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Abstract

Purpose: To compare the effectiveness and safety of a drug in daily practice with the

outcomes of a target non-inferiority trial by rigorously mimickingin an observational

study the trial's design features.

Methods: This cohort study was conducted using the British Clinical Practice

Research Datalink (CPRD) to emulate the ROCKET AF (Rivaroxaban Once Daily Oral

Direct Factor Xa Inhibition Compared with Vitamin K Antagonism for Prevention of

Stroke and Embolism Trial in Atrial Fibrillation) trial. Patients with atrial fibrillation

who were newly prescribed (>=12 months of no use) either rivaroxaban or

warfarinfrom October 2008 to December 2017 were included. Non-inferiority of

rivaroxaban to warfarin in the prevention of stroke or systemic embolism was

assessed in different analysis populations (intention-to-treat [ITT], per-protocol [PP],

and as-treated populations) using a hazardratio (HR) of 1.46 as the non-inferiority

margin. Major bleeding (safety outcome) was also assessed and compared to that of

the target trial. All outcomes were analyzed using Cox-proportional hazard analyses.

Results: We included 25,473 incident users of rivaroxaban (n=4,008) or warfarin

(n=21,465). Similar to the trial, non-inferiority in the primary out come was demon-

strated in all three analysis populations: HR=1.04 (95%CI 0.84 to 1.30) (ITT),

HR=0.98 (95%CI 0.70 to 1.38) (PP), and HR=1.11 (95%CI 0.86 to 1.42) (as-treated).

Risk of major bleeding was also similar to the target trial.

Conclusion: The results of this study provide supportive evidence to the effective-

ness of rivaroxaban and adds knowledge on the usefulness of emulating a non-inferi-

ority trial to assess drug effectiveness.
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1 | INTRODUCTION

It is well accepted that running a randomized double blind controlled

trial (RCT) is the best approach to evaluate drug effects in an unbiased

way.1-3 An important question is whether the observed drug effects

from RCTs can be extrapolated to routine daily practice.4,5 Effects

might be different because patients who are treated in clinical practice

(the “real world”) may not be eligible for the RCTs, due to strict in and

exclusion criteria. For example, they may receive more concomitant

drugs and have more comorbidities than patients who are enrolled in

trials. Also, treatment adherence may be lower in daily practice com-

pared to the adherence in trials.6-10

Evaluating drug effectiveness and safety in daily practice is ham-

pered by the observational design of studies vulnerable to informa-

tion, selection, and confounding bias.4-10

Many observational studies have been performed with the objec-

tive to try to find similar drug effects as have been observed in RCTs.

Some studies found similar effects, others did not.6-17

An important step to try to evaluate whether drug effects from

RCTs are similar in daily practice is to try to mimic the target RCT as

much as possible.11-17 Obvious measures such as randomization and

blinding of patients and health care practitioners for the studied drugs

are impossible in observational studies. However, by applying the

same selection criteria in the observational study as were used in the

target trial, by making the same comparison between drug dosages,

and by considering similar follow-up time, obvious causes that might

lead to different drug effects can be prevented.6-17

Such observational studies mimicking target RCTs have been per-

formed. Interestingly in almost all cases such comparisons were done

for superiority trials and only once for a noninferiority trial.11-17 This

last comparison was hampered by the absence of noninferiority com-

parison between study arms in the observational study.17

Therefore, the aim of our study was to compare the effectiveness

and safety of a drug in daily practice with RCT outcomes by rigorously

mimicking in an observational study the design features of the

selected target noninferiority RCT.

2 | METHODS

2.1 | Sources of data

This retrospective cohort study was conducted using the Clinical Prac-

tice Research Datalink (CPRD) to mimic the design of the ROCKET AF

(Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition Compared

with Vitamin K Antagonism for Prevention of Stroke and Embolism

Trial in Atrial Fibrillation) noninferiority trial.18,19 In the ROCKET AF

efficacy of rivaroxaban, an oral factor Xa inhibitor, in preventing

stroke or systemic embolism (primary efficacy outcome) in patients

with atrial fibrillation (AF) was evaluated in almost 14 000 patients.18

Noninferiority of rivaroxaban to warfarin was demonstrated in the pri-

mary outcome: hazard ratio (HR) of 0.79 (95% confidence interval

[CI] 0.66-0.96).

CPRD covers de-identified data of over 10 million patients cur-

rently registered in more than 600 primary care practices in the

United Kingdom.19,20 The CPRD is one of the largest primary care

databases in the world with longitudinal medical records, and CPRD

patients are considerably representative of the UK population with

respect to sex, age, and 19,20 CPRD has an acceptable level of data

completeness and validity as concluded in previous validation

studies.21-24

By linkage to Hospital Episode Statistics (HES) Admitted Care,

data on study outcomes and admission were used. An Independent

Scientific Advisory Committee (ISAC) protocol was submitted and

approval of the study was granted.25

2.2 | Study cohort

Patients who were diagnosed with nonvalvular AF and were pre-

scribed either rivaroxaban or warfarin from September 30, 2008 (the

date of granting marketing authorization of rivaroxaban by the EMA)

were included and followed to the end of the study period (December

31, 2017).26 All patients were incident users (ie, those who did not

use an anticoagulation therapy 12 months before the start of

rivaroxaban or warfarin). The inclusion criteria were similar to those of

the ROCKET AF trial which included patients with nonvalvular AF at

moderate-to-high risk for stroke. This level of risk was indicated by a

history of stroke, transient ischemic attack, or systemic emolism or at

least two of the following risk factors: heart failure; hypertension; age

≥75 years, type I or II diabetes mellitus.18 The following exclusion

criteria could not be applied in this study: the use of the combined

treatment of aspirin and thienopyridines within 5 days before cohort

entry date (defined in section 2.3), the use of intravenous antiplatelets

KEY POINTS

• The ROCKET AF trial was emulated in an observational

study using electronic health care records.

• Noninferiority assessment has not been performed in

previous emulation studies.

• Noninferiority of rivaroxaban to warfarin in the preven-

tion of stroke or systemic embolism in patients with atrial

fibrillation was confirmed in this study.

• Other findings were not replicated in this study which

could be attributed to several reasons related to preci-

sion, (unmeasured) effect modification and/or

confounding.

• Further assessment is needed of observational studies

that emulate a target trial to build more body of evidence

towards the design challenges and the usefulness of

these studies in effectiveness research.
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within 5 days before the cohort entry date, and the use of fibrinolytics

within 5 days before the cohort entry date.

2.3 | Medication exposure and analysis
populations

The cohort entry date was defined as the date of the first prescription

(as order, not dispensing) of either rivaroxaban (test drug) or warfarin

(active comparator). In the follow-up period, current use of

rivaroxaban, warfarin, or other anticoagulants/antiplatelet drug win-

dows were created first for each patient based on prescription refills

and permissible gaps using the British National Formulary codes, then

periods of nonexposure were filled in between afterwards. A 90-day

period was chosen as the permissible gap since some patients in the

British primary care are given a prescription to cover a 90-day period.

Similar to the target trial, the analysis population was split into three

populations:

• Per-protocol (PP) population: this population included patients

who remained adherent to the first allocated treatment, that is, did

not exceed the permissible gap without a prescription of the first

allocated treatment. Patients were censored at the end of the

study period, when switching/stopping the allocated treatment,

when lost to follow-up, or upon death.

• Intention-to-treat (ITT) population: this population included all

patients, regardless of their adherence to their first treatment allo-

cation. Patients were censored at the end of the study period,

when lost to follow-up, or upon death.

• As-treated (time-varying) population: this population was con-

structed to take into account the time varying nature of the expo-

sure to both study drugs in the routine clinical care in addition to

time-varying confounders (section 2.5). Exposure and nonexposure

windows in this population were additionally split into smaller win-

dows to allow for time-varying confounders. Patients were cen-

sored at the end of the study period, when lost to follow-up, or

upon death.

2.4 | Study outcomes

As in the target trial, the primary outcome of this study was the com-

posite endpoint of stroke or systemic embolism (defined as arterial

embolism and thrombosis). The primary outcome was assessed in the

three analysis populations. The secondary outcomes were the com-

posite endpoint of stroke, systemic embolism or vascular death (effi-

cacy) and major bleeding (safety), both assessed in the ITT population

(similar to the target trial). Vascular death was defined in the target

trial as any death attributed to vascular causes (eg, due to myocardial

infarction, stroke, heart failure, etc). Major bleeding was defined in the

target trial as postoperative bleeding occurring after the first postop-

erative study dose; fatal bleeding; bleeding at a critical site or in a criti-

cal organ; overt bleeding warranting treatment cessation; bleeding

leading to re-operation; clinically overt bleeding associated with a fall

in hemoglobin of 2 g/dL or more or leading to a transfusion of two or

more units of blood. In this study, major bleeding was defined as any

bleeding at a critical site or organ as follows: gastrointestinal, intracra-

nial, intraspinal, intraocular, pericardial, intra-articular, intramuscular

with compartment syndrome, or retroperitoneal. Table S1 shows the

ICD-10 (International Statistical Classification of Diseases and Related

Health Problems 10th Revision) codes that were utilized to identify

the primary and secondary outcomes. Diagnostic accuracy of major

bleeding and death ICD-10 algorithms were assessed in a couple of

validation studies with mixed results.27,28 Studies that assessed the

validity of ICD-10 algorithms of other outcomes were not identified in

the published literature.

2.5 | Confounding adjustment

The analysis of the primary and secondary efficacy outcomes was

adjusted for the following potentially confounding variables: age, sex,

blood pressure (systolic and diastolic), body mass index (BMI), smoking

status, alcohol consumption, CHA2DS2-VASc score,29 coexisting con-

ditions (previous stroke, systemic embolism, transient ischaemic

attack, congestive heart failure, hypertension, diabetes mellitus, previ-

ous myocardial infarction, peripheral vascular disease, chronic

obstructive pulmonary disease), kidney functions (kidney functions in

CPRD are recorded under one of four categories, in the target trial,

kidney functions were shown with the absolute values of creatinine

clearance), previous use (12 months prior the index date) of warfarin/

oral factor Xa inhibitor/aspirin, statins, calcium channel blockers,

angiotensin converting enzyme inhibitors, angiotensin II blockers,

diuretics, beta-blockers, centrally acting antihypertensive drugs,

alpha-adrenoceptor blocking antihypertensive drugs, antipsychotics,

selective serotonin reuptake inhibitors, nonsteroidal anti-inflammatory

drugs, antiarrhythmic drugs, nitrates, and antidiabetics.

In the addition to the previously mentioned confounders (except

for CHA2DS2-VASc score), the following confounders were adjusted

for in the analysis of the risk of major bleeding: gastritis, oesophagitis,

history of bleeding, liver functions, and the use of proton pump inhibi-

tors/histamine 2 receptor antagonists. Potential confounders were

selected, because they were reported in the literature as risk factors

for the outcomes and we assumed that none of the selected variables

would classify as an instrumental variable.

In the analysis of the primary outcome in the ITT and PP

populations, and the secondary efficacy and safety outcomes in the

former (ie, time-fixed analysis), all confounders were assessed at

cohort entry (the use of confounding prescription drugs was

assessed 6 months prior the index date except for the use of proton

pump inhibitors/histamine 2 receptor antagonists which was

assessed 3 months before the index date). In the time-varying analy-

sis of the primary outcome in the as-treated population, we distin-

guished between different types of confounders: confounders that

are time-varying and possibly have a direct (ie, instantaneous) effect

on the outcome (type 1); confounders that are time-varying, yet

ALTHUNIAN ET AL. 1265
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have a chronic character where the effect on the outcome may be

delayed (type 2); confounders that are time-varying, yet can only

change in one direction (type 3); and confounders that are not time-

varying (type 4). The adjustment of these confounders were as

follows:

• Type 1: each time the status of these confounders changes, the

information in the datasets was updated. Hence, confounder infor-

mation was assessed at the moment the exposure changes (start/

stop/switch) as well as when then confounder status changes

(start/stop/switch).

• Type 2: the exact timing of changes in the confounder status is

probably less important. Therefore, information about the con-

founder status was updated at the moment (a) the exposure

changes (start/stop/switch), and (b) if exposure remained constant

every 6 months.

• Type 3: these concern chronic conditions that, once diagnosed, do

not disappear anymore. Furthermore, the exact timing of changes

in the confounder status is probably less important. Therefore,

information about the confounder status was updated at the

moment of diagnosis and the status remained the same afterwards.

• Type 4: these confounders are measured at cohort entry.

2.6 | Statistical analysis

The primary hypothesis of the study was that rivaroxaban is non-

inferior to warfarin in the reduction of the risk of stroke or systemic

embolism (the primary outcome). This hypothesis was tested in the

three analysis populations using Cox proportional hazards regression

models. Because of the relatively large sample size, no differences

were expected between confounding adjustment and other methods

to correct for confounding (eg, propensity score matching).30-32 The

HRs of the primary outcome in these populations were estimated

after adjusting for all confounders. The proportional hazards assump-

tion was checked using scaled Schoenfeld residuals (graphical and sta-

tistical test diagnostics), and the right form of the continuous

confounders was checked using Martingale residuals. Noninferiority

of rivaroxaban to warfarin was considered to be demonstrated if the

95% CI of each HR lies entirely below the noninferiority margin (HR:

1.46). This margin was used in the ROCKET AF trial, which was

defined based on the limit of the 95% CI of the risk ratio of warfarin

vs placebo in the reduction of stroke, or systemic embolism that was

pooled from six placebo-controlled trials in patients with AF (ie, nonin-

feriority was analyzed using the fixed-margin method).18,33,34 To

assess the primary outcome, a minimum of 2300 patients in each

group will provide a power of at least 80% to demonstraste nonin-

feriority of rivaroxaban to warfarin. These calculations were based on

the noninferiority margin HR 1.46, one-sided significance level of

0.025, a mean follow-up time of 2 years, and an event rate of the pri-

mary outcome of 2.3% per patient-years in both study groups with an

anticipated HR of 1. The HRs of the secondary outcomes were also

estimated using Cox proportional-hazard regression models after

adjusting for all confounders. The HRs of the primary and secondary

outcomes were compared to those of the ROCKET AF trial.

The success of replicating the noninferiority findings of the target

trial was assessed using the regulatory agreement approach that was

described by Franklin et al paper.35 Agreement is achieved if the 95%

CIs of the primary outcome comparison in the three analyses were

below the noninferiority margin. However, and given the anticipated

smaller number of rivaroxaban users in CPRD, the 95% CIs of our

study might be wider compared with those of the target trial and even

if noninferiority was demonstrated, a complete statistical replication

might not be achieved (ie, superiority of rivaroxaban vs warfarin in the

PP and as-treated populations that was demonstrated in the target

trial). Therefore, an additional metric, the estimate agreement

approach, was used which requires the effect estimate of each analy-

sis population in our study to be within the 95% CI of the

corresponding estimate in the target trial.35 The probability of esti-

mate agreement is a function of the ratio between the variance of the

estimate in our study to that of the target trial assuming no bias in the

former estimate. If equality is achieved (ie, ratio = 1), the probability of

containing the effect estimate for each analysis population in our

study within the 95% CI of its corresponding effect estimate in the

target trial is 83%. The higher the ratio, the higher the probability of

achieving agreement.35

A proportion of values were missing for some confounders

(BMI = 71.3%, systolic and diastolic blood pressure = 19.1%, kidney

functions = 34.0%, smoking status = 39%). Therefore, sensitivity ana-

lyses were conducted to assess the impact of missingness on all study

results (these variables were excluded in main Cox regression models).

The missing values of the confounders were assumed to be missing at

random and were multiply imputed by means of multiple imputation

by chained equations to create five imputed datasets: the continuous

confounders were imputed using predictive mean matching, the

binary confounders were imputed using logistic regression, and the

categorical confounders were imputed using polytomous regression.

The estimated coefficients and variances from the imputed datasets

were pooled using Rubin's rule.36,37

All efficacy outcomes were planned to be compared in patients

who met the selection criteria of the target trial vs those who would

have been excluded (mainly due to safety reasons). The exclusion

criteria of the target trial were applied to determine patients who are

excluded. However, and due to the missing kidney functions in one-

third of the included patients in this study, this comparison was

performed in the sensitivity analyses after imputing missing values. A

variable that classified those who met and those who did not meet

the exclusion criteria was included in the Cox regression models of

the sensitivity analyses, and an interaction term with the treatment

variable was added to assess the effect of rivaroxaban vs warfarin in

those two patient categories.

All statistical analyses were conducted using RStudio Version

1.1.383. Multiple imputation (sensitivity analysis) was performed using

the “mice” package in RStudio.38

1266 ALTHUNIAN ET AL.
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TABLE 1 Baseline characteristics of the intention-to-treat population

Baseline characteristic Rivaroxaban N = 4008 Warfarin N = 21 465 SMDa

Age

Mean 75.1 74.4 0.07

SDb 11.2 10.3

Gender no. (%)

Male 2200 (54.9) 12 107 (56.4) 0.03

Female 1808 (45.1) 9358 (43.6)

BMI 29.0 29.1 0.03

Mean 6.1 6.3

SD

Systolic BP

Mean 132.4 132.8 0.02

SD 17.5 17.7

Diastolic BP

Mean 76.6 77.1 0.04

SD 11.0 11.2

Patients met exclusion criteria; no (%) 143 (3.6) 1317 (6.1) 0.12

Previous use of anticoagulants (vitamin K or

DOAC)/aspirin

2296 (57.3) 14 392 (67.0) 0.20

History of stroke, transient ischemic attack, or

systemic embolism; no (%)

337 (8.4) 1884 (8.8) 0.01

CHA2DS2-VASc risk score; no (%)

0 165 (4.1) 924 (4.3)

1 434 (10.8) 2043 (9.5)

2 710 (17.7) 3792 (17.7) 0.05

3 1009 (25.2) 5240 (24.4)

4 952 (23.8) 5307 (24.7)

5 480 (12.0) 2675 (12.5)

≥6 258 (6.4) 1484 (6.9)

Hypertension; no (%) 2477 (61.8) 13 583 (63.3) 0.03

Ischemic heart disease; no (%) 818 (20.4) 5224 (24.3) 0.09

Peripheral arterial disease; no (%) 151 (3.8) 907 (4.2) 0.02

Deep vein thrombosis/pulmonary embolism; no

(%)

98 (2.4) 752 (3.5) 0.06

Congestive heart failure; no (%) 417 (10.4) 2786 (13.0) 0.08

Major bleeding; no (%) 688 (17.2) 3253 (15.2) 0.05

Diabetes mellitus; no (%) 741 (18.5) 3756 (17.5) 0.03

Chronic obstructive pulmonary disease; no (%) 434 (10.8) 2224 (10.4) 0.02

Kidney functions (reduced creatinine clearance); no

(%)

Normal 2029 (77.2) 10 866 (76.6)

Mildly impaired (80-50 mL/min) 395 (15.0) 1924 (13.6) 0.09

Moderately impaired (50-30 mL/min) 183 (7.0) 1182 (8.3)

Severely impaired (<30 mL/min) 22 (0.8) 212 (1.5)

Smoking history; no (%)

Never smokers 1452 (36.4) 8050 (37.6)

Current smokers 305 (11.1) 2185 (10.2) 0.03

Former smokers 2093 (52.5) 11 152 (52.1)

(Continues)

ALTHUNIAN ET AL. 1267
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TABLE 1 (Continued)

Baseline characteristic Rivaroxaban N = 4008 Warfarin N = 21 465 SMDa

Liver functions (elevated liver enzymes); no (%)c

Normal liver functions 3949 (98.5) 21 236 (98.9)

Mildly elevated (<3 ULNd) 57 (1.4) 216 (1.0) 0.04

Cancer. no (%) 1698 (42.4) 8121(37.8) 0.09

GERD/Gastritis; no (%) 993 (24.8) 4836 (22.5) 0.05

Anemia; no (%) 58 (1.4) 266 (1.2) 0.02

Aspirin; no (%) 1057 (26.4) 7569 (35.3) 0.19

Antiarrhythmic agents; no (%) 644 (16.1) 4876 (22.7) 0.17

NSAIDs; no (%) 191 (4.8) 1558 (7.3) 0.11

Antiplatelets; no (%) 1874 (46.8) 12 670 (59.0) 0.3

SSRIs. no (%) 313 (7.8) 1477 (6.9) 0.04

Antidiabetics; no (%) 524 (13.1) 2749 (12.8) 0.01

Statins; no (%) 1925 (48.0) 10 594 (49.4) 0.03

Calcium channel blockers; no (%) 1391 (34.7) 7776 (36.2) 0.03

ACEIs/A2RBs; no (%) 1911 (47.7) 11 480 (53.5) 0.12

Diuretics; no (%) 1337 (33.4) 9173 (42.7) 0.19

Beta blockers; no (%) 1744 (43.5) 10 914 (50.8) 0.15

Centrally-acting antihypertensive agents; no (%) 35 (0.9) 210 (1.0) 0.01

Alpha blockers; no (%) 541 (13.5) 3072 (14.3) 0.02

Antipsychotics; no (%) 112 (2.8) 649 (3.0) 0.01

Nitrates; no (%) 158 (8.7) 1034 (11.4) 0.09

Proton-pump inhibitors/Histamine-2 receptor

antagonists; no (%)

1490 (37.2) 7489 (34.9) 0.05

aStandardized mean difference.
bStandard deviation.
cData on patients with severely elevated liver functions (>3 ULN) are not provided in this table since CPRD policy precludes us from revealing data about

small proportions for confidentiality purposes.
dUpper limit of normal.

TABLE 2 Results of the analysis of the primary outcome in the observational study compared with the ROCKET AF trial

Arms

Observational study ROCKET AF trial

ITT PP As-treated ITT PP As-treated

Rivaroxaban

Number of events 92 40 72 269 188 189

Event rate: number/100 person-

years

0.90 1.01 1.19 2.10 1.70 1.70

Warfarin

Number of events 987 254 462 306 241 243

Event rate: number/100 person-

years

0.81 0.98 1.01 2.40 2.20 1.01

Hazard ratio (95% CI) Original

analysis

1.04

(0.84-1.30)

0.98

(0.70-1.38)

1.11

(0.86-1.42)

0.88

(0.75-1.03)

0.79

(0.66-0.96)

0.79

(0.65-0.95)
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3 | RESULTS

3.1 | Primary analyses

We included 25 473 nonvalvular AF patients who were incident

users of either rivaroxaban or warfarin (Table 1). The median

follow-up time of rivaroxaban was lower compared with warfarin

(1.14 vs 2.61 years, respectively). These follow-up times are differ-

ent in comparison with those of the target trial (1.9 years in both

groups). The median follow-up time in the warfarin group in this study

was higher as expected due to longer study period. On the other hand, the

median follow-up time in the rivaroxaban was smaller compared with that

of the target trial which might be attributed to the late adoption of the

rivaroxaban treatment in British practice. The baseline characteristics and

the differences in the distribution of all confounders are provided in

Table 1.

The unadjusted incidence rates of the primary outcome in the

three analysis populations are shown in Table 2 which were lower

compared with those of the target trial. Similar to the target trial, non-

inferiority of rivaroxaban to warfarin was demonstrated, based on the

regulatory agreement approach, in all three analyses: HR = 1.04 (95%

CI 0.84-1.30) in ITT population, HR = 0.98 (95% CI 0.70-1.38) in the

PP population, and HR = 1.11 (0.86-1.42) in the as-treated population.

However, the superiority findings in the PP and as-treated analyses of

the target trial were not replicated, and the the effect estimates for

the ITT (HR = 1.04) and PP (HR = 0.98) populations in our study were

outside the 95% CI of the corresponding effect estimates in the target

trial (ITT: 0.75-1.03, PP: 0.66-0.96). The probabilities of estimate

agreement were 60%, 40%, and 67% in the ITT, PP, and as-treated

populations; respectively.

Opposite to the target trial, the incidence rates (unadjusted) of

the composite endpoint of stroke, systemic embolism, or vascular

death of rivaroxaban and warfarin were higher (Table 3). Addtionally,

the hazard of this composite endpoint was higher in rivaroxaban:

HR = 1.18 (95% CI 1.03-1.34). In the target trial, the risk was lower in

the rivaroxaban group (HR = 0.86 [95% CI 0.74-0.99]). Although the

incidence rates of major bleeding were higher in both groups in com-

parison with the rates in the target trial (Table 3), the HR and the 95%

of rivaroxaban vs warfarin were similar to those of the target trial.

3.2 | Sensitivity analyses

The results of the sensitivity analysis of the primary outcome were

consistent with those of the original analyses in those who did not

meet the exclusion criteria of the target trial (ITT population: HR 1.03

[95% CI 0.82-1.30], PP population: 0.96 [95% CI 0.67-1.38], as-

treated: HR 1.07 [95% CI 0.82-1.41]). On the other hand, nonin-

feriority of rivaroxaban to warfarin in the primary outcome was not

shown in those who met the exclusion criteria (ITT population: HR

1.20 [95% CI 0.52-2.75], PP population: 1.20 [95% CI 0.29-4.92], as-

treated: HR 1.54 [95% CI 0.63-3.79]). This inconsistency was also

observed in the sensitivity analysis of secondary efficacy outcome

(the composite endpoint of stroke, systemic embolism, or vascular

death). In those who did not meet the exclusion criteria, warfarin was

superior to rivaroxaban in the prevention of this outcome (similar to

the original analysis). In those who did meet the exclusion criteria, the

result was different (HR 1.18 [95% CI 0.71-1.96]). However, the 95%

CIs in the HRs of those who did not meet the eligibility criteria were

very wide. This is reflective of the number of those who met the

exclusion criteria compared with those who did not meet these

criteria (1460 vs 15 750, respectively). Finally, the result of the sensi-

tivity analysis of major bleeding was consistent with that of the origi-

nal analysis (HR 1.04 [95% CI 0.91-1.18]).

4 | DISCUSSION

Noninferiority of rivaroxaban to warfarin in the prevention of stroke

or systemic embolism was demonstrated in routine clinical care in

three analysis populations (similar to the ROCKET AF trial). These

findings are supportive for the effectiveness of rivaroxaban; however,

TABLE 3 Results of the analysis of the secondary outcomes (efficacy and safety) in the observational study compared with the ROCKET AF
trial

Outcome

Observational study ROCKET AF trial

Riivaroxaban Warfarin Rivaroxaban Warfarin

Composite endpoint of stroke, systemic embolism, or

vascular death

Number of events 274 3123 346 410

Event rate: number/100 person-years 5.03 4.76 3.11 3.63

Hazard ratio (95% CI) 1.18 (1.03-1.34) Reference 0.86 (0.74-0.99) Reference

Major bleeding

Number of events 294 2849 395 386

Event rate: number/100 person-years 5.68 4.72 3.60 3.40

Hazard ratio (95% CI) 1.07 (0.95-1.21) Reference 1.04 (0.90-1.20) Reference
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and as a result of the wider CIs in our study, the superiority findings in

the PP and as-treated populations found in the target trial were not

replicated. The latter is reflected in the probabilities of estimate agree-

ment (in particularly that of the PP population comparison which was

<50% of the equal variance probability [ie, 83%]). Additionally, a pre-

cise comparison of the results with a broader patient population was

not possible due to the small number of patients who met the exclu-

sion criteria of the target trial.

Similar to previous replication studies, we used an active compar-

ator that has a similar probability of being prescribed for the indication

to that of the test drug (both are first-line treatment with no prefer-

ence for one over another according to the National Institute for

Health and Care Excellence [NICE] guideline for the management of

AF) and included incident users.13-17,39 That helped in achieving an

equal distribution of CHA2DS2-VASc between both groups. We also

applied the selection criteria of the target trial and tried to assess the

comparison between rivaroxaban and warfarin, with regard to the

efficacy outcomes, in those who did not meet vs those who met

the target trial's exclusion criteria. However, we found that most

patients in our study were from the former category, which

affected the precision of the analysis in patients who met the

exclusion criteria (the 95% CIs of the HR of the comparison of

rivaroxaban with warfarin in all efficacy outcomes were very wide

among those who met the exclusion criteria). The results of analyz-

ing the safety outcome were consistent with the target trial; how-

ever, the findings of analyzing the secondary efficacy outcome

were opposite to those of the target trial (more stroke, systemic

embolism, or vascular death in the rivaroxaban treatment group

compared to warfarin). This could be attributed to the distribution

of (unmeasured) effect modifiers that might be different to that in

the target trial. It might also be attributed to unmeasured

confounding.

The proportion of patients with previous or coexisting vascular

conditions in our study is smaller compared with that of the target

trial participants. The patients in our study have smaller percentage of

previous strokes, systemic embolisms or transient ischemic attacks

compared with patients in the target trial (8.6% vs 54.8%, respec-

tively). Similarly, the percentage of patients with congestive heart fail-

ure in our study is very low (12.0% vs 62.5%). This might have

contributed to having lower rates of the primary outcome in both

groups of our study compared with those of the target trial.

Our study included design features (eg, incident-user design, the

use of active comparator, the use of a time-varying [as-treated] popu-

lation, mimicking the eligibility criteria and outcome definitions of the

target trial, etc) that aim at preventing confounding and immortal time

bias, and direct the attribution of the differences in the findings

between our study and the target trial to reasons other than having

broader patients populations. However, the number of rivaroxaban

users in our study was lower by almost 3000 patients compared with

that of the target trial which may explain our failure to replicate the

superiority findings in the PP and as-treated populations (it is

important to notice that rivaroxaban was not claimed to be superior

to warfarin since superiority was not achieved in the ITT population).

Additionally, the target population of the trial is mostly treated in

real-world settings (ie, the proportion of patients who did not meet

the exclusion criteria was small). This affected the precision of the

analysis in those who did not meet the exclusion criteria. Another limi-

tation in our study was that the accuracy and completeness of record-

ing stroke, systemic embolism, and vascular death in HES (using ICD-

10) are not well assessed in the literature, and this may not provide us

with high level of assurance against the risk of misclassification.

Finally, for some confounders values were missing (proportion of

missing values ranged from 0.39% to 71.3%); however, the results of

the analyses using multiple imputed datasets were consistent with

those of the analyses of the complete records.

In concordance with the ROCKET AF trial, noninferiority of

rivaroxaban to warfarin in the prevention of stroke or systemic in

patients with AF was demonstrated in routine clinical care using EHRs

in a UK population. However, a future study that allows for larger

number of rivaroxaban users and for a comparison of the results with

different subgroups would provide more data on the effectiveness of

rivaroxaban, the usefulness of EHRs in effectiveness research, and the

applicability of noninferiority analysis in observational settings.
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