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Abstract
Background: Cancer patients are increasingly prescribed direct oral anticoagulants 
(DOACs) and targeted anticancer therapies, but limited data are available on the out-
comes during concurrent use.
Objectives: We conducted an international registry through the Scientific and 
Standardization Committee of the ISTH to evaluate the characteristics, bleeding, and 
thrombotic outcomes in patients receiving concurrent DOACs and targeted antican-
cer therapies.
Patients/Methods: Patients receiving concurrent DOACs for venous thromboem-
bolism (VTE) or atrial fibrillation and selected targeted anticancer therapies were 
followed for 6 months after the start of concurrent use. Data including patient and 
cancer characteristics, major bleeding, non-major bleeding events, and venous or ar-
terial thromboses were collected.
Results: Two hundred and two patients were included from six institutions in the 
United States and Israel. The most common malignancies were hematologic (N = 57, 
28.2%), followed by breast (N = 50, 24.8%) and lung (N = 44, 21.8%). The most com-
mon anticancer therapies were epidermal growth factor receptor (EGFR) and anaplas-
tic lymphoma kinase (ALK) inhibitors (N = 43, 21.3%), followed by Bruton’s tyrosine 
kinase (BTK) inhibitors (N = 42, 20.8%) and palbociclib (N = 42, 20.8%). During follow-
up, there were 9 major bleeding and 12 non-major bleeding events, corresponding to 
cumulative incidences of 4% (95% confidence interval [CI]: 2–8%) and 6% (95% CI: 3–
10%), respectively. The cumulative incidence of major bleeding events was highest in 
BTK inhibitor users (10%). There were 3 VTE and 2 arterial thromboses, correspond-
ing to cumulative incidences of 1.5% (95% CI: 0.4–4.0%) and 1.0% (95% CI: 0.2–3.3%), 
respectively.
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1  |  INTRODUC TION

Cancer patients have a 4- to 7-fold increased risk of venous throm-
boembolism (VTE) compared to patients without cancer.1 In addi-
tion, they also have an increased risk of arterial thromboembolism 
(ATE), partially due to high rates of atrial fibrillation (AF).2 In recent 
years, randomized controlled trials (RCTs) showed that direct oral 
coagulants (DOACs) are non-inferior to low molecular weight hep-
arin (LMWH) for the treatment of cancer-associated thrombosis.3–6 
Two additional RCTs established the role of DOACs for prevention 
of cancer-associated thrombosis in ambulatory cancer patients with 
intermediate to high risks of VTE (Khorana score ≥2).7,8 Clinical prac-
tice guidelines have since endorsed the use of DOACs in the preven-
tion and treatment of cancer-associated thrombosis.9–12 DOACs are 
also recommended as the preferred anticoagulant in cancer patients 
with newly diagnosed AF without high risks of gastrointestinal (GI) 
bleeding.13

Despite increasing utilization of DOACs in the management of 
VTE and AF in cancer patients, their safety with concurrent use of 
oral targeted anticancer therapies is largely unknown. DOACs are 
substrates of two predominant pathways: P-glycoprotein (P-gp) cell 
transporters and cytochrome P450 enzyme (CYP3A4) in the liver.14 
Dabigatran and edoxaban are metabolized through the P-gp system 
but are independent of CYP3A4. Apixaban and rivaroxaban rely on 
both the P-gp and CYP3A4 metabolism. Concomitant medications 
that significantly inhibit or enhance P-gp and/or CYP3A4 pathways 
can potentially increase the risks of bleeding or thrombosis, respec-
tively.15,16 In recent years, targeted anticancer therapies have been 
utilized in various cancer types, and many of these are tyrosine 
kinase inhibitors (TKI), which are also involved in the P-gp and/or 
CYP3A4 pathways. Limited pharmacokinetic studies have shown 
that concurrent use of medications involving both P-gp and CYP3A4 
metabolism could influence DOAC drug levels in vitro, but whether 
these findings translate into clinically relevant events has not been 
established. For example, a recent large database analysis showed 
that the concurrent use of clarithromycin (increases DOAC levels) 
and DOACs led to an increase in clinically relevant bleeding events 
(adjusted hazard ratio [HR] 1.71, 95% confidence interval [CI] 1.20–
2.45 for hemorrhage requiring hospitalization) compared to azith-
romycin (minimal effects on DOAC metabolism).17 However, data 
regarding concurrent use of DOACs and targeted anticancer ther-
apies are limited. In addition, some targeted anticancer therapies 
such as ibrutinib can increase the risk of bleeding in the absence of 

anticoagulants by other mechanisms.18 Vascular endothelial growth 
factor (VEGF) inhibitors can also increase the risk of both bleeding 
and thrombosis.19,20

Currently, major international clinical practice guidelines and 
product inserts suggest caution and/or avoidance in using DOACs 
with potential interactions with anticancer therapies.9–11 However, 
these recommendations are mainly based on in vitro pharmacokinetic 
studies and/or expert opinions, and there is little direct evidence 
from clinical studies on the effects of combined use of DOACs and 
targeted anticancer therapies. This lack of evidence has led to incon-
sistency and ambiguity with product labelling recommendations. For 
example, package inserts from Food and Drug Administration (FDA)-
-recommended dose reduction of apixaban (to 2.5 mg twice daily) for 
patients on strong dual inhibitors of CYP3A4 and P-gp pathways,21 
while Canadian product monographs recommended against the use 
of apixaban in these patients.22 Edoxaban has dose-reduction rec-
ommendations in patients on P-gp inhibitors, while rivaroxaban and 
dabigatran do not. This creates uncertainty around pertinent clinical 
situations, such as the need for dose adjustment of anticancer ther-
apies, DOACs, or both, upon concurrent use; the need to change 
to alternative anticoagulants; or monitoring strategies in patients 
on concurrent medications with potential interaction. Empiric dose 
adjustments of targeted anticancer therapies and/or anticoagulants 
might be done without evidence, which could result in increased risk 
of thrombosis or bleeding events if such adjustments are inappropri-
ate. Therefore, it is of utmost importance and interest to investigate 
the outcomes of concurrent use of DOACs and targeted anticancer 
therapies.

The international registry of the safety and efficacy in cancer 
patients with concurrent use of direct oral anticoagulants and tar-
geted anticancer therapies (TacDOAC registry) was approved by the 
subcommittee on Hemostasis and Malignancy of the international 
society on thrombosis and haemostasis (ISTH) and started enroll-
ment in 2019. The aim of this observational international registry 
was to evaluate the patient and cancer characteristics, and bleeding 
and thrombotic outcomes in patients receiving concurrent DOACs 
and targeted anticancer therapies.

2  |  METHODS

The registry was open for participation to all ISTH members. The 
registry was first announced at the Standardization and Scientific 

Funding information
International Society on Thrombosis and 
Haemostasis

Conclusions: In this cohort receiving concurrent DOACs and targeted anticancer 
therapies, the incidence of bleeding is higher compared to thrombosis, particularly 
with BTK inhibitors. Future larger prospective studies are needed.
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interaction, targeted anticancer therapy
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Committees (SSC) meeting of the ISTH at the 2018 Congress and 
started enrollment in June 2019, with updated reports and remind-
ers at the annual Congresses. Information about the registry was 
posted on the ISTH website (https://www.isth.org/membe​rs/group.
aspx?id=100352). The enrollment was completed in October 2020. 
ISTH supported the registry with a grant and online REDCap plat-
form for data collection. The funding agency had no influence on the 
design and conduct of the study, as well as analysis and presentation 
of the study results. The registry was approved by local institutional 
review boards or research ethics boards at each center as either 
prospective or retrospective study, depending on its choice and re-
sources. For patients enrolled prospectively, each patient signed a 
written consent form.

Eligible patients included adult patients of 18 to 89 years of age 
with histologically confirmed active malignancy (defined as malig-
nancy diagnosed or treated within 6 months of concurrent use or 
metastatic/recurrent malignancy) excluding in situ skin cancer, who 
had taken one of the listed targeted anticancer therapies of inter-
est (Table  1) and any DOACs (dabigatran, rivaroxaban, apixaban, 
or edoxaban) concurrently. Given the large and growing number of 
targeted anticancer therapies, it was decided to limit to a selected 
list of targeted anticancer therapies (Table 1) for this registry. These 
anticancer therapies were selected based on potential drug--drug 
interactions involving the P-gp and/or CYP3A4 pathways, potential 
concern of excess bleeding risks given known characteristics of tar-
geted anticancer therapies, and/or the frequency of use after consul-
tation with oncologists. Each participating center identified eligible 
patients, and collected and input de-identified data on the standard-
ized online REDCap case report forms. Data collected included pa-
tient characteristics (age, race, sex, weight, creatinine, platelet count, 
Eastern Cooperative Oncology Group [ECOG] performance status), 
characteristics of cancer and its treatment (site, histology, and stage 
of cancer; type, dose, and duration of targeted anticancer therapies), 
and characteristics of anticoagulation (type, dose, indication, and 
duration). Baseline characteristics were collected at the time of ini-
tiation of concurrent use (index date). Patients were then followed 
prospectively or data collected retrospectively for 6  months after 
the index date, regardless of the duration of concurrent use. The 
primary outcome of the study was major bleeding events, defined 
by ISTH major bleeding criteria, including fatal bleeding; bleeding in 
a critical area or organ, such as intracranial, intraspinal, intraocular, 
retroperitoneal; overt bleeding with drop in hemoglobin of at least 
2 g/dl or requiring at least two units of packed red blood cell trans-
fusion.23 Secondary outcomes included objectively confirmed recur-
rent VTE, ATE (by imaging studies and notes in medical records), and 
non-major bleeding events. Non-major bleeding events were events 
not meeting major bleeding criteria but prompted encounters with 
health-care teams, including phone calls, in-person visits, or hospi-
talizations and/or resulted in interventions (including any change 
in anticoagulant or anticancer therapies). Status of malignancy and 
vital status were recorded at 6  months. All outcome events were 
adjudicated by two physicians after reviewing relevant clinical notes, 
and imaging and laboratory studies.

2.1  |  Statistical analysis

There was no formal sample size calculation as there were no reliable 
data on the rates of bleeding or thrombotic events in cancer patients 
receiving DOACs concurrently with various targeted anticancer 
therapies. A convenient sample size of 200 patients (100 for cancer-
associated thrombosis and 100 for AF) was targeted. Descriptive 
statistics were used to present the results. Mean (standard deviation 
[SD]) or median (interquartile range [IQR]) was calculated for contin-
uous variables, wherever appropriate, while count and percentage 
distribution were calculated for categorical variables. Kaplan-Meier 
analysis was used to calculate the 6-month cumulative incidences of 
major bleeding and non-major bleeding events, VTE and ATE, using 
death as a competing risk. Missing data were excluded from analysis. 
The statistical analyses were performed using SAS Enterprise Guide 
(version 7.15; SAS Institute Inc.) and R software (version 3.5.1).

3  |  RESULTS

3.1  |  Characteristics of the study population

Six centers from the United States and Israel (The Ohio State 
University, Versiti, Rabin Medical Center, University of Utah, 
University of Alabama at Birmingham, Washington University) 
enrolled a total of 202 patients in the study. Most data were col-
lected retrospectively, except for 13 patients enrolled prospec-
tively from the lead site (The Ohio State University). Consecutive 
patients with start of concurrent use between 2012 and 2020 were 
included. Table 2 summarizes data on patient, anticoagulation, and 
cancer characteristics. The median age was 67.5 (IQR 58–73) years. 
Approximately half (45.5%) of the patients were male. Most (84.6%) 
had a good ECOG performance status (0 or 1). The most common 
types of cancer in the study were hematologic (N = 57, 28.2%, in-
cluding chronic lymphocytic leukemia (CLL), chronic myelogenous 
leukemia (CML), and non-Hodgkin’s lymphoma), followed by breast 
(N = 50, 24.8%) and lung cancer (N = 44, 21.8%). The majority (94.5%) 
of patients with solid tumor had metastatic disease at the time of 
concurrent use, with brain metastasis in 27.5% of patients.

Table 3 summarizes the number of patients and outcomes by an-
ticancer therapies. The most common anticancer therapy regimens 
included epidermal growth factor receptor (EGFR) and anaplastic 
lymphoma kinase (ALK) inhibitors (N = 43, 21.3%), Bruton’s tyro-
sine kinase (BTK) inhibitors (N = 42, 20.8%), and cyclin-dependent 
kinase (CDK) inhibitor palbociclib (N = 42, 20.8%). For anticoagula-
tion, 134 patients (66.3%) and 73 (36.1%) were prescribed DOACs 
for VTE and AF, respectively (five patients had both indications). 
Apixaban and rivaroxaban were the most common DOACs used, 
accounting for 96% (rivaroxaban: N = 95, apixaban: N = 99), while 
dabigatran was prescribed in 9 (4.5%) patients and edoxaban in 
2 (1%) patients (3 patients had different DOACs at different time 
points). Most DOACs were prescribed at therapeutic dose (85.3%). 
In 31 patients treated with reduced anticoagulant dose, 12 (6% of 
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the overall population) were retrospectively deemed inappropri-
ate based on package inserts (although rationales of dose reduc-
tion were often incompletely documented), mostly AF patients 
on apixaban. One patient received another concurrent interfering 
medication, dronedarone (moderate inhibitor of CYP3A4 and P-
gp) with ibrutinib and apixaban; no other patients had reported 
concurrent use of other medications with CYP3A4 or P-gp interac-
tions. Further details are available in Appendix Table A1 (indication 
of anticoagulation by cancer type) and Appendix Table A2 (DOACs 
and anticancer therapies combinations). Forty-one (20%) patients 
were taking concomitant aspirin and 6 (3%) had concomitant clopi-
dogrel. The median duration of concurrent use during follow up 
was 6 (IQR 5.1–6) months.

3.2  |  Bleeding events

Overall, nine major bleeding events were recorded within 6 months, 
including one fatal bleeding event, corresponding to a cumulative 
incidence of 4% (95% CI: 2–8%). There were 12 non-major bleed-
ing events, with a cumulative incidence of 6% (95% CI: 3–10%). The 
incidences (95% CI) of major and non-major bleeding events were 
the highest in patients on BTK inhibitors (10% [3–21%] and 14% 
[6–27%], respectively), followed by 7% (1–21%) and 4% (0.2–16%) 
in VEGF inhibitor users, 5% (1–14%) and 7% (2–18%) in palbociclib 
users, and 2% (0.2–11%) and 2% (0.2–11%) in EGFR/ALK inhibitor 
users (Table 3). Appendix Figure A1 depicts the cumulative incidence 
of major bleeding events by anticancer therapies. Details of patient 
characteristics, bleeding events, and management in patients with 
major and non-major bleeding events are summarized in Appendix 
Tables A3 and A4, respectively.

TA B L E  2  Patient and cancer characteristics at the time of 
concurrent use

Patient characteristics

Age (years) median (IQR) 67.5 (58–73)

Male, N (%) 92 (45.5%)

Race, N (%)a 

White 150 (87.7%)

Black 14 (8.2%)

Asian 2 (1.2%)

Hispanic 2 (1.2%)

Other 3 (1.8%)

Weight (kg), median (IQR) 80.75 (69–101)

Creatinine (mg/dl), median (IQR) 0.97 (0.8–1.16)

Platelet count (K/µl), median (IQR) 213 (160–272)

ECOGa 

0 51 (30.4%)

I 91 (54.2%)

II 24 (14.3%)

III 2 (1.2%)

IV 0

Anticoagulation characteristics

Indications (5 with both VTE and AF)

VTE 134 (66.3%)

AF 73 (36.1%)

CHADSVASc score, median (IQR)a  3 (2.25–4)

Type (3 patients on different DOACs at different time)

Dabigatran 9 (4.4%)

Rivaroxaban 95 (46.3%)

Apixaban 99 (48.3%)

Edoxaban 2 (1.0%)

Dose

Therapeutic dose 174 (84.9%)

Reduced dose 31 (15.1%)

Cancer characteristics

Cancer sites

Breast 50 (24.8%)

Lung 44 (21.8%)

Gastrointestinal 12 (5.9%)

Genitourinary 27 (13.4%)

Gynecological 3 (1.5%)

Melanoma 1 (0.5%)

Hematologic 57 (28.2%)

Othersb  9 (4.5%)

Cancer histology

Adenocarcinoma 119 (58.9%)

Squamous 3 (1.5%)

Sarcoma 12 (5.9%)

(Continues)

Cancer characteristics

Chronic leukemiac  48 (23.8%)

Lymphoma 9 (4.5%)

Othersd  12 (5.9%)

Stage (solid tumor) N = 145

I 2/145 (1.4%)

II 1/145 (0.7%)

III 5/145 (3.4%)

IV 137/145 
(94.5%)

Presence of brain metastasis (solid tumor)a  39/142 (27.5%)

Abbreviations: AF: atrial fibrillation; CLL: chronic lymphocytic leukemia; 
CML: chronic myelogenous leukemia; ECOG, Eastern Cooperative 
Oncology Group; IQR, interquartile range; GIST: gastrointestinal 
stromal tumors; IQR: inter-quarter range; RCC, renal cell carcinoma; SD: 
standard deviation; VTE: venous thromboembolism.
aExcluding unknown or missing values.
bSarcoma: 2, thyroid: 3, neuroendocrine: 4.
cCLL: 33, CML: 14, hairy cell leukemia: 1.
dPapillary, anaplastic, neuroendocrine.

TA B L E  2  (Continued)
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3.3  |  VTE and ATE events

During the 6-month follow-up period, three patients developed VTE, 
with a cumulative incidence of 1.5% (95% CI: 0.4–4.0%). Among the 
134 patients on DOACs for cancer-associated thrombosis, the inci-
dence of recurrent VTE was the same at 1.5%. Two patients devel-
oped ATE including one fatal stroke, corresponding to a cumulative 
incidence of 1.0% (95% CI: 0.2–3.3%). Thrombotic events occurred 
in various combinations of targeted anticancer therapies and anti-
coagulation. One PE occurred in a patient while taking an appro-
priately reduced dose of apixaban (based on product labelling for 
AF) and vemurafenib, the only CYP3A4 inducer among the included 
anticancer therapies. In the entire cohort, only two patients were on 
vemurafenib. None of the 12 patients with inappropriate dose re-
duction of DOACs had thrombotic events, but two developed non-
major bleeding events. Details of patient characteristics, thrombotic 
events, and management are summarized in Appendix Table A5.

3.4  |  Mortality and cancer status

At 6 months, the majority of patients (N = 182, 90.1%) were alive. 
No patients were lost to follow-up. Most patients had improved or 
stable cancer status (N = 117, 57.9%), while 33.2% (N = 67) had can-
cer progression.

4  |  DISCUSSION

To the best of our knowledge, our study is the first multi-center, 
international study and the largest dedicated to investigating the 
clinical outcomes in patients receiving concurrent use of DOACs 
and targeted anticancer therapies. In the 202 enrolled patients, we 
found an incidence of major bleeding of 4% (95% CI: 2–8%), an in-
cidence of non-major bleeding of 6% (95% CI: 3–10%), and low in-
cidences of VTE and ATE at 6 months (1.5% and 1%, respectively).

It is reassuring that the incidence of overall major bleeding events 
found in our cohort during concurrent use was similar to the rate 
reported in meta-analysis of RCTs in cancer-associated thrombosis 
(4.3%),24 although caution must be taken for cross-study compari-
son given the differences in patient population. A recent secondary 
analysis of the Caravaggio trial showed that concurrent use of an-
ticancer agents was not associated with significant differences on 
recurrent VTE or major bleeding in patients treated with apixaban or 
dalteparin for cancer-associated thrombosis.25 However, the num-
ber of patients on targeted kinase inhibitors and apixaban was small 
(N = 31) and at least 15 different tyrosine kinases were grouped and 
analyzed together. Our study has shown that the risk of bleeding 
varied greatly across different targeted anticancer therapies, which 
could provide important clinical implications.

Approximately half of bleeding events in our study occurred in 
patients on concurrent therapy with BTK inhibitors (N = 10, 47.6% 
of bleeding events). Ibrutinib alone is associated with increased 

risks of bleeding and bruising even in the absence of anticoagula-
tion.18 It is thought to be related to its off-target effects including 
the inhibition of collagen-mediated platelet aggregation and resul-
tant reduced platelet adhesion on von Willebrand factors.26,27 As 
in vitro studies showed that ibrutinib and acalabrutinib are weak 
CPY3A4 inhibitors and ibrutinib is also a weak P-gp inhibitor,28,29 
the increase in bleeding events associated with concurrent use 
of DOACs and BTK inhibitors was less likely due to interactions 
involving CYP3A4 and/or P-gp pathways, but more likely related 
to the additional antiplatelet effects of BTK inhibitors. In early 
clinical trials of ibrutinib, fatal intracranial bleeding events were 
observed in patients on concomitant ibrutinib and warfarin,30 and 
therefore its concurrent use was excluded in subsequent clinical 
trials and cautioned against in product labels.28 However, the risks 
of concurrent use of ibrutinib and other anticoagulants such as 
DOACs remain under-investigated and largely unknown. As ibru-
tinib is associated with an increased risk of AF31 and DOACs are 
recommended as preferred agents for cancer patients with AF,13 
concurrent use of BTK inhibitors and DOACs is increasingly fre-
quent and clinically relevant. Therefore, we included BTK inhib-
itors (hence the higher proportion of CLL patients included) in 
our study. One study reported bleeding rates in clinical trials of 
ibrutinib and showed a relatively low major bleeding rate (≥ grade 
3 based on Common Terminology Criteria for Adverse Events 
[CTCAE] v4.0) of 9% over 21.1  months in treatment-naïve pa-
tients and 2% over 9.7  months in patients with prior therapy.32 
However, in these trials, the most commonly used concurrent anti-
coagulant was LMWH in prophylactic doses over a short duration 
(<3 months), with only four patients treated with DOACs.32 More 
recently, a retrospective cohort study of 30 patients treated with 
ibrutinib and DOACs reported much higher bleeding rates: major 
bleeding events (grades 3 and 4) in 5 patients (16.6%) and overall 
bleeding events in 21 patients (73.3%) over a median follow-up of 
13.4 months.33 The newer generation BTK inhibitor, acalabrutinib, 
was designed to be more specific with presumably less off-target 
effects, but there were no data regarding its concurrent use with 
DOACs. In our study, we found a high rate of bleeding with concur-
rent use of BTK inhibitors and DOACs, with a 6-month incidence 
of major bleeding of 10% and that of non-major bleeding of 14%. 
The number of patients was too small to allow subgroup analysis 
on individual drug (ibrutinib vs. acalabrutinib). The utilization of 
different criteria to determine bleeding symptoms (CTCAE in on-
cology trials and ISTH criteria in our study and VTE trials) made it 
difficult to compare rates and interpret results among different 
studies. In future studies, standardized bleeding assessment with 
prospective data collection are recommended to allow an uniform 
evaluation of pertinent clinical outcomes.

VEGF inhibitors are associated with an increased risk of both 
bleeding and thrombosis.19,20 Indeed, in our study the risks of major 
bleeding and VTE were comparable. A recent retrospective study 
of 86 cancer patients showed that concurrent use of VEGF recep-
tor TKIs and anti-Xa inhibitors (including LMWH and DOACs) signifi-
cantly increased the risks of overall bleeding events (HR 2.45, 95% 
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CI 1.28–4.69, P  =  0.007) compared to anti-Xa inhibitors alone.34 
Particularly, concurrent use of DOACs and VEGF receptor TKIs was 
associated with a HR of 4.15 (95% CI, 0.38–45.0 [P = 0.24]) in bleed-
ing events compared to DOACs alone, although the number of DOAC 
users was small (N = 20). In our study of 28 patients receiving concur-
rent VEGF inhibitors (sunitinib or cabozantinib) and DOACs, a rela-
tively high 6-month incidence of major bleeding (7%) was observed. In 
addition, VEGF inhibitors are known to be associated with increased 
risks of thrombotic complications, likely due to disturbance in the en-
dothelial regulation, microvasculature, and coagulation cascade.20 We 
observed two VTE in 28 patients receiving VEGF inhibitors, corre-
sponding to a 6-month VTE incidence of 7% (95% CI: 1–21%). Given 
the small number of patients, this finding is preliminary with wide CI, 
and should be further evaluated in a larger population.

The 6-month incidence of VTE was low in our study (1.5%) 
compared to recent RCTs using DOACs for treatment of cancer-
associated thrombosis (5.2% in meta-analysis).24 First, our study in-
cluded a mixed population, including 36% of patients who received 
DOACs for AF (although the risk of recurrent VTE is the same in the 
VTE cohort). In addition, patients in the VTE cohort could have re-
ceived anticoagulation for a history of VTE for more than 3 months 
prior to the start of concurrent use and could have had a lower risk of 
recurrence. Patients included in our study also had a lower 6-month 
mortality rate of 10%, although close to 95% of patients with solid 
tumor had metastatic disease. Interestingly, although there were 
only two patients treated with vemurafenib, the only CYP3A4 in-
ducer among the included anticancer therapies, one PE occurred 
in the setting of concurrent use of vemurafenib and apixaban at a 
reduced dose (which was appropriate given the presence of two AF 
dose-reduction criteria). Concurrent use of CYP3A4 or P-gp induc-
ers could theoretically reduce DOAC concentrations and increase 
the risk of VTE, but literature on clinical outcomes with this combi-
nation in cancer patients was scarce.

Our study has limitations. Most patients included in the study 
were followed retrospectively. Therefore, bleeding events might 
be under-reported. We chose to include non-major bleeding 
events that prompted any encounter (including phone calls) or re-
sulted in intervention, which is slightly different from the ISTH 
criteria of clinically relevant non-major bleeding (including only in-
person encounters).35 However, we believe that bleeding events 
prompting medical attention are clinically relevant. The study was 
observational, and individual treating physicians chose DOACs 
and targeted anticancer therapies, so inherent bias and confound-
ers could be present, including potential bias in selecting patients 
perceived to be “lower risk of bleeding” for DOACs. Despite that, 
the study demonstrated a high rate of bleeding events with con-
current use of DOACs and certain anticancer therapies (such as 
BTK inhibitors and VEGF inhibitors). Some patients started an-
ticoagulation prior to targeted anticancer therapies and some 
vice versa, and the duration of anticoagulation prior to targeted 
anticancer therapies was not consistently captured, which could 
have influenced the outcomes as the risks of recurrent VTE and/
or bleeding is the highest in the first 3 months of anticoagulation 

initiation. The number of targeted anticancer therapies did not 
represent all available agents, but we chose to concentrate on the 
agents with higher likelihood of bleeding or thrombotic complica-
tions or higher frequency of co-prescription for more clinical rel-
evance. The majority of patients were treated with rivaroxaban or 
apixaban, so the data were not representative for dabigatran and 
edoxaban (for which the CYP pathway is not involved). Another 
limitation is the lack of a comparator arm such that we cannot con-
clude whether the rates of bleeding are greater than the adminis-
tration of DOACs or targeted therapy alone or compared to other 
anticoagulants such as LMWH.

Despite these limitations, our study has strengths including the 
largest population of concurrent use of DOACs and targeted anti-
cancer therapies, an international collaboration involving several 
academic institutions, and all thrombotic and bleeding outcomes 
were adjudicated with chart review by two physicians. We did not 
limit our investigation to interactions within CYP3A4 or P-gp path-
ways and intended to report outcomes of concurrent use that could 
be affected by other mechanisms. Our study provides important 
event rates on the clinical outcomes in patients receiving concom-
itant DOACs and targeted anticancer therapies, an area with very 
limited literature at this time. Our data revealed a high variability 
of bleeding risks with different anticancer therapies and can alert 
clinicians to maintain higher vigilance for bleeding complications in 
patients on certain combinations (such as DOACs and BTK inhibitors 
or VEGF inhibitors). In addition, our study showed low bleeding rates 
when DOACs were used with EGFR and ALK inhibitors or BCR-ABL 
inhibitors, which can be reassuring to clinicians when using these 
combinations. Our study is hypothesis generating and provides pre-
liminary data for future research.

In conclusion, we report the results of the TacDOAC registry, 
which shows an incidence of major bleeding of 4% and non-major 
bleeding rate of 6%, and low incidences of VTE and ATE (1.5% 
and 1%, respectively) at 6 months. Concomitant use with different 
targeted anticancer therapies resulted in different bleeding risks, 
with BTK inhibitors and VEGF inhibitors found to be associated 
with higher risks. Our findings could be related to patient or can-
cer characteristics, or to DOAC use itself including involvement in 
the CYP/P-gp pathway or other mechanisms (such as antiplatelet 
effects from BTK inhibitors). Future larger prospective studies or 
analysis of large administrative databases are needed to improve 
our understanding and optimize care in patients receiving DOACs 
with targeted anticancer therapies. Based on the results of this 
study, future studies should focus on potential higher risk combi-
nations such as concomitant anticoagulants and BTK inhibitors or 
VEGF inhibitors. Concurrent use with CYP3A4 or P-gp inducers is 
also an area with a significant knowledge gap requiring further in-
vestigation. Whether anti-Xa level measurement can be beneficial 
could also be of interest.
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APPENDIX 

TABLE A1 Indication of anticoagulation by cancer types and associated anticancer therapies

Cancer type Anticancer therapies
Venous 
thromboembolism

Atrial 
fibrillation

Breast Palbociclib, lapatinib 42 10

Lung Osimertinib, alectinib 37 8

Gastrointestinal Imatinib (mostly), sunitinib, everolimus, alectinib, cabozantinib 8 4

Genitourinary Sunitinib, cabozantinib 22 7

Gynecological Everolimus 3 0

Melanoma Dabrafenib, vemurafenib 1 0

Hematologic Ibrutinib, acalabrutinib, imatinib, nilotinib 15 42

Others Everolimus (mostly), dabrafenib, vemurafenib, cabozantinib 7 2

Note: 2 breast cancer, 1 lung cancer, and 2 genitourinary cancer patients had both venous thromboembolism and atrial fibrillation.

Figure A1 Cumulative incidence of major bleeding events by types of anticancer therapies. Abbreviations: ALK, anaplastic lymphoma 
kinase; BTK, Bruton’s tyrosine kinase; CDKI, cyclin-dependent kinase inhibitor; EGFR, epidermal growth factor receptor; VEGF, vascular 
endothelial growth factor. [Color figure can be viewed at wileyonlinelibrary.com]
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TABLE A2 Combinations of each direct oral anticoagulant and targeted anticancer therapy

Dabigatran Rivaroxaban Apixaban Edoxaban

Osimertinib 1 19 15 0

Alectinib 0 7 2 0

Ibrutinib 3 8 19 0

Acalabrutinib 0 5 9 0

Palbociclib 1 22 19 1

Sunitinib 2 5 5 0

Cabozantinib 0 7 8 1

Imatinib 1 7 12 0

Nilotinib 0 1 1 0

Everolimus 1 10 8 0

Lapatinib 0 3 1 0

Dabrafenib 0 1 1 0

Vemurafenib 0 0 2 0

Note: One patient each on rivaroxaban and apixaban at different time periods with osimertinib, lapbociclib, and everolimus.
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