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Background. Direct oral anticoagulants (DOACs) have become first-line treatment for venous thrombotic events. DOAC pre-
scribing trends among people living with human immunodeficiency virus (PWH) are not well described. The coadministration of
DOAC:s with the antiretroviral (ARV) pharmacokinetic boosters ritonavir (RTV) or cobicistat (COBI) may be complicated by phar-
macokinetic interactions.

Methods. A longitudinal cohort study was conducted using the D.C. Cohort Database in Washington, D.C., from January 2011
to March 2017, to describe oral anticoagulant prescribing among PWH > 18 years old and the prevalence of DOAC use with RTV
or COBI. Data collection included demographic and clinical characteristics, ARV and anticoagulant prescriptions, and International
Classification of Diseases Ninth and Tenth Edition diagnosis codes.

Results. Among 8315 PWH, there were 236 anticoagulant prescriptions (96 DOAC, 140 warfarin) for 206 persons. PWH pre-
scribed anticoagulants were predominantly Black (82%) and male (82%), with a mean age at anticoagulant initiation of 56 years. DOAC
use increased from 3% of total anticoagulant prescribing in 2011 to 43% in 2016, accounting for 64% of all newly recorded anticoagulant
prescriptions by 2016. There were 19 bleeding events recorded among 16 individuals. Despite the Food and Drug Administration label

recommendation to avoid rivaroxaban with boosted ARVs, 41% remained on boosted ARV after rivaroxaban initiation.

Conclusions.

DOAC use increased substantially in PWH by 2016. Although rivaroxaban is not recommended with RTV or

COBI, concomitant use was recorded in 41% of rivaroxaban recipients in this cohort. As DOAC usage increases, clinicians need to be

aware of potential DOAC/ARYV interactions in order to select the most appropriate oral anticoagulant and monitoring plan for PWH.
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Warfarin was the only commercially available oral anticoagulant
until 2010. However, warfarin therapy is complicated by drug
interactions, dietary limitations, a narrow margin of safety and
efficacy, and the need for frequent monitoring of the interna-
tional normalized ratio and dosage adjustments. Since 2010, the
United States Food and Drug Administration (FDA) has ap-
proved 5 direct-acting oral anticoagulants (DOAC:s): dabigatran,
rivaroxaban, apixaban, edoxaban, and betrixaban. The 2016
American College of Chest Physicians guidelines recommend
DOAG:S as first-line agents over warfarin for the treatment of
deep venous thrombosis and pulmonary embolism [1]. For
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atrial fibrillation, excluding patients with prosthetic heart valves,
both warfarin and DOACs have Class I recommendations by the
2014 American Heart Association guidelines [2]. By the end of
2016, DOAC usage accounted for 42.9% of the oral anticoagu-
lant US market share, based on filled prescriptions [3].

The benefits of anticoagulation therapy must be weighed
against the risk of serious adverse events and the optimal man-
agement of drug-drug interactions. Risk stratification tools,
such as CHA DS -VASc (congestive heart failure, hypertension,
age [ > 65 = 1 point, > 75 = 2 points], diabetes, previous stroke/
transient ischemic attack (2 points)- vascular disease) and HAS-
BLED (hypertension, abnornal renal and liver function, stroke,
bleeding tendency/disposition, elderly, drugs or alcohol) scores,
may not be reliable in people living with human immunode-
ficiency virus (HIV; PWH) [4]. According to the Institute for
Safe Medication Practices, data gathered from the FDA Adverse
Event Reporting System in 2016 reported that the largest per-
centage of serious adverse events in the United States, primarily
bleeding events, were attributed to the use of oral anticoagu-
lants [3]. Oral anticoagulants accounted for 18 978 serious
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injuries and 3018 deaths. The drugs implicated in these events
were rivaroxaban (n = 15 043; 68.4%), apixaban (n = 3148;
14.3%), dabigatran (n = 1944; 8.8%), warfarin (n = 1753; 8%),
and edoxaban (n = 108; less than 1%).

Several studies demonstrate that PWH are more likely to
develop venous thromboembolism (VTE) at rates of up to 10
times those of individuals living without HIV [5-9]. Treatment
of thromboembolism in PWH can be challenging due to signif-
icant drug-drug interaction potential with oral anticoagulants
and antiretrovirals (ARVs). Whereas warfarin can be readily
monitored for efficacy and toxicity based on well-defined inter-
national normalized ratio ranges, there are several challenges
to the use of DOACs among PWH on antiretroviral therapy
(ART). ARVs that are strong cytochrome P450 (CYP3A4) and
p-glycoprotein (p-gp) inhibitors, namely protease inhibitors
and pharmacokinetic boosters (ritonavir and cobicistat), are ei-
ther not recommended for coadministration (rivaroxaban) or
may require DOAC dosage reduction [10-15]. Additional prac-
tice challenges with DOACs include the lack of well-established
surrogate markers for monitoring efficacy and toxicity, as well
as complex dosing regimens that vary based on clinical indica-
tions and patient characteristics, such as age or renal function.

This analysis aimed to assess trends in oral anticoagulant pre-
scribing within an observational cohort of PWH receiving care
in Washington, D.C., between 2011 and 2017. In this report, we
describe the type, frequency, and indication of their usage and
assess the prevalence of potential drug interactions between
oral anticoagulants and antiretrovirals.

METHODS

This analysis used data collected from an ongoing clinic-based,
cohort study of PWH in Washington, D.C. (D.C. Cohort), that
began enrolling participants in January 2011. The overall ob-
jectives of the cohort are to characterize HIV outcomes in the
District of Columbia and to improve the quality of care for
PWH. This analysis includes data from 11 participating out-
patient sites: 7 are hospital-based clinics and 4 are community-
based clinics. During the time frame for the current analysis, 3
additional clinics contributed data to the D.C. Cohort; however,
no participants at those sites had a record of being prescribed
oral anticoagulants and, thus, were excluded from this analysis.
All participants provided written informed consent for inclu-
sion in the cohort, which is approved by the Institutional Review
Boards of George Washington University and each site’s own
Institutional Review Board (when applicable). Details of the
D.C. Cohort Study design have been previously described [16].
Participants’ clinical data, including body mass index (BMI),
laboratory results (renal function, CD4 cell count, HIV-1 RNA),
and International Classification of Diseases Ninth and Tenth
Edition (ICD-9 and ICD-10) diagnoses, are manually entered
or electronically exported from patient medical records and

entered into a web-based data entry system, Discovere (Cerner
Corporation, Kansas City, MO). Prescription information is ex-
ported directly from electronic prescribing orders. Additional
data available include demographic information and pertinent
medical history, including comorbidities, HIV history, poten-
tial indication for anticoagulation, concomitant medications,
and bleeding events. Bleeds were categorized as major or minor.
Major bleeds were defined as those requiring hospitalization
and/or a medical intervention (reversal agent, blood transfu-
sion). All other bleeds were considered minor. Comorbidities,
anticoagulant indications, and bleeding events were defined
using ICD-9 and ICD-10 standards or the Healthcare Cost
and Utilization Project Clinical Classifications Software (CCS;
Supplementary Tables 1-3). CCS codes were used to provide
a method for classifying ICD-9/10 diagnoses into clinically
meaningful categories [17].

Study Population and Design

All participants who were prescribed oral anticoagulants (war-
farin or DOACs) and enrolled in the D.C. Cohort from 1 January
2011 to 31 March 2017 were included. Yearly prescribing trends
are reported through 2016. Each individual course of a med-
ication was considered a unique event. Participant variables,
including sex, race, age, and social and HIV histories, were re-
corded in the database. Bleeding events were defined as a new
CCS or ICD-9/10 code following the initiation of warfarin or
a DOAC (Supplementary Table 4). Reported events were fur-
ther assessed via manual chart reviews to confirm participant
characteristics and anticoagulant-ARV details. The severity of
bleeding events, concomitant medications, and anticoagulant
dosing were also evaluated.

Statistical Analysis

Descriptive statistics were used to describe the baseline char-
acteristics of the participants by anticoagulant agent. Baseline
participant characteristics at the time of initial anticoagulant
prescription were reported as frequencies (%) for categorical
data and means (standard deviations) for continuous data, and
compared between those on DOACs versus warfarin using
Fisher Chi-square and Students ¢ tests, respectively. Additional
comparisons were made for anticoagulant prescriptions (DOAC
versus warfarin) for comorbidities occurring following an an-
ticoagulant prescription and were reported as frequencies (%)
for the presence of the diagnosis. The absence of a diagnosis
was recorded as no diagnosis present. Prescription trends were
described as overall trends and newly recorded trends. Overall
trends were defined as the number of warfarin or DOAC pre-
scriptions over the total number of prescriptions (warfarin and
DOACsS) recorded in the D.C. Cohort in a given year. Trends
in newly recorded prescriptions were defined as the number
of warfarin or DOAC prescriptions recorded for the first time
over the total number of newly recorded prescriptions (warfarin
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and DOAGCs) in the D.C. Cohort in a given year. Differences
in the proportions of warfarin and total DOAC prescriptions
by year were analyzed using a Fisher Chi-square test. A Poisson
regression analysis was stratified by anticoagulant to assess
whether there was a significant increase in the total count of ei-
ther DOAC or warfarin over time. All analyses were performed
using the Statistical Analysis System (SAS) statistical software
package, version 9.4 (SAS Institute Inc., Cary, NC).

RESULTS

Demographics and Baseline Characteristics: Overall Cohort and
Participants on Anticoagulation Therapy

A total of 8315 PWH were enrolled in the D.C. Cohort through
the study period. There were 236 oral anticoagulant prescrip-
tions identified in 206 persons; 116 (56.3%) persons were
prescribed warfarin and 90 (43.6%) were prescribed DOACs.
Demographics and baseline characteristics for participants who
were prescribed anticoagulants are summarized in Table 1. The
only marginally significant difference in a characteristic be-
tween participants receiving DOACs versus warfarin was body
mass index at anticoagulant start date (DOACs, 26.9 + 6.6; war-
farin, 29.4 + 9.6; P = .03). There were no additional statistically
significant differences in demographic characteristics (P > .05).
Participants who received anticoagulation were predominantly
male (81.5%) and Black (82.5%). The average age of partici-
pants at the time of anticoagulant initiation was 56 + 10.9 years.
Approximately 30% were below the age of 50. Histories of
smoking and recreational drug use were documented in 65.5%
and 43.7% of participants, respectively.

In 53% of participants, there was a history of an AIDS-defining
condition (Table 2). The average number of years from an HIV
diagnosis to anticoagulant initiation was 15 + 8 years. At the
time of anticoagulant initiation, 98.1% of participants were re-
ceiving ART, 78.2% had CD4 counts >200 cells/mm”, and 78.6%
had an HIV viral load <200 copies/mL. Raltegravir was the most
commonly prescribed integrase strand transfer inhibitor (65%)
and boosted darunavir was the most commonly prescribed pro-
tease inhibitor (52%). Ritonavir and cobicistat boosted regimens
were prescribed in 47% and 11% of participants, respectively.

The most commonly documented comorbidities were hyper-
tension (49.0%), chronic kidney disease (37.0%), and diabetes
(25.0%), and 23.0% of participants had a documented history of
malignancy. The most commonly documented indications for
anticoagulation included nonpulmonary VTE (25.8%), pulmo-
nary embolism (19.9%), and atrial fibrillation (11.0%; Table 3).

Anticoagulant Usage Patterns

Across the entire period, there were 236 oral anticoagulant
prescriptions, with 140 and 96 prescriptions for warfarin and
DOAC:s, respectively. There was a decrease in the overall pro-
portion of warfarin between 2011 and 2016, from 97% to
57% of all anticoagulant prescriptions. Meanwhile, the overall

proportion of DOAC use increased from 3% to 43% (P < .0001)
of all anticoagulant prescriptions (see Figure 1A).

DOACs accounted for 3.8% of all new oral anticoagu-
lant prescriptions in 2011; this increased to 64% by 2016 (see
Figure 1B). While there was not a significant decrease in the
number of warfarin prescriptions (P = .15) over time, there was
a significant, average increase in the number of DOACs pre-
scribed over time (P < .0001).

Rivaroxaban was the most commonly prescribed DOAC, ac-
counting for 64 of the 96 (66.7%) total DOAC prescriptions and
for 70% of DOAC use as of 2016, followed by apixaban (19%)
and dabigatran (11%). Over the study time frame, 25 partici-
pants had their anticoagulants switched from warfarin to a
DOAGC, whereas only 1 participant was switched from a DOAC
to warfarin.

Warfarin and Direct Oral Anticoagulant Use with Antiretroviral
Boosting Agents

While on oral anticoagulants, 47% of participants were re-
corded to be receiving boosted ART. Of the participants
initiated on warfarin, 55% were receiving cobicistat- or
ritonavir-boosted ART prior to anticoagulation and,
1 month after initiation, 51% remained on boosted therapy
(Figure 2). Of the participants initiated on a DOAC, 60%
were receiving boosted ART prior to anticoagulation, and
this decreased to 43% at 1 month after initiation. For par-
ticipants started on rivaroxaban, 56% were reported as re-
ceiving a cobicistat- or ritonavir-based ARV regimen prior
to anticoagulation. At 1 month after rivaroxaban initia-
tion, 41% of participants were still reported as receiving a
boosted ARV regimen (Figure 2). The reported percentages
of coadministration were similar at both 3 and 6 months
after anticoagulant initiation (data not shown).

DOAC:s are largely renally eliminated; hence, an assessment
of renal function is an important consideration in dose selec-
tion and adjustment. Within 6 months prior to the initiation of
a DOAC, 69.8% of participants were reported to have a calcu-
lated creatinine clearance (CrCl) > 60 ml/min. A CrCI was not
available for 12.5% of participants (data not shown). Among the
17 participants with severe renal dysfunction (<30 ml/min), 12
(70.6%) were prescribed warfarin, compared to 5 (29.4%) pre-
scribed DOACs. Of the DOACs, apixaban was the only DOAC
prescribed in participants with CrCls <30 ml/min. No partici-
pants were documented to be on dialysis.

Reported Bleeding Events

Between 2011 and 2016, a total of 19 bleeding events were re-
corded based on ICD-9/10 codes in 16 participants on ART and
receiving oral anticoagulants. The median age of these 16 indi-
viduals was 63.5 years (range, 51-74), and 7 had documented
chronic kidney disease. There were 15 gastrointestinal bleeds
and 4 cases of epistaxis documented.
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25(12.1)
19 (9.2)
111 (563.9)

8(6.9)
68 (58.6)

14(12.1)

11 (12.2)
1 (12.2)

43 (47.8)

1(6.3)
2 (12.5)
10 (62.5)

9(14.3)
7 (11.1)

29 (46.0)

2 (18.2)
11 (5.3)

1(9.1)

>200 copies/mL

Unknown

Abbreviations: ART, antiretroviral therapy; DOAC, direct oral anticoagulant; HIV, human immunodeficiency virus; SD, standard deviation; VL, viral load.

“Participants with an AlDs defining diagnosis at anticoagulant start date, but only shows the first reported AIDS defining diagnosis.

AIDS defining diagnoses at first anticoagulant,® n (%)

More overall bleeding (major and minor) events were re-
ported with warfarin (n = 12) than with DOACs (n = 7). Between
boosted and unboosted ART groups, 8 and 11 bleeding events
were documented, respectively.

Of the 12 bleeding events in the warfarin group, 6 had
boosted antiretrovirals documented at the time of the bleed. Of
the 7 bleeding events in the DOAC group, rivaroxaban was the
documented DOAC in 6 of the events, and 2 events had boosted
antiretrovirals documented at the time of the bleed.

A total of 5 bleeds required hospitalization. Of these, 3
major bleeds occurred in the warfarin group, and 2 partici-
pants were on boosted ART (ritonavir boosted darunavir and
atazanavir). The other 2 major bleeds were in the DOAC group
(rivaroxaban only), and both participants were on unboosted
ART (dolutegravir based).

DISCUSSION

To our knowledge, this observational study represents the lar-
gest data set characterizing the usage of both warfarin and
DOAGC:S in an urban cohort of PWH to date. Between January
2011 and March 2017, 206 (2.5%) PWH on ART in the D.C.
Cohort received oral anticoagulation with warfarin or a DOAC.
The average age of participants receiving oral anticoagulation
was representative of an aging cohort of PWH, which is con-
sistent with Centers for Disease Control and Prevention na-
tional estimates of advancing age (over the age of 50) among
PWH [18].

Prescribing trends indicate a significant increase in the pro-
portion of DOAC use between 2011 and 2016. By 2016, DOACs
accounted for 64% of all new oral anticoagulant prescriptions,
with rivaroxaban being the most frequently prescribed. The
increased use of DOACs within this cohort not only calls for
attention to the frequency of oral anticoagulant use, but also
highlights the shift in oral anticoagulant prescribing patterns.

This change in prescribing practice raises questions as to
whether DOACs are being appropriately utilized in this pop-
ulation. Like warfarin, DOACs pose significant potential for
drug interactions and increased risks of serious bleeding events
[10-15]. As more PWH are being transitioned from warfarin
or initiated on DOAGs, it remains important to assess for drug
interaction potential, appropriate dosage adjustments, and al-
ternative anticoagulant or ARV options, and to weigh risks
versus benefits to help inform whether a DOAC would be a safe
alternative to warfarin in a given patient scenario. At the very
least, prescribers need to be aware of the potential risks of in-
creased oral anticoagulant concentrations when given concom-
itantly with boosted ART, in order to implement an appropriate
monitoring plan.

The current FDA labels for dabigatran and apixaban advise
using caution or dose adjusting during concomitant administra-
tion of strong dual CYP3A4/p-gp inhibitors [11, 13]. However,
dabigatran and apixaban prescriptions could not be assessed for
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Table 3. Reported Comorbidities and Indications for Anticoagulant Use

Dabigatran, Rivaroxaban, Apixaban, Total DOAC, Warfarin, Overall, P
n=14 n =64 n=18 n =96 n =140 n =236 Value
Comorbidities, n (%)
Hepatic
Hepatitis B 2 (14.3) 5 (7.8) 2 (11.1) 9(9.4) 6 (4.3) 15 (6.4) 1727
Hepatitis C 5 (35.7) 10 (15.6) 6 (33.3) 21 (21.9) 25 (17.8) 46 (19.5) .5044
Hepatitis, other or unspecified 3(21.4) 13 (20.3) 5(27.8) 21 (21.9) 30 (21.4) 51(21.6)  1.0000
Hepatic impairment or liver disease 2 (14.3) 8(12.5) 3(16.7) 13 (13.5) 19 (13.5) 32 (13.6)  1.0000
Cardiovascular
Hypertension 8 (57.1) 29 (45.3) 13 (72.2) 50 (52.1) 67 (46.9) 117 (49.0) .5963
Cardiac dysrhythmias 5(35.7) 14 (21.9) 2 (11.1) 21(21.9) 23 (16.4) 44 (18.6) .3109
Coronary atherosclerosis/ other heart 1(71) 5(78) 2 (11.1) 8(8.3) 13 (9.3) 21(8.9) 1.0000
disease
Heart valve disorders 0(0) 5 (7.8) 1(5.6) 6 (6.3) 12 (8.6) 18 (76) 6213
Congestive heart failure, non-hypertensive 0(0) 9(14.1) 0(0) 9(9.4) 20 (14.3) 29 (12.3) .3153
Pulmonary
COPD/Bronchiectasis 0(0) 19 (29.7) 1(5.6) 20 (20.8) 19 (13.5) 39 (16.5) 1559
Renal
Chronic kidney disease 4(28.6) 23 (35.9) 6(33.3) 33 (34.4) 54 (38.5) 87 (37.0) .5832
Acute/unspecified renal failure 2 (14.3) 6 (9.4) 1 (5.6) 9(9.4) 24 (17.0) 33 (13.9) .1256
Endocrine
Diabetes mellitus 4 (28.6) 15 (23.4) 5(27.8) 24 (25.0) 35 (25.0) 59 (25.0)  1.0000
Other
Malignancy 3(21.4) 14 (21.9) 5(27.8) 22 (22.9) 32 (23.0) 54 (23.0)  1.0000
Anemia 3(21.4) 12 (18.8) 0(0) 15 (15.6) 30 (21.4) 51(21.6) .3130
Indications, n (%)
Phlebitis; thrombophlebitis, and thromboem 5 (37.5) 15 (23.4) 4(22.2) 24 (25) 37 (26.4) 61 (25.8) .8801
bolism
Acute or chronic embolism and thrombosis of 4 (28.6) 14 (21.9) 2 (11.1) 20 (20.8) 41 (29.3) 61 (25.8) 1737
various veins
Pulmonary embolism 2 (14.3) 18 (28.1) 2 (11.1) 22 (22.9) 24 (17.1) 47 (19.9) .3164
Atrial fibrillation 3(21.4) 5 (78) 1(5.6) 9(9.4) 17 (12.1) 26 (11.0) .5347
Acute cerebrovascular disease 1(71) 7 (10.9) 1(5.6) 9(9.4) 6(4.2) 15 (6.4) 1727
Aortic and peripheral arterial embolism or 0(0) 3(4.7) 0 (0) 3(3.1) 3(2.1) 6 (2.5) .6894
thrombosis
Avrterial embolism at various sites 0(0) 3(4.7) 01(0) 3(3.1) 3(2.1) 6 (2.5) .6894
Chronic pulmonary embolism 1(71) 2(3.1) 0(0) 3(3.1) 1(.7) 4(1.7) .3068
Antiphospholipid syndrome 0(0) 0(0) 0(0) 0(0) 2 (1.4) 2 (.85) .5153
Acute myocardial infarction 0(0) 1(1.6) 0 (0) 1(1) 3(2.1) 4(1.7) 6478

Participants may have >1 diagnosis.

Abbreviations: COPD, chronic obstructive pulmonary disease; DOAC, direct oral anticoagulant; n, participants with a particular comorbidity or indication by anticoagulant prescription.

dosage adjustments in our cohort. The FDA label for rivaroxaban

Notably,

drug

interaction

queries

from www.hiv-

recommends against the concomitant use of medications that
are strong dual inhibitors of p-gp and CYP3A4 (ie, a ritonavir
or cobicistat regimen) due to the possible increased risk of
bleeding [12]; yet in our cohort, 41% of rivaroxaban recipients
were documented to have been prescribed these combinations.
There are published case reports describing the increased risk
of bleeding due to rivaroxaban-ritonavir drug interactions [19,
20]. In this study cohort, an overall small number of bleeding
events were documented, with more episodes reported in the
warfarin (n = 12) versus DOAC (n = 8) group, as well as in the
unboosted (n = 12) versus boosted (n = 8) ART group. Given
the small number of recorded bleeding events, the clinical in-
terpretation of this data and associated risk factors is limited.

druginteractions.org (University of Liverpool) for warfarin,
rivaroxaban, and apixaban were among the top 50 most searched
comedications in 2018 [21]. To date, however, there is a pau-
city of drug interaction data with ARVs and DOACs. DOACs
are primarily metabolized by CYP3A4 and/or transported by
p-gp. Recommendations on managing drug interactions with
strong CYP3A4 and p-gp inhibitors vary based on the specific
DOAC. Recommendations may also vary based on the drug in-
formation resource utilized, including between the FDA and
European Union product labels, tertiary online drug interaction
checkers, and the Department of Health and Human Services
ARV guidelines (see Table 4), introducing yet another challenge
for providers when prescribing these concomitant medications
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Figure 1. A, Trends in overall oral anticoagulant prescriptions in the D.C. Cohort,

by drug, 2011-2016, where n is the total number of prescriptions in a given year.
Differences in the proportion of warfarin and total DOAC by year were analyzed
using a Fisher Chi-square test (<.0001). Using a stratified Poisson regression, there
were significant increases in the counts of DOAC (P<.0001) and warfarin (P<.0001)
over time. B, Newly recorded oral anticoagulant prescriptions in the D.C. Cohort, by
drug and year, 201116, where n is the number of newly recorded prescriptions in
a given year. Differences in the proportion of warfarin and total DOAC by year were
analyzed using a Fisher Chi-square test (<.0001). Using a stratified Poisson regres-
sion, there was a significant increase in the count of DOAC (P< .0001), but not in
warfarin (P=.15) over time. Abbreviation: D.C., District of Columbia; DOAC, direct
oral anticoagulants.

[10-15, 22-31]. Available data on ARV-DOAC drug inter-
actions were primarily from studies conducted with ritonavir in
healthy volunteers. Notably, these studies were not conducted
within the population of PWH, did not utilize the clinically rel-
evant dose of ritonavir, and did not study ritonavir in combina-
tion with a complete antiretroviral regimen [11-15].

Apixaban may be considered a safer alternative to other
DOACs in patients with varying degrees of renal dysfunc-
tion. A lower rate of major bleeding events is associated with
apixaban when compared to warfarin in patients with atrial fi-
brillation or VTE and chronic kidney disease (not on hemodi-
alysis) [32, 33]. In patients on hemodialysis, rivaroxaban and
dabigatran are shown to be associated with an increased risk of
major bleeds, while the risk with apixaban is reported to be no
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Changes in ART prescribing were assessed at 1 month post anticoagulant initiation. These changes were consistent at 6 months post anticoagulation. Dosing
adjustments for concomitant ART could not be evaluated for dabigatran, apixaban, or warfarin. There were no statistically signifcant differences between DOAC
and warfarin groups (p >0.05; Fischer chi-square)

Boosted regimens include: cobcistat,

disoproxil ritonavir.

Figure 2. Boosted ART prescribing patterns before and 1 month after an-
ticoagulant initiation. Changes in ART prescribing were assessed at 1 month
postanticoagulant initiation. These changes were consistent at 6 months
postanticoagulation. Dosing adjustments for concomitant ART could not be evalu-
ated for dabigatran, apixaban, or warfarin. There were no statistically significant
differences between the DOAC and warfarin groups (P> .05; Fisher Chi-square).
Boosted regimens include atazanavir/cobicistat, cobicistat, darunavir/cobicistat,
darunavir/cobicistat/tenofovir alafenamide/emtricitabine, elvitegravir/cobicistat/
tenofovir alafenamide/emtricitabine, elvitegravir/cobicistat/tenofovir disoproxil
fumarate/emtricitabine, lopinavir/ritonavir, and ritonavir. Abbreviations: ART, anti-
retroviral therapy; COBI, cobicistat; DOAC, direct oral anticoagulants; RTV, ritonavir.

different compared to warfarin [32]. In our study, participants
had a higher mean baseline serum creatinine in the apixaban
group, suggesting that prescribers favored it in participants with
renal impairment. Overall, more participants with severe renal
dysfunction (CrCl < 30ml/min) received warfarin (70.1%) than
apixaban (29.4%).

The variability in reccommendations, the general lack of phar-
macokinetic data, and the frequency of concomitant DOAC
and boosted ART prescribing highlight the benefits of taking
a multi-disciplinary approach in treatment decisions. Ideally,
communication between the ARV and anticoagulant pre-
scribers should occur at the initiation of an anticoagulant to
address potential interactions, select the most appropriate an-
ticoagulant for an individual patient, and establish a mutually
agreed upon course of action and monitoring. This is especially
important for DOACs, given their relatively recent introduction
and the potential unfamiliarity of prescribers with DOAC-ART
interactions.

Clinical pharmacy specialists in the practice areas of
anticoagulation and HIV can play an important role in the
safe provision of these medications by assisting with literature
evaluations and the interpretation of pharmacokinetic drug in-
teraction data. Strategies to implement safe prescribing prac-
tices and to assist providers and pharmacists in recognizing
when to modify a dose and/or treatment agent (oral antico-
agulant or ART) are also necessary. These strategies could in-
clude intelligent decision support tools, such as electronic
medical record prescriber alerts and health-care clinical dash-
boards. Additionally, patients should be encouraged to utilize
the same pharmacy for all prescriptions, which would increase
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Table 4. Direct Oral Anticoagulant Dosing Recommendations with Boosted Antiretrovirals Across Various Tertiary Resources

FDA Labels® [11-13, 27-31]

DHHS [22]

EU Labels® [23]

Liverpool
and EACS [24]

Lexicomp [25]

Micromedex"® [26]

Dabigatran

Elvitegravir/
cobicistat

Atazanavir/
ritonavir

Atazanavir/
cobicistat

Darunavir/
ritonavir

Darunavir/
cobicistat

Rivaroxaban

Elvitegravir/
cobicistat

Atazanavir/
ritonavir

Atazanavir/
cobicistat

Darunavir/
ritonavir

Darunavir/
cobicistat

Apixaban
Elvitegravir/
cobicistat
Atazanavir/
ritonavir
Atazanavir/
cobicistat
Darunavir/
ritonavir
Darunavir/
cobicistat

Dose adjustment may be

necessary®

Dose adjustment may be

necessary®

Dose adjustment may be

necessary®
No dosage adjustment

No dosage adjustment

Coadministration not recom-

mended

Coadministration not recom-

mended

Coadministration not recom-

mended

Coadministration not recom-

mended

Coadministration not recom-

mended

Dose-dependent
recommendations®

Dose-dependent
recommendations®

Coadministration not recom-

mended
Dose-dependent

recommendations®
Dose-dependent

recommendations®

Dose adjustment may be Contraindicated

necessary®

Dose adjustment may be Coadministration not

necessary®

recommended

Dose adjustment may be Clinical monitoring is

necessary®

recommended

No data available for dose Contraindicated

recommendation

No data available for dose Contraindicated

recommendation

Do not coadminister

Do not coadminister

Do not coadminister

Do not coadminister

Do not coadminister

Dose-dependent
recommendations®
Dose-dependent
recommendations®
Dose-dependent
recommendations®
Dose-dependent
recommendations®
Dose-dependent
recommendations®

Coadministration not
recommended
Coadministration not
recommended
Coadministration not
recommended
Coadministration not
recommended
Co-administration not
recommended

Coadministration not
recommended
Coadministration not
recommended
Coadministration not
recommended
Coadministration not
recommended
Coadministration not
recommended

Do not coadminister

Potential interaction

Do not coadminister

Potential interaction

Do not coadminister

Do not coadminister

Do not coadminister

Do not coadminister

Do not coadminister

Do not coadminister

Do not coadminister

Do not coadminister

Do not coadminister

Do not coadminister

Do not coadminister

Monitor therapy
Consider therapy
modification
Monitor therapy
Consider therapy

modification
Monitor therapy

Avoid combination
Avoid combination
Avoid combination
Avoid combination

Avoid combination

Monitor therapy

Consider therapy
modification

Monitor therapy

Consider therapy
modification

Monitor therapy

Major interaction

Major interaction

Major interaction

Major interaction

Major interaction

Major interaction

Major interaction

Major interaction

Major interaction

Major interaction

Major interaction

Major interaction

Major interaction

Major interaction

Major interaction

All resources had consistent recommendations for international normalized ratio monitoring when listed ARVs are used with warfarin.

Abbreviations: ARV, antiretroviral; DHHS, Department of Health and Human Services; DOAC, direct oral anticoagulant; EACS, European AIDS Clinical Society; EU, European Union; FDA,

Food and Drug Administration.

°If DOAC and ARV product labeling had discordant recommendations, the table reflects the more stringent recommendation.

°A major interaction was defined as an interaction that may be life-threatening and/or require medical intervention to minimize or prevent serious adverse effects.

“Based on indication and renal function.
9Do not coadminister or reduce dose, depending on dose.

the likelihood of detecting these interactions at the point of
dispensing.

An interpretation of these study results should take into
account several limitations, including the possible under-
estimation of the true rate of ART and oral anticoagulant
coprescribing and reliance on the accurate entry of ICD9/10
codes. The D.C. Cohort collects data from HIV clinics, not from
the anticoagulation clinics where the anticoagulants are pre-
scribed. Additionally, bleeding events managed at hospitals or
other clinics, such as primary care and anticoagulation clinics,
may not have been captured. Although dabigatran, apixaban,
and warfarin may require dosing modifications according to the
drug interaction potential and various patient variables, the ap-
propriateness of the prescribed doses could not be determined
due to a lack of consistent documentation of drug dosages.

Finally, the reliance on the accurate entry of bleeding events
using ICD-9/10 codes is a possible limitation when reporting
the absolute number of bleeds.

In conclusion, it is evident that the number of PWH re-
quiring oral anticoagulation is substantial and likely will in-
crease as this population ages. Although warfarin was still
frequently prescribed as of 2016, the upward trend in DOAC
prescriptions is consistent with current recommendations for
the management of patients with thromboembolic disease. The
identification of coprescriptions of rivaroxaban and boosted
ART in 41% of rivaroxaban recipients after anticoagulant ini-
tiation underscores the need for continued efforts to promote
communication between multiple health-care practitioners, to
provide education, and to increase pharmacologic vigilance.
Lastly, these data, in addition to the variable DOAC dosing
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recommendations between tertiary drug information resources,
highlight the need for large prospective surveillance studies to
characterize the safe and effective use of oral anticoagulants in
PWH.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases on-
line. Consisting of data provided by the authors to benefit the reader,
the posted materials are not copyedited and are the sole responsibility of
the authors, so questions or comments should be addressed to the cor-
responding author.
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