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Abstract: Immunoglobulin A nephropathy (IgAN) is a chronic, immune-mediated kidney disease characterized by the deposition of 
galactose-deficient immunoglobulin A1 (Gd-IgA1) in the kidneys. Excess Gd-IgA1 production in patients with IgAN is located within 
the mucosa-associated lymphoid tissue, particularly within the lamina propria in the distal ileum. Nefecon® is a targeted-release 
formulation of the corticosteroid budesonide, which became the first treatment approved by the US Food and Drug Administration 
(FDA; brand name, TARPEYO®) and European Medicines Agency (EMA; KINPEYGO®) for patients with primary IgAN at risk of 
rapid disease progression, after demonstrating clinically significant reduction of proteinuria in an interim analysis of the Phase III 
NefIgArd trial. After showing a significant reduction in estimated glomerular filtration rate decline in the full 2-year analysis of the 
trial, Nefecon was granted full approval by the FDA to reduce the loss of kidney function. Nefecon was specifically designed to deliver 
budesonide to the distal ileum, selectively targeting excess Gd-IgA1 production in the gut-associated lymphoid tissue. In this review, 
we describe the properties of Nefecon and the evidence to date that confirms its localized treatment effect. We also present unpublished 
evidence from Phase I trials investigating the pharmacokinetics and cortisol suppression effects of Nefecon in healthy participants. 
These studies demonstrated that Nefecon has a distinct pharmacokinetic profile from other budesonide products, allowing for targeted, 
localized action in the distal ileum. When considered alongside existing clinical trial data showing the effect of Nefecon on gut- 
associated biomarkers, available evidence indicates that Nefecon has a selective immunomodulatory mechanism of action and a direct 
disease-modifying effect in patients with IgAN, while having low systemic exposure and adverse effects. 
Keywords: drug delivery, biomarkers, pharmacokinetics, GALT

Introduction
Despite being considered relatively rare, with a global incidence of approximately 2.5 per 100,000 individuals, 
immunoglobulin A (IgA) nephropathy (IgAN), a chronic, immune-mediated kidney disease, is the most common primary 
glomerular disease and a major cause of chronic kidney disease (CKD) and kidney failure worldwide.1–5

Most patients with IgAN are diagnosed in their 20s and 30s and up to 50% of patients are expected to develop kidney 
failure within 20 years of diagnosis, resulting in patients with IgAN facing a considerable lifetime risk of kidney failure. 
In a study of data from the UK National Registry of Rare Kidney Diseases (RaDaR), mean age at kidney failure or death 
was 49 years.1,5 Therefore, IgAN places a substantial burden on patients and is associated with a reduced life 
expectancy.4–6

IgAN is characterized by the deposition of galactose-deficient IgA1 (Gd-IgA1) antibodies in the glomerular 
mesangium, either alone or in complex with immunoglobulin G (IgG) and/or IgA auto-antibodies. These initiate 
a cascade of inflammatory events, eventually causing irreversible glomerulosclerosis and loss of kidney function.3,7,8 
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Although IgAN manifests in the kidney, there is now consensus supporting a pivotal role of the gut-associated lymphoid 
tissue (GALT) in the pathogenesis of the condition.3,7,9–11 In patients with IgAN, B cells located in Peyer’s patches in the 
distal ileum are primed to initiate production of Gd-IgA1 which, when in excess in the circulation, can lead to an 
autoimmune response, with the formation of anti–Gd-IgA1 IgG and IgA antibodies that ultimately drive IgA immune 
complex formation (Figure 1).7,8,12–15 These complexes deposit in the glomerular mesangium, leading to a local 
inflammatory response and glomerular injury, which are exacerbated by complement activation, and ultimately lead to 
loss of kidney function.8,13 The mucosa-associated lymphoid tissue (MALT) of the distal ileum is, therefore, a key source 
of the immune dysfunction driving IgAN pathophysiology.8,13

Despite this, since its first description in 1968, therapies have primarily addressed the downstream consequences of 
mesangial IgA accumulation in the kidneys of patients with IgAN, with guidelines focusing on providing optimized 
supportive kidney care with renin–angiotensin system (RAS) inhibition to reduce proteinuria, blood pressure manage
ment, lifestyle modification, and further measures to reduce cardiovascular risk.16–19

As the underlying disease mechanism of IgAN is immune-mediated, systemic corticosteroids have long been used to 
reduce inflammation in the kidney.8,20–22 In 2012, the Kidney Disease: Improving Global Outcomes (KDIGO) guidelines 
recommended RAS inhibitors for the treatment of patients with IgAN and, in certain patients, suggested the use of 
corticosteroids.19,23 However, recent studies evaluating the efficacy and safety of systemic corticosteroids in patients with 
IgAN have led to debate on their use in these patients.19 The Supportive Versus Immunosuppressive Therapy for the 
Treatment Of Progressive IgA Nephropathy (STOP-IgAN) and Therapeutic Effects of Steroids in IgA Nephropathy 
Global (TESTING) trials have reported mixed efficacy outcomes and significantly increased risks of serious adverse 
events and severe infections, challenging the benefit–risk profile of systemic corticosteroids in IgAN.21,22 The current 
KDIGO guidelines from 2021 suggest systemic corticosteroids only be considered in patients with persistent proteinuria 
who are unable to join a clinical trial after a thorough toxicity risk assessment has been undertaken.18

An evolving understanding of the pathophysiology of IgAN has allowed for the potential to develop new therapeutic 
approaches which address the upstream immune processes underlying IgAN pathophysiology, as well as approaches 
which address the generic CKD drivers of nephron loss. Specifically designed to target Gd-IgA1 production in the GALT 
of the distal ileum, Nefecon® (Calliditas Therapeutics AB, Stockholm, Sweden) is the development name of a novel, 
oral, targeted-release formulation of the topically active corticosteroid budesonide.8,24–26 Developed over many years 
with the purpose of providing a disease-modifying therapeutic option, the commercial formulation of Nefecon was 
investigated in the Phase III Efficacy and Safety of Nefecon in Patients With Primary Immunoglobulin A Nephropathy 

Figure 1 Targeting mucosal IgA synthesis in the GALT. Image on the left is adapted from Kidney Int, volume 81(9), Boyd JK, Cheung CK, Molyneux K, Feehally J, Barratt J. An 
update on the pathogenesis and treatment of IgA nephropathy. 833–843, Copyright 2012, with permission from Elsevier10 and image on the right is adapted from Kidney Int 
Rep, volume 5(10), Barratt J, Rovin BH, Cattran D, Trimarchi H, Zhang H. Why target the gut to treat IgA nephropathy? 1620–1624, Copyright 2020, with permission from 
Elsevier.7 

Abbreviations: APRIL, a proliferation-inducing ligand; ASC, antibody-secreting cells; BAFF, B-cell–activating factor; CD, cluster of differentiation; DC, dendritic cell; FDC, 
follicular dendritic cell; GALT, gut-associated lymphoid tissue; IgA, immunoglobulin A; IgG, immunoglobulin G; sCD, soluble cluster of differentiation; Tfh, T follicular helper; 
TGF-β, transforming growth factor-β; TLR, Toll-like receptor.
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(NefIgArd) randomized trial, which evaluated the efficacy and safety of 9 months of treatment with Nefecon 16 mg/d 
compared with placebo, followed by a 15-month off-drug observational period, in patients with IgAN receiving 
optimized RAS inhibition.27 Based on the 1-year interim results of the NefIgArd trial,28 Nefecon became the first 
approved treatment for patients with primary IgAN at risk of rapid disease progression, receiving accelerated approval in 
the United States in December 2021 (thereby becoming commercially available in January 2022 as TARPEYO®, and 
receiving full approval in December 2023) and receiving conditional marketing authorization in the European Union in 
July 2022 (KINPEYGO®).24,25 The full 2-year trial results provided evidence that Nefecon 16 mg/d led to a significant 
and clinically relevant reduction in kidney function decline, as measured by a reduction in time-weighted average change 
in estimated glomerular filtration rate (eGFR) over 2 years, of 5.1 mL/min/1.73 m2.27 The eGFR benefit of Nefecon 
accrued by the end of 9 months of treatment was maintained over the 15-month observational follow-up (Figure 2).27 

This was supported by a reduction in the rate of eGFR decline with Nefecon, with a 2-year total eGFR slope difference 
versus placebo of 3.0 mL/min/1.73 m2 per year.27 These results translated to a significant reduction in the risk of 
a composite endpoint of 30% eGFR reduction or kidney failure in patients receiving Nefecon compared with those 
receiving placebo (hazard ratio 0.45; 95% confidence interval 0.26–0.75; p=0.0014).27 A durable reduction in proteinuria 
was also observed with Nefecon 16 mg/d versus placebo, with a 30% mean reduction in urine protein–creatinine ratio at 
9 months, sustained up to 2 years (Figure 2).27 In addition, during 9 months of treatment, Nefecon 16 mg/d was well 
tolerated and had a safety profile as expected for a locally acting oral budesonide product.27 Following the completion of 
the NefIgArd trial, Nefecon was granted full approval by the US Food and Drug Administration to reduce the loss of 
kidney function.25

Other therapies which target the immune drivers of IgAN pathophysiology are currently under investigation, 
although, of these, only Nefecon is currently approved.24,25 Multiple ongoing trials are evaluating the safety and efficacy 
of inhibitors of B cell–activating factor and a proliferation-inducing ligand, key mediators of B cell activation, 
maturation, and survival.29–35 B cell survival is also being explored as a treatment target in studies of an anti–cluster 
of differentiation 38 (CD38) monoclonal antibody for the treatment of IgAN.36 Further downstream of IgAN pathogen
esis, complement system inhibitors have been shown to reduce proteinuria and markers of pathogenic complement 
system activation, indicating an effect in reducing inflammation and damage to the kidneys of patients with IgAN.37–41 In 
treating the generic CKD drivers of nephron loss, new therapies are now being used to treat IgAN beyond the RAS 
inhibitors recommended in the 2021 KDIGO guidelines; namely, sodium-glucose cotransporter-2 inhibitors, which have 
shown efficacy in non-diabetic CKD,42,43 and sparsentan, a dual endothelin angiotensin receptor antagonist which 
received accelerated approval in the United States and conditional approval in the European Union to reduce proteinuria 
in patients with IgAN at risk of disease progression.44,45

In this review, we focus on the development of Nefecon’s unique formulation as a locally acting oral corticosteroid 
and describe the evidence supporting its local mechanism of action in the distal ileum.

Figure 2 Effect of Nefecon 16 mg/d on eGFR and UPCR in the NefIgArd trial.27 

Abbreviations: CI, confidence interval; eGFR, estimated glomerular filtration rate; UPCR, urine protein-to-creatinine ratio.
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The Formulation of Nefecon and Its Targeted Design
Budesonide is a potent corticosteroid with high receptor affinity that was developed for topical use on mucosal surfaces, 
showing evidence of deep penetration of mucosal tissues.46 Following limited metabolism in the mucosa, budesonide 
undergoes rapid first-pass metabolism in the liver, with its metabolites exhibiting minimal activity, thereby limiting its 
systemic exposure when administered orally.46 Nefecon was designed to target the release of budesonide to the GALT of 
the distal ileum and to enable its sustained, localized immunomodulatory action. Nefecon capsules were therefore 
developed with an enteric coat that delays the start of release of budesonide, and with triple-coated beads that mediate 
its sustained release (Figure 3).47

The Nefecon capsule shell is covered with an enteric coating which allows for the bypassing of the stomach and upper 
small intestine and optimizes the release of the budesonide-containing beads in the distal ileum.47 Following dissolution of 
the capsule shell, triple-coated beads contained within the Nefecon capsule are released in the ileum. The inner layer 
contains the active budesonide, while the middle seal coating promotes stability of the budesonide. The outer ethyl-cellulose 
based coating mediates sustained release, inducing budesonide dissolution over a wider part of the distal ileum. The overall 
release mechanism of Nefecon differs from that of other oral budesonide formulations, such as Entocort® (Tillotts Pharma 
UK Limited, Wellingore, UK), which begins to release active budesonide in proximal regions of the small intestine.47

Pharmacokinetic Profile of Nefecon and Its Effects on Cortisol
As a consequence of Nefecon’s unique formulation targeting localized delivery of budesonide to the distal ileum, its 
pharmacokinetic profile demonstrates key differences when compared with other gut-targeted budesonide formulations 
such as Entocort®, which is indicated in patients with mild to moderate active Crohn’s disease at a dose of 9 mg/d.48

Two studies in healthy participants (NEF-101 and NEF-105) compared the pharmacokinetics of Nefecon and 
Entocort®. Detailed methods of the two studies are provided in Supplementary Text 1. Briefly, the NEF-101 study 
evaluated Nefecon 8 mg and Nefecon 16 mg versus Entocort® 9 mg as single doses in 23 healthy volunteers to evaluate 
the pharmacokinetics of Nefecon and Entocort® and to compare individual changes from baseline in serum cortisol levels 
and urine cortisol excretion over a 24-hour period following administration of each product. Serum cortisol was 
measured frequently during 24 hours before the first dose and after each dose administration, while quantitative cortisol 
excretion in urine was measured on the same occasions over the 24-hour sampling periods. Budesonide plasma 
concentrations were followed over a 24-hour period after each dose.

Overall, a slightly lower dose-adjusted suppression of cortisol was demonstrated with Nefecon compared with Entocort®, 
indicating lower per-milligram systemic cortisol suppression. (Supplementary Figures 1–Supplementary Figures 4). Cortisol 
suppression was first observed at 2 hours with Entocort® and at 4 hours with Nefecon (Supplementary Figure 2). Nefecon at 

Figure 3 Schematic image of Nefecon.
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a dose of 16 mg was associated with a greater reduction in the mean area under the plasma concentration–time curve over 24 
hours (AUC0–24) for serum cortisol than Nefecon 8 mg. Based on a linear regression between change in serum cortisol 
AUC0–24 and log dose, the mean change from baseline was −2215.65 nM/h for a 9-mg dose of Entocort®, which corresponded 
to a dose of 11.7 mg of Nefecon (Table 1). Therefore, per mg budesonide dose, Nefecon gave a 23% lower suppression of 
serum cortisol over 24 hours compared with Entocort®. Mean change in urine cortisol excretion was similar for Entocort® 

9 mg and Nefecon 16 mg and was less pronounced for Nefecon 8 mg (Table 2).
The pharmacokinetic properties of Nefecon were also assessed in the NEF-105 study, which compared the properties 

of different Nefecon formulations (Nefecon-A 16 mg and Nefecon-F 16 mg) versus Entocort® 9 mg in 25 healthy 
volunteers, of whom 22 completed all dosing periods. Nefecon-A was the formulation used in Phase II studies, while 
Nefecon-F was the formulation used from the Phase III studies onward. Nefecon dosing was repeated in patients 
available on follow-up, providing a total of 47 evaluable pharmacokinetic profiles for each formulation of Nefecon 
and 23 profiles for Entocort®. Pharmacokinetic sampling started at 1 hour postdose for Nefecon and at 20 minutes 
postdose for Entocort® to account for the earlier start of drug release from Entocort®.

In both the NEF-101 and NEF-105 studies, maximum plasma concentration (Cmax) was greater with Nefecon than 
with Entocort®, while simultaneously exhibiting a shorter terminal half-life (t1/2). In NEF-101, the Cmax for budesonide 
was 3330 pg/mL with Nefecon 8 mg, 6260 pg/mL with Nefecon 16 mg, and 1763 pg/mL with Entocort® 9 mg, while the 
mean t1/2 was 4.27 hours, 4.40 hours, and 4.95 hours, respectively (Table 3). In NEF-105, the Cmax was 4994–5488 pg/ 
mL across Nefecon formulations and repeated dosing compared with 1188 pg/mL for Entocort® 9 mg, while mean t1/2 

was 4.74–5.16 hours versus 6.55 hours, respectively (Table 4, Figures 4 and 5, Supplementary Figure 5). This 

Table 1 Serum Cortisol AUC0–24 (nmol*h/L) Results in the NEF-101 Study

Baseline  
(n=24)

Nefecon 8 mg 
(n=23)

Nefecon 16 mg 
(n=24)

Entocort® 9 mg 
(n=24)

Observed results Observations, n 24 23 24 23

Mean (SD) 5372 (1126) 3479 (1128) 2971 (1153) 3034 (706)

Median (IQR) 5299 (4811, 5677) 3183 (2822, 3880) 2694 (2446, 3142) 2933 (2702, 3493)

Geometric mean (SE) 5263 (226) 3318 (222) 2798 (204) 2942 (169)

Individual change from 
baseline

Observations, n N/A 23 24 23

Mean (SD) N/A −1901 (710) −2401 (895) −2215 (778)

Median (IQR) N/A −1949 (−2508, −1361) −2327 (−2944, −1851) −2225 (−2655, −1452)

Abbreviations: AUC0–24, area under the plasma concentration–time curve over 24 hours; IQR, interquartile range; N/A, not applicable; SD, standard deviation; SE, 
standard error.

Table 2 Cortisol Excretion in Urine Over 24 Hours (nmol/d) in the NEF-101 Study

Baseline 
(n=24)

Nefecon 8 mg 
(n=23)

Nefecon 16 mg 
(n=24)

Entocort® 9 mg 
(n=24)

Observed results Observations, n 24 23 24 24

Mean (SD) 110 (48) 65 (35) 56 (33) 55 (32)

Median (IQR) 106 (77, 122) 59 (40, 84) 53 (36, 66) 48 (34, 73)

Geometric mean (SE) 101 (8.8) 56 (7.1) 48 (5.8) 47 (5.9)

Individual change from 
baseline

Observations, n N/A 23 24 24

Mean (SD) N/A −44 (41) −54 (35) −55 (36)

Median (IQR) N/A −39 (−63, −16) −54 (−70, −32) −51 (−71, −34)

Abbreviations: IQR, interquartile range; N/A, not applicable; SD, standard deviation; SE, standard error.

Drug Design, Development and Therapy 2024:18                                                                             https://doi.org/10.2147/DDDT.S383138                                                                                                                                                                                                                       

DovePress                                                                                                                       
3419

Dovepress                                                                                                                                                          Barratt et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=383138.docx
https://www.dovepress.com
https://www.dovepress.com


Table 3 Budesonide Pharmacokinetic Parameters in the NEF-101 Study

Nefecon 8 mg  
(N=20)

Nefecon 16 mg  
(N=22)

Entocort® 9 mg  
(N=24)

tlag, h Mean (CV%) 2.10 (14.6) 1.91 (19.2) 0.65 (80.6)

Median 2.0 2.0 1.0

Geometric mean (CV%) 2.08 (12.5) 1.87 (20.7)

tmax, h Mean (CV%) 3.80 (20.2) 3.96 (23.9) 3.38 (55.8)

Median 4.0 4.0 3.04

Geometric mean (CV%) 3.73 (20.2) 3.84 (26.4) 3.00 (51.6)

Cmax, pg/mL Mean (CV%) 3330 (75.6) 6260 (87.3) 1763 (66.6)

Median 2887 4046 1566

Geometric mean (CV%) 2451 (110) 4847 (78.0) 1455 (70.6)

AUC0–24, pg/mL*h Mean (CV%) 14,138 (55.2) 27,145 (46.4) 12,220 (73.2)

Median 14,358 23,582 10,088

Geometric mean (CV%) 11,472 (89.8) 24,650 (47.2) 10,229 (64.6)

t1/2, h Mean (CV%) 4.27 (41.4) 4.40 (40.8) 4.95 (26.6)

Median 3.77 4.07 4.70

Geometric mean (CV%) 3.97 (39.8) 4.13 (36.4) 4.78 (27.4)

Notes: Data for profiles with no measurable budesonide concentrations (N=1 for Nefecon 8 mg) or only 1 measurable concentration at 24 h (N=2 for 
Nefecon 8 mg and N=2 for Nefecon 16 mg) were excluded. 
Abbreviations: AUC0–24, area under the plasma concentration–time curve over 24 hours; Cmax, maximum plasma concentration; CV, coefficient of 
variation; t1/2, half-life; tlag, lag time from administration to the start of absorption; tmax, time to maximum plasma concentration.

Table 4 Budesonide Pharmacokinetic Parameters in the NEF-105 Study

Variable Nefecon-A 16 mg averagea Nefecon-F 16 mg averagea Entocort® 

9 mg

Cmax, pg/mL Mean (SD) 5138 (2782) 5026 (2543) 1188 (590)

Median 4593 4628 1130

Geometric mean (CV%) 4611 (48.2) 4407 (58.3) 4209 (68.7)

AUC0–24, pg/ 
mL*h

Mean (SD) 24,764 (10,642) 26,615 (11,525) 9197 (4187)

Median 23,487 28,150 8096

Geometric mean (CV%) 22,789 (43.8) 24,131 (49.7) 21,327 (51.4)

AUC0-inf, pg/ 
mL*h

Mean (SD) 26,089 (11,325) 28,607 (12,471) 10,223 (4743)

Median 24,905 28,933 9143

Geometric mean (CV%) 23,943 (44.7) 25,929 (49.7) 22,426 (52.2)

t1/2, h Mean (SD) 4.90 (0.87) 5.04 (0.82) 6.55 (1.82)

Median 4.60 4.96 6.27

(Continued)
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demonstrated that the duration of systemic exposure to budesonide was shorter with Nefecon than with Entocort®. These 
results may explain the lower per-milligram suppression of cortisol with Nefecon compared with Entocort® because, 
even though Nefecon exhibited a high Cmax, the cortisol suppression with corticosteroids is nonlinear and has a “ceiling 
effect.”49

The interval between the start of budesonide absorption (tlag) and the time of maximum plasma concentration (tmax) 
for budesonide in the NEF-105 study was approximately 2.5 hours for Nefecon when based on mean values, and 2 hours 
when based on median values. For Entocort®, the corresponding intervals were 3.75 hours and 3.3 hours, respectively 
(Table 4). The shorter intervals with Nefecon indicated a more rapid drug release after onset of drug absorption compared 
with Entocort®, allowing for budesonide release to be constrained to the ileum upon the dissolution of the capsule.

There was consistency across studies in the minimum individual lag time to onset of budesonide absorption under different 
conditions, suggesting there is no foreseeable risk of Nefecon administration leading to premature, rapid release of high 
concentrations of budesonide, ie, “dose dumping.” However, it should be noted that these studies only evaluated single doses 

Table 4 (Continued). 

Variable Nefecon-A  
16 mg, 1st 

dose

Nefecon-A  
16 mg, 2nd 

dose

Nefecon-F  
16 mg, 1st 

dose

Nefecon-F  
16 mg, 2nd 

dose

Entocort® 

9 mg

tlag, h Mean (SD) 2.84 (0.67) 2.39 (0.74) 3.08 (1.31) 3.02 (0.95) 0.57 (0.32)

Median 2.5 2.5 3.25 3.0 0.67

tmax, h Mean (SD) 5.16 (1.40) 4.91 (1.18) 5.73 (1.64) 5.87 (1.83) 4.33 (1.70)

Median 4.52 4.5 5.25 5.0 4.0

Notes: aNefecon-A and Nefecon-F dosing was repeated twice in the majority of subjects. For AUCs and Cmax, the geometric mean of the 2 doses for each subject was used; 
for t1/2, the harmonic mean was used. Average values for repeated doses were not available for tlag or tmax. 
Abbreviations: AUC0–24, area under the plasma concentration–time curve over 24 hours; AUC0–inf, area under the plasma concentration–time curve from baseline to 
infinity; Cmax, maximum plasma concentration; CV, coefficient of variation; SD, standard deviation; t1/2, half-life; tlag, lag time from administration to the start of absorption; 
tmax, time to maximum plasma concentration.

Figure 4 Arithmetic mean budesonide concentration with 90% CIs over time in the NEF-101 study. 
Abbreviations: CI, confidence interval.
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in healthy volunteers and not repeated doses. Importantly, as budesonide has a short t½ of ~5 hours, once-daily dosing every 24 
hours is unlikely to lead to systemic accumulation, thereby reducing the likelihood of concentration-dependent adverse effects 
in nontarget tissues which are commonly associated with the use of systemic corticosteroids in IgAN.21,22 No accumulation of 
budesonide has been observed with repeated administration of Entocort®.46

Figure 5 Geometric mean budesonide concentration over time in the NEF-105 study; (A) linear concentration axis and (B) logarithmic concentration axis. 
Abbreviations: Nef-A, Nefecon-A; Nef-F, Nefecon-F.
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There is no reason to believe that the gastrointestinal tract of patients with IgAN differs from that of healthy 
volunteers in a way that interferes with the release characteristics of budesonide from Nefecon, the rate and extent of 
budesonide absorption, or the degree of first-pass metabolism of budesonide. The pharmacokinetic results from these 
studies in healthy volunteers can therefore be deemed representative for patients with IgAN.

Gastrointestinal Transit Time and Nefecon Delivery to the Distal Ileum
Determining the exact site of drug absorption can prove difficult as there is uncertainty with respect to precise 
gastrointestinal transit times. Substantial variability exists depending on the methodology used to assess small intestinal 
transit time.50,51 Additionally, enterically coated capsules such as Nefecon are subject to the variable effects of gastric 
motility and dietary regimens.52 Overall, a typical range of 3–4 hours for small intestinal transit time is provided in the 
literature, although values from <1 to >10 hours have been observed.52

A study by Ibekwe et al that investigated an enteric-coated tablet which does not disintegrate in the stomach estimated that 
average gastric emptying time was ~1 hour in the fasted state and ~2 hours and 40 minutes in the fed state.53 Upper small intestine 
transit time was ~2 hours 20 minutes irrespective of fasting state.53 Ingestion of a meal 30 minutes following administration of the 
tablet did not substantially affect transit time.53 Given that Nefecon 16 mg is enteric coated and currently recommended in clinical 
practice to be taken in the morning 1 hour before a meal,24,25 these results indicate that a typical lag time to reach the lower small 
intestine is ~3.5 hours for a product such as Nefecon.53 In the NEF-105 study in healthy volunteers, the lag time from 
administration to the start of drug absorption (tlag) for Nefecon was ~3 hours in the fasted state. However, due to the properties 
of extended-release triple-coated beads, budesonide release is prolonged following dissolution of the Nefecon capsule, which may 
suggest delivery of budesonide to the lower small intestine in line with the Ibekwe et al enteric-coated tablet study.53

The potential time to budesonide absorption was also investigated in an in vitro study which evaluated the differences 
in budesonide release profiles across different formulations. The budesonide products were first subjected for 2 hours to 
an acidic environment with pH 1.2 representing the stomach, and then were exposed for 3 hours to a “biorelevant” buffer 
medium with pH 6.5 representing transit through the small intestine. The study confirmed that Nefecon released no 
budesonide in the acidic “gastric” phase. In the intestinal buffer medium, Nefecon capsule disintegration and onset of 
budesonide release occurred after 1 hour, after which budesonide was released over a relatively short period, with the 
majority of the release occurring over a period of 2 hours from first budesonide release (Figure 6).47 These results suggest 
budesonide is likely to be released locally in the distal ileum.
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Figure 6 In vitro budesonide release profiles using the biorelevant method. Adapted with permission from Dressman J, Philipson R, Barratt J. Comparison of the dissolution 
profile of Nefecon with three other commercially available oral formulations of budesonide: Implications for interchangeability. IIgANN, Tokyo, Japan, 2023.54 

Abbreviations: GI, gastrointestinal; SD, standard deviation.
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The in vitro study also compared the budesonide release profile of Nefecon with that of Entocort® and 2 other oral budesonide 
formulations which are available commercially for the treatment of Crohn’s disease and ulcerative colitis: Budenofalk® (DR. 
FALK PHARMA GmBH, Freiburg, Germany) and Cortiment® (Ferring Pharmaceuticals Ltd., West Drayton, UK) (Table 5).47 

Similar to the in-human pharmacokinetic studies, budesonide release with Entocort® occurred earlier and over a longer period of 
time than with Nefecon, indicating release in the proximal small intestine and absorption across the small intestine. Conversely, 
Budenofalk® and Cortiment® did not release budesonide in the “biorelevant” intestinal medium, consistent with a substantial 
amount of budesonide being released in the colon. An analysis using the f2 statistic to test similarity between dissolution profiles 
demonstrated that Nefecon has a strongly dissimilar budesonide release profile compared with the other commercially available 
budesonide formulations tested, and that none could be considered pharmaceutically or therapeutically interchangeable.47

Evidence Supporting the Local Mechanism of Action of Nefecon
The local effect of Nefecon on the GALT is also demonstrated by its effect on biomarkers indicative of modulation of 
numerous immune pathways within the GALT (Figure 7). IgAN is characterized by deposition of Gd-IgA1–containing 
immune complexes in the glomerular mesangium, driven by excess production of Gd-IgA1 in the GALT. Using false 
discovery rate q-values, Nefecon was shown to significantly reduce serum levels of Gd-IgA1 after 9 months of treatment, 
as well as IgA-IgG immune complexes. Conversely, it did not significantly reduce levels of total IgA, supporting a local 
and selective effect of Nefecon on the GALT, while having no or only limited effect on systemic IgA.55,56

As the GALT is directly involved in the immune response to antigens encountered in the intestinal mucosa, antibodies 
specific to gut-derived antigens such as casein are markers of GALT activity. Nefecon was found to substantially reduce 
levels of anti-casein IgA, while having a less pronounced effect on anti-tetanus toxoid IgA, which is generated following 
systemic antigen challenge.55 Further analyses of biomarker data from the Phase III NefIgArd trial will be undertaken to 
further investigate and validate these observations.

The relative lack of systemic exposure of budesonide with Nefecon is also congruent with the development of budesonide as 
a topical corticosteroid.19 The NEF-101 study demonstrated that the cortisol-suppressive effects of 9 mg of Entocort® 

corresponded to a dose of 11.7 mg of Nefecon.57 Combined with published estimates of the equivalence between Entocort® 

and prednisolone doses, a 2:1 dose equivalence between Nefecon and prednisolone can be calculated.57 Clinical efficacy of 
Nefecon was demonstrated at a dose of 16 mg/d.27 In the TESTING study, the maximum daily dose of systemic corticosteroids 
was equivalent to prednisolone 40 mg and 60 mg in the low- and high-dose protocols, respectively.21,58

Because of the high systemic exposure to corticosteroids in trials with systemic corticosteroids, significant rates of side effects 
were observed, including high rates of serious adverse events, excess hospitalizations, serious infections, and deaths.21,22 Likely 

Table 5 Summary of Commercially Available Oral Formulations of Budesonide

Nefecon Budenofalk® Entocort® Cortiment®

Indication IgAN Crohn’s disease; autoimmune  
hepatitis; microscopic colitis

Crohn’s disease; microscopic 
colitis

UC; microscopic colitis

Target tissue GALT of the distal 
ileum

Ileum and ascending colon Ileum and ascending colon Colon

Enteric coat EUDRAGIT® L&S EUDRAGIT® L&S EUDRAGIT® L55 EUDRAGIT® L55 & S

What is enteric coated? Capsule shell Beads Beads Tablet

Nominal pH of enteric 
coating

Proprietary 
information

6.4 (RMS AR) 5.5 (FDA) 7 (FDA)

Capsule material HPMC Gelatin Gelatin Not applicable

What sustains release? Ethyl cellulose–based  
coating on beads

EUDRAGIT® RS Ethyl cellulose MMX® (stearic acid/HPC matrix)

Note: Adapted with permission from Dressman J, Philipson R, Barratt J. Comparison of the dissolution profile of Nefecon with three other commercially available oral 
formulations of budesonide: Implications for interchangeability. IIgANN, Tokyo, Japan, 2023.54 

Abbreviations: FDA, US Food and Drug Administration; GALT, gut-associated lymphoid tissue; HPC, hydroxypropyl cellulose; HPMC, hydroxypropyl methylcellulose; 
IgAN, immunoglobulin A nephropathy; RMS AR, Reference Member State Assessment Report; UC, ulcerative colitis.
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due to lower systemic corticosteroid exposure, Nefecon was typically associated with milder adverse events, which were generally 
reversible, and had a safety profile expected for a locally acting corticosteroid.27 Additionally, while lymphopenia is commonly 
associated with long-term systemic corticosteroid use,59–61 levels of circulating lymphocytes were not reduced with long-term use 
of Nefecon in the NefIgArd trial, with a mean absolute change from baseline at 9 months in lymphocyte count of 0.49 × 109/L 
(standard deviation ± 0.75) in Nefecon recipients versus 0.03 × 109/L (standard deviation ± 0.43) in placebo recipients. These 
results suggest a reduced systemic impact of Nefecon in patients with IgAN compared with that typically observed with systemic 
corticosteroids.

Finally, Nefecon’s treatment effect on proteinuria in the NefIgArd trial occurred after a delay, with no significant difference in 
urine protein–creatinine ratio between Nefecon and placebo groups at 3 months, after which durable reductions in proteinuria 
were observed for Nefecon versus placebo over the remaining 2-year trial period.27 Conversely, in the TESTING trial, 
methylprednisolone had a substantial effect on proteinuria at 3 months vs placebo, diminishing over time, reflective of its anti- 
inflammatory mode of action.21 This delayed as opposed to immediate reduction in proteinuria supports Nefecon’s effect at the 
source of the disease in the GALT, as opposed to a predominant anti-inflammatory mechanism of action in the kidneys.

Conclusions
Nefecon, a targeted-release formulation of the topically acting corticosteroid budesonide, was specifically designed to deposit 
budesonide in the distal ileum, targeting the Gd-IgA1–producing cells in the ileal GALT. Its unique formulation results in 
a pharmacokinetic profile distinct from other budesonide products that allows for targeted, local action. The high first-pass 
metabolism of budesonide also distinguishes it from systemic corticosteroids, limiting its systemic exposure. The release of 
budesonide to the ileum and its subsequent effect on gut-associated biomarkers indicates that Nefecon is likely to act locally on 
the GALT, resulting in a selective immunomodulatory mechanism of action with a direct disease-modifying effect in patients 
with IgAN. This is further corroborated by the NefIgArd trial, the results of which showed that 9 months of Nefecon treatment on 
top of RAS inhibition provided a statistically significant and clinically relevant preservation of eGFR and durable reduction in 
proteinuria compared with RAS inhibition alone. Additionally, Nefecon was associated with low rates of adverse events, which 
were generally mild to moderate in severity, as expected for a locally acting corticosteroid with limited systemic exposure.

Figure 7 Biomarker assessments from the Phase IIb NEFIGAN trial with significant changes from baseline at 9 months for Nefecon 16 mg vs standard of care, as measured 
by FDR q-value. Adapted from Kidney Int, volume 105(2), Wimbury D, Muto M, Bhachu JS, et al. Targeted-release budesonide modifies key pathogenic biomarkers in 
immunoglobulin A nephropathy: insights from the NEFIGAN trial. 381–388, Copyright 2023. Creative Commons.55 

Abbreviations: BAFF, B-cell–activating factor; BCMA, B-cell maturation antigen; C3M, collagen type III degradation marker; CCL, C-C motif chemokine ligand; Cr, 
creatinine; CXCL, C-X-C motif chemokine ligand; FDR, false discovery rate; Gd, galactose-deficient; Ig, immunoglobulin A; IgG, immunoglobulin G; IL-18BPα, interleukin 18 
binding protein isoform α; MASP3, mannose-binding lectin–associated serine protease 3; PRO-C6, propeptide of type VI collagen; sCD, soluble cluster of differentiation.
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Abbreviations
AUC0–24, area under the plasma concentration–time curve over 24 hours; CD, cluster of differentiation; Cmax, maximum 
plasma concentration; eGFR, estimated glomerular filtration rate; GALT, gut-associated lymphoid tissue; Gd-IgA1, 
galactose-deficient IgA1; IgA, immunoglobulin A; IgAN, IgA nephropathy; IgG, immunoglobulin G; KDIGO, Kidney 
Disease: Improving Global Outcomes; MALT, mucosa-associated lymphoid tissue; NefIgArd, Efficacy and Safety of 
Nefecon in Patients With Primary Immunoglobulin A Nephropathy; RaDaR, National Registry of Rare Kidney Diseases; 
RAS, renin–angiotensin system; STOP-IgAN, Supportive Versus Immunosuppressive Therapy for the Treatment Of 
Progressive IgA Nephropathy; t1/2, half-life; TESTING, Therapeutic Effects of Steroids in IgA Nephropathy Global; tlag, 
lag time from administration to start of absorption; tmax, time to maximum plasma concentration.
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