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Is it time to consider thromboprophylaxis in all patients with cancer? 
Nick van Es, MD, PhD 

Dept. of Vascular Medicine, Amsterdam University Medical Center, location AMC, Amsterdam, The Netherlands 

Many cancer patients will develop venous thromboembolism (VTE) during the course of their 

disease. The incidence of this complication varies substantially across cancer types, ranging from 

about 1% in patients with breast or prostate cancer to 10-20% in those with glioblastoma or 

pancreatic cancer in the first year after diagnosis [1]. The number of patients developing cancer-

associated VTE will rise in the coming years, as global cancer rates are expected to increase by 62% in 

2030, while survival is ever-improving [2]. 

Low-molecular-weight heparin effectively reduces the risk of VTE in ambulatory cancer patients by 

approximately 50% [3], but is nevertheless rarely used for primary prevention. In general, the 

number needed to treat (NNT) to prevent one episode of symptomatic VTE of about 30 is judged to 

be too low to outweigh the moderately increased risk of bleeding, costs, and burden of daily 

subcutaneous injections. Also, many oncologists and patients do not perceive VTE to be of major 

importance when much of their attention is focused on treating the cancer.   

Risk assessment of VTE in cancer patients has been an area of active research and aims to identify 

those at very high risk of VTE in whom the risk-benefit ratio is better (i.e. a lower NNT). The best-

known tool is the Khorana score, which is based on five clinical items that are readily available in all 

cancer patients: high-risk or very-high-risk tumor type (+1 or +2 points, respectively), hemoglobin 

level <10 g/dL or use of erythropoietin stimulating agents (+1 point), leukocyte count >11x109/L (+1 

point), platelet count ≥350x109/L (+1 point), and BMI ≥35 kg/m2 [4]. Originally, patients with a score 

of 3 points or more were considered to be at high risk based on a VTE rate of about 7% during a 

median 2.5 months of follow-up. The score was intended for use in all patients with solid cancer or 

lymphoma and should be calculated prior to initiating chemotherapy. Since the introduction of the 

Khorana score in 2008, many other scores have been proposed, but most lack external validation, are 

currently impracticable due to the need for expensive or experimental biomarker testing, or have 

simply not convincingly shown to outperform the Khorana score. 

The introduction of the direct oral anticoagulants has provided an opportunity to prevent cancer-

associated VTE without the burden of daily subcutaneous injections. Recently, two randomized, 

placebo-controlled trials (AVERT and CASSINI) evaluated the efficacy and safety of a half-therapeutic 

dose direct oral anticoagulant in ambulatory cancer patients with a Khorana score of 2 or higher (i.e. 

a lower cut-off than originally proposed) who were initiating a new chemotherapy regimen [5,6]. In 

AVERT (N=574), the 6-month risk of VTE was 4.2% in patients receiving apixaban 2.5 mg twice daily 

and 10.2% in the placebo group (HR, 0.41; 95% CI, 0.26-0.65), translating into a NNT to prevent one 

VTE of 17 [5]. Apixaban was associated with a significant 1.7% absolute increase in the risk of major 

bleeding (number needed to harm [NNH], 59). In CASSINI (N=841), rivaroxaban 10 mg once daily for 6 

months was not associated with a significant reduction in symptomatic or asymptomatic VTE in the 

intention-to-treat analysis (HR, 0.66; 95% CI, 0.40-1.09) [6]. Only in an exploratory on-treatment 

analysis, the risk of VTE was significantly reduced with rivaroxaban (6.4%) compared to the placebo 

group (2.6%), resulting in a NNT of 26. The risk of major bleeding was 1% higher with rivaroxaban 

than with placebo (NNH, 100). Based on these results, recently updated thrombosis and oncology 

guidelines either recommend or suggest to use the Khorana score to identify cancer patients at high 

risk of VTE, and provide them with apixaban 2.5 mg bid or rivaroxaban 10 mg od for 6 months [7–9]. 

Does this mean that all ambulatory cancer patients should now be considered for 

thromboprophylaxis based on their Khorana score? The potential impact of these new guidelines is 
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enormous as they can lead to widespread thromboprophylaxis in the oncology population. A recent 

systematic review and meta-analysis estimated that about half of patients receiving chemotherapy is 

classified as ‘high risk’ when a cut-off of 2 points is applied [11]. In the United States alone, already 

more than 800,000 patients receive chemotherapy annually of whom about 400,000 might qualify 

for thromboprophylaxis [10]. Before such an approach is adopted, the evidence should be 

unequivocal. Yet, several aspects related to the performance of the Khorana score, the interpretation 

of the trial results, and caveats regarding their translation to clinical practice merit careful 

consideration. 

The first question is whether the Khorana score is appropriate to select cancer patients for 

thromboprophylaxis. A systematic review and meta-analysis demonstrated that patients with a 

Khorana score of ≥2 points overall only have a modest 1.5-fold higher risk of VTE than those with a 

lower score during 6-month follow-up [11]. The absolute 6-month risk was 8.9% in these high-risk 

patients compared to 5.5% in lower risk patients. The overall sensitivity of the score was also modest 

(55%). In addition, although the Khorana score is used as a pan-cancer score, it appears to perform 

inconsistently across different tumor types. For example, the score is not able to discriminate 

between low and high-risk lung cancer patients [11]. These findings of a modest and heterogeneous 

performance of the Khorana score at a cut-off of 2 points question whether it should serve as a first-

line test to identify patients at high-risk of cancer-associated VTE. Ideally, a more discriminatory and 

consistent model is needed. 

The design of the aforementioned AVERT and CASSINI trials was in many ways similar. Both 

evaluated a half-therapeutic direct oral anticoagulant for prevention of cancer-associated VTE, 

enrolled patients initiating chemotherapy with a Khorana score of at least 2 points, followed patients 

for 6 months, and used the ISTH bleeding definitions. Therefore, it is tempting to consider them 

together, mainly to increase precision in the (combined) estimates [12]. Yet, a meta-analysis of only 

two studies usually has limited added value over an appraisal of the separate trial results, which is 

particularly relevant in this case given key differences between the trials. The most important one is 

the ultrasound screening for deep vein thrombosis in CASSINI, which was applied prior to 

randomization as well as at 8 and 16 weeks follow-up. At baseline, 4.5% of patients were not 

randomized because they were diagnosed with asymptomatic DVT. During follow-up, the rate of 

screen-detected, asymptomatic DVT was 2.6% in the placebo group and 1.0% in the rivaroxaban 

group, which constitutes about a quarter of the events included in the primary outcome. Since 

screening for DVT in a cancer population is not recommended, these findings are difficult to translate 

to clinical practice – one can only speculate about the risk-benefit trade-off if no screening would 

have been applied.  

Another important difference between the trials relates to the characteristics of the included 

patients. In CASSINI, about half of the patients had cancers of the pancreas (33%) or gastric or gastro-

esophageal cancer (21%), which are both considered very high-risk tumors. In AVERT, half of the 

patients had either gynecologic cancer (26%) or lymphoma (25%). This difference in distribution of 

tumor types is relevant for the appreciation of both the risks of VTE and bleeding. For example, a 

subgroup analysis of CASSINI showed that the absolute VTE risk reduction with rivaroxaban was 4.4% 

in patients with pancreatic cancer (NNT, 23) compared to only 2.5% in those with other types of 

cancer (NNT, 40) [6]. In addition, the risk of (gastrointestinal) bleeding is likely to be higher in 

patients with gastrointestinal cancer than in those with other tumor types, but both studies did not 

yet provide safety data on this particular subgroup. 

Taken together, AVERT and CASSINI show that thromboprophylaxis with direct oral anticoagulants is 

feasible in the oncology population, as has been shown for low-molecular-weight heparin. Questions 
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remain whether the Khorana score is the best tool to select patients at high risk of VTE, although it 

has to be noted that accepted alternatives are not yet available. In essence, current guideline 

recommendations are now based on one positive trial (AVERT) and one negative trial (CASSINI). The 

interpretation of combined analyses of the two studies is hampered due to the differences in study 

population and by the fact that screening for DVT was applied in CASSINI. It has not yet unequivocally 

been established whether the benefits of half-therapeutic dose apixaban or rivaroxaban clearly 

outweigh the risk of bleeding, whether this balance is consistent in all cancer types, and whether 

widespread thromboprophylaxis is cost-effective. Hopefully, additional information from these trials 

will be made available so that their results can be appreciated in full. For example, a net clinical 

benefit analysis also including arterial thromboembolism, death, and clinically relevant non-major 

bleeding would be helpful, as would a combined analysis of VTE and bleeding within tumor types 

(e.g. gastrointestinal and gynecological cancer). Until then, it seems prudent not to apply 

thromboprophylaxis to all cancer patients with a Khorana score of 2 or higher, but only in selected 

cases in whom it is evident that the benefits clearly outweigh the risks.  
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