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Guidelines suggest thromboprophylaxis for ambulatory cancer patients starting

chemotherapy with an intermediate to high risk of venous thromboembolism (VTE)

according toKhorana score. Data on thromboprophylaxis efficacy in different Khorana score

risk groups remain ambiguous. We sought to evaluate thromboprophylaxis in patients with

an intermediate- to high-risk ($2 points) Khorana score and an intermediate-risk score

(2 points) or high-risk score ($3 points) separately. MEDLINE, Embase, and CENTRAL were

searched for randomized controlled trials (RCTs) comparing thromboprophylaxis with

placebo or standard care in ambulatory cancer patients. Outcomes were VTE, major

bleeding, and all-cause mortality. Relative risks (RRs) were calculated in a profile-likelihood

random-effects model. Six RCTs were identified, involving 4626 cancer patients.

Thromboprophylaxis with direct oral anticoagulants (DOACs) or low molecular weight

heparin (LMWH) significantly reduced VTE risk in intermediate- to high-risk (RR, 0.51;

95% confidence interval [CI], 0.34-0.67), intermediate-risk (RR, 0.58; 95% CI, 0.36-0.83),

and high-risk patients (RR, 0.45; 95% CI, 0.28-0.67); the numbers needed to treat (NNTs)

were 25 (intermediate to high risk), 34 (intermediate risk), and 17 (high risk), respectively.

There was no significant difference in major bleeding (RR, 1.06; 95% CI, 0.69-1.67) or

all-cause mortality (RR, 0.90; 95% CI, 0.82-1.01). The numbers needed to harm (NNHs) for

major bleeding in intermediate- to high-risk, intermediate-risk, and high-risk patients were

1000, 2500, and 334, respectively. The overall NNH was lower in DOAC studies (100) versus

LMWH studies (2500). These findings indicate thromboprophylaxis effectively reduces

the risk of VTE in patients with an intermediate- to high-risk Khorana score, although the

NNT is twice as high for intermediate-risk patients compared with high-risk patients.

Introduction

Venous thromboembolism (VTE) is a frequent complication in cancer patients, occurring in;7% during
the first 6 months after cancer diagnosis.1,2 The VTE risk is up to sevenfold higher compared with
patients without cancer.3 VTE can lead to interruption or postponement of cancer treatment, decreased
quality of life,4 morbidity, and death.5,6

The goal of primary thromboprophylaxis is to reduce the risk of first-time VTE and, consequently, its
short- and long-term sequelae. Several randomized trials have evaluated the efficacy and safety of
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prophylactic-dose low molecular weight heparin (LMWH) for VTE
prevention in ambulatory cancer patients. A systematic review
and metaanalysis that aggregated evidence of 9 of these studies
enrolling 3284 patients with advanced cancer in total estimated
that LMWH prophylaxis significantly reduced the risk of symp-
tomatic VTE by ;46% during a median follow-up of 10 months,
resulting in a number needed to treat (NNT) of 30.7

The NNT can be lowered by selecting only those cancer patients
at high risk of VTE. A risk score developed for this purpose, the
Khorana score, has been incorporated into guidelines on thrombo-
prophylaxis in ambulatory cancer patients starting chemotherapy.8,9

This score uses 5 clinical variables to classify ambulatory cancer
patients who initiate chemotherapy as low (0 points), intermediate
(1-2 points), or high risk ($3 points; Table 1).10

Based on limited post hoc analysis data of 2 randomized controlled
trials (RCTs), several guidelines had suggested that thrombopro-
phylaxis may be considered in high-risk patients ($3 points) only
(supplemental Table 1).11-13 Recently, 2 placebo-controlled RCTs
(AVERT and CASSINI) evaluated the safety and efficacy of pro-
phylactic direct oral anticoagulants (DOACs) in ambulatory cancer
patients starting chemotherapy during a 6-month period.14,15 These
trials included patients based on Khorana score; however, conven-
tional high-risk patients ($3 points) as well as intermediate-risk
patients (2 points) were included, with both risk groups combined
into a single group called intermediate to high risk ($2 points).14,15

After the publication of these trials, new guidelines adopted the
threshold of $2 points for intermediate- to high-risk patients in
whom thromboprophylaxis may be prescribed.8,9,16

Lowering the Khorana threshold from 3 to 2 points will have
important consequences, because the group of patients eligible
for thromboprophylaxis will increase from 17% to up to 47%.17

Because the incidence in patients at intermediate risk is lower than
in patients at high VTE risk, the NNT will increase accordingly.6,17

Although the 2 trials demonstrated the efficacy of prophylactic
DOACs in all patients with an intermediate to high risk ($2 points),
it remains unclear whether the effect of thromboprophylaxis is
consistent in patients at intermediate risk compared with those at
high risk, because these trials did not have enough statistical power
for this subgroup analysis.

The aim of the systematic review and metaanalysis reported here is
to provide a summary estimate of the safety and efficacy of primary
thromboprophylaxis in ambulatory cancer patients at intermediate
to high risk (Khorana score $2) of VTE, as is adopted by current
guidelines, and in the groups with intermediate risk (Khorana score
2 points) and high risk (Khorana score $3) separately.

Methods

This report was prepared with the PRISMA statement (Preferred
Reporting Items for Systematic Reviews and Meta-analyses; supple-
mental Table 2).18 The review was registered at Open Science
Framework.19

Search strategy

Embase, MEDLINE, and the Cochrane Central Register of Trials
were searched for RCTs that compared LMWH or DOACs for
primary VTE prophylaxis with placebo or observation in ambulatory
cancer patients with an intermediate to high risk of VTE (Khorana
score $2). Because guidelines recommend calculating the Khorana

score before starting chemotherapy, only studies in which patients
had not yet started chemotherapy at baseline were included.8,10

Studies in which the Khorana score was evaluated post hoc were
considered eligible if the risk score was calculated with data
collected at baseline and before the start of chemotherapy. To
be able to compare different risk groups (intermediate vs high
risk), studies were only included if data on the Khorana score were
available and when all patients had at least an intermediate-risk
score based on tumor type only. No restrictions on language or year
of publication were applied. In addition, we did not restrict on study
design to be able to identify RCTs in which the Khorana score was
calculated in post hoc analyses. The full search strategy is shown in
supplemental Table 3.

Data collection and risk of bias assessment

Two authors (F.I.M. and F.T.M.B.) independently screened poten-
tially eligible studies based on title, abstract, and full text using
Rayyan Qatar Computing Research Institute software.20 Both
authors independently collected data in standardized data collec-
tion forms and assessed risk of bias using version 2.0 of the
Cochrane risk of bias tool for randomized studies.21 Disagreements
were resolved by discussion.

Study outcomes

The primary efficacy outcome was objectively confirmed VTE,
defined as symptomatic or asymptomatic deep vein thrombosis
(DVT) of the upper or lower extremities, symptomatic or incidental
pulmonary embolism (PE), or PE-related death, defined as fatal PE
or unexplained death for which PE could not be ruled out.

The primary safety outcome was major bleeding, as per the criteria
of the International Society on Thrombosis and Haemostasis,
defined as fatal bleeding, bleeding in a critical organ (intracranial,
intraspinal, intraocular, retroperitoneal, intraarticular, pericardial,
or intramuscular with compartment syndrome), or overt bleeding

Table 1. Khorana score for prediction of VTE in cancer patients

Variable Points

Site of cancer*

Very high-risk cancer (stomach, pancreas) 2

High-risk cancer (lung, lymphoma, gynecological, bladder, or
testicular)

1

Prechemotherapy platelet count $350 3 109/L 1

Prechemotherapy hemoglobin level ,100 g/L or use of red cell
growth factors

1

Prechemotherapy leukocyte count .11 3 109/L 1

Body mass index $35 kg/m2 1

Traditional risk categories

High $3

Intermediate 1-2

Low 0

Currently proposed risk categories

Intermediate to high $2

Low ,2

*The AVERT trial included brain tumors as very high-risk cancer and myeloma as high-risk
cancer.
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causing a drop in hemoglobin level of $2 g/dL (1.24 mmol/L)
or leading to transfusion of $2 units of whole blood or red cells.22

The secondary safety outcome was all-cause mortality.

Because the Khorana score was validated in studies with 6-month
follow-up, just as in the CASSINI and AVERT trials, all outcomes
were assessed at 6 months after randomization.2,14,15,23 The
efficacy outcome was evaluated in the intention-to-treat (ITT)
population (ie, all randomized patients) or in the modified ITT
population (ie, randomized patients who received at least 1 dose
of the assigned study drug). The primary safety outcome was
assessed during the on-treatment period (defined as treatment up
to a maximum of 3 days after the last study drug was used) in the
per-protocol population as defined by the individual studies. If major
bleeding was not assessed in the per-protocol population and/or
during the on-treatment period, data from the ITT population and/or
complete study period were used.

Statistical analysis

The efficacy and safety of thromboprophylaxis were assessed in
ambulatory cancer patients with an intermediate to high risk of VTE
(Khorana score $2) and subsequently in patients at intermediate
risk of VTE (Khorana score 2) and at high risk of VTE (Khorana
score$3) separately. Subgroup analyses were performed of studies
evaluating LMWH and those evaluating DOACs. A sensitivity analysis
was performed, which was restricted to double-blind placebo-
controlled studies without high risk of bias.

Summary relative risks (RRs) were calculated in a profile-likelihood
random-effects model with inverse variance weighting.24,25 This
random-effects model provides a better accounting of uncertainty
than the more often used DerSimonian-Laird random-effects model
and gives a more accurate summary estimation in metaanalyses
with few studies.26 RRs were logit transformed before entry in the
model. Forest plots were constructed to visualize summary estimates
with 95% confidence intervals (CIs). Heterogeneity between studies
was evaluated by estimating t2 with maximum likelihood estimation
and by I2, where ,50% was regarded as low heterogeneity, 50%
to 75% as moderate heterogeneity, and .75% as considerable
heterogeneity. Subgroup differences were assessed with a x2 test.

Overall absolute risk reductions (ARRs) were calculated by apply-
ing the summary RR to the 6-month risk of VTE reported in
observational studies.17 This method is preferred over pooling of
absolute risks, because RRs are usually more consistent across
studies.27 The baseline VTE incidence in the different risk groups
used in this metaanalysis was derived from a systematic review and
metaanalysis, which included data from .27000 ambulatory
cancer patients.17 The 6-month incidence was 8.3% for interme-
diate- to high-risk (Khorana score $2), 7.1% for intermediate-risk
(Khorana score 2), and 11.1% for high-risk patients (Khorana score
$3). For intermediate-risk patients, the 6-month incidence of VTE in
the aforementioned metaanalysis was only reported for patients
with a Khorana score of 1 or 2 combined. The incidence in patients
with a Khorana score of 2 only was calculated post hoc for this
metaanalysis. Because no large observational data on the risk of
major bleeding or all-cause mortality for different Khorana scores
could be identified, major bleeding and all-cause mortality in the
control groups of the included studies were used as baseline risk.

The NNT and the number needed to harm (NNH) were calculated
for all outcomes with 95% CIs. As per the Cochrane Handbook for

Systematic Reviews of Interventions, in the case of nonstatistically
significant ARR, 1 of the confidence limits will indicate benefit
and the other harm, passing through infinity; for example, an ARR of
5% (95% CI, 22% to 10%) will give an NNT of 20 (95% CI, NNT
10 to ‘ to NNH 50).28,29

Publication bias was visually assessed with a funnel plot.30 Certainty
of evidence was graded according to the GRADE guidelines and
presented in a summary of findings table with GRADEpro GDT
software.18 R computing software was used for all analyses, in
particular the metaLik package (version 0.43.0; R Foundation for
Statistical Computing, Vienna, Austria).

Results

The electronic database search identified 358 records, of which
69 were duplicates. Based on the screening of titles and abstracts,
8 were considered ineligible. Based on full-text assessment,
2 additional records were excluded. One record, consisting of
2 RCTs, was excluded because randomization had been performed
after start of chemotherapy.31 One study was excluded because it
was unclear whether chemotherapy had already been started at
randomization (supplemental Figure 1).32

Two RCTs that met the inclusion criteria were identified
directly in the search.14,15 The outcomes in these RCTs for
patients with Khorana score of 2 or 3 or higher separately were
derived from a post hoc analysis.33 Four included studies
were identified through 1 individual patient data metaanalysis
in which the Khorana score was calculated post hoc for
participants in 7 RCTs evaluating thromboprophylaxis.34 Four of
these RCTs fulfilled the eligibility criteria and were included in
the analysis.35-38

The 6 included RCTs had enrolled a total of 7180 ambulatory
cancer patients, of whom 4626 (64%) had an intermediate to high
risk of VTE based on a Khorana score of $2 points. Study
characteristics are listed in Table 2. One study used themodifications
proposed by Ay et al23 to calculate the Khorona score, in which
primary brain cancer is considered a very high-risk tumor and
myeloma a high-risk tumor type.14 The included studies compared
placebo (n 5 3)14,15,35 or observation (n 5 3)36-38 with either
2.5 mg of apixaban twice daily,14 10 mg of rivaroxaban once
daily,15 5000 IU of dalteparin once daily,38 20 mg of semuloparin
once daily,35 3500 IU of bemiparin once daily,37 or weight-
adjusted enoxaparin (1 mg/kg) for 3 months followed by 40 mg
once daily.36

In all 4 studies that evaluated LMWH,35-38 the Khorana score was
calculated post hoc.34 In 5 studies, chemotherapy was initiated after
randomization in all study patients,14,15,35-37 whereas in 1 study, 83%
of patients were treated with chemotherapy after randomization.38

Maximum follow-up duration varied between studies: 6 months,14,15

12 months,35 18 months,36 or until death.37,38

Risk of bias assessment

Two studies were considered to be at high risk of bias in the domain
of measurement of the outcome, because they were open-label
studies without adjudication of study outcomes in a blinded fashion
(supplemental Figure 2).36,38 One study was judged to have some
concerns in this domain because the primary outcome included
asymptomatic screening-detected DVT, which may be an imper-
fect surrogate marker for symptomatic VTE in thromboprophylaxis
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trials.15,39 Visual inspection of the funnel plot did not indicate
evidence of publication bias (supplemental Figure 3).

Patients at intermediate to high risk of VTE

Data on a total of 4626 ambulatory cancer patientswith an intermediate
to high risk of VTE (Khorana score $2) were included.14,15,36-38,40

Thromboprophylaxis was associated with a 49% reduction in
the risk of VTE compared with the comparison groups (RR, 0.51;
95% CI, 0.34-0.67; I2 5 28%; high-quality evidence; Figure 1).
Based on a baseline 6-month risk of VTE of 8.3%,17 the antic-
ipated ARR with thromboprophylaxis was 4.1% (95% CI, 2.7%
to 5.5%), corresponding to an NNT of 25 (95% CI, 19-38;
Figure 2).

The risk of major bleeding was comparable in the thromboprophy-
laxis and comparison groups (RR, 1.06; 95% CI, 0.69-1.67; I2 5 0%;
moderate-quality evidence; Figure 1). Based on the baseline risk of
major bleeding of 1.8% in the comparison groups, the absolute risk
increase was 0.1% (95% CI,20.6% to 1.2%), corresponding to an
NNH of 1000 (95% CI, NNH 84 to ‘ to NNT 167).

All-cause mortality was not different between the thromboprophylaxis
and comparison groups (RR, 0.90; 95% CI, 0.82 to 1.01; I2 5 0%;
moderate-quality evidence). Based on a baseline all-cause mor-
tality risk of 28.4% in the comparison groups, the ARR was
2.8% (95% CI, 20.3% to 5.1%), with an NNT of 36 (95% CI,
NNT 20 to ‘ to NNH 334; Figure 1; Table 3).

Patients at intermediate risk of VTE

In the 2837 patients with an intermediate risk of VTE (Khorana
score 2),14,15,35-38 the 6-month risk of VTE in the thromboprophylaxis
groups was 42% lower than in the comparison groups (RR, 0.58;
95% CI, 0.36-0.83; I2 5 0%; high-quality evidence; Figure 3). Based
on a baseline 6-month risk of VTE in patients with a Khorana score of
2 of 7.1%,17 the anticipated ARRwas 3.0% (95%CI, 0.7% to 4.5%),
corresponding to an NNT of 34 (95% CI, 23-84).

The risk of major bleeding was comparable in the thromboprophylaxis
and comparison groups (RR, 0.88; 95% CI, 0.45-2.30; I2 5 0%;
moderate-quality evidence; Figure 3). Based on the 1.4% risk
of major bleeding in the comparison groups, the ARR was
0.2% (95% CI, 21.8% to 0.8%), with an NNT of 500 (95% CI,
NNT 56 to ‘ to NNH 125).

All-cause mortality in patients with an intermediate risk of VTE was
reported in 4 studies (n 5 1894).35-38 There was no difference in
all-cause mortality between patients in the thromboprophylaxis and
comparison groups (RR, 0.90; 95%CI, 0.74-1.04; I25 51%;moderate-
quality evidence). Based on a baseline all-cause mortality risk of
28.8% in the control arm, the ARRwas 2.9% (95%CI,21.2 to 7.5), with
an NNT of 35 (95% CI, NNT 14 to ‘ to NNH 84; Figure 3; Table 3).

Patients at high risk of VTE

In the 1781 patients with a high VTE risk (Khorana score$3),14,15,35-38

the risk of VTE in the intervention groups was significantly lower
than in the control groups (RR, 0.45; 95% CI, 0.28-0.67; I2 5 0%;
high-quality evidence; Figure 4). This RR was not significantly
different from that in patients with an intermediate risk of VTE (test
for subgroup differences, P 5 .36). Based on a baseline 6-month
risk of VTE in patients with a Khorana score of $3 of 11.1%,17 the
anticipated ARR was 6.1% (95%CI, 3.7% to 8.0%), corresponding
to an NNT of 17 (95% CI, 13-28).T
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The risk of major bleeding was not different between the thrombopro-
phylaxis and comparison groups (RR, 1.11; 95%CI, 0.64-1.92; I25 0%;
moderate-quality evidence; Figure 4). Based on a baseline major

bleeding risk of 2.5% in the comparison groups, the absolute risk
increase was 0.3% (95% CI,20.9% to 2.3%), corresponding to an
NNH of 334 (95% CI, NNH 44 to ‘ to NNT 112).

Venous thromboembolism 
Prophylaxis Control 

Study Agent Events Patients Events Patients 

DOAC 
CASSINI (2019) Rivaroxaban 25 
AVERT (2019) Apixaban 12 
Random effects model 37 
Heterogeneity: tau

2
0.0001, chi

2
=1.35, df=1 (P=0.24), I

2
=26% 

LMWH 
FRAGMATIC (2016) Dalteparin 26 
CONKO-004 (2015) Enoxaparin 5 
ABEL (2013) Bemiparin 0 
SAVE-ONCO (2012) Semuloparin 12 
Random effects model 43 
Heterogeneity: tau

2
=0.0038, chi

2
=3.69, df=2 (P=0.16), I

2
=46% 

Random effects model 80 
Heterogeneity: tau

2
0.0001, chi

2
=5.53, df=4 (P=0.24), I

2
=28%

Test for subgroup differences: chi
2
=0.50, df=1 (P=0.48) 

420 37 421 
291 28 283 
711 65 704 

654 45 689 
154 21 144 
11 0 8 
764 30 787 
1583 96 1628 

2294 161 2332 

RR 95%-CI Weight 

0.68 [0.42-1.10] 29.0 %
0.42 [0.22-0.80] 16.1 %
0.57 [0.30-0.98] 45.1 %

0.61 [0.38-0.97] 31.3 %
0.22 [0.09-0.57] 7.7 %

0.0 %
0.41 [0.21-0.80] 15.8 %
0.47 [0.22-0.74] 54.8 %

0.51 [0.34-0.67] 100.0 %

0.10 0.25 0.50 1.0 2.0 5.0 10.0

Favors prophylaxis Favors control 

Major bleeding 
Prophylaxis 

Study Agent Events 

DOAC 
CASSINI (2019) Rivaroxaban 8 
AVERT (2019) Apixaban 6 
Random effects model 14 
Heterogeneity: tau

2
=0, chi

2
=0.00, df=1 (P=0.96), I
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Figure 1. Forest plots for study outcomes in cancer patients with an intermediate to high risk of VTE (Khorana score ‡2). VTE (A), major bleeding (B), and

all-cause mortality (C). df, degree of freedom.
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All-cause mortality in patients with a high risk of VTE was only
presented in 4 studies (n 5 1326).35-38 All-cause mortality
was not different between patients treated with thrombopro-
phylaxis and those receiving placebo or standard care (RR,
0.91; 95% CI, 0.68-1.24; I2 5 51%; moderate-quality evidence).
Based on a baseline all-cause mortality risk of 38.6% in the
comparison groups, the ARR was 3.5% (95% CI,29.3% to 12.3%),

with an NNT of 29 (95% CI, NNH 11 to ‘ to NNT 9; Figure 4;
Table 3).

Sensitivity analysis

Results in the 3 separate risk groups were consistent in the
sensitivity analysis restricted to the 3 double-blind placebo-
controlled studies without high risk of bias (supplemental Table 4).

NNT NNH

Outcomes
Venous thromboembolism

Major bleeding

Mortality

Khorana score  2
Khorana score 2
Khorana score 3

NNT 25 (19 to 38)

NNH 1000 (NNH 84 to  to NNT 167)
NNT 500 (NNT 125 to  to NNH 56)
NNH 334 (NNH 44 to  to NNT 112)

NNT 36 (NNT 20 to  to NNH 334)
NNT 35 (NNT 14 to  to NNH 84)
NNT 29 (NNT 9 to  to NNH 11)

NNT/NNH (95% CI)

NNT 34 (23 to 84)
NNT 17 (13 to 28)

Khorana score  2
Khorana score 2
Khorana score 3

Khorana score  2
Khorana score 2
Khorana score 3

Absolute risk reduction (%)
8 6 4 2 0 -2

13 17 25 50 50

Figure 2. ARR and NNT or NNH of thromboprophylaxis in cancer patients for the outcomes of VTE, major bleeding, and all-cause mortality with different

Khorana risk scores.

Table 3. Summary of findings of thromboprophylaxis in cancer patients with intermediate, intermediate to high, or high risk of VTE according

to Khorana score

Study outcome at 6 mo

No. of

patients

(RCTs)

Certainty of

evidence (GRADE) RR (95% CI)

Anticipated absolute effects

Risk without

thromboprophylaxis, %*

Risk difference with

thromboprophylaxis (95% CI), % NNT/NNH

Intermediate to high risk of

VTE (Khorana score ‡2)

VTE 4626 (6) ⊕⊕⊕⊕ (high) 0.51 (0.34-0.67) 8.3 24.1 (25.5 to 22.7) NNT, 25 (19-38)

Major bleeding 4583 (6) ⊕⊕⊕◯ (moderate)† 1.06 (0.69-1.67) 1.8 0.1 (20.6 to 1.2) NNH, 1000 (NNH
84 to ‘ to NNT

167)

All-cause mortality 4626 (6) ⊕⊕⊕◯ (moderate)† 0.90 (0.82-1.01) 28.4 22.8 (25.1 to 0.3) NNT, 36 (NNT 20
to ‘ to NNH 334)

Intermediate risk of VTE

(Khorana score 2)

VTE 2837 (6) ⊕⊕⊕⊕ (high) 0.58 (0.36-0.83) 7.1 23.0 (24.5 to 21.2) NNT, 34 (23-84)

Major bleeding 2806 (6) ⊕⊕⊕◯ (moderate)† 0.88 (0.45-2.30) 1.4 20.2 (20.8 to 1.8) NNT, 500 (NNT
125 to ‘ to NNH

56)

All-cause mortality 1894 (4) ⊕⊕⊕◯ (moderate)† 0.90 (0.74-1.04) 28.8 22.9 (27.5 to 1.2) NNT, 35 (NNT 14
to ‘ to NNH 84)

High risk of VTE (Khorana

score ‡3)

VTE 1781 (6) ⊕⊕⊕⊕ (high) 0.45 (0.28-0.67) 11.1 26.1 (28.0 to 23.7) NNT, 17 (13-28)

Major bleeding 1770 (6) ⊕⊕⊕◯ (moderate)† 1.11 (0.64-1.92) 2.5 0.3 (20.9 to 2.3) NNH, 334 (NNH 44
to ‘ to NNT 112)

All-cause mortality 1326 (4) ⊕⊕⊕◯ (moderate)† 0.91 (0.68-1.24) 38.6 23.5 (212.3 to 9.3) NNT, 29 (NNT 9 to
‘ to NNH 11)

*Risk of VTE in intervention group (and its 95% CI) is based on assumed risk in comparison group and relative effect of intervention (and its 95% CI). Assumed risk is derived from
systematic review on VTE incidences with different Khorana scores by Mulder et al.17

†Downgraded for imprecision because of possible positive and negative effects of thromboprophylaxis vs control.
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DOACs and LMWH

In the overall group of patients with an intermediate to high risk
(Khorana score$2), the RR reduction of VTE seemed slightly lower
in the DOAC studies (RR, 0.57; 95% CI, 0.30-0.98) than in LMWH
studies (RR, 0.47; 95% CI, 0.22-0.74), although this difference was
not statistically significant (test for subgroup difference, P5 .48). In
the same group, DOACs were associated with a nonsignificant
increased risk of major bleeding (RR, 1.96; 95% CI, 0.69-5.50),
with an NNH of 100 (95% CI, NNH 22 to ‘ to NNT 333), whereas
the risk of major bleeding was not higher in patients receiving
LMWH compared with those in the control groups (RR, 0.89;

95% CI, 0.52-1.45), with an NNT of 500 (95% CI, NNT 100 to
‘ to NNH 100). There was no statistically significant difference in
the risk of major bleeding in patients treated with DOACs or
LMWH (test for subgroup difference, P 5 .13). There was no
difference in all-cause mortality between patients treated with
DOACs or LMWH (test for subgroup differences, P 5 .85;
Figures 1-3).

Discussion

This systematic review and metaanalysis included 6 random-
ized trials that evaluated primary VTE thromboprophylaxis in

Prophylaxis Control 

Mortality 

Study Agent Events Patients Events Patients 

LMWH 
FRAGMATIC (2016) Dalteparin 111 
CONKO-004 (2015) Enoxaparin 14 
ABEL (2013) Bemiparin 1 
SAVE-ONCO (2012) Semuloparin 117 
Random effects model 243 
Heterogeneity: tau

2
=0, chi

2
=1.51, df=3 (P=0.68), I

2
=0% 

389 
49 
9 
493 
940 

119 387 
24 55 
1 6 
131 506 
275 954 

RR 95%-CI Weight 

0.93 [0.75-1.15] 45.9 %
0.65 [0.38-1.12] 7.6 %
0.67 [0.05-8.73] 0.3 %
0.92 [0.74-1.14] 46.2 %
0.90 [0.74-1.04] 100.0 %

0.10 0.25 0.50 1.0 2.0 5.0 10.0

Favors prophylaxis Favors control 

Venous thromboembolism 
Prophylaxis Control 

Study Agent Events Patients Events Patients RR 95%-CI Weight 

DOAC 
CASSINI (2019) Rivaroxaban 18 281 24 
AVERT (2019) Apixaban 6 186 16 
Random effects model 24 467 40 
Heterogeneity: tau

2
0.0001, chi

2
=1.68, df=1 (P=0.19), I

2
=41% 

LMWH 
FRAGMATIC (2016) Dalteparin 15 389 24 
CONKO-004 (2015) Enoxaparin 2 49 4 
ABEL (2013) Bemiparin 0 9 0 
SAVE-ONCO (2012) Semuloparin 5 484 16 
Random effects model 22 931 44 
Heterogeneity: tau

2
=0, chi

2
=1.15, df=2 (P=0.56), I

2
=0% 

Random effects model 46 1398 84 
Heterogeneity: tau

2
=0, chi

2
=3.15, df=4 (P=0.53), I

2
=0% 

Test for subgroup differences: chi
2
=0.31, df=1 (P=0.58) 

295 
190 
485 

387 
55 
6 
506 
954 

1439 

0.79 [0.44-1.42] 36.2 %
0.38 [0.15-0.96] 14.9 %
0.64 [0.25-1.29] 51.1 %

0.62 [0.33-1.17] 31.6 %
0.56 [0.11-2.93] 4.6 %

0.0 %
0.33 [0.12-0.88] 12.6  %
0.52 [0.26-0.92] 48.8 %

0.58 [0.36-0.83] 100.0 %

0.10 0.25 0.50 1.0 2.0 5.0 10.0

Favors prophylaxis Favors control 

Major bleeding 
Prophylaxis Control 

Study Agent Events Patients Events 

DOAC 
CASSINI (2019) Rivaroxaban 4 273 1 
AVERT (2019) Apixaban 4 183 3 
Random effects model 8 456 4 
Heterogeneity: tau

2
=0, chi

2
=0.68, df=1 (P=0.41 ), I

2
=0% 

LMWH 
FRAGMATIC (2016) Dalteparin 5 389 10 
CONKO-004 (2015) Enoxaparin 0 49 0 
ABEL (2013) Bemiparin 0 9 0 
SAVE-ONCO (2012) Semuloparin 5 484 6 
Random effects model 10 931 16 
Heterogeneity: tau

2
=0, chi

2
=0.48, df=1 (P=0.49), I

2
=0% 

Random effects model 18 1387 20 
Heterogeneity: tau

2
0.0001, chi

2
=3.33, df=3 (P=0.34), I

2
=10% 

Test for subgroup differences: chi
2
=2.17, df=1 (P=0.14) 

Patients 

280 
185 
465 

387 
55 
6 
506 
954 

1419 

RR 95%-CI Weight 

4.10 [0.46-36.47] 9.2 %
1.35 [0.31-5.94] 20.1 %
1.91 [0.43-11.30] 29.3 %

0.50 [0.17-1.44] 39.0 %
0.0 %
0.0 %

0.87 [0.27-2.84] 31.7 %
0.64 [0.24-1.74] 70.7 %

0.88 [0.45-2.30] 100.0 %

0.10 0.25 0.50 1.0 2.0 5.0 10.0

Favors prophylaxis Favors control 

A

B

C

Figure 3. Forest plots for study outcomes in cancer patients with an intermediate risk of VTE (Khorana score 2). VTE (A), major bleeding (B), and all-cause mortality (C).
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4626 ambulatory cancer patients. Based on high-certainty evidence,
thromboprophylaxis significantly reduced the risk of VTE in patients
with an intermediate- to high-risk Khorana score of $2 (overall ARR,
4.1%; NNT, 25). Thromboprophylaxis is associated with a lower ARR
in patients with an intermediate-risk Khorana score of 2 (overall ARR,
3.0%; NNT, 34) than in those with a high-risk Khorana score of $3
(overall ARR, 6.1%; NNT, 17). The overall risks of major bleeding
(absolute risk increase, 0.1%; NNH, 1000) and all-cause mortality
were comparable between the thromboprophylaxis and compar-
ison groups, although the observed bleeding risk was higher in
the DOAC group (absolute risk increase, 1.0%; NNH, 100).

These results support the use of thromboprophylaxis in patients at
intermediate to high risk of VTE (Khorana score $2), although the
NNT is twice as high for intermediate-risk patients compared with
high-risk patients (Figure 2).

With the publication of the CASSINI15 and AVERT14 trials, several
guidelines now recommend or suggest that thromboprophylaxis
with DOACs or LMWH may be administered to patients at
intermediate to high risk of VTE (Khorana score $2).8,9,16,41 In
contrast, previous versions of these guidelines suggested that
thromboprophylaxis could be considered in selected high-risk
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Figure 4. Forest plots for different outcomes in cancer patients with a high risk of VTE (Khorana score ‡3). VTE (A), major bleeding (B), and all-cause mortality (C).
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patients,42,43 such as those with a high-risk Khorana score based
on the positivity threshold of 3 points used in the derivation study
(supplemental Table 1).10 This guideline change, which was driven by
the results of the CASSINI and AVERT trials in which the Khorana
positivity threshold was lowered to 2 points, is likely to affect many
cancer patients, because the proportion of cancer patients in whom
thromboprophylaxis is indicated may increase from 17% to 47%.17

With this possible profound increase in ambulatory cancer patients
who are now eligible for thromboprophylaxis, it is important to be
aware of the difference in the potential benefit of thromboprophylaxis
in patients at intermediate risk compared with those at high risk.
Although several studies have evaluated the cost effectiveness of
primary thromboprophylaxis with DOACs in ambulatory cancer
patients, no data are currently available for such an approach in the
subgroups of intermediate- and high-risk patients specifically.44-46

The risk of major bleedingwith thromboprophylaxis was not significantly
increased in the overall population in this metaanalysis. However,
in both DOAC trials, the RR of major bleeding in DOAC recipients
was almost twofold higher than in the comparison groups (RR,
1.96; 95% CI, 0.69-5.50), although this difference was not
statistically significant. The absolute risk difference in these trials
was 1% (95% CI, 20.3% to 4.6%), translating to an NNH of
100 (95% CI, NNH 22 to ‘ to NNT 334). For LMWH, no
increased risk of major bleeding was observed.35-38 A potential
difference in bleeding risk could be the result of differences
in pharmacodynamics, because DOACs are administered at
a half-therapeutic dose in the setting of thromboprophylaxis, whereas
LMWH is usually provided at a prophylactic dose. Other poten-
tial explanations include the higher risk of gastrointestinal and
urogenital bleeding with DOACs in cancer patients, especially
in those with gastrointestinal or urogenital cancer.47-49 Notably,
the findings of 4 individual trials included in this metaanalysis
previously reported a higher risk of clinically relevant nonmajor
bleeding in patients receiving thromboprophylaxis than in those
who received placebo or standard care.14,15,35,38 Therefore, bleeding
risk should remain an important consideration in the decision to
prescribe thromboprophylaxis.

The optimal way of identifying ambulatory cancer patients at high
risk of VTE remains a matter of debate.2,6,17,40,50,51 In this
metaanalysis, we focused on the Khorana score, because it is the
most widely studied and used risk-stratification tool. However,
a substantial variation in VTE risk has been observed across
different tumor types within the same Khorana score risk group.17

This is characterized in this metaanalysis by the differences in VTE
incidence in control groups from different studies. For example, in
patients with a Khorana score of $3, the incidence in the control
group of the FRAGMATIC trial was 7.0%, compared with 19.1%
in the CONKO-004 trial.36,38 In addition, discrimination of the score
seems to be poor in specific cancer types (eg, lung cancer),
whereas it is much better in others.2,34,50 Finally, the sensitivity of
the Khorana score is modest; 75% of VTE events do not occur in
the group at high risk of VTE (Khorana score $3 or higher), and
50% do not occur in the group at intermediate to high risk of VTE
(Khorana score $2). Consequently, half of all ambulatory cancer
patients who develop VTE will not be identified as potential
candidates for thromboprophylaxis with this score. It is important to
note that the group of LMWH studies included various agents with
various doses, hampering generalizability of the results, although it
is reassuring that we did not find significant heterogeneity in any of

the analyses. Another limitation is that no data on clinically relevant
nonmajor bleeding or VTE-related death could be obtained, which
are both important clinical outcomes when considering thrombo-
prophylaxis. The CASSINI trial performed ultrasound screening to
detect asymptomatic proximal DVT during follow-up, which may not
correlate well with symptomatic VTE. Five of 6 trials included distal
DVT as a primary outcome or did not specify whether proximal or
distal DVT was included as a primary outcome. Only the AVERT trial
limited the primary outcomes to proximal DVT and PE only, which
precluded an analysis without distal DVT in the efficacy outcome.
Strengths of this study include the use of a profile-likelihood
random-effects model to provide a more conservative yet more
reliable CI than the more widely used Dersimonian-Laird random-
effects model.24,26 Certainty of evidence was rated using the
standardized GRADE approach to aid in the interpretation of the
findings. RRs were pooled, because it is well known that they are
more consistent across studies than absolute risk differences.27

We then applied these RRs to baseline VTE risks obtained from
a large systematic review in which the Khorana score was
calculated for .27000 ambulatory cancer patients with a wide
variety of tumor types. This approach provides a better reflection of
the estimated risk difference and NNT in clinical practice than when
using data from a more selected group included in RCTs.52

In conclusion, among ambulatory cancer patients with an intermediate-
to high-risk Khorana score of $2, thromboprophylaxis with DOACs
or LMWH significantly reduces the risk of VTE (NNT, 25) without
a significantly increased risk of major bleeding (NNH, 1000).
Compared with LMWH studies, the major bleeding risk seemed to
be higher in DOAC studies (NNH, 100). The NNT was twice as high
in patients at intermediate risk (NNT, 34) compared with those at
high risk (NNT, 17). Clinicians should consider these risks of VTE
and bleeding when making decisions about thromboprophylaxis in
ambulatory cancer patients.
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