
OR I G INA L ART I C L E

Efficacy and safety of adrenocorticotropic hormone
treatment in glomerular diseases: a systematic review
and meta-analysis
Wonngarm Kittanamongkolchai, Wisit Cheungpasitporn and Ladan Zand

Department of Medicine, Division of Nephrology and Hypertension, Mayo Clinic, 200 First Street SW, Rochester,
MN 55905, USA

Correspondence and offprint requests to: Ladan Zand; E-mail: zand.ladan@mayo.edu

Abstract
Background: There is growing evidence that adrenocorticotropic hormone (ACTH)may be effective in treating various forms of
glomerular diseases. However, the efficacy of treatment and frequency of adverse effects associated with the use of ACTH in
glomerular diseases are unknown. A systematic review and meta-analysis of the literature was performed.

Methods: A literature search was performed using Medline, Embase, Google Scholar and the Cochrane Database of Systematic
Reviews from inception through 18 July 2015. Studies assessing the efficacy and safety of ACTH treatment in adults with
glomerular diseases were included.

Results: Of the 343 identified citations, 18 evaluated the drug efficacy and 12 evaluated the adverse effects. Themost common
glomerular diseases were membranous nephropathy (MN), primary focal segmental glomerulosclerosis (FSGS) and minimal
change disease (MCD). The overall rate of complete remission inMNwas 80%at 0–6months, 69%at >6–12months, 90%at >12–24
months and 95% beyond 24 months of follow-up. Fifty percent of primary FSGS and MCD patients treated with ACTH were in
remission at 6 months, but the relapse rate was high after ACTH discontinuation (17%). Evidence of ACTH efficacy for other
glomerular diseaseswas scarce. Edemawas themost commonly reported adverse effect {incidence rate [IR] 0.10 [95% confidence
interval (CI) 0.04–0.18]} followed by insomnia [IR 0.08 (95% CI 0.03–0.15)]. The dropout rate due to adverse events was 7%,mostly
due to edema and weight gain.

Conclusions: ACTH is awell-tolerated therapy and ismost promisingwhen treating patientswithMN. Theremay be a potential
role for ACTH in patients with MCD and FSGS, but data are lacking.
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INTRODUCTION
Adrenocorticotropic hormone (ACTH) was one of the first therap-
ieswidely used several decades ago for the treatment of childhood
nephrotic syndrome [1]. It fell out of favor after easy-to-use

synthetic oral glucocorticoids became available [2]. Recently,
ACTH has been resurrected as a potential therapeutic option for
a variety of glomerular diseases [3–7]. In addition to its steroido-
genesis effects, ACTH acts as an agonist of the melanocortin sys-
tem,which plays a role in various physiologic functions, including
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melanin synthesis, immunomodulation, anti-inflammation, lip-
olysis stimulation and modulation of exocrine function [8]. Ani-
mal studies have suggested that the antiproteinuric effect of
ACTHmight in fact bemediated through themelanocortin recep-
tors that are expressed on glomerular podocytes and renal paren-
chymal cells [9, 10]. This was shown in the rat model of passive
Heymann nephritis [10]. The rats that were treated with specific
melanocortin 1 receptor agonist had a significantly lower degree
of proteinuria compared with the untreated rats. Studies in hu-
mans have also shown ACTH to be effective in reducing protein-
uria in patients with nephrotic syndrome who have not
responded to corticosteroid treatment, thereby suggesting that
noncorticosteroid mechanisms may play a role [3–6].

Since the therapeutic effect of ACTH on nephrotic syndrome
was first reexamined by Berg et al. [3] in 1999, the literature on its
use in various glomerular diseases has rapidly expanded [4–7,
11–13]. However, the exact efficacyof ACTH in inducing remission
in patients with glomerular diseases and the frequency of ad-
verse effects associated with the use of ACTH remain largely

unknown. Given the absence of data, we undertook this system-
atic review and meta-analysis to evaluate the efficacy and estab-
lish the incidence of adverse effects associated with ACTH in
treating various types of glomerular diseases.

METHODS
This systematic review and meta-analysis is reported in accord-
ance with previously published guidelines [14, 15].

Search strategy

Published studies in the Cochrane Database of Systematic Re-
views, Embase, Medline and Google Scholar were evaluated by
two investigators (W.K. and W.C.) from inception through 18
July 2015 as outlined in Item S1 in Supplementary data. Addition-
al pertinent studies were obtained by performing a manual
search using references from the articles that were retrieved
from the search strategy noted above.

Fig. 1. Study selection flow chart.
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Selection criteria

The inclusion criteria were as follows: (i) the studies were rando-
mized controlled trials (RCTs) or observational studies (case–
control, cross-sectional, cohort studies or case series), (ii) data
on either efficacy or safety of ACTH treatment in glomerular dis-
eases were provided and (iii) the primary study patients had
reached adulthood (age >18 years old). The search was limited
to English-language articles. Both published articles and confer-
ence abstractswere included. Study eligibility was independently
determined by the two investigators noted above. Differing deci-
sions were resolved by mutual consensus.

Data extraction

Astandardizeddatacollection formwasused toextract the follow-
ing information: last name of the first author, study design, publi-
cation year, country where the study was conducted, number of
patients studied, characteristics of included participants, period
of follow-up, type of glomerular disease, form of ACTH prepar-
ation, dosing, duration of treatment, treatment response and
type and number of adverse effects following ACTH treatment.

Statistical analysis

MetaXL software (EpiGear International, Sunrise Beach, QLD,
Australia) [16] was used for data analysis. The incidence rates
(IRs) and 95% confidence intervals (CIs) of adverse effects were
reported using a DerSimonian–Laird random-effects model [17].
A random-effects model was used for data analysis due to the
high likelihood of interstudy variances and the Cochran Q test
was performed to assess statistical heterogeneity. The I2 statistic
was added to evaluate the degree of variation across studies related
to heterogeneity insteadof chance. ‘An I2 of 0–25% represents insig-
nificantheterogeneity, 26–50% lowheterogeneity, 51–75%moderate
heterogeneity and >75% high heterogeneity’ [18]. The frequencies
of each typeof adverse effectwere presented as a crude percentage.
To assess for publication bias funnel plots were used.

RESULTS
A flow diagram for retrieval and inclusion of studies is shown in
Figure 1. Our search strategy yielded 343 potentially relevant ar-
ticles. Three hundred and one articles were excluded after the
initial screening and 42 articles were included for full-length re-
view. Eventually, 19 articlesmet all the inclusion criteria [3–7, 11–
13, 19–29]. Details of these studies are outlined in Table 1.

Efficacy of ACTH in the treatment of glomerular diseases

Eighteen studies [3–7, 11–13, 19–25, 27–29] were included for the
evaluation of drug efficacy (n = 270), consisting of 10 published ar-
ticles, 1 letter to the editor and 7 conference abstracts. Therewere
two RCTs, seven prospective cohorts and nine retrospective co-
horts. These studies included participants withmembranous ne-
phropathy (MN; n = 149), focal segmental glomerulosclerosis
(FSGS) and minimal change disease (MCD; n = 60), IgA nephropa-
thy (n = 16), lupus nephritis (n = 9), diabetic nephropathy (n = 18)
and other glomerular diseases (n = 18).

The included studies were heterogeneous in regard to patient
characteristics, disease severity, the form of ACTH preparations,
ACTHdosing, treatment duration, follow-up duration and response
criteria. Therefore, the treatment responseswere reevaluated based
on the information provided on individual patients using the same
response criteria.Complete remissionwasdefinedasafinalurinary
protein excretion ≤0.3 g/day. Partial remission was defined as a
≥50% reduction in urinary protein excretion andurinary protein ex-
cretion <3.5 g/day. All patients failing to meet these criteria were
deemed as nonresponders. However, response reevaluation is not
applicable to the abstracts due to the limited data available on
each individual patient.

Membranous nephropathy

A total of nine published studies [3–5, 7, 11, 13, 19, 27, 28] with 97
MNpatients and four abstracts [12, 20, 24, 29] with 52MNpatients

Table 1. Main characteristics of the included studies

Author Type of publication Study design n MN FSGS MCD IgA DN LN MPGN Others

Khastgir et al. [25] Conference abstract Retrospective cohort 9 – – 2 5 – 2 – –

Lorusso et al. [7] Article Prospective cohort 18 10 2 3 – – – 3 –

Hladunewich et al. [13] Article Prospective cohort 20 20 – – – – – – –

Finocchietti et al. [12] Conference abstract Prospective cohort 19 19 – – – – – – –

Madan et al. [24] Conference abstract Retrospective cohort 22 4 7 2 5 2 1 1 –

Tumlin et al. [23] Article Prospective cohort 14 – – – – 14 – – –

Hogan et al. [6] Article Retrospective cohort 24 – 24 – – – – – –

Berg et al. [22] Conference abstract Retrospective cohort 10 – 10 – – – – – –

Berg and Back (2013) [21] Conference abstract Retrospective cohort 5 – – – – – 5 – –

Bomback et al. [5] Article Prospective cohort 15 5 3* 2 5 – –

Bomback et al. [4] Article Retrospective cohort 21 11 1* 1 1 – 1 4 2
Hofstra et al. [20] Conference abstract Prospective cohort 14 14 – – – – – – –

Rauen et al. [19] Article Retrospective cohort 4 4 – – – – – – –

Ponticelli et al. [11] Article Randomized controlled trial 16 16 – – – – – – –

Berg et al. [29] Conference abstract Randomized controlled trial 15 15 – – – – – – –

Picardi et al. [28] Letter to the editor Retrospective cohort 7 7 – – – – – – –

Berg and Arnadottir [27] Article Retrospective cohort 23 10 1 2 – 2 – – 8
Berg et al. [3] Article Prospective cohort 14 14 – – – – – – –

Berg and Nilsson-Ehle [26] Article Prospective cohort 9 – – – 1 – 1 – 7
Total 279 149 48 12 17 18 10 8 17

DN, diabetic nephropathy; FSGS, focal segmental glomerulosclerosis; IgA, IgA nephropathy; LN, lupus nephritis; MCD, minimal change disease; MN, membranous

nephropathy; MPGN, membranoproliferative glomerulonephritis.

*Patients were also included in Hogan et al. [6].
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Table 2. Summary of published articles on adrenocorticotropic hormone therapy in membranous nephropathy

Author
Number of
patients

Immunosuppression
response category

ACTH
preparation

Total dose
(per week)

Duration of
treatment
(months)

Baseline
proteinuria
(g or g/g)

Baseline GFR
(mL/min/
1.73 m2)

Baseline Cr
(mg/dL)

Baseline
serum
albumin
(g/dL) CR PR NR Relapse

Follow-up duration 0–6 months
Bomback et al. [5] 5 5 IR Natural 160 U 6 3.8 (2.2–12.5) 34 (21–44) 2 (1.6–2.9) NA 0 2 3 0
Bomback et al. [4] 5 5 IR Natural 120–160 U 6 6.7 (4.6–9) 57 (21 to >60) NA NA 0 5 0 0
Ponticelli et al. [11] 16 16 naïve Synthetic 2 mg 6 6 (4.4–8.5)a NA 1 (3.6)b NA 3 8 5 0
Berg et al. [3] 14 4 IR/7 SR/3 naïve Synthetic 1.6 mg 2 4.8 (3.7–15.9) 43 (20–78) 1.5 (1.1–3.6) 2.3 (1.2–3.2) 1 13 0 0
Total patients 40 4 (10%) 28 (70%) 8 (20%) 0 (0%)

Follow-up duration >6–12 months
Lorusso et al. [7] 9 NA Synthetic 1 mg 12 4 (3–10) NA NA 3.2 (2.2–4.1) 4 0 5 0
Hladunewich et al. [13] 20 Excluded IR or SR Natural 80–160 U 3 9 (3.4)b 77 (30)b NA 2.7 (0.8)b 2 10 8 0
Bomback et al. [4] 4 3 IR/1 naïve Natural 120–160 U 6 (5–11) 9 (4.9–11.9) 42.5 (20 to >60) NA NA 1 1 2 0
Ponticelli et al. [11] 16 16 naïve Synthetic 2 mg 12 6 (4.4–8.5)a NA 1 (3.6)b NA 10 4 2 0
Berg et al. [27] 1 NA Synthetic 0.5–2 mg 7 7.8 NA NA NA 1 0 0 0
Berg et al. [3] 5 4 IR/1 SR Synthetic 2 mg 12 8.8 (7.1–13.7) 45 (20–61) 1.5 (1.1–3.6) 1.7 (1.2–1.9) 4 1 0 0
Total patients 55 22 (40%) 16 (29%) 17 (31%) 0 (0%)

Follow-up duration >12–24 months
Lorusso et al. [7] 2 NA Synthetic 1 mg 12 6.6 (3.2–10) NA NA 2.4 (2.2–2.6) 0 0 2 1
Bomback et al. [4] 2 2 IR Natural 80–160 U 12 3 (2.5–3.6) 60 (40 to >60) NA NA 2 0 0 0
Ponticelli et al. [11] 9 9 naïve Synthetic 2 mg 12 NA NA NA NA 6 3 0 0
Berg et al. [27] 2 NA Synthetic 0.5–2 mg 9 (7–11) 5.4 (3.5–7.3) NA NA NA 1 1 0 0
Berg et al. [3] 5 4 IR/1 SR Synthetic 2 mg 12 8.8 (7.1–13.7) 45 (20–61) 1.5 (1.1–3.6) 1.7 (1.2–1.9) 4 1 0 0
Total patients 20 13 (65%) 5 (25%) 2 (10%) 1 (5%)

Follow-up duration >24 months
Lorusso et al. [7] 5 NA Synthetic 1 mg 12 4 (3–8.6) NA NA 3.7 (2.6–4.1) 2 2 1 0
Rauen et al. [19] 4 4 IRc Synthetic 0.25–

2.25 mg
13 (3–24) 9.6 (6–20) 39.5 (20–62) NA NA 2 2 0 0

Berg et al. [27] 7 NA Synthetic 0.5–2 mg 2–11 7.5 (3.2–26.7) NA 1.2 (0.7–5.4) 1.9 (1–2.3) 3 4 0 1
Berg et al. [3] 5 4 IR/1 SR Synthetic 2 mg 12 8.8 (7.1–13.7) 45 (20–61) 1.5 (1.1–3.6) 1.7 (1.2–1.9) 4 1 0 0
Total patients 21 11 (52%) 9 (43%) 1 (5%) 1 (5%)

ACTH, adrenocorticotropic hormone; CR, complete response; GFR, glomerular filtration rate; IR, immunosuppression resistant (other than steroids); NA, data not available; naïve, never received immunosuppression; NR, no response;

PR, partial response; SR, steroid resistant.

Data presented as median and range;
amedian (IQR);
bmean (SD);
ctwo patients received other immunosuppressive agents concomitant with ACTH.
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were included. We grouped patients based on the duration of
follow-up, with a summary of baseline characteristics and re-
sponse rates as presented in Tables 2 and 3. One hundred and
nine patients from nine studies [3, 7, 11, 12, 19, 20, 27–29] were
treatedwith synthetic ACTH (tetracosactide), whereas 40 patients
from four studies [4, 5, 13, 24] were treated with natural ACTH (H.
P. Acthar gel; Mallinckrodt). The dose of synthetic ACTH ranged
from 0.25 to 2 mg/week and natural ACTH was 80–160 units/
week. The duration of treatment ranged from 2 to 24 months
andmaximum follow-up durationwas 82months. The overall re-
sponse rate (complete and partial remission) for MN was 80% at
0–6 months, 69% at 6–12 months, 90% at 12–24 months and 95%
in those with >24 months of follow-up (Table 2). There were four
relapses reported after discontinuation of ACTH (3%).

Of the 13 published studies and abstracts, only 2 were RCTs
comparing ACTH injections with other therapies in MN. One
was presented as an abstract comparing ACTH plus an angioten-
sin-converting enzyme inhibitor to an angiotensin-converting
enzyme inhibitor only [29]. Thirty patients with MN were rando-
mized into each arm. ACTH induced remission in all 15 patients
who received synthetic ACTH for 9 months, compared with 1 of
15 patients in the control group. The other RCT compared the ef-
ficacy of 6 months of methylprednisolone alternating with alkyl-
ating agents to 1 year of synthetic ACTH 1 mg twice weekly [11].
Therewere no significant differences between the two treatment
groups in terms of the number of remissions at 12 months (93
versus 87%), median time to response (2 versus 3 months), num-
ber of relapse (7 versus 3 patients) or the decrease in the degree of
proteinuria (5.1–2.1 g/day versus 6.0–0.3 g/day). However, in pa-
tients treated with ACTH, time spent without nephrotic syn-
dromewas longer andmore complete remissions were achieved.

Only one study, by Hladunewich et al. [13], compared the effi-
cacy of different doses of natural ACTH (H.P. Acthar gel) in 20 pa-
tients with MN. Nine patients were randomly assigned to receive
ACTH 40 units twice weekly and 11 were assigned to receive 80
units twice weekly. At the end of a 12-week treatment period,
none of the patients in the 40-unit arm achieved a meaningful
change in proteinuria, whereas 5 of 11 patients in the 80-unit
arm had at least a 30% reduction in proteinuria. The authors sug-
gested that the cumulative dose of natural ACTH (80 units twice
weekly) for at least 3 months appeared to be necessary for a re-
sponse. No studies have directly compared the efficacyof different
doses of synthetic ACTH when treating patients. The majority of
the synthetic ACTH studies have used 2-mg weekly dose, but a
case series using low-dose synthetic ACTH (1 mg weekly) also

reported a reasonable response rate (44% at 12 months) [7]. The
equivalent dosage of natural versus synthetic ACTH is not known.

Of the nine published studies that included patients withMN,
only four studies included patients (n = 29) who had previously
failed other immunosuppressive therapy such as cyclophospha-
mide,mycophenolatemofetil, calcineurin inhibitor, rituximab or
corticosteroids [3–5, 19]. Twenty-five of the 29 (86%) achieved re-
mission after 6 months of follow-up.

FSGS and MCD

There were five published studies (n = 35) [4–7, 27] and three ab-
stracts (n = 21) [22, 24, 25] that included patients with FSGS or
MCD (excluding 4 FSGS patients from Bomback et al. [4, 5] who
were included in the study by Hogan et al. [6]) (Tables 4 and 5).
Treatment duration ranged from2 to 56months. Of the 56 patients
with FSGS or MCD, 38 (68%) were treated with natural ACTH [4–6,
24, 25] and 18 (32%) were treated with synthetic ACTH [7, 21, 27].
Of the 35 patients (from the published articles), 27 had failed pre-
vious immunosuppressive therapy including steroids [4–7, 27].
The overall response rate was 50% after 6 months of follow-up.
Six of 35 patients (17%) experienced relapse after ACTH discon-
tinuation. According to the largest study with 24 FSGS patients
by Hogan et al. [6], patients who experienced remission were ei-
ther steroid resistant or dependent. The remitters tended to
have a lower serum creatinine at baseline. However, no associa-
tions were observed between age, ethnicity, FSGS subtype, use
of additional immunosuppression during ACTH treatment, ac-
cumulative dose or duration of ACTH therapy and the rate of
remission.

Other glomerular diseases

The evidence for ACTH treatment in other glomerular diseases is
summarized in Supplementary data, Table S1. Most studies were
small and heterogeneous and therefore it was difficult to draw
any conclusions on the effectiveness of ACTH therapy.

Adverse effects

There were 12 studies that reported adverse effects associated
with ACTH in a total of 171 patients with underlying glomerular
diseases including MN (n = 87), FSGS (n = 30), MCD (n = 8), IgA ne-
phropathy (n = 12), lupus nephritis (n = 4), diabetic nephropathy
(n = 14) and other (n = 16) [3–7, 11, 13, 19, 23, 25, 26, 28]. The dose

Table 3. Summary of conference abstracts and letters to the editor on adrenocorticotropic hormone therapy in membranous nephropathy

Author

Number
of
patients

Immunosuppression
response category

ACTH
preparation

Total dose
(per week)

Duration
of
treatment
(months)

Follow-
up
duration
(months) CR PR NR

Early
termination

Finocchietti et al. [12]a,b 19 NA Synthetic 1 mg 12 12 NA NA NA 0
Madan et al. [24]c 4 3 SR or IR, 1 naïve Natural 160 U >6 NA 1 1 1 1
Hofstra et al. [20]a 14 NA Synthetic Max 2 mg 9 10–21 0 4 8 2
Berg et al. [29]d 15 15 naïve Synthetic 1–2 mg 9 21 11 3 1 0
Picardi et al. [28] 7 NA Synthetic 2 mg 12 12 5 0 0 2

ACTH, adrenocorticotropic hormone; CR, complete response; IR, immunosuppression resistant (other than steroids); NA, data not available; naïve, never received

immunosuppression; NR, no response; PR partial response; SR, steroid resistant.
aCR defined as urine protein excretion <500 mg/day, PR defined as >50% reduction of proteinuria and urine protein excretion <3.5 g/day.
bCR defined as urine protein excretion <200 mg/day, PR defined as >50% reduction of proteinuria and urine protein excretion <2 g/day.
cResponse criteria were not provided.
dNo reported treatment response, but significant reductions of urine protein excretion <1 g/day were observed in most patients at 6 and 12 months.
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Table 4. Summary of published articles on adrenocorticotropic hormone therapy in focal segmental glomerulosclerosis and minimal change disease

Author
Number of
patients

Immunosuppression
response category

ACTH
preparation

Total
dose
(per
week)

Duration
of
treatment
(month)

Baseline
proteinuria
(g or g/g)

Baseline GFR
(mL/min/
1.73 m2)

Baseline Cr
(mg/dL)

Baseline
serum
albumin
(g/dL) CR PR NR Relapse

Follow-up duration 6–12 months
Bomback et al. [5] 2 2 IR Natural 160 U 6 4 (3.2–4.8) 120 (117–123) 0.65 (0.6–0.7) 3 (2.5–3.4) 0 1 1 1
Bomback et al. [4] 1 1 IR Natural 160 U 4 18.6 15 NA NA 0 0 1 0
Berg et al. [27] 1 1 SR Synthetic 0.5–2 mg 7 9.6 NA NA NA 0 1 0 0
Total patients 4 0 (0%) 2 (50%) 2 (50%) 1 (25%)

Follow-up duration >12–24 months
Lorusso et al. [7]a 4 NA Synthetic 1 mg 12 7.7 (3–13) NA NA 2.9 (1.7–3.4) 2 1 1 2
Hogan et al. [6]b 17 15 SR or SD, 2 naïve Natural 160 U 16 (12–24) 4.6 (1.6–23.8) 47 (23–124) 1.5 (0.6–3.3) 3.2 (1.6–4.8) 2 3 12 2
Berg et al. [27] 1 1 SR Synthetic 0.5–2 mg 2 3.9 NA NA NA 1 0 0 1
Total patients 22 5 (23%) 4 (18%) 13 (59%) 5 (23%)

Follow-up duration >24 months
Lorusso et al. [7] 1 NA Synthetic 1 mg 12 3 NA NA 2.4 0 1 0 0
Hogan et al. [6] 6 6 SD or SR Natural 160 U 36 (28–56) 9.6 (2.3–15.2) 29 (17–67) 2.5 (1.1–3.6) 2.1 (1.3–2.9) 0 2 4 0
Berg et al. [27] 1 1 SR Synthetic 0.5–2 mg 7 3.4 NA NA NA 0 1 0 0
Total patients 8 0 (0%) 4 (50%) 4 (50%) 0 (0%)

ACTH, adrenocorticotropic hormone; CR, complete response; GFR, glomerular filtration rate; IR, immunosuppression resistant (other than steroids); NA, data not available; naïve, never received immunosuppression; NR, no response;

PR partial response; SD, steroid dependent; SR, steroid resistant.

Data presented as median and range;
aone patient dropped out of the study (not included in the table);
btwo patients received other immunosuppressive agents concomitant with ACTH.
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of synthetic ACTH ranged from 0.25 to 3.3 mg/week and natural
ACTH was 80 to 224 units/week. Treatment duration ranged
from 2 to 48 months. Table 6 summarizes the major adverse ef-
fects of ACTH. Supplementary data, Figure S1 shows the forest
plot of the included studies. Edema was the most common ad-
verse effect (IR 0.10), followed by insomnia (IR 0.08), hypergly-
cemia (IR 0.07) and mood swings (IR 0.07). The dropout rate due
to adverse events was 7%, mostly due to edema and weight
gain (5 of 12 patients). No severe adverse reactions or deaths as-
sociated with ACTH injections were reported (Table 7). The

adverse effect profiles of natural and synthetic ACTH were simi-
lar (Table 6).

Evaluation for publication bias

Funnel plots to evaluate publication bias regarding the incidence
of adverse effects of ACTH treatment in glomerular diseases are
summarized in Supplementary data, Figure S2. The graphs for as-
sessing publication bias are slightly asymmetric and suggest the
presence of publication in favor of negative studies evaluating

Table 5. Summary of abstracts on adrenocorticotropic hormone therapy in focal segmental glomerulosclerosis and minimal change disease

Author

Number
of
patients

Immunosuppression
response category

ACTH
preparation

Total
dose
(per
week)

Duration of
treatment
(months)

Follow-up
duration
(months) CR PR NR

Early
termination

Khastgir et al. [25]a 2 2 IR Natural 160 U >6 >6 2 0 0 0
Madan et al. [24]b 8 NA Natural 160 U >6 >6 2 3 3 1
Berg et al. [22]c,d 10 NA Synthetic 2 mg 18 (7–48) 0–29e 3 5 2 0

ACTH, adrenocorticotropic hormone; CR, complete response; IR, immunosuppression resistant (other than steroids); NA, data not available; NR, no response; PR partial

response.
aResponse criteria were not provided.
bCR defined as urine protein excretion <500 mg/day; PR defined as >50% reduction of proteinuria and urine protein excretion <3.5 g/day.
cCR defined as urine protein excretion <200 mg/day; PR defined as >50% reduction of proteinuria and urine protein excretion <2 g/day.
dAll patients received other immunosuppressive agents concomitant with ACTH.
eMonths after ACTH discontinuation.

Table 6. Adverse effects of ACTH

Adverse effects

All Natural ACTH Synthetic ACTH

Incidence
rate 95% CI I2 P-value

Incidence
rate 95% CI I2 P-value

Incidence
rate 95% CI I2 P-value

Edema 0.10 0.04–0.18 52 0.02 0.09 0.01–0.21 66 0.01 0.10 0.02–0.22 40 0.14
Insomnia/increased
alertness

0.08 0.03–0.15 53 0.02 0.12 0.03–0.25 65 0.01 0.03 0.00–0.09 0 0.58

Mood swings 0.07 0.02–0.14 57 0.01 0.06 0.00–0.17 69 0.01 0.07 0.00–0.18 46 0.10
Hyperglycemia 0.07 0.04–0.11 0 0.52 0.10 0.05–0.16 0 0.52 0.04 0.00–0.09 0 0.59
Hyperpigmentation 0.06 0.02–0.12 44 0.05 0.06 0.02–0.12 12 0.34 0.06 0.00–0.18 64 0.02
Hypertension 0.06 0.02–0.11 36 0.11 0.05 0.01–0.11 25 0.24 0.06 0.00–0.17 51 0.07
Weight gain 0.06 0.03–0.11 26 0.19 0.10 0.04–0.18 26 0.24 0.03 0.00–0.07 0 0.64
Gastrointestinal symptoms 0.06 0.01–0.12 55 0.01 0.06 0.00–0.19 73 <0.001 0.04 0.01–0.11 0 0.42
Pain 0.05 0.01–0.13 67 <0.001 0.09 0.00–0.24 82 <0.001 0.03 0.00–0.08 0 0.95
Dizziness 0.04 0.01–0.08 11 0.34 0.04 0.00–0.12 52 0.06 0.03 0.00–0.08 0 0.92
Upper respiratory tract
symptoms

0.04 0.01–0.08 28 0.17 0.03 0.00–0.09 34 0.18 0.05 0.00–0.13 31 0.20

Fatigue 0.04 0.01–0.11 60 <0.001 0.06 0.00–0.19 78 <0.001 0.03 0.00–0.07 0 0.74
Muscle cramps 0.04 0.01–0.08 28 0.17 0.03 0.00–0.09 34 0.18 0.05 0.00–0.13 31 0.20
Flushing 0.03 0.01–0.06 0 0.83 0.04 0.01–0.09 9 0.36
Cushingoid appearance 0.03 0.01–0.06 0 0.74 0.04 0.00–0.09 25 0.24
Rash 0.03 0.01–0.06 0 0.86 0.02 0.00–0.06 0 0.69 0.04 0.00–0.10 0 0.72
Respiratory tract infection 0.02 0.01–0.05 0 0.99 0.02 0.00–0.05 0 0.94 0.03 0.00–0.08 0 0.89
Bone loss 0.02 0.00–0.04 0 >0.99 0.02 0.00–0.05 0 0.92
Tremor 0.02 0.01–0.05 0 0.83 0.03 0.00–0.07 18 0.30
Hoarseness 0.02 0.00–0.05 0 0.97 0.02 0.00–0.06 0 0.60
Acne 0.02 0.00–0.05 0 >0.99 0.04 0.01–0.09 0 0.47
Blurred vision 0.02 0.00–0.05 0 0.97 0.02 0.00–0.06 0 0.60
Polyuria 0.02 0.01–0.05 0 >0.99 0.02 0.00–0.05 0 0.94 0.03 0.00–0.08 0 0.95
Palpitations 0.02 0.01–0.05 0 >0.99 0.02 0.00–0.05 0 0.94 0.03 0.00–0.08 0 0.95
Increased appetite 0.02 0.00–0.05 0 >0.99 0.02 0.00–0.05 0 0.94
Delayed wound healing 0.02 0.00–0.05 0 >0.99 0.02 0.00–0.05 0 0.94

ACTH, adrenocorticotropic hormone.
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the incidence of acne, blurred vision, bone loss, muscle cramps,
delayed wound healing, hoarseness, gastrointestinal tract symp-
toms, respiratory tract infection, polyuria and rash. The slight
asymmetryof the graphs also suggests the presence of publication
in favor of positive studies regarding the incidence of hyperpig-
mentation, cushingoid appearance, dizziness, fatigue, flushing,
hypertension, insomnia, mood swings, pain, tremor, upper re-
spiratory tract symptoms and weight gain. Otherwise, the graphs
for assessing publication bias are insignificant in the selected
studies for incidence of edema, hyperglycemia, increased appetite
and palpitation.

DISCUSSION
In this study, we present the first systematic review of ACTH ef-
fectiveness andmeta-analysis of its adverse effects in glomerular
diseases. According to the current evidence, ACTH seems to be a
promising treatment for nephrotic syndrome, especially MN.
ACTH was shown to reduce proteinuria in patients with MN
who previously failed to respond to oral corticosteroids, suggest-
ing ACTH may have antiproteinuric effects besides its steroido-
genic properties. However, the precise dose and duration of
therapy required to produce a sustained response remain un-
known. A study by Berg et al. [3] showed that a quick relapse of
proteinuria and dyslipidemia occurred after 2 months of therapy
with ACTH, whereas remissionwas sustained up to 30months in
a subgroup of patients who received ACTH for 12months [3]. Hla-
dunewich et al. [13] also pointed out that the degree of proteinuria
was inversely related to the cumulative dose of ACTH. These data
suggest that a higher cumulative dose of ACTHmay be associated
with more complete and sustained remission. ACTH was shown
to reduce or completely clear antiphospholipase A2 receptor
(PLA2R) in most patients who had a positive anti-PLA2R at base-
line, suggesting that ACTH therapy may also exert therapeutic
value by suppressing autoantibody production [5, 13].

In patients with FSGS and MCD, the treatment failure rate be-
yond 6 months of follow-up was high (∼50%) compared with pa-
tients with MN (5–31%). Reported relapses were also frequent

after stopping treatment (17%). However, this may be due to the
resistant nature of patients’ disease since the majority of in-
cluded patients had failed to respond to two to three immuno-
suppressive agents in the past. Berg et al. [22] reported that 10
patients with FSGS had a reduction in proteinuria (5–1 g) after re-
placing oral corticosteroids with synthetic ACTH while continu-
ing a second immunosuppressive agent. These data suggest
that ACTH may have a potential role in treating patients with re-
sistant FSGS or MCD. However, due to the small and heteroge-
neous nature of these studies, the evidence for efficacy of ACTH
in FSGS and MCD is limited at the present time.

There are currently two forms of ACTH injections commercial-
ly available. One is natural ACTH (H.P. Acthar gel; Mallinckrodt), a
39-amino-acid peptide isolated from highly purified porcine pitu-
itary extract, which is currently the only ACTH-containing product
approved by theUSFoodandDrugAdministration for treatment of
patientswithnephrotic syndrome in theUSA. The second is a syn-
thetic form of ACTH, containing only the first 24 amino acids from
the 39-amino-acidACTHpeptide [30]. Upuntil now, therehasbeen
no head-to-head comparison between these two forms of ACTH.
On the basis of the current literature, patients with nephrotic syn-
drome responded to both forms of ACTH equally, and the adverse
effect profiles were similar (Table 6).

There are no reported studies in the literature that directly
compare ACTH with oral glucocorticoids in adults with glomeru-
lar diseases. As mentioned above, ACTH may be more advanta-
geous than oral glucocorticoids since it may have direct
protective effects on the podocyte [10]. Similarly, ACTH seems
to have a better adverse effect profile compared with oral gluco-
corticoids. There was only 1 patient who reported bone loss
among the 167 nephrotic patients treated with ACTH (0.5%).
The low rate of bone loss in patients treated with ACTH may be
due to the anabolic effect of ACTH, which has been shown to pre-
vent bone loss [30, 31]. Therefore, ACTH could be more beneficial
in patients who have osteoporosis and in whom the use of ster-
oids is contraindicated [31–33]. The insulinogenic effect of the
natural ACTH [8] may also decrease the incidence of glucose in-
tolerance, considering only 2 of the 18 patients with diabetic

Table 7. Potential future considerations of ACTH in glomerular diseases

Glomerular
disease Indication Treatment regimen

MN As first-line therapy or in resistant MN ACTH alone or in a combination with other immunosuppressive therapies.
Response may depend on cumulative dose of ACTH [13]

Suggested dose:

– Natural ACTH 80 IU twice weekly for at least 3 months [13]
– Synthetic ACTH (tetracosactide or Synacthen depot) 1 mg twiceweekly
for at least 3 months [11]

FSGS and
MCD

Resistant FSGS or MCD (data are limited) ACTH alone or in a combination with another immunosuppressive therapy
Suggested dose:

– Natural ACTH (Acthar) 80 IU twice weekly for at least 6 months [5, 6]
– Synthetic ACTH (tetracosactide or Synacthen depot) 0.5–1 mg twice
weekly for at least 6 months [7, 27]

IgA
nephropathy

Proteinuria >1 g/day despite maximally
tolerated RAAS blockade (data are limited)

Suggested dose:

– Natural ACTH (Acthar) 80 IU twice weekly for at least 6 months [5]

ACTH, adrenocorticotropic hormone; FSGS, focal segmental glomerulosclerosis; MCD, minimal change disease; MN, membranous nephropathy; RAAS, renin–

angiotensin–aldosterone system.

Data are lacking to make any recommendations for lupus nephritis, MN and diabetic nephropathy.
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nephropathy treated with natural ACTH required a reduction in
their ACTH dose due to hyperglycemia [23, 30]. In this meta-ana-
lysis, ACTH was generally well tolerated. Edema was the most
common adverse effect, which was managed with diuretics. In-
somnia and mood swings were other common adverse effects.
This could be due to the direct neurobiological effects of ACTH
through melanocortin system activation [32]. Studies comparing
the safety of ACTHwith that of oral glucocorticoids are needed to
better delineate the pros and cons of ACTH as a replacement for
steroids when treating patients with glomerular diseases.

There are several limitations to our study. First, several factors
decreased the quality of the evidence. About 40% of included cita-
tions were abstracts or letters to the editor, thus minimal details
on patients’ baseline characteristics, treatment regimen and re-
sponse criteria were provided. Most studies were small observa-
tional studies with limited controls and short-term follow-up.
Second, there were statistical heterogeneities in the analysis of
the incidence of adverse effects. The potential sources of these
heterogeneities included differences in the types of glomerular
diseases, baseline characteristics of patients and different formu-
lations of ACTH. Third, the lack of consistent treatment effect was
most likely due to heterogeneous baseline characteristics, specif-
ically pretreatment, with other immunosuppressive therapies.

In conclusion, ACTH is a promising therapy for nephrotic syn-
drome in patients with MN. Overall it is well tolerated and has a
more favorable adverse effect profile compared with corticoster-
oids. An RCT with extended follow-up is warranted to examine
the efficacy and safety of ACTH therapy in nephrotic patients.
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