
Methods

Study Design
This study employed a retrospective matched-cohort design
and data from four large integrated US private healthcare
claims databases—the Truven Health Analytics’ MarketScan
Commercial Claims and Encounters and Medicare Supple-
mental and Coordination of Benefits Databases (the ‘Market-
Scan Database’), the IQVIA PharMetrics Plus Database (the
‘PharMetrics Database’), the Optum Clinformatics Claims
Database (the ‘Optum Database’) and the Humana Medical,
Laboratory and Pharmacy Claims Database (the ‘Humana
Database’). Data from the four databases were pooled for
analyses to increase the power of the study to evaluate study
outcomes and to improve the generalizability of study
results. A schematic depicting the design of the study
follows:

Data Source(s)
The four study databases each comprise medical (i.e. facility
and professional service) and outpatient pharmacy claims
from a large number of participating U.S. private health
plans, and spanned the period from 1 March 2014 through
30 June 2017 herein. Together, these four geographically
diverse databases capture health care claims information
for > 45 million plan members annually, including enrolees,
their spouses and their dependents. Elderly persons who
have elected to enrol in an employer-sponsored commercial
plan (with or without Medicare supplemental coverage) or a
Medicare Advantage Plan—and thus receive their health care
coverage through a private health plan—also are included in
the data source population.

Data available from each facility and professional-service
claim include dates and places of service, diagnoses, proce-

dures performed/services rendered and quantity of services
(professional-service claims only). Data available for each
outpatient pharmacy claim include the drug (class) dis-
pensed, dispensing date, quantity dispensed and number
of days supplied. Medical and pharmacy claims also include
amounts paid (i.e. reimbursed) by health plans and patients
for services rendered by health care providers (MarketScan,
PharMetrics, Humana), or standard costs (Optum). Selected
demographic and eligibility information (including age, sex,
geographic region of residence, dates of plan eligibility) is
available for all health plan enrolees in the databases. All data
can be arrayed to provide a detailed chronology of medical
and pharmacy services used by each planmember over time.

From each data extract, an analytic file comprising all
patients and variables required for planned analyses was
created from information contained exclusively within the
source material. Each of the analytic files was patient-level,

and included data on patient demographic and clinical
characteristics, VTE encounters, anticoagulant therapy and
outcomes of interest (e.g. bleeding events, bleeding-related
costs); variable names were standardized across analytic
files. Variables were created based on information from
medical and pharmacy claims, as well as enrolment records,
which were linked at the patient level via encrypted identi-
fiers provided by the data vendors.

Once created, the four independent, identically structured
analytic files were then integrated (i.e. set or stacked, but not
linked in any way), with the end product being one master
analytic file that was used for planned analyses. Nomanipula-
tion of data fields, or linking/appending of information to
observations, was performed on the master file. Patient-level
information from the four study databases was pooled in a
single analytic file to increase the power to address study
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objectives and to enhance the generalizability of study
findings.

Source and Study Populations
The source population included all patients aged � 18 years
who, between 1 September 2014 and 30 June 2017, had an
encounter for the treatment of VTE. Evidence of VTE was
ascertained based on encounters in the acute-care inpatient
setting or ambulatory-care setting (e.g. emergency depart-
ment, physician office)with ICD-9-CM/ICD-10-CMdiagnosis
codes for lower extremity DVT or PE. The earliest such
encounter for each patient was designated the ‘index
encounter’. Outpatient encounters followed by inpatient
encounters within 7 dayswere considered inpatient encoun-
ters, unless apixaban or warfarin was initiated between
encounters, in which case they were classified as outpatient
encounters.

From the source population, all patients who received out-
patient treatmentwith apixaban or warfarin (plus PAC bridging
therapy) following their index encounters, and who met all
other inclusion criteria, were selected as candidates for match-
ingand thus inclusion in thestudypopulation.Outpatient useof
apixaban or warfarin from the date of the index encounter
(service date, if outpatientVTE; discharge date, if inpatientVTE)
through the 30-day period thereafter was ascertained based on
National Drug Codes (NDCs) (►Supplementary Material B,
►Appendix A). The first treatment (i.e. apixaban or warfarin)
received by each patient was designated as the ‘index therapy’.
Warfarin patients with an index VTE encounter requiring out-
patient care only who did not have evidence of PAC use (i.e.
bridging therapy)during theperiod � 14days fromfirst receipt
of warfarin were excluded. Among warfarin patients who had
evidenceofPACuseduring thisperiod, thesub-setwhoreceived
it beyond the 14-day period following initiation ofwarfarinwas
also excluded. Other inclusion criteria (e.g. � 6 months of
enrolment prior to index encounter; no evidence of atrial
fibrillation/flutter, prior VTE, history of bleeding, active malig-
nancy) are set forth below.

Inclusion Criteria
Patients who met all of the following criteria (#1–#4) were
considered for matching and thus inclusion in the study
population:

(1) An acute-care inpatient encounter with a principal or
secondary diagnosis of VTE, or an ambulatory-care
encounter with any diagnosis of VTE from 1 September
2014 to 30 June 2017. VTE diagnosis codes were based in
large part on those recommended in the FDA-sponsored
mini-sentinel report on definitions previously employed
in studies using administrative data sources (Tamariz
2011):

• ICD-9 415.1x (pulmonary embolism and infarction) and
ICD-10 I2692, I2699, T82817A, T82818A (pulmonary
embolism and infarction), excluding:

• ICD-9 415.12 (septic pulmonary embolism).
• ICD-10 I2690 (septic pulmonary embolism without acute
cor pulmonale).

• ICD-9 451.xx (phlebitis and thrombophlebitis) and ICD-10
I801�, I802�, I803, I809 (phlebitis and thrombophlebitis),
excluding:

• ICD-9 451.0 (of superficial vessels of lower extremities),
451.82 (of superficial veins of upper extremities) and
451.89 (other [axillary vein, jugular vein, subclavian
vein, thrombophlebitis of breast).

• ICD-10 I800� (of superficial vessels of unspecified lower
extremity), I808 (phlebitis and thrombophlebitis of other
sites).

• ICD-9 453.xx (other venous embolism and thrombosis)
and ICD-10 I821, I82220, I82221, I8240�, I8241�, I8242�,
I8243�, I824Y�, I8244�, I8249�, I824Z�, I8281�, I8261�,
I8262�, I8260�, I82A1�, I82B1�, I82C1�, I82210, I82290,
I82890, I829� (other venous embolism and thrombosis),
excluding:

• ICD-9 453.0 (Budd–Chiari syndrome), 453.3 (of renal
vein), 453.5 (chronic venous embolism and thrombosis
of deep vessels of lower extremity) and 453.7 (chronic
venous embolism and thrombosis of other specified
vessels).

• ICD-10 I820 (Budd–Chiari syndrome), I823 (of renal vein),
I8250�, I8259�, I8251�, I8252�, I8253�, I825Y�, I8254�,
I825Z� (chronic venous embolism and thrombosis of
deep vessels of lower extremity), I8271�, I8272�, I8270�,
I82A2�, I82B2�, I82C2�, I82211, I82291, I82891 (chronic
venous embolism and thrombosis of other specified
vessels).
Qualifying outpatient encounters followed by qualifying
inpatient encounters within 7 days were considered
inpatient episodes (unless apixaban or warfarin was
initiated between encounters, in which case such epi-
sodes would be classified as outpatient encounters).

(2) An outpatient pharmacy claim for apixaban or warfarin
during the 30-day period following the index encounter
(i.e. date of service if outpatient, date of discharge if
inpatient).

(3) Continuous and comprehensive medical/drug coverage
for�6months preceding the index encounter (i.e. date of
service if outpatient, date of admission if inpatient).

(4) Age �18 years.

Exclusion Criteria
Apixaban andwarfarin patientswhomet anyof the following
criteria (#1–#7) were excluded from the source population:

(1) Evidence of atrial fibrillation/flutter or chemotherapy/
radiation therapy for malignancy (other than non-mel-
anoma skin cancer) during 6-month period preceding
first receipt of index therapy.

(2) Evidence of VTE (VTE event) during 6-month period
preceding index encounter.

(3) Evidence of malignancy (other than non-melanoma skin
cancer) during 90-day period preceding first receipt of
index therapy.

(4) Evidence of any OAC/parenteral anticoagulant (PAC) use
during the 30-day period preceding the indexencounter,
or evidence of any OAC/PAC use during the 6-month
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period preceding the index encounter (excluding the 30-
day period immediately preceding the index encounter)
unless it is determined that such therapy was adminis-
tered prophylactically.a

(5) Evidence of inferior vena cava (IVC) filter or pregnancy at
any time during the study period.

(6) Evidence of receipt of another OAC on the day of first
receipt of the index therapy (or during the period
between the index encounter and initiation of the index
therapy).

(7) History of major/clinically relevant non-major (CRNM)
bleeding event during 6-month period preceding first
receipt of index therapy.

In addition, warfarin patients with an index VTE encoun-
ter requiring outpatient care only who did not have evidence
of PAC use during the period beginning 14 days before, and
ending 14 days after, first receipt of warfarin were excluded
from the study population. Among warfarin patients who
had evidence of PAC use during this period, the sub-set who
received it beyond the 14-day period following initiation of
index therapywas excluded. PAC usewas identified based on
corresponding Healthcare Common Procedure Coding Sys-
tem (HCPCS) Level II Codes on medical claims and NDCs on
pharmacy claims; for the latter, therapy-days supplied was
used to tally duration of PAC use.

Diagnosis, procedure and drug codes that were used to
identify exclusionary conditions (except for bleeding his-
tory) and pharmacotherapy are set forth in►Supplementary

Material B, ►Appendix C (PAC), ►Appendix D (OAC) and
►Appendix E (conditions/procedures). Codes that were used
to define a history of major/CRNM bleeding event are set
forth in Section “Endpoint(s)/Outcome(s) Assessment.”

Matching Procedure
Apixaban patients were matched to warfarin patients based
on age, care setting of index encounter (inpatient vs. ambu-
latory), VTE diagnosis (DVT only vs. PE [with or without
DVT]), VTE aetiology (provoked vs. unprovoked) and study
database (MarketScan, PharMetrics, Optum, Humana), as
well as their estimated propensity score using a fixed 1:1
ratio (without replacement) and nearest-neighbour
approach. Provoked VTE was defined as an event that was
preceded (within 3 months) by hormone therapy, fracture/
trauma involving lower extremities, pelvic/orthopaedic sur-
gery or hospitalization for medical or surgical reasons
(►Supplementary Material B, ►Appendix H). Propensity
scores for receipt of apixaban versus warfarin—the depen-
dent variable—were estimated using multivariable logistic
regression; independent variables included age, gender, co-
morbidity profile, history of fall(s), history of fracture/

trauma involving lower extremities, history of selected
surgeries and outpatient pharmacotherapy.

Definitions

Study Period
The study period spanned from 1 September 2014 to 30 June
2017.

Baseline Period
The baseline period for evaluating demographic and clinical
characteristics of patients spanned the 6-month period
preceding first receipt of index therapy.

Study Follow-Up Period
Study outcomes were assessed from the day after therapy
initiation through the subsequent 6-month period, date of
health plan disenrollment, date of death (in hospital), date of
index therapy discontinuation,b date of switch to another
OAC, date of initiation of (new) PAC treatmentc or end of
study database (30 June 2017), whichever occurred first.

Endpoint(s)/Outcomes(s) Assessment
Major Bleeding. A major bleeding event was defined as an
acute-care inpatient admission with:

• A principal or first-listed diagnosis code for:
• Gastrointestinal (GI) bleeding.
• Intracranial haemorrhage (ICH).
• Other selected types/sites of bleeding (as defined
below)

OR

• Aprocedure code for the treatment of bleeding (as defined
below).

CRNM Bleeding. A CRNM bleeding event was defined as:

• An acute-care inpatient admission with a secondary
diagnosis code for GI bleeding or other non-critical-care
types/sites of bleeding (without a principal/first-listed
diagnosis code for GI/ICH/other bleeding, or a procedure
code for bleeding treatment); or

• An ambulatory-care encounter with a diagnosis code for
GI bleeding or other non-critical-care types/sites of
bleeding.

Recurrent VTE. A recurrent VTE event was defined as an
acute-care inpatient admission with a corresponding prin-
cipal/first-listed diagnosis as set forth in Section “Inclusion
Criteria.” Encounters occurring within 7 days of the qualify-
ing VTE event (i.e. index encounter) were not considered in
identifying new (i.e. recurrent) events.

a Prophylactic use of OAC/PAC was determined based on the
duration of use and timing of use (e.g., relative to knee/hip
replacement surgery or medical inpatient admission); the
operational algorithm that was employed to differentiate
between prophylactic use and therapeutic use of OAC/PAC is
set forth in Appendix B.

b Discontinuation of index therapy was defined as a gap of 30 days
without available drug (based on days supplied from filled
prescriptions).

c Episodes of PAC treatment were differentiated based on a gap in
therapy �2 days that occurred after initiation of index therapy þ
14 days.
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Other Study Variables
Independent variables used in the estimation of propensity
scores included demographic and clinical characteristics of
patients that are believed to be associated with the study
outcomes and/or choice of index therapy. It was anticipated
that demographic characteristics would be available for
nearly all study subjects. All other characteristics were
defined based on the presence of specific data (e.g. diagnosis
codes, procedure codes); the absence of such data was
assumed to indicate the absence of the characteristic cap-
tured by the variable. All such characteristics were ascer-
tained based on information available during the 6-month
period preceding first receipt of index therapy.

Patient and treatment characteristics included: age; gen-
der; geographic region of residence; type of insurance
coverage; specialty of physician prescriber (if available);
comorbidity profile (e.g. Deyo–Charlson Comorbidity Index
[►Supplementary Material B, ►Appendix F], and coagulo-
pathy, ischaemic heart disease, peripheral vascular disease,
heart failure, stroke or transient ischaemic attack [TIA],
chronic obstructive pulmonary disease [COPD], liver disease,
renal disease, thrombocytopaenia, diabetes, anaemia, ulcer
disease, dyspepsia, hypertension, thrombophilia, inflamma-
tory bowel disease); recent history of falls, fracture/trauma
involving the lower extremities, selected surgeries; and
outpatient pharmacotherapy (e.g. recent history of statins,
anti-platelet therapy, non-steroidal anti-inflammatory drug
[NSAID], hormone therapy) (►Supplementary Material B,
►Appendix G).

Other characteristics that were examined during follow-
up include dose of index therapy (i.e. with first and subse-
quent prescriptions), switching from index therapy to
another oral anticoagulant, amount of index therapy
received (i.e. days supplied), use of PAC (between index

encounter and initiation of index therapy, and subsequently)
and duration of follow-up. These variables were not consid-
ered in the estimation of propensity scores.

Data Analysis

Base Case Analysis
The adequacy of the matching procedure in terms of
patients’ baseline characteristics was evaluated using stan-
dardized differences; a value < 0.1 was assumed to indicate
a negligible difference in the characteristic between apix-
aban patients and warfarin patients (Austin 2011, Norman
2001).

Major bleeding, CRNM bleeding and recurrent VTE were
compared between patients who received apixaban versus
warfarin using shared frailtymodels (an extension of the Cox
proportional hazards model that adjusts for correlation from
matching). Kaplan–Meier curves were generated to depict
the cumulative incidence of major bleeding, CRNM bleeding
and recurrent VTE, respectively, and statistical comparisons
were based on the stratified log-rank test (Klein 1997). The
proportional hazards assumption was evaluated using pub-
lished methods (Allison 2010, Pencina 2008). All analyses
were performed in SAS 9.4 (SAS Institute, Cary, North
Carolina, United States).

Sub-Group and Sensitivity Analyses
Sub-Group Analyses. Analyses of study measures, as
described above, were repeated focusing alternatively on
each data source—MarketScan Database, PharMetrics Data-
base, Optum Database and Humana Database, respectively.
Sensitivity Analyses. Use of a cohort design (i.e. without
matching) was also employed. In these analyses, all patients
who received outpatient treatment with apixaban or

Thrombosis and Haemostasis

Apixaban versus Warfarin in VTE Weycker et al.



warfarin (plus PAC bridging therapy) following their index
encounters, and who met all other inclusion criteria were
included in the study population. Bleeding events and recur-
rent VTE events were compared between patients who
received apixaban versus warfarin using a shared frailty
model (an extension of the Cox proportional hazards model
that adjusts for intra-cluster [i.e. intra-database] correla-
tion), with adjustment of estimated hazard ratios for sys-
tematic differences between treatment groups in baseline
demographic and clinical characteristics. Patient character-
istics were selected for inclusion in the multivariate model
using a stepwise selection method (variable entry/retention
criterion, p-value < 0.10).

In addition, an alternative approach to model specifica-
tion using inverse proportional treatment weighting (IPTW)
was employed to examine the impact of average treatment
effect. The probability of receiving apixaban at study baseline
was regressed on baseline covariates including VTE diagno-
sis, VTE care setting and VTE aetiology, as well as demo-
graphic and comorbidity profiles. Predicted probabilities
were then inverted for apixaban patients and 1 minus
predicted probabilities were inverted for warfarin patients.
These inverses were then normalized to account for unequal
sample sizes between treatment arms and were used as
weights in evaluations of study outcomes using Cox propor-
tional hazards models.

Power/Sample Size
Estimation of statistical power was based on the following
assumptions, which were in turn based on exploratory
analyses of data from earlier releases of the MarketScan
and PharMetrics Databases (including data through 30 Sep-
tember 2015) and findings from the AMPLIFY clinical trial
(Agnelli 2013):

• There would be at least 8,000 patients who received
apixaban as outpatient treatment for VTE and met all
other study entry criteria;

• Thematched number of patientswho receivedwarfarin as
outpatient treatment for VTE and met all other study
entry criteria would total 8,000;

• Patientswho receivedwarfarin as outpatient treatment of
VTE would have a 1.9% risk of a major bleeding event
during the 6-month follow-up period; and

• Patients who received apixaban as outpatient treatment
of VTE would have a 0.8% risk of a major bleeding event
during the 6-month follow-up period.

Based on these assumptions and using a test to detect a
difference between two proportions (Fleiss 1981), we calcu-
lated that β for this evaluation would <20% (two-sided
α ¼ 0.05), and that the study would have >80% power to
detect the assumed difference in risk of major bleeding
events between patientswho received apixabanversus those
who received warfarin.
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Appendix Bd

Operational algorithm for differentiating between prophy-
lactic versus therapeutic use of OAC/PAC agents:

Step 1: Identifying anticoagulation treatment episodes
based on OAC and PAC use during the period of interest;
an episode was assumed to be terminated when a gap �
30 days occurred.
Step 2: Each identified anticoagulation treatment episode
was determined as prophylactic use if:
(1) Duration of episode was � 42 days; and

(2) Initiation date of anticoagulation in the episode
occurred within 2 days before or 7 days after knee/
hip replacement surgery; or

Initiation date of anticoagulation in the episode occurred
within 7 days after the admission date of a hospitalization
associated with a ‘medically ill’ primary diagnosis (see
below for corresponding codes) and with LOS � 3 days.

Step 3: A patient will be excluded from the study if any of
his/her 6-month pre-index anticoagulation treatment
episodes is determined as non-prophylactic use.

d Corresponding ICD-10-CM codes are available upon request.
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e Codes from the NDC system were also be used to characterize use of PAC.
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Appendix Ef

f Corresponding ICD-10-CM codes are available upon request.
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Appendix F g Deyo–Charlson Comorbidity Index

Diagnostic Category ICD-9-CM codes Points

Myocardial Infarction 410, 412 1

Congestive Heart Failure 428–428.9 1

Peripheral Vascular Disease 443.9, 441–441.9, 785.4, V43.4; 38.48 (Px) 1

Cerebrovascular Disease 430–438 1

Dementia 290–290.9 1

Rheumatologic Disease 710.1, 710.4, 714.0–714.2, 714.81, 725 1

Peptic Ulcer Disease 531–534.9 1

Mild Liver Disease 571.2, 571.5, 571.6, 571.4–571.49, 1

Diabetes 250–250.3, 250.7 1

Diabetes w/ Complications 250.4–250.6 2

Hemiplegia or Paraplegia 344.1, 342–342.9 2

Renal Disease 582–582.9, 583–583.7, 585, 586, 588–588.9 2

Any Malignancy 140–172.9, 174–195.8, 200–208.9 2

Moderate or Severe Liver Disease 572.2–572.8, 456.0–456.21 3

Metastatic Solid Tumour 196–199.1 6

AIDS 042–044.9 6

g Corresponding ICD-10-CM codes are available upon request.
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Appendix Gh

h Corresponding ICD-10-CM codes are available upon request.
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Appendix Hi

i Corresponding ICD-10-CM codes are available upon request
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