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Purpose: To analyze the costs of high thromboembolic risk patients who require low molecular weight heparins (LMWHs) as
a thromboprophylaxis strategy.

Methods: Cost analysis was conducted to assess LMWHs (enoxaparin versus comparators: nadroparin and dalteparin) as thrombo-
prophylaxis for hospitalized patients with high thromboembolic risk in Oncology, General or Orthopedic Surgery, and Internal
Medicine services from the healthcare provider’s perspective in Colombia. A decision tree was developed, and the health outcomes
considered in the analysis were deep vein thrombosis, major bleeding, pulmonary thromboembolism, and chronic pulmonary
hypertension. Clinical inputs were obtained from a systematic review of the literature and the economic parameters from micro-
costing. Inputs were validated by three clinical experts. Costs were expressed in 2020 US dollars (USD).

Results: In a hypothetical cohort of 10,000 patients with a thromboprophylaxis use rate of 40%, the use of enoxaparin was less costly
than that of dalteparin in Oncology (difference of USD 624,669), Orthopedic Surgery (difference of USD 275,829), and Internal
Medicine (difference of USD 109,119) patients. For these services, using enoxaparin was more efficient than using nadroparin (cost
differences of USD 654,069, USD 416,927, and USD 92,070, respectively). Sensitivity analysis showed an important influence of the
number of patients undergoing thromboprophylaxis, as well as the unit cost, and the risk of events (DVT, PTE, and CTEPH).
Conclusion: Enoxaparin is the least expensive health technology for thromboprophylaxis in most of the medical contexts analyzed in
Colombia due to its efficacy and the lower risk of complications than dalteparin and nadroparin.
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Introduction

Thromboembolic disease occurs in 142-300 per 100,000 hospitalized patients per year.! Venous thromboembolism
(VTE), a term that brings together two main clinical presentations, deep vein thrombosis (DVT) and its complication,
pulmonary thromboembolism (PTE), is associated with longer hospital stays and more severe complications or death in
Colombia and other countries.®* A worrying fact is that about 30% of patients who present a first event will experience
a recurrence in the following 10 years.' Likewise, long-term complications, such as chronic thromboembolic pulmonary
hypertension (CTEPH), generate disability and require prolonged anticoagulation management, along with its associated
risks (high rates of morbidity and mortality) and costs over lifetime."> Similarly, VTE has an important impact on
mortality; for example, between 60,000-300,000 people die annually in the United States because of VTE and its
complications.®
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In Colombia, hospital data suggest that VTE has a high disease burden.”® Guzman Sandoval et al (2021) reported
a mortality rate due to VTE or its complications, and the data showed 5.83% of hospital admissions between
2014-2019. Additionally, a mortality rate of 14.8% due to PTE was reported in a cohort of patients treated in different
centers in the country.”

Pregnancy, cancer, some surgical interventions, especially Orthopedic interventions, or being bedridden for long
periods®® are recognized as predisposing factors for VTE. In fact, it was estimated that two-thirds of non-fatal VTE cases
occur in hospitalized subjects,’' resulting in 7.6 disability-adjusted life years (DALYs) lost per 100,000 persons annually.’

The use of pharmacological thromboprophylaxis in high-risk patients is indicated for the prevention of VTE and its

1011 and is a cost-effective intervention compared to no prophylaxis.** Therefore, pharmacological

complications,
therapy with low molecular weight heparins (LMWHs) is approved for DVT prevention in hospitalized patients without
a high risk of bleeding but with a high probability of thrombosis.”'? In the Colombian pharmaceutical market, there are
several types of LMWHs available with different prices, effectiveness, and safety profiles,'* so their use has differential
impacts on the healthcare resource use.'* Although the costs of thromboprophylaxis with LMWHs have been explored in
Colombia in surgical and hospitalized patients,” the costs associated with VTE and its acute and chronic complications in
patients at high risk of thrombosis have not been analyzed so far.

Considering the above, this study aimed to compare the costs of thromboprophylaxis among the three main LMWHs
used (enoxaparin, dalteparin and nadroparin) in hospitalized surgical patients of Oncology, Orthopedic Surgery, and

Internal Medicine in Colombia.

Material and Methods
Study Design
A cost analysis was developed from the perspective of the health system (third payer), where the costs of thrombopro-
phylaxis using enoxaparin, dalteparin, or nadroparin in high-risk hospitalized patients (Oncology, Orthopedic Surgery,
and Internal Medicine) were estimated and compared. In this cost analysis enoxaparin was used as a reference because is
the LMWHs with the greatest market share in the country.'”

Efficacy and safety inputs of the studied LMWHs were extracted from a systematic review of the literature (SLR)
(Supplementary Material — Appendix 1). Subsequently, clinical experts were consulted to validate and adjust the inputs

obtained, as well as those referring to the evolution of the disease and the technologies used for its management in each
high-risk condition (Supplementary Material — Appendix 2). With these inputs, a bottom-up costing tool and a decision

tree model was built in Microsoft® Excel to analyze and compare the costs of thromboprophylaxis with different

interventions and types of patients.

Efficacy and Safety Inputs

A SLR was conducted to determine the magnitude of effect in terms of relative risk (RR) on the efficacy and safety
LMWHs used for thromboprophylaxis of thrombotic events in different medical and surgical settings, such as obstetrics,
oncology and orthopedics compared to placebo or non-pharmacological measures. An electronic search was carried out
in MEDLINE (PubMed), Cochrane Database of Systematic Reviews, LILACS, EMBASE. The following terms were
selected for the searches: “dalteparin®*”, “enoxaparin*”, “nadroparin*”, “bemiparin*”, “prevention and control”, “pro-
phylaxis”, “thromboembolic”, “thromboembolism”, “venous thrombosis”. These terms were composed by Mesh and
DeCS and free language considering synonyms and abbreviations. This was done in order to capture as much evidence as
possible. Eligibility criteria, search strategies and data collection process are fully described in the Supplementary

Material — Appendix 1. Summary measures (RR) were obtained for each technology compared to its non-use (placebo),

which allowed adjustment for the probabilities of occurrence of events such as DVT, PTE, and CTEPH in the analyzed
populations. Major bleeding was considered as safety outcomes (Table 1). Meta-analysis results are also shown as forest

plots in the Appendix 1 (Supplementary Figures 2—11). A classical meta-analysis was applied for evidence synthesis

using the Metafor package in R software version 4.1.1.
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Table | Probabilities of Occurrence of Complications Due to Thromboprophylaxis in
High-Risk Patients in Oncology, Orthopedics, and Internal Medicine

Technology Probability Source
Oncologic | Orthopedic/Surgical | Internal Medicine
DVT
Enoxaparin 0.18 0.32 0.08 SLR
Dalteparin 0.22 0.40 0.09 SLR
Nadroparin 0.25 0.45 0.11 SLR
No intervention 0.35 0.64 0.15 [16-19]
PTE
Enoxaparin 0.05 0.02 0.01 SLR
Dalteparin 0.11 0.04 0.03 SLR
Nadroparin 0.11 0.04 0.03 SLR
No intervention 0.18 0.064 0.045 [20]
CTEPH
Enoxaparin 0.001 0.0004 0.0003 SLR
Dalteparin 0.002 0.0008 0.0006 SLR
Nadroparin 0.002 0.0008 0.0005 SLR
No intervention 0.004 0.001 0.0009 [21]
Major bleeding
Enoxaparin 0.01 0.0l 0.01 SLR
Dalteparin 0.02 0.02 0.02 SLR
Nadroparin 0.02 0.02 0.02 SLR
No intervention 0.01 0.01 0.01 SLR

Abbreviations: DVT, deep vein thrombosis; PTE, pulmonary thromboembolism; CTEPH, chronic throm-
boembolic pulmonary hypertension.

In this study, patients at high thromboembolic risk were defined as those hospitalized with conditions or undergoing
procedures known to increase the risk of VTE significantly. This includes, but is not limited to, patients with active cancer,
those undergoing major orthopedic or general surgery, individuals with prolonged immobility, and patients with a history of
VTE. The specific inclusion criteria for high-risk patients were aligned with established clinical guidelines and recommenda-
tions, ensuring that the population analyzed reflects those most likely to benefit from thromboprophylaxis.

Epidemiological and Clinical Inputs

To generate inputs regarding the frequency of presentation of clinical outcomes (thrombotic or bleeding events) we performed

a narrative review approach of epidemiological studies reporting incidence of these events in hospitalized patients belonging

to the mentioned high-risk groups. This search aimed to identify information published in Colombia. However, in the absence

of local data, and also regional data from Latin America, studies from other continents were used as an information source.
The Supplementary Material — Appendix 2 details the diagnostic criteria and principles for identifying complications

such as PE, DVT, and CTEPH and the definition of major bleeding in order to lately estimate the healthcare resource
utilization. The study applied these criteria consistently to ensure accurate and comparable outcomes. The screening
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procedures for these complications, which may influence their incidence among patients receiving different LMWHs, are
also described in the Supplementary Material — Appendix 2.

Validation with Clinical Experts
By means of an interview and using a structured questionnaire, three clinical experts from different specialties (Internal
Medicine and Critical Care, Vascular Medicine, and Orthopedics) were consulted to validate the different inputs obtained
in the reviews performed and the estimated probabilities of progression of VTE, the technologies used for its manage-
ment, as well as their probability of use and the healthcare resource utilization (HCRU).

The observations in terms of the review parameters were used to establish scenarios for each group of patients;
likewise, the different elements to be cost-analyzed were validated by the experts.

Economic Inputs

Economic inputs were gathered or estimated following the methodological recommendations of the Institute for Health
Technology Assessment of Colombia (IETS, in Spanish), in its manual for conducting health economic evaluations.?* For
drug prices, we used the annual weighted averages of the 2020 Drug Pricing Information System (SISMED, in
Spanish),'” corresponding to the Health Service Provider Institutions. The costs of LMWHs were sourced from
commercial presentations (Clexane® for enoxaparin [USD 6.1 per syringe], Fragmin® for dalteparin [USD 3.4 per
syringe], and Fraxiparine® for nadroparin [USD 2.6 per syringe]).'® For the costs of medical procedures and inputs for
the management of VTE and major bleeding outcomes, we used both national price and tariff lists for Colombia: 1) The
Colombian tariff manual from the Social Security Institute (ISS, in Spanish) 2001 (multiplied by 1.3 to index prices),
and 2) The tariff manual from the Compulsory Traffic Accident Insurance (SOAT, in Spanish) 2020, as recommended by
IETS.** To analyze the costs from different medical contexts, we estimated the HCRU for the management of VTE-
related outcomes and major bleeding associated with the use of LMWHs (Supplementary Material — Appendix 2 and
Supplementary Tables 1-4). All costs were expressed in 2020 USD using an exchange rate of 1USD = COP$3693.%

Cost Analysis and Modelling

A decision tree, starting with the thromboprophylactic drug, was used to model the probabilities of potential outcomes
proposed by Oliveros et al in their SLR? (Figure 1): DVT, major bleeding, PTE, and CTEPH. A time horizon of one year
was used, and the total expected costs relevant to the complications for each alternative were considered as the outcome.
Modelling was performed for a hypothetical cohort of 10,000 patients in each of the services evaluated, where 40% of
them were at high risk of VTE and would require pharmacological thromboprophylaxis.

To analyze costs, a bottom-up analysis was performed using a tool built in Microsoft® Excel, where the clinical
outcomes in inpatients and outpatients were simulated. The cost of thromboprophylaxis management for 14 days was
assessed, assuming a daily doses of 40 mg for enoxaparin, 5000 IU for dalteparin, and 3800 IU for nadroparin. Likewise,
the total costs for each complication were obtained and multiplied by the probability of occurrence of each alternative,
thus obtaining the expected costs. Finally, the costs of pharmacological thromboprophylaxis and the adjusted costs of the
different clinical outcomes were added and multiplied by the population undergoing prophylactic management to obtain
the total cost for the cohort for each alternative, the number of complications, and the differences compared with
enoxaparin.

Sensitivity Analysis

Univariate sensitivity analyses were performed to evaluate the robustness of the analysis results, which included the
percentage of the population requiring thromboprophylaxis and the risk of occurrence of DVT, PTE, major bleeding, and
CTEPH, using £75% of each probability of occurrence. Variations in the relative risks of adverse events for the LMWHs
using their 95% confidence intervals extracted from the SLR and their costs (highest and lowest, reported for LMWHs in
SISMED) were also evaluated in the sensitivity analysis.
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Complications:

DVT: 1. 0.18 - 2. 0.32 - 3. 0.08
PTE: 1. 0.05-2. 0.02 - 3. 0.01
CTPEH: 1. 0.001 - 2. 0.0004 - 3. 0.0003
Major bleeding: 1. 0.01 - 2. 0.01 - 3. 0.01

Enaxoparin

No Complications:

DVT: 1.0.82 - 2. 0.68 - 3. 0.92
PTE: 1. 0.95- 2. 0.98 - 3. 0.99
CTPEH: 1. 0.999 - 2. 0.9996 - 3. 0.9997
Major bleeding: 1. 0.99 - 2. 0.99 - 3. 0.99

Complications:

DVT: 1. 0.22 - 2. 0.40 - 3. 0.09
PTE: 1. 0.11- 2. 0.04 - 3. 0.03
CTPEH: 1. 0.002 - 2. 0.0008 - 3. 0.0006
Major bleeding: 1. 0.02 - 2. 0.02 - 3. 0.02

Thromboprophylaxis
in patients:
1. Oncological,
2. Orthopedic and
3. Internal Medicine

Dalteparin

No Complications:
DVT:1.0.78-2.0.60-3.0.91
PTE: 1. 0.89-2.0.96 - 3. 0.97

CTPEH: 1. 0.998 - 2. 0.9992 - 3. 0.9994
Major bleeding: 1. 0.98 - 2. 0.98 - 3. 0.98

Complications:
DVT: 1.0.25-2.0.45-3.0.11
PTE 1.0.11 - 2. 0.04 - 3. 0.03
CTPEH: 1. 0.002 - 2. 0.0008 - 3. 0.0005
Major bleeding: 1. 0.02 - 2. 0.02 - 3. 0.02

Nadroparin

No Complications:

DVT: 1. 0.75- 2. 0.55 - 3. 0.89
PTE: 1. 0.89 - 2. 0,96 - 3. 0.97
CTPEH: 1. 0.998 - 2. 0.9992 - 3. 0.9995
Major bleeding: 1. 0.98 - 2. 0.98 - 3. 0.98

10

Figure | Decision tree to model the use of enoxaparin, dalteparin, and nadroparin for thromboprophylaxis in Oncological, Orthopedic, and Internal Medicine patients in
Colombia.

Results
A total of 24 RCTs were used as input to generate summary measures for efficacy and safety. Thirteen (n=13) RCTs evaluated

the efficacy and safety of enoxaparin, seven of dalteparin, two of nadroparin and two of bemiparin. Studies were considered of
moderate to high quality. Bemiparin was not included in the cost analysis section because it is not commercially available in
Colombia. The PRISMA flowchart of this SLR, the included RCTs and forest plots of metanalyses are presented in the
Supplementary Material — Appendix 1 (Supplementary Tables 1, 2 and Supplementary Figures 1-11).

Based on the incidence of outcomes in not treated patients, RRs for each technology to prevent the selected outcomes
were used to calculate the probabilities of presentation in treated patients. The probabilities of the occurrence of

complications due to thromboprophylaxis in high-risk patients in Oncology, Orthopedics, and Internal Medicine are
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reported in Table 1. Enoxaparin demonstrated a lower likelihood of complications, including thrombotic or bleeding
events, than the other options (Table 1 and Supplementary Table 1 in the Supplementary Material — Appendix 3). The

Intensive Care Unit (ICU) and general ward for Oncology patients exclusively utilized LMWH for thromboprophylaxis.
Additionally, there was a high rate of ICU admission among Orthopedic patients with PTE (Supplementary Material —

Appendix 2 and Supplementary Table 3).

In a theoretical cohort of 10,000 individuals, 40% of whom were receiving thromboprophylaxis, our analysis revealed
that the costs (excluding clinical outcomes) were higher for enoxaparin at USD 342,229 than for dalteparin at USD
188,455. This resulted in a cost difference of USD 153,774 in favor of dalteparin over enoxaparin. Notably, for
nadroparin, the cost amounted to USD 143,296, which represents a difference of USD 198,933 when compared with
enoxaparin (see Table 2 for details).

Table 2 Costs Derived from Thromboprophylaxis in Different High-Risk
Medical Contexts

Management and Setting | Enoxaparin | Dalteparin | Nadroparin
Oncology
Thromboprophylaxis $ 342,229 $ 188,455 $ 143,296
DVT $ 909,191 $ 951,115 $1,066,993
Inpatient $ 586,066 $ 630,568 $ 710,000
Outpatient $ 323,126 $ 320,548 $ 356,994
PTE $ 516555 | $ 1,022,698 | $ 1,001,353
Inpatient $ 457,707 $ 903,080 $ 883,881
Outpatient $ 58,849 $ 119617 $ 117,471
Major bleeding $ 92,548 $ 215,628 $ 199,408
Inpatient $ 92,495 $ 215,504 $ 199,294
Outpatient $53 $ 124 $1I5
CTEPH $ 103,637 $ 210,933 $ 207,179
Inpatient $ 4239 $ 8760 $ 8619
Outpatient $ 99,398 $ 202,173 $ 198,560
Total cost $ 1,964,161 | $2588829 | $2618229
Orthopedics

Thromboprophylaxis $ 342,229 $ 188,455 $ 143,296
DVT $ 1,662,521 | $ 1,739,182 $ 1,951,073
Inpatient $ 1,071,663 | $ 1,153,038 $ 1,298,285
Outpatient $ 590,858 $ 586,144 $ 652,788
PTE $ 195,390 $ 386,892 $ 378,822
Inpatient $ 178,386 $ 352,483 $ 345,048
Outpatient $ 17,004 $ 34,409 $ 33,774

(Continued)
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Table 2 (Continued).

Management and Setting | Enoxaparin | Dalteparin | Nadroparin
Major bleeding $ 92,548 $ 215,630 $ 199,408
Inpatient $ 92,495 $ 215,504 $ 199,294
Outpatient $ 53 $ 124 $ 115
CTEPH $ 37,078 $ 75,439 $ 74,094
Inpatient $ 1317 $ 2721 $ 2678
Outpatient $ 35,761 $72718 $71416
Total cost $ 2,329,767 | $ 2,605,597 $ 2,746,694
Internal Medicine
Thromboprophylaxis $ 342,229 $ 188,455 $ 143,296
DVT $ 389,653 $ 407,621 $ 457,283
Inpatient $ 251,171 $ 270,243 $ 304,286
Outpatient $ 138,482 $ 137,378 $ 152,997
PTE $ 99,755 $ 194,628 $ 190,242
Inpatient $ 88,932 $ 172,775 $ 168,797
Outpatient $ 10,823 $ 21,853 $ 21,445
Major bleeding $ 92,548 $ 215,628 $ 199,408
Inpatient $ 92,495 $ 215,504 $ 199,294
Outpatient $ 53 $ 124 $115
CTEPH $ 26,070 $ 53,043 $ 52,097
Inpatient $ 926 $ 1913 $ 1883
Outpatient $ 25,145 $ 51,130 $ 50,215
Total cost $ 950,257 | $ 1,059,376 $ 1,042,326

Abbreviations: DVT, deep vein thrombosis; PTE, pulmonary thromboembolism; CTEPH,
chronic thromboembolic pulmonary hypertension.

Costs and Scenario Analysis of Enoxaparin in Oncology

Across all Oncology settings, utilizing enoxaparin for management consistently led to lower costs compared to dalteparin
and nadroparin, with the exception being the outpatient management of DVT, where had higher costs than dalteparin
(enoxaparin = 323,126 vs dalteparin = 320,548). Managing PTE with dalteparin and nadroparin was ~2 times more costly
than with enoxaparin; this ratio was 2.3 and 2.1 times in the management of major bleedings, respectively. For DVT,
dalteparin and nadroparin were 5 and 17% more costly than enoxaparin, respectively. The total cost (of all inpatient and
outpatient events) of thromboprophylaxis and its complications was lower with enoxaparin than with dalteparin (difference:
USD 624,669; 32% more expensive) and nadroparin (difference: USD 654,069; 33% more expensive) (Table 2).

For dalteparin versus enoxaparin, the probability of DVT was the key driver of the analysis, ranging from USD
133,146 to USD 1,116,191 for adverse event costs. For nadroparin versus enoxaparin, the greatest impact was the relative
risk of PTE of nadroparin (RR NADRO PTE), with adverse events costs varying between USD 112,353 and USD
1,786,746 (Figure 2a). In both comparisons, the results always favored enoxaparin.
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a) Total costs of adverse event management b) Difference in the number of complications
Dalteparin vs Enoxaparin Dalteparin vs Enoxaparin
Prob DVT [ ] Risk DVT [ ]
RR ENOXA PTE [ ] Prob DVT | ]
Ri:rsog; :Tvg I| ‘| RR DALTE DVT [ J
Cost ENOXA [ ] RR ENOXA DVT [ |
RR DALTE PET RR ENOXA PTE [ I
RR DALTE DVT Prob PTE |
RR ENOXA DVT RR DALTE PTE
Cost DALTE RR DALTE major bleeding (2]
RR DALTE major bleeding Prob major bleeding E:l
RRENOXA STEFH RR ENOXA major bleedin: ]
Prob major bleeding ’ 9
b CTERS o RR ENOXA CTEPH I
RR DALTE CTEPH Prob CTEPH [
RR ENOXA major bleeding RR DALTE CTEPH |
-150% -100% -50% 0% 50% 100% -100%-80% -60% -40% -20% 0% 20% 40% 60% 80% 100%
Nadroparin vs Enoxaparin Nadroparin vs Enoxaparin
RR NADRO PTE [ Risk DVT [ ]
Prob DVT [ ] Prob DVT [ J
Risk DVT [ ]
RR ENOXA PTE [ |

RR NADRO PTE [ ]
l

Prob PTE RR NADRO DVT

RR NADRO DVT RR ENOXA DVT
RR NADRO Major bleeding

RR ENOXA PTE

Cost ENOXA Prob PTE

RR ENOXA DVT RR NADRO Major bleeding
Cost NADRO Prob Major bleedin,

RR NADRO CTEPH .J . 9
RR ENOXA CTEPH RR ENOXA Major bleeding

Prob Major bleeding RR NADRO CTEPH []
Prob CTEPH RR ENOXA CTEPH [
RR ENOXA major bleeding Prob CTEPH

-150% -100% -50% 0%  50% 100% 150% 200% -100%-80% -60% -40% -20% 0% 20% 40% 60% 80% 100%

Figure 2 Sensitivity analysis of the difference in total management costs and number of complications due to thromboprophylaxis in Oncology patients. Dalteparin vs
enoxaparin and nadroparin vs enoxaparin®. (a) Total costs of adverse event management. (b) Difference in the number of complications.

Notes: *Sensitivity analysis performed with the following minimum and maximum LMWH prices (enoxaparin: USD 0.09017/mg-$0.25860/mg; dalteparin: USD 0.00022/Ul-
$0.00102/Ul; nadroparin: USD 0.00060/UI- $0.00514/Ul).

For the difference in the number of complications in the dalteparin versus enoxaparin analysis, the variable with the
greatest impact was the percentage of patients to be managed with thromboprophylaxis (Risk DVT), varying between
112 and 785 events. This same variable had the greatest influence in nadroparin versus enoxaparin, with the results
varying from 140 to 841 complications (Figure 2b). The ranges presented here were always in favor of enoxaparin.

Cost and Scenario Analysis of Enoxaparin in Orthopedics

The total cost in Orthopedics was lower for enoxaparin followed by dalteparin (difference USD 275,829; 12% higher),
with nadroparin being the most expensive at USD 2,746,694 (difference USD 416,927; 18% higher) (Table 2). For PTE,
major bleeding, and HTPC, management with enoxaparin was ~2 times cheaper than that with nadroparin and dalteparin.
The largest difference occurred in the outpatient setting of major bleedings management, where dalteparin was 2.3 times
more expensive than enoxaparin, and nadroparin was 2.2 times more.

For the cost differences between dalteparin and enoxaparin, the relative risk of dalteparin for DVT (RR DALTE
DVT) was the variable with the greatest impact in adverse event costs, varying the results from USD 172,992 in favor of
dalteparin to USD 864,907 in favor of enoxaparin. In the nadroparin versus enoxaparin setting, the greatest impact was
on the risk of DVT with nadroparin (RR NADRO DVT), with the result varying between USD 160,151 in favor of
nadroparin and USD 1,213,844 in favor of enoxaparin (Figure 3a).

Comparing the number of complications of dalteparin versus enoxaparin, the variable with the greatest impact was the
relative risk of DVT with dalteparin (RR DALTE DVT), making the results varied between 34 and 981. The relative risk
of PTE with nadroparin (RR NADRO DVT) had the greatest influence on nadroparin versus enoxaparin, with results

ranging from 127 to 1,407 (Figure 3b). Both the ranges presented here were in favor of enoxaparin.
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a) Total costs of adverse event management b) Difference in the number of complications
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Figure 3 Sensitivity analysis of the difference in total management costs and number of complications due to thromboprophylaxis in Orthopedic patients. Dalteparin vs
enoxaparin and nadroparin vs enoxaparin®. (a) Total costs of adverse event management. (b) Difference in the number of complications.

Notes: *Sensitivity analysis performed with the following minimum and maximum LMWH prices (enoxaparin: USD 0.09017/mg-$0.25860/mg; dalteparin: USD 0.00022/Ul-
$0.00102/Ul; nadroparin: USD 0.00060/UI- $0.005 [ 4/U1).

Costs and Scenario Analysis of Enoxaparin in Internal Medicine

In the Internal Medicine scenario, enoxaparin was the most economical LWMHs (Table 2), followed by nadroparin
(difference USD 92,070; 10% higher), with dalteparin having the highest total cost (difference USD 109,119; 11%
higher).

In the adverse event cost comparison of dalteparin versus enoxaparin, the cost of the latter (Cost ENOXA) had the
greatest impact, with results varying from USD 210,772 in favor of dalteparin to USD 298,122 in favor of enoxaparin.
The relative risk of nadroparin in major bleeding (RR NADRO major bleeding) had the greatest impact on the
comparison of nadroparin versus enoxaparin, varying the adverse event costs between USD 59,633 in favor of nadroparin
and USD 671,212 in favor of enoxaparin (Figure 4a).

In the number of complications of dalteparin versus enoxaparin, the variable with the greatest impact was the
percentage of the population with thromboprophylaxis (Risk DVT), producing a result that varied between 45 and 320.
These two ranges favored enoxaparin (Figure 4b).

Discussion

This study presents an updated estimate of the costs of thromboprophylaxis in Colombia. To our knowledge, this is one
of the first studies on the continent that differentiates costs for medical and surgical care services. Based on the SLR
(Supplementary Material — Appendix 1), representative data were obtained on the evidence of the efficacy and safety of

the three LMWHs authorized for thromboprophylaxis in Colombia. Enoxaparin, the most extensively evaluated LMWH,
stands out as the one with the most robust evidence supporting its efficacy in preventing thrombotic events and associated
complications. Our findings indicate that, in different medical settings including Oncology, Internal Medicine, and

Orthopedics, enoxaparin consistently incurs lower costs than dalteparin and nadroparin. Our findings show that, in
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a) Total costs of adverse event management b) Difference in the number of complications
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Figure 4 Sensitivity analysis of the difference in total management costs and number of complications due to thromboprophylaxis in Internal Medicine patients. Dalteparin vs
enoxaparin and nadroparin vs enoxaparin®. (a) Total cost of adverse event management. (b) Difference in the number of complications.

Notes: *Sensitivity analysis performed with the following minimum and maximum LMWH prices (enoxaparin: USD 0.09017/mg-$0.25860/mg; dalteparin: USD 0.00022/Ul-
$0.00102/Ul; nadroparin: USD 0.00060/UI- $0.00514/UI).

oncology, the management of PTE with dalteparin and nadroparin resulted in ~2 times higher costs than with enoxaparin.
In major bleeding management, it was more than twice, and in DVT, the cost was slightly lower for enoxaparin. In the
simulation of Orthopedic patients, the ratios found were similar, and in Internal Medicine, in terms of total direct medical
costs, enoxaparin was 10% and 11% cheaper than nadroparin and dalteparin, respectively. The results showed that for the
three LMWHSs, the number of complications and their associated direct medical costs depended on the type of high-risk
patient, being lower in Internal Medicine than in Oncology and Orthopedics. This is because the risk of DVT in Internal
Medicine patients was 15%, while for Oncology and Orthopedics patients, it was 35% and 64%, respectively. Although
a study found similar costs for enoxaparin, nadroparin, and dalteparin,®* and other suggest the use of dalteparin over
other LMWHs for preventing recurrent venous because of its cost-effectiveness,” in our study among all the services
analyzed, enoxaparin produced the lowest number of complications and costs when compared to dalteparin and
nadroparin, since their relative risks obtained in the meta-analysis were lower for all the complications studied.

The occurrence of complications in our models was primarily influenced by the risk of DVT, which directly affected
the percentage of occurrence and number of patients developing PTE and CTEPH. Lower DVT risk values, as observed
in the Internal Medicine setting, corresponded to fewer patients experiencing these two additional complications. This
influence of risk was consistently evident across various sensitivity analyses, where the probability of DVT occurrence
emerged as the variable with the most significant impact on cost differences and the occurrence of complications in
several of the evaluated scenarios. DVT and its associated complications are relevant in terms of morbidity and mortality
and have a direct impact on increasing direct medical costs and healthcare spending.?® In the United States (2014), after
the first year of occurrence, treating a single case of these complications ranged between USD 13,232 and USD 16,540
(2020 dollars); moreover, annual management of complications varied between USD 19,848-25,361.'* Between 2019
and 2021, in Brazil, DVT and major bleeding associated with enoxaparin thromboprophylaxis also produced a high
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hospital direct medical cost burden in a cohort of 61 patients, with an average per patient of USD 1443 for 2020.%” This is
consistent with our findings, where, depending on the specialty and LMWH used, the management of DVT in 4,000
patients in the hypothetical cohort ranged from USD 389,653 to USD 1,951,073. Although in most complications the
costs were mainly hospital costs, the management of CTEPH is mostly ambulatory due to its chronicity, highlighting the
health and economic consequences of the sequelae of this type of event, which in the case of CTEPH has a direct impact
on the quality of life and long-term survival of patients.'®**

This study has several limitations. Given the absence of sufficient studies to perform separate meta-analyses for each
medical context, evidence was globally synthesized. In this sense, although event probabilities were tailored for each at-risk
patient type, the same relative risk estimates for each treatment option were applied in all medical settings. In addition, the
same probabilities were assumed for PTE and CTEPH, as well as for DVT with dalteparin due to lack of evidence. No head-to-
head comparative studies among LMWHs are available; then, the relative comparisons were interpreted based on the presence
or absence of each LMWH. The study did not include other at-risk populations, such as the gynecobstetric population,
primarily owing to the limited availability of relevant data regarding the efficacy and safety of LMWHs in this context.
Thromboprophylaxis is indicated in high-risk pregnant women in several clinical practice guidelines in different countries,
including Colombia;'” however, these recommendations are based on the efficacy demonstrated in Internal Medicine patients.
There is still a need to generate clinical evidence for LMWH in this population.

Finally, the potential impact of unmeasured patient characteristics on the outcomes of thromboprophylaxis with
different LMWHs may influence our analysis. Factors such as a history of VTE, thrombophilia, active autoimmune

2930 were not consistently reported across the studies included in our

diseases, varicose veins, and prior major bleeding
SLR. The heterogeneity of these clinical characteristics among patients receiving the three LMWHs could influence the
observed efficacy and safety outcomes. Although we used a systematic review to gather the most reliable data available,
the inability to control for these factors may limit the generalizability of our findings. Future research with more granular
patient-level data must assess these characteristics’ impact on thromboprophylaxis outcomes.

Despite the above, the findings here describe the economic burden associated with direct medical costs of VTE and its
complications in the Colombian setting, as well as the influence of the type of high-risk patients receiving thrombopro-
phylaxis and the efficacy and costs of the different LMWHs available in the Colombian market. Future analyses are
needed that include the indirect costs associated with the loss of productivity due to the events and complications studied,
which simulate the costs due to premature mortality and disability of persons with thromboembolic disease in Colombia.

This would provide a complete picture of the real economic burden from a societal perspective.

Conclusion

This cost analysis adapted to the Colombian context indicates that, due to the differences on efficacy of enoxaparin over
dalteparin and nadroparin, this is the least expensive technology in all the medical contexts analyzed (Oncology,
Orthopedic and Internal Medicine). It is important to bear in mind that the type of high-risk patient substantially
influences the estimates of costs associated with thromboprophylaxis. This influence extends to factors such as the

chosen treatment regimens, and the probabilities associated with adverse events and treatment effectiveness.
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