estimate the weights, which will then be

applied to the expanded study population with 5 replicates for each patient.

Unstabilized weights:
k
i-o f(AklAg—1, Ly, Yie = 0)

Where,

k = 7-day time periods, range from 0 to 51

Ay = indicator for rivaroxaban fill on time, k

Aj_, = history of rivaroxaban fill up to k-* period

Ly = covariate history till time, k

Yy = indicator for outcome on time, k

Overbars denote history of the variable.

The contributions to the denominator of weights are given in Appendix 3 Table 1. We assumed
that the replicates initiating strategies 2-5 did so at the end of the grace period. The final weight
for each replicate at each time point was the product of the weights for that replicate up until that

time.
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Appendix 3 Table 1. Time period specific contributions to inverse probability weights

(primary specification)

Strat
rareey Strategy 3  Strategy 4 Strategy 5

Strategy 1 2
Denominator : e eg}/ © C (12
(Discontinue) (3
months) months) months)
months)

Grace period, period(t) k 1

1 1 1 1
=1 p_ak_0
End of grace period, 1 1 1 1 1
period(k) k=1 p_ak_0 p_ak_1 p_ak_1 p_ak_1 p_ak_1
After grace period,
period(t) 1 1 1 1 1
based on observed Aq, k= p_ak p_ak p_ak p_ak p_ak
2to 51
Time period after
observed prescription 1 1 1 1 1
dispensing
Period(k), on and after
clinically indicated to 1 1 1 1 1
discontinue/switch/restart

p_ak 0 = conditional probability of not being covered by rivaroxaban = Pr[A, =

0|Ax_1, Ly, Y =0, C = 0]

p_ak_1 = conditional probability of being covered by rivaroxaban = Pr[A, = 1|A,_1, Ly, Y =
0, C, = 0]

p_ak = conditional probability of observed rivaroxaban coverage = Pr[Ay =

alAx_1, Ly, Y =0, C; = 0]

Note: Patients who initiated an anticoagulant other than rivaroxaban during the grace period also
had five replicates in the expanded dataset. Each of the replicates were censored on the period they
filled that prescription and hence, contributed the same person time towards all strategies in the

analysis.
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Distribution of weights (after truncating at the 99.5" percentile):

VTE recurrence | Major bleeding ;?ll(:;ct:;i:;
Mean 2.07 2.08 2.07
Median 1.12 1.12 1.12
Range 1-27.73 1-28.74 1-28.09

Outcome model:

We fit a weighted pooled logistic regression model for each outcome in the expanded dataset.

We truncated the weights at the 99.5" percentile.
Logit(Pr[Yis1 = 1|4, Ly, Y = 0, Ciyq = 0])
= Pox + 1A vs. 1) + B,A(Bvs. 1) + f3A(4vs. 1) + BLA5vs. 1)

Where,
Po,k 1s a time varying intercept modeled using linear, quadratic and cubic term for period
k of the follow up,
A is dummy indicator for treatment strategy assigned to the replicates (strategy 1 is the
reference),
Ly is a vector of baseline and post-baseline covariates,
Y, 1s indicator for outcome during £,

Cy 1s indicator for censoring during k.
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