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Abstract

Venous thromboembolism (VTE) is a common complication in patients with cancer. Warfarin has 

largely been replaced by low-molecular-weight heparin (LMWHs) and direct oral anticoagulants 

(DOACs) as the standard of care in cancer-associated VTE. The survival benefit of these 

anticoagulants over warfarin in the cancer population was not demonstrated in clinical trials, 

possibly due to insufficient sample size and limited follow-up duration. There are emerging 

population-based studies suggesting that warfarin may be associated with improved overall 

survival in cancers and may have a protective effect against certain types of cancers. Warfarin may 

exert its anti-neoplastic properties through both coagulation pathway -dependent and -independent 

mechanisms, the latter of which are mediated by inhibition of the Gas6-AXL signaling pathway. 

Further research should emphasize on identifying clinical and laboratory predictors of beneficial 

effects of warfarin. In this review article, we summarize and update the current evidence regarding 

the potential impact of warfarin on the overall survival of cancer patients and incidence of cancer, 

as well as review the potential mechanism of such effect and future perspectives.
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1. Introduction

Venous thromboembolism (VTE) is a common complication in patients with cancer, 

resulting in increased morbidity, mortality, and healthcare cost [1]. For half a century, 

warfarin and other vitamin K antagonists were the only options for the anticoagulant 

treatment of VTE in patients with cancers. Since the early 2000s, the use of warfarin for 
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this indication has gradually declined from 90% to less than 30% over the course of two 

decades, accompanied by a corresponding rise in the use of low-molecular-weight heparin 

(LMWH), and more recently, direct oral anticoagulants (DOACs) [2]. This transformation 

in clinical practice was largely influenced by clinical trial data that showed superiority of 

LMWHs over warfarin in recurrent VTE reduction without increased risk of major bleeding 

[3–5]. More recently, DOACs (apixaban, edoxaban, and rivaroxaban) have gained rapidly 

evolving popularity owing to their similar therapeutic efficacy to LMWH [6–8] and ease of 

administration [9, 10]. Currently, LMWH and DOACs are the standard of care for VTE in 

cancer patients endorsed by major clinical practice guidelines [11–13]. Warfarin use in the 

context of cancers has become restricted to certain populations such as those with severe 

renal impairment, prosthetic heart valves, extreme body weights, concomitant high-risk 

antiphospholipid syndrome, and barriers to cost and daily injection.

Caring for cancer patients is complex. Recurrent VTE and major bleeding, the 

focused outcomes in clinical trials, formed the basis of guideline recommendations. 

However, deciding on anticoagulant strategies for cancer-associated VTE in real life is 

multidimensional. Of equal importance are other factors such as drug interaction with cancer 

therapy, patient preference, quality of life, cost, and adherence. Even more importantly, 

overall survival (OS) is considered the most relevant measure of clinical benefit of cancer 

intervention. The differential impact of LMWH or DOACs versus warfarin on survival has 

not been shown in previous clinical trials [14]. Whether the impact on reduction of recurrent 

VTE translates to longer survival remains largely unknown.

In the 1980’s evidence emerged that warfarin might prolong survival in patients with small-

cell lung cancer [15]. This intriguing result has since stimulated subsequent investigation 

to evaluate the anti-tumor effect of warfarin and its impact on cancer progression and 

overall survival in various cancer patients. Today, forty years and a few dozen studies later, 

the conclusion to definitively confirm or rule out a clinically meaningful anti-neoplastic 

property of warfarin is not conclusive. Although, bodies of evidence continue to emerge 

with the advancing landscape in basic, clinical, and epidemiological research approaches. In 

this review article, we summarize and update the current evidence regarding the impact of 

warfarin on the overall survival of cancer patients and incidence of new cancer diagnosis, as 

well as discuss the potential mechanism of such effect and future perspectives.

2. Mortality data from the clinical trials in VTE

All-cause mortality is often included as one of the efficacy outcomes in phase 3 randomized 

control trials (RCTs) of cancer-associated VTE. According to the 5 RCTs that compared 

LMWH with warfarin for the long-term treatment of VTE in cancer patients, no significant 

difference in all-cause mortality was observed, except for the post-hoc analysis favoring 

LMWH in the subgroup of 150 patients without known metastases in the CLOT trial [3–5, 

16–18]. There were no RCTs that directly compared DOACs with warfarin in patients with 

VTE and cancer. However, post-hoc analyses of cancer subgroups in 4 RCTs evaluating 

DOACs versus warfarin for acute VTE similarly showed the absence of mortality benefit of 

DOACs over warfarin (Table 1) [19–22]. In a meta-analysis summarizing these RCTs, the 

pooled relative risks (RRs) for all-cause mortality were 1.00 (95%CI 0.88 – 1.13, LMWH 
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vs. warfarin, N=1747) and 0.93 (95%CI 0.71-1.21, DOAC vs. warfarin, N=1031) [14]. It 

was concluded that the beneficial or harmful effects of LMWH or DOACs over warfarin 

could not be ruled out, largely due to the lack of power.

In general, prospective well-conducted randomized controlled clinical trials are considered 

the highest level of primary evidence evaluating the effect of pharmacologic interventions. 

However, when it comes to assessing mortality in cancer-associated VTE, RCTs may not 

be the most feasible study design for several reasons. It is impractical to recruit a sample 

size with adequate power required to detect subtle differences in mortality, especially in 

the background of the overwhelming risk of death from the progression of cancer. For 

example, in previous randomized studies, the overall rate of fatal pulmonary embolism was 

3.7% among the 886 patients who received vitamin K antagonists [3, 5, 18]. If a 26% 

reduction in fatal pulmonary embolism with LMWH compared with warfarin is assumed, 

target enrollment would be at least 10,120 patients (two-sided α=0.05, power=0.8) with a 

1:1 cohort allocation. In previous clinical trials, the number of participants in each treatment 

group ranged from 30 to 450. Duration of follow-up in clinical trials may not be long 

enough to observe the effect; most VTE studies followed participants for 3-6 months, with 

only a few that followed for 12 months. Moreover, heterogeneity in terms of cancer sites and 

stages also contributed to the dilution of mortality benefit that may be selective of certain 

subgroups. Hence, information regarding the mortality benefit of one anticoagulant over 

another could not be conclusively drawn from the clinical trial settings.

3. Warfarin and overall survival in cancer patients: from single cohorts to 

population-based studies

Starting in the early 1990’s, a series of RCTs were conducted to investigate the survival 

benefit of warfarin in patients with cancer who did not have other indications for 

anticoagulation (Table 3) [15, 23–27]. The U.S. Veterans Administrative Cooperative 

Study found that survival time doubled in the subgroup of small-cell lung cancer who 

received warfarin (median OS 49.5 vs. 23.0 weeks, P=.018), although such difference was 

not observed in other cancer types [23]. Subsequent studies focusing on small-cell lung 

cancer, colorectal, and metastatic breast cancer did not demonstrate any significant effect 

of warfarin on overall survival [24–27], although one study reported that warfarin during 

chemotherapy for breast cancer reduced the risk of VTE (0.6 vs. 4%, 85% relative risk 

reduction, P=.031). A meta-analysis of these 5 trials (1,604 patients) concluded that there 

was no significant reduction in overall mortality at 1-year (risk ratio 0.94, 95%CI 0.87 – 

1.03, P=.20, I2 =0%) and 5-year (risk ratio 0.91, 95%CI 0.83 – 1.01, P=.08, I2 =0%) in the 

warfarin group; increased risk of major bleeding was also observed (risk ratio 4.24, 95%CI 

1.85 – 9.68, P<.001, I2 =28%) [28]. Of note, the doses of warfarin used in these studies 

were lower (targeting to double the prothrombin time or INR of 1.5-2) than the therapeutic 

dose that would be prescribed for VTE. The possible survival benefit of warfarin could not 

be definitively dismissed since these early studies suffered from limited sample size and 

inclusion of mainly advanced stage diseases, thus, not adequately powered to characterize 

the effect in patients with specific cancer types and stages. It is possible that a relatively 

modest anti-neoplastic activity with warfarin is ineffectual for later stage disease.
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In the past decade, the research approach to address the effect of warfarin on cancer 

survival has shifted toward the utilization of cancer registries and administrative databases 

(originally intended for billing or quality assurance purposes). These epidemiological data 

provide powerful alternative resources that allow for the evaluation of outcomes in large-

scale population-based cohorts, overcoming barriers in cost, location, personnel, and time 

required by conventional clinical trials. Also of particular relevance in this era, randomizing 

patients to receive warfarin in a clinical trial, when LMWH and DOACs have become 

the standard for cancer-associated VTE, would be ethically challenging. One limitation of 

database studies is the misclassification of outcomes by inaccurate coding. However, when 

the outcomes of interest are objective, such as overall mortality, it is less likely to be an 

issue.

In a recent U.S. commercial insurance claims databases study of 14,086 cancer patients 

with VTE who were diagnosed in 2014 to 2018, apixaban was found to be associated with 

lower recurrent VTE and major bleeding than warfarin, while LMWH and warfarin had 

comparable risks of recurrent VTE and major bleeding [29]. The findings were consistent 

both when the follow-up was censored at 6 months and when the entire follow-up period (up 

to 3 years) was used, albeit mortality was not evaluated due to incomplete information.

Recent observational population-based studies have explored the survival effect of warfarin 

in cancers [30–36]. These studies collected data in the late 1990s to 2010s, when the 

treatment of cancer-associated VTE started to transition from warfarin to LMWH and later 

DOACs. The numbers of participants ranged from 4000 – 70000 (compared to 100 – 400 

typically enrolled by clinical trials). Study periods spanned more than 10 years in most 

studies. Patients who received warfarin were included regardless of the indication for which 

it was given, except for one study where it was limited to the treatment of cancer-associated 

VTE [36].

Comparative results of warfarin and other anticoagulants are evaluated in several studies 

(Table 3 and Figure 1) [32, 34–36]. Interestingly, in one study whereby any anticoagulant 

use was associated with an increased risk of cancer-related death, warfarin was associated 

with better survival than non-warfarin anticoagulants (mainly LMWH) (HR 0.45, 95%CI 

0.41-0.50), the effect that was consistently observed in all cancer types included (lung, 

gastric, colorectal, central nervous system, non-Hodgkin lymphoma, hepatic, pancreatic, 

renal, bladder) [34]. Such difference was not seen in the prior study of the same database 

that included only prostate cancer[32]. In an analysis of 73,170 women with breast cancer, 

post-diagnosis uses of any anticoagulants increased the risk of cancer death, but the negative 

effect was stronger in LMWH than warfarin, with HRs of 2.62 (95%CI 2.42 – 2.83) and 

1.10 (95%CI1.02 – 1.19), respectively [35]. A sensitivity analysis excluding metastatic 

and unknown disease at diagnosis showed an improved survival with warfarin compared 

to other anticoagulants (HR 0.88, 95%CI 0.80 – 0.98). Our group recently reported a 

SEER-Medicare analysis of patients with cancer and VTE, warfarin was associated with 

increased overall survival compared to LMWH with a HR of 0.86 (95%CI 0.83 – 0.90) [36]. 

The observed differences in survival were consistent across subgroups of cancer stages and 

types (except ovarian cancer), but most pronounced in gastric and pancreatic cancers and the 
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early-stage diseases. These findings suggest that not all anticoagulants are equal with respect 

to their interaction with cancer survival.

Although enlightening, these reports had limitations and the results are to be interpreted 

with cautions. Without randomization, bias introduced by the imbalances in baseline 

characteristics are inevitable. For example, warfarin may be favored in healthier individuals 

who were able to tolerate oral medications and travel for frequent blood tests, whereas 

LMWH were more likely to be prescribed in patients with malabsorption or concerns for 

warfarin interaction with anti-cancer therapy. To minimize this, some forms of matching 

were performed in the analysis of these studies (such as propensity-score matching), 

however, it was impossible to eliminate the influence of confounders that were unmeasured 

or unaccounted for. Populations included were mainly the elderly (median age of more than 

60) in North America or Europe, restricting the applicability to the younger population and 

other geographical regions. Moreover, relevant data components that could affect survival 

were not reported in some of these studies, such as certain comorbidities (e.g., smoking, 

obesity, atrial fibrillation), cancer treatments, indications of anticoagulation, duration or 

switching of anticoagulant therapy. Despite the availability of many published population-

based studies to date, summarizing the effect across these studies would be imprudent 

because of their heterogeneity in terms of populations, outcome definitions (all-cause 

mortality vs. cancer-specific mortality), case/treatment group ascertainment, cancer types 

studied, and duration of follow-up. Each database also had its own strength and limitation, 

resulting in variation in the data completeness and accuracy.

4. Warfarin and prevention of cancers

Although controversial, the potential benefit of warfarin on the survival of cancer patients 

was fascinating enough to spur research interest in further exploring if warfarin has any 

preventative effect on cancer development. A number of studies compared the incidence of 

newly diagnosed cancers among warfarin users and non-users (Table 4). The first association 

was found in a post-hoc analysis of an RCT whereby patients who received warfarin for 

the treatment of VTE for 6-week had a higher risk of subsequent cancers, specifically 

urogenital, than the 6-month group over the follow-up period of 10 years [37, 38]. Further 

studies comparing warfarin users with non-users were contradictory, with some that reported 

positive [39–42], neutral [43–49], and negative [50] associations of warfarin and cancer 

incidences. The protective effect was found predominantly in prostate cancer. Interestingly 

in the most recent study from Sweden, which was the only one that evaluated DOACs, the 

incidence of prostate cancer significantly decreased among warfarin users, but not among 

DOACs users [42]. Notable caveats for interpreting these results include the detection bias, 

the immortal time bias, the inclusion of single or very short-term use of warfarin that 

was unlikely to exert meaningful effects, and the possibility of co-interventions with other 

anticoagulants in the non-warfarin group.

5. The biological explanation for the anti-neoplastic effects of warfarin

Warfarin, as a vitamin K antagonist, may possess anti-neoplastic properties through several 

mechanisms: (1) Prevention of fatal pulmonary embolism, (2) inhibition of coagulation 
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factors that play essential roles in tumor survival and growth, and (3) inhibition of other 

vitamin K-dependent proteins that are not parts of the coagulation pathway, but necessary 

for tumor growth (off-target effect).

In the studies where warfarin’s survival or protective benefits were observed, such 

association extended remarkably well beyond the period of active warfarin exposure 

(starting at 2 and up to 10 years) [36, 38, 51], making it unlikely that these effects 

were solely based on the reduction in fatal pulmonary embolism or other fatal thrombotic 

events. Coagulation proteins are known to be critical for tumor microenvironment [52]. 

Thrombin and tissue factor/FVIIa complex activates protease-activated receptors (PARs), 

which trigger signaling pathways that promote angiogenesis, tumor cell proliferation, and 

metastasis[53]. Fibrin clot formation facilitates the evasion of cancer cells from immune 

surveillance by natural killer cells [54] and recruits a subsets monocyte/macrophages that 

promote metastasis [55]. Interference with these processes by anticoagulants at the early 

stages may modify the natural history of the cancers. Warfarin can reduce FVII-mediated 

procoagulant activity in an animal model [56], and plasma from patients who take warfarin 

showed lower thrombin generation than rivaroxaban [57].

There exist pre-clinical models suggesting a unique anti-tumor mechanism independent 

of its anticoagulant activity, specifically the inhibition of Growth arrest-specific gene 6 

(GAS6)-AXL pathway. GAS6, the ligand of AXL tyrosine kinase receptor, is a vitamin 

K-dependent protein whose function requires γ-carboxylation of its Gla domain. GAS6-

AXL signaling mediates cell migration and survival, facilitates tumor-stromal cellular 

interaction, and is associated with metastasis, resistance to therapy, and worse outcomes 

in cancers [58]. AXL deficiency enhanced immune microenvironment and prolonged 

survival in mice models with pancreatic cancer [59]. Warfarin, at lower closes than 

required for anticoagulation, can inhibit GAS6-AXL signaling, resulting in reduced tumor 

growth, metastasis, and potentiated therapeutic effect of gemcitabine in pancreatic ductal 

adenocarcinoma [60]. Low-dose warfarin also promotes AXL-mediated anti-metastatic 

activity of natural killer cells [61]. Therapeutic agents specifically targeting GAS6 are being 

investigated for their clinical efficacy in ovarian cancer, renal cell carcinoma, and pancreatic 

cancer [58].

6. Conclusion and Future directions

The debate over warfarin’s potential as an anti-cancer agent has been going on for over 

40 years. Clinical, epidemiological, and basic science investigators have harmoniously 

sought to find a consistent answer to this question. With re-emerging epidemiologic data 

suggesting as survival benefit of warfarin over LMWH, hopefully additional studies will be 

conducted shedding light on which cancer subgroups appear to benefit most from warfarin 

therapy. These may include populations with certain comorbidities (atrial fibrillation or 

VTE), cancer types (pancreatic, gastric, or prostate cancer), cancer stages (early disease), 

and possible biomarkers (D-dimer, thrombin generation, or AXL expression). Warfarin’s 

niche in the clinic is increasingly limited but possibly a second life will eventually emerge as 

an anticancer adjuvant therapy.
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Highlight

• Emerging population-based evidence suggests an association of warfarin with 

improved overall survival in cancer patients and possible preventive effect 

against certain types of cancers.

• Anti-neoplastic mechanisms of warfarin include inhibition of thrombin and 

Gas6 signaling.

• Implications for future research include identifying subgroups with improved 

outcomes.
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Figure 1. Survival with warfarin compared with other anticoagulants in patients with cancers.
Forest plot for cancer-specific or overall mortality with warfarin compared to other 

anticoagulants (low-molecular-weight heparin).

Chiasakul and Zwicker Page 12

Thromb Res. Author manuscript; available in PMC 2023 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Chiasakul and Zwicker Page 13

Table 1.

Mortality outcomes from randomized control trials of anticoagulation in cancer associated VTE.

Study N/Intervention Metastatic 
cancer (%)

Treatment 
duration

Follow up 
duration

Mortality rate 
(%)

P value

Warfarin vs. LMWH 

CANTHANOX 2002 
[16]

67 Enoxaparin
71 Warfarin

53.5
52.0

3 months 6 months 31.0
38.7

.25

CLOT 2003 [3] 336 Dalteparin
336 Warfarin/
acenocoumarol

66.4
69.0

6 months 6 months 39
41

.53

CLOT 2003 (post-hoc 
analysis at 12 months) 
[18]

With metastases
221 Dalteparin
231 Warfarin/
acenocoumarol
Without metastases
75 Dalteparin
75 Warfarin/
acenocoumarol

100
100
0
0

6 months 12 months 72
69
15
26

.03

.46

ONCENOX 2006 [17] 29 Enoxaparin 1 
mg/kg/day
32 Enoxaparin 1.5 
mg/kg/day
30 Warfarin

54.8
66.7
52.9

6 months 7 months 22.6
41.7
32.4

Not 
reported

LITE 2006 [5] 100 Tinzaparin
100 warfarin

47.0
36.0

3 months 12 months 47
47

Not 
reported

CATCH 2015 [4] 449 Tinzaparin
451 Warfarin

55.0
54.3

6 months 6 months 33.4
30.6

.54

Warfarin vs. DOACs (Post-hoc analysis of patients with active cancers) 

EINSTEIN-DVT and 
EINSTEIN-PE 2014 
[19]

354 Rivaroxaban
301 Warfarin/
acenocoumarol

19
26

3-12 months 3-12 months 58
53

.70

AMPLIFY 2015 [20] 88 Apixaban
81 Warfarin

Not reported 6 months 6 months 6.0
7.7

Not 
reported

RE-COVER I and 
RECOVER-II

173 Dabigatran
162 Warfarin

Not reported 6 months 6 months 15.0
14.2

Not 
reported

Hokusai VTE 2016 
[21]

85 Edoxaban
77 Warfarin

28
29

6 months 12 months 31
31

Not 
reported
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Table 2.

Randomized control trials evaluating survival with warfarin in patients with cancers.

Study N/Intervention Cancer types Overall Survival (OS)

Zacharski 1981 [15] 25 Warfarin
25 Control

SCLC Median OS 50 vs. 24 weeks (P=.026)*

Zacharski 1984 [23] 215 Warfarin
216 Control

SCLC, NSCLC, colorectal, 
prostate, head and neck

Median OS 21.4 vs. 24.6 weeks (P=.42)
Subgroup of SCLC (N=25/25): Median OS 49.5 vs. 23.0 

weeks (P=.018)*

Chahinian 1989 [24] 103 MACC + warfarin
86 MACC
105 MEPH/MACC

SCLC (extensive) Median OS 9.3 vs. 7.9 vs. 7.9 months (P=.098)

Daly 1991[25] 158 Warfarin
181 Control

Colorectal 4-year OS 72.2% vs. 69.5% (P=.15)

Levine 1994 [26] 152 Warfarin
159 Control

Breast cancer (stage 4) Mortality 57% vs 63% (P=.55)

Maurer 1997 [27] 178 Warfarin
169 Control

SCLC (limited) Median OS 21.4 months vs. 18.6 months (P=.12)

SCLC, small-cell lung cancer; NSCLC, non-small-cell lung cancer

*
denotes statistically significant results
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