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C3 glomerulopathy is a rare disease caused by fluid phase dysregulation of the alternative complement
pathway. Currently, treatment depends on clinical and histological severity and includes nephroprotection,
unspecific immunosuppression, and terminal complement blockers (C5), without having an etiological
treatment approved. C3 glomerulopathy has high recurrence rates after kidney transplantation with a high
risk of graft loss. Fortunately, new molecules are being developed that specifically target the proximal
alternative complement pathway, such as iptacopan, a factor B inhibitor that showed promising results in
native kidneys and cases of transplant recurrence in a phase 2 clinical trial. We present 2 “real-world”
cases of C3 glomerulopathy recurrence in kidney allografts treated with iptacopan, with initial excellent
clinical response and safety profile, especially with early introduction. We also present follow-up biopsies
that showed no C3 deposition during factor B inhibition. Our cases suggest that proximal blockade of the
alternative complement pathway can be effective and safe in the treatment of C3 glomerulopathy
recurrence in kidney transplantation, bringing other questions such as dual blockade (eg, in C3 and C5),
the optimal patient profile to benefit from factor B inhibition or treatment duration and its potential use in
other forms of membranoproliferative glomerulonephritis (eg, immune complex-mediated).
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INTRODUCTION

C3 glomerulopathy (C3G) is a rare disease caused by fluid
phase dysregulation of the alternative complement
pathway (ACP). The hallmark histologic finding is intense
C3 deposition, exclusively or greater than that of other
immunoreactants, on immunofluorescence microscopy.'
Currently, an etiological treatment for C3G is unavai-
lable. Standard of care involves supportive therapy (anti-
hypertensive and antiproteinuric drugs) and nonspecific
immunosuppression with corticosteroids and mycophe-
nolate mofetil (MMF). Terminal complement inhibitors
have been tested in refractory cases or crescentic forms
with varying success.”

The recurrence risk of C3G after kidney transplant is at
least 70%." Predisposing factors include disease severity
and young age at onset, decreased serum C3 levels (sC3),
and increased serum membrane attack complex levels.’
Despite some favorable results with eculizumab,” no
treatment has demonstrated efficacy after C3G recurrence
in kidney transplantation.

New molecules targeting different ACP components are
under development for C3G treatment both in native and
transplanted kidneys. Iptacopan targets factor B (FB) in the
fluid phase of the ACP.” FB interacts with the serine pro-
tease domain (Bb), which is the active component of the
C3 and CS5 convertases. Therefore, iptacopan suppresses C3
convertase activity and holds forth promise as an effective
therapy for C3G in both scenarios; early results from a
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phase 2 trial appear to support this hypothesis.” We pre-
sent 2 “real-world” cases of early C3G recurrence after
kidney transplantation successfully treated with iptacopan.

CASE REPORT

Case 1

A man in his early 30s presented with nephrotic syndrome
and hematuria. Kidney biopsy at that time revealed C3G.
Laboratory tests showed low sC3 and the presence of C3
nephritic factor. Treatment with angiotensin II receptor
antagonist and oral corticosteroids (0.5 mg/kg/day),
along with MMF (500 mg/8 hours), resulted in a partial
response. Genetic testing revealed a variant of uncertain
significance in C3 (heterozygosity in exon 24 ¢.3023C>T)
and deletion of CFHR3 and CFHRI in heterozygosity. Later,
nephrotic-range  proteinuria and hematuria relapse
prompted addition of rituximab (375 mg/m?* x 4 doses),
along with increasing MMF (3 g/day) and oral cyclo-
phosphamide (150 mg/day). The patient did not respond
and required hemodialysis (HD) 19 months after disease
onset.

The patient was admitted 5 years later as a kidney
transplant recipient from deceased donor (Maastricht III).
Induction was based on thymoglobulin and maintenance
on tacrolimus, MMF, and corticosteroids. Kidney allograft
biopsy 1 week after transplantation because of delayed

graft function revealed acute tubular mnecrosis,
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Figure 1. Case 1: kidney transplant biopsies. Superior: first biopsy with C3 glomerulopathy recurrence diagnosis. (A-B) Light micro-
scopic image showing endocapillary proliferation (A), periodic acid—Schiff (PAS). (B) Immunofluorescence staining with strong C3
deposition. Inferior: biopsy control after 5 months of initiation of iptacopan. (C-D) Light microscopic image with persistent endoca-
pillary proliferation with mesangial proliferation and presence of double contours pattern (E), PAS. (D) Immunofluorescence with C3
impregnation but no significant deposits. Original magnification, 100x in A, B, C, and D.

endocapillary proliferation, and dominant C3 deposition
(+++), without C4d and with unspecific Clq and IgM
deposits (+/— for both) (Fig 1A and B). The patient was
treated with corticosteroid pulses, a single dose of ritux-
imab, and 5 plasma exchanges, with no response. Subse-
quent biopsy, while still HD dependent, revealed persistent
C3G and improved acute tubular necrosis, with intense
mesangial C3 deposits (+++/+++) and Clq (+/+++) but
no other immunoreactants. Weekly renal scintigraphy
suggested improvement of ATN, with counts per second
increasing from 267 to 630 and appearance of an excretory
phase. Given the apparent improvement in ATN despite
ongoing hemodialysis dependence, we hypothesized that
C3G recurrence was the primary cause of DGF; accord-
ingly, we initiated iptacopan (200 mg/12 h oral) through
Novartis’ Managed Access Program (MAP) after the patient
signed a consent form.

After 3 weeks, kidney function improved enough to
discontinue HD (Fig S1A). There was also an increase in
sC3 to 0.3 g/L and a reduction in proteinuria to 1.6 g/g
(Fig S2A). Histological examination at 5 months showed
no deposition of C3 or other immunoreactants and a shift
from acute proliferative to membranoproliferative pattern
of the lesion (Fig 1C and D). However, after an

unintentional 5-day treatment discontinuation, he experi-
enced clinical recurrence with hematuria and acute kidney
injury requiring HD, which resolved on iptacopan restart.
After 12 months of anti-FB therapy, kidney function sta-
bilized with serum creatinine level of 2.5-2.6 mg/dL and
estimated glomerular filtration rate of 28-30 mL/min/
1.73 m”.

Case 2
A woman in her early 40s was diagnosed with C3G by
kidney biopsy at the beginning of adulthood (nephrotic
syndrome and hematuria). She had a partial response to
angiotensin II receptor antagonist, corticosteroids, MMF,
and tacrolimus. After 20 years, a relapse occurred, and a
second biopsy showed C3G associated with thrombotic
microangiopathy. Blood analysis revealed low sC3 and
anti-factor H antibodies. Genetic testing showed 2 diac-
ylglyceron kinase-epsilon (DGKe) variants (heterozygosity in
exon 2 ¢.117G>C and exon 10 ¢.1359C>T). Despite ecu-
lizumab (900 mg * 4 doses, later 1,200 mg/15 days) and
rituximab (375 mg/m” x 4 doses) administration, HD
was initiated 4 months after relapse.

The patient was admitted 8 months later for a living-
donor kidney transplant. Kidney graft evolution was
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Figure 2. Case 2: kidney transplant biopsies. Superior: first biopsy with compatible initial signs of C3 glomerulopathy recurrence. (A)
Light microscopic image showing mild expansion of mesangium with slight hypercellularity, Masson'’s trichrome. (B) Immunofluores-
cence with C3 deposition in the mesangium (++). Inferior: biopsy control after 8 months of the initiation of iptacopan. (C) Light micro-
scopic image with normal glomeruli with no hypercellularity in any compartment, periodic acid—Schiff. (D) Immunofluorescence
staining with no C3 deposition in the glomeruli (vascular pole deposit as internal control). Original amplification, 100% in A, B, C,

and D.

satisfactory with induction based on basiliximab, tacroli-
mus, MMF, and corticosteroids. An early posttransplant
biopsy specimen showed no significant mesangial C3 de-
posits (++/+++) without cellular proliferation or positiv-
ity for other immunoreactants. A mild increase in
proteinuria prompted a second allograft biopsy 4 months
after transplantation, which revealed an incipient C3G
recurrence by the presence of mesangial C3 deposits
(++/+++) and unspecific Cl1q deposits (+/—) with slight
mesangial proliferation (Fig 2A and B). Consequently, the
patient began iptacopan (200 mg/ 12 hours oral) through
Novartis’ Managed Access Program after signing a consent
form.

After 8 months, a control biopsy showed disappearance
of C3 deposits and other immunoreactants and no
hypercellularity in any glomerular compartment (Fig 2C
and D). Serum creatinine level remained stable at 1.3-
1.4 mg/dL with an estimated glomerular filtration rate of
45-50 mL/min/1.73 m” (Fig S1B). This was accompanied
by proteinuria decrease and increase in sC3 reaching
normality (Fig S2B), despite persistent positivity for anti-
factor H antibodies. No treatment discontinuation or
clinical recurrence was observed.
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In both cases, proper vaccination was administered for
Neisseria meningitidis, Streptococcus pneumonice, and Haemophilus
influenzae, as in the phase 2° and phase 3’ studies with
iptacopan in C3G. There were no infections reported.

DISCUSSION

We present 2 “real-world” cases of C3G recurrence after
kidney transplantation treated successfully by compas-
sionate use of iptacopan, an FB inhibitor. These cases
represent a clinical spectrum of disease ranging from a
living-donor kidney transplant recipient with incipient
histological damage to a deceased-donor transplant with
extensive histological damage associated with C3 deposits.
In both cases, a good clinical response was obtained with a
common histological finding of resolution of the C3 de-
posits, after specific blockade of the ACP in the fluid phase
by FB inhibition.

C3G recurrence after kidney transplantation is frequent,
reported in 60%-80% of cases,®” with attributed graft loss
rates from 50%-80%.%'" Gonzalez Suarez et al'' compiled
122 C3G recurrence cases reported in the literature,
showing lower graft loss rates in those treated with
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eculizumab (33%) than plasma exchange (42%) or rit-
uximab (81%). Serum membrane attack complex level was
elevated in 80% of eculizumab responders, consistent with
the first reports of successful eculizumab therapy in C3G
from Bomback et al.'” Remarkably, 66 cases with histo-
logical recurrence were untreated because they had no
clinical manifestations, with 40% graft loss rate, higher
than the eculizumab group (33%). Le Quintrec et al’
presented their experience with eculizumab in 26 C3G
cases in native kidneys with remission rates of about 46%
(23% complete and 23% partial), concluding it was
effective in rapidly progressive forms and/or those with
extracapillary proliferations in the biopsy specimens.
However, C3G recurrence treatment is still controversial
because of unavailable substantial evidence supporting the
benefit of eculizumab (absence of randomized trials
including control arms). None of our cases had crescents
in their first biopsy specimen following C3G recurrence,
and in Case 1, there were 2 possible causes of delayed graft
function evolution (in the absence of extracapillary pro-
liferation), so we decided to avoid eculizumab. Currently,
there are several ongoing clinical trials investigating the
use of new complement inhibitors targeting C3 level in
various glomerulopathies, including C3G'® (Table S1), as a
dysregulated ACP is the underlying pathogenic driver of
C3G.

Based on the disease severity in the native kidney and
absence of response to conventional therapies, we decided
to initiate compassionate use of iptacopan in our patients.
We observed a partial response in Case 1, allowing HD
discontinuation, and complete response in Case 2 with
proteinuria reduction. Both patients could reach estimated
glomerular filtration rate stabilization, in accordance with
the results of the phase 2 study of iptacopan in C3G in
native kidneys.® Importantly, we found no C3 deposition
in the follow-up biopsy specimens, similar to that reported
in the transplanted arm of the abovementioned study, with
a reduction in C3 deposition after almost 3 months of
treatment, despite the persistence of a glomerular inflam-
mation pattern in Case 1.

Furthermore, the clinical response after iptacopan
discontinuation in Case 1 was significant, with acute kid-
ney injury requiring HD and hematuria. Resuming ipta-
copan restored kidney function to previous values.
Throughout the follow-up, the patients did not experience
any adverse drug reactions or encapsulated bacterial in-
fections. Both patients received proper vaccinations before
drug initiation.

These 2 cases highlight several fundamental aspects
when currently addressing patients with C3G who require
a kidney transplant. First, the potential role of therapy
directed against the ACP with new molecules that target
higher up in the complement pathway at the C3 level is an
important step in the evolution of C3G treatment. Ipta-
copan has shown favorable safety and efficacy profiles in a
phase 2 study® with a large phase 3 study now underway.”
Second, effective therapies against C3G in the native and

allograft kidney will likely have the greatest impact if used
at the earliest signs of disease onset and for allograft kid-
neys; this will be best detected by protocol biopsies as in
our second case. Finally, we highlight that living-donor
kidney transplant may provide remarkable advantages for
recipients with C3G, such as less risk of rejection and
immediate allograft function, which can minimize the
effect of an early C3G recurrence, like in Case 2. However,
there are still unanswered questions, such as whether
complement blockade could be included in induction
therapy to prevent recurrence or saving it until this is
detected and to determine which patient profile could
benefit most, as well as determining treatment duration.
Additionally, it remains unclear whether dual blockade at
both the C5 and C3 levels could be superior to blocking
just one complement step. Finally, if FB inhibition is
effective for native and recurrent C3G, its potential use in
other forms of membranoproliferative glomerulonephritis
should be explored, particularly those associated with
immunoglobulins.

SUPPLEMENTARY MATERIAL
Supplementary File (PDF)

Table S1: Clinical Trials Investigating the Use of New Complement
Inhibitors in C3.

Figure S1: Clinical evolution of both kidney transplants.

Figure S2: Proteinuria and serum C3 levels evolution of both kidney
transplants glomerulopathy.
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