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ABSTRACT

Introduction: Gliflozins have historically been
indicated for type 2 diabetes in France. How-
ever, their efficacy has recently been demon-
strated in heart failure and chronic kidney
disease (CKD), with positive recommendations
by Haute Autorité de Santé for gliflozin thera-
pies in these indications. The study objective
was to investigate the 5-year budget impact

associated with the introduction of gliflozins in
addition to standard therapy in people with
CKD and elevated albuminuria, regardless of
diabetes status, from the perspective of the
French healthcare system.
Methods: A budget impact model was devel-
oped to estimate the 5-year implications of
incorporating gliflozins in the treatment of
patients with CKD in France, using efficacy data
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from the Dapagliflozin and Prevention of
Adverse Outcomes in Chronic Kidney Disease
(DAPA-CKD) trial. Direct medical costs associ-
ated with drug acquisition and management,
treatment-related adverse events, dialysis and
kidney transplantation, and adverse clinical
outcomes were considered. Market share fore-
casts were estimated from historical data and
expert opinions. Event rates were derived from
trial data, while cost data were sourced from
published estimates.
Results: The introduction of gliflozins was
estimated to be cost saving compared to the no
gliflozins scenario, with an expected cumulative
5-year budget impact of -€650 million, driven
by slowed disease progression in patients trea-
ted with gliflozins, with fewer patients cumu-
latively progressing to end-stage kidney disease

(84,526 vs. 92,062). This, in addition to fewer
hospitalisations for heart failure and deaths
from any cause, led to substantial medical care
cost offsets (kidney-related: - €894 million;
hospitalisation for heart failure: - €14.3 mil-
lion; end-of-life care: - €17.3 million) to the
additional drug acquisition (€273 million) and
treatment-related adverse events costs (€2.98
million).
Conclusion: In concert with early diagnosis
and proactive management of CKD, the
expansion of the gliflozin indications into the
French CKD population presents the opportu-
nity to reduce the substantial burden associated
with cardio-renal complications which out-
weighs the additional cost of the new
treatment.
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DIGITAL FEATURE

This article is published with digital features,
including an infographic, to facilitate under-
standing of the article. To view digital features
for this article go to: https://doi.org/10.6084/
m9.figshare.23183681.

Key Summary Points

The introduction of gliflozins as a
treatment option for patients with
chronic kidney disease (CKD) is predicted
to lead to a reduction in the number of
patients incurring cardio-renal
complications.

A projected reduction in numbers of
patients undergoing dialysis or
transplantation is expected to lead to a
large reduction in associated costs.

A reduction of adverse clinical outcomes
leads to estimated cost offsets compared
to additional drug acquisition and
treatment-related adverse event costs,
such that the introduction of gliflozins is
predicted to be particularly cost saving
over a 5-year period (- €650 million;
eligible CKD population at year 5:
641,746), increasing substantially in a
scenario analysis of greater public health
intervention (- €1.53 billion; eligible CKD
population at year 5: 754,748).

Overall annual costs per patient treated
with gliflozins were expected to be lower
compared to those treated with standard
therapy alone; considerable healthcare
expenditure spent addressing cardio-renal
complications can be avoided through an
increased rate of diagnosis and enrolment
of patients on treatments for CKD.

INTRODUCTION

In France, the prevalence of adults with
chronic kidney disease (CKD), defined as urine
albumin–creatinine ratio (UACR)[30 mg/g or
estimated glomerular filtration (eGFR)\60 ml/
min per 1.73 m2), is estimated at 5.7 million,
or 7–10% of the general population [1, 2]. CKD
is associated with substantial clinical and eco-
nomic burden, with CKD progression ulti-
mately leading to end-stage kidney disease
(ESKD), where the burden of cardio-renal
complications becomes most significant for
patients and healthcare systems [3, 4].
According to the REIN (Réseau Épidémiologie
et Information en Néphrologie) national report
for 2019, approximately 92,000 people suffer
from ESKD in France [5]. Mortality rates in
these patients are high, with a 10-year mortal-
ity of 49% according to the same report [5].
This translates into a substantial economic
burden: according to the annual Court of
Auditors report, ESKD is the most expensive
pathology in France [6], with an annual cost of
€78,492 per dialysis patient [7], leading to more
than €4 billion expenditure per year at the
national level.

The Kidney Disease: Improving Global Out-
comes (KDIGO) guidelines stratify CKD
according to eGFR (stages G1–5) and UACR
(stages A1–3) [8, 9]. Patients in stages G1 and G2
are typically asymptomatic [10], and CKD bur-
den is further exacerbated by failure or delay in
diagnosis; according to a recent study, only 10%
of stage G3 patients are identified [11]. As a
result, many patients start receiving treatments
when the disease is already in advanced stages
and in need of costly interventions. Indeed,
over 30% of patients with ESKD are urgently
placed on dialysis in France [12], and it is esti-
mated that 18% and 4% of patients initiated on
haemodialysis and peritoneal dialysis, respec-
tively, have not had a prior nephrological con-
sultation [13].

Renin–angiotensin–aldosterone system inhi-
bitors (RAASi), including angiotensin-convert-
ing enzyme inhibitors (ACEi) and angiotensin
receptor blockers (ARBs), are considered to be
the most effective proven treatment option in
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the management of CKD and currently consti-
tute the standard of care in France [14]. Never-
theless, the condition continues to advance
quickly for some patients despite treatment,
and the residual risk of kidney failure, cardio-
vascular complications and premature death
remains high [14–16].

Gliflozins [or sodium-glucose transport pro-
tein 2 (SGLT2) inhibitors]—specifically canagli-
flozin, dapagliflozin and empagliflozin—are
established treatments for type 2 diabetes (T2D).
They have also proven efficacious in patients
with heart failure [17, 18] and CKD in addition
to standard of care [19–21]. The latest American
Diabetes Association 2022 guidelines included a
grade A recommendation to use gliflozins for
patients with T2D and diabetic kidney disease
with an eGFR C 25 mL/min per 1.73 m2 and
UACR C 300 mg/g, to reduce CKD progression
and cardiovascular events [22]. Similarly,
KDIGO 2022 guidelines for diabetes manage-
ment in CKD position gliflozins as first-line
therapeutics [23, 24], with updated guidance on
CKD management in patients without T2D
expected to follow.

The landmark Dapagliflozin and Prevention
of Adverse Outcomes in Chronic Kidney Disease
(DAPA-CKD) trial was terminated early due to
overwhelming efficacy, demonstrating for the
first time the value of gliflozins in patients with
CKD regardless of T2D status [25]. In the trial,
dapagliflozin showed statistically significant
reductions in the primary composite endpoint,
defined as C 50% sustained decline in eGFR,
onset of ESKD, or cardiovascular/kidney-related
death, [hazard ratio (HR) 0.61; 95% confidence
interval (CI) 0.51–0.72; P\0.001], hospitalisa-
tions for heart failure or cardiovascular death
(HR, 0.71; 95% CI 0.55–0.92; P = 0.009) and
death from any cause (HR, 0.69; 95% CI
0.53–0.88; P = 0.004).

Similarly, the Canagliflozin and Renal Events
in Diabetes with Established Nephropathy
Clinical Evaluation (CREDENCE) trial has
recently demonstrated the clinical benefits of
this class of drugs in patients with both T2D and
CKD [26], while the EMPA-KIDNEY study,
which investigated the effects of empagliflozin
in CKD, was also stopped early due to reduced
progression of kidney disease and death from

cardiovascular causes [19]. Despite the large
body of evidence supporting gliflozins’ efficacy
in CKD, dapagliflozin remains the only therapy
reimbursed in France for patients with CKD
(with/without T2D), although other options are
under review or are likely to be reviewed in the
future.

The emergence of gliflozins as an option for
patients is likely to cause a notable shift in
patient outcomes and healthcare service utili-
sation in the coming years. Indeed, it is possible
to speculate that early initiation of gliflozin-
based therapy may positively influence both
patients and healthcare providers, due to slo-
wed disease progression to kidney failure and
reduced adverse cardio-renal outcomes, leading
to significant expected medical care cost offsets.
The economic value of gliflozins has been pre-
viously assessed in other settings [27]; however,
there is a paucity of published budget impact
analyses assessing CKD treatments, particularly
from the French perspective.

Therefore, the primary objective of this study
is to develop a budget impact analysis to assess
the effect of an increase in the number of
patients screened and treated for CKD with gli-
flozins compared to standard therapy alone.
The study assesses the impact of improving
CKD diagnosis and management via the
implementation of public health interventions
over a 5-year period, with an additional scenario
analysis extended to 10 years, from the per-
spective of the French national health
insurance.

METHODS

Model Structure

This budget impact analysis of gliflozin thera-
pies considers the perspective of the mandatory
French national health insurance, l’Assurance
Maladie Obligatoire (AMO), and is based on the
structure of the model validated by the French
health technology assessment authority, Haute
Autorité de Santé (HAS) [7]. Direct costs (drug
acquisition, renal, cardiovascular, and treat-
ment-related adverse events) were incorporated;
indirect costs, such as productivity loss, were
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excluded. The central scenario (base case) anal-
ysis utilises a short-term 5-year time horizon in
line with common practice and guidance
[28, 29]. A schematic of the model used to
estimate the effect of public health interven-
tions is outlined in Fig. 1.

We used an event-driven budget impact
model (Fig. 2) to estimate the rate of clinical
events and associated direct medical costs under
two alternative situations: ‘‘world without gli-
flozins’’ reflecting the current mix of therapies
defined as standard therapy; ‘‘world with gli-
flozins’’ reflecting the addition of gliflozins to a
standard therapy in CKD treatment regimens.

Eligible Population

At the time of this analysis, dapagliflozin is the
only publicly reimbursed gliflozin therapy in

France in this indication. The eligible popula-
tion for this analysis therefore corresponds to
the selection criteria of the DAPA-CKD trial.
Specifically, this analysis is relevant to adult
patients with eGFR C 25 mL/min per 1.73 m2

and B 75 mL/min per 1.73 m2, and
UACR C 200 mg/g and B 5000 mg/g, treated
with RAASi therapy at the maximum tolerated
dose for at least 4 weeks.

According to HAS, the prevalence of patients
with UACR[30 mg/g and/or eGFR\60 ml/
min per 1.73 m2 is 3 million [2], of which an
estimated 73% would be diagnosed, according
to a qualitative panel of nephrologists. To
translate the DAPA-CKD population to the
French national setting, the French CKD-REIN
cohort, which showed that 33% of patients with
CKD have a urine albumin–creatinine ratio
between 200 and 5000 mg/g [30], was used to
extrapolate to 722,700 patients in the national

Fig. 1 Schematic of the budget impact analytical framework. ACEi angiotensin-converting enzyme inhibitor, ARB
angiotensin receptor blocker, DAPA-CKD Dapagliflozin and Prevention of Adverse Outcomes in Chronic Kidney Disease
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adult population. In addition, a qualitative
panel of nephrologists estimated that 25% of
adults living with CKD are not receiving RAASi
treatment. Of those receiving treatment, the
proportion receiving ACE inhibitors or ARBs
cannot be estimated with precision. Therefore,
by estimating that RAASi is suboptimal in 30%
patients, we estimate that approximately
379,000 individuals with CKD would be eligible
for dapagliflozin in the national adult popula-
tion in the first year [7].

The ‘‘central scenario’’ (base case) forecasts
an increase in patients diagnosed and treated
due to the implementation of public health
interventions, increasing the eligible popula-
tion by approximately 70% by year 5; alterna-
tive scenarios of public health intervention are
also explored.

Healthcare Interventions

The scenario representing standard therapy was
defined as a mix of RAASi therapies; specifically,
either ACEi or ARB in line with current clinical

practice in France and as standard therapy was
defined in the DAPA-CKD trial. The proportion
of patients receiving ACEi or ARB is determined
throughout the model according to market
share forecasts and is assumed to be constant
over the modelled period (ACEi: 50.9%; ARB:
49.1%). The introduction of gliflozins scenario
assumes that gliflozin therapies will be used in
addition to RAASi, and that its introduction will
not impact the composition of background
therapies. Therefore, market share changes are
applied equally to prevalent and incident
patients with CKD.

The eligible population in France is expected
to increase over time, mainly due to the ageing
of the population based on projections by the
National Institute of Statistics and Economic
Studies (Institut National de la Statistique et des
Études Économiques) [31], in addition to an
increasing prevalence of T2D according to the
International Diabetes Federation [32]. How-
ever, the treatable diagnosed population will
increase most significantly through imple-
menting national public health interventions
with the purpose of reducing the proportion of
undiagnosed people living with CKD. This
could, in turn, lead to improved health out-
comes in this population.

Clinical Efficacy Data

The efficacy data used to estimate health out-
comes for gliflozin therapy in the eligible pop-
ulation were derived from patient data from the
DAPA-CKD trial; annual probabilities are stated
in Table 1. Accordingly, kidney events consid-
ered in the model include C 50% sustained
decline in eGFR, reaching ESKD (with patients
assumed to progress either to dialysis or trans-
plant), in addition to abrupt decline in kidney
function (predefined end point of doubling of
serum creatinine between two visits as a result
of acute intermittent events). The model also
incorporates hospitalisation for heart failure.
Modelled death was defined as death from any
cause (all-cause mortality). Treatment-related
adverse events considered in the model include
volume depletion, major hypoglycaemic

Fig. 2 Events considered in the budget impact analysis of
the introduction of gliflozins into the CKD treatment
pathway. eGFR estimated glomerular filtration rate
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events, fractures, diabetic ketoacidosis and
amputation.

Cost and Healthcare Resource Use

Costs incorporated are direct costs only, com-
prised of drug acquisition and treatment-speci-
fic disease management costs, kidney- and
cardiovascular-related event management costs,
adverse-event-related costs, end-of-life costs,
and transport costs. In France, the long-term
diseases scheme allows complete reimburse-
ment from the AMO of healthcare expenditures
for individuals with specific conditions such as
T2D and CKD. Thus, direct costs are assumed to
be entirely covered by this scheme. Costs are

estimated according to French national health
insurance prices at the full public price.

The annual drug acquisition cost of any gli-
flozin therapy was assumed to be the cost of
dapagliflozin (€484) based on health insurance
tariffs [33], and were calculated from the doses
of the treatments administered, unit costs and
the frequency of administration. Based on
expert opinion of prescribing practices, stan-
dard therapy (ACEi/ARB) was derived from
acquisition costs for irbesartan, losartan and
ramipril, which were, respectively, the lowest
cost per drug class and were equal in value.
Treatment specific disease management costs
included follow-up consultations, tests, and
medical procedures.

Following discontinuation of dapagliflozin,
it was assumed that patients incurred the same
costs and events as a patient receiving standard
therapy, and that costs and events were uni-
formly distributed across each month. Residual
benefits associated with gliflozin treatment fol-
lowing discontinuation were not captured in
this analysis; therefore, we consider the
assumption that discontinued patients incurred
the same events as those who received standard
therapy only to be conservative.

Annual costs for patients with ESKD were
sourced from HAS [6, 7]. Medical transport costs
were applied (€115.58 per round trip) to annual
estimates of dialysis (assuming three round trips
per week, €18,030.48) and transplant follow-up
costs (assuming twelve trips per year, €1386.96).

Management of all treatment-related adverse
events were assumed to require hospitalisation.
The number of stays specific to each event were
associated with the corresponding diagnosis-
related group (DRG) cost, selected by ICD-10
code associated to each event. Palliative care
was assumed to be provided in a hospital set-
ting, with stays selected based on representative
DRGs [34].

In line with current guidance for budget
impact analyses, no discount was incorporated
in the analysis [28, 29]. All costs are expressed in
2022 Euros (€); the consumer price index for
health goods and services was used to adjust
estimates for inflation [35]. Cost estimates
applied in the model are shown in Table 2.

Table 1 Clinical event rates

Events Gliflozin plus
standard therapy

Standard
therapy

Clinical events, per 100 patient years

C 50% sustained

decline in eGFR

2.6 4.8

End-stage kidney

diseasea
2.5 3.8

Hospitalisation for

heart failure

0.8 1.6

Abrupt decline in

kidney function

1.4 2.0

All-cause mortality 2.2 3.1

Treatment-related adverse events, per 100 patient years

Volume depletion 0.0016 0.0025

Major

hypoglycaemic

event

0.0019 0.0027

Fracture 0.0041 0.0025

Diabetic ketoacidosis 0.0000 0.0002

Amputation 0.0054 0.0046

eGFR estimated glomerular filtration rate
aRates are applied only to patients without ESKD
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Scenario Analyses

In addition to the central scenario, lower and
upper scenarios are considered to assess the
influence of increasing the rates of diagnosis
and enrolment in cardio-renal protective gli-
flozin therapy. The ‘‘lower scenario’’ assumes no
such intervention is taken and in line with
expected market developments as per standard
practices. The ‘‘upper scenario’’ considers that
stronger public health interventions are enac-
ted, further increasing rates of patient diagnosis
(approximately doubling the eligible popula-
tion by year 5) and greater, but not uniform,
enrolment on gliflozin therapy after diagnosis
than modelled in the ‘central scenario’.

Each of these three scenario analyses were
further extended over 10-years to estimate the
interval of the expected budget impact of
introducing gliflozins, according to market
share projections over a 10-year period. Popu-
lation forecast estimates are disseminated in the
supplementary materials (Supplementary
Material Table S1).

Deterministic Sensitivity Analysis

One-way deterministic sensitivity analyses were
conducted by varying event rates and cost
inputs by ± 20% to assess the model sensitivity
to these parameters, and to evaluate uncertainty
in the model simulation for the 5-year ‘‘central
scenario’’ (base case).

Statement of Ethics Compliance

This study was conducted in accordance with
ethical principles of the Declaration of Helsinki
and Good Clinical Practice guidelines. This
study did not require informed consent or
institutional/ethical review board approval,
because it was based on previously conducted
clinical trials, and does not contain any new
studies with human participants or animals
performed by any of the authors. Any data used
to the purpose of the present study were
anonymised.

RESULTS

Central Analysis

In the central scenario of improved public
health intervention in CKD in a world with
gliflozins, the eligible population was predicted
to increase by 262,746 in year 5 (year 1:
379,000; year 5: 641,746). Market penetration
of gliflozins was predicted to lead to 275,951
patients being treated with gliflozins in addition
to standard therapy in year 5 alone, with
365,795 patients were treated with standard
therapy only in year 5 alone (Table 3). Over the
course of the 5-year period, patients were pre-
dicted to spend 598,650 patient-years being

Table 2 Cost inputs

Inputs Value (€)a

Annual costs

Acquisition (gliflozins)b 484 [33]

Acquisition (standard therapy)b 57 [37]

Management (gliflozins) 522 [38–41]

Management (standard therapy) 493 [38–41]

Transplant monitoring 15,237 [6, 7]

Dialysis 79,577 [6]

Event costs

Hospitalisation for heart failure 3024 [34]

Abrupt decline in kidney function 3260 [34]

Kidney transplant 68,828 [6, 42]

End-of-life care 5655 [34]

Volume depletion 2815 [34]

Major hypoglycaemia 1365 [34]

Fracture 1737 [34]

Diabetic ketoacidosis 2587 [34]

Amputation 7948 [34]

aAll costs were varied by 20% in the deterministic sensi-
tivity analysis
bDrug acquisition costs incorporate product dispensing
fees
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Table 3 Clinical outcomes for the central scenario over a 5-year time horizon

Year 1 Year 2 Year 3 Year 4 Year 5 Cumulative

Patients treated (patient-years)

World without gliflozins

Standard therapy 379,000 416,689 479,318 553,917 641,746 2,470,670

World with gliflozins

Gliflozin ? standard therapy 2143 26,772 105,859 187,925 275,951 598,650

Standard therapy 376,857 389,917 373,459 365,992 365,795 1,872,020

Clinical outcomes (total events)

World without gliflozins

C 50% sustained decline in eGFR 17,750 19,516 22,449 25,943 30,056 115,714

End-stage kidney disease 14,122 15,527 17,860 20,640 23,913 92,062

Dialysis 8728 9595 11,038 12,756 14,778 56,894

Transplant 5395 5931 6823 7885 9135 35,168

Hospitalisation for heart failure 6012 6609 7603 8786 10,179 39,190

Abrupt decline in kidney function 7500 8245 9485 10,961 12,699 48,889

All-cause mortality 4798 5275 6068 7013 8125 31,279

World with gliflozins

C 50% sustained decline in eGFR 17,705 18,948 20,206 21,961 24,209 103,030

End-stage kidney disease 14,095 15,190 16,528 18,274 20,439 84,526

Dialysis 8711 9387 10,214 11,294 12,631 52,237

Transplant 5384 5802 6314 6981 7808 32,289

Hospitalisation for heart failure 5995 6398 6767 7302 8000 34,461

Abrupt decline in kidney function 7487 8088 8861 9853 11,072 45,360

All-cause mortality 4787 5139 5528 6053 6715 28,221

Incremental

C 50% sustained decline in eGFR - 45 - 567 - 2243 - 3982 - 5847 - 12,684

End-stage kidney disease - 27 - 337 - 1333 - 2366 - 3474 - 7536

Dialysis - 17 - 208 - 824 - 1462 - 2147 - 4657

Transplant - 10 - 129 - 509 - 904 - 1327 - 2879

Hospitalisation for heart failure - 17 - 211 - 836 - 1484 - 2180 - 4729

Abrupt decline in kidney function - 13 - 158 - 624 - 1108 - 1627 - 3529
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treated with gliflozins versus 1,872,020 patient-
years treated with standard therapy alone.

In the central scenario, gliflozin therapy was
predicted to reduce the rate of disease progres-
sion compared to standard therapy. Cumula-
tively, the introduction of gliflozins led to
12,684 fewer patients with a C 50% sustained
decline in eGFR (103,030 vs. 115,714) and 7536
fewer patients progressing to ESKD (84,526 vs.
92,062) over the 5-year time horizon, including
4657 fewer incidents of dialysis initiation,
translating as up to 8458 fewer life-years spent
on dialysis over the modelled horizon.

Gliflozin therapy was also predicted to lead
to fewer adverse cardio-renal events, including
4729 fewer incidents of hospitalisation for heart
failure (with gliflozins: 34,461; without gli-
flozins: 39,190), and 3529 fewer incidents of
abrupt decline in kidney function (with gli-
flozins: 45,360; without gliflozins: 48,889). The
introduction of gliflozins was projected to
reduce the rate of death from any cause, with
3,058 fewer people dying over the 5-year hori-
zon (with gliflozins: 28,221; without gliflozins:
31,279), translating as up to an estimated 5553
life years saved over the modelled horizon.

Total projected annual costs and 5-year
cumulative cost estimates are detailed in
Table 4, and are also illustrated in Supplemen-
tary Material Fig. S1. In year 5 alone, gliflozin
therapy led to expected savings of - €361 mil-
lion in France, with a cumulative 5-year saving
of - €650 million. In the scenario without gli-
flozins, treatment of CKD with standard therapy
was associated with a cumulative 5-year budget
impact of €17.1 billion, of which €15.2 billion
(89%) are due to the management of ESKD, with
€1.36 billion (8%) resulting from drug acquisi-
tion and management costs. In the scenario
with gliflozins, CKD management was

associated with a cumulative 5-year budget
impact of €16.5 billion, with €14.3 billion (87%)
due to ESKD management and a higher pro-
portion of costs (€1.63 billion, 10%) from drug
acquisition and management costs,
respectively.

The introduction of gliflozins was estimated
to avoid 4657 patients initiating dialysis and
2879 patients undergoing kidney transplants,
leading to a total cost savings of - €78.4 million
in year 3, rising to - €361 million at year 5, with
- €650 million saved over the 5-year time
horizon. Increased costs for drug acquisition
and monitoring resulting from additive gliflozin
therapy (€273 million) and management of
adverse events (€2.98 million) were offset pri-
marily by reduced costs relating to kidney
events (ESKD, - €883 million; abrupt declines
in kidney function, - €11.5 million) over the
5-year horizon. Treatment costs were further
offset by costs relating to hospitalisation for
heart failure (- €14.3 million) and end-of-life
care (- €17.3 million). Overall, total costs were
lower per patient treated with gliflozin than
standard therapy only as a result of these offsets,
and rose over time, costing - €1086 per year in
those treated with a gliflozin in year 5 versus
- €561 in year 1 (Table 4).

Scenario Analyses

The cumulative projected budget impact of gli-
flozin therapies in lower, central, and upper
scenarios of early CKD diagnosis in the national
adult population of France are provided in
Table 5. In the lower scenario, introduction of
gliflozins was estimated to yield budget savings
of approximately - €340 million over a 5-year
time horizon versus - €650 million in the cen-
tral scenario. Budget savings were estimated to

Table 3 continued

Year 1 Year 2 Year 3 Year 4 Year 5 Cumulative

All-cause mortality - 11 - 137 - 541 - 960 - 1410 - 3058

Event numbers are rounded, and so values for the cumulative event rates may differ. Negative values indicate the reduction
in events incurred in the ‘‘world with gliflozins’’ scenario versus the ‘‘world without gliflozins’’ scenario
eGFR estimated glomerular filtration rate
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increase up to - €1.53 billion in the upper
scenario.

Cumulative budget savings would also be
expected to improve substantially in the longer
term, with budget savings of approximately
- €2.56 billion expected in the lower scenario of
public health intervention (Table 5). In the
central scenario, the cumulative cost savings
were expected to rise to - €5.88 billion. In the
upper scenario of improved implementation of
public health interventions, savings would be
expected to increase further to - €12.1 billion
cumulatively, driven primarily by a reduction in
patients progressing to ESKD (lower: 14,055,
central: 33,468; upper: 67,644; Supplementary
Material Table S2).

When considering the budget impact of gli-
flozins at a per patient-level, all scenarios
demonstrated that treatment with gliflozins
could be cost-saving versus those treated with
standard therapy only (Table 5). Further, as
coverage and duration of treatment increased
over time in the longer term scenarios, the
savings per patient would also increase. For
example, in the central scenario the budget

savings per patient treated with gliflozins would
increase (5-years: - €1,086; 10-years: - €2,211),
driven by attenuated CKD progression and
associated cardio-renal outcomes.

Deterministic Sensitivity Analysis

The tornado diagram presented in Fig. 3 shows
that the estimated rates of progression to ESKD
associated with both scenarios and ESKD cost
inputs were highly influential on model out-
comes. Nevertheless, the scenario with gli-
flozins led to budgetary savings in all analyses.
Outcomes from deterministic sensitivity analy-
ses on all considered parameters are presented
in the supplementary materials (Supplementary
Material Table S3).

DISCUSSION

The arrival of gliflozins as a potential thera-
peutic option for patients with CKD represents a
significant departure from the past 20 years,
where little innovation in direct drug therapy

Fig. 3 Incremental budget impact model outcomes from
deterministic sensitivity analyses. The vertical line indicates
the total budget impact (- €650 million) over a 5-year
horizon in the central scenario. All values (either costs or
event rates) were varied to 80% and 120% of the base-case
value. The ten parameter values that had the greatest

influence on the incremental budget impact model
outcomes, in either direction, are presented here, with a
full list of deterministic sensitivity analyses provided in
Table S3 of the supplementary materials. ESKD end-stage
kidney disease, HF heart failure
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has occurred since the introduction of RAASi
therapies. It also presents a key opportunity to
delay CKD progression and associated cardio-
renal outcomes based on improving public
health interventions. The presented budget
impact analysis assesses the financial impact of
increasing the numbers of screened, diagnosed
and gliflozin-treated patients due to public
health interventions in France, demonstrating
budgetary savings in all considered scenarios.

The central scenario of public health inter-
vention to improve rates of diagnosis and
enrolment on effective treatments indicates
that the introduction of gliflozins in France
could lead to cost savings of – €650 million over
5 years. Overall costs per patient treated with
gliflozins were lower than those treated with
standard therapy. These savings were driven by
attenuated CKD progression and avoidance of
major cardio-renal events, with 4657 dialyses,
2879 transplants, 4729 hospitalisations for
heart failure, and 3529 incidences of abrupt
declines in kidney function avoided over the
5-year extrapolated period, as well as costs
associated with 3058 fewer patients dying from
any cause.

The alternative scenarios of public health
intervention, providing upper and lower esti-
mates of improved diagnosis rates and treat-
ment coverage, indicate that increasing disease
awareness and promoting earlier diagnoses may
help reduce disease burden in France by up to
€1.53 billion after 5 years. A further 10-year
analysis considered potential savings to reach
up to €12.1 billion in the upper scenario (with
the most improved rates of screening and more
patients being treated via public health poli-
cies), preventing up to an estimated 67,644
patients progressing to ESKD and 27,447
patients dying from any cause. Further, as
market penetration increased in all scenarios,
the overall cost savings per patient treated with
gliflozins was also predicted to increase.

The implementation of public health poli-
cies aimed at optimising disease management,
increasing disease awareness, and promotion of
early diagnosis of CKD could reduce the rate of
progression to ESKD and led to significant
clinical and economic benefit to both patients
and healthcare systems. The eligible populationT
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is also expected to increase thanks to the
Rémunération sur Objectifs de Santé Publique
(Remuneration for Public Health Objective; an
objective-based incentive for primary care
physicians towards increased patient screening,
diagnosing and access to treatment in hyper-
tensive or diabetic patients) [36]. Other sug-
gested public health interventions to achieve
improved rates of diagnosis may include
awareness campaigns targeting at-risk people to
proactively discuss any concerns with their
health-care professional. Further, the active
participation of medical analysis laboratories,
including the modification of reports and
automated contacts with healthcare profes-
sionals, may increase identification of at-risk
patients. Additionally, increased screening for
early CKD via occupational physicians may
improve rates of detection. It should be noted
that these are only suggested policies and that
implementation of alternative policies, focusing
on improved diagnosis rates of patients in the
earlier stages of CKD, may also achieve the same
purpose.

The analysis described here is subject to
limitations. This analysis is representative of
patients eligible for the DAPA-CKD trial (eGFR,
25–75 ml/min per 1.73 m2; UACR,
200–5000 mg/g), and therefore this analysis is
not able to predict the effects in patients with
other characteristics and lower eGFR (as the
latest KDIGO 2022 guidelines consider patients
with an eGFR[20 ml/min/1.73 m2).

The efficacy of empagliflozin according to
the recently published results of the EMPA-
KIDNEY trial have led to expectations that it
will be an emerging treatment option in the
future [19]. While the efficacy parameters of
empagliflozin were not incorporated in this
analysis, future analysis could be expanded to
account for patients enrolled in EMPA-KIDNEY,
who typically had patients with more advanced,
higher-risk CKD and a higher rate of T2D. Fur-
ther, consideration could also be given to
patients treated with gliflozins for other pur-
poses (e.g. T2D or heart failure) that present
with CKD but do not fulfil DAPA-CKD inclusion
criteria (i.e. UACR\200 mg/g).

Finally, costs associated with increasing the
size of the population screened, diagnosed and

enrolment on gliflozins were not included in
the model, thus further analyses may be
required to obtain a more precise estimation of
the budget impact associated to gliflozins’
introduction upon the implementation of nec-
essary public health interventions. However, we
anticipate that the costs associated with public
health interventions would be limited, relative
to the benefit that would be expected from early
detection and treatment of CKD, and the offsets
from reduced healthcare burden would exceed
the expected cost of such public health
interventions.

CONCLUSIONS

Our budget impact analysis predicts that treat-
ing patients with CKD with gliflozins in addi-
tion to standard therapy could offer great
clinical, humanistic and economic benefit by
slowing the rate of disease progression, leading
to fewer adverse cardio-renal outcomes and
lower total costs attributable to the French
healthcare system. Concerted nationwide
efforts can improve the rate of early CKD diag-
nosis via healthcare initiatives that increase the
number of patients screened for evidence of
CKD. Subsequent enrolment on protective
therapies may have substantial benefit to the
population of patients with CKD while pre-
venting later healthcare resource use, leading to
considerable budgetary savings.
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