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Scope

Venous thromboembolism (VTE) is a major complication in cancer patients. The Scientific
and Standardization Committee (SSC) through its subcommittee Hemostasis & Malignancy
of the International Society for Thrombosis and Hemostasis (ISTH) aims to review emerging
data on primary VTE prophylaxis with direct oral anticoagulants (DOACSs) for ambulatory
cancer patients and provide guidance to clinicians. A guidance document was previously
published focusing on using low-molecular-weight heparin (LMWH) for VTE prophylaxis
in ambulatory cancer patients [1]. Individualized patient care after mutual discussion and
decision making with patients remains important. Three guidance statements are included in
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this document. Recommendations reflect strong guidance statements supported by evidence
from clinical trials. Suggestions reflect weaker guidance statements based on expert opinions
and best available evidence.

Definitions

1 Ambulatory cancer patients. Cancer patients starting a new outpatient systemic
therapy regimen are the target population in this guidance statement. Patients
with acute leukemia, myeloproliferative neoplasm, planned stem cell
transplantation, history of cancer in remission, on hormonal therapy alone,
hospitalized or post-surgery are not addressed in this document.

2. DOACs. There is one thrombin inhibitor, dabigatran, and four factor Xa
inhibitors, rivaroxaban, apixaban, edoxaban, and betrixaban, currently approved
for the prevention of VTE in multiple countries. Only apixaban and rivaroxaban
have been studied in phase 111 trials of primary thromboprophylaxis in
ambulatory cancer patients and are the focus of this guidance statement.

Methods
We performed the pooled analysis using the Review Manager v5.3 (Nordic Cochrane
Center) according to the recommendations from the Cochrane Collaboration. The risk ratio
(RR) and associated 95% confidence interval (Cl) were calculated by the Mantel-Haenszel
methods using the random-effect model. The number needed to treat (NNT) and the number
needed to harm (NNH) were calculated by dividing 1 by the absolute risk reduction.
Background

Cancer patients have a 47 fold increased risk of VTE, and 5-10% of cancer patients
develop a VTE within the first year of cancer diagnosis [2]. VTE is associated with
significant morbidity and mortality in cancer patients and commonly interferes with cancer
treatment [3]. Although various parental anticoagulants have been shown to be effective in
preventing VTE in ambulatory cancer patients [4, 5], this has not been adopted nor
recommended in routine practice. Enthusiasm for primary thromboprophylaxis with parental
anticoagulants is tempered by a high NNT (>40-50) in unselected populations of cancer
patients, increased risk of hemorrhage, as well as the burden associated with daily injections.

While the relative benefit of thromboprophylaxis of unselected populations is less certain,
recent studies focused on the effectiveness of thromboprophylaxis in cancer populations at
higher risk of VTE by limiting enrollment to those with Khorana scores of 2 or higher. The
Khorana score includes five readily available clinical and laboratory parameters: site of
tumor, body mass index, pre-chemotherapy hemoglobin, leukocyte, and platelet count
(Appendix Table 1) [6]. Patients with solid tumor and a Khorana score of 2 or above have a
risk of symptomatic VTE of 9.6% in the first 6 months of chemotherapy based on a
validation study by the Vienna Cancer And Thrombosis Study group [7]. Prior subgroup and
pooled analyses suggest benefit of thromboprophylaxis in patients with Khorana score of 3
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or higher but until recently, direct evidence from randomized clinical trials (RCTs) was
lacking.

DOAC:s are effective for the treatment of cancer-associated thrombosis (CAT), but are
associated with an increased risk of bleeding, especially in patients with gastrointestinal
malignancies [8, 9]. DOACs have the advantage of oral administration without requiring
intense laboratory monitoring. AVERT (Apixaban for the Prevention of Venous
Thromboembolism in High-Risk Ambulatory Cancer Patients) and CASSINI studies
evaluated their benefit for primary VTE prophylaxis in intermediate to high-risk ambulatory
cancer patients [10, 11].

The subcommittee for Hemostasis & Malignancy of the SSC has published a guidance
document addressing the issue of VTE prevention in cancer outpatients in 2014, mainly with
LMWH [1]. This guidance document concentrates on the emerging data of using DOACSs in
this setting.

Evidence from randomized controlled trials

Low-molecular-weight heparin—Systemic review and meta-analyses have shown that
prophylactic LMWH significantly reduced the rate of symptomatic VTE (RR 0.54, 95% CI
0.38-0.75). In the absence of selection based on the Khorana score, the event rate in the
control groups was low and the absolute risk reduction was 2—-3% translating into a NNT of
32. In addition, a 40% non-significant increased risk of major bleeding (RR 1.44, 95% CI
0.98-2.11) and a NNH of 191 were observed [4]. Routine thromboprophylaxis for
unselected ambulatory cancer patients with LMWH is not recommended by major
guidelines [1, 12, 13]. However, in selected high-risk patients such as patients with advanced
pancreatic cancer starting systemic therapy, ISTH suggested higher doses of LMWH as
outpatient thromboprophylaxis in the 2014 guidance document [1].

Direct Oral Anticoagulants—A phase Il randomized study previously demonstrated the
feasibility and safety of various doses of apixaban in primary VTE prevention in patients
with metastatic cancer [14]. Recently, two large randomized controlled studies using DOACs
as primary VTE prevention in ambulatory cancer patients were completed and results
reported (Table 1). Both studies incorporated the Khorana score to target intermediate to
high-risk patients. AVERT utilized apixaban, while CASSINI used rivaroxaban for
thromboprophylaxis [10, 11].

Apixaban—AVERT study was a randomized, placebo-controlled, double-blinded clinical
trial in 574 ambulatory cancer patients with a slightly modified Khorana score =2 (to include
patients with brain tumor and myeloma, appendix table 1) starting chemotherapy, to assess
the efficacy and safety of apixaban as primary prevention of VTE [10]. Patients were
randomized to apixaban 2.5 mg twice daily versus placebo for 6 months. The primary
efficacy outcomes were symptomatic proximal deep vein thrombosis (DVT) of upper or
lower extremities, symptomatic or incidental pulmonary embolism (PE), or VTE related
death, with primary safety outcome as ISTH-defined major bleeding [15]. Over the study
period of 180 days, apixaban significantly reduced VTE rate (4.2% on apixaban and 10.2%
on placebo, hazard ratio [HR] 0.41; 95% ClI, 0.26-0.65; p<0.001). Patients in the apixaban
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group had a significantly increased risk of major bleeding (3.5% on apixaban and 1.8% on
placebo, HR 2.00; 95% ClI, 1.01-3.95; p=0.046). The on-treatment major bleeding rates
(events occurred while on study drugs or up to 2 days after last dose) were not significantly
different (2.1% on apixaban and 1.1% on placebo, HR 1.89; 95% CI, 0.39-9.24). The NNT
to prevent one VTE was 17 and the NNH was 59 (on-treatment NNH= 100) (Table 1).

Rivaroxaban—CASSINI study was a randomized, placebo-controlled, double-blinded
clinical trial in 841 ambulatory cancer patients with locally advanced or metastatic disease
with Khorana score >2 starting a new systemic therapy regimen, to assess the efficacy and
safety of rivaroxaban in the primary prevention of VTE [11]. Patients were randomized to
rivaroxaban 10 mg once daily versus placebo. In contrast to the AVERT study, screening
bilateral lower extremity ultrasounds were done at baseline, 8, 16, and 24 weeks. The
primary efficacy outcomes included symptomatic or screen-detected proximal lower
extremity DVT or PE, symptomatic upper or lower extremity distal DVT, or VTE related
death. Primary safety outcome was ISTH-defined major bleeding [15]. Patients with DVT
found on baseline screening ultrasound (49/1080, 4.5%) were excluded. Over the study
period of 180 days, the primary efficacy outcome occurred in 6.0% of patients on
rivaroxaban and 8.8% of patients on placebo, HR 0.66; 95% CI, 0.40-1.09; p=0.10). Patients
on rivaroxaban experienced a non-significant increased risk of major bleeding (2.0% on
rivaroxaban and 1.0% on placebo, HR 1.96; 95% Cl, 0.59-6.49; p=0.26). During the
intervention period in the intention-to-treat population of all randomized patients, the
primary efficacy outcome was significantly lower in the rivaroxaban group (2.6% on
rivaroxaban and 6.4% on placebo, HR 0.40; 95% CI, 0.20-0.80). A pre-specified analysis
including composite of primary efficacy endpoints, arterial, and visceral thrombotic events
showed a significant reduction in the rivaroxaban group (6.9% on rivaroxaban and 10.7% on
placebo, HR 0.62; 95% CI, 0.39-0.99). The NNT with rivaroxaban was 35 (26 if only
considered on-treatment) and NNH was 101.

Pooled analysis—We acknowledge that the two studies have differences such as the use
of screening ultrasound and patient population, but the pooled analysis of the two studies
showed consistent results (Figure 1). DOACSs significantly reduced the risk of VTE in the
primary analysis (5.2 % on DOACs and 9.3% on placebo, risk difference [RD] -4.1%; RR
0.55; 95% Cl, 0.34-0.90; p=0.02, Figure 1A) and the effects were further accentuated by on-
treatment analysis (2.0% on DOACSs and 6.8% on placebo, RD -4.8%; RR 0.27; 95% CI
0.10-0.75; p=0.01, Figure 1B). DOACsS resulted in a numerically increased risk of major
bleeding (2.0 % on DOACSs and 1.0% on placebo, RD 1.0%; RR 1.96; 95% CI, 0.80-4.82;
p=0.14, Figure 1D) and clinically relevant non-major bleeding (CRNMB) (4.6% on DOACs
and 3.4% on placebo, RD 1.2%; RR 1.35; 95% CI 0.80-2.27; p=0.26, Figure 1E). Results
excluding asymptomatic DVT were consistent with those from the primary analysis (Figure
1C), and there was no difference in mortality (Figure 1F) [16]. The net benefit of DOACs as
primary thromboprophylaxis (VTE prevention vs major bleeding) resulted in an overall risk
reduction of 2.8% with DOACS, translating into a NNT of 35. Although DOACs and
LMWH achieved comparable reductions in the risk of VTE, the selection of high-risk
patients in the DOACS trials resulted in a larger absolute VTE risk reduction of 4-5% by
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DOACs as compared to 2% by LMWH, while the risk difference in major bleeding was
comparable (~1%) [4].

Selection of patient population

Both studies enrolled patients with Khorana score > 2 but with some important differences
in the inclusion criteria. AVERT study included patients with tumors in the brain (N=24) and
myeloma (N=15) while CASSINI study did not (Table 1). CASSINI study focused
recruitment of patients with locally advanced or metastatic cancer, while AVERT study
included all patients with newly diagnosed or progressive cancer starting chemotherapy.
Patients with hematological malignancies accounted for 27.9% (160/574) of the population
in the AVERT study, compared with 7.0% (59/841) in the CASSINI study. In the CASSINI
study, 32.6% (274/841) of patients had pancreatic cancer, compared with 13.6% (78/574) in
the AVERT study. The difference in patient population may provide implications for
clinicians when they consider practice adoption. Both studies excluded patients with
significant thrombocytopenia (platelet count < 50,000/mm3) or renal dysfunction (creatinine
clearance < 30 ml/min). While the prevention of catheter-related thrombosis was not a focus
in both studies, both included upper extremity DVT in the primary efficacy outcome.

Selection of type, dose, and duration of anticoagulation

Cautions

The currently available evidence is only for apixaban and rivaroxaban, so these two agents
would be the preferred choice if DOACs were to be considered in this setting. Both studies
used the standard prophylactic dosing and planned for 6 months of prophylactic
anticoagulants after the initiation of systemic cancer therapy. Although previous studies have
investigated higher dose LMWH in the prevention of VTE in pancreatic cancer patients,
there are no such data in DOACSs. Recently, the results of a subgroup analysis of pancreatic
cancer in the CASSINI study were reported at the American Society of Clinical Oncology
Annual Meeting [17]. It showed a significant reduction of primary VTE and combined
primary and secondary endpoints with standard prophylactic dose of rivaroxaban, with no
increased risk of major bleeding. Therefore, approved prophylactic dose for either DOAC
remains to be the standard of care. Whether longer duration is needed, the optimal dosing of
thromboprophylaxis, or if other DOACs could provide similar results remain to be
investigated.

In both studies, DOACs were associated with an increased risk of major and CRNMB
(Figure 1D and 1E). The hazard ratio of major bleeding was consistently around 2. However,
the absolute risk difference remained low (<2%) with a NNH of >100 during the on-
treatment period. The location of bleeding appeared to be mainly in the gastrointestinal tract,
consistent with results from randomized studies of using DOACS as treatment of CAT [8, 9].
This information could aid in clinicians’ decisions when they are considering primary VTE
prophylaxis. In addition, patients with malignancy involving the brain are at high risk of
both bleeding and thrombosis, but this population was under-represented (24 patients in
AVERT and excluded in CASSINI), and whether this high-risk population could have
similar outcomes remains unclear. In patients with brain tumors and CAT, a previous study
has shown that therapeutic doses of DOACs were not associated with increased risk of
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intracranial bleeding relative to LMWH [18]. Although both studies used Khorana score to
identify high-risk patients, the included types of malignancies remained heterogeneous and
could carry different thrombotic and bleeding risks. However, data from AVERT and
CASSINI studies are the highest level of evidence to-date regarding using DOACSs as
primary thromboprophylaxis for ambulatory cancer patients, and it is likely not feasible to
conduct dedicated studies in each tumor type.

Furthermore, DOACs are known substrates of P-glycoprotein (P-gp) and/or cytochrome
P-450 (CPY) 3A4, and many targeted cancer therapies such as tyrosine kinase inhibitors are
also metabolized through a similar mechanism. Therefore, drug interactions could be a
concern. Clinicians should consider potential drug-drug interactions (one example
summarized by Kraaijpoel and Carrier et al) when they plan to use DOACs for VTE
prevention or treatment [19].

The role of screening ultrasound in intermediate to high-risk ambulatory cancer patients
remains controversial. CASSINI study utilized screening ultrasound prior to enrollment and
excluded patients with DVT on screening ultrasound (49/1080, 4.5%). Their primary
efficacy outcome also included screen-detected asymptomatic proximal lower extremity
DVT, while AVERT study had no screening ultrasound either prior to enrollment or
throughout the study. It is worth noting that the utilization of screening ultrasound could
contribute to the differences of the results in the two studies and is not considered standard
of care prior to implementing thromboprophylaxis.

Guidance statement

1 We suggest the use of DOACs as primary thromboprophylaxis in ambulatory
cancer patients starting chemotherapy with Khorana score = 2 in patients with no
drug-drug interactions and not at high risk for bleeding (such as patients with
gastro-esophageal cancers). Currently, apixaban and rivaroxaban are the only
DOACs with evidence from RCTs. A final treatment decision should be made
after considering the risk of both VTE and bleeding, as well as patients’
preference and values.

2. We suggest that if DOACs were to be used for primary thromboprophylaxis in
ambulatory cancer patients, it is administered for up to 6 months after the
initiation of chemotherapy. We recommend monitoring of platelet counts and risk
of bleeding complications while on anticoagulation.

3. In high-risk ambulatory cancer patients where primary thromboprophylaxis is
planned but with concerns for safety of DOAC (such as in patients with concern
of drug interaction or high risk of gastrointestinal bleeding), we suggest to use
LWMH.

Addendum

T-F. Wang contributed to the concept and design of the study, data interpretation, writing of
the manuscript and final approval of the submitted version. J. Zwicker contributed to the
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concept and design of the study, data interpretation, writing of the manuscript and final
approval of the submitted version. S. Noble contributed to the concept and design of the
study, data interpretation, writing of the manuscript and final approval of the submitted
version. G. Meyer, C. Ay contributed to the concept and design of the study, data
interpretation, writing of the manuscript and final approval of the submitted version. A.
Falanga, contributed to the concept and design of the study, data interpretation, writing of
the manuscript and final approval of the submitted version. I. Pabinger contributed to the
concept and design of the study, data interpretation, writing of the manuscript and final
approval of the submitted version. D. Antic contributed to the concept and design of the
study, data interpretation, writing of the manuscript and final approval of the submitted
version. A. A. Khorana contributed to the concept and design of the study, data
interpretation, writing of the manuscript and final approval of the submitted version. M.
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Appendix
Table.
Khorana risk scores
Patient characteristics Risk score
Site of cancer
Very high risk (stomach, pancreases) 2
High risk (lung, lymphoma, gynecologic, bladder, testicular) | 1
Pre-chemotherapy platelet count = 350x10%/L 1
Hemoglobin level < 10 mg/mL or use of red cell growth factors | 1
Pre-chemotherapy leukocyte count > 11 x10%/L 1
BMI > 35 kg/m? 1
*
The AVERT study used a modified Khorana to include patients with brain tumor as very high risk cancer (risk score of 2)
and myeloma and kidney cancer as high risk cancer (risk score of 1).
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(A) Outcome: venous thromboembolism — primary analysis

Page 10

DOACs Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
AVERT 12 288 28 275 40.2% 0.41[0.21,0.79) —a—
CASSINI 25 420 37 421 59.8% 0.68[0.42,1.10] —H
Total (95% CI) 708 696 100.0% 0.55 [0.34, 0.90] E
Total events a7 65
_ll—_leh;,';ogenemt;:lT;u :gfg;fuhlp=—1d4§ﬁ df=1{P=023)F=31% o 01 10 100
estfor overall effect 2= 2.40 (F = 0.02) Favours DOACs Favours placebo
(B) Outcome: venous thromboembolism — on treatment analysis
DOACs Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
AVERT 3 288 20 275 387% 0.14[0.04,0.48] —
CASSINI 11 420 27 421 B1.3% 0.41[0.21,0.81] ——
Total (95% CI) 708 696 100.0% 0.27 [0.10, 0.75] e
Tatal events 14 47
Heterogeneity: Tau®=0.31; Chi®= 2.25, df=1 (P =0.13), F= 56% IIJ Y 0‘1 1=|3 1DU=
Testfor overall effect: 2= 2.52 (P = 0.01) ' Favours DOACs Favours Placebo
(C) Outcome: venous thromboembolism excluding asymptomatic DVT — primary analysis
DOACs Placebo Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
AVERT 12 288 28 275 447% 0.41[0.21,0.79] ——
CASSINI 21 420 29 421 55.3% 0.73[0.42,1.25)] —
Total (95% CI) 708 696 100.0% 0.56 [0.32, 0.98] e
Total events 33 57
Heterogeneity: Tau =_DAD?; Chi*=1.74,df=1 (P=0.19), F= 42% o1 o 10 100
Testfor overall effect: Z=2.02 (P = 0.04) Favours DOACs Favours Placebo
(D)Outcome: major bleeding — on treatment analysis
DOACs Plaebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
AVERT 6 288 3 275 429% 1.91 [0.48, 7.56] — 1 —
CASSINI 8 405 4 404 AT1% 2.00[0.61, 6.57] —
Total (95% CI) 693 679 100.0% 1.96 [0.80, 4.82] e
Total events 14 7
Heterogeneity: Tau®= 0.00; Chi*= 0.00, df=1 {P = 0.96), F= 0% 0o 01 10 100

Testfor overall effect Z=1.46 (P=0.14)

(E) Outcome: clinically relevant non-major bleeding
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Page 11

DOACs Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
AVERT 21 288 15 275 6B6.3% 1.34[0.70, 2.54]
CASSINI 11 405 8 404 337% 1.37 [0.56, 3.37]
Total (95% CI) 693 679 100.0% 1.35[0.80, 2.27]
Total events 32 23

g 2 ; 2 _ _ 12— I { T } 1
Heterogeneity: Tau -ADADD, Chi®=0.00,df=1 (P=096); F=0% 001 0 ] 10 100
Test for overall effect Z=1.12 (P =0.26) Favours DOACs Favours Placebo
(F) Outcome: death from any cause

DOACs Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CIl M-H, Random, 95% CI
AVERT 35 288 27275 3B1% 1.24 [0.77,1.99]
CASSINI a4 420 100 421 B3.9% 0.84 [0.65, 1.09]
Total (95% Cl) 708 696 100.0% 0.97 [0.67,1.39]
Total events 119 127
Heterogeneity: Tau®= 0.04, Chi*=1.97 df=1 (P=0.16), F= 49% 001 o1 ] n o0

Testfor averall effect Z=0.18 (P = 0.86)

Figure 1.

Pooled analysis of the CASSINI and AVERT studies
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Table 1.

Comparison of CASSINI and AVERT studies

Page 12

CASSINI

AVERT

Anticoagulant

Rivaroxaban 10 mg daily

Apixaban 2.5 mg twice daily

Number of patients included in analysis 841 563

Khorana score 22 22

Male 428/841 (50.9%) 236/563 (41.9%)
Planned duration 6 months 6 months
Median treatment duration 4.3 months 5.2 months

Early discontinuation of study drugs
(including early mortality)

R: 177/405 (43.7%)

A: 105/288 (36.5%)

P: 203/404 (50.2%)

P: 111/275 (40.4%)

Screening lower extremity ultrasound Yes (baseline, 8, 16, 24 weeks) No
Myeloma Excluded Yes (n=15)
Brain tumor Excluded Yes (n=24)

Primary endpoints

Proximal DVT/PE (symptomatic or
asymptomatic), symptomatic distal lower
extremity DVT or upper extremity DVT, VTE
related death

Proximal upper or lower extremity DVT/PE
(symptomatic or asymptomatic), VTE related
death

VTE R: 25/420 (6.0%) A: 12/288 (4.2%)
P: 37/421 (8.8%) P: 28/275 (10.2%)

On treatment VTE R: 11/420 (2.6%) A: 3/288 (1.0%)
P: 27/421 (6.4%) P: 20/275 (7.3%)

MB N/A A:10/288 (3.5%)

P: 5/275 (1.8%)

On treatment MB R: 8/405 (2.0%) A: 6/288 (2.1%)
P: 4/404 (1.0%) P: 3/275 (1.1%)

CRNMB R: 11/405(2.7%) A: 21/288 (7.3%)
P: 8/404 (2.0%) P: 15/275 (5.5%)

Mortality R: 84/420 (20.0%) A: 35/288 (12.2%)
P: 100/421 (23.8%) P: 27/275 (9.8%)

NNT VTE 35 17

NNT VTE on treatment 26 16

NNH N/A 59

NNH on treatment 101 100

1duosnuep Joyiny

Abbreviations: VTE: venous thromboembolism; DVT: deep vein thrombosis; PE: pulmonary embolism; MB: major bleeding; CRNMB: clinically
relevant non-major bleeding; AE: adverse event; R: rivaroxaban; A: apixaban; P: placebo; NNT: number needed to treat; NNH: number needed to
harm; N/A: not available.

On treatment is defined as only including events occurring while on study drugs and up to 2 days after last dose of study drugs.
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