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Background and Aim: Dapagliflozin and empagliflozin have demonstrated favorable clinical outcomes among patients with chronic kidney disease (CKD). However, their comparative monetary value for improving outcomes in CKD patients is unestablished. We examined the cost-per-outcome implications of utilizing dapagliflozin as compared to empagliflozin for prevention of renal and cardiovascular events in CKD patients.
Methods: For calculation of preventable events we divided the allocated budget by the cost needed to treat (CNT) for preventing a single renal or cardiovascular event. CNT was derived by multiplying the annualized number needed to treat (aNNT) by the annual therapy cost. The aNNTs were determined based on data from the DAPA-CKD and EMPEROR-KIDNEY trials. The budget limit was defined based on the threshold recommended by the United States’ Institute for Clinical and Economic Review.
Results: The aNNT was 42 both dapagliflozin (95% confidence interval [CI]: 34-59) and empagliflozin (CI: 33-66). The CNT estimates for the prevention of one primary event for dapagliflozin and empagliflozin were comparable at $201,911 (CI: $163,452-$283,636) and $209,664 (CI: $164,736-$329,472), respectively. However, diabetic patients had a higher CNT with dapagliflozin ($201,911 [CI: $153,837-$346,133]) than empagliflozin ($134,784 [CI: $109,824-$214,656]), whereas non-diabetic patients had lower CNT for dapagliflozin ($197,103 [CI: $149,029-$346,133]) than empagliflozin ($394,368 [CI: $219,648-$7,093,632]). The CNT for preventing CKD progression was higher for dapagliflozin ($427,858 [CI: $307,673-$855,717]) than empagliflozin ($224,640 [CI: $169,728-$344,448]). For preventing cardiovascular death (CVD), the CNT was lower for dapagliflozin ($1,634,515 [CI: $740,339-∞]) than empagliflozin ($2,990,208 [CI: $1,193,088-∞]).
Conclusion: Among patients with CKD, empagliflozin provides a better monetary value for preventing the composite renal and cardiovascular events in diabetic patients while dapagliflozin has a better value for non-diabetic patients. Dapagliflozin provides a better monetary value for the prevention of CVD, whereas empagliflozin has a better value for the prevention of CKD progression.
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1 INTRODUCTION
Chronic kidney disease (CKD) typically exhibits a progressive course leading to diminished quality of life and reduced life expectancy (Webster et al., 2017). The progressive nature of CKD and the need for kidney-replacement therapy pose an extreme financial burden on health systems worldwide (Webster et al., 2017).
Notably, sodium–glucose cotransporter 2 (SGLT2) inhibitors have shown favorable effects on kidney and cardiovascular outcomes in large-scale clinical trials involving patients with type 2 diabetes (Wanner et al., 2016; Neal et al., 2017; Perkovic et al., 2019; Wiviott et al., 2019). The DAPA-CKD trial included participants with an estimated glomerular filtration rate (eGFR) of 25–75 mL/min/1.73 m2, concluding that regardless of diabetic status, the risk of a composite of a sustained decline in the eGFR of at least 50%, end-stage kidney disease, or death from renal or cardiovascular causes was significantly lower with dapagliflozin than with placebo (Heerspink et al., 2020). More recently, the EMPA-KIDNEY trial showed that among a wide range of patients with CKD (eGFR of 20–90 mL/min/1.73 m2), empagliflozin therapy led to a lower risk of progression of CKD or death from cardiovascular causes than placebo regardless of diabetic status (The EMPA-KIDNEY Collaborative Group Herrington et al., 2023).
Based on the rapidly emerging new evidence of SGLT2 inhibitors’ efficacy and safety in CKD, the Kidney Disease Improving Global Outcomes (KDIGO) guidelines and The National Institute of Health and Care Excellence (NICE) clinical guidelines on CKD recommend SGLT2 inhibitors for patients with CKD and type 2 diabetes (NICE Guideline, 2021; Rossing et al., 2022).
Despite the results of these promising large-scale clinical trials, a recently published analysis suggests that SGLT2 inhibitors remain underutilized in patients with CKD, especially in patients without diabetes mellitus (DM) (Zhuo et al., 2022). An additional recent analysis showed low utilization rates of SGLT2 inhibitors in patients with atherosclerotic cardiovascular disease, heart failure and type 2 DM (Hussain et al., 2023). The prices of these medications play a major role in this challenge and may preclude routine prescription and decrease patients’ adherence (Aggarwal et al., 2022). In this context, several studies have shown that decreasing patients’ out-of-pocket costs of medication increases their adherence to pharmacotherapy and upsurges physicians’ prescription rate (Robinson et al., 2020). To the best of our knowledge, a comparative cost-per-outcome analysis between dapagliflozin and empagliflozin in CKD is lacking. To assist decision-makers in prioritizing SGLT2 inhibitors, we aimed to compare the cost-per-outcome implications of dapagliflozin and empagliflozin in patients with CKD in the presence or absence of DM based on the results of the DAPA-CKD and EMPA-KIDNEY clinical trials under a predefined budget constraint that was set by the Institute for Clinical and Economic Review (ICER) (Lin et al., 2022).
2 MATERIAL AND METHODS
2.1 Data sources for drug efficacy
Outcome data for dapagliflozin and empagliflozin were extracted from the DAPA-CKD and EMPA-KIDNEY trials, respectively (Heerspink et al., 2020; The EMPA-KIDNEY Collaborative Group Herrington et al., 2023).
2.2 Outcome measures
Our main study outcome was the cost needed to treat (CNT) to prevent one event of the primary outcome, as defined in each trial in the total population and stratified by diabetic status (Heerspink et al., 2020; The EMPA-KIDNEY Collaborative Group Herrington et al., 2023). The secondary outcomes used for the analysis were similarly derived from the DAPA-CKD and EMPA-KIDNEY trials. Secondary outcomes were the CNT to prevent one event of CKD progression, cardiovascular death (CVD), or all-cause mortality as separate clinical outcomes.
2.3 CNT analysis
The number of preventable primary renal or cardiovascular events achievable with dapagliflozin or empagliflozin was estimated by dividing the predefined maximum available budget by the CNT to prevent one event. The budget limit, $734 million, was set as the United States’ threshold suggested by the ICER (Lin et al., 2022). The CNT was determined as the product of the annualized number needed to treat (aNNT) to prevent a single event multiplied by the cost of therapy (Mayne et al., 2006). Analysis was performed from the United States healthcare payer perspectives. Drug costs were calculated as 75% of the US National Average Drug Acquisition Cost (NADAC), extracted in July 2022 (Pharmacy Pricing, 2022).
2.4 aNNT analysis
The aNNT was derived by dividing one by the annualized absolute risk reduction (aARR). The aARR was determined as the absolute difference between the annualized absolute risk (aAR) observed in the control arm and the treatment arm. To calculate the aAR, the number of events in each study arm was divided by the patient-years of treatment (Mayne et al., 2006). The event rates for this analysis were based on the CKD adjudication criteria defined in the original trials.
2.5 Sensitivity analysis
We conducted a one-way sensitivity analyses in order to mitigatedifferences in baseline risk among the different randomized controlled trials (RCT) populations. Accounting for parameters that may affect the NNT and CNT figures (Mendes et al., 2017). Two parameters were included: the risk of events in the RCTs’ control arm and the compared annual costs of the interventions. For the sensitivity analysis we employed the full NADAC price as the upper limit and 50% of the NADAC price as the lower limit, This approach aligns with the recommended methodology for conducting US cost-effectiveness analyses (Levy et al., 2018).
3 RESULTS
3.1 Patient populations
A total of 10,913 patients were included in the two randomized trials (Heerspink et al., 2020; The EMPA-KIDNEY Collaborative Group Herrington et al., 2023), as presented in Table 1. The median follow-up time was longer in DAPA-CKD (2.4 years) compared to EMPA-KIDNEY (2 years). Overall, the DAPA-CKD trial included patients with an eGFR of 25–75 mL/min/1.73 m2 and urinary albumin-to-creatinine ratio of 200–5,000 compared to an eGFR of 20–45 mL/min/1.73 m2 and urinary albumin-to-creatinine ratio of at least 200 for the EMPA-KIDNEY trial (Table 1). Both trials required patients to take a renin-angiotensin system (RAS) inhibitor; however, only the DAPA-CKD trial specified the required drug classes. Namely, the documented inability to take an angiotensin-converting enzyme inhibitor (ACEi) or angiotensin receptor blocker (ARB) was an exclusion criterion for the DAPA-CKD trial, while this was not the case for the EMPA-KIDNEY trial (Heerspink et al., 2020; The EMPA-KIDNEY Collaborative Group Herrington et al., 2023).
TABLE 1 | Baseline characteristics.
[image: Table 1]3.2 Study outcomes
The aNNT with both dapagliflozin and empagliflozin was 42, with a 95% confidence interval (CI) of 34–59 and 33-66, respectively (Table 2). Since the annual drug costs are $4,807 and $4,992 for dapagliflozin and empagliflozin, respectively; the overall CNT to prevent one event of CKD is $201,911 (95% CI: $163,452-$283,636) for dapagliflozin versus $209,664 (95% CI: $164,736-$329,472) for empagliflozin (Table 2; Figure 1).
TABLE 2 | Step-by-step calculations of the number and cost needed to treat for empagliflozin and dapagliflozin.
[image: Table 2][image: Figure 1]FIGURE 1 | Cost needed to treat (CNT) for prevention of primary outcome using empagliflozin versus dapagliflozin stratified by diabetic status.
If the annual predefined budget of $734 million was allocated entirely for the prevention of renal and cardiovascular events, a similar number of events would be prevented using dapagliflozin (2,726 events, [95% CI: 941-3,368]) and empagliflozin (2,626 events, [95% CI:1,671-3,342]) when utilizing the US high-cost estimate (Table 3).
TABLE 3 | Avoided primary renal and cardiovascular events in low and high cost estimates of empagliflozin and dapagliflozin.
[image: Table 3]Of note, among diabetic patients, the CNT was higher for dapagliflozin at $201,911 (95% CI: $153,837-$346,133) than empagliflozin at $134,784 (95% CI: $109,824-$214,656). However, the CNT of dapagliflozin was lower than empagliflozin among patients without diabetes at $197,103 (95% CI: $149,029-$346,133) versus $394,368 (95% CI: $219,648-$7,093,632) (Table 4; Figure 1).
TABLE 4 | Cost needed to treat for the prevention of the primary outcome in diabetic and non-diabetic patients.
[image: Table 4]Interestingly, the drugs have varying effects on reducing secondary outcomes. Specifically, the CNT for reducing the progression of CKD was higher for dapagliflozin ($427,858 [95% CI: $307,673-$855,717]) than empagliflozin ($224,640 [95% CI: $169,728-$344,448]), while the CNT for CVD and all-cause mortality prevention was higher for empagliflozin ($2,990,208, [$1,193,088-∞]) versus ($1,634,515, [$740,339-∞]) and ($1,502,592 [$648,960-∞]) versus ($548,043 [$360,555-$1,418,182]), respectively (Table 5; Figure 2).
TABLE 5 | Cost needed to treat for prevention of secondary outcomes.
[image: Table 5][image: Figure 2]FIGURE 2 | Cost needed to treat (CNT) for prevention of secondary outcomes using empagliflozin versus dapagliflozin.
4 DISCUSSION
Our analysis suggests that dapagliflozin and empagliflozin provide similar NNTs for preventing one primary event in CKD. Overall, the monetary values of dapagliflozin and empagliflozin were similar. However, the CNT was lower for empagliflozin in diabetic patients but higher than dapagliflozin in patients without DM. Additionally, we found that CNT analysis has varying results on secondary outcomes, with empagliflozin ensuing a better monetary value for the reduction of CKD progression and dapagliflozin displayed a better monetary value for preventing CVD and all-cause mortality.
EMPA-KIDNEY included 6,609 participants who were randomized to either empagliflozin or placebo (The EMPA-KIDNEY Collaborative Group Herrington et al., 2023). The primary outcome of progression of kidney disease or CVD was 13.1% with empagliflozin versus 16.9% with placebo. These outcomes were consistent regardless of diabetic status or prior cardiovascular disease. DAPA-CKD included 4,304 patients with CKD where the primary outcome (a composite of a sustained decline in the eGFR of at least 50%, end-stage kidney disease, or death from renal/cardiovascular causes) occurred in 9.2% in the dapagliflozin group and 14.5% in the placebo group (Heerspink et al., 2020).
McEwan et al. evaluated the potential long-term economic effect of dapagliflozin in CKD treatment (McEwan et al., 2022). Their study illustrated the cost-effectiveness of dapagliflozin versus placebo using patient-level data from the DAPA-CKD trial. Results were consistent across Germany, Spain and the United Kingdom with incremental cost-effectiveness ratios of $17,623, $11,687, and $8,280, respectively (McEwan et al., 2022). This finding was also in line with a recent study in the US that demonstrated the cost-effectiveness of dapagliflozin in non-diabetic CKD patients relative to a willingness-to-pay threshold of $100,000 per quality-adjusted life years (QALY) gained. The study showed that adding dapagliflozin increased life expectancy by 2 years compared to standard therapy alone, along with an additional 1.3 discounted QALY. Furthermore, dapagliflozin provided a $79,000 increase in the total discounted lifetime healthcare costs. The study indicated that the net 1-year budgetary cost of treating all non-diabetic CKD patients in the US could be up to $21 billion (Tisdale et al., 2022). Similarly, another study illustrated the cost-effectiveness of dapagliflozin for patients with stage 3b CKD in Japan (Kodera et al., 2022). A very recent analysis showed that the use of canagliflozin or dapagliflozin, added to the standard of care (SoC) in patients with CKD and DM, was more cost-effective than SoC only (Nguyen et al., 2023).
Although empagliflozin has demonstrated cost-effectiveness in different patient populations, less is known about its cost-effectiveness for CKD patients compared to dapagliflozin. However, a cost-effective analysis based on results from the EMPA-REG OUTCOME study demonstrated an incremental cost-effective ratio of $25,974 per QALY with the addition of empagliflozin compared to standard therapy alone in the US (Reifsnider et al., 2022). Noteworthy, the EMPA-REG OUTCOME study was not powered to assess benefits in the diabetic CKD subgroup, in addition to excluding patients with an eGFR of <30 mL/min/1.73 m2 (Zinman et al., 2015). A recent pooled analysis of EMPEROR-Reduced and EMPEROR-Preserved (Empagliflozin Outcome Trial in Patients with Chronic Heart Failure with Reduced or Preserved Ejection Fraction, respectively) demonstrated that the benefit of empagliflozin on heart failure events was not influenced by KDIGO categories based on eGFR and urine albumin-to-creatinine ratio (Butler et al., 2023). Moreover, recent data demonstrated that the effects of the new renal protective medications, including SGLT2 inhibitors, remain consistent using different eGFR decline thresholds (Heerspink et al., 2023). However, the EMPA-KIDNEY trial showed no convincing evidence justifying the use of empagliflozin in patients with chronic kidney disease without macroalbuminuria (Herrington et al., 2023).
SGLT2-inhibitors have shown several clinical benefits beyond diabetes, including heart failure (HF), and CKD. It was recently indicated that empagliflozin improves frailty in elderly patients with DM and hypertension by mitigating oxidative stress in endothelial cells (Santulli et al., 2023). An additional recent report showed that empagliflozin mediates the modification of microRNAs that are involved in the regulation of endothelial function in diabetic patients with heart failure with preserved left ventricular function (Mone et al., 2023).
In addition to the differences in the reported clinical outcomes of empagliflozin and dapagliflozin, it is worth noting that these medications also confer various pharmacological properties that may influence their therapeutic benefits. For example, empagliflozin is more selective for SGLT2 over SGLT1 than dapagliflozin (Grempler et al., 2012). Expression of SGLT1 in the heart is markedly elevated, in contrast to its comparably diminished expression in the kidney (Zhou et al., 2003). Conversely, SGLT2 exhibits very high expression in the kidney, while significantly reduced in the heart (Zhou et al., 2003). Thus, the much higher selectivity of empagliflozin for SGLT2 over SGLT1, in comparison to that of dapagliflozin, may result in a different pharmacological as well as clinical profile. For instance, empagliflozin is expected to alter glucose transport mainly in the kidney while having a negligible effect on glucose uptake in the heart (Anker and Butler, 2018). This could underlie the better value of dapagliflozin for cardiovascular outcomes in non-diabetic patients, as well as of empagliflozin for CKD and in diabetics patients. Accumulating data suggests that SGLT2 inhibitors (particularly dapagliflozin) inhibit neurohormonal activation among patients with systolic dysfunction (Lymperopoulos et al., 2021; Koufakis et al., 2022; Udell et al., 2022; Talha et al., 2023). It has been suggested that these medications mitigate the activity of the sympathetic nervous system, leading to a reduction in catecholamines secretion from the adrenal medulla and suppression of the activation of the renin-angiotensin-aldosterone system. Altogether, these effects may contribute to improvement of endothelial function, prevention of left ventricular remodeling, fibrosis and HF. (Udell et al., 2022).
Although a growing body of evidence supports the role of SGLT2 inhibitors as disease-modifying agents for CKD, their use is still limited in clinical practice partially due to their cost (Aggarwal et al., 2022). Our analysis attempts to provide some cost-per-outcome insight when prescribing SGLT2 inhibitors to CKD patients. To our knowledge, this is the first cost-per-outcome comparison between empagliflozin and dapagliflozin in patients with CKD. Our results suggest variability of CNT according to patients’ characteristics and certain secondary outcomes. Diabetic status seems to be an important factor to consider when choosing between these medications to achieve the best monetary value per outcome. Future studies are needed to confirm these findings.
4.1 Limitations
Several limitations should be acknowledged in our study. Firstly, it is important to recognize that our analysis does not supplant the necessity for a thorough cost-effectiveness assessment in relation to QALY. Furthermore, this analysis did not encompass the entirety of relevant data required for a formal cost-effective analysis, including factors such as expenses and benefits associated with healthcare services beyond the therapy itself. These considerations include adverse effects, hospitalization rates, and quality of life measures. However, given the absence of such comparative studies with empagliflozin and dapagliflozin in CKD patients, our CNT analysis could serve as a prompt tool for comparative monetary value. Moreover, CNT provides an actual, real-world comparison of the costs needed to prevent one primary event in patients with CKD. That way, CNT gives a practical insight into monetary value for those in the healthcare field in a position to make healthcare decisions for patients. Inherent limitations of the trials used in our analysis must also be considered, especially the differences in populations of the two trials. Our sensitivity analysis attempts to overcome these differences by simulating each drug’s effect in each RCT.
5 CONCLUSION
In analysing data from the DAPA-CKD and EMPEROR-KIDNEY trials, the CNT to prevent one primary event was lower for empagliflozin than dapagliflozin in patients with DM, but lower for dapagliflozin than empagliflozin among patients without DM. Moreover, the CNT to prevent CKD progression was lower for empagliflozin, but lower for dapagliflozin to prevent CVD and all-cause mortality.
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