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Introduction: H.P. ACTHar gel is a preparation of melanocortin peptides that has been used to treat

resistant forms of nephrotic syndrome. To determine whether combination therapy with ACTHar gel and

tacrolimus reduces proteinuria and stabilizes renal function, we conducted a prospective, open-label trial

in patients with treatment-resistant membranous glomerulopathy (MGN) and focal segmental glomer-

ulosclerosis (FSGS).

Methods: Nine patients with treatment-resistant MGN and 13 with treatment-resistant FSGS received

subcutaneous ACTHar gel for 6 months. Patients with no response or a partial response to ACTHar gel

alone received an additional 6 months of therapy with combination ACTHar gel and oral tacrolimus. The

study endpoint was the percentage of patients achieving a complete or partial remission after 6 months of

combination therapy.

Results: Among patients with MGN, treatment with ACTHar gel alone achieved a partial remission in 44%

and no response in 56% of patients. No patient achieved a complete response with ACTHar gel therapy

alone. An additional 6 months of combination therapy with ACTHar gel and tacrolimus resulted in partial

and complete response rates of 25% and 75%, respectively. Among patients with FSGS, ACTHar gel

therapy alone resulted in complete and partial response rate of 7.7% and 62.0%. Combination therapy

increased complete response rates to 17% and partial responses to 66%. Proteinuria (urinary protein-to-

creatinine ratio) was significantly reduced in both patients with MGN and those with FSGS after 6

months of ACTHar gel alone and was further reduced among the patients with MGN with the addition of

tacrolimus. There were no significant changes in estimated glomerular filtration rate during the treatment

phase or long-term follow-up.

Discussion: Combination therapy with ACTHar gel and tacrolimus was well tolerated by patients with

treatment-resistant MGN and FSGS and significantly reduced proteinuria and improved clinical response

rates compared with ACTHar gel alone.
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T
he management of primary glomerulopathies and
nephrotic syndrome that have failed to respond to

conventional therapies remains a persistent problem for
clinicians. For patients with treatment-resistant
nephrotic syndrome, the lack of consensus therapies
is partly due to the wide array of pathogenic mecha-
nisms that contribute to these disorders, as well as a
lack of adequately powered, controlled trials. Although
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glucocorticoids remain the primary therapy for many
forms of proteinuric glomerular diseases, prolonged
use is associated with significant morbidities including
steroid-induced diabetes, metabolic bone disease, and
excessive weight gain.1,2

Although multiple “second-line” agents have been
tried in the treatment of patients with nephrotic syn-
drome that is resistant to conventional therapies, there is
no consensus on what constitutes optimal therapy.
Previous studies have examined the efficacy of
combining i.v. cyclophosphamide with corticosteroids
and have shown complete and partial response rates
between 40% and 60%.1 More recently, calcineurin
inhibitors (CNIs) have become an accepted alternative
Kidney International Reports (2017) 2, 924–932
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therapy with similar response rates (between 50% and
70%).3,4 However, both treatment regimens are limited
by the risk of infection, as well as the development of
CNI-induced nephrotoxicity and progressive renal
disease.5,6 ACTHar gel is a porcine pituitary preparation
composed of adrenocorticotropic hormone (ACTH) and
other proopiomelanocortin peptides and is currently
approved for treatment of idiopathic nephrotic syn-
drome.7 Previous studies, as well as more current work,
have shown that ACTHar gel can effectively reduce
proteinuria in idiopathic membranous glomerulone-
phritis (MGN) and other forms of glomerulopathy
including focal segmental glomerulosclerosis (FSGS) and
advanced diabetic nephropathy.8 Although the mecha-
nism is unknown, previous studies have shown that
melanocortin 1 receptors are expressed in glomerular
podocytes and that activation of this receptor pathway
may be involved in the protein-lowering effects of
ACTHar gel.9 To investigate the possibility that combi-
nation therapy with ACTHar gel and the CNI tacrolimus
may be effective in reducing proteinuria and stabilizing
renal function, we conducted a prospective, open-label,
observational study of 9 patients with treatment-
resistant MGN and 13 patients with resistant FSGS.

METHODS

This is an institutional review board–approved, pro-
spective, observational study of the safety and efficacy
of combination ACTHar gel and tacrolimus therapy in
patients with treatment-resistant MGN or FSGS. Be-
tween February 2012 and January 2016, 22 patients who
were being followed up at the University Tennessee
College of Medicine and the Ohio State University were
treated with ACTHar gel alone or in combination with
oral tacrolimus. All 22 patients had biopsy-proven
idiopathic MGN or primary FSGS and were negative
for antinuclear, anti-ds-DNA, RPR, C-ANCA, P-ANCA,
hepatitis B and C antibodies and had no evidence of
monoclonal gammopathies. Patients with dilated car-
diomyopathies, glycosylated hemoglobin levels greater
than 10%, an estimated glomerular filtration rate (eGFR)
of less than 20ml/min or positive serologies for HIVwere
not included in the study. Of the 22 patients, 5 had
concurrent insulin-dependent or noninsulin-dependent
diabetes; in none of these patients was diabetic ne-
phropathy the primary glomerular pathology. All pa-
tients were resistant to therapy and had been treated
with 2 or more immunosuppressive agents.

Study Protocol

All patients were in stable condition while receiving an
angiotensin converting enzyme, or an angiotensin
receptor blocker, or an angiotensin converting enzyme
and mineralocorticoid receptor antagonist, or an
Kidney International Reports (2017) 2, 924–932
angiotensin receptor blocker and mineralocorticoid
receptor antagonist therapy for 4 weeks before treat-
ment and had consistent blood pressure measurements
below 150/90 mm Hg. All treated patients had urine
protein-to-creatinine ratios (UP/Cr) greater that 2500
mg/g and eGFR calculated by Modification of Diet in
Renal Disease formula $ 20 ml/min per 1.73 m2. Pa-
tients with eGFR < 20 ml/min were excluded.

Patients with treatment-resistant MGN and FSGS
were treated with subcutaneous ACTHar gel, (40–80
units) 2 to 3 times per week for 6 months. Patients with
insulin-dependent or noninsulin-dependent diabetes
received 16 units of subcutaneous ACTHar gel daily to
reduce glucose fluctuations. A physical examinationwas
performed, and UP/Cr ratio, glycosylated hemoglobin,
and routine laboratory data were evaluated every 3
months. Patients who had a glycosylated hemoglobin
level > 7.0% were offered the option to discontinue
ACTHar treatment or undergo modification of diabetic
medications. After 6 months of ACTHar gel therapy,
patients who achieved complete remission were weaned
off therapy over a period of 3 to 12 months. Patients
exhibiting no response or partial remission continued to
receive existing ACTHar gel doses and began receiving
oral tacrolimus (0.03–0.06 mg/kg/d), which was titrated
to a trough level of 5–10 ng/ml for an additional 6
months. A physical examination includingmeasurement
of blood pressure and weight and a formal assessment of
lower extremity edema was performed every 3 months.
Laboratory studies were performed at each follow-up
visit and included electrolytes, hemoglobin, hemato-
crit, white blood cell count, platelets, and glycosylated
hemoglobin levels.

Primary/Secondary and Safety Endpoints

The primary endpoint of the study was to determine
whether the addition of tacrolimus to treatment with
ACTHar gel for 6 months increased the percentage of
patients achieving a complete or partial remission. 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-ACTH treated UP/Cr ratio
to a value less than 3500 mg/g.

Safety Endpoints

Patients were monitored for development of heart
failure, worsening lower extremity edema, insomnia,
and hyperglycemia. Glycosylated hemoglobin levels
were monitored every 3 months during active treat-
ment with ACTHar gel. For patients with diabetes, the
dose of insulin or oral hypoglycemic agents was
modified to achieve a glycosylated hemoglobin value of
9% or less. For patients with worsening edema, indi-
vidual site investigators could modify current diuretic
925
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therapy or add thiazide diuretics. For patients with
diuretic-unresponsive edema, the dose of ACTHar gel
could be reduced or discontinued at the discretion of
the investigator.

Statistical Analysis

Descriptive statistics were calculated for all variables of
interest. Changes in serial levels of proteinuria were
calculated for each patient and analyzed using a paired
t test. All urinary protein data are presented as mean �
SEM. Changes in complete or partial response rates
were calculated by comparison with baseline and pre-
study values. The Fisher exact test was used to
compare proportions. A P value < 0.05 was deemed
statistically significant. All analyses were performed
using Graph Pad Instat-3, Version 3.1 (GraphPad
Software, Inc., La Jolla, CA).

RESULTS

Patient Outcomes: MGN

Baseline demographics, clinical data, and previous
treatments for patients with MGN and FSGS are listed
in Table 1. All participating patients were older than 18
years and had biopsy-proven MGN or FSGS. The ma-
jority of patients in the MGN group were male (66%)
with a mean age of 59 � 2 years. Six of the 8 patients
with MGN (75%) had proteinuria in the nephrotic
range at the time of study entry with a mean UP/Cr
ratio of 9.47 � 1.9 g/g before ACTHar gel therapy.
Among the patients with MGN, the baseline level of
Table 1. Patient demographics

Histology
Idiopathic membranous

(n [ 9)
Primary FSGS
(n [ 13)

Age (yr) 57.8 � 2 56.5 � 5

Gender (M) 66.0% 85.0%

Baseline Cr level (mg/dl) 1.7 � 0.3 1.8 � 0.2

Baseline eGFR 59 � 13.1 47 � 6.8

Baseline UP/Cr ratio (g/g) 7.7 � 1.6 6.4 � 1.2

Fibrosis > 20% 44.0% 62.0%

Prior immunosuppression

Steroids 90.0% 92.3%

CNI 80.0% 76.9%

CTX 30.0% 7.7%

Rituximab 0.00% 15.4%

Rapamycin 20.0% 7.7%

MMF 20.0% 0.00%

Abatacept 0.00% 7.7%

Diagnosis to ACTH therapy (mo) 25 � 6.4 19 � 6.1

Time to remission (mo) 5.6 � 1.2 5.4 � 0.7

Mean ACTHar 196 � 18 176 � 17

Duration of ACTHar (mo) 9.6 � 2.1 7.3 � 1.0

Duration of ACTHar þ tacrolimus (mo) 7.1 � 0.9 6.3 � 0.1

CNI, calcineurin inhibitor; Cr, creatinine; CTX, cyclophosphamide; eGFR, estimated
glomerular filtration rate; FSGS, focal segmental glomerulosclerosis; MMF, mycophe-
nolate mofetil; UP/Cr, urine protein-to-creatinine.
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interstitial fibrosis was 20% � 6%, with an additional
37% of patient having fibrosis of more than 30%. All
patients had failed to respond to 2 or more courses of
immunosuppressive therapy; 88% of the patients did
not respond to treatment with CNIs. The mean time
from initial diagnosis of MGN to treatment with
ACTHar gel was 25 � 7 months.

Among the 9 patients in the MGN group, the UP/Cr
ratio at baseline presentationwas 7.73� 1.6 g/g, rising to a
peak value of 13.4 � 1.9 g/g (Figure 1). The mean UP/Cr
ratio immediately before treatment with ACTHar gel was
9.47� 1.9 g/g, falling to 4.66� 0.95 g/g after 6 months of
therapy (P¼ 0.013) (Figure 1). One patientwithMGNwho
achieved a partial response after 6 months chose not to
receive combination therapy with tacrolimus. Of the 8
patients with MGN receiving combination therapy, the
addition of tacrolimus led to a further reduction in the UP/
Cr ratio from a pre-tacrolimus mean of 4.66 � 0.95 g/g to
1.24 � 0.37 g/g (P ¼ 0.0039) (Figure 1). The individual
changes in UP/Cr ratio for each patient with MGN are
shown in Figure 2. No patient achieved a complete
response with ACTHar gel alone. Forty-four percent of the
patients achieved a partial response after 6 months of
therapy, and 57% had no response. As shown in Figure 3,
25% of patients went on to achieve complete remission,
and partial response rates increased from 44% with
ACTHar alone to 75% with combination therapy.

Patient Outcomes: FSGS

The patients in the FSGS group were also predomi-
nately male (85%) with a mean age of 56 � 5 years.
Twelve of the 13 patients (92%) had proteinuria in the
nephrotic range at the time of study entry. Of the pa-
tients with FSGS, 92% had failed to respond to steroid
therapy, with 77% showing no response to CNIs. The
mean UP/Cr ratio at the time of diagnosis was 6.47 �
1.2 g/g, rising to a peak value of 10.9 � 0.7 g/g
(Figure 4). The baseline level of interstitial fibrosis was
25% � 0.05%, with 46% of patients having fibrosis of
more than 30%. The mean time from initial diagnosis of
FSGS to treatment with ACTHar gel was 19 � 6
months. For the 13 patients with FSGS, 6 months of
ACTH therapy alone reduced the UP/Cr ratio in
aggregate from 7.92 � 1.1 g/g to 2.98 � 0.6 g/g (P ¼
0.0005) (Figure 4). The individual changes in UP/Cr
ratios for the patients in the FSGS group are shown in
Figure 5. One patient in the FSGS group achieved
complete remission after 6 months of treatment with
ACTHar gel and did not receive combination therapy
with tacrolimus. In contrast to its effect on the patients
with MGN, the addition of tacrolimus did not further
reduce aggregate UP/Cr ratios. However, complete and
partial response rates were improved with combination
Kidney International Reports (2017) 2, 924–932
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Figure 1. Box-whisker plots of urine protein-to-creatinine (UP/Cr) ratios (g/g) for the 9 patients with treatment-resistant membranous
glomerulopathy are shown. Data include 5th and 95th percentiles about the median for UP/Cr ratios at baseline, peak levels, pre-ACTH,
post-ACTH (6 months), post-ACTH (6 months) and tacrolimus, and current (last recorded data) levels. UP/Cr ratios fell significantly
(P < 0.013) after 6 months of ACTHar with a further reduction after 6 months of combination ACTH and tacrolimus therapy (P < 0.0039).
TAC, tacrolimus.
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therapy. As shown in Figure 6, combination therapy
with tacrolimus increased the complete response rate
from 0% to 25%, and the partial response increased
from 40% to 75%.
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Figure 2. Individual urine protein-to-creatinine (UP/Cr) ratios (g/g) for patie
Average UP/Cr fell significantly from 9.06 � 1.7 to 4.66 � 0.9 (P < 0.013) aft
(P < 0.021) after 6 months of combined ACTHar gel and tacrolimus.
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Change in eGFR

To determine the effects of ACTH or combination
therapy on renal function, the eGFR was calculated for
each patient. The addition of tacrolimus reduced mean
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Figure 3. Combined complete, partial, or no response rates for patients with treatment-resistant membranous glomerulopathy after 6 months of
ACTHar alone and 6 months of combined ACTHar and tacrolimus. After 6 months of ACTHar gel therapy alone, 44% of patients achieved a
partial response. No patient achieved a complete response with ACTHar alone. After 6 months of combined ACTHar and tacrolimus therapy, the
complete response rate increased to 25% and the partial response rate increased to 75%.
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Figure 4. Box-whisker plots of urine protein-to-creatinine (UP/Cr) ratios (g/g) for 13 patients with treatment-resistant focal
segmental glomerulosclerosis (FSGS) are shown. Data include 5th and 95th percentiles about the median for UP/Cr ratios at baseline, peak
levels, pre-ACTH, post-ACTH (6 months), post-ACTH (6 months) and tacrolimus, and current (last recorded data) levels. UP/Cr ratios fell
significantly (P < 0.0005) after 6 months of ACTHar gel. The addition of tacrolimus did not further reduce urinary protein levels in the
population with FSGS (P < 0.550).
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Pre- Post- Post-ACTH

Figure 5. Individual urine protein-to-creatinine (UP/Cr) ratios (g/g) for patients with steroid-resistant focal segmental glomerulosclerosis (FSGS)
are shown. Average UP/Cr fell significantly from 7.92 � 1.1 to 2.98 � 0.6 (P < 0.0005) but did not decline further after 6 months of therapy with
the addition of tacrolimus (P < 0.550).
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eGFR from 53.6 � 8.1 to 48.6 � 8.6 ml/min per 1.73 m2,
but this difference did not reach statistical significance
(P ¼ 0.112). As shown in Figure 7, the mean eGFR did
not change (51.6 � 7 to 52.3 � 8 ml/min per 1.73 m2)
after 48 months of follow-up. Four patients reached
end-stage renal disease (1 partial responder and 3
nonresponders) after an average follow-up of 4 years.
Figure 6. Combined complete, partial, or no response rates for patients wit
months of ACTHar alone and 6 months of combined ACTHar and tacrol
response, and 62% achieved a partial response. After 6 months of combina
rose to 17.0% and the partial response rate rose to 66%.

Kidney International Reports (2017) 2, 924–932
Safety Profile and Side Effects

All patients completed a minimum of 6 months of
treatment with ACTH (range, 6–18 months) with a mean
duration of therapy of 9.2� 0.81 months. Among the 22
patients in the study, hyperglycemia was noted in 22%
(5 of 22). Three of the 5 patients had been previously
receiving oral agents requiring increased dosing to
h steroid-resistant focal segmental glomerulosclerosis (FSGS) after 6
imus. After 6 months of ACTHar alone, 7.7% achieved a complete
tion therapy with ACTHar and tacrolimus, the complete response rate
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Months of Follow-up

Complete

Figure 7. Individual changes in estimated glomerular filtration rate (eGFR) during treatment and follow-up. Twenty-one patients completed 4
years of follow-up. Mean eGFR did not change over the course of 4 years of follow-up. These data include eGFR values for 4 patients who
progressed to end-stage renal disease.
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maintain glucose control. One patient required a
reduction in ACTHar dose; no patient required discon-
tinuation of ACTHar. Insomnia was observed in 9% (2 of
22) of patients and treated without complications by
using benzodiazepine-based sleep medications.
Increased lower extremity edema was observed in 14%
(3 of 22) and corrected with modification of diuretic
therapy; no patient required discontinuation of
ACTHar. One patient experienced dysgeusia, which
improved with a reduction in tacrolimus.
DISCUSSION

Patients with treatment-resistant forms of FSGS or
MGN are at higher risk for progressive disease. Patients
who do not achieve complete or partial remission with
conventional therapy have a poorer prognosis,
including a more rapid loss of renal function and an
increased risk for end-stage renal disease.10 For patients
with FSGS, initial therapy is often associated with
multiple comorbidities, including excessive weight
gain, glucocorticoid-induced diabetes, and metabolic
bone disease. As a consequence, there has been a broad
effort among clinicians to find effective alternatives to
steroid therapy or regimens that can reduce total ste-
roid exposure.11 To address these concerns, we con-
ducted a prospective observational study of the safety
and efficacy of ACTHar gel in combination with oral
tacrolimus in 22 patients with treatment-resistant MGN
or FSGS. All patients were referred for study partici-
pation after they had failed to respond to a minimum
930
of 2 different forms of immunosuppression. CNI treat-
ment had previously failed for more than 80% of
patients.

ACTHar gel is a mixture of porcine derived pituitary
hormones that is primarily composed of ACTH,
alpha melanocyte stimulating hormone, and other pro-
opiomelanocortin peptides.7 The full-length ACTH is a
39–amino acid peptide that is able to activate 5
different G protein–coupled melanocortin receptors,
leading to downstream generation of cyclic adenosine
monophosphate and subsequent activation of protein
kinase A.12 Recent studies have shown that melano-
cortin receptors are expressed in numerous cell lines
and can exhibit a broad range of physiologic functions.
For example, Andersen et al. demonstrated that mela-
nocortin 1 receptors are expressed in several lymphoid
cells lines including CD4þ T helper cells, CD8þ T
suppressor cells, and CD19þ B cells.13 Olsen et al.
demonstrated that incubation of freshly isolated
CD19þ B cells with ACTH led to the suppression of IgG
production and the inhibition of proliferating B-cell
clones.14 These observations suggest that activation of
the melanocortin pathways can regulate both humeral
and cell-mediated immunity through glucocorticoid-
independent mechanisms.

The regulatory role of melanocortin receptors in the
kidney has been recently demonstrated. Lindskog
et al. have shown that melanocortin 1 receptors co-
localize with synaptopodin in the glomerular podo-
cyte and can be detected within endocapillary cells
and renal tubular cells.9 Using a puromycin model of
Kidney International Reports (2017) 2, 924–932
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nephrosis, Elvin et al. demonstrated that melanocortin
1 receptors are upregulated after cell injury and that
activation of melanocortin receptors blocks podocyte
apoptosis via a cyclic AMP–dependent pathway. These
observations suggest that activation of melanocortin
pathways may serve to stabilize podocyte function and
viability.15 Results of subsequent preclinical studies
have suggested that in addition to their effects on
cellular viability, melanocortin pathways also regulate
cytoskeletal functions within the podocyte. For
example, Faul et al. demonstrated that synaptopodin is
a substrate of protein kinase A and that serine-
threonine phosphorylation reduces its intracellular
degradation. The protective effect of protein kinase A
was enhanced when cells were co-incubated with
cyclosporin A, suggesting that a combination of mel-
anocortin agonists and CNI may reduce urinary protein
losses through effects on the cell cytoskeleton,16 which
was one of the factors considered in the design of our
trial.

A growing body of clinical studies has shown that
ACTHar gel has efficacy in the treatment of a variety
of types of glomerular disease including diabetic
nephropathy.7,8,17,18 Hogan et al. have reported on the
use ACTHar gel in the treatment of 24 patients with
adult-onset FSGS: after a maximum of 24 weeks of
ACTHar therapy (80 units administered subcutane-
ously twice a week), the overall (complete or partial)
response rate was 35%.19 In a smaller retrospective
series, Filippone et al. studied the efficacy of ACTHar
gel in 10 patients with FSGS that was previously
resistant to multiple different immunosuppressive
therapies. Using a similar dose regimen (80 units
administered subcutaneously twice a week), Filippone
et al. achieved a complete or partial response rate of
40%.20 In a prospective open-label study, Hladune-
wich et al. studied the efficacy of ACTHar gel in the
treatment of 20 patients with idiopathic MGN.21 In this
study, patients were in stable condition while
receiving angiotensin converting enzyme/angiotensin
receptor blocker therapy before study entry but had
not received prior immunosuppressive therapy. The
dose of ACTHar gel varied between 40 and 80 units 2
times per week for a 6-month period. At the end of
6 months of active therapy, 50% of patients had
achieved a complete or partial response, which rose to
65% at the end of 1 year of follow-up. As in the study
by Hladunewich et al., none of the patients with MGN
in our study achieved a complete remission after 6
months of ACTHar gel therapy. However, when these
patients with previously resistant MGN were treated
with a combination of ACTHar gel and tacrolimus, the
complete response increased to 25%, and the partial
response rate increased to 75%.
Kidney International Reports (2017) 2, 924–932
In previous studies investigators have attempted
combination therapy for both FSGS and MGN. Gibson
and the National Institutes of Health FSGS In-
vestigators compared the efficacy of monotherapy
with cyclosporin A with that of combination therapy
with dexamethasone and mycophenolate mofetil in
138 patients with steroid-resistant FSGS. After 12
months of therapy, the complete or partial response
rate in the dexamethasone-mycophenolate mofetil–
treated group was 33% compared with 46% in the
cyclosporin A–treated group.22 In our study, patients
with FSGS treated with a combination of ACTHar gel
and tacrolimus were found to have complete and
partial remission rates of 17% and 66%, respectively.
It is unclear why combination therapy did not further
reduce the UP/Cr ratios, but complete and partial
response rates were improved with combination
therapy. Our study is limited by small sample size, a
lack of power, and a variable dosing regimen. It is also
unknown whether the improvement in complete or
partial response rates was the result of a true additive
effect between tacrolimus and ACTH or simply a
reflection of prolonged ACTH therapy. Until appro-
priately powered, controlled studies have been per-
formed, use of ACTH should be limited to patients
with nephrotic syndrome that is refractory to con-
ventional treatment.

In summary, we conducted a prospective open-label
study of 22 patients with treatment-resistant MGN and
FSGS and examined the safety and efficacy of ACTHar
gel in combination with oral tacrolimus in reducing
urinary protein losses. We found that the addition of
tacrolimus to 6 months of ACTHar gel therapy resulted
in improved complete and partial response rates for
patients with treatment-resistant MGN and FSGS.
Although these data will need to be verified by
larger randomized trials, these encouraging results
suggest that stimulation of melanocortin pathways in
combination with calcineurin inhibition may be an
effective therapy for patients with refractory nephrotic
syndrome.
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