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Aim: Proteinuria poses a significant challenge in focal segmental glomerulosclerosis (FSGS), particularly
when resistant to standard treatments. Acthar® Gel, a Food and Drug Administration (FDA)-approved
treatment, may be a potential option for proteinuria in nephrotic syndrome (NS) due to FSGS, particularly
given the limited alternative therapies. This study assessed the cost-per-response of Acthar Gel versus
standard of care (SoC) for the treatment of refractory proteinuria in NS due to FSGS among adults from
a US healthcare payer perspective over a 1- to 3-year horizon. Materials & methods: A probabilistic,
cohort-based state-transition model tracked adults with nephrotic-range proteinuria due to FSGS through
clinically relevant health states in 6-month cycles. All patients entered in relapse and received either Acthar
Gel or SoC. At each cycle, individuals could transition to response or remain uncontrolled, progress to
renal failure, or continue in relapse; death was permitted from any state. Responders were allowed to
either sustain response or experience relapse in subsequent cycles. Model inputs for clinical event rates,
healthcare utilization and medical costs were sourced from the published literature, and drug costs were
valued using wholesale acquisition cost. Cost-per-response was defined as total healthcare costs (drug and
nondrug medical costs) per patient divided by the response rate. Results: Acthar Gel showed a lower cost-
per-response ($469,735) versus cyclophosphamide ($2,140,400) and rituximab ($1,272,477) over 1 year. This
advantage for Acthar Gel was sustained for 2 and 3 years. Acthar Gel was potentially a dominant treatment
option at 2 and 3 years, with a lower overall cost of care and higher response rates than SoC. Conclusion:
From a US healthcare payer perspective, Acthar Gel appears to be a cost-effective, value-based treatment
option for adults with proteinuria in NS due to FSGS over 1 to 3 years. These findings may aid providers
and payers in making informed treatment decisions when conventional therapies are ineffective for these
patients.

Plain language summary

What is this article about? This study looks at whether Acthar Gel provides good value compared with
usual treatments for adults with focal segmental glomerulosclerosis who still have high protein in their
urine despite prior care. High protein in the urine (proteinuria) is a sign that the kidneys are damaged
and can lead to worse health. The study compared the costs and effectiveness of Acthar Gel with standard
options used in the US, such as cyclophosphamide or rituximab, over a 1- to 3-year period, considering the
perspective of healthcare payers.

What were the results? Acthar Gel resulted in more patients responding to treatment and, in many cases,
reduced overall medical spending. After 1 year, the cost to achieve one responder was lower with Acthar
Gel than with usual treatments. This advantage persisted for 2-3 years.

What do the results mean? For adults with difficult-to-treat focal segmental glomerulosclerosis, Acthar
Gel appears to be a cost-effective choice. Its higher chance of response and lower use of other healthcare
services can reduce total costs over time. These findings can help clinicians and health plans choose
treatments when standard therapies have not worked. ~—  CWUERCL
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Focal segmental glomerulosclerosis (FSGS) stands as a leading cause of nephrotic syndrome (NS), categorized as
either primary (idiopathic) or secondary to underlying disease processes or genetic mutations [1,2]. Untreated, FSGS
frequently progresses to end-stage renal disease (ESRD), with 10-year survival rates ranging from 40 to 60% [1,2].

Proteinuria, a hallmark of glomerulopathies, is a crucial marker in FSGS (2. Proteinuria in NS is a risk
indicator of progressive kidney disease [3]. Its presence in NS signifies a heightened risk for progressive kidney
disease, underscoring the importance of achieving proteinuria remission as a key therapeutic objective [2]. Studies
consistently show that patients achieving complete or partial remission experience a slower decline in renal function
and a reduced risk of renal failure, with complete remission predicting improved long-term kidney and patient
survival 2. Complete remission of proteinuria in NS due to FSGS predicts excellent long-term outcomes for both
kidney and patient survival [2]. A partial remission also significantly reduces the risk of progression to ESRD 1.
However, FSGS is also characterized by a substantial relapse rate, with up to 40% of patients experiencing
recurrence [4].

Managing proteinuria in NS due to FSGS, particularly in cases resistant to conventional therapies, poses a
significant clinical challenge [3-5]. Although the treatment landscape for proteinuria in NS due to FSGS in adults
includes well-established recommendations, specifically, high-dose glucocorticoids as first-line therapy and cal-
cineurin inhibitors as second-line agents per the 2021 Kidney Disease: Improving Global Outcomes (KDIGO)
Clinical Practice Guideline for Glomerular Diseases, there remains limited consensus regarding optimal treat-
ment alternatives for adults with refractory proteinuria who have failed these standard treatments. Guidelines
further note that adults with refractory proteinuria should be referred to specialized centers for consideration of
alternative treatment options [4-6). While glucocorticoids remain the cornerstone of first-line therapy for many
proteinuric glomerular diseases, their long-term use is associated with significant morbidities, including steroid-
induced diabetes, metabolic bone disease and weight gain (7,8]. Multiple subsequent therapeutic agents, such
as calcineurin inhibitors, mycophenolate mofetil, cyclophosphamide and rituximab, have been employed with
varying degrees of success, but are often accompanied by significant side effects, notably increased infection risk
and potential relapse upon withdrawal, ultimately contributing to disease progression [4,5]. Given the limitations
of current treatment approaches, there is a need for alternative therapies to address proteinuria in NS due to
FSGS.

Despite standard immunosuppressive therapy, roughly two-thirds of patients with NS due to FSGS relapse and
continue to exhibit persistent or recurrent proteinuria, making them prime candidates for alternative treatments.
Acthar® Gel (repository corticotropin injection, Mallinckrodt Pharmaceuticals) is approved by the US FDA
to induce a diuresis or a remission of proteinuria in the NS without uremia of the idiopathic type or due to
lupus erythematosus [9]. It is a naturally sourced complex mixture of adrenocorticotropic hormone analogues
and other pituitary peptides [9]. Its therapeutic effects may be mediated through multple anti-inflammatory
pathways [9]. Acthar Gel is also reported to bind to melanocortin receptors [9]. The trophic effects of endogenous
adrenocorticotropic hormone and Acthar Gel on the adrenal cortex are not well understood beyond the fact that
they appear to be mediated by cyclic adenosine monophosphate [9). Clinical studies have reported the effectiveness
of Acthar Gel in reducing or inducing remission of proteinuria in NS due to FSGS, with safety outcomes
characterized [1,5,10-13]. With an established side effect profile and a higher likelihood of inducing remission [1,5,10-
13], Acthar Gel may help appropriate patients with proteinuria in NS due to FSGS.

Despite several observational studies describing the clinical effects of Acthar Gel in NS, there is a notable evidence
gap in economic evaluations for adults with refractory proteinuria in NS due to FSGS. Payers and clinicians
increasingly require value-focused analyses (e.g., cost-per-outcome metrics) to guide treatment selection when
conventional therapies fail; however, no model-based studies have compared Acthar Gel with alternative treatments
in this population. This study addressed this gap by evaluating the cost-per-response of Acthar Gel compared with
the standard of care (SoC; cyclophosphamide or rituximab) for the treatment of refractory proteinuria in NS due
to FSGS among adults who have not responded to conventional therapies from a US healthcare payer perspective
over a 1- to 3-year horizon.
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Figure 1. Schematic of the probabilistic cohort-level state-transition model for the treatment of proteinuria in
nephrotic syndrome due to focal segmental glomerulosclerosis.

ARF: Acute renal failure; ESRD: End-stage renal disease; FSGS: Focal segmental glomerulosclerosis; NS: Nephrotic
syndrome; SoC: Standard of care.

Materials & methods

Model structure

A probabilistic, cohort-level state-transition model was constructed to evaluate the economic value of Acthar Gel
in managing proteinuria in NS due to FSGS among adults who have not responded to conventional therapies
(steroid-resistant or intolerant/contraindicated and those with steroid-dependent or frequently relapsing disease).
Specifically, the model compared the cost-per-response of Acthar Gel to SoC, which included cyclophosphamide
and rituximab, each evaluated separately. Although cyclophosphamide and rituximab are recommended as al-
ternative treatment options for adults with refractory proteinuria who have failed on two or more treatments,
these recommendations are grounded primarily in limited observational data rather than randomized controlled
trials (4,6,14]. Given that their supporting data are limited, they are used as off-label medications [15-18]. The 2021
KDIGO guideline for primary FSGS in adults recommends high-dose glucocorticoids as first-line therapy, with
calcineurin inhibitors (cyclosporine or tacrolimus) as the preferred alternative agents in patients who are steroid-
resistant or intolerant [4]. However, it does not explicitly endorse cyclophosphamide or rituximab for adult FSGS
due to the paucity of randomized trial data [4]. In the KDIGO executive summary, it is noted more broadly that
in patients who do not tolerate or can no longer use cyclophosphamide, rituximab could be offered; however,
this recommendation is conditional as it is based mainly on observational studies rather than RCTs [14. A US
commentary on the KDIGO 2021 guideline (KDOQI) further suggests that, for frequently relapsing disease
(including FSGS), clinicians may consider alternative treatment options, such as cyclophosphamide, rituximab or
adrenocorticotropic hormone [6]. Because there is no prior adult-focused economic evaluation study comparing
these agents in FSGS, the model’s selection of cyclophosphamide and rituximab as off-label SoC comparators
reflects both expert consensus in practice guidelines and published case series regarding their use in refractory adult
ESGS. Therefore, their safety and efficacy have not been established by the FDA for this indication. The analysis
was conducted from a US healthcare payer perspective over a 1- to 3-year timeframe. The analytical model was
built within Microsoft® Excel 2024.

Patient trajectories were modeled across discrete health states with parameter uncertainty handled probabilistically
(Figure 1). All patients entered in relapse and received Acthar Gel or SoC. Transitions were evaluated every 6 months
in line with contemporary clinical practice. At the end of each cycle, patients could achieve a response, remain in
relapse, transition to persistent NS, or develop acute renal failure (ARF). ‘Persistent NS’ health state was defined
as failure to achieve a clinically meaningful reduction in proteinuria after a full initial treatment course. Patients
showing improvement that did not meet response criteria were assumed to continue therapy while remaining in
the relapse state. Responders could maintain a durable response or experience relapse. Patients in the persistent NS
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health state accrued ongoing treatment and healthcare costs and could progress to kidney failure (ARF or ESRD),
at which point dialysis or a renal transplant was initiated. Death was permitted from any health state.

Model inputs
Clinical inputs

Clinical inputs, including clinical effectiveness, safety, clinical manifestations, disease progression and mortality,
are provided in Table 1.

Clinical effectiveness data were derived from prospective and retrospective studies on FSGS, selected based on
study design, sample size and relevant factors. The effectiveness of Acthar Gel was sourced from a prospective,
observational study of treatment-resistant FSGS, where patients received subcutaneous Acthar Gel (40-80 units)
two- to three-times weekly for 6 months [5]. Relapse probability was obtained from an observational study of
idiopathic FSGS patients treated with Acthar Gel at two academic medical centers between 2009 and 2012 [1].
There is limited data on the effectiveness of cyclophosphamide and rituximab in adult patients with FSGS who
have failed conventional treatments. Cyclophosphamide effectiveness came from retrospective analyses of registry
data from Toronto (population base of 4 million) [2,19], while rituximab effectiveness and relapse rates were
obtained from prospective studies of biopsy-proven FSGS patients who failed conventional treatments or presented
with steroid-dependent or frequently relapsing NS [20,21]. Only serious adverse events (SAEs) were considered for
cyclophosphamide [22) and rituximab [23]. The reviewed studies reported no treatment-related SAEs for Acthar Gel;
therefore, SAEs were not considered for Acthar Gel [1,5,10-13].

Pain in NS is multidimensional (nociceptive, neuropathic and non-neuropathic) [27]. Pain is also common in
patients with ESRD and is the primary cause of depression, disturbed sleep patterns, impaired dialysis adequacy and
the likelihood of withdrawal from dialysis [32]. Therefore, pain prevalence was incorporated into the model, with
estimates sourced from the published literature [26,27]. Depression is similarly prevalent in chronic kidney disease,
including ESRD, and is associated with poor quality of life and increased mortality [28]. Consequently, depression
was also included in the model, with prevalence estimates derived from published literature [24,28].

Persistent proteinuria in NS due to FSGS elevates the risk of chronic conditions, such as venous thrombosis,
hypertension and hyperlipidemia, leading to cardiac complications and further progression of chronic kidney
disease [33-35]. Probabilities of these complications were sourced from published literature [24,25].

Disease progression to kidney failure occurs in both relapsing and persistent NS health states. Due to limited
data on Acthar Gel and SoC, both treatment groups were assumed to have the same progression probability, based
on published literature [2,29,301. NS is also associated with increased mortality due to kidney failure, infection,
thrombosis and cancer [29]. Six-month probabilities of excess mortality attributable to NS were derived from
published literature [29,31].

Cost inputs

Wholesale acquisition costs (WAC) as of 1 January 2025, were obtained from the Micromedex Red Book (Merative,
Ann Arbor, MI) 36]. Specifically, the WAC for a 5 ml multidose vial of Acthar Gel was $45,304, and the average
patient used 7.86 vials of Acthar Gel (based on the specialty pharmacy dispensing data for 12 months ending
31 December 2023), which incorporates real-world dose titration and treatment duration. The total cost of SoC,
including cyclophosphamide and rituximab, was calculated using the dosing information, dosing strengths and
WAC. The dosing information was sourced from the literature and based on guidelines [4,37]. An average body
weight of 80.0 kg and a body surface area of 2.0 m? were used for calculating the dosage. The cost calculation
for rituximab also incorporated the cost and market share of both the biologic and its respective biosimilars. The
resulting annual cost was $8554 for cyclophosphamide and $103,242 for rituximab.

Annual administration costs of $4170 were considered only for rituximab due to its intravenous
administration [38]. Annual monitoring costs for both cyclophosphamide and rituximab were $480 [38]. As immuno-
suppressive agents necessitate antibiotic prophylaxis, trimethoprim/sulfamethoxazole was considered (39], with an
annual cost of $250 [36]. Antiemetic costs were also factored into the overall administration expenses, with an
annual cost of $877 40).

The model incorporated a range of costs associated with FSGS management across different health states.
These included costs for other treatments (supportive care medications, immunosuppressants, plasmapheresis,
pain/depression medications), FSGS-related disease management (inpatient and outpatient), complications, end-
of-life care and renal failure management (dialysis or renal transplant) [Table 2]. All costs were sourced from
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Table 1. Clinical inputs.

Parameters’ Value (probability of event) Source (year) Ref.

Effectiveness

Acthar Gel
Response 69.7% Tumlin et al. (2017)1 [5]
No responsef 13.3% Tumlin et al. (2017)1 [5]
Persistent NSS 17.0% Tumlin et al. (2017)1 [5]
Relapse 28.6% Hogan et al. (2013) [1]

Cyclophosphamide*

Response 20.0% Cattran et al. (1998) [19]
No response* 0.0% Assumptiontt
Persistent NSS 80.0% Assumptiontt
Relapse 36.4% Troyanov et al. (2005) [2]
Rituximab*
Response 25.0% Fernandez-Fresnedo et al. (2009) [20]
No responsef 12.5% Fernandez-Fresnedo et al. (2009) [20]
Persistent NSS 62.5% Fernandez-Fresnedo et al. (2009) [20]
Relapse 25.0% Ruggenenti et al. (2014) [21]

Serious adverse eventsit

Cyclophosphamide

Anemia/leukopenia 30.0% Fernandez-Juarez et al. (2021) [22]
Venous thrombosis 12.0% Fernandez-Juarez et al. (2021) [22]
Acute kidney injury 19.0% Fernandez-Juarez et al. (2021) [22]
Infections 23.0% Fernandez-Juarez et al. (2021) [22]
Rituximab
Infusion-related adverse events 25.0% Fervenza et al. (2019) [23]
Cardiovascular events 1.5% Fervenza et al. (2019) [23]
Increased creatinine levels 6.0% Fervenza et al. (2019) [23]
Endocrine/metabolic events 3.1% Fervenza et al. (2019) [23]
Infections 6.2% Fervenza et al. (2019) [23]

Clinical manifestations

Complications

Chronic kidney disease 76.0% Hayes et al. (2024) [24]

Cardiac complications 64.1% Rice et al. (2021) [25]
Pain

Relapse 58.0% Lambourg et al. (2021) [26]

Persistent NS$ 63.0% Lambourg et al. (2021) [26]

T All parameters from the literature were converted to a 6-month probability, where applicable.

£No response refers to patients who initially did not exhibit a therapeutic effect, but subsequently achieved a response and experienced resolution of their relapse.
SPersistent NS health state refers to the state to which a patient transitions when a patient fails to show a significant clinical improvement following the full course
of the prescribed initial treatment.

1Data on ‘Acthar Gel without tacrolimus’ was only considered; a complete remission was defined as a UP/Cr ratio less than 300 mg/g Cr, and a partial response
was defined as a 50% reduction in the pre-Acthar Gel treated UP/Cr ratio to a value less than 3500 mg/g.

#For both comparators, outcomes to ensure cross-arm comparability were standardized. The cyclophosphamide source defined complete but not partial response,
while the rituximab series reported patient-level proteinuria reductions without prespecified complete and partial response thresholds. Accordingly, all interventions
(including Acthar Gel) were harmonized to KDIGO-aligned criteria: proteinuria <0.3 g/day (or UP/Cr <0.3 g/g) with normal serum albumin for complete response
and >50% reduction to a subnephrotic level (<3.5 g/day or UP/Cr <3.5 g/g) for partial response. These standardized thresholds are widely used in contemporary
adult FSGS studies and reviews. Studies lacking explicit thresholds were mapped to KDIGO categories (rule-based classification from patient-level proteinuria
reductions).

T Response probability was 20%:; therefore, the probability of transitioning to a persistent NS health state was assumed to be 80%, and no response was assumed
to be 0%.

$¥No treatment-related serious adverse events were reported for Acthar Gel in the reviewed studies; therefore, serious adverse events were not considered for
Acthar Gel [1,5,10-13].

ARF: Acute renal failure; Cr: Creatinine; ESRD: End-stage renal disease; FSGS: Focal segmental glomerulosclerosis; g: Gram; mg: Milligram; NS: Nephrotic syndrome;
UP: Urine protein.
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Table 1. Clinical inputs (cont.).

Clinical manifestations

Hemodialysis 57.1% Moore et al. (2023) [27]

Peritoneal dialysis 58.3% Moore et al. (2023) [27]

Renal transplant 46.0% Lambourg et al. (2021) [26]
Depression

Relapse 7.0% Hayes et al. (2024) [24]

Persistent NS® 21.0% Shirazian et al. (2017) [28]

Renal failure 22.8% Shirazian et al. (2017) [28]

Disease progression

Relapse to ARF 5.0% Troyanov et al. (2005) [2]
Persistent NS® to ARF 10.0% Troyanov et al. (2005) [2]
Persistent NS® to ESRD 8.0% Kolb et al. (2021) [29]
ARF to ESRD 4.2% Coca et al. (2012) [30]
Mortality
Remission 1.3% Kolb et al. (2021) [29]
Relapse or persistent NSS 2.2% Kolb et al. (2021) [29]
ARF 8.7% US Renal Data System (2024) [31]
ESRD 7.2% US Renal Data System (2024) [31]

T All parameters from the literature were converted to a 6-month probability, where applicable.

¥No response refers to patients who initially did not exhibit a therapeutic effect, but subsequently achieved a response and experienced resolution of their relapse.
SPersistent NS health state refers to the state to which a patient transitions when a patient fails to show a significant clinical improvement following the full course
of the prescribed initial treatment.

1Data on ‘Acthar Gel without tacrolimus’ was only considered; a complete remission was defined as a UP/Cr ratio less than 300 mg/g Cr, and a partial response

was defined as a 50% reduction in the pre-Acthar Gel treated UP/Cr ratio to a value less than 3500 mg/g.
*#For both comparators, outcomes to ensure cross-arm comparability were standardized. The cyclophosphamide source defined complete but not partial response,
while the rituximab series reported patient-level proteinuria reductions without prespecified complete and partial response thresholds. Accordingly, all interventions

(including Acthar Gel) were harmonized to KDIGO-aligned criteria: proteinuria <0.3 g/day (or UP/Cr <0.3 g/g) with normal serum albumin for complete response
and >50% reduction to a subnephrotic level (<3.5 g/day or UP/Cr <3.5 g/g) for partial response. These standardized thresholds are widely used in contemporary
adult FSGS studies and reviews. Studies lacking explicit thresholds were mapped to KDIGO categories (rule-based classification from patient-level proteinuria
reductions).

1 Response probability was 20%; therefore, the probability of transitioning to a persistent NS health state was assumed to be 80%, and no response was assumed

to be 0%.

#No treatment-related serious adverse events were reported for Acthar Gel in the reviewed studies; therefore, serious adverse events were not considered for

Acthar Gel [1,5,10-13].
ARF: Acute renal failure; Cr: Creatinine; ESRD: End-stage renal disease; FSGS: Focal segmental glomerulosclerosis; g: Gram; mg: Milligram; NS: Nephrotic syndrome;

UP: Urine protein.

published literature. The costs were adjusted to 2025 US dollars using the US Consumer Price Index for Medical
Care Services for Urban Consumers, where necessary [41].

Patients in all health states, except death, were assumed to receive supportive care medications for NS-related co-
morbidities such as hypertension, stroke, deep vein thrombosis and hyperlipidemia. The utilization rates of specific
supportive care medications were angiotensin-converting enzyme inhibitors (ACEis) or angiotensin receptor block-
ers (ARBs) (69.4%), beta-blockers (31.9%), calcium channel blockers (18.1%), diuretics (62.5%), anticoagulants
(9.7%) and statins (56.9%) (Symphony Health’s Integrated Dataverse [1 January 2016 to 31 December 2022]).

Patients in a persistent NS health state were assumed to receive immunosuppressants to manage proteinuria.
The distribution of these treatments was as follows: systemic corticosteroids (chronic use): 44.0% [24], cyclosporine:
8.0% [63], tacrolimus: 12.3% [63] and mycophenolate mofetil: 0.3% [63]. Chronic corticosteroid use was assumed,
resulting in all patients experiencing corticosteroid-related toxicity. Based on the published literature, the distri-
bution of SAEs for cyclosporine was as follows: cardiovascular events: 10.8%, infections: 12.3%, nephrotoxicity:
3.1% and endocrine/metabolic events: 1.5% [23]. The distribution of SAE:s for tacrolimus was as follows: reversible
nephrotoxicity: 15.9%, irreversible nephrotoxicity: 9.0%, infections: 43.1% and impaired fasting glucose/diabetes
mellitus: 22.7% (64]. In addition, 1.6% of patients were also assumed to receive plasmapheresis (63]. The data on the
number of sessions [65] and costs were applied based on resources used for infusion to compute the cost per session,
including the cost of acquisition, staff, equipment, materials costs and laboratory tests [36,42-44,66]. The distribution
of SAE;s for plasmapheresis was as follows: bleeding: 4.9%, catheter occlusion: 2.4%, deep vein thrombosis: 2.4%
and infections: 2.4% [42].
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Table 2. Direct medical costs.

Parameters Costf-* Source (year) Ref.
Other treatments Annual

Supportive care medications

ACEi/ARBs $149 Micromedex Red Book [36]
Beta-blockers $304 Micromedex Red Book [36]
Calcium channel blockers $380 Micromedex Red Book [36]
Diuretics $97 Micromedex Red Book [36]
Anticoagulants $629 Micromedex Red Book [36]
Statins $148 Micromedex Red Book [36]
Immunosuppressants
Systemic corticosteroids $4383 Micromedex Red Book [36]
Cyclosporine $16,810 Micromedex Red Book [36]
Tacrolimus $16,843 Micromedex Red Book [36]
Mycophenolate Mofetil $1527 Micromedex Red Book [36]
Plasmapheresis $4888 Micromedex Red Book; Heatwole et al. (2011); [36,42-44]

Winters et al. (2011); US BLS
Pain medications

Pain medication use

NSAIDs $2242 Katz et al. (2016) [45]
Opioids $4071 Ding et al. (2020) [46]
Pain medication-related toxicity
NSAIDs-related toxicity $916 Rahme et al. (2001) [47]
Opioid-related substance abuse $50,453 White et al. (2005) [48]
Antidepressants use $3483 Glassman et al. (2023) [49]
FSGS-related disease management Annual
Inpatient $24,567 Kalantar-Zadeh et al. (2022) [50]
Outpatient $45,468 Kalantar-Zadeh et al. (2022) [50]
Renal failure management Annual
Dialysis
Hemodialysis $188,520 Bhatnagar et al. (2023) [51]
Peritoneal dialysis $174,188 Bhatnagar et al. (2023) [51]
Renal transplant $487,836 Bentley et al. (2020) [52]

Complications

Chronic kidney disease $17,664 Jha et al. (2023) [53]
Major cardiac complications $21,683 Jha et al. (2023) [53]
End-of-life care $105,124 French et al. (2017) [54]
Serious adverse events Per event
Anemia/leukopenia $23,872 Weycker et al. (2008) [55]
Venous thrombosis $19,711 Grosse et al. (2016) [56]
Infections $28,968 Owens et al. (2024) [57]
Infusion-related $9386 Foley et al. (2010) [58]
Cardiovascular $29,467 Afana et al. (2015) [59]
Endocrine/metabolic or impaired fasting glucose $15,519 Fingar et al. (2021) [60]
and diabetes mellitus
Acute kidney injury/increased creatinine $49,688 Stottlemyer et al. (2024) [61]
level/reversible nephrotoxicity
Irreversible nephrotoxicity $180,819 Stottlemyer et al. (2024) [61]
Bleeding $636 Heatwole et al. (2011) [42]
Catheter occlusion $2477 Heatwole et al. (2011) [42]
Corticosteroid-related toxicity (annual) $87,592 Rice et al. (2018) [62]

T All costs inflated to 2025 USD.

¥Drug costs as of 1 January 2025.

ACEi: Angiotensin-converting enzyme inhibitor; ARB: Angiotensin receptor blocker; BLS, Bureau of Labor Statistics; FSGS: Focal segmental glomerulosclerosis;
NSAID: Nonsteroidal anti-inflammatory drug; USD: US dollar.
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Pain management included nonsteroidal anti-inflammatory drugs (NSAIDs) and/or opioids [45,46]. NSAID
use was limited to patients in relapse due to the potential worsening of kidney function in persistent NS and
renal failure health states [67). Utilization rates and associated toxicity probabilities for both NSAIDs and opioids
were sourced from the literature. Among patients in a relapse state, NSAID use was 50.0% and opioid use was
56.9% (Symphony Health’s Integrated Dataverse [1 January 2016 to 31 December 2022]). Opioid use among
patients in the persistent NS health state was 20% [68], hemodialysis/peritoneal dialysis was 40.6% [69], and the
kidney transplant was 60.0% [70]. The probability of NSAID-related toxicity was 25% (71]. Chronic opioid use was
assumed to increase the risk of opioid-related abuse. The cost of pain-medication-related toxicity was also sourced
from published literature [47,48]. Depression medication costs were considered for patients who did not achieve a
treatment response [49).

FSGS management costs included inpatient and outpatient care for patients in a persistent NS health state [s0),
complication costs for persistent NS and disease progression health states (53], and end-of-life care costs for deceased
patients [54]. ARF management involved dialysis (hemodialysis 89% and peritoneal dialysis 11%) [72,73]. ESRD
management included dialysis (70%) or renal transplant (30%) [73]. Dialysis-related costs were applied to ARF
patients, and dialysis and/or transplant costs were applied to ESRD patients [51,52].

SAE costs varied by treatment, with total costs calculated based on frequency and type of SAEs for each
treatment [42,55-62]. SAE costs for SoC were reported separately.

Cost-per-response analysis

The primary analysis (base case) focused on determining the cost-per-response for Acthar Gel and SoC over 1 year.
This was calculated by dividing the total healthcare costs per patient for a specific time horizon by the proportion
of patients who achieved a resolved relapse within each treatment group. Total healthcare costs per patient include
drug acquisition, administration/monitoring, SAEs, other treatments (supportive care and immunosuppressants),
disease management and renal failure costs. Extended analyses were performed to assess cost-per-response at 2
and 3 years. Furthermore, the incremental cost-effectiveness was examined by calculating the difference in total
healthcare costs per patient between interventions (incremental cost) divided by the difference in the proportion
of patients responding to each intervention (incremental response) across the designated time frames. In base-case
analyses, costs were discounted at 3.5% per year for the 2- and 3-year period.

Several key assumptions were made to reflect a population with refractory and persistent proteinuria in NS
due to FSGS, and the best available data specific to this population were utilized. Acthar Gel was studied in
patients who had failed at least two prior therapies (including corticosteroids), consistent with its real-world clinical
practice. The model simulated a single, hypothetical cohort of adult steroid-resistant NS patients, defined by failure
of prior conventional therapies, with identical baseline characteristics (including proteinuria levels and overall
disease severity) across all three treatment arms. By assuming cohort homogeneity, it was ensured that observed
differences in cost-per-response are driven by treatment effects rather than initial patient imbalances. Remaining
variability in clinical and cost parameters was explicitly modeled through probability distributions and Monte
Carlo simulation, thereby quantifying the impact of residual heterogeneity on the results. The model evaluated all
interventions using KDIGO-aligned response criteria, proteinuria <0.3 g/day or urine protein-to-creatinine ratio
<0.3 g/g with normal serum albumin for a complete response and >50% reduction in proteinuria to <3.5 g/day
or urine protein-to-creatinine ratio <3.5 g/g for a partial response. Directional conclusions were unchanged in the
sensitivity analyses. The response and relapse parameters used in the base case align with ranges reported in adult
FSGS cohorts. After harmonizing source definitions to KDIGO thresholds, the 12 to 24-month complete/partial
response rates assumed for Acthar Gel fall within the ranges observed in prospective and retrospective series of adults
with primary FSGS under contemporary management [1,5,7,11]. Relapse probabilities applied in the model are also
consistent with the recurrence patterns described in adult partial/complete remitters [21. In the base-case model,
identical probabilities of progression to renal failure were assumed for Acthar Gel and SoC because no long-term,
head-to-head data exist demonstrating a differential impact of these agents on disease progression and ESRD onset.
To ensure that this conservative simplification did not systematically underestimate the potential renal-protective
benefit of Acthar Gel, sensitivity analyses were conducted. Moreover, disease progression did not emerge as a primary
driver in the cost-per-response sensitivity analyses. Adverse event inputs were restricted to serious events requiring
inpatient care, in line with regulatory definitions and common practice in economic evaluations. Accordingly, only
hospitalization-level events (e.g., neutropenia and anemia) were modeled for cyclophosphamide and rituximab.
Events described in Acthar Gel reports, such as weight gain, hypertension, edema, fatigue or seizures, were not
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Figure 2. Cost-per-response over 1 year from a US payer perspective.
Results are presented on a per-person basis.
USD: United States dollar.

consistently attributed to treatment and did not meet the hospitalization criterion, so they were not included.
Notably, in sensitivity analyses, response and relapse parameters remained more influential than SAE assumptions
for cost-per-response, indicating that study conclusions were not driven by SAE costing.

Sensitivity analyses were conducted to evaluate the robustness of the 1-year cost-per-response findings for Acthar
Gel compared with SoC. Both deterministic and probabilistic methods were employed to assess the impact of
variations in model parameters and base case assumptions. One-way deterministic sensitivity analysis (DSA) was
performed by individually varying all key model inputs by £30% and drug acquisition costs by +10%. Additionally,
a multivariable probabilistic sensitivity analysis was executed using 5000 simulations, in which the parameter values
were randomly sampled from predefined probability distributions, allowing for a comprehensive evaluation of joint
uncertainty. The selection of these distributions was driven by the inherent characteristics and limitations of the
available data, ensuring that the full range of potential uncertainty was adequately represented.

Results

Over 1 year, Acthar Gel showed a lower cost-per-response ($469,735) compared with cyclophosphamide
($2,140,400) and rituximab ($1,272,477) [Figure 2]. Compared with cyclophosphamide, Acthar Gel, while cost-
ing $5836 more per patient, yielded a 45.7% higher response rate. Acthar Gel, despite having a $210,673 higher
drug acquisition cost than cyclophosphamide, resulted in lower overall medical costs and incurred no treatment-
related costs (administration/monitoring and adverse events) over the 1 year. Acthar Gel’s higher drug acquisition
cost was offset by lower spending on other treatments (-$102,330), FSGS management (-$33,246), renal failure
management (-$29,255), administration/monitoring (-$4188) and adverse events (-$35,818) compared with cy-
clophosphamide. Compared with rituximab, Acthar Gel resulted in cost savings of $1469 per patient and yielded
a 36.6% higher response rate. Acthar Gel, despite having a $136,962 higher drug acquisition cost than rituximab,
achieved cost offsets in other treatments (-$42,453), FSGS management (-$28,328), renal-failure management
(-$22,538), administration/monitoring (-$7845) and adverse events (-$37,267) [Figure 3].
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Figure 3. Overall cost of care and response rate over 1 year from a US payer perspective.

Numbers in bold represent total costs. Results are presented on a per-person basis; all costs inflated to 2025 US
dollars. Other treatments include immunosuppressants (including monitoring and serious adverse events costs),
supportive care treatments (antihypertensives, anticoagulants and statins), plasmapheresis, pain medications,
antidepressants; disease management includes FSGS-related inpatient and outpatient (physician office visits,
emergency department, other outpatient); renal failure management includes disease progression costs, including
dialysis, renal transplant and complications.

FSGS: Focal segmental glomerulosclerosis.

Table 3. Cost-per-response at 2 and 3 years from a US payer perspective.

Timeframe and intervention Costs per patient’ Response rate Cost-per-response’

2 years
Acthar Gel $405,219 52.8% $767,460
Cyclophosphamide $482,534 6.7% $7,202,000
Rituximab $483,710 14.8% $3,268,311

3 years
Acthar Gel $536,671 47.3% $1,134,611
Cyclophosphamide $702,598 3.5% $20,074,229
Rituximab $695,556 10.1% $6,886,693

TAll costs inflated to 2025 US dollars.
Results are presented on a per-person basis.

This study also assessed cost-per-response over a timeframe of 2 and 3 years. This cost-per-response advantage
for Acthar Gel over cyclophosphamide and rituximab was sustained at 2 and 3 years (Table 3). Acthar Gel showed a
lower overall cost of care and higher response rates compared with cyclophosphamide and rituximab at 2 and 3 years.
The overall cost of care patterns at 2 and 3 years was consistent with those observed at 1 year (Table 4). At 2 years,
larger cost offsets for patients on Acthar Gel versus cyclophosphamide and rituximab were from lower renal failure
management (-$92,518 and -$73,967, respectively) and other treatments (-$145,593 and -$72,311, respectively).
The same pattern persisted for 3 years, with larger cost offsets for Acthar Gel versus cyclophosphamide and
rituximab were renal failure management (-$170,700 and -$138,810, respectively) and other treatment (-$178,123
and -$98,033, respectively), supporting the dominance finding.
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Table 4. Cost breakdown at 2 and 3 years from a US payer perspective.

Cost components-#
2 years
Drug acquisition
Administration/monitoring
Adverse events
Other treatments
Disease management*
Renal failure management't
3 years
Drug acquisition
Administration/monitoring
Adverse events
Other treatments¥
Disease management*
Renal failure managementtt

TResults are presented on a per-person basis.
T All costs inflated to 2025 US dollars.

Acthar Gel

$274,834
30

30
$30,898
$48,373
$51,114

$322,382
$0

$0
$48,006
$72,793
$93,490

CTX

$6758
$4735
$40,497
$176,491
$110,421
$143,632

$7028
$4924
$42,117
$226,129
$158,210
$264,190

Acthar Gel vs CTX®

$268,076
-$4735
-$40,497
-$145,593
-$62,048
-$92,518

$315,354
-$4924
-$42,117
-$178,123
-$85,417
-$170,700

RTX

$99,054
$9751
$46,323
$103,209
$100,292
$125,081

$110,264
$10,854
$51,565
$146,039
$144,534
$232,300

Acthar Gel vs RTX®

$175,780
-$9751
-$46,323
-$72,311
-$51,919
-$73,967

$212,118
-$10,854
-$51,565
-$98,033
-$71,741
-$138,810

SDifferences are calculated as Acthar Gel minus comparator. Negative values indicate lower costs with Acthar Gel (i.e., savings) and vice versa.

10ther treatments include immunosuppressants (including monitoring and serious adverse events costs), supportive care treatments (antihypertensives, anti-
coagulants and statins), plasmapheresis, pain medications and antidepressants.

#Disease management includes FSGS-related inpatient and outpatient (physician office visits, emergency department and other outpatient).
TTRenal failure management includes disease progression costs, including dialysis, renal transplant and complications.

CTX: Cyclophosphamide; RTX: Rituximab.

Table 5. Incremental cost-per-response from a US payer perspective.

Incremental cost-per-response’+

Timeframe and intervention

1 year
Acthar Gel vs cyclophosphamide
Acthar Gel vs rituximab

2 years
Acthar Gel vs cyclophosphamide
Acthar Gel vs rituximab

3 years
Acthar Gel vs cyclophosphamide
Acthar Gel vs rituximab

T All costs inflated to 2025 US dollars.
Results are presented on a per-person basis.

SNegative incremental costs indicate that Acthar Gel is cost-saving.
TUnder the base-case assumptions and clinical inputs used in this model, Acthar Gel incurred lower costs and achieved a higher response rate than cyclophos-

Incremental costs' -5

$5836
-$1469

-$77,315
-$78,491

-$165,927
-$158,885

phamide or rituximab and is therefore classified as ‘dominant’.

Under the base-case assumptions and clinical inputs, Acthar Gel incurred lower costs and achieved a higher
response rate; therefore, Acthar Gel emerged as a potential dominant treatment option compared with cyclophos-

Incremental response

45.7%
36.6%

46.1%
38.0%

43.8%
37.2%

$12,770

Dominant?

Dominant?

Dominant?

Dominant{

Dominant{

phamide or rituximab at 2 and 3 years, exhibiting lower costs and higher response rates (Table 5).

The DSA identified the major contributors to the cost-per-response over a 1-year period. For Acthar Gel versus
cyclophosphamide, the major contributors to cost-per-response were the immunosuppressant-related toxicity,
response rate of Acthar Gel, acquisition cost of Acthar Gel, relapse rate of Acthar Gel and cyclophosphamide-
related SAEs. For Acthar Gel versus rituximab, the major contributors to cost-per-response were the response rate
of Acthar Gel, the acquisition cost of Acthar Gel, the relapse rate of Acthar Gel, rituximab-related SAEs and

immunosuppressant-related toxicity (Figure 4).

The probabilistic sensitivity analysis showed that, at a willingness-to-pay threshold of $150,000 per response
over 1 year, Acthar Gel was cost-effective in 99.0% of iterations versus cyclophosphamide and 100.0% of iterations

versus rituximab (Figure 5).
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Figure 5. Scatter plot Acthar Gel versus cyclophosphamide and rituximab over 1 year from a US payer perspective.
USD: United States dollar.

Discussion

Proteinuria is a critical marker in FSGS and a risk factor for the progression of kidney disease [2,3,74]. Managing
proteinuria in NS, particularly in cases that are difficult to treat, is challenging due to the lack of consensus on
optimal treatment strategies [3-5]. This study evaluated the economic impact of treatment options for proteinuria
in NS due to FSGS among adults who have previously failed conventional treatments.

Acthar Gel showed a more favorable cost-per-response profile compared with unapproved standard therapies,
such as cyclophosphamide and rituximab, over a 1- to 3-year timeframe. Specifically, the cost-per-response with
Acthar Gel was approximately five-times lower than cyclophosphamide and three-times lower than rituximab
over a 1-year period. This advantageous cost-per-response for Acthar Gel remained consistent across various
sensitivity analyses. DSA revealed that the higher response rate associated with Acthar Gel was a key factor driving
its lower cost-per-response compared with SoC. Other significant cost drivers included the higher probability of
immunosuppressant-related toxicity and SAEs related to SoC, as well as the lower relapse rate and higher acquisition
costs of Acthar Gel. Furthermore, over the 2- and 3-year horizons, Acthar Gel emerged as a potential dominant
strategy, exhibiting both reduced costs and improved response rates under the base-case assumptions and clinical
inputs considered in this economic evaluation. Although the initial drug acquisition cost of Acthar Gel was higher
than SoC, it was associated with reduced overall direct medical expenditures throughout the evaluation period.
This cost reduction with Acthar Gel was attributed to its decreased need for immunosuppressant medications,
plasmapheresis, pain/depression medications, disease management resources and resource-intensive interventions
such as dialysis and renal transplant. Importantly, Acthar Gel incurred no treatment-related costs for administration,
monitoring or adverse events.

This study is the first economic assessment comparing the clinical and cost implications of treatment options for
adults with refractory proteinuria in NS due to FSGS among patients who have failed on conventional therapies
within the US payer context. It contributes novel insights to the limited evidence addressing this challenging
condition. By capturing these potential pathways, the model provides a comprehensive framework for evaluating
the short-term clinical and economic consequences of different treatment strategies for managing proteinuria in
NS due to FSGS. The possible transitions between health states in this model have significant implications for both
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patient outcomes and healthcare resource utilization. For instance, the potential for patients to transition from
a relapse to a response state highlights the variability in treatment effectiveness and the need for individualized
approaches. The possibility of cycling between relapse and response states underscores the chronic nature of
proteinuria in NS due to FSGS and the potential for ongoing treatment needs. Additionally, the transitions to ARF
or ESRD emphasize the potential severity of the disease and the possibility of requiring more intensive interventions
like dialysis or transplantation. These transitions also carry substantial cost implications for payers. Further, the
findings from this study may equip clinicians and payers with crucial data for informed decision-making among
adults who fail conventional treatments. Given the challenges associated with proteinuria in NS due to FSGS,
treatment selection should be guided by clinical acumen, available resources and individualized patient needs.
Lastly, this analysis provides a basis for future investigations, including longitudinal studies and subgroup analyses
aimed at identifying patient subgroups who may derive greater benefit from Acthar Gel.

Effective management of proteinuria in NS due to FSGS primarily focuses on achieving remission, reducing
complications, and preventing renal failure, thereby minimizing economic burden. Further, evaluating treatments
based on their ability to deliver positive outcomes cost-effectively is paramount [75]. This study underscores the
pivotal role of improved response rate with Acthar Gel in shaping its cost-per-response profile for treating proteinuria
in NS due to FSGS. Acthar Gel’s lower relapse rate, another key factor in this economic evaluation, contributed
significantly to its favorable outcomes compared with cyclophosphamide. Though rituximab had a marginally lower
rate, a higher response rate with Acthar Gel suggests notable clinical and economic advantages. Despite a higher
drug acquisition cost, the observed reduction in overall costs highlights the potential of treatments with improved
response rates to achieve treatment goals and generate cost savings. This emphasizes the potential use of treatments
with better response rates to achieve treatment goals and provide cost savings for healthcare systems. Furthermore,
the acquisition cost of Acthar Gel, while a significant factor, is mitigated by the reduced downstream costs. The
observed favorable cost-per-response of Acthar Gel over SoC can be further enhanced through strategic pricing
mechanisms, such as rebates, bolstering its value proposition as a potentially cost-effective treatment alternative.

A higher probability of immunosuppressant toxicities with cyclophosphamide and rituximab was also the
primary cost driver in the Acthar Gel versus SoC comparison. Cyclophosphamide regimens, which typically
also include systemic corticosteroids, pose a greater risk of long-term toxicity than other treatments [7,8]. SAEs
associated with both of these SoC treatments also significantly impacted healthcare resource utilization and costs.
Acthar Gel showed a favorable cost-per-response compared with these unapproved SoCs, suggesting potential
reductions in healthcare expenditures and improved patient outcomes through lower treatment-related toxicity
rates.

This economic evaluation acknowledges certain limitations. First, the analysis, framed from a US payer per-
spective, may not be entirely generalizable for healthcare systems with differing protocols for treating adults with
proteinuria in NS due to FSGS. Second, relying on published observational data for clinical and cost inputs
introduces the potential for variations from real-world scenarios. Clinical efficacy inputs for Acthar Gel are based
on observational data, rather than head-to-head randomized comparisons with off-label therapies, which may
limit the precision of transition probability estimates. Modeling heterogeneity as random variation may under-
estimate systematic biases stemming from divergent patient populations, study designs, or outcome definitions.
Until head-to-head trials or individual-patient data meta-analyses become available, residual heterogeneity remains
a potential source of uncertainty in the comparative findings. Furthermore, harmonizing response definitions across
heterogeneous sources may lead to misclassification. Nonetheless, sensitivity analyses did not alter the directional
conclusions. Due to the absence of comparative long-term data on ESRD progression under Acthar Gel versus
SoC, equal progression probabilities were assumed across treatment arms. Sensitivity analyses were conducted
to assess the impact of varying these rates and to confirm that potential underestimation of Acthar Gel’s renal-
protective effects did not materially affect the conclusions. Third, accurately quantifying the nuanced implications
of proteinuria in NS due to FSGS on health and resource utilization remains challenging due to data scarcity.
Fourth, AEs reported in some Acthar Gel studies were not included because they did not meet the prespecified
definition of SAEs (i.e., events requiring hospitalization). This selective inclusion may modestly underestimate
total costs, particularly for Acthar Gel, however, the same SAE-only rule was applied to the off-label comparators.
Importantly, sensitivity analyses did not alter the direction of the results, suggesting this limitation has limited
impact on the study’s primary conclusions. Fifth, the model did not account for potential manufacturer pricing
adjustments, such as discounts or rebates. Sixth, it was not possible to directly assess external validity by comparing
findings from this study with those from existing economic evaluations in the same patient population. To date,
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no prior economic evaluation studies have been conducted specifically in adults with refractory proteinuria in NS
due to FSGS who have failed two or more previous treatments. However, several steps were taken to strengthen
the internal validity and contextualize the findings. The model’s clinical inputs, including treatment response
rates, costs, and relapse rates, were derived from a comprehensive review of existing clinical literature, real-world
claims data, and expert opinion. This ensured that the model accurately reflected the current standard of care and
typical patient experiences to the extent possible. Furthermore, extensive sensitivity analyses were conducted to
assess the robustness of the results, considering the inherent uncertainty in these parameters. Finally, uncertainty
is introduced from the lack of randomized trials, the limited quality studies in difficult-to-treat proteinuria in
ESGS, and the off-label use of SoC treatments. Hence, the robustness of the findings was tested through sensi-
tivity analyses, which consistently supported Acthar Gel’s favorable cost-per-response profile, accounting for these
limitations.

Since this analysis relies on modeled assumptions and limited randomized trial data from heterogeneous pop-
ulations, the findings should be interpreted as hypothesis-generating. To address these limitations, the robustness
of the results was evaluated through sensitivity analyses, which consistently validated Acthar Gel’s advantageous
cost-per-response profile. Building on these findings, future longitudinal studies should prioritize head-to-head
trials comparing Acthar Gel with other treatments to assess proteinuria reduction, extended follow-up of at least
2-3 years to document response durability, incorporation of patient-reported outcome measures to evaluate treat-
ment impact on quality of life and functional status, and real-world registry analyses integrated with economic
evaluations.

Despite limitations, the study suggests that Acthar Gel may be a potentially value-driven therapeutic strategy
for adults with proteinuria in NS due to FSGS. The observed favorable cost-per-response is mainly attributable to
its improved response rate, which, in turn, diminishes the need for subsequent, resource-intensive interventions.
This reduced healthcare resource utilization effectively counterbalances the initial investment in drug-related costs,
leading to overall cost savings. This analysis underscores the importance of a value-centric approach to treatment
decisions for therapies that improve patient outcomes and optimize the allocation of healthcare resources.

Conclusion

This analysis indicates that, based on the current assumptions and clinical inputs, from a US healthcare payer
perspective, Acthar Gel appears to be a cost-effective, value-based treatment option for adults with refractory
proteinuria in NS due to FSGS, particularly for those who have failed multiple treatments. While reliant on
current model inputs, this economic analysis provides promising early insights and lays the groundwork for
hypothesis-driven research, particularly in populations with limited data. This finding may inform provider and
payer decision-making when conventional therapies prove ineffective for this patient population. Future research,
including head-to-head trials or registry studies, is needed to validate the clinical evidence.

Summary points

e Proteinuria, a hallmark of glomerulopathies, is a crucial marker in focal segmental glomerulosclerosis (FSGS).

o Acthar® Gel is approved by the US FDA to induce a diuresis or a remission of proteinuria in the nephrotic
syndrome (NS) without uremia of the idiopathic type or due to lupus erythematosus.

e This study evaluated the cost-per-response of Acthar Gel compared with standard of care for the treatment of
refractory proteinuria in NS due to FSGS among adults who have not responded to conventional therapies from a
US healthcare payer perspective over a 1- to 3-year horizon.

e A probabilistic, cohort-level state-transition decision-analytic model was developed to assess the economic value
of Acthar Gel.

e Over 1 year, Acthar Gel showed a lower cost-per-response ($469,735) versus cyclophosphamide ($2,140,400) and
rituximab ($1,272,477).

e Acthar Gel also demonstrated a lower overall cost of care and higher response rates compared with standard of
care at 2 and 3 years.

e Acthar Gel may be a cost-effective, value-based treatment option for selected patients with proteinuria in NS due
to FSGS from a US healthcare payer perspective.

e Further research is required to examine the long-term clinical effectiveness and economic benefit of Acthar Gel
for proteinuria in NS due to FSGS.
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