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ABSTRACT

Management of chronic kidney disease has always been challenged by the need for therapies or interventions that prolong 
time to dialysis. Given the high global incidence and prevalence of chronic kidney disease, the need for cost-effective and 
patient-centered interventions, aiming to postpone dialysis initiation, becomes crucial. Longevity increase and prolonga-
tion of dialysis-free interval would mean improvement in quality of life for millions of people and their families worldwide. 
It also decreases pressure on the health system. In the last years, the efforts of the scientific community on this matter have 
been rewarded by the excellent results of sodium-glucose 2-co-transport inhibitors and selective aldosterone blockers on 
chronic kidney disease progression, and these innovations merit to be considered milestones in nephrology.
Several non-specific therapies for chronic kidney disease, such as antif​ibrot​ic/an​ti-in​flamm​atory​, and anti-diabetic thera-
pies targeting cellular metabolism and beyond, have an effect on the progression of chronic kidney disease. This review 
discusses in a comprehensive way these therapies on the view of the potential for decrease of chronic kidney disease 
progression.
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INTRODUCTION
Management of CKD involves therapies/interventions 
aiming to prolong dialysis-free interval. This would 
improve  the quality of life of CKD patients and their 
families. It will also decrease the health system costs. 
Actually, there have been much progress in this field 
with the novel proven effective therapies and with 
other potential therapies, effects of which are under 
investigation. 

CLINICAL AND RESEARCH CONSEQUENCES
Despite the progress it is needed to enhance our insight 
into early CKD mechanisms, aiming to enable early 
intervention for delaying CKD progression or even 

reversing it. The recent research has identified potential 
therapeutic targets such as inflammation, fibrosis, cel-
lular metabolism, vascular changes, and some innova-
tive therapies are already undergoing clinical trials. This 
review focuses on therapies with the potential to reduce 
CKD progression.

THERAPIES FOR METABOLIC ACIDOSIS

Sodium Bicarbonate
Metabolic acidosis, which mainly results from reduc-
ing the excretion of hydrogen ions, is characteristic 
of chronic kidney disease (CKD), especially when glo-
merular filtration rate (GFR) falls <25 mL/min/1.73 m². 
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Observational studies in subjects with low serum bicarbon-
ate levels show a considerable risk for progression of CKD,1 
potentially through probiotic effects associated with stimula-
tion of kidney regul​atory​/comp​ensat​ory mechanisms, such 
as increased ammonium production, endothelin-A receptor 
activation, and prolonged activation of the renin-angiotensin 
system (RAS).2 Besides, an increased risk of mortality has been 
identified.3 Chronic metabolic acidosis is associated with com-
plications such as disturbed albumin synthesis, thyroid dys-
function, insulin resistance, exacerbation of CKD mineral-bone 
disorders, and muscle atrophy.4 A systematic review, which 
included 6 randomized controlled trials (RCTs), demonstrated 
a positive effect in predialysis subjects where sodium bicarbon-
ate was administered orally compared with placebo.5 Although 
no benefit was found from short-term administration of sodium 
bicarbonate, results of long-term administration studies 
showed a substantial benefit with decreased serum creatinine 
(–0.07 mg/dL, 95% CI –0.09 to –0.05; P < .001), improvement in 
GFR (3.2 mL/min/1.73 m², 95% CI 1.6-4.7; P < .001), and reduc-
tion in the incidence of dialysis initiation (risk ratio 0.21, 95% 
CI 0.08-0.54; P = .001; I2 = 0). In addition, the long-term safety 
profile of the treatment was very good.6 Sodium bicarbonate is 
currently considered a safe, inexpensive, and effective therapy 
for reducing CKD progression.

Veverimer
Veverimer is currently being tested in a phase 3b study 
named VALOR-CKD. Veverimer was developed as a polymer, 
hydrochloric acid (HCL) binder, the first of its kind, to treat 
metabolic acidosis in CKD. The drug is administered orally, 
is indigestible, nonabsorbable, and acts through the bind-
ing of H+ and Cl- ions, resulting in a net reduction of HCl and 
its elimination from the gastrointestinal tract, with the final 
effect of increasing the level of bicarbonate in the blood. 
Veverimer has high binding capacity and selectivity for H+ 
and Cl-. VALOR-CKD is a randomized, placebo-controlled 
trial undertaken in 2018 to evaluate the efficacy and safety 
profile of TRC101 (Veverimer) in reducing CKD progression 
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MAIN POINTS

•	 The need to develop novel therapeutics for CKD retardation is 
an all-time challenge in nephrology.

•	 In addition to RAS blockade, SGLT2 inhibitors and selective 
aldosterone blockers have demonstrated a very positive effect 
on CKD progression.

•	 Sodium bicarbonate is currently considered a safe, inexpensive, 
and effective therapy for reducing CKD progression.

•	 The recent research has identified potential therapeutic tar-
gets such as inflammation, fibrosis, cellular metabolism, 
vascular changes, and some innovative therapies are already 
undergoing clinical trials.

•	 An approach combining hemodynamic, metabolic, and 
inflammatory targets might provide benefits above and fur-
ther single drug treatments in CKD patients.
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in subjects with metabolic acidosis. The subjects included 
have a measured estimated GFR (eGFR) 20-40 mL/min/1.73 
m² and serum bicarbonate 12-20 mEq/L. Kidney events to be 
evaluated include reducing eGFR ≥ 40%, end-stage kidney 
disease (ESKD), and kidney death. The study is planned to 
be completed in December 2024, and its results will further 
shed light on the effect of correcting metabolic acidosis on 
the progression rate of CKD.

XANTHINE OXIDASE INHIBITORS
Hyperuricemia is an independent risk factor for CKD, hyperten-
sion (HTA), cardiovascular (CV) disease, and mortality in the 
general population. In this population, reducing serum uric 
acid level with allopurinol in observational studies has signifi-
cantly improved HTA, mortality, and GFR.7 Hyperuricemia is very 
frequent in CKD and increases in parallel with decreased GFR. 
Uricemia increase has to do mainly (but not only) with decreased 
uric acid excretion; metabolic syndrome, insulin resistance, obe-
sity, and diet are strongly associated with uric acid levels.

Observational studies in patients with CKD have proven that 
high serum uric acid levels are associated with CV mortality 
and all-cause mortality.8 It remains unclear whether hyper-
uricemia in CKD is a mediator of CV or is a confounding fac-
tor in CV morbidity and mortality. The epidemiology of CKD 
is such that CKD influences many biochemical markers and 
potentially vice versa; these biomarkers affect CKD progress. 
Observational studies have also identified that hyperuricemia 
may also contribute to CKD progression.9 In patients with GFR 
<60 mL/min/1.73 m², administration of 100 mg/day of allopu-
rinol for 2 years was associated with relative preservation of 
residual kidney function, reduction of CV events, and reduc-
tion of hospitalizations compared to placebo.10 It is worth com-
menting that recent studies with allopurinol have not proven 
any positive effect in reducing CKD progression11,12 in diabetic 
and nondiabetic patients. While allopurinol has been used 
since the 1960s, a newer xanthine oxidase inhibitor is febux-
ostat, which received Food and Drug Administration (FDA) 
approval in 2009. Febuxostat is metabolized primarily in the 
liver and, unlike allopurinol (which is excreted by the kidneys), 
requires dose adjustment only in advanced stages of CKD 
(GFR <30 mL/min/1.73 m²). A formula that predicts the effec-
tive dose (to achieve the desired uricemia level) of febuxostat 
in patients with CKD has been proposed by Aoun et al.13 The fol-
lowing formula uses serum uric acid levels at baseline (Baseline 
UA); Diuretic use: Yes = 1, No = 0; serum uric acid reduction ratio 
(UARR) and estimated GFR (eGFR):

Dose = [5.624/baseline UA + (0.165 × diuretic use) + (0.019 × 
UARR) + (0.025 × eGFR) + 0.944]3

In several studies, febuxostat was found to have more efficacy 
and had a better safety profile than allopurinol.14 In a cohort, 
retrospective study, with a small number of patients with CKD 
(73 patients), febuxostat was found to have a more positive 

effect than allopurinol in maintaining residual kidney func-
tion and reducing hyperuricemia. In a systematic review of 
literature and meta-analysis in 2019, which included RCTs to 
evaluate the efficacy and safety of febuxostat versus control 
in patients with CKD, it was found that febuxostat has a reno-
protective effect in patients with CKD. The number of studies 
included in the meta-analysis was 11, and the total number of 
patients was 1317. However, the authors concluded that more 
extensive studies would further clarify the role of febuxostat in 
CKD progression.15 Regarding the safety profile of febuxostat, 
concerns raised in pre-marketing studies about the potential 
for increased CV events prompted the implementation of 2 
studies recommended by the FDA, and the European Medicines 
Agency (EMA) called, respectively, CARES (Cardiovascular 
Safety of Febuxostat and Allopurinol in Patients with Gout 
and Cardiovascular Morbidities) and FAST (Febuxostat Versus 
Allopurinol Streamlined Trial). In the CARES study, it was found 
that febuxostat was not inferior to allopurinol in terms of major 
CV adverse events but was associated with higher mortality (of 
all causes) (HR 1.22; 95% CI, 1.01-1.47) and higher CV mortal-
ity (hazard ratio (HR) 1.34; 95% CI, 1.03-1.73).16 In contrary to 
the above findings in the FAST study, febuxostat was not found 
inferior to allopurinol in composite CV events (hospitalization 
for nonfatal myocardial infarction, acute coronary syndrome 
with positive biomarkers, nonfatal vascular-cerebral event, 
and fatal stroke) [HR 0.85; 95% CI, 0.70-1.03]. Also, mortality 
from all causes had no differences between the 2 treatment 
groups.17 In a recently published cohort study of approximately 
110 000 patients treated with febuxostat (27 881 patients) or 
allopurinol (83 643 patients), initiation of febuxostat therapy 
was not associated with a higher CV risk or with higher mortal-
ity (CV or all causes) compared with allopurinol in patients > 
65 years of age, with or without the pre-existing CV disease.18 
The latest guidelines of KDIGO (2012) are ambivalent regard-
ing the benefits of therapy with agents that reduce uricemia in 
CKD and do not specifically recommend the use or the nonuse  
of this strategy.19

ERYTHROPOIESIS STIMULATING AGENTS, HYPOXIA-
INDUCIBLE FACTOR STABILIZERS, AND IRON SUPPLEMENTS

Erythropoiesis Stimulating Agents
Iron deficiency and anemia are evident in about 60% of patients 
with CKD. Severe anemia in CKD is associated with increased CV 
events and hospitalization, decreased survival, and increased 
progression toward ESKD.20

Erythropoiesis stimulating agents (ESAs) have enabled the 
correction of anemia in these patients. However, it has been 
observed that, in contrast to the correction of severe anemia 
(Hb <9 g/dL), the correction of mild or moderate anemia is not 
associated with the improvement of CV events.21 Furthermore, 
rapid correction, use of high doses of erythropoietin, and cor-
rection to conventionally “normal” Hb levels have been found 
(contrary to expectations) associated with increased risk for  
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CV events and mortality, as well as without any measurable 
benefit, proportional to the rate of increase in hemoglobin.22 
Regarding renoprotection, the use of EASs does not seem to be 
associated with benefit in patients with advanced CKD, while 
early use, in the early stages of CKD, may provide advantages in 
reducing CKD progression. Thus, in terms of the effect of ESAs 
on residual kidney function in predialysis patients, early stud-
ies showed that use of ESAs delayed the progression of CKD. 
A meta-analysis23 was conducted in 2014 about the reno-protec-
tive effect of EAS. Although, it did not reveal any benefit in the 
final results, including mortality, dialysis initiation, and kidney 
death, in terms of doubling serum creatinine level it identified a 
reduction in relative risk to 0.53 (95% CI, 0.31-0.89), suggesting 
that early intervention with ESAs may have a reno-protective 
effect.21 It is confirmed that early intervention with ESAs, main-
taining Hb levels above 12 g/dL, resulted in a positive effect on 
reducing progression to ESKD. Despite those results, the most 
recent meta-analysis did not confirm any positive effect of ESA 
on the progression of CKD regardless of its stage.24 Considering 
the level of Hb in advanced CKD (eGFR 8-20 mL/min/1.73 m²), 
in nondiabetic subjects, a multicenter RCT, finalized in 2020, 
found no change in kidney survival between the high Hb group 
(11.2 ± 1.1 g/dL) and the low Hb group (10.0 ± 0.9 g/dL).25 Based 
on the results, the authors concluded that targeting high hemo-
globin values had no advantage in the progression of CKD in 
nondiabetic patients with advanced CKD.

Hypoxia-Inducible Factor Stabilizers
The newest agents in the treatment of anemia in CKD are 
HIF (prolyl-hydroxylase) inhibitors, which have the poten-
tial, at least theoretically, to serve as reno-protective agents 
by optimizing adaptive cell responses to hypoxia. Chronic 
kidney disease is characterized by a decrease in oxygen pres-
sure on kidney cells, and chronic kidney hypoxia is the last 
common link (regardless of CKD etiology) of progression to 
ESKD. However, the results of the experimental studies are 
somewhat contradictory. Thus, in the 5/6 nephrectomy model 
(a widely used CKD model), HIF activation showed reno-pro-
tective effects, while in some experiments in rats, HIF activa-
tion was associated with the progression of kidney fibrosis.26 
In 2019, it was made public (by the manufacturing company) 
that in the joint analysis of 3 global phases, 3 studies on the 
effect of roxadustat in patients with eGFR ≥ 15 mL/min/1.73m² 
at baseline, the 12-month decline in eGFR in the group with 
roxadustat was lower versus placebo, with a difference of 
1.62 mL/min/1.73 m². Hypoxia inducible factor stabilizers can 
prevent CKD progression through a direct protective effect 
against hypoxia. However, this remains to be proven in the 
future. In June 2021, EMA authorized the use of roxadustat to 
treat anemia in patients with CKD, while authorization from 
the FDA is awaited.

Iron Supplements
Iron deficiency in CKD may be functional, infla​mmati​on-as​socia​
ted, or attributed to poor diet, iron malabsorption, or occult 

blood loss. In ischemic CKD on subjects with congestive heart 
failure, known as cardiorenal syndrome, iron supplementation 
in patients with its deficiency is associated with improved kid-
ney function.27 Several studies have shown that iron adminis-
tration in patients with chronic heart failure positively affected 
cardiac events and myocardial function.28 Intravenous (iv) iron 
administration, compared to oral administration, is more effi-
cient in terms of deficit correction, ESA demand reduction, 
and has a good safety profile. One study of interest is REVOKE, 
which questioned whether iv iron supplements accelerated 
the decline in GFR compared with oral supplements. This study 
compared ferrous sulfate 325 mg 3 times/day for 8 weeks, 
with iv iron sucrose 200 mg every 2  weeks (total 1 g). The 
likelihood of a 50% reduction in eGFR after 2  years was low, 
and the results of this study were non-conclusive.  However, 
long-term use of iv iron (although not associated with a more 
pronounced decrease in eGFR) in patients with moderate to 
advanced iron deficiency anemia was associated with a higher 
risk of infections and CV complications. Oral iron supplemen-
tation was the preferred route of administration in patients 
with stage 3 and 4 CKD and iron deficiency anemia. The results 
of a 1-year analysis in the FIND-CKD study support the con-
clusion that the correction of iron deficiency anemia with iv 
ferric carboxymaltose is safe in patients with CKD, not on  
dialysis treatment.29

The latest KDIGO conference (June 2021) emphasized that 
low serum ferritin is a valuable marker for diagnosing abso-
lute iron deficiency. Nevertheless, normal or high ferritin lev-
els (≥100 µg/L) do not rule out iron deficiency, which may 
be linked to other causes such as infection or inflammation. 
Understanding the clinical effect of iron deficiency and its cor-
rection, independent of anemia, is recommended by this con-
ference as an area of primary interest for research. Although 
data on iron deficiency anemia in CKD are limited, they may 
have clinical value in some circumstances.30

ANTI-LIPID THERAPIES
Statins are indicated in patients with CKD to reduce CV events 
based on RCT. Regarding the CKD progression, the SHARP (Study 
of Heart and Kidney Protection) trial did not demonstrate any 
significant effect of statins. Also, in a systematic review of 38 
prospective randomized controlled studies on CKD patients, 
no clear benefit of statin use was observed in reducing CKD 
progression or delaying the time of hemodialysis. Meanwhile, 
it was confirmed a 20% reduction in mortality and major CV  
events.31

The use of statins or statin + ezetimibe is recommended 
by KDIGO guidelines in all patients > 50 years of age with 
CKD. In patients 18-49 years old, the use of statins is recom-
mended in case of comorbidity such as coronary artery dis-
ease, DM type  2, ischemic vascular accident, 10-year risk 
(estimated) for fatal coronary events, or non-fatal myocardial  
infarction > 10%.32
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NEW ORAL HYPOGLYCEMIC AGENTS

Dipeptidyl Peptidase 4 Inhibitors
Dipeptidyl Peptidase (DPP)-4 inhibitors are new oral hypogly-
cemic agents known as gliptins, which have attracted atten-
tion in the treatment of diabetic nephropathy (DN). Dipeptidyl 
peptidase-4 is a universal enzyme that acts on incretins (mainly 
glucagon-like peptide-1 and gastric inhibitory peptide), which 
are intestinal hormones responsible for glucose homeostasis 
after ingestion. Dipeptidyl peptidase-4 degrades these incre-
tins immediately, while DPP-4 inhibitors increase their levels, 
stimulating insulin secretion by pancreatic beta cells. In addi-
tion to antihyperglycemic effects, gliptins possess antihyper-
tensive, anti-inflammatory, antifibrotic, immunomodulatory, 
anti-apoptotic effects independent of the action on incretins. 
In several studies, linagliptin, which has predominantly hepatic 
elimination and does not require dose adjustment in CKD, 
has demonstrated a positive effect on kidney outcomes. In a 
meta-analysis, which included 13 RCTs, with a total number 
of 5466 patients, linagliptin was associated with a 16% reduc-
tion in composite kidney endpoints (defined as micro​/macr​
oalbu​minur​ia, loss >50% of eGFR compared to baseline, acute 
kidney failure, death). It is important to remark that the stud-
ies included in the meta-analysis were not explicitly designed 
to study kidney endpoints.33 Linagliptin is the first and only 
DPP-4 inhibitor evaluated in a randomized controlled clinical 
trial designed to assess kidney endpoints, named CARMELINA 
(Cardiovascular and Kidney Microvascular Outcome Study with 
Linagliptin in Patients with Type 2 Diabetes Mellitus). A second-
ary analysis of this study with 6979 subjects followed up for 2.2 
years showed that across all eGFR categories, in the study sub-
jects, there was no difference between linagliptin versus pla-
cebo in terms of risk for composite kidney endpoints (defined 
as kidney death, ESKD, sustained decrease in eGFR ≥40% 
compared to baseline). There was no difference in side effects, 
while a significant reduction in proteinuria was observed in  
the linagliptin group.34

ANTI-INFLAMMATORY AND ANTIFIBROTIC THERAPIES

Pentoxifylline
Chronic kidney disease is considered a chronic inflammatory 
condition. Indeed, circulating markers of inflammation are 
more pronounced in CKD compared to the normal popula-
tion. Pentoxifylline has been shown to have anti-inflammatory 
and immuno-regulatory effects, attributed to CKD's potential 
inflammatory modifying effect. A systematic review of the lit-
erature and meta-analysis showed that pentoxifylline used in 
combination with RAS inhibitors exhibits a pronounced antipro-
teinuric effect, is associated with improved kidney function, and 
the safety profile is favorable.35 A RCT in 91 patients, followed 
for an additional 7 years after the completion of a 12-month 
study, investigated the effect of pentoxifylline on CV mortality 
and kidney endpoints (defined as the initiation of dialysis treat-
ment and/or serum creatinine doubling and/or decrease > 50% 

of eGFR compared to baseline). This study found a 55% reduc-
tion in CV mortality and a 35% reduction in kidney endpoints 
in the pentoxifylline group (400 mg 2 times/day), compared to 
the control group (HR 0.65 (0.45–0.94), P = .022). The authors 
concluded that long-term treatment with pentoxifylline might 
reduce the rate of CKD progression.36 However, the data are 
insufficient to recommend the massive use of pentoxifylline to 
reduce the rate of progression of CKD. Meanwhile, the results 
of a randomized, double-blind, phase 2 study with a placebo-
treated control group (NCT01487109) are awaited. This study 
evaluates the efficacy and safety profile of an active metabolite 
of pentoxifylline (CTP-499) in nephropathy from DM type 2 in 
patients receiving RAS inhibitor therapy.

Pirfenidone
Pirfenidone is an antifibrotic that acts by blocking transform-
ing growth factor-β (TGF-β), which in animal studies has shown 
promising effects on GFR restoration. A clinical study in patients 
with segmental focal glomerulosclerosis demonstrated the 
preservation of GFR by pirfenidone. However, this study was 
conducted on a limited number of subjects, had no placebo con-
trol group, and somewhat criticized the GFR calculation meth-
odology. A few years later, a randomized, placebo-controlled, 
double-blind study was also performed on a small number of 
patients with DN.37 This study demonstrated improvement of 
GFR after 1 year and decreased progression toward ESKD in the 
pirfenidone-treated group compared to placebo. An ongoing 
study is TOP CKD (Trial of Pirfenidone in CKD), scheduled to 
be undertaken in 2 centers, double-blind, placebo-controlled 
phase 2b. This study will determine the effects of pirfenidone 
on kidney fibrosis in 1 group evaluated by magnetic resonance 
imaging (diffusion-weighted kidney MRI). While in the other 
group, the effects of pirfenidone on changes in urinary bio-
markers are known to reflect the severity of fibrosis on biopsy 
and are comprehended as predictors of progressive loss of kid-
ney function. Meanwhile, the results of another study, random-
ized, placebo-controlled, using 2 regimens with different doses 
of pirfenidone, in young patients with CKD stage 1-4, with dif-
ferent etiologies (NCT00001959) have been completed, and 
results are expected.

Endothelin Receptor Antagonists
Endothelin-1 is a vasoactive substance secreted by endothelial 
cells. It affects vascular tone and regulates cell proliferation 
by activating subtype A (ETA) and subtype B (ETB) receptors. 
Activation of ETA receptors in vascular smooth muscle induces 
potent vasoconstriction. Activation of ETB receptors causes 
vasodilation by releasing nitric oxide and prostaglandins. 
Activation of ETB receptors also reduces blood pressure by 
directly inhibiting sodium and water reabsorption in the kid-
neys (promotes natriuresis and diuresis). In CKD, endothe-
lin-1 is almost always increased, and this increase can have a 
pathological effect by promoting vasoconstriction, proteinuria, 
inflammation, cell damage, and eventually fibrosis, effects 
mediated by stimulation of ETA receptors.
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Since endothelin system disorder is essential in the patho-
genesis of some CV diseases, ETA/ETB receptor antagonists, 
thanks to their ability to maintain endothelial integrity, can 
be considered disease-modifying agents in conditions where 
the endothelin system is hyperactive. The Avosentan on Time 
to Doubling of Serum Creatinine, End Stage Kidney Disease or 
Death in Patients With Type 2 Diabetes Mellitus and Diabetic 
Nephropathy [ASCEND)  study tested the effect of avosentan, an 
ETA receptor antagonist, on the progression of CKD and mortal-
ity in patients with DM under RAS blockade. Avosentan caused 
an additional reduction (above that of RAS blockade) in pro-
teinuria, but the study ended prematurely due to serious side 
effects (including increased risk for congestive heart failure).38 
These effects were hypothesized to be related to relatively 
high doses of avosentan, which may have selectively antago-
nized ETB receptors resulting in vasoconstriction and retention 
of sodium and water. Potential, lower doses could have more 
selectively antagonized ETA receptors. Fluid retention as a side 
effect of avosentan was predicted in another study, confirming 
the antiproteinuric effect of avosentan supplementation (over 
the effect of RAS blockade). Another highly selective ETA antag-
onist, called atrasentan, during short-term low-dose treatment 
was found to affect proteinuria positively and was not associ-
ated with significant sodium and water retention in patients with 
type 2 DM. Investigators of the Study Of Diabetic Nephropathy 
With Atrasentan (SONAR), a multinational, randomized, con-
trolled, double-blind study, reported the long-term effects 
of atrasentan treatment on major kidney events. The study 
included 2648 type 2 diabetic patients, with eGFR 25-75 mL/min 
per 1.73 m², albumin/creatinine ratio in urine 300-5000 mg/g, 
treated with RAS blockade, and subjected to a treatment period 
of atrasentan saturation before randomization. The average 
follow-up time was 2.2 years, and the study ended prematurely 
due to the slow rhythm of recruitment. Atrasentan significantly 
decreased the risk of kidney events (HR 0.65 [95% CI 0.49–0.88]; 
P = .0047), defined as creatinine doubling, eGFR <15 mL/min per 
1.73 m², chronic HD, kidney transplant, death from kidney fail-
ure; the risk of side effects was no different from placebo. These 
data support the potential role of selective endothelin recep-
tor antagonists in maintaining kidney function in patients with 
type 2 DM and at high risk for ESKD.39 A post doc analysis of the 
SONAR study was performed, driven by recognizing and evalu-
ating different and potentially complementary mechanisms 
of action of sodium-glucose 2-co-transport inhibitors (SGLT2) 
and endothelin receptor antagonists. Thus atrasentan-induced 
fluid retention could potentially be neutralized by the diuretic 
effects of SGLT2 inhibitors. This analysis showed that after 6 
weeks, the combination (SGLT2 + ETA inhibitor) compared to 
ETA (atrasentan) reduced body weight and further reduced pro-
teinuria in patients with type DM type 2 and CKD. These data 
may prompt future studies on CKD progression and the efficacy 
and long-term safety of combined treatment. Another study is 
Atrasentan in patients with IgA nephropathy (ALIGN), a phase 
3, double-blind, placebo-controlled study whose results will be 
public in late 2025. This study compares the efficacy and safety 

of atrasentan versus placebo in patients with nephropathy on 
the risk of progressive loss of kidney function.

Bardoxolone
Two basic mechanisms by which bardoxolone increases GFR are 
the dynamic increase of the glomerular filtration surface and the 
chronic antifibrotic effect. It promotes the resorption of inflam-
mation by restoring mitochondrial function, reducing oxidative 
stress, and inhibiting pro-inflammatory signals. Bardoxolone 
works by disabling the major regulator of redox homeostasis 
called “the Kelch-like ECH-associated protein1/nuclear factor 
erythroid 2-related factor 2 (KEAP1/Nrf2) signal transduction 
pathway.” Bardoxolone releases Nrf2 from KEAP1, allowing it 
to inhibit Nuclear factor kappa B (NF-κB) and activate the tran-
scription of some anti-inflammatory and antioxidant genes. In 
preclinical models, bardoxolone increased GFR, attributed to 
the increased glomerular surface through inhibition of inflam-
mation on the glomeruli.40 The enthusiasm that followed the 
Bardoxolone methyl treatment: Kidney function in CKD/Type 2 
diabetes (BEAM) trial in 2011, where Bardoxolone, for 52 weeks, 
resulted in an almost double-digit increase in GFR on patients 
with CKD stage >3 and DM type 2, led to the undertaking of the 
BEACON trial.41 Bardoxolone Methyl Evaluation in Patients With 
Chronic Kidney Disease and Type 2 Diabetes was a phase 3, 
randomized, double-blind, placebo-controlled study designed 
to determine whether bardoxolone would reduce progression 
to ESKD and CV events. The pace of recruitment was much 
higher than expected, which reflected enthusiasm within the 
nephrology community. The study was discontinued due to the 
increase in hospitalizations for congestive heart failure (CHF) in 
the bardoxolone group, and the enthusiasm somewhat faded. 
Post hoc analysis of side effects on the BEACON trial showed 
that hospitalization for CHF occurred within the first month of 
treatment and was associated with sodium and water retention. 
This analysis suggested that the cause may be modulation of 
endothelin activity (inhibition of so-called “endothelin signal-
ing pathways,” some of which have cardiac protective effects). 
Another Bardoxolone Methyl Evaluation in Patients With 
Chronic Kidney Disease and Type 2 Diabetes (BEACON) analy-
sis found that high baseline levels of natriuretic peptide type-B 
and previous hospitalizations for CHF were risk factors for the 
adverse effect of bardoxolone (leading to discontinuation of the 
BEACON trial).42 The evaluations of the above studies, the lack 
of specific therapy for Alport syndrome, and the fact that CKD 
progression in Alport syndrome is characterized by glomeru-
lar, tubular, and interstitial inflammatory changes may have 
served as arguments in favor of testing the bardoxolone effect 
in patients with CKD from Alport Syndrome. Thus began the A 
Phase 2/3 trial of the efficacy and safety of Bardoxolone Methyl 
in patients with Alport Syndrome-CARDINAL (CARDINAL) trial, 
an international, multicenter, 2, 3 phase study that would 
evaluate methyl bardoxolone’s safety, tolerability, and efficacy 
in patients with Alport syndrome. The study was designed to 
determine whether bardoxolone would slow the rate of CKD 
progression evaluated by the decrease in GFR. CARDINAL is one 
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of the largest RCTs on patients with Alport syndrome.43 After 
48 weeks of treatment, in subjects treated with bardoxolone, 
a statistically significant GFR increase of 4.72 mL/min/1.73 m² 
was observed compared to the baseline level, while on subjects 
under placebo, an average GFR decrease of -4.78 mL/min/1.73 m² 
was observed. This improvement of GFR reduced by 50% the 
risk of progress toward ESKD. Another RCT is The Phase 2 Study 
of Bardoxolone Methyl in Patients with Chronic Kidney Disease 
and Type 2 Diabetes (TSUBAKI), which was undertaken to evalu-
ate the effects of bardoxolone on GFR in patients with CKD and 
DM type 2. The study aimed to determine whether in patients 
without the risk mentioned above (high natriuretic peptide and 
CHF hospitalizations history), fluid overload risk during bardox-
olone use was low, and changes in GFR reflected a real improve-
ment in kidney function. The results of phase 2 of the TSUBAKI 
study were published in 2020. The mean change of eGFR (95% 
CI) from baseline was respectively 5.95 (2.29 to 9.60) and -0.69 
(-3.83 to 2.45) mL/min/1.73 m², in patients randomized to bar-
doxolone and placebo, with a significant difference between 
groups of 6.64 mL/min/1.73 m² (P = .008). The author concluded 
that bardoxolone significantly increased eGFR, and the investi-
gation continues to assess whether this clinical benefit is not 
associated with major side effects on certain patients (without 
risk factors) with CKD.44 Bardoxolone is also being tested in sev-
eral studies such as MERLIN (NCT04702997, a phase 2 study in 
patients with rapid progression CKD).

OTHER THERAPIES

AST-120 (Kremezin)
AST-120 (Kremezin), administered per os, is a spherical acti-
vated carbon on the surface to maximize the absorbent surface. 
Absorption capacity is high for small molecules, including ure-
mic toxins. Also, the absorption capacity of AST-120 for organic 
acids is higher than medicinal carbon. AST-120 reduces serum 
and urinary levels of indoxyl sulfate (a uremic toxin that stim-
ulates the progression of glomerular sclerosis) by absorbing 
indole in the intestine and eliminating it in the feces. Clinical 
studies with a restricted number of patients AST-120 have found 
positive results in reducing CKD progression. The drug has been 
approved for this indication in Japan since the early 1990s. 
However, RCTs of EPIC-1 and EPIC-2 (Evaluating Prevention of 
Progression in Chronic Kidney Disease), undertaken in Europe 
and the United States (13 countries in total), did not demon-
strate any benefit in the progression of CKD compared to pla-
cebo in a cohort of 2035 patients.45 Indeed, a post hoc analysis 
of the subgroup of patients in the United States (AST-120, 
N = 290; placebo, N = 293) highlighted that AST-120 was associ-
ated with a positive effect in reducing CKD progression in these 
patients. This finding was interpreted as potentially related to 
compliance, diet, etiology of CKD, and the difference in the 
natural course of CKD progression in different populations. AST-
120 reduced Reactive oxigen species (ROS) levels, decreased 
indoxyl sulfate and p-cresyl sulfate levels, and improved the 
profile of CV biomarkers.46 AST-120 has been shown to prevent 

the development of left ventricular concentric hypertrophy in 
CKD.47 In another study, abdominal aortic calcifications were 
less pronounced in patients with predialysis CKD receiving AST-
120. Interestingly, in the post hoc analysis of the Kremezin study 
against kidney disease progression in Korea study (in Korean 
patients with CKD), it was found that long-term use of AST-120 
on CKD patients was associated with potential kidney protec-
tive effect (especially in diabetic patients) and CV benefits.

Inhibition of Monocyte Chemoattractant Protein-1 
Synthesis
Monocyte chemoattractant protein-1 (MCP-1) is a potent cyto-
kine involved in kidney inflammation, whose urinary levels cor-
relate with the degree of proteinuria on DN and the reduction of 
proteinuria after RAS inhibition. Inhibition of MCP-1 synthesis 
can be achieved by inhibiting the CCR2 receptor (C-C chemo-
kine receptor 2). The results of a completed stage 2, random-
ized, placebo-controlled, double-blind study (NCT01440257) on 
patients with DN that used an experimental CCR2 antagonist 
(CCX140-B) are currently awaited. A drug that directly inhibits 
the synthesis of MCP-1 and has an anti-inflammatory effect, 
which modulates the activation of the NF-kB pathway and its 
associated effects, is Bindarit. Bindarit significantly reduced 
proteinuria in diabetic patients with macroalbuminuria com-
pared to placebo in a randomized study. This effect was not 
seen in patients with microalbuminuria.48

Cell Therapy
Cell therapy could potentially be an innovative therapeutic 
strategy to slow the progression of CKD. Administration of 
mesenchymal autogenous stem cells has been used in early 
studies in kidney transplantation. Preclinical studies suggest 
that stem cells may have regenerative abilities. Their admin-
istration was safe on a phase 1 study on patients who had 
undergone cardiac surgery and were at high risk for acute kid-
ney failure.49 A systematic review of the literature and meta-
analysis of 71 preclinical studies revealed that cell therapy 
reduced the development and progression of CKD. The time 
of initiation of therapy (related to clinical signs), dose, and cell 
origin were not found to be significantly associated with effi-
cacy.50 Statistically significant improvements were observed in 
proteinuria and urea levels.

CONCLUSION
Drug combination strategies could potentially not only prevent 
CKD progression but even reverse CKD An approach combining 
hemodynamic, metabolic and inflammatory targets might pro-
vide benefits above and further single drug treatments.

FUTURE DIRECTIONS
The need to develop novel therapeutics for CKD retardation is an 
all-time challenge in nephrology. Therefore, a holistic approach 
should target the various processes and biological contexts 
related to CKD progression. To date, therapeutic interventions 
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after tubulointerstitial fibrosis has already been installed are 
insufficient, raising the need to enhance our insight into early 
CKD mechanisms, aiming to enable early intervention for delay-
ing CKD progression or even reversing it. In addition to RAS 
blockade, SGLT2 inhibitors and selective aldosterone blockers 
have demonstrated a very positive effect on CKD progression. 
The recent research has identified potential therapeutic targets 
such as inflammation, fibrosis, cellular metabolism, vascular 
changes, and some innovative therapies are already undergo-
ing clinical trials. Once a particular drug exhibits clinical benefit 
by delaying the progression of functional decline, it will be criti-
cal to determine whether drug combination strategies could 
potentially not only prevent CKD progression but also even 
reverse CKD. In this regard, an approach combining hemody-
namic, metabolic, and inflammatory targets might provide ben-
efits above and further single drug treatments.
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