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ADDRESSING COMPLEX HEMOSTATIC CHALLENGES IN ONCOLOGY

Introduction 
Patients with cancer have an increased risk of thromboem-

bolism and are commonly treated with anticoagulant therapy. 
Multiple recent randomized controlled trials have established the 
role of direct oral anticoagulants (DOACs) in the treatment and 
prevention of cancer-associated venous thromboembolism 
(VTE).1-6 In addition, DOACs are also the anticoagulant of choice 
for stroke prevention in patients with atrial fibrillation (AF), in-
cluding those with cancer.7 Therefore, DOACs are widely used in 
patients with cancer given the favorable safety and convenience 
profiles and the prevalence of the aforementioned indications in 
cancer. However, potential drug-drug interactions (DDIs) remain 
a main concern when considering DOAC use and are cautioned 
in major international guidelines.8-11  

Polypharmacy is common in patients with cancer with stud-
ies citing a median of 9 prescribed oral therapies with medica-
tion indications including: anticancer therapies, supportive care 
therapies to relieve side effects, as well as medications for other 
co-morbidities.12 In addition to prescription therapy, many pa-
tients also report use of over-the-counter medications and herbal 
supplements.12 Polypharmacy increases the risk of DDIs with 
DOACs which include both pharmacokinetic (PK) and pharma-
codynamic (PD) interactions. Pharmacokinetic interactions 
occur when concomitant medications share metabolic pathways, 
with one drug causing alteration in drug absorption, distribution, 
metabolism, or extraction of another drug. Pharmacodynamic 
interactions happen when the presence of one drug enhances the 
effect of another drug.  

The main pathways involved in PK interactions between 
DOAC and anticancer therapies involve cytochrome (CYP) 3A4 
and/or P-glycoprotein (p-gp) pathways. Among DOACs, rivarox-
aban and apixaban are the two most used worldwide and they are 
metabolized through both CYP3A4 and p-gp pathways, while 
edoxaban and dabigatran are metabolized through the p-gp path-
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way only. Consequently, rivaroxaban and apixaban are frequently 
cited to carry higher risk of PK interactions than edoxaban or dabi-
gatran, given additional involvement with CYP enzymes. Anti-
cancer therapies that inhibit CYP3A4 or P-gp enzymes can lead 
to an increase in serum levels of a concurrently used DOAC, 
which could increase the risk of anticoagulant-related bleeding. 
Conversely, drugs with enhancing effects of these enzymes could 
reduce DOAC levels, resulting in an insufficient anticoagulant ef-
fect and thus thrombotic complications. Edoxaban is the only 
DOAC with specific dose adjustment criteria in the setting of 
DDIs, with recommendation of dose reduction to 30 mg daily 
(from the standard dose of 60 mg daily) when edoxaban is used 
concomitantly with a p-gp inhibitor except for amiodarone and 
verapamil.13 

On the other hand, anticancer therapies can have important 
PD interactions with anticoagulants. The prime examples include 
Bruton’s tyrosine kinase (BTK) inhibitors and VEGF (vascular 
endothelial growth factor) receptor inhibitors. BTK inhibitors 
have known antiplatelet properties and when used with anticoag-
ulants, have led to concerns of major bleeding complications such 
as fatal intracranial bleeding in early clinical trials.14 VEGFR in-
hibitors have also been reported to potentiate LMWH levels, re-
sulting in an increased risk of bleeding.15 These all add to the 
complexity in the consideration of combined anticancer and anti-
coagulation use.16  

In this narrative review, we will focus on PK interactions 
between anticancer therapies and DOACs. We summarize the 
evidence of selected anticancer therapies most commonly cited 
for PK interaction concerns with DOACs (Table 1).17-21 PD in-
teractions, as well as DDIs with other medications such as anti-
fungal, supportive care drugs, etc., are also important 
considerations in this population but are outside of the scope of 
this article. We aim to provide a comprehensive review of cur-
rently available data and guidance for management based on the 
available evidence. Selective anticancer therapies are grouped 
by the type of cancer for which they are most used. Whenever 
possible, we put emphasis on human studies that provide clini-
cally relevant patient outcomes.  

 
 

Methods 
For this narrative review, we performed a literature search in 

PubMed database up to December 2025 with combination of 
search terms including (“name of anticancer therapy”) AND (“di-
rect oral anticoagulant” OR “anticoagulation” OR “rivaroxaban” 
OR “apixaban” OR “edoxaban” OR “dabigatran”). Given limited 
evidence in many anticancer therapies, to be as comprehensive as 
possible, we included all types of studies available without restric-
tion to sample size, including randomized controlled trials (if any), 
prospective and retrospective cohort studies, and case series.  

 
 

General cancer population  
Most conventional chemotherapy agents are substrates of 

CYP450 or p-gp transporters but not strong inhibitors or inducers 
of these pathways, and therefore DOACs generally do not have 
relevant PK interactions with chemotherapy.16 A secondary analy-
sis of the Caravaggio trial (a randomized controlled trial compar-

ing dalteparin to apixaban in patients with acute cancer-associated 
VTE) compared patients on anticancer therapies at any time dur-
ing the study to those not on anticancer therapy, and found no dif-
ferences in recurrent VTE or bleeding events with either apixaban 
or dalteparin.22 Subgroup analyses by class of anticancer therapy 
or CYP/p-gp involvement (inducers, inhibitors, or none) showed 
similar results with no differences in outcomes. However, many 
different anticancer therapies were included, and the number of 
patients with each individual therapy combination was small, lim-
iting the power of the study.  

More recently, we reported our findings in a single center ret-
rospective cohort study of 267 patients treated with anticoagula-
tion for cancer-associated VTE to evaluate the clinical relevance 
of DDIs.23 We defined DDI as any drug combination classified as 
interaction risk C, D, or X in Lexidrug® specified to affect anti-
coagulant efficacy or safety at any time during the 6-month study 
period. The incidence of DDIs was high at 41.8%, with more in-
teractions with DOACs compared to low-molecular-weight he-
parin (LMWH). However, most of the interactions were with 
supportive care medications (such as anti-nausea medications), 
with only 4 patients (1.5%) noted to have anticoagulant-anticancer 
therapy interactions, all due to CYP/p-gp inhibiting or inducing 
effects with a DOAC. In the entire cohort, there were no statisti-
cally significant differences in clinical outcomes, including recur-
rent VTE or major bleeding events, in those with DDIs compared 
to those without.  

 
 

Breast cancer 
Tamoxifen  

Breast cancer is the most common cancer in women, with 70-
80% being hormone receptor positive.24 Tamoxifen is a commonly 
used hormonal therapy for estrogen receptor positive (ER+) breast 
cancer and is a CYP/p-gp inhibitor, leading to cautioned concur-
rent use with a DOAC in some guidance papers.17-19,25 To investi-
gate the clinical relevance of this potential DDI, few 
population-based administrative database studies have been done. 
In a Taiwanese national cohort study including 13,158 patients 
with cancer and AF on a DOAC, 147 patients received concurrent 
tamoxifen and DOAC therapy.26 When compared to DOAC ther-
apy alone, concurrent use was not associated with an increased 
risk of major bleeding (rate ratio [RR] 0.94, 95% confidence in-
terval [CI] 0.38-2.33). Another study in Canada included 4,753 
patients ≥66 years old with breast cancer and compared the risk 
of major bleeding leading to emergency room presentation or hos-
pitalization in DOAC-tamoxifen combination therapy to DOAC-
aromatase inhibitor (AI) combination therapy.27 Compared to 
DOAC-AI users, DOAC-tamoxifen users had no increased risk 
of major bleeding (weight hazard ratio [wHR] 0.68, 95% CI 0.44-
1.06) or any bleeding event (wHR 1.04, 95% CI 0.75-1.43). An 
additional small, proof-of-concept study enrolled 24 patients with 
ER+ breast cancer scheduled to start tamoxifen. Patients were 
given edoxaban 60 mg daily for 4 days, first without concurrent 
tamoxifen, then with tamoxifen, and a PK model was developed 
based on serial blood samples.28 They found no differences in var-
ious PK parameters of edoxaban, including concentration max 
(Cmax), area under the curve (AUC), regardless of the presence 
or absence of tamoxifen, and concluded that there are no signifi-
cant DDIs between tamoxifen and edoxaban. These studies sup-
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port the safety and effectiveness of continued anticoagulant ther-
apy with a DOAC in patients on concurrent tamoxifen for treat-
ment of breast cancer.  

 
Lapatinib 

Lapatinib, a HER2 (Human Epidermal Growth Factor recep-
tor 2) inhibitor, is a strong inhibitor of both CYP and P-gp path-
ways.19 Despite being cautioned against for combination use with 
DOACs in several guidance articles,19,29 there are no dedicated 
clinical studies evaluating outcomes with their combination use, 
except for a small subgroup in the TacDOAC study.30 The Tac-
DOAC study is an international registry of patients on concurrent 
DOAC therapy and select targeted anticancer therapies with DDI 
potential, including lapatinib.30 Among the 202 patients included 

in the study, 4 were taking concurrent lapatinib and DOACs, and 
no thrombosis or bleeding events were reported within 6 months.  

 
Ribociclib  

Ribociclib, a cyclin-dependent kinase 4/6 inhibitor 
(CDK4/6i), is frequently indicated in patients with hormone re-
ceptor positive, HER2 negative breast cancer in both the adjuvant 
and metastatic settings. In-vitro studies show that it is a moderate 
to strong CYP3A4 inhibitor as well as a P-gp inhibitor.31 In a re-
cent in-vivo PK study in rats, ribociclib increased the exposure to 
rivaroxaban and apixaban (measured by PK parameters including 
AUC and Cmax) when used concomitantly, with greater impact 
with rivaroxaban.32 However, no human studies investigating 
DDIs between Ribociclib and DOACs are available. Despite the 
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Table 1. Summary of anti-cancer drugs with potential drug-drug interactions with direct oral anticoagulants. 

Anti-cancer        In vitro PK         Theoretical effect                      Clinical studies                 Level of evidence    Recommendations* 
drugs                       effects                in combination  
                                                              with DOAC 

Tamoxifen           CYP3A4 inhibitor           ↑ DOAC levels                    No increased risk of bleeding         Human observational              Likely safe 
                                P-gp inhibitor                                                         comparing tamoxifen+DOAC to  
                                                                                                                 AI+DOAC or DOAC alone24,25                          
Lapatinib       Strong CYP3A4 inhibitor     ↑ DOAC levels                                   No studies                                    In vitro                            Monitor 
                                P-gp inhibitor                             
Ribociclib     Strong CYP3A4 inhibitor     ↑ DOAC levels                                   No studies                                    In vitro                            Monitor 
                                P-gp inhibitor                             
Enzalutamide        Strong CYP3A4            ↓ DOAC levels                  No increased risk of thrombosis       Human observational                 Monitor  
                                     inducer                                                            comparing enzalutamide + DOAC  
                                                                                                                             vs non-DOAC38                                       
Apalutamide  Strong CYP3A4 inducer      ↓ DOAC levels                  No increased risk of thrombosis       Human observational                 Monitor 
                                 P-gp inducer                                                         comparing apalutamide + DOAC  
                                                                                                                             vs non-DOAC38                                        
Abiraterone Moderate CYP3A4 inhibitor  ↑ DOAC levels                    No increased risk of bleeding         Human observational              Likely safe  
                                P-gp inhibitor                                                         comparing abiraterone + DOAC  
                                                                                                                             vs non-DOAC38                                       
Crizotinib   Moderate CYP3A4 inhibitor   ↑ DOAC levels               Crizotinib + DOAC was associated    Human observational                 Monitor  
                                P-gp inhibitor                                                        with an increased risk of bleeding  
                                                                                                                            in a small study40                                      
Osimertinib    Weak CYP3A4 inhibitor      ↑ DOAC levels               Low 6-month incidence of bleeding    Human observational              Likely safe 
Alectinib                 P-gp inhibitor                                                  (2% major and 2% non-major bleeding)  
                                                                                                                when combined with DOACs28                          
Lorlatinib             CYP3A4 inducer            ↓ DOAC levels                                   No studies                                    In vitro                            Monitor  
                                 P-gp inducer                             
Cabozantinib  Weak CYP3A4 inhibitor     ↑ DOAC levels                 No differences in major bleeding      Human observational              Likely safe 
                                P-gp inhibitor                                                      or VTE events when combined with  
                                                                                                                  LMWH or DOAC compared 
                                                                                                                       to anticoagulant alone41                                 
Imatinib              Moderate to strong          ↑ DOAC levels               No increased risk of bleeding when    Human observational              Likely safe 
Nilotinib              CYP3A4 inhibitor                                                   combined with DOAC compared to  
Dasatinib                                                                                                               DOAC alone24                                        
Dabrafenib           Strong CYP3A4            ↓ DOAC levels                                   No studies                                    In vitro                            Monitor  
Vemurafenib                inducer                                 
*Recommendations were made based on literature referenced in the paper, clinical experience, and consensus among the authors in the expert-based framework. As the 
current evidence remains limited, we are conservative in our recommendations. In those without data in human studies, we recommend “monitor”. For Enzalutamide and 
apalutamide, only one larger study was recently published, and given potential strong interactions noted in PK studies, we conservatively recommend “monitor” in hope 
for more evidence (as compared to abiraterone where potential interaction is moderate). For crizotinib, there was also only one retrospective study with unclear sample 
size, therefore “monitor” is recommended. A, aromatase inhibitor; CYP, cytochrome; DOAC, direct oral anticoagulant; PK, pharmacokinetic; P-gp, p-glycoprotein. 
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lack of in-vivo human data, review papers and expert guidance 
caution against concurrent use with DOACs, particularly rivarox-
aban and apixaban.29,33 

 
 

Prostate cancer 
Enzalutamide and apalutamide 

Prostate cancer is the most common cancer in males, with 
close to 50% advanced stage at the time of diagnosis.34 Enzalu-
tamide, apalutamide, and abiraterone are androgen-receptor path-
way inhibitors (ARPI) indicated in most patients with advanced 
prostate cancer.34,35 Enzalutamide and apalutamide are strong 
CYP3A4 inducers, while apalutamide is also a strong p-gp in-
ducer.36 Therefore, their concurrent use with DOACs had been 
cautioned against for the risk of reduced effectiveness of DOAC 
therapy and thereby an increased risk of thrombosis.17-20 However, 
these are based on in vitro PK data and their clinical implications 
remain elusive. A post-hoc analysis of the SPARTAN and TITAN 
randomized controlled trials comparing apalutamide to placebo 
plus androgen deprivation therapy in prostate cancer showed no 
increased risk of thrombosis in those on concurrent oral antico-
agulants and apalutamide compared to anticoagulants plus 
placebo, but the number of patients on DOACs was small (<20 
in each arm of the study).37 Recently, our group completed an 
analysis using Ontario and Alberta linked provincial databases to 
evaluate the outcomes of 1,430 patients with prostate cancer on 
enzalutamide or apalutamide and anticoagulant therapy.38 We 
found no difference in the risk of arterial or venous thrombosis 
when comparing those taking concurrent enzalutamide or apalu-
tamide plus a DOAC vs a non-DOAC anticoagulant (pooled HR 
0.83 [95% CI 0.36-1.93]). Subgroup analyses in high-risk groups 
such as age ≥75, new anticoagulant start, etc., were consistent with 
the main study results.  

 
Abiraterone  

Abiraterone is another commonly used ARPI. Different from 
enzalutamide and apalutamide, it is a moderate CYP3A4 and p-
gp inhibitor, leading to a theoretical increased risk of bleeding 
when used concurrently with DOAC therapy.17-20 In the above-
mentioned population study using Ontario and Alberta provincial 
data, 1,567 patients on combined abiraterone and anticoagulant 
therapy had no associated increased risk of hemorrhage in those 
on DOAC-abiraterone compared to non-DOAC-abiraterone com-
bination (pooled HR 1.16 [95% CI 0.10-13.99]).38 Although pop-
ulation-based database analysis have inherent limitations, 
including retrospective study design, potential residual confound-
ing, possibilities of mis-coding, and more, they have the advan-
tage of evaluating clinically relevant outcomes in a large sample 
size on a data deficit topic and can provide evidence for clinicians.  

 
 

Lung cancer 
Crizotinib 

Crizotinib, a tyrosine kinase inhibitor (TKI) of ALK (anaplas-
tic lymphoma kinase) receptor, is a targeted therapy for ALK or 
ROS1-positive non-small cell lung cancer. Crizotinib is a moder-

ate inhibitor of both CYP and P-gp pathways in vivo,39 and expert 
consensus statement cautioned against concurrent use with all 
DOACs.19 A small prospective study in ambulatory cancer pa-
tients (n=108) referred for evaluation of primary thromboprophy-
laxis revealed that the combination of crizotinib and rivaroxaban 
or apixaban was associated with an increased risk of bleeding.40 
However, the number of patients on these combinations that the 
results were derived from, the type and severity of bleeding, as 
well as the magnitude of the risk were not reported, indicating sig-
nificant limitation of the results. No other studies are found re-
porting on the outcomes of concurrent use of crizotinib and 
DOACs.  

 
Osimertinib, alectinib, lorlatinib 

Other ALK and EGFR (epidermal growth factor receptor) in-
hibitors commonly used in lung cancer include osimertinib (a 
weak CYP3A4 inhibitor), alectinib (a p-gp inhibitor), and lorla-
tinib (a CYP3A4 and p-gp inducer). In the TacDOAC study, 42 
patients on concurrent DOAC and either osimertinib or alectinib 
were included, with low incidences of bleeding events at 6 months 
(major and non-major bleeding 2% each) and no recurrent VTE.30 
No other human studies are found reporting concurrent use of an-
ticoagulants and osimertinib, alectinib, or lorlatinib. Therefore, 
there remains a significant knowledge gap in the combination use 
of DOACs and these anticancer therapies.  

 
 

Kidney cancer 
Cabozantinib 

Cabozantinib is a small molecule TKI blocking multiple pro-
teins involved in cancer cell growth and blood vessel formation, 
and is approved for the treatment of renal and liver cancers.41 
Cabozantinib is reported to be a weak CYP3A4 inhibitor and a p-
gp inhibitor, leading to the concern of increasing DOAC concen-
tration during concurrent use. In addition, being a VEGFR 
(vascular endothelial growth factor receptor) inhibitor, PD inter-
actions leading to potentiation of anticoagulant levels (mainly 
with LMWH) have been reported.15 A retrospective multicenter 
study reported outcomes in 298 patients with advanced renal cell 
carcinoma on cabozantinib with or without different anticoagu-
lants (including warfarin, LMWH, and DOACs) found no differ-
ences in major bleeding or VTE events among all groups 
regardless of the presence or absence of anticoagulants or the type 
of anticoagulants.41   

 
 

Chronic myelogenous leukemia (CML) 
Imatinib, nilotinib, and dasatinib 

BCR-ABL TKIs are the cornerstone for the treatment of 
CML. Among commonly used BCR-ABL TKIs, imatinib and 
nilotinib are reported to be moderate to strong CYP3A4 inhibitors 
and p-gp inhibitors (to a lesser degree, dasatinib). The previously 
mentioned Taiwanese database study included 33 patients on con-
current imatinib and a DOAC comparing to DOAC alone, and 
found no increased risk of major bleeding with the combination 
(RR 1.05, 95% CI 0.36-3.08).26 In the TacDOAC study, 22 pa-

Bleeding, Thrombosis and Vascular Biology 2026; 5(s1):434



Pharmacokinetic interactions between anticancer drugs and DOACs: clinical implications for safe anticoagulation 67

tients were receiving concurrent DOAC and imatinib or nilotinib, 
and there were no bleeding events (both major and non-major) 
nor new VTE during the 6-month follow up.30 Similarly, another 
small case series followed 9 patients with CML on concomitant 
BCR-ABL TKIs and DOACs for a median duration of 8.5 months 
and reported no major bleeding or symptomatic thrombotic 
events.42 Therefore, current clinical evidence has not revealed con-
cerns of concurrent BCR-ABL TKIs and DOAC use, but large 
studies with more robust data are welcome.   

 
 

Melanoma 
Dabrafenib and vemurafenib 

Dabrafenib and vemurafenib are inhibitors of BRAF used for 
melanoma treatment. in vitro studies showed that they are 
CYP3A4 inducers, leading to the concern of reducing DOAC lev-
els and an increased risk of thrombosis if used concurrently with 
a DOAC.17-21 However, there is very little evidence to confirm or 
dispute these PK findings. In the TacDOAC study, 4 patients were 
on concurrent DOAC and dabrafenib or vemurafenib.30 While 
there were no bleeding events, one out of these 4 patients devel-
oped a recurrent VTE within 6 months. More patient data are cer-
tainly needed.  

 
 

Conclusions 
In this narrative review, we summarized the current evidence 

regarding DDIs between DOAC and anticancer therapy, which 
continues to be sparse and dominated by in vitro PK or animal 
studies. Human studies including clinically relevant outcomes are 
scarce, resulting in empiric cautions and dosing recommendations 
that are poorly evidence-based. Although this is not a systematic 
review which may introduce bias, we searched PubMed database 
for relevant keywords to ensure inclusion of pertinent studies. We 
aim to highlight the current knowledge gap in this field as well. 
Available clinical studies thus far, have largely disputed the con-
cerns of clinically relevant outcomes when combining anticancer 
therapies and DOACs with potential PK interactions, indicating 
safe co-administration. Studies evaluating relevant clinical out-
comes, preferably in large populations, are desperately needed to 
allow more accurate assessment of the impact and guidance for 
safe use of anticoagulation.  
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