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ABSTRACT 

Patients with cancer have increased risk of venous thromboembolism (VTE), contributing to excess morbidity, mortality, treatment 
delays, and healthcare utilization. The incidence of cancer associated VTE has increased over the past two decades. Patients with malignancy 
now comprise approximately 20% of the global VTE burden. VTE risk is highest during the first 3–6 months after a new or recurrent 
cancer diagnosis. A new diagnosis of VTE can herald the presence of cancer. Although the risk declines over time it does not return to 
baseline for up to two years after completing cancer treatment in those with no evidence of disease. Randomized trials of prophylactic-
dose anticoagulation for primary VTE prevention in ambulatory patients with cancer, including the direct oral anticoagulants, demonstrate 
a 35–60% reduction in VTE events, however, routine use of primary prophylaxis remains quite limited among patients with cancer due to 
excessive bleeding risks which are doubled with most anticoagulants. These competing risks are reflected in conditional guideline recom-
mendations from major societies which suggest consideration of prophylaxis only in selected high-risk patients with concomitantly low 
bleeding risks. By contrast, in the general population, statin therapy has been shown to reduce VTE rates by 30 to 40% with no increase in 
hemorrhage and thus might be a highly effective intervention to reduce the risk of cancer associated thrombosis. The Statin Therapy to 
Prevent Cancer Associated VTE (STAT-CAT) trial, funded by the NHLBI, has been designed to directly test this hypothesis among 4,000 
patients initiating cancer therapy. This review summarizes emerging evidence supporting statins as a potential approach to primary VTE 
prevention in patients with cancer and reviews clinical trials addressing statins for VTE risk reduction. 
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Introduction 
Patients with a wide range of cancers are at increased risk 

for venous thromboembolism compared with the general pop-
ulation, with associated increases in mortality and morbidity, 
including delays in cancer treatment and added costs of care.1-

3 The incidence of VTE in patients with cancer has increased 
over the past twenty years. 4,5 Twenty percent of the global 
VTE burden is due to patients with cancer.2 The risks of VTE 
are highest in the first 3 to 6 months after a new diagnosis of 
cancer or of recurrent cancer with risk augmented by initiation 
of cancer treatments.6-9 These risks slowly diminish over the 
first few years after diagnosis. 6,7 

Trials using prophylactic doses of anticoagulants in ambu-
latory patients with cancer, including LMWH and DOAC, have 

shown efficacy in reducing these life-threatening events, with 
approximately 35% to 60% reduction depending on the popu-
lation.1-5,10-13 Despite this demonstrated efficacy, anticoagula-
tion prophylaxis is rarely used in routine cancer care as major 
bleeding events are almost doubled with their use. In a formal 
meta-analysis of the AVERT and CASSINI direct oral antico-
agulant trials for primary VTE prophylaxis in patients with 
cancer, major bleeding was twice as high when compared to 
placebo and clinically relevant non-major bleeding (CRNMB) 
increased 30%.12-14 For most oncology patients, major bleeding 
and CRNMB are often associated with more severe conse-
quences than in the general population.12,13,15,16 

The clinical uncertainties around anticoagulation use are 
reflected in weak guideline statements for the use of pharma-
cologic VTE prophylaxis from major societies including the 
American Society of Hematology (ASH), the American Soci-
ety of Clinical Oncology (ASCO), the European Society of 
Medical Oncology (ESMO), the International Initiative on 
Thrombosis and Cancer (ITAC), and the National Comprehen-
sive Cancer Network (NCCN).17-22 All have recommendations 
about the use of primary prophylaxis in patients with cancer, 
however they “suggest” or advise to “consider” the use of pro-
phylaxis in selected patients with intermediate to high risk for 
VTE with concomitant low risk of bleeding, as a conditional 
recommendation with low or moderate certainty of evidence. 
Most suggest using the Khorana VTE risk prediction score, 
recognized as the score with the most external validation and 
therefore frequently used, however many are silent on how to 
identify those at intermediate or high risk for VTE.23,24 Some 
guidelines include caveats that primary prophylaxis be used in 
those with a “low risk of bleeding”, however guidance for how 
to determine this risk is not provided. Bleeding risk prediction 
scores, such as HAS-BLED, VTE-BLEED, and HEMORR2-
HAGES, have been validated in patients without cancer yet 
perform poorly in cancer populations with AUC’s ranging from 
0.54 to 0.59. A recently developed score specifically for pa-
tients with cancer demonstrated improved prediction (overall 
C-statistic for significant bleeding was 0.70 (95% confidence 
interval: 0.65-0.75), and 0.76 (0.68-0.84) and 0.67 (0.61-0.73) 
for major bleeding and for CRNMB) but requires prospective 
validation.25 

As a result of lack of strong support for use of primary pro-
phylaxis and concerns for bleeding, there is low use of primary 
prophylaxis in the oncology setting. In one contemporary sur-
vey, less than 5% of very high-risk oncology patients received 
anticoagulant prophylaxis, and among the minority that did, 
30 to 40 percent discontinued therapy within 6 months largely 
due to bleeding concerns.26 In another recent survey, no high-
risk oncology patients received prophylaxis and 90 percent of 
oncology respondents had never prescribed primary prophy-
laxis.11 A recent review highlights the barriers to implementa-
tion, which are a complex mix of factors.27 

Improved uptake of primary prophylaxis in ambulatory on-
cology patients requires a simple method to reduce VTE events 
without increasing bleeding. This review highlights the accu-
mulated data demonstrating the efficacy of statins to signifi-
cantly reduce VTE without any increase in bleeding and 
provides the context for STAT-CAT, an NHLBI-funded ran-
domized double-blind placebo-controlled trial of rosuvastatin 
in the prevention of cancer associated thrombosis. 
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Statins reduce VTE risk in the general 
population 

In a pre-specified  analysis of the landmark JUPITER pri-
mary prevention atherosclerosis trial rosuvastatin 20mg daily 
as compared to placebo not only lowered risks of arterial 
thrombosis such as myocardial infarction and stroke, but also 
lowered the risk of incident VTE by 43% (HR 0.57, 95%CI 
0.37-0.86, p=0.007) with no bleeding risk; JUPITER thus 
demonstrated for the first time the considerable efficacy statin 
therapy has against venous as well as arterial thrombosis.28,29 
This observation was replicated in the subsequent HOPE-3 
trial of rosuvastatin 10 mg daily compared to placebo, which 
found a 55% reduction in VTE (HR 0.45, 95% CI 0.24-0.84), 
again with no bleeding risk.30 In both the JUPITER and HOPE-
3 trials, benefits of rosuvastatin on VTE were equally large in 
subgroups of those with a prior history of cancer with no evi-
dence of any excess bleeding in these two trials which together 
followed 30,507 patients for up to 5 years.31 Thus, in the gen-
eral population, statin therapy is proven to reduce VTE risk in 
the absence of bleeding, the exact combination of desirable ef-
fects needed for VTE prophylaxis among patients with cancer. 
Of note, there is a suggestion that the effect is more pro-
nounced with higher-potency statins, particularly rosuvastatin, 
as one meta-analysis indicates, although this  finding is based 
on very limited observational data, with no data in the cancer 
population.32  

 
 

Epidemiologic data for reduced VTE risk  
with statins in patients with cancer 

In addition to these two major placebo-controlled trials of 
rosuvastatin demonstrating decreased VTE events with use, 
observational data provide further evidence that statin use is 
associated with lower risks of VTE, including among those 
with a history of cancer. In one study among 1434 patients with 
newly diagnosed primary or recurrent cancer, those taking 
statin therapy had substantially lower rates of VTE at 12-
months (2.94% vs 7.12%) and at 24 months (3.54% vs 8.13%) 
(p=0.04).33 In another representative observational study of 
740 consecutive patients with solid organ tumors, the rate of 
VTE among those taking a statin was 8% as compared to 21% 
among those not taking statin therapy, a 66% reduction in risk 
of VTE (OR 0.33, 95%CI 0.19-0.57) without bleeding risk.34 
Only one small trial has randomized patients with cancer to 
statin treatment. This trial prospectively allocated 86 patients 
with cancer to rivaroxaban or atorvastatin 20 mg. No differ-
ence in VTE rates was reported at 90 days between groups 
(p=0.95), yet a 5-fold increase in major bleeding was seen 
among those randomly allocated rivaroxaban (12 of 44 partic-
ipants, 27.3%) as compared to atorvastatin (2 of 42 partici-
pants, 4.8%) (p=0.007).35 While these observational data 
suggest that statins will result in VTE risk reduction in patients 
with cancer, the limitations, including selective prescribing, 
unmeasured confounding, and healthy user bias, indicate the 
need for a randomized controlled trial of statins to prevent can-
cer associated VTE. 

Effect of statins on hemostatic parameters 
From a mechanistic perspective, statin therapy is both lipid 

lowering and anti-inflammatory, a relevant observation as innate 
immune activation is well known to activate adverse coagula-
tion.36,37 The anti-inflammatory effects are independent of the lipid 
lowering effects. Data from the JUPITER trial demonstrate that 
rosuvastatin treatment resulted in a 37% reduction in high-sensi-
tivity CRP levels in apparently healthy individuals with elevated 
baseline CRP, demonstrating clinically meaningful anti-inflam-
matory effects.28 In animal models, rosuvastatin downregulates 
levels of multiple potent inflammatory mediators, including 
MYD88, CCL4, CCL20, CCR2, TNF-α, IFN-β, multiple inter-
leukins (IL-1β, IL-2, IL-4, IL-8, IL-10), and MCP-1.38,39  

Statins have also been shown to have multiple effects on 
hemostatic parameters that decrease the prothrombotic milieu. 
Downregulation of tissue factor expression, reduced thrombin 
generation, and modulation of several coagulation factor levels 
have all been reported.40 Rosuvastatin in particular has been 
shown to decrease levels of coagulation factors VII, VIII, XI, 
and von Willebrand factor, and results in a decrease in thrombin 
generation in vivo.41,42 Only the decrease in FVII and FXI levels 
has been associated with a decrease in apolipoproteins, suggest-
ing that mechanisms other than shared pathways of synthesis 
or common regulatory pathways result in reduction of the other 
measured coagulation factors.44 Decreased inflammatory cy-
tokines will result in decreased levels of those coagulation fac-
tors that are acute phase reactants, such as fibrinogen, but 
decreased activation of inflammation likely inhibits the cross-
talk of activation of inflammatory signals activating coagula-
tion. Antiplatelet effects, with inhibition of activation, adhesion, 
and aggregation, have also been demonstrated.44-47 Other an-
tithrombotic effects have been found including favorable effects 
on vascular endothelial cells, and decreased levels of other co-
agulation factors.41-43,48 These pleiotropic biologic mechanisms 
caused by statins are thought to play a role in reducing VTE 
events. Given the lack of associated bleeding with statin use, 
statins are an attractive candidate for primary VTE prophylaxis 
in patients with cancer. 

 
 

Safety of statins use in patients with cancer 
In the general population, statins are not associated with 

risks of bleeding and have only minimal toxicity when used 
long-term. Rates of statin associated myositis, transaminitis, and 
glucose intolerance are exceptionally low in the general popu-
lation and markedly outweighed by the beneficial effects of 
these agents on lowering risks of myocardial infarction, stroke, 
and cardiovascular death.49-51 Although public perception in the 
past has been that statins cause significant side effects, large 
meta-analysis findings should provide significant reassurance 
for patients about the safety and side effect profile of statins. A  
published individual patient data meta-analysis of 19 RCT com-
paring 5 statins (atorvastatin, fluvastatin, pravastatin, rosuvas-
tatin, simvastatin) with placebo in almost 124,000 participants 
found no causal relationships between statin therapy and the ma-
jority of the side effects listed in package labels.52 An earlier 
analysis of this same dataset found that most (>90%) of the mus-
cle symptoms reported by those assigned to statin therapy were 
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not due to the statin, with only a small excess of mild muscle 
pain observed53 in patients with cancer, a data base analysis at 
DFCI found that roughly 27% of individuals over age 50 initi-
ating cancer therapy were taking a statin for cardiovascular risk 
reduction (unpublished data). 

With rare exceptions (such as the concomitant use of certain 
antiviral/retroviral medications, or rare hormonal or targeted 
cancer therapies), oncologists initiating standard chemotherapy 
regimens or experimental protocols continue statin treatment as 
no contraindications exist for the great majority of cancer treat-
ments. In one systematic review of observational studies inclu-
sive of 95 cohorts with over 1.1 million cancer patients, baseline 
statin use in oncology settings was associated with a reduction 
in all-cause mortality (HR 0.70, 95% CI 0.66-0.74).54 In another 
study of 11 short term intervention trials that included 2165 pa-
tients with cancer, adverse events were similar among those as-
signed to statins as compared to placebo, with no increased rates 
of myositis or transaminitis.55 Patients in these trials were treated 
with a wide range of chemotherapy agents including 5-flurouri-
cil, cisplatin, carboplatin, dexamethasone, epirubicin, etoposide, 
irinotecan, gemcitabine, gefitinib, sorafenib, thalidomide, and 
capecitabine. The most recent extensive review and meta-analy-
sis of the literature indicates that use of statins in patients with 
cancer is associated with a very low number of severe 
transaminitis or clinically relevant myopathy events.55 

 
 

The prospective randomized trial landscape 
for statins in VTE 
Prevention of recurrent VTE in the general  
population 

The JUPITER and HOPE-3 trials described above demon-
strate the ability of statin therapy to reduce risks of first VTE in 
the general population, but did not address recurrent VTE or 
risks of post-thrombotic syndrome (PTS), areas of ongoing un-
certainty.28,30,31 For example, while a meta-analysis that included 
2 retrospective cohorts and 3 RCT found that exposure to statins 
was associated with decreased risks of post thrombotic syn-
drome (PTS),a differential effect was observed with a decrease 
in PTS on analysis of the retrospective cohorts only but with no 
significant reduction in PTS in analyses limited to the random-
ized trials.57 A pilot feasibility RCT of rosuvastatin for preven-
tion of post thrombotic syndrome was conducted and completed, 
with a subsequent larger clinical trial now enrolling.58 The 
SAVER (Statins for Venous Event Reduction in Patients With 
Venous Thromboembolism) pilot trial randomized 312 patients 
receiving standard anticoagulation for a newly diagnosed VTE 
to adjuvant rosuvastatin 20 mg once daily or no rosuvastatin for 
180 days. The biologic rationale for  this pilot trial is that rosu-
vastatin may have additional benefits to prevent PTS in patients 
with VTE by decreasing inflammatory mediators in the affected 
vessel. Although there was no difference in the primary outcome 
of PTS symptoms as measured by the mean Villalta score, the 
duration of exposure to rosuvastatin was short. Following the 
pilot SAVER trial, a larger RCT is now enrolling in Canada and 
Europe to determine the ability of rosuvastatin compared with 
placebo for up to 60 months to prevent recurrent VTE events in 
those with VTE diagnosed within 30 days of enrollment and 

treated with anticoagulation per standard of care. The primary 
aim of this trial is to test whether adding the anti-inflammatory 
effects of rosuvastatin to standard of care anticoagulation can 
decrease recurrent VTE events compared to placebo. Secondary 
aims will assess differences in the development of PTS and ar-
terial thrombotic events (Clinical Trial NCT04319627), 

 
Primary VTE prophylaxis in patients with cancer 

The JUPITER and HOPE trials demonstrated that rosuvas-
tatin is effective in preventing VTE in the general population in-
cluding in a small subset or participants with a history of cancer 
although active cancer was an exclusion. Limited observational 
data report efficacy of statins to reduce VTE in patients with 
cancer. Based on these data and the need for an agent to prevent 
VTE in patients with cancer without increasing bleeding, the 
NHLBI has funded a randomized double-blind placebo con-
trolled trial to test the efficacy of rosuvastatin 20 mg a day com-
pared with placebo over 12 months to prevent VTE in 
ambulatory patients with cancer who are initiating new cancer 
therapy. STAT-CAT, the “Statin therapy to prevent cancer asso-
ciated VTE” clinical trial, will launch in late spring in 2026 in 
the United States. Participants will be selected for increased 
thrombotic risk using the traditional well validated Khorana 
score, requiring a qualifying score of 2-4, or the newly devel-
oped EHR-CAT score (incorporating a wider range of known 
VTE risk factors and validated through replication) of 2-5 with 
a concomitant KS of 0-1.59,60 Use of the EHR-CAT score, or 
modified Khorana score (mKS) as designated in STAT-CAT, 
should allow for a broader range of eligible patients. Random-
ization will be stratified by the qualifying risk score. Patients 
initiating prophylactic anticoagulation and those at extremely 
high risk for VTE, those with KS of ≥5 or mKS of ≥6, will not 
be eligible as their level of risk warrants primary prophylaxis 
with traditional anticoagulants. The primary aim is to determine 
whether rosuvastatin 20 mg once daily as compared to placebo 
reduces incident VTE events, encompassing non-fatal lower-ex-
tremity DVT, non-fatal upper-extremity DVT including catheter-
associated events, non-fatal pulmonary embolism, and death 
attributable to venous thromboembolic disease. The secondary 
aim seeks to determine if rosuvastatin reduces the composite 
rate of venous and arterial thrombosis, with arterial thrombosis 
defined as fatal and nonfatal myocardial infarction, thromboem-
bolic stroke, and peripheral limb events. The tertiary aim is to 
determine the safety of rosuvastatin 20 mg once daily as com-
pared to placebo with respect to myositis, transaminitis, and 
bleeding (Clinical Trial NCT07303816). 

We believe that the likelihood is high that generic rosuvas-
tatin can significantly reduce rates of VTE in patients with can-
cer and increased VTE risk with no increase in bleeding. If 
successful, STAT-CAT will markedly improve thrombotic out-
comes for large numbers of oncology patients with a safe and 
inexpensive intervention that avoids the hemorrhagic complica-
tions of conventional anticoagulation. 
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