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ABSTRACT

Introduction: While trials have demonstrated non-inferiority of direct oral anticoagulant drugs (DOAC) to low-molecular-weight heparins (LMWH) for the treatment
of cancer associated thrombosis (CAT), it is unclear if the newer intervention is cost-effective.

Methods: We performed a cost-utility analysis using a Markov state-transition model over a time horizon of 60 months in a hypothetical cohort of 65-year-old patients
with active malignancy and first acute symptomatic CAT who were eligible to receive either rivaroxaban/edoxaban or dalteparin. We obtained transition probability,
relative risk, cost, and utility inputs from the literature. We estimated the differential impact on costs and quality-adjusted life years (QALYs) per patient and
performed one-way and probabilistic sensitivity analyses to test the robustness of results.

Results: Using the base-case analysis over 60 months, DOAC versus dalteparin was associated with an incremental cost reduction of $24,129 with an incremental
QALY reduction of 0.04. In the one-way sensitivity analysis, the cost of dalteparin contributed the most to the incremental cost difference; relative risk of death
related to underlying cancer contributed the most of the incremental QALY difference. The probabilistic sensitivity analysis confirmed the base-case analysis, with a
large reduction in cost but small reduction in QALYs.

Conclusion: Rivaroxaban or edoxaban as compared to dalteparin is cost saving from a payer's perspective for the treatment of CAT. Professional organizations and

healthcare systems may want to consider this analysis in future practice recommendations.

1. Introduction

Cancer associated thrombosis (CAT) is associated with increased
morbidity and mortality [1]. Low-molecular-weight heparins (LMWHs)
such as dalteparin have been the standard of care for the treatment of
CAT [2]. LMWHs have been shown to reduce venous thromboembolism
(VTE) recurrence rate compared to warfarin in multiple studies [3,4].
However, LMWHs require daily to twice daily subcutaneous injections,
are more costly than oral drugs, and are associated with poor long-term
adherence [5]. Recently, two randomized controlled trials compared
direct oral anticoagulants (DOAC including edoxaban and rivaroxaban)
versus LMWH (dalteparin) for the treatment of CAT [6,7]. The results of
the two studies were very similar. A meta-analysis comparing the two
treatment strategies showed an overall reduced incidence of VTE but an
increased risk of bleeding with no significant difference in survival [8].

Due to the trade-off between the risk of recurrent VTE and bleeding,
many medical institutions remain ambivalent to embrace DOAC for the
treatment of CAT. Furthermore, whether quality adjusted life years
(QALYs) differ and whether it is cost effective from a payer's

perspective remain unclear. In this study, we performed a cost-utility
analysis comparing these treatment regimens in adult patients with
CAT.

2. Methods
2.1. Target population and model overview

We constructed a Markov state-transition model to evaluate the cost
utility of DOAC versus dalteparin for the treatment of CAT over a 60-
month time horizon (Fig. 1). We used a hypothetical cohort of 65-year-
old patients with active malignancy and first acute symptomatic VTE
who were eligible to receive either drug. We did not include warfarin in
the comparison because it is not considered as current standard of care
for CAT treatment in the US. The transition states for the model in-
cluded on anticoagulant treatment, off anticoagulant treatment, re-
current pulmonary embolism (PE), recurrent deep vein thrombosis
(DVT), intracranial hemorrhage (ICH), non-ICH major bleeding (MB),
clinically relevant non-major bleeding (CRNMB), PE-related death, MB-
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Fig. 1. Markov transition-state diagram.
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This diagram presents all potential health states that a patient may occupy while in the model. Arrows indicate potential health state transitions of patients. Patients
are exposed to risks of recurrent PE, recurrent DVT, CRNBM, MB, ICH, PE-related death, MB-related death, and non-PE/non-MB-related death. The states of PE, DVT,
ICH, MB, and CRNMB were temporary states where patients only spent a single cycle (1 month) and then return to their originating health state. All death states were

self-absorbing.

related death, and non-PE/non-MB-related death. Among these, PE,
DVT, ICH, MB, and CRNMB were temporary states where patients only
spent a single cycle. The cycle length was chosen to be 1 month as a
clinically meaningful time interval to capture potential transitions. The
time horizon of 60 months was chosen as an approximation of “lifelong”
time frame because of a high overall mortality of 38% by 12 months
[6]. A 3% yearly discount for cost and quality were applied based on an
average of the US federal reserve primary and secondary credit interest
rates [9].

Our Markov model (Fig. 1) made several assumptions: 1) patients
existed in mutually exclusive states (i.e. could not have recurrent VTE
and bleeding simultaneously), 2) patients who experienced a recurrent
VTE event or CRNMB would return to the same anticoagulant “on
treatment” state after 1 cycle unless death had occurred, 3) patients
who experienced an ICH or MB would transition to an “off treatment”
state after 1 cycle unless death had occurred, 4) patients had higher
risks for recurrent VTE when “off treatment” than “on treatment” and
that risk varied according to the time away from the initial index event,
5) post-thrombotic syndrome (PTS) did not occur at clinically sig-
nificant rate due to high cancer mortality, 6) cancer mortality occurred
at a constant rate in all states, and 7) patients would discontinue an-
ticoagulant at a constant rate according to the rate reported in the
clinical trials and not influenced by cancer remission rate.

2.2. Model inputs

Model parameter inputs are shown in Supplemental Table 1.
Transition probabilities (TP), risk ratios (RR), and confidence intervals
(CD) for the VTE, bleeding, and mortality outcomes were derived from
an updated meta-analysis of the Hokusai-VTE and Select-D randomized
clinical trials [8]. The TP from “on treatment” to “off treatment” was
estimated from the number of patients that permanently discontinued
either study drug due to investigator decision, patient decision, patient
withdrawal, or other/unknown. Given the differential follow-up lengths

for the two studies, only events occurred during the first 6 months were
included in the meta-analysis (Table 1). Details regarding the sys-
tematic review for study inclusion was described previously [8]. For
updated data synthesis, RR estimation was performed with the Mantel-
Haenszel random effects model (DerSimonian-Laird analysis) [10]. TP
and RR for months 7-12 were derived directly from Hokusai-VTE study
and the same estimates were extrapolated to time horizon beyond
12months. The time-varying TP for recurrent VTE when off antic-
oagulant treatment was estimated from a large population study of
cancer patients [11]. Monthly TP was converted from total TP using the
formula: TP, = 1-(1-TP)"(1/t).

Cost estimates were derived from published literature and evaluated
from a payer's perspective to include direct medical cost related to
drugs and complications. Unit costs for edoxaban 30 mg and 60 mg
($11.22), rivaroxaban 15mg and 20mg ($13.97), and dalteparin
10,000 IU and 15,000 IU ($70.90, $106.35) were based on the whole-
sale acquisition cost (WAC) from the Red Book [12]. For edoxaban,
there was a lead-in phase of 5 days of dalteparin. For rivaroxaban, there
was a lead-in phase of 21 days of twice daily administration of rivar-
oxaban. For dalteparin, there was a lead-in phase of 30 days of higher
dose at 2001U/kg. An average of the edoxaban and rivaroxaban total
drug costs were used for the DOAC arm. Patients were assumed to
weigh an average of 70kg and used 15,0001IU daily of dalteparin
during the lead-in phase and 10,000 IU of dalteparin during the sub-
sequent cycles. Adverse event costs for recurrent VTE and bleeding
episodes were obtained from Preblick et al. where the cost per stay
estimates were derived from the Premier Hospital Database and post-
hoc analysis of the Hokusai-VTE study [13]. All cost estimates were
inflated to 2018 US dollars using the US Consumer Price Index for all
urban consumers' medical care [14].

Utility weights and CI ranges between 0 and 1 were derived from
the literature of general medical patients with VTE [15]. While the
previous utility study did not include cancer patients, the utility esti-
mates were very similar to a different study that did include cancer
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Table 1
Meta-analysis of rivaroxaban/edoxaban (DOAC) versus dalteparin (LMWH) during first 6 months of treatment.
DOAC Dalteparin RR*
Proportion Number Proportion Number

Cancer mortality (non-VTE, non-bleed, combined) 25.0% 181 24.2% 176 1.01 (0.79-1.28)
1-6 months (edoxaban vs. dalteparin) 25.9% 135 23.3% 122
1-6 months (rivaroxaban vs. dalteparin) 22.7% 46 26.6% 54

Pulmonary embolism (PE + DVT, combined) 3.7% 27 4.5% 33 0.78 (0.40-1.53)
1-6 months (edoxaban vs. dalteparin) 4.4% 23 4.6% 24
1-6 months (rivaroxaban vs. dalteparin) 2.0% 4 4.4% 9

Deep vein thrombosis only (DVT, combined) 2.1% 15 4.3% 31 0.49 (0.26-0.89)
1-6 months (edoxaban vs. dalteparin) 2.1% 11 4.2% 22
1-6 months (rivaroxaban vs. dalteparin) 2.0% 4 4.4% 9

Intracranial hemorrhage (ICH, combined) 0.3% 2 0.6% 4 0.50 (0.09-2.73)
1-6 months (edoxaban vs. dalteparin) 0.4% 2 0.8% 4
1-6 months (rivaroxaban vs. dalteparin) 0.0% 0 0.0% 0

Non-ICH major bleeding (MB, combined) 5.2% 38 2.6% 19 2.00 (1.17-3.44)
1-6 months (edoxaban vs. dalteparin) 5.2% 27 2.5% 13
1-6 months (rivaroxaban vs. dalteparin) 5.4% 11 3.0% 6

Clinically relevant non-major bleeding (CRNMB, combined) 12.3% 89 6.9% 50 2.14 (0.92-4.97)
1-6 months (edoxaban vs. dalteparin) 12.3% 64 8.2% 43
1-6 months (rivaroxaban vs. dalteparin) 12.3% 25 3.4% 7

Drug discontinuation due to choice or withdrawal (combined) 17.4% 126 28.9% 210 0.58 (0.41-0.82)
Overall (edoxaban vs. dalteparin) 16.7% 87 29.6% 155
Overall (rivaroxaban vs. dalteparin) 19.2% 39 27.1% 55

Adverse event mortality (combined)
Fatal PE (combined) 22.6% 7 13.5% 5 1.66 (0.58-4.72)
Fatal ICH (combined) 0.0% 25.0% 1 0.56 (0.03-9.73)
Fatal non-ICH MB (combined) 2.3% 1 8.7% 2 0.34 (0.05-2.53)

A meta-analysis was performed for various outcomes during the first 6 months of treatment using published data from Hokusai-VTE and Select-D randomized

controlled trials via the Mantel-Haenszel random effects model.

patients [16]. Both studies used time trade-off techniques but the first
study interviewed patients who experienced treatment associated
complications rather than imagined health states. As such, we used a
baseline utility of 0.95 according to the reference study [15]. Both drug
treatments were similarly assigned a base utility of 0.95 because several
studies showed that LMWH was not associated with significant dis-
utility compared to placebo as measured by EQ-5D-3L [17,18]. We used
the average estimates from gastrointestinal and muscular bleeding for
the utility of MB [15].

2.3. Base case and sensitivity analyses

For base case analysis, the cumulative cost and quality-adjusted life-
years (QALYs) were estimated for each treatment over the time horizon.
The incremental cost effectiveness ratio (ICER) was calculated as the
difference in cost over the difference in QALYs, if such calculation
proved to be meaningful. Half-cycle correction was not performed given
the short cycle length of 1 month.

We performed one-way deterministic sensitivity analyses separately
for QALY and cost outcomes to assess the impact due to variations from
different estimate inputs. The upper and lower bounds of the 95% CI
were used if such data were available from literature. Otherwise, the
variations were assumed to be + 20% from the mean value.

We performed a probabilistic sensitivity analysis (PSA) using Monte
Carlo simulation over 1000 times to generate the cost-effectiveness (CE)
plane. The distributions assumed for the input parameters were gamma
(cost), beta (utility weights and TP), and log-normal (RR). The standard
errors were derived from the 95% CI and alpha/beta parameters were
estimated using method of moments. We performed additional sensi-
tivity and subgroup analyses based on relevant clinical scenarios. All
data analyses were performed in Microsoft Excel for Mac 16.17.
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3. Results
3.1. Base case analysis

The study input parameters, ranges, and references are shown in
Supplemental Table 1. The meta-analysis results for the first 6 months
are shown in Table 1. The base case analyses for both data-driven
(12 months) and extrapolated (60 months) time horizons are shown in
Table 2. Over a period of 5 years, DOAC as compared to dalteparin were
associated with 14 fewer PEs, 62 fewer DVTs, 2 fewer ICH, 42 more
non-ICH MB, and 111 more CRNMB per 1000 patients. Mortality was
similarly high in both interventions. DOAC as compared to dalteparin
had 5 more PE-related deaths, 2 fewer MB-related deaths, and 5 more
non-PE/non-MB related deaths.

The total cost per patient over 60 months was $11,452 for the DOAC
arm and $35,581 for the dalteparin arm (incremental cost difference of
-$24,129 per patient). The QALY per patient was 1.76 for DOAC and
1.80 for dalteparin (incremental QALY difference of —0.04). The esti-
mated ICER was $623,459 and represented cost saved per QALY lost.

3.2. Sensitivity analysis

Due to the unstable ICER estimate driven by negligible differences
in QALY, we performed separate one-way deterministic sensitivity
analyses for incremental cost and incremental QALY differences. By
changing one input parameter at a time using both the upper and lower
bounds of the estimate (Supplemental Table 1), we were able to detect
input parameters associated with significant outcome changes. In this
analysis, the only input parameter that would significantly change the
incremental cost was the cost of dalteparin (Fig. 2 left) and the only
ones that would significantly change the incremental QALY were the
relative risk of death from cancer and relative utility values of DOAC
versus dalteparin (Fig. 2 right). Given the lack of mortality difference
associated with either treatment, patients would have an overall higher
incremental QALY if the oral DOAC contributed to a higher quality of
life than subcutaneous dalteparin. In the probabilistic sensitivity
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Table 2
Base case analysis for 12- and 60-month time horizons.
DOAC Dalteparin  DOAC Dalteparin
Number of events (per 1000
patients)
Time horizon 12-month  12-month  60-month  60-month
Recurrent PE 43 54 78 92
Recurrent DVT 32 62 85 147
ICH 2 4 2 4
Non-ICH MB 54 27 83 41
CRNMB 177 102 320 209
PE- deaths 9 7 17 12
MB-deaths 2 3 3 5
Non-PE/non-MB-deaths 380 375 862 857
Cost
Total cost per patient $6239 $19,337 $11,452 $35,581
Health outcomes
Life years per patient 0.76 0.76 1.86 1.90
QALYs per patient 0.71 0.72 1.76 1.80
Cost effectiveness
A Cost —$13,099 -$24,129
A QALY 0.00 —0.04
ICER $2,861,615 $623,459

PE = pulmonary embolism, DVT = deep vein thrombosis, ICH = intracranial
bleeding, MB = major bleeding, CRNMB = clinically relevant nonmajor
bleeding, QALY = quality adjusted life year.

analysis (PSA), DOAC versus dalteparin appeared to be cost saving at
—$23,892 (95% CI —29,743 to —18,350) with minimal differences in
QALY at —0.05 (95% CI —0.36 to 0.23) with an ICER of $439,957
(Fig. 3).

We performed two additional sensitivity analyses based on various
clinical scenarios. First, we substituted the cheaper enoxaparin (gen-
eric) for dalteparin (trial study drug) in an additional deterministic
sensitivity analysis and found that DOAC vs. enoxaparin had a cost
difference of -$17 and QALY difference of —0.04 per patient over
60 months (ICER $445). Second, we performed a subgroup analysis
based on available bleeding outcomes data from patients with and
without gastrointestinal malignancies [19]. In the post-hoc analysis of
the Hokusai VTE Cancer study, patients without gastrointestinal ma-
lignancy had 18/357 (5.04%) MB in the edoxaban arm and 19/384

One-Way Sensitivity Analysis for Incremental Cost

-$25,000

Cost for Dalteparin

RR for death

Cost of DOAC

Non-adherence %

Overall death %

-$35,000 -$30,000 -$20,000
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RR of PE-related death

Fig. 2. One-way deterministic sensitivity analysis for incremental cost and QALY
The tornado diagrams represent the results of the deterministic sensitivity analyses and depict the key parameters that had the greatest impact on incremental cost
difference or quality-adjusted life year (QALY) difference. The boxes to the right and left of the tornado diagram represent the ranges tested for that parameter
detailed in the description. While one-way sensitivity analysis was conducted for all input parameters, only the 5 most significant one-way deterministic sensitivity

analyses are shown in the above diagram.
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(4.95%) MB in the dalteparin arm by 12 months. This would translate to
a baseline monthly TP of 0.43% for edoxaban and 0.42% for dalteparin
(RR 1.02, 95% CI 0.54-1.91). Our deterministic analysis in this scenario
showed a cost reduction of -$24,620 and a QALY decrement of —0.03
over 60 months (ICER $730,183) among patients without gastro-
intestinal malignancies.

4. Discussion

In our cost-utility analysis of different anticoagulant regimens for
the treatment of CAT, we found a consistent cost saving with no clini-
cally meaningful differences in QALY for DOAC versus dalteparin. We
believe the results of this cost-utility analysis can help policy-makers
decide how patients with cancer would benefit from different antic-
oagulant treatment for CAT.

From an efficacy perspective, after accounting for differential ad-
herence of the two interventions, DOAC was associated with fewer VTE
and ICH but more non-ICH MB and CRNMB. In a sensitivity analysis,
the MB events were lower in the subgroup of patients without gastro-
intestinal malignancies. Due to the low PE- and MB-related deaths and
the similar dis-utilities assigned to VTE and MB, the small differences in
survival or QALYs between DOAC and dalteparin are caused by the high
probability of early cancer mortality and the uncertainties associated
with the relative risk of death (1.01 (95% CI 0.79-1.28)). Based on the
sensitivity analysis, QALY can also be affected by the utility weights
assigned to the LMWH treatment. It is well known that adherence to
LMWH treatment outside of clinical trials is poor as a result of patient
and physician preferences [5,20]. These preferences may be under-
captured by the standard domains of the EQ-5D questionnaires. Future
studies are needed to directly assess patients' preferences and values for
DOAC versus LWMH as small changes in the utility weight for either
intervention could drastically change the QALY difference.

From a cost perspective, DOAC was associated with significantly
lower total cost per patient compared to dalteparin. This difference was
driven by the price of dalteparin in the US as shown in the sensitivity
analysis. We must remember two important facts: 1. The price of dal-
teparin (non-generic) in the US is likely much higher than many other
countries, and 2. Clinicians commonly substitute the cheaper en-
oxaparin (generic) even if the clinical trials used dalteparin as the drug

One-Way Sensitivity Analysis for Incremental QALY
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Fig. 3. Probabilistic sensitivity analysis (PSA) of the cost-ef-
fectiveness plane

The cost-effectiveness plane represents the resulting incre-
mental cost and incremental effect (quality adjusted life year
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of choice (enoxaparin WAC is $15 for 100 mg). Based on our sensitivity
analysis, DOAC would have very similar benefit and cost as enoxaparin
if the latter were extrapolated to have the exact same effect as dalte-
parin.

We performed our analysis over the assumed life time of an average
patient with cancer. Our life-time (60-month) horizon may be un-
realistic. Cancer-related mortality tends to be very high upfront and
VTE recurrence after initial year can to be variable depending on cancer
progression (higher rate) or cure (lower rate). Furthermore, the rate of
anticoagulation treatment discontinuation is likely much higher than
simulated after the first 12 months. Therefore, it is challenging to pre-
dict either the treatment adherence or outcome occurrence due to the
heterogeneity of cancer outcomes. Recognizing these limitations, both
the 60-month (extrapolated) and the 12-month (data driven) horizons
showed a consistent cost saving for DOAC versus dalteparin with no
noticeable difference in QALYs in our analysis (Table 2). This finding
reassures us that differential time horizons and variabilities in cancer
survival rate in real life are likely to impact the magnitude but not
consistency of our results.

There are limitations associated with our study. First, we extra-
polated the cost and utility values from the general medical patients to
cancer patients with VTE. While the associated admission cost would be
higher and the baseline utility lower in cancer patients, the relative
difference between the two intervention arms were likely be negligible
[21]. Standard errors and confidence intervals for some estimates were
assumed rather than derived from data; however, as shown in the one-
way sensitivity analyses, small variations were unlikely to significantly
alter the findings. We did not account for the dis-utilities associated
with PTS because we assumed that patients did not live long enough to
suffer from it. We also did not assign permanent dis-utilities to ICH
given the small number of patients with this particular complication in
each arm. We assumed that patients who experienced a recurrent VTE
event would return to the same anticoagulant at the same dose for
simplicity although it is likely that they would be switched to an al-
ternative treatment based on the physician's choice. Due to the lack of
access to individual patient data, we used the Markov model to assess
the population average instead of the patient-level simulation to ac-
count for patient heterogeneity. Finally, the probabilities of mortality
and adverse events are derived directly from trial data. These are likely
to be under-estimates when compared to baseline probabilities ob-
tained from epidemiology studies due to the selection for patients po-
tentially at lower risk of bleeding.
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1 or QALY) differences from 1000 bootstrapped simulations
from varying input parameters. The width of the plots re-
presents the 95% confidence interval of the probabilistic es-
timate. According to the PSA, DOAC was associated with
significantly lower cost than dalteparin and was not asso-
ciated with differences in QALY.

5. Conclusion

In conclusion, we found that DOAC (rivaroxaban and edoxaban)
was cost saving from a payer's perspective with a very small decrement
in QALYs when compared to dalteparin for the treatment of CAT.
Professional organizations and healthcare systems may want to con-
sider this analysis in future practice recommendations.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.thromres.2019.05.012.
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