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Abstract
Venous thromboembolism is highly prevalent in lung cancer patients. Low molecular weight heparins are recommended for 
long term treatment of cancer associated venous thromboembolism. Direct oral anticoagulants are however an interesting 
alternative as they are administered orally and don’t require monitoring. There are currently studies comparing both their 
efficacy and tolerance for cancer patients and more and more guidelines suggest considering direct oral anticoagulants for 
cancer associated venous thromboembolism treatment. The objective of this study was to evaluate the budgetary impact that 
direct oral anticoagulants use would have for lung cancer associated venous thromboembolism treatment and prevention in 
France. An economic model was made to evaluate the cost of venous thromboembolism treatment and prevention among 
patients with primary lung cancer in France by two strategies: current guidelines versus direct oral anticoagulants use. The 
model was fed with clinical and economic data extracted from the French national health information system. The analysis 
was conducted from the national mandatory Health insurance point of view. The time horizon of the study was the evaluation 
of the annual management cost. Lung cancer associated venous thromboembolism management’s mean cost was estimated of 
836€ per patient, that is a total cost of about 40 million euros per year at a national level. A 76% decrease of this cost can be 
expected with direct oral anticoagulants use. However, despite their benefits, these treatments raise new issues (medication 
interactions, bleeding management), and would likely not be recommended for all patients.

Keywords Lung cancer · Venous thromboembolism · Anticoagulant therapy · Direct oral anticoagulant · Economic impact

Highlights

• Direct oral anticoagulants are an attractive alternative to 
low molecular weight heparins.

• Lung cancer associated venous thromboembolism’s costs 
were estimated at 836€ per patient.

• A decrease up to 76% of this cost can be expected with 
direct oral anticoagulant use.

Introduction

Venous thromboembolism (VTE), which includes both deep 
vein thrombosis (DVT) and pulmonary embolism (PE), is a 
frequent disease among patients with lung cancer, more than 
8% of patients experience VTE during the year following 
cancer diagnosis in France according to our previous work 
[1]. Lung cancer is the most frequent cancer localization in 
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France, 49,000 incident cases were estimated in 2017 [2]. 
Lung cancer prognosis is poor with a 5‑year median survival 
time of only 17% [2].

Cancer is a major VTE risk factor; especially during the 
month following cancer diagnosis [3], 15 to 20% of all VTE 
events are associated with cancer [4]. This risk is due to can‑
cer itself as well as to the exposure to some thrombogenic 
factors such as surgery, trauma, and immobilization [5]. 
There are specific recommendations for cancer associated 
VTE treatment and prevention [6], which are demanding 
for patients and require many healthcare resources [7]. Low 
molecular weight heparin injections (LMWH), with a cura‑
tive dose, are recommended for 7 to 10 days as initial treat‑
ment. Unlike for non‑cancer associated VTE, this treatment 
should be continued for 3 to 6 months. Treatment can then 
be stopped if it was the first VTE event and if the cancer is 
non‑evolutive and untreated, otherwise anticoagulation must 
be continued, and it can be switched to an oral therapy with 
a vitamin K antagonist (VKA) or a direct oral anticoagulant 
(DOAC).

Heparins are also recommended as primary prophylaxis 
for cancer associated VTE during hospitalization. In the con‑
text of oncologic surgery, prophylaxis is also recommended 
for at least 7 to 10 days and can be continued for 4 weeks. 
Prevention with a LMWH is suggested to be considered dur‑
ing the course of chemotherapy, in regards of the bleeding 
risk, when lung cancer is locally advanced or metastatic [6, 
8].

DOACs are an attractive treatment compared to LMWHs 
as they are administered orally and not injected subcuta‑
neously, and they don’t require any monitoring. They are 
currently not recommended for cancer associated VTE treat‑
ment [8, 9], but if they proved to be as effective and well tol‑
erated as LMWHs, they could improve the patient’s care and 
quality of life. More and more guidelines suggest consider‑
ing them for patients with a stable cancer who are not under 
chemotherapy and when VKAs are not an option. A careful 
selection of eligible patients must be performed [10, 11]. 
Guidelines on PE management have been recently updated 
and recommend to consider using edoxaban or rivaroxaban 
as an alternative to LMWHs for cancer patients except in 
case of gastrointestinal cancer [12].

DOACs are a well‑established interesting alternative 
to VKAs in VTE treatment for non‑cancer patients. Some 
meta‑analyses conducted on cancer subgroups in rand‑
omized clinical trials suggest they are also non inferior to 
VKAs for cancer associated VTE treatment [13]. However, 
VKAs are not the standard treatment for these patients and 
there is scarce data comparing DOACs to long term treat‑
ment with LMWHs in terms of tolerance and efficacy. Stud‑
ies evaluating DOACs in cancer associated VTE are cur‑
rently emerging with promising results in terms of efficacy, 
but a concern remains regarding the bleeding risk [14].

Some authors suggest that LMWHs could be switched to 
DOACs for some patients, especially for those with stable 
cancer under oral chemotherapy, maintenance intravenous 
chemotherapy, after immunotherapy or if they have a long 
life‑expectancy. The switch should then be made according 
to the patients’ wishes in regards of medication interactions 
and renal and hepatic functions [7].

Cancer associated VTE treatment is not easy as it must 
balance the bleeding risk induced by anticoagulants in a 
population already at high risk. New studies emerging are 
questioning the current guidelines by evaluating the use of 
DOACs, which are of simpler use [15]. The results of these 
studies could have great impact for cancer patients’ care. 
As cancer associated VTE is a frequent disease, we wonder 
what the economic impact of such a change in the current 
guidelines would be.

The primary objective of this study was to evaluate 
the preventive and curative cost of VTE management for 
patients with lung cancer in France according to the current 
guidelines and to model the economic impact of DOAC use. 
The secondary objective was to describe the evolution of 
DOAC’s prescriptions frequencies for these patients.

Methods

Budgetary impact evaluation

Economic model

An economic model was computerized with Microsoft Excel 
(Microsoft Corp, Remond, WA) to evaluate the cost of VTE 
treatment and prevention among patients with primary lung 
cancer in France by two strategies: current guidelines versus 
DOAC use. French health authority and economic society 
guidelines for economic analyses were followed [16, 17]. 
The model was fed with clinical and economic data for 
both scenarios in order to evaluate the budgetary impact of 
DOAC use. The analysis was conducted from the national 
mandatory Health insurance point of view. The time horizon 
of the study was the evaluation of the annual management 
cost.

Population, clinical and therapeutic data

Data from a national epidemiological study conducted with 
an insurance claims database, the échantillon généraliste des 
bénéficiaires (EGB) was used to model the natural course 
of the disease and its management. The EGB is an anony‑
mous permanent random sample (1/97th), extracted from 
the total population database recorded by the French man‑
datory Health insurance system, which is representative of 
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this population. The data is made available to accredited 
researchers and contains individual, exhaustive and linkable 
but anonymous data [18]:

– Patients’ characteristics such as sex, age, date of birth and 
death;

– French Diagnosis‑Related Group prospective payment 
system which collects main and associated diagnoses 
encoded using the International Classification of Dis‑
eases 10th revision (ICD‑10), and procedures performed 
during hospital stays (in all public and private hospitals), 
using the French common classification system for medi‑
cal procedures (CCAM);

– the reimbursement data for out‑of‑hospital care (consul‑
tations, procedures, drugs);

– the codes for long‑term illnesses (ALD), which provide 
patient coverage.

Various control procedures are regularly conducted to 
ensure the quality of these data. The reliability of the French 

Health insurance system database, has been established in 
recent studies [19], including ours, initially including only 
the hospital database but more recently the whole database 
[20–26].

The model evaluates the annual management cost for the 
49,000 patients diagnosed with primary lung cancer each 
year in France (2017 incidence [2]). The first therapeutic 
strategy is in accordance with current guidelines. The second 
therapeutic strategy introduces the possible use of DOACs. 
Both therapeutic strategies are detailed in Fig. 1.

For both strategies:

– The number of patients to treat for a VTE is estimated 
with the proportion of patients who presented VTE in 
the EGB‑based epidemiologic study, including VTE 
diagnosed concomitantly with cancer diagnosis, that 
is 9.5%. Among these patients, the number of patients 
with renal insufficiency is also estimated with the pro‑
portion found in the EGB‑based study, that is 3.5%. A 
total treatment duration of 6 months was chosen for the 

Fig. 1  Strategies compared for 
preventive and curative manage‑
ment of lung cancer associated 
VTE
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primary analysis. A ten days long initial treatment with 
heparin was defined when followed with VKAs with an 
eight days long overlapping period. Hospitalization was 
defined to last seven days as it is the mean duration of 
hospital stays for lung cancer patients in France [27]. For 
the second strategy with DOAC use, the primary analysis 
was conducted for an initial VTE treatment with DOAC 
for patients with normal renal function.

– The number of patients eligible for pharmacological 
VTE prevention was assessed according to the propor‑
tion of patients undergoing surgery or chemotherapy for 
a metastatic cancer found in the EGB‑based study, that is 
respectively 38% and 45%. For chemotherapy, this pro‑
portion was weighted with the proportion of patients at 
high thrombotic risk (estimated of 45% according the 
CANTARISK study [28]), a final proportion of 22.5% 
was therefore defined for chemotherapy eligible patients. 
The duration of preventive anticoagulation was defined 
of 90 days for chemotherapy as protocols are made of 
at least 4 cycles of 21 days [29, 30]. For surgery associ‑
ated prevention, a 4‑week anticoagulation was defined 
for the primary analysis, with a 12‑day hospital stay after 
surgery, according to the mean length of stay for respira‑
tory cancer surgeries [27]. The annual number of hospi‑
talizations for lung cancer patients—excluding surgical 
stays—is estimated of 230,000, with a 7‑day long mean 
length of stay [27].

Costs

Medication and medication‑associated resources (adminis‑
tration, biological monitoring) were identified and measured 

for each scenario. The place of medication administration 
(hospital or ambulatory) was considered for the costs calcu‑
lation as the individual costs are different for medication as 
well as nurse time. All resources were priced according to 
national fixed prices for medication and medical acts. The 
pricing is detailed in Table 1.

The LMWH chosen for VTE treatment was tinzaparin as 
it has a marketing authorization for long‑term use in cancer 
patients and it can be administered once a day, which fits to 
ambulatory use. The LMWH chosen for VTE prevention 
was enoxaparin as it is the most used LMWH for preven‑
tion in France [31]. As apixaban and rivaroxaban have very 
similar daily costs, their mean costs were used for DOAC 
VTE treatment and prevention.

LMWH administration was estimated to take a nurse five 
minutes. Biological monitoring frequency was determined 
according to guidelines [36]. For a 6‑month long LMWH 
VTE treatment, 13 platelet counts were defined (10 for a 
3‑month treatment, 4 for a 10‑day one and 8 for 4‑week one). 
Platelet counts were not factored in for preventive anticoagu‑
lation associated with chemotherapy as we considered blood 
counts were checked regardless of anticoagulation. For INR 
(International Normalized Ratio) monitoring, 9 acts were 
defined for a 3‑month VKA treatment and 13 for a 6‑month 
one. Two measure of the Anti‑Xa activity were defined for a 
10‑day treatment with unfractionated heparins (UFH).

Results presentation

The mean annual cost of treatment and/or prevention of 
VTE was presented for each strategy. The cost associated 
with each situation was detailed while distinguishing the 

Table 1  Unitary costs of resources necessary for treatment and prevention of VTE

INR International Normalized Ratio, SPC summary of product characteristics

Unitary costs Reference

Biological monitoring
Platelet count 4,05€ CNAMTS‑medical biology acts nomenclature (Code B15) [32]
INR 5,40€ CNAMTS‑medical biology acts nomenclature (Code B20) [32]
Anti‑Xa activity 8,10€ CNAMTS‑medical biology acts nomenclature (Code B30) [32]
Nurse
In hospital care (5 min) 1.30€ Nurses’ mean monthly income (2,324€ [33]) for 35 h per week
In ambulatory care 7,23€ Ameli‑Professional acts general nomenclature [34]: subcutaneous 

injection for cancer patients (1,5 AMI = 4,73€) + traveling fee (1 
IFD = 2,50€)

Medications (daily costs in ambulatory/hospital)
UFH: calcium heparin 3,30€/2.45€ SPC2 Calciparine®, 2 injections per day
Curative LMWH: Tinzaparin 13,70€/1.23€ SPC Innohep®
Preventive LMWH: Enoxaparin 6,19€/0.66€ SPC Lovenox®
DOAC: Apixaban, Rivaroxaban 2,18€/0.35€ SPC Eliquis®, 2 intakes per day or Xarelto®, 1 intake per day
VKA 0,13€ De Pouvourville et al. [35]
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medication, administration and monitoring costs. The cost 
differences per patients according to each strategy were pre‑
sented. The annual budgetary impact of DOAC use was also 
estimated at a national level for all patients diagnosed with 
primary lung cancer each year in France.

Univariate sensitivity analyses with the base case analy‑
sis were made with four alternative scenarios to study the 
impact of:

– Reducing VTE treatment from 6 to 3 months;
– Reducing preventive anticoagulation associated with sur‑

gery from 4 weeks to 10 days;
– An initial treatment with LMWH for 10 days before using 

DOACs instead of an initial treatment with DOAC for the 
DOAC strategy;

– A − 30% variation of enoxaparin’s price (in prospect of 
biosimilars marketing authorization).

Description of the frequency of DOAC prescription

DOAC deliveries were searched in the EGB for all active 
lung cancer on the one hand and for all active cancers on the 
other hand from 2012 to 2016. Patients were considered to 
have an active cancer if they had during the 2 years prior to a 
DOAC delivery: an ALD initiation for cancer or a hospitali‑
zation with diagnosis codes for chemotherapy, radiotherapy 
or metastasis, or deliveries of oral targeted cancer therapies. 
The method for active lung cancer patient’s identification 
was previously validated [37]. Deliveries of rivaroxaban, 
apixaban and dabigatran were differentiated. For each year, 
the proportion of patients with at least one DOAC deliv‑
ery over the year among the patients identified as having 
an active cancer is presented, globally and for each DOAC.

Regulatory aspects

Written consent was not needed for this non‑interventional 
retrospective observational study. The EGB database use 
was approved by the French national data protection agency 
(CNIL). Therefore, this study was conducted in accordance 
with the Declaration of Helsinki.

Results

Costs estimation and budgetary impact analysis

The mean annual cost of treatment and/or prevention of 
lung cancer associated VTE in France is estimated of 836€ 
with current guidelines and of 203€ with the second strat‑
egy using DOACs, that is a 76% reduction of costs with 
the second strategy. The costs of treatment and prevention 
of VTE are detailed in Table 2.

The total annual costs were estimated of 40,968,155€ 
for the current guidelines and of about 9,947,855€ for the 
DOAC strategy as detailed in Table 3.

The alternative scenarios results (univariate sensitivity 
analyses with the primary analysis) are presented in Table 4. 
The strategy with DOACs results in a 72 to 86% decrease 
of the mean cost per patient of lung cancer associated VTE 
management according to the different alternative scenarios.

The extrapolated annual costs of curative and preventive 
anticoagulation for lung cancer associated VTE in France 
according the different sensitivity analysis scenarios are pre‑
sented in Tables 5 and 6. The total annual cost for preventive 
anticoagulation is estimated of about 8,000,000€ according 
to current guidelines for a minimal 3‑months treatment. If 
VTE was treated with DOACs following an initial treatment 
with LMWHs, the annual cost would amount to 1,300,000€ 
for a 3‑months treatment and to 2,000,000€ for a 6‑months 
treatment. Preventive anticoagulation is estimated of 
650,000€ for a minimal 10‑days treatment following surgery. 

Table 2  Individual costs of curative and preventive anticoagulation 
for lung cancer associated VTE in France

Costs per patient and per event (€)

Strategy 1: cur‑
rent guidelines

Strategy 
2: DOACs

Difference (€)

Curative treatment
No severe renal insufficiency
 Medication cost 2329 379  − 1950
 Administration cost 1259 0  − 1259
 Monitoring cost 53 0  − 53
 Total 3641 379  − 3262

Severe renal insufficiency
 Medication cost 48 48 –
 Administration cost 103 103 –
 Monitoring cost 13 13 –
 Total 164 164 –

Preventive treatment
Surgery
 Medication cost 117 117 –
 Administration cost 145 145 –
 Monitoring cost 32 32 –
 Total 294 294 –

Hospitalization
 Medication cost 5 2  − 3
 Administration cost 9 0  − 9
 Monitoring cost 12 0  − 12
 Total 26 2  − 24

Chemotherapy
 Medication cost 545 196  − 349
 Administration cost 650 0  − 650
 Total 1195 196  − 999
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If enoxaparin had a 30% lower price, the decrease observed 
for the DOAC strategy would remain in the same order of 
magnitude.

Evolution of DOAC use

Among patients with active lung cancer, 5.7% were treated 
with DOACs in 2016, regardless of indication (1.7% with 
apixaban, 3.4% with rivaroxaban and 0.6% with dabigatran). 
These figures are slightly lower than for all cancer, where 
7.5% of patients were treated with DOACs (2.6% with 

Table 3  National annual 
budgetary impact of DOAC use 
for lung cancer associated VTE 
management: base case analysis

Total annual cost (€) Difference (€)

Strategy 1: cur‑
rent guidelines

Strategy 2: DOACs

Curative treatment
No severe renal insufficiency (N = 4492) 16,351,242 1,711,755 14,639,487 (− 89%)
Severe renal insufficiency (N = 163) 26,559 26,559 –
Preventive treatment
Surgery (N = 18,620) 5,489,490 5,489,490 –
Hospitalization (N = 230,000) 5,918,823 5,58,895 5,359,928 (− 91%)
Chemotherapy (N = 11,025) 13,182,041 2,161,156 11,020,885 (− 84%)
Total 40,968,155 9,947,855 31,020,300 (− 76%)

Table 4  Mean costs per patient of lung cancer associated VTE management according to alternative scenarios

Strategy 1: current guidelines Strategy 2: DOACs Difference between 
strategy 1 and 2 (€)

Mean cost 
per patient 
(€)

Variation in com‑
parison of the primary 
analysis

Mean cost 
per patient 
(€)

Variation in com‑
parison of the primary 
analysis

Base case analysis 836 – 203 – 633 (− 76%)
Alternative scenario 1:
3-months curative treatment

665  − 21% 185  − 9% 480 (− 72%)

Alternative scenario 2:
10-days surgical prevention

738  − 12% 105  − 49% 633 (− 86%)

Alternative scenario 3:
Curative treatment with DOAC follow-

ing an initial treatment with LMWH 
(strategy 2)

836 – 212  + 4% 624 (− 75%)

Alternative scenario 4:
Enoxaparin’s price − 30%

788  − 6% 198  − 2% 590 (− 75%)

Table 5  National annual costs of curative anticoagulation for lung cancer associated VTE according to alternative scenarios

N = 4655 Strategy 1: current guidelines Strategy 2: DOACs Difference between 
strategy 1 and 2 (€)

Total cost (€) Variation in comparison of 
the primary analysis

Total cost (€) Variation in comparison of 
the primary analysis

Base case analysis 16,377,801 – 1,738,314 – 14,639,487 (− 89%)
LMWH vs LMWH 

followed by DOAC 
6 months

16,377,801 – 2,202,264  + 27% 14,175,537 (− 87%)

LMWH 3 months 7,975,340  − 51% 852,338  − 51% 7,123,002 (− 89%)
LMWH vs Relais 

LMWH followed by 
DOAC 3 months

7,975,340  − 51% 1,316,288  − 24% 6,659,052 (− 83%)
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apixaban, 3.8% with rivaroxaban and 1.1% with dabigatran). 
The evolution of prescriptions since DOACs’ marketing 
authorization is detailed in Fig. 2.

Discussion

Costs estimation and budgetary impact analysis

The annual cost of curative and preventive anticoagulation 
for lung cancer associated VTE in France is quite substan‑
tial, as a total of 40 million euros was estimated while only 

Table 6  National annual costs of preventive anticoagulation for lung cancer associated VTE according to alternative scenarios

Prevention situation Strategy 1: current guidelines Strategy 2: DOACs Difference between 
strategy 1 and 2 (€)

Total cost (€) Variation in comparison 
of the primary analysis

Total cost (€) Variation in comparison 
of the primary analysis

Surgery (N = 18,620)
Primary analysis 5,489,490 – 0
Enoxaparin’s price − 30% 5,262,715  − 4% Likewise strategy 1 0
LMWH 10 days 662,979  − 88% 0
LMWH 10 days + Enoxapa-

rin’s price − 30%
625,907  − 89% 0

Hospitalization (N = 230,000)
Primary analysis 5,918,823 – 5,58,895 – 5,359,928 (− 91%)
Enoxaparin’s price − 30% 5,598,280  − 5% 5,58,895 – 5,039,395 (− 90%)
Chemotherapy (N = 11,025)
Primary analysis 13,182,041 – 2,161,156 – 11,020,885 (− 84%)
Enoxaparin’s price − 30% 11,378,131  − 14% 2,161,156 – 9,216,975 (− 81%)

Fig. 2  Proportions of patients receiving a DOAC treatment among patient with active cancer
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accounting for the 1‑year period following cancer diagnosis, 
that is an 800€ annual cost per patient. Anticoagulation pre‑
vention represents more than half of the cost.

Beyond the lower burden of DOACs versus LMWHs 
as a long‑term treatment for lung cancer associated VTE 
management, this strategy could result in a significant cost 
reduction, about 75%, which could also be extended to other 
cancer localizations. It is interesting to notice that this reduc‑
tion would remain significant with a reduction of enoxapa‑
rin’s price, as is expected with the marketing authorizations 
for biosimilars. Indeed, the difference in costs observed 
between both strategies is not only related to the difference 
between DOACs and LMWH’s prices but it is also asso‑
ciated with the cost of administration by a nurse and bio‑
logical monitoring which are not necessary with DOACs. 
However, the budgetary impact evaluation considered a 
switch to DOACs for all patients, which is quite unlikely 
as they have a few downsides. Indeed, there can be pharma‑
cological interactions between DOACs and other medica‑
tions using the same metabolic pathways, especially oral 
targeted anticancer therapies which are used for some lung 
cancer treatment. Moreover, chemotherapy induced emesis 
can lead to a reduced absorption of DOACs and lessen their 
effectiveness. DOAC’s effects are also unpredictable if renal 
and hepatic functions are altered or in case of malnutrition 
leading to a lower fixation to plasmatic proteins. To guaranty 
the effectiveness of DOAC treatment, patient’s compliance 
is essential as they are responsible for their own treatment 
unlike for LMWHs which are administered with a nurse’s 
help. Lastly, for patients with a high bleeding risk, DOACs 
are not a prudent choice as they cannot be monitored, and no 
antidote is yet available (except for dabigatran).

One of the major strengths of this economic evaluation 
is it was based on real life data observed with the EGB and 
extrapolated to all incident cases in France. Moreover, the 
hospital and ambulatory costs were differentiated in order 
not to overestimate the total management costs. Indeed, 
medication prices are fixed at a national level in the ambu‑
latory setting, but hospitals can negotiate those prices which 
can lead to considerable reductions. The cost for nurse time 
is also more important at home than in hospitals. The results 
of this study are very relevant on a clinical point of view as 
they show that if DOAC use is considered and approved for 
lung cancer patients, economic matters are not an issue. This 
study could bring elements to the French economic comities 
that decide on the reimbursement by the health insurance 
system for these patients.

The limits of this economic evaluation are that the dura‑
tions of anticoagulation modelized were based on the guide‑
lines, but they can differ in real life. Indeed, the duration can 
be shortened if the patients died before ending the treatment 
or if it was discontinued for some reason; on the contrary the 
treatment can also be prolonged over 6 months. Preventive 

anticoagulation was considered during the course of chemo‑
therapy in this analysis, however only some guidelines sug‑
gest considering anticoagulation for these patients and only 
for patients with a favorable benefit‑risk balance in regards 
of bleeding and thrombotic risks, this balance could not be 
modelized with the data available. Lastly, the branches of 
the model may sometimes overlap as a situation where pre‑
vention is to be considered may be at the same time as an 
effective VTE to treat or another prevention situation, costs 
may then not be added.

Moreover, we considered a health insurance point of view 
for this analysis, but other factors could have an influence on 
costs, such as return to work issues or treatment complica‑
tions. We considered including the return to work issue in 
the model, but we didn’t find any relevant difference between 
the two strategies concerning this issue. However, the issue 
of treatment complications could be very relevant. Modeling 
the costs of bleeding management with both LMWHs and 
DOACs would have been interesting. An algorithm to iden‑
tify patients eligible to a DOAC treatment would allow to 
improve this budgetary impact analysis.

Vena cava filters are a therapeutic option for severe PE 
when anticoagulants are contra‑indicated. This was not mod‑
elized as no reliable data on their frequency of use was avail‑
able and we considered it marginal given the national usage 
data for vena cava filters (27). The cost of venous contention 
was not accounted for either. As for biological monitoring 
and nurses’ acts, supplements were not accounted for. All 
of this probably leads to an underestimation of the real cost 
of VTE management.

Lastly, this economic model as presented only applies to 
the French healthcare system. Depending on the country’s 
healthcare system and initial VTE treatment strategy, scal‑
ability and applicability to other countries may vary. That’s 
why we performed a sensitivity analysis with four alterna‑
tive scenarios, including costs and treatment strategy vari‑
ation. Our results are, however, robust (ranging from − 72 
to − 86% between strategy 1 and 2). Although, this could be 
transposed to other countries in further studies.

Evolution of DOAC use

Since DOACs have been a therapeutic option for VTE pre‑
vention and treatment, there has been a constant increase in 
their use even among cancer patients, except for dabigatran. 
DOACs are less frequently used among lung cancer patients 
than among all cancer patients. As DOACs can be used for 
VTE prevention for patients with atrial fibrillation even for 
patients with cancer, this may simply reflect that lung cancer 
is one of cancer localizations with the most important VTE 
risk and that more patients are anticoagulated with LMWHs 
and not oral anticoagulants.
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Conclusion

This is the first study estimating the cost of curative and 
preventive anticoagulation for lung cancer associated VTE 
in France and evaluating the budgetary impact of DOACs 
use instead of LMWHs. According to current guidelines, we 
estimated the mean cost of 836€ per patient, that is a total 
cost of 40 million euros annually at a national level. A reduc‑
tion of 76% of this cost can be expected with DOACs use. 
Despite their benefits (ease of administration and monitor‑
ing), these anticoagulants expose to other issues (pharmaco‑
logical interactions, lack of specific antidote for all DOACs) 
and would not be the best choice for all patients, but they 
would offer an economically attractive alternative if they 
proved as effective and well tolerated as LMWHs.

Funding This research did not receive any specific grant from funding 
agencies in the public, commercial, or not‑for‑profit sectors.

Compliance with ethical standards 

Conflict of interest The authors have no conflicts of interest relevant to 
this article to disclose.

References

 1. Howlett J, Benzenine E, Allaert F‑A, Cottenet J, Fagnoni P, Quan‑
tin C (2019) Risque de maladie thromboembolique veineuse dans 
l’année qui suit le diagnostic de cancer du poumon en France. Rev 
Epidémiol Santé Publique 67(1):69–70

 2. Institut National du Cancer (INCA) (2018) Les cancers en France, 
10ème rapport annuel. https ://www.e‑cance r.fr/ ressources/can‑
cers_en_france/. Accessed 21 Jul 2018

 3. Blom J, Doggen C, Osanto S, Rosendaal F (2005) Malignancies, 
prothrombotic mutations, and the risk of venous thrombosis. 
JAMA 293(6):715–722

 4. Heit J, O’Fallon W, Petterson T, Lohse C, Silverstein M, Mohr D 
et al (2002) Relative impact of risk factors for deep vein throm‑
bosis and pulmonary embolism: a population‑based study. Arch 
Intern Med 162(11):1245–1248

 5. Heit J, Silverstein M, Mohr D, Petterson T, O’Fallon W, Melton 
L (2000) Risk factors for deep vein thrombosis and pulmonary 
embolism: a population‑based case–control study. Arch Intern 
Med 160(6):809–815

 6. Farge D, Bounameaux H, Brenner B, Cajfinger F, Debourdeau P, 
Khorana AA et al (2016) International clinical practice guidelines 
including guidance for direct oral anticoagulants in the treatment 
and prophylaxis of venous thromboembolism in patients with can‑
cer. Lancet Oncol 17(10):e452–466

 7. Smrke A, Gross PL (2018) Cancer‑associated venous thromboem‑
bolism: a practical review beyond low‑molecular‑weight heparins. 
Front Med. https ://doi.org/10.3389/fmed.2017.00142 /full

 8. Association Francophone pour les Soins Oncologiques de Sup‑
port (AFSOS) (2018) Référentiels inter régionaux en Soins 
Oncologiques de Support : Prise en charge de la maladie thrombo‑
embolique veineuse en cancérologie. https ://www.afsos .org/fiche 

‑refer entie l/prise ‑charg e‑de‑malad ie‑throm boemb oliqu e‑veine use‑
cance rolog ie/. Accessed Jul 21 2018

 9. Haute Autorité de Santé (HAS) ‑ Commission de Transparence. 
Rapport d’évaluation des anticoagulants oraux (2018) https ://
www.has‑sante .fr/porta il/uploa d/docs/appli catio n/pdf/2018‑02/
rappo rt_reev_aco_ cteval234.pdf. Accessed 21 Jul 2018

 10. Khorana AA, Noble S, Lee AYY, Soff G, Meyer G, O’Connell C 
et al (2018) Role of direct oral anticoagulants in the treatment of 
cancer‑associated venous thromboembolism: guidance from the 
SSC of the ISTH. J Thromb Haemost. https ://doi.org/10.1111/
jth.14219 

 11. Soff GA (2018) Use of direct oral anticoagulants for treating 
venous thromboembolism in patients with cancer. J Natl Compr 
Cancer Netw 16(5S):670–673

 12. Konstantinides SV, Meyer G, Becattini C, Bueno H, Geersing GJ, 
Harjola VP, Huisman MV, HumbertM JCS, Jimenez D, Kucher 
N, Lang IM, Lankeit M, Lorusso R, Mazzolai L, Meneveau N, 
Ainle FN, Prandoni P, Pruszczyk P, Righini M, Torbicki A, Van 
Belle E, Zamorano JL (2019) ESC guidelines for the diagnosis 
and management of acute pulmonary embolism developed in col‑
laboration with the European Respiratory Society (ERS). E Heart 
J 406:1–61

 13. Brunetti ND, Gesuete E, De Gennaro L, Correale M, Caldarola P, 
Gaglione A et al (2017) Direct oral anti‑coagulants compared with 
vitamin‑K inhibitors and low‑molecular‑weight‑heparin for the 
prevention of venous thromboembolism in patients with cancer: 
a meta‑analysis study. Int J Cardiol 230:214–221

 14. Rossel A, Robert‑Ebadi H, Combescure C, Grosgurin O, 
Stirnemann J, Addeo A, Garin N, Agoritsas T, Reny JL, Marti C 
(2019) Anticoagulant therapy for acute venous thrombo‑embolism 
in cancer patients: a systematic review and network meta‑analysis. 
PLoS ONE 14(3):e0213940

 15. Ravikumar R, Lim CS, Davies AH (2018) The role of new 
oral anticoagulants (NOACs) in cancer patients. In: Islam 
MS (ed) Thrombosis and embolism: from research to clini‑
cal practice. Springer, Cham. pp 137–148. https ://doi.
org/10.1007/5584_2016_112. Accessed 22 Jul 2018

 16. Haute Autorité de Santé (HAS) (2018) Guide méthodologique : 
l’analyse d’impact budgétaire. https ://www.has‑sante .fr/porta il/
jcms/c_27303 06/fr/choix ‑metho dolog iques ‑pour‑l‑analy se‑de‑l‑
impac t‑budge taire ‑a‑la‑has. Accessed 26 Jul 2018

 17. Societé Française d’Economie de la Santé (SFES) (2018) Atelier 
de standardisation des pratiques en évaluation économique : Les 
coûts dans l’évaluation économique. Quelques propositions opé‑
rationnelles pour le calcul des coûts. https ://www.sfes.info/Ateli 
er‑de‑stand ardis ation ‑des,294.html. Accessed 26 Jul 2018

 18. Goldberg M, Jougla E, Fassa M, Padieu R, Quantin C (2012) The 
French health information system. J Intl Assoc Off Stat 28:31–41

 19. Palmaro A, Rougé‑Bugat ME, Gauthier M, Despas F, Moulis 
G, Lapeyre‑Mestre M (2017) Real‑life practices for preventing 
venous thromboembolism in multiple myeloma patients: a cohort 
study from the French health insurance database. Pharmacoepide‑
miol Drug Saf 26(5):578–586

 20. Vuagnat A, Jollant F, Abbar M, Hawton K, Quantin C (2019) 
Recurrence and mortality 1 year after hospital admission for non‑
fatal self‑harm: a nationwide population‑based study. Epidemiol 
Psychiatr Sci 18:1–10

 21. Petit JM, Cottenet J, Chauvet‑Gelinier JC, Jollant F, Quantin C 
(2018) Increased risk of rehospitalization for acute diabetes com‑
plications and suicide attempts in patients with type 1 diabetes 
and comorbid schizophrenia. Diabetes Care 41:2316–2321

 22. Maitre T, Cottenet J, Beltramo G, Georges M, Blot M, Piroth L, 
Bonniaud P, Quantin C (2018) Increasing burden of noninfectious 
lung disease in persons living with HIV: a 7‑year study using the 
French nationwide hospital administrative database. Eur Respir J 
https ://doi.org/s10.1183/13993 003.00359 ‑2018

Author's personal copy

https://www.e-cancer.fr/
https://doi.org/10.3389/fmed.2017.00142/full
https://www.afsos.org/fiche-referentiel/prise-charge-de-maladie-thromboembolique-veineuse-cancerologie/
https://www.afsos.org/fiche-referentiel/prise-charge-de-maladie-thromboembolique-veineuse-cancerologie/
https://www.afsos.org/fiche-referentiel/prise-charge-de-maladie-thromboembolique-veineuse-cancerologie/
https://www.has-sante.fr/portail/upload/docs/application/pdf/2018-02/rapport_reev_aco_
https://www.has-sante.fr/portail/upload/docs/application/pdf/2018-02/rapport_reev_aco_
https://www.has-sante.fr/portail/upload/docs/application/pdf/2018-02/rapport_reev_aco_
https://doi.org/10.1111/jth.14219
https://doi.org/10.1111/jth.14219
https://doi.org/10.1007/5584_2016_112
https://doi.org/10.1007/5584_2016_112
https://www.has-sante.fr/portail/jcms/c_2730306/fr/choix-methodologiques-pour-l-analyse-de-l-impact-budgetaire-a-la-has
https://www.has-sante.fr/portail/jcms/c_2730306/fr/choix-methodologiques-pour-l-analyse-de-l-impact-budgetaire-a-la-has
https://www.has-sante.fr/portail/jcms/c_2730306/fr/choix-methodologiques-pour-l-analyse-de-l-impact-budgetaire-a-la-has
https://www.sfes.info/Atelier-de-standardisation-des,294.html
https://www.sfes.info/Atelier-de-standardisation-des,294.html
https://doi.org/s10.1183/13993003.00359-2018


 J. Howlett et al.

1 3

 23. Luu M, Benzenine E, Doret M, Michiels C, Barkun A, Degand 
T, Quantin C, Bardou M (2018) Continuous anti‑TNFα use 
throughout pregnancy: possible complications for the mother but 
not for the fetus A retrospective cohort on the French National 
Health Insurance Database (EVASION). Am J Gastroenterol 
113:1669–1677

 24. Baudin F, Benzenine E, Mariet AS, Bron AM, Daien V, Korobel‑
nik JF, Quantin C, Creuzot‑Garcher C (2018) Association of acute 
endophthalmitis with intravitreal injections of corticosteroids or 
anti‑vascular growth factor agents in a nationwide study in France. 
JAMA Ophthalmol 136:1352–1358

 25. Revert M, Rozenberg P, Cottenet J, Quantin C (2018) Intrauter‑
ine balloon tamponade for severe postpartum hemorrhage. Obstet 
Gynecol 131:143–149

 26. Pagès PB, Cottenet J, Mariet AS, Bernard A, Quantin C (1817s) 
In‑hospital mortality following lung cancer resection: nationwide 
administrative database. Eur Respir J 47:1809–1817s

 27. Agence technique de l’information sur l’hospitalisation (ATIH) 
(2018) Scansanté. https ://scans ante.fr/. Accessed 27 Jul 2018

 28. Kuderer NM, Poniewierski MS, Culakova E, Lyman GH, Khorana 
AA, Pabinger I et al (2018) Predictors of venous thromboem‑
bolism and early mortality in lung cancer: results from a global 
prospective study (CANTARISK). Oncologist 23(2):247–255

 29. Institut National du Cancer (INCA) (2018) Cancer bronchique à 
petites cellules : Référentiel national de RCP. https ://www.e‑cance 
r.fr/Profe ssion nels‑de‑sante /Recom manda tions ‑et‑outil s‑d‑aide‑a‑
la‑prati que/Cance rs‑bronc hopul monai res‑et‑pleur aux#toc‑r‑f‑renti 
el‑natio nal‑de‑rcp. Accessed 21 Jul 2018

 30. Institut National du Cancer (INCA) (2018) Cancer bronchique 
non à petites cellules : référentiel national de RCP. https ://www.e‑
cance r.fr/Profe ssion nels‑de‑sante /Recom manda tions ‑et‑outil s‑d‑
aide‑a‑la‑prati que/Cance rs‑bronc hopul monai res‑et‑pleur aux#toc‑
r‑f‑renti el‑natio nal‑de‑rcp. Accessed 21 Jul 2018

 31. Agence Nationale de Sécurité du Médicament (ANSM) (2018) 
Les anticoagulants en France en 2014 : état des lieux, synthèse 

et surveillance. https ://www.ansm.sante .fr/S‑infor mer/Point s‑d‑
infor matio n‑Point s‑d‑infor matio n/Actua lisat ion‑du‑rappo rt‑sur‑
les‑antic oagul ants‑en‑Franc e‑Etat‑des‑lieux ‑en‑2014‑et‑recom 
manda tions ‑de‑surve illan ce‑Point ‑d‑infor matio n. Accessed 21 
Jul 2018

 32. Nomenclature Générale des Actes Professionels ‑ Version du 1er 
juillet 2018. https ://www.ameli .fr/infir mier/exerc ice‑liber al/factu 
ratio n‑remun erati on/ nomenclatures‑ngap‑lpp/nomenclatures‑
ngap‑lpp. Accessed 26 Jul 2018

 33. de Pouvourville G (2016) Anticoagulants d’action directe : une 
revue de la littérature des études coût/efficacité en Europe. Arch 
Cardiovasc Dis Suppl 8(2):180–191

 34. Association nationale des enseignants de pharmacie clin‑
ique (France) (2012) Pharm Clin Thér. Elsevier Masson, 
Issy‑les‑Moulineaux

 35. Caisse Nationale d’Assurance Maladie (CNAM) (2016) Méthode 
générale de la cartographie des pathologies, version G5 (années 
2012 à 2016). https ://www.ameli .fr/filea dmin/user_uploa d/docum 
ents/Metho de_medic ale_Carto graph ie.pdf. Accessed 6 Jun 2019 
and 26 Jul 2018

 36. Caisse Nationale d’Assurance Maladie des Travailleurs Salariés 
(CNAMTS) (2018) Biologie Médicale : Nomenclature des Actes : 
document de travail. https ://www.codag e.ext.cnamt s.fr/f_media m/
fo/nabm/DOC.pdf. Accessed 26 Jul 2018

 37. Institut National de la Statistique et des Etudes Economiques 
(INSEE) (2018) Tableaux de l’économie française ‑ édition 2017 : 
Salaires de la fonction publique. https ://www.insee .fr/fr/stati stiqu 
es/25693 52?somma ire =2587886. Accessed 26 Jul 2018

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Author's personal copy

https://scansante.fr/
https://www.e-cancer.fr/Professionnels-de-sante/Recommandations-et-outils-d-aide-a-la-pratique/Cancers-bronchopulmonaires-et-pleuraux#toc-r-f-rentiel-national-de-rcp
https://www.e-cancer.fr/Professionnels-de-sante/Recommandations-et-outils-d-aide-a-la-pratique/Cancers-bronchopulmonaires-et-pleuraux#toc-r-f-rentiel-national-de-rcp
https://www.e-cancer.fr/Professionnels-de-sante/Recommandations-et-outils-d-aide-a-la-pratique/Cancers-bronchopulmonaires-et-pleuraux#toc-r-f-rentiel-national-de-rcp
https://www.e-cancer.fr/Professionnels-de-sante/Recommandations-et-outils-d-aide-a-la-pratique/Cancers-bronchopulmonaires-et-pleuraux#toc-r-f-rentiel-national-de-rcp
https://www.e-cancer.fr/Professionnels-de-sante/Recommandations-et-outils-d-aide-a-la-pratique/Cancers-bronchopulmonaires-et-pleuraux#toc-r-f-rentiel-national-de-rcp
https://www.e-cancer.fr/Professionnels-de-sante/Recommandations-et-outils-d-aide-a-la-pratique/Cancers-bronchopulmonaires-et-pleuraux#toc-r-f-rentiel-national-de-rcp
https://www.e-cancer.fr/Professionnels-de-sante/Recommandations-et-outils-d-aide-a-la-pratique/Cancers-bronchopulmonaires-et-pleuraux#toc-r-f-rentiel-national-de-rcp
https://www.e-cancer.fr/Professionnels-de-sante/Recommandations-et-outils-d-aide-a-la-pratique/Cancers-bronchopulmonaires-et-pleuraux#toc-r-f-rentiel-national-de-rcp
https://www.ansm.sante.fr/S-informer/Points-d-information-Points-d-information/Actualisation-du-rapport-sur-les-anticoagulants-en-France-Etat-des-lieux-en-2014-et-recommandations-de-surveillance-Point-d-information
https://www.ansm.sante.fr/S-informer/Points-d-information-Points-d-information/Actualisation-du-rapport-sur-les-anticoagulants-en-France-Etat-des-lieux-en-2014-et-recommandations-de-surveillance-Point-d-information
https://www.ansm.sante.fr/S-informer/Points-d-information-Points-d-information/Actualisation-du-rapport-sur-les-anticoagulants-en-France-Etat-des-lieux-en-2014-et-recommandations-de-surveillance-Point-d-information
https://www.ansm.sante.fr/S-informer/Points-d-information-Points-d-information/Actualisation-du-rapport-sur-les-anticoagulants-en-France-Etat-des-lieux-en-2014-et-recommandations-de-surveillance-Point-d-information
https://www.ameli.fr/infirmier/exercice-liberal/facturation-remuneration/
https://www.ameli.fr/infirmier/exercice-liberal/facturation-remuneration/
https://www.ameli.fr/fileadmin/user_upload/documents/Methode_medicale_Cartographie.pdf
https://www.ameli.fr/fileadmin/user_upload/documents/Methode_medicale_Cartographie.pdf
https://www.codage.ext.cnamts.fr/f_mediam/fo/nabm/DOC.pdf
https://www.codage.ext.cnamts.fr/f_mediam/fo/nabm/DOC.pdf
https://www.insee.fr/fr/statistiques/2569352?sommaire
https://www.insee.fr/fr/statistiques/2569352?sommaire

	Are direct oral anticoagulants an economically attractive alternative to low molecular weight heparins in lung cancer associated venous thromboembolism management?
	Abstract
	Highlights
	Introduction
	Methods
	Budgetary impact evaluation
	Economic model
	Population, clinical and therapeutic data
	Costs

	Results presentation
	Description of the frequency of DOAC prescription

	Regulatory aspects

	Results
	Costs estimation and budgetary impact analysis
	Evolution of DOAC use

	Discussion
	Costs estimation and budgetary impact analysis
	Evolution of DOAC use

	Conclusion
	References




