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Figure 2 Probabilistic sensitivity analysis of the base case with 5-year time horizon (base case analysis). The red mark
represents the deterministic incremental cost-effectiveness ratio. QALY, quality adjusted life-year.

figure 2 and online supplemental figure S1. In the base
case analysis, rivaroxaban was in the majority (77.8%)
of the 2000 iterations cost-saving and more effective
compared with dalteparin. In 22.2% of the iterations,
rivaroxaban was cost-saving but less effective compared
with dalteparin. In scenario 1, rivaroxaban was in almost
all (98.7%) the iterations cost-saving and more effective
compared with dalteparin.

The influence of the individual input parameters on
the base case incremental costs and QALYs is analysed in
the univariate sensitivity analysis. The tornado diagrams
(figures 3 and 4) present the 10 input parameters with
the highest impact in the base case analysis. The risk of
MB for both rivaroxaban and dalteparin, treatment dura-
tion of dalteparin and recurrent VTE risks during the first
6months after a VITE had the highest influence on the

Figure 3 Tornado diagram from the univariate sensitivity analysis for the base case analysis showing the impact of parameters
on the incremental costs. ICH, intracranial haemorrhage; LMWH, low molecular weight heparin; MB, major bleeding; PE,

pulmonary embolism; VTE, venous thromboembolism.
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Tornadodiagram fromthe univariate sensitivity analysis - incremental QALYs
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Figure 4 Tornado diagram from the univariate sensitivity analysis for the base case analysis showing the impact of parameters
on the incremental QALYs. CRNMB, clinically relevant non-major bleeding; ICH, intracranial haemorrhage; LMWH, low
molecular weight heparin; MB, major bleeding; VTE, venous thromboembolism; QALY, quality adjusted life-year.

incremental costs. Similarly, the risk of MB and recurrent
VTE in the first 6 months for rivaroxaban and dalteparin
showed the highest influence on the incremental QALYs.
Similar results were found in the univariate sensitivity
analysis of scenario 1 (online supplemental figure S2 and
figure S3).

Budget impact

The results of the budget impact analysis are presented
in table 5. The replacement of LMWHs (including dalte-
parin) with rivaroxaban can lead to cost-savings of a
maximum of €11326763 (€5164254-€17363231) over
approximately 8000 cancer patients with VI'E based on
a l-year time horizon. A reduction in treatment costs
can lead to savings of up to €12.6 million. Eventrelated
costs and indirect costs slightly increase by €1234467
(—€2103366 to €5231955) and €2101 (—€173830 to

Table 5 Budget impact (95% CI) over 1-year time horizon
in the Netherlands

Event-related costs  €1234467 (—€2 103366 to €5231955)
—€12559130 (—€17327 405 to —€8149498)
—€2101 (—€173830 to €184677)

—€11326763 (—€17363231 to —€5164254)

Treatment costs
Indirect costs
Budget impact

€184677), respectively, when LMWHs are replaced by
rivaroxaban.

DISCUSSION

Thrombosis treatment is a challenge in patients with
cancer. According to the guidelines, LMWHs and DOAGs
edoxaban and rivaroxaban are the preferred treatment
for the prevention of recurrent VIE in patients with
cancer.”"" We have assessed the cost-effectiveness and
budget impact of rivaroxaban in patients with cancer at
risk of recurrent VTE based on the SELECTD trial.'” We
conclude that, in the Netherlands, rivaroxaban is a cost-
saving treatment option with a small health benefit per
patient over byears compared with dalteparin. Compre-
hensive sensitivity analyses confirm that results generated
by our model are robust.

The cost-savings associated with rivaroxaban were
mainly driven by the difference in treatment costs. It
should be noted that this is specifically the case for the
Netherlands and may differ in other countries. The VTE
recurrence and MB risks also showed to have a high influ-
ence on the incremental costs and QALYs in the univar-
iate sensitivity analysis. The SELECT-D trial showed
a relatively low VTE recurrence but higher bleeding
(especially CRNMB) compared with dalteparin. This

de Jong LA, et al. BMJ Open 2020;10:039057. doi:10.1136/bmjopen-2020-039057
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cost-effectiveness model allowed to address the ques-
tion if the reduction in VIE recurrence outweighs the
increase in bleeding events.

A total of 84 VTE-related events were prevented over
Syears, leading to an average cost-saving of €131 per
patient. This is line with findings from a recent study that
assessed the VIE-related healthcare costs in patients with
cancer, which found that rivaroxaban-treated patients
had a significantly lower total VI'E-related costs relative to
patients treated with LMWH.* Although the cost differ-
ence between the rivaroxaban and dalteparin cohorts was
even greater with $12004 per patient per year.

On the other hand, MB events were more frequent
with rivaroxaban compared with dalteparin (11 ICH
and 98 non-ICH vs 9 ICH and 79 non-ICH, respectively).
MB events are very burdensome and frequently severely
disabling, leading to high acute and long-term direct and
indirect costs. In line with the findings from the SELECT-D
trial, CRNMB events were much more frequent with rivar-
oxaban compared with dalteparin (197 and 92, respec-
tively). Although the difference between rivaroxaban
and dalteparin in CRNMB (105 events over 5-year time
horizon) is greater than for MB (20 events over 5-year
time horizon), the influence on the incremental costs
and QALYs was lower because CRNMB is relatively less
burdensome.

The indirect costs were higher for rivaroxaban than
for dalteparin in the base case scenario. This can be
explained by the increased number of MB events with
rivaroxaban compared with dalteparin. Moreover, there
were no data available on leisure activity losses caused
by the occurrence of a VIE event in patients who are
already burdened with cancer. Therefore, the indirect
costs might have been underestimated, possibly leading
to lower costsavings. The indirect costs account for
€196—€177 per rivaroxaban and dalteparin patient,
respectively, over 5years—approximately 4%—6% of the
total cost—however, they do not have a major influence
on the differences between the two drugs (€19 and —€2
for the 5-year and 6-month time horizon, respectively).
This suggests that, although the indirect costs might have
been underestimated, rivaroxaban is still likely to be cost-
saving compared with dalteparin.

As mentioned, the main driver of the cost-savings is the
difference in treatment costs. In the cost-effectiveness
analysis, we estimated that more than €1700 per patient
over a b-year period can be saved on treatment costs,
compared with dalteparin. Moreover, in the scenario anal-
ysis, we varied the price of dalteparin based on weight.
Although the lowest dose (125001IU daily during month 1
followed by 10000 IU in months 2—6 based on weight class
57-68kg) had a lower price, €8.06 vs €9.93, the ICER
remained cost-saving. Rivaroxaban users were assumed
to require an annual check-up of their renal function.
However, patients with cancer (especially those with
metastatic cancer) are at higher risk for renal impairment
and may be tested much more frequently.* This may have
caused an overestimation of the costs of rivaroxaban, and

therefore reduced the cost-savings estimate of rivarox-
aban compared with dalteparin.

In the budget impact analysis, we calculated that rivar-
oxaban replacing LMWH (including dalteparin) leads
to cost-savings of €11326 763 within 1year over a total of
8000 patients with cancer. This is the absolute maximum,
since it is not possible to treat each patient with rivarox-
aban from a clinical perspective. In practice, the market
share of rivaroxaban will be lower—despite the fact that
there are three other DOACs that could be prescribed—
because there are some clinical considerations that should
be taken into account. First, although DOACs have far
fewer drug interactions than VKAs, it should be noted that
rivaroxaban is metabolised by CYP3A4 enzymes.' Patients
with cancer, especially those with haematological cancer,
are at high risk for opportunistic and fungal infections,
for which they are often treated with CYP3A4 inhibitors
or inducers.”” For this reason, prescription of rivarox-
aban for the prevention of recurrent VIE in patients with
cancer must be done carefully.' This interaction does not
play a role in LWMH treatment.

Second, the balance between the risk of thrombosis
and the risk of bleeding should always be a consider-
ation in the prescription of anticoagulants. For example,
DOAG:s are not advised in patients with gastrointestinal
(GI) tumours, due to a higher risk of GI bleeding.*™"
Some prediction scores for primary prevention have been
developed to predict thrombosis risk in patients with
cancer, since thrombosis prophylaxis is most effective in
patients with an increased VIE risk. Unfortunately, for
cancer these scores have still not been shown to reliably
identify patients with the highest risk.”® Predictive scores
for bleeding, such as the HAS-BLED score used for atrial
fibrillation patients, are also needed.

A third consideration is the oral administration of
rivaroxaban. Although it is less burdensome than the
LMWH injections, oral administration can be problem-
atic in patients with anorexia and vomiting, which is often
seen as a side effect in cancer therapy."” Moreover, low
food intake might influence the metabolism of rivarox-
aban resulting in lower bioavailability.”” Lastly, adherence
is always a point of discussion, but since adherence to
current guidelines is often low,” we feel that adherence
to rivaroxaban might be relatively high than LMWHs due
to the more patientfriendly administration.

Our analysis is not without limitations. It should also be
noted that 58% of the patients included in the SELECT-D
trial had metastatic cancer, and thus results and conclu-
sions pertain mostly to severely ill patients. Also, the
majority (53%) of the initial VTE events were incidental
PE, related to CT imaging for tumour status.'” Addition-
ally, as with all cost-effectiveness models some assump-
tions were required due to lack of data.

We assumed that patients were treated with anticoagula-
tion over 6months, which is in line with the guidelines.*"
Previous studies have shown that adherence to these
guidelines is poor.® As seen in the study by Streiff et al,'
in practice, treatment with LMWH is often not 6 months,
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presumably due to the fact that LMWH injections are
burdensome, there are concerns about the bleeding
risk, and the complexity of the treatment of patients with
cancer.”® However, this recommended treatment period
was also notachieved in many patients treated with rivarox-
aban, which resulted in an average duration of 3 months.
We conducted a scenario analysis (scenario ) to assess
this difference in treatment duration (1 month of LMWH
vs 3months of rivaroxaban). These results favoured rivar-
oxaban because the incremental QALYs increased while
still being cost-saving. On the other hand, there are also
some clinical situations in which the treatment period
might be longer than 6 months: for example, in patients
with a recurrent VI'E event, patients with an active malig-
nancy, or patients receiving cancer treatment for their
malignancy beyond 6 months. Moreover, in the Nether-
lands anticoagulation is often continued after 6 months
of initial treatment in case the cancer is still active. Unfor-
tunately, we were unable to assess the effect of continued
anticoagulation treatment due to lack of data. However,
since rivaroxaban is associated with cost-saving results
during the first 6months, it is to be expected that during
a longer treatment period the cost-savings and health
gains will accrue even more compared with dalteparin.

In the univariate sensitivity analysis, we have shown
that the risks of MB and VTE for both rivaroxaban and
dalteparin have a high influence on the incremental
costs and QALYs. In the SELECT-D trial,"” the incidence
of symptomatic and fatal PE events was relatively higher
in patients treated with rivaroxaban. However, due to low
numbers of VTE observed in the SELECT-D triall,15 we
calculated the distribution of the type of VIE based on
the total number of events and assumed it to be equal
for both drugs. This may have led to an overestimation
of the effect of rivaroxaban compared with dalteparin,
since symptomatic and fatal PE events have a higher
impact on the costs and the patient’s health compared
with DVT and incidental PE. On the other hand, we used
this same approach to calculate the distributions of the
types of MB from the HOKUSAI VTE Cancer trial,'® in
which the patients treated with dalteparin had relatively
more severe MB events compared with the NOAC edox-
aban (ICH: 17.6% vs 6.1%, respectively). This results in
an underestimation of the number of MBs in dalteparin-
treated patients. We assessed the effect of using drug-
specific distributions of the type of VIE and MB in
scenario 6, showing an increase in incremental cost-
savings and QALYs compared with the base case analysis.
Therefore, we conclude that our approach of using equal
distributions of the types of VIE and MB for rivaroxaban
and dalteparin is conservative.

This study focuses on the secondary prevention of VITE,
based on the results of the SELECT-D and, partially, the
HOKUSAI VTE Cancer trials. However, recently, apix-
aban was also assessed in patients with cancer at risk of
recurrent VI'E and found to be non-inferior compared
with dalteparin.”* Moreover, the AVERT and CASSINI
trials have shown that apixaban and rivaroxaban are also

effective as a primary prophylaxis of VIE in patients with
cancer compared with a placebo.*™* Based on these two
studies, clinicians may consider DOAC prophylaxis in
some of their patients with cancer.” Therefore, future
research is needed to assess if DOACs are also cost-
effective for the primary prevention of VIE.

CONCLUSION

Treatment with rivaroxaban is dominant (cost-saving
while slightly improving the patient’s health and quality
of life) over dalteparin in patients with cancer at risk for
recurrent VIE in the Netherlands. The use of rivarox-
aban instead of LMWH (including dalteparin) can save
more than €11 million per year, which is primarily driven
by the difference in treatment costs. Since treatment with
rivaroxaban is economically dominant compared with
dalteparin and its oral administration is more convenient
than daily subcutaneous injection, it is logical that certain
patients with cancer can benefit from DOAC treatment
and provide savings to the healthcare system.
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Table S1. Transition probabilities used in the cost-effectiveness model

| Rivaroxaban (95% ClI) | LMWH (95% CI) | Distribution | Reference
Recurrent VTE
0-6 months 0.040 (0.020 — 0.090) | 0.110 (0.070 — 0.160) Beta 1]
6—-12 months 0.040 (0.031 - 0.050) Beta [2]
1-2 years 0.034 (0.027 - 0.042) Beta [2]
2-3 years 0.021 (0.014 - 0.029) Beta [2]
3—4 years 0.016 (0.009 — 0.026) Beta [2]
4-5 months 0.013 (0.006 — 0.024) Beta [2]
Type of recurrent VTE
Symptomatic PE 17.4% (a=4,B=19) Dirichlet [1]
Incidental PE 30.4% (a=7,B=16) Dirichlet [1]
DVT 43.5% (a =10, B =13) Dirichlet [1]
Fatal PE 8.7% (a=2,B=21) Dirichlet [1]
MB
0-6 months 0.060 (0.030-0.110) |  0.040 (0.020 - 0.080) Beta 1]
Beyond 6 months Beta [3]
0.008 (0.006 — 0.010)
treatment
Type of MB
ICH 10% (o =5, B =45) Dirichlet [3]
Non-ICH MB 86% (0= 43, B =7) Dirichlet 3]
Fatal MB 4% (o =2, B =48) Dirichlet [3]
CRNMB
0-6 months 0.130 (0.090 — 0.190) | 0.040 (0.020 — 0.090) Beta [1]
Beyond 6 months Beta [3]
0.008 (0.006 — 0.010)
treatment
PTS
0-6 months 0.015 (0.011-0.019) Beta [4]
6—12 months 0.012 (0.009 - 0.015) Beta [4]
12-18 months 0.008 (0.006 — 0.010) Beta [4]
18-24 months 0.025 (0.023 - 0.019) Beta [4]
24-30 months 0.011 (0.008 — 0.014) Beta [4]
30-36 months 0.006 (0.005 — 0.008) Beta [4]
3-4 years 0.001 (0.0008 — 0.0013) Beta [4]
4-5 years 0.001 (0.0008 —0.0013) Beta [4]
CTEPH (annual risk) 0.0057 (0.0002 - 0.012) Beta [5]
Mortality (annual risk)
0-1 years 0.230 (0.200 - 0.390) Beta [6]
1-2 years 0.104 (0.088 — 0.180) Beta [6]
2-3 years 0.058 (0.055 - 0.120) Beta [6]
3-4 years 0.046 (0.043 - 0.068) Beta [6]
4-5 years 0.032 (0.030-0.073) Beta [6]
Relative risk of recurrent VTE, MB, and CRNMB for LMWH versus placebo, used in scenario 5
Recurrent VTE (any) 5.170 Fixed [7]
MB 0.242 Fixed [7]
CRNMB 1.000 Fixed [7]
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Drug-specific distribution of the type of VTE, used in scenario 6
Symptomatic PE 28.6% (=2, =5) 12.5% (=2, B =14) Dirichlet [1]
Incidental PE 143% (a=1,B=6) 37.5% (=6, B =10) Dirichlet [1]
DvT 42.9% (0=3, B=4) 43.8% (0=7,Bp=9) Dirichlet 1]
Fatal PE 143% (a=1,B=6) 6.3% (a=1,B=15) Dirichlet [1]
Drug-specific distribution of the type of MB, used in scenario 6
ICH 6.1% (a=2, B =31) 17.6% (o =3, B =14) Dirichlet [3]
Non-ICH MB 93.9% (a=31,B=2) 70.6% (=12, B =5) Dirichlet [3]
Fatal MB 0% (=0, B =33) 11.8% (a=2, B =15) Dirichlet [3]

Abbreviations: Cl, confidence interval; CRNMB, clinically relevant non-major bleeding; CTEPH, chronic thromboembolic
pulmonary hypertension; DVT, deep vein thrombosis; ICH, intracranial haemorrhage; LMWH, low-molecular weight heparin;
MB, major bleeding; PE, pulmonary embolism; PTS, post-thrombotic syndrome; SE, standard error; VTE, venous
thromboembolism
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Table S2. Costs included in the cost-effectiveness model (Euros, 2019)

| Value (95% CI)

Distribution | Reference

Event costs

Recurrent VTE

Symptomatic PE €4,717 (€2,364 — €7,868) Gamma [1]

Incidental PE €0 Fixed Assumption

DVT €663 (€464 — €862) Gamma [1]
Fatal recurrent VTE , €4,717 (€2,364 — €7,868) Gamma [1]
ICH acute care costs €22,769 (€11,644 — €31,175) Gamma [2]
ICH long-term costs (monthly) €637 (€319-€1,063) Gamma [1]
Non-ICH MB €10,685 (€5,356 —€17,824) Gamma [1]
Fatal MB €10,685 (€5,356 — €17,824) Gamma [1]
CRNMB €274 (€137 — €457) Gamma [1]
PTS €1,431 (€717 —€2,387) Gamma [1]
CTEPH acute care costs €7,843 (€3,931 -€16,433) Gamma [1]
CTEPH long-term costs (monthly) €89 (€45 —€149) Gamma [1]
Treatment costs
Drug cost (daily)

LMWH , €9.93 Fixed [3]

Rivaroxaban 15 mg €4.58 Fixed [3]

Rivaroxaban 20 mg €2.29 Fixed [3]
Treatment duration (days)

LMWH 183 (137 - 228) Gamma [4]

Rivaroxaban 15 mg 21 (16-26) Gamma [4]

Rivaroxaban 20 mg 162 (121-202) Gamma [4]
LMWH administration costs

Costs for home caregiver (per hour) €59.34 (€44.51 - €74.18) Gamma [5]

Duration of at home administration (hour) 0.25(0.19-0.31) Gamma Assumption

Hospitalisation duration PE (days) ¢ 6.6 (5.0-8.3) Gamma [6]
Renal monitoring . €1.64 (€1.23 —€2.05) Gamma [7]
Indirect costs
Travel costs

Cost per km €0.20 (€0.15 — €0.25) Gamma [8]

Distance to hospital (km) 7 Fixed [8]

Distance to GP (km) 1.1 Fixed [8]
Informal care costs

PE €1,515 (€1,136 — €1,894) Gamma [5,9]

DvVT €233 (€175 -€291) Gamma [5,9]

ICH (acute informal care costs) €1,515 (€1,136 — €1,894) Gamma [5,9]

ICH (long-term informal care costs, €626 (€470 — €783) Gamma [10]

monthly)

Non-ICH MB €758 (€568 — €947) Gamma [5,9]

CRNMB €117 (€87 —€146) Gamma [5,9]

Abbreviations: Cl, confidence interval; CRNMB, clinically relevant non-major bleeding; CTEPH, chronic thromboembolic
pulmonary hypertension; DVT, deep vein thrombosis; GP, general practitioner; ICH, intracranial haemorrhage; LMWH, low-
molecular weight heparin; MB, major bleeding; PE, pulmonary embolism; PTS, post-thrombotic syndrome; VTE, venous

thromboembolism
aAssumed to be equal to the costs of non-fatal PE
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»Based on an average weight between 69 and 82 kg.
¢ Based on DRG code 070419 and only taken into account for rivaroxaban treated patients
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Table S3. Utility values included in the cost-effectiveness model

| Value (95% CI) | Distribution | Reference

Utilities
Index VTE

0-1 month 0.565 (0.501 - 0.620) Beta [1]

1-2 months 0.655 (0.585—0.713) | Beta [1

2-3 months 0.674 (0.606 — 0.729) Beta [1]

3-4 months 0.698 (0.635—0.750) | Beta [1

4-5 months 0.707 (0.645 —0.758) Beta [1]
Baseline utility 6 months after index VTE 0.715 (0.646 —0.770) | Beta [1]
Recurrent VTE

DVT 0.605 (0.514—-0.678) | Beta [1]

Non-fatal symptomatic PE 0.621 (0.477 —0.725) | Beta [1]

Non-fatal incidental PE 0.664 (0.615—-0.707) | Beta [1]
Non-ICH MB 0.593 (0.461 - 0.693) Beta [1]
CRNMB 0.622 (0.568 —0.669) | Beta [1]
Utility decrements
Recurrent VTE within first six months after index VTE

DVT 0.040 (0.000 — 0.158) Beta [1]

Symptomatic PE 0.024 (0.000 - 0.195) Beta [1]

Incidental PE 0.189 (0.021 — 0.404) Beta [1]
ICH 0.380 (0.285—0.475) Beta [2]
Severe PTS (<6 months after diagnosis) 0.186 (0.090 —0.280) | Beta [1]
Severe PTS (>6 months after diagnosis) 0.070 (0.053 —0.088) Beta [2]
CTEPH

0-1 year 0.194 (0.071 -0.303) Beta [3]

1-4 years 0.109 (0.000—0.244) | Beta [3]

4-5 years 0.079 (0.000-0.277) | Beta 3]

Abbreviations: Cl, confidence interval; CRNMB, clinically relevant non-major bleeding; CTEPH, chronic thromboembolic

pulmonary hypertension; DVT, deep vein thrombosis; ICH, intracranial haemorrhage; MB, major bleeding; PE, pulmonary

embolism; PTS, post-thrombotic syndrome; VTE, venous thromboembolism
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Probabilistic Sensitivity Analysis 6 month time horizon
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Figure S1. Probabilistic sensitivity analysis with six-month time horizon (scenario 1). The red mark represents the
deterministic incremental cost-effectiveness ratio. Abbreviation: QALY, quality adjusted life-year
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Tornadodiagram fromthe univariate sensitivity analysis - incremental costs
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Figure S2. Tornado diagram from the univariate sensitivity analysis for scenario 1 showing the impact of parameters on
the incremental costs. Abbreviations: MB, major bleeding; PE, pulmonary embolism; VTE, venous thromboembolism
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Tornadodiagram fromthe univariate sensitivity analysis - incremental QALYs
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Figure S3. Tornado diagram from the univariate sensitivity analysis for scenario 1 showing the impact of parameters on
the incremental QALYs. Abbreviations: CRNMB, clinically relevant non-major bleeding; ICH, intracranial haemorrhage; MB,
major bleeding; PE, pulmonary embolism; VTE, venous thromboembolism
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