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Introduction: Primary membranous nephropathy (PMN) is most often caused by autoantibodies to

phospholipase A2 receptor (PLA2R). M-PLACE (NCT04145440) is an open-label, phase 1b/2a study that

assessed the safety and efficacy of the fully human anti-CD38 monoclonal antibody felzartamab in high-

risk anti-PLA2Rþ PMN.

Methods: Patients with newly diagnosed or relapsed PMN (cohort 1 [C1]; n ¼ 18) or PMN refractory to

immunosuppressive therapy (IST) (cohort 2 [C2]; n ¼ 13) received 9 infusions of felzartamab 16 mg/kg in

the 24-week treatment period, followed by a 28-week follow-up. The primary end point was the incidence

and severity of treatment-emergent adverse events (TEAEs).

Results: A total of 31 patients were enrolled and received felzartamab. Twenty-seven patients (87.1%) had

TEAEs, including infusion-related reactions (IRRs) (29.0%), hypogammaglobulinemia (25.8%), peripheral

edema (19.4%), and nausea (16.1%). Five patients (16.1%) had serious TEAEs that all resolved. Immuno-

logic response (anti-PLA2R titer reduction $50%) was achieved by 20 of 26 efficacy-evaluable patients

(76.9%) (C1, 13/15 [86.7%]; C2, 7/11 [63.6%]). Anti-PLA2R titer reductions were rapid (week 1 response,

44.0%; response 7 months after last felzartamab dose [end of study, EOS], 53.8%). Partial proteinuria

remission (urine protein-to-creatinine ratio [UPCR] reduction $50%, UPCR <3.0 g/g, and stable estimated

glomerular filtration rate [eGFR]) was achieved by 9 of 26 patients (34.6%) (C1, 7/15 [46.7%]; C2, 2/11

[18.2%]) before or at EOS (median follow-up, 366 days). Serum albumin increased from baseline to EOS in

20 of 26 patients (76.9%) (C1, 12/15 [80.0%]; C2, 8/11 [72.7%]).

Conclusion: In this population with high-risk anti-PLA2Rþ PMN, felzartamab was tolerated and resulted in

rapid partial and complete immunologic responses and partial improvements in proteinuria and serum

albumin in some patients.
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KEYWORDS: clinical trial; felzartamab; MOR202; phase 2; phospholipase A2 receptor; primary membranous

nephropathy

ª 2024 International Society of Nephrology. Published by Elsevier Inc. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
spondence: Brad H. Rovin, Division of Nephrology, The

State University Wexner Medical Center, 1644 Neil Avenue,

oor, Columbus, Ohio 43210, USA. E-mail: brad.rovin@

c.edu

ved 3 June 2024; accepted 10 June 2024; published online 20

2024

International Reports (2024) 9, 2635–2647
P
MN is a rare autoimmune kidney disease and is the
leading cause of nephrotic syndrome in adults.1,2

Patients with PMN typically present with protein-
uria, edema, hypoalbuminemia, hematuria, and
hyperlipidemia.1,3,4 The M-type PLA2R expressed by
glomerular podocytes is the most common autoantigen
2635
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in PMN, with anti-PLA2R autoantibodies present in
70% to 80% of patients with active disease.5-15 Anti-
PLA2R autoantibodies bind to podocyte PLA2R and
form immune complexes that activate complement,
leading to glomerular C5b–9 deposition, podocyte
injury, thickening of the glomerular basement mem-
brane, and impaired glomerular function.1

The standard-of-care for PMN is off-label therapy
with renin-angiotensin-aldosterone system inhibitors
and IST with the anti-CD20 monoclonal antibody rit-
uximab, cyclophosphamide, and/or calcineurin in-
hibitors.16,17 However, treatment resistance and relapse
are common, and the risk of toxicity may be high,
particularly with conventional ISTs.13,15,18-26 In addi-
tion, patients with high baseline anti-PLA2R titers are
less likely to respond to rituximab and calcineurin
inhibitors. Therefore, there is an unmet therapeutic
need for PMN, especially for patients with relapsed or
refractory disease and high anti-PLA2R titers.

Antibody-secreting plasma cells and plasmablasts
express high levels of CD38 but lack or have down-
regulated CD20 expression.27-32 Because CD38þCD20�

long-lived plasma cells produce autoantibodies to
PLA2R and other antigens,33 therapies targeting plasma
cells and plasmablasts may reduce pathogenic anti-
PLA2R autoantibodies and halt PMN progression. Fel-
zartamab is an investigational, fully human IgG1
monoclonal anti-CD38 antibody that depletes plasma-
blasts and plasma cells through antibody-dependent
cellular cytotoxicity and antibody-dependent cellular
phagocytosis.34-36 M-PLACE is a proof-of-concept
phase 1b/2a study that assessed the safety and effi-
cacy of felzartamab in patients with high-risk anti-
PLA2Rþ PMN.
METHODS

Study Design and Participants

M-PLACE (ClinicalTrials.gov, NCT04145440) is an
open-label, multicenter, multinational, phase 1b/2a
study that enrolled patients between February 20,
2020, and June 30, 2021, at 31 centers in Belgium, the
United States, Italy, France, Poland, Australia, Spain,
South Korea, and The Netherlands. There was a safety
run-in for the first 3 patients. The study had a 6-week
screening period, a 24-week treatment period, and a 28-
week posttreatment follow-up.

Eligible patients (aged 18–80 years) had biopsy-
confirmed, anti-PLA2Rþ PMN requiring IST;
screening UPCR of $3.0 g/g or proteinuria $3.5 g/
d from a 24-hour collection; eGFR $50 ml/min per 1.73
m2 as per the Chronic Kidney Disease-Epidemiology
Collaboration formula,37,38 or eGFR $30 and <50 ml/
min per 1.73 m2 with interstitial fibrosis and tubular
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atrophy score of <25% within 6 months before
screening; and resting systolic blood pressure #150
mm Hg and diastolic blood pressure #100 mm Hg. The
study enrolled 2 cohorts. Patients in C1 were stable on
supportive care with angiotensin-converting enzyme
inhibitors or angiotensin II blockers; were eligible for
IST per the investigator; and had PMN with protein-
uria that was either newly diagnosed with screening
serum anti-PLA2R titer $50.0 RU/ml (the 2021 Kidney
Disease: Improving Global Outcomes threshold for
high-risk PMN16), or that was relapsed after complete
immunologic response and/or clinical remission
lasting $6 months with screening serum anti-PLA2R
titer $50.0 RU/ml. Patients in C2 had PMN refractory
(i.e., did not achieve immunologic complete response
[ICR] and/or clinical remission) $6 months after start-
ing a standard IST; had no therapeutic options due to
efficacy or safety; and had screening serum anti-PLA2R
antibody titers $20.0 RU/ml.

Patients were excluded for hemoglobin <80 g/l;
platelets <100 � 109/l; neutrophils <1.5 � 109/l;
leukocytes <3.0 � 109/l; serum total
immunoglobulin #4.0 g/l; B cells <5 � 106/l; second-
ary membranous nephropathy; other concomitant renal
disease; type 1 diabetes; uncontrolled type 2
diabetes #6 months before screening; prior anti-CD38
treatment; mycophenolate mofetil or high-dose
corticosteroids #30 days before screening, alkylating
agents #90 days before screening, or biologic treat-
ment or IST #180 days before screening; or
malignancy #5 years of screening (except adequately
treated cervical or uterine carcinoma or non-melanoma
skin cancer).
Study Oversight

M-PLACE was conducted in accordance with the
Declaration of Helsinki and Good Clinical Practice. The
study protocol was approved by the ethical review
committees and institutional review boards at each site.
Patients provided written, informed consent.
Treatment

Nine intravenous infusions of felzartamab 16 mg/kg in
six 28-day cycles were planned. The first 4 infusions
were administered weekly on day 1 of the first 4 weeks
(cycle 1; days 1–22). The last 5 infusions were admin-
istered every 4 weeks on day 1 of subsequent cycles
(cycles 2–6; days 29, 57, 85, 113, and 141). If no IRRs
occurred during the first 90-minute infusion, infusions
could be shortened to $30 minutes. Dexamethasone or
glucocorticoid prophylaxis was required for the first 3
infusions. Antihistamine and an antipyretic were used
per local guidelines or investigator discretion.
Kidney International Reports (2024) 9, 2635–2647
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Felzartamab was to be withheld for
hemoglobin <60.0 g/l until resolution to $80 g/l;
platelet count <75.0 � 109/l until resolution to$100 �
109/l; neutrophil count <1.0 � 109/l until resolution
to $1.5 � 109/l; or any other grade $3 adverse event
until resolution to grade #2. Infusions were stopped
immediately for IRRs but could be restarted at a
reduced rate depending on the IRR grade; if symptoms
returned, infusion was discontinued for that visit, and
treatment resumed at the next visit per investigator
discretion. Felzartamab was to be permanently dis-
continued for grade 4 IRR; platelet transfusion; failure
to resolve grade $3 treatment-related adverse event to
grade <2 within 21 days; progressive disease (decrease
of eGFR by >30% of baseline, or increase in 24-hour
UPCR by >50% of baseline and <10% decline of
anti-PLA2R titer vs. baseline); pregnancy; withdrawal
of consent; use of prohibited IST; and at investigator
discretion.

End Points and Assessments

The primary end point was the incidence and severity
of TEAEs graded using National Cancer Institute
Common Terminology Criteria for Adverse Events,
version 5.0.

The key secondary end point was the best immu-
nologic response rate based on the reduction of anti-
PLA2R antibody titer using a qualified enzyme-linked
immunosorbent assay (EUROIMMUN). Anti-PLA2R
titer was assessed at screening; on days 1, 8, 15, 22,
29, 57, 85, 113, 141, 169 (or end of treatment [EOT]),
267, and 366 (EOS). Immunologic response categories
were immunologic partial response (IPR; reduction of
anti-PLA2R titer by $50% from baseline) and ICR
(anti-PLA2R titer <14.0 RU/ml). Best overall immuno-
logic response was defined as IPR or ICR at any time
before use of prohibited medication or disease
progression.

Other secondary end points included felzartamab
immunogenicity and pharmacokinetics. Serum samples
were analyzed for antidrug antibodies using a validated
enzyme-linked immunosorbent assay with solid phase
extraction and acid dissociation (MorphoSys AG) at
screening and on days 1, 57, 113, 141, 169 (or EOT),
267, and 366 (or EOS). Felzartamab concentrations were
measured with a validated (serum) or qualified (urine)
electrochemiluminescence-based ligand binding assay
(MorphoSys AG) using blood and urine samples
collected at screening and on days 1, 8, 15, 22 (serum
only), 29, 57, 85, 113, 141, 169 (or EOT), 267, and 366
(or EOS). Urine felzartamab concentrations were
normalized to urine creatinine concentrations.

Exploratory end points included change from base-
line in immunoglobulin, hemoglobin, platelets, and
Kidney International Reports (2024) 9, 2635–2647
immune cell populations; change from baseline in anti-
PLA2R titer, serum albumin, and eGFR; time-to-first
immunologic response; proteinuria remission; and
change in health-related quality of life. For the
assessment of proteinuria remission by UPCR, 24-hour
urine samples were collected at screening and on
days 1, 85, 169 (or EOT), 267, and 366 (or EOS). Pro-
teinuria remission categories were proteinuria partial
remission (Prot-PR; $50% reduction from baseline to
any visit in 24-hour UPCR, proteinuria <3.0 g/g, and
stable eGFR [$80% of baseline]) and proteinuria com-
plete remission (reduction of proteinuria to <0.5 g/g,
serum albumin within the reference range [3.5–5.2 g/
dl], and stable eGFR [$80% of baseline]).

Health-related quality of life was assessed using
Kidney Disease Quality of Life 36 Survey (KDQOL-36)
on days 1, 169 (or EOT), and 366 (or EOS). Serum
biochemistry and immunoglobulins were assessed at
screening and on days 1, 8, 15, 22, 29, 57, 85, 113, 141,
169 (or EOT), 267, and 366 (or EOS). Hematology test
was performed on days 1, 8, 15, 22, 29, 57, 85, 113,
and 141.

Statistical Analysis

The sample size was determined without formal hy-
pothesis testing. P-values were exploratory and were
not adjusted for multiple comparisons. Statistical ana-
lyses were performed using SAS statistical software
version 9.4 (SAS Institute) or R software version 4.3.0
(R Foundation).

Safety analyses included patients who received $1
dose of felzartamab (full analysis set; n ¼ 31). Analyses
of anti-PLA2R titer, immunologic response, serum al-
bumin, 24-hour UPCR, and proteinuria response were
performed using the efficacy analysis set (n ¼ 26; C1,
n ¼ 15; C2, n ¼ 11): efficacy-evaluable patients who
received $5 of 9 felzartamab doses without dis-
continuing the study for prohibited medication use.
Sensitivity analyses of immunologic and proteinuria
response were performed using the full analysis set
population. Immunologic response was tabulated by
baseline anti-PLA2R titer. Pharmacokinetics, immuno-
genicity, and exploratory variables were assessed for
patients who received $1 dose of felzartamab and
had $1 sample.

Time-to-event variables were estimated using
Kaplan-Meier methods. Confidence intervals for
response rates were calculated using the Clopper-
Pearson exact method. Pearson correlations were used
to assess the strength and direction of relationships
between variables. Missing data for anti-PLA2R titer,
immunologic response, serum albumin, 24-hour UPCR,
and proteinuria response were imputed using last
observation carried forward for EOS analyses.
2637
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RESULTS

Study Population

Sixty-five patients were screened, and 31 patients were
enrolled (C1, n ¼ 18; C2, n ¼ 13). The mean (SD) age
was 57.5 (11.8) years; 24 (77.4%) were men (Table 1;
Supplementary Table S1). In C1, 15 patients (83.3%)
had newly diagnosed PMN and 3 (16.7%) had relapsed
PMN (prior Prot-PR, n ¼ 2; prior IPR, n ¼ 1). In C2, all
Table 1. Demographics and baseline disease characteristics

Characteristics
Cohort 1 newly diagnosed /

relapsed (n [ 18)

Mean (SD) age, yr 59.2 (11.3)

Sex, n (%)

Male 13 (72.2)

Female 5 (27.8)

Race, n (%)

White 13 (72.2)

Asian 4 (22.2)

Black 0

Otherb 1 (5.6)

Median (IQR) time since PMN diagnosis, mo 4.1 (2.1–9.3)

Baseline disease status, n (%)

Newly diagnosed 15 (83.3)

Relapsed 3c (16.7)

Refractory 0

Prior proteinuria remission, n (%)

No remission 16 (88.9)

Complete remission 0

Partial remission 2 (11.1)

Median (IQR) prior lines of IST, n 0 (0–4)

Prior lines of IST, n (%)

0 16d (88.9)

1 0

2 1 (5.6)

$3 1 (5.6)

Rituximab 1 (5.6)

Cyclophosphamide 1 (5.6)

Tacrolimus 2 (11.1)

Median (IQR) baseline anti-PLA2R antibody titer,e RU/ml

Median (IQR) 182.0 (119.3–262.0)

Mean (SD) 207.9 (118.9)

Median (IQR) baseline proteinuria (24-h UPCR),f g/g

Median (IQR) 5.9 (4.9–7.5)

Mean (SD) 6.2 (2.0)

Median (IQR) baseline eGFR, ml/min per 1.73 m2

Median (IQR) 64.5 (48.8–80.8)

Mean (SD) 64.8 (21.9)

Median (IQR) baseline serum albumin,g g/l

Median (IQR) 24.5 (21.3–30.3)

Mean (SD) 25.9 (5.4)

eGFR, estimated glomerular filtration rate; IQR, interquartile range; IST, immunosuppressive th
aP-values are for descriptive purposes only and were generated using the nonparametric Wil
covariates.
bRace is not reported for patients in France (cohort 2, n ¼ 3). Other includes American Indian
cIn cohort 1, 2 patients had prior proteinuria partial remission and 1 patient had prior immuno
dOne patient was recorded as being relapsed but not having received prior immunosuppre
furosemide, ramipril, atorvastatin, carvedilol, nifedipine, and rivaroxaban, which are not immun
eBaseline anti-PLA2R antibody titer was the last value before starting treatment.
fBaseline UPCR value was defined as the mean of values at screening and before the first do
gReference range: 3.5–5.2 g/dl.
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13 patients (100%) had PMN that was refractory to IST
(no ICR and/or no Prot-PR). Prior ISTs included rit-
uximab (n ¼ 12), cyclophosphamide (n ¼ 7), tacrolimus
(n ¼ 6), and alternating cyclophosphamide and gluco-
corticoids (n ¼ 3).

Patients had high-risk disease per Kidney Disease:
Improving Global Outcomes (Table 1).16,17 Median
(interquartile range) baseline PMN parameters in C1
were as follows: anti-PLA2R titer, 182.0 (116.0–264.0)
Cohort 2 refractory
(n [ 13) P-valuea

All patients
(N [ 31)

55.0 (12.5) 0.373 57.5 (11.8)

1.0

11 (84.6) 24 (77.4)

2 (15.4) 7 (22.6)

0.145

8 (61.5) 21 (67.7)

0 4 (12.9)

1 (7.7) 1 (3.2)

4 (30.8) 5 (16.1)

25.8 (15.4–38.0) 0.558 11.9 (3.0–32.8)

0.001

0 15 (48.4)

0 3 (9.7)

13 (100) 13 (41.9)

0.156

8 (61.5) 24 (77.4)

1 (7.7) 1 (3.2)

4 (30.8) 6 (19.4)

1 (1–5) 0.001 0 (0–5)

0 16 (51.6)

7 (53.8) 7 (22.6)

2 (15.4) 3 (9.7)

4 (30.8) 5 (16.1)

11 (84.6) 12 (38.7)

6 (46.2) 7 (22.6)

4 (30.8) 6 (19.4)

0.637

122.0 (55.0–283.0) 161.0 (90.5–273.5)

301.5 (377.6) 247.1 (259.3)

0.301

6.2 (4.4–7.7) 6.1 (4.6–7.6)

6.7 (2.5) 6.4 (2.2)

0.098

60.0 (46.0–62.0) 61.0 (47.5–69.5)

53.7 (15.6) 60.2 (20.0)

0.198

28.0 (26.0–30.0) 26.0 (23.0–30.5)

28.0 (4.2) 26.8 (5.0)

erapy; PLA2R, phospholipase A2 receptor; UPCR, urine protein-to-creatinine ratio.
coxon rank-sum test for continuous covariates and the chi-square test for categorical

or Alaskan Native (cohort 1, n ¼ 1) and Hispanic or Latino (cohort 2, n ¼ 1).
logic response.
ssive therapy. However, this patient’s medications before study entry were listed as
osuppressive therapies.

se (day 1, cycle 1).

Kidney International Reports (2024) 9, 2635–2647



Table 3. Summary of adverse events

Patients with an event

Cohort 1 newly
diagnosed / relapsed

(n [ 18)

Cohort 2
refractory
(n [ 13)

All patients
(N [ 31)

Patients with any TEAE, n (%) 15 (83.3) 12 (92.3) 27 (87.1)

Patients with any grade 3 or 4
TEAE, n (%)

3 (16.7) 5 (38.5) 8 (25.8)

Patients with any serious TEAE,
n (%)

2 (11.1) 3 (23.1) 5 (16.1)

Patients with any TEAE leading
to treatment discontinuation,
n (%)

3 (16.7) 2 (15.4) 5 (16.1)

Patients with a predefined TEAE
of special interest,a n (%)

4 (22.2) 2 (15.4) 6 (19.4)

Allergic reaction 1 (5.6) 1 (7.7) 2 (6.5)

Grade $3 infection 1 (5.6) 0 1 (3.2)

Grade $3 infusion-related
reaction

1 (5.6) 0 1 (3.2)

Grade $3 neutropenia
(ANC <1.0 � 109/l)

1 (5.6) 1 (7.7) 2 (6.5)

TEAEs occurring in $2 patients
overall, n (%)

Infusion-related reaction 1 (5.6) 8 (61.5) 9 (29.0)

Hypogammaglobulinemia 7 (38.9) 1 (7.7) 8 (25.8)

Peripheral edema 2 (11.1) 4 (30.8) 6 (19.4)

Nausea 4 (22.2) 1 (7.7) 5 (16.1)

Bronchitis 0 4 (30.8) 4 (12.9)

Arthralgia 3 (16.7) 0 3 (9.7)

Back pain 2 (11.1) 1 (7.7) 3 (9.7)

Chest pain 1 (5.6) 2 (15.4) 3 (9.7)

COVID-19 1 (5.6) 2 (15.4) 3 (9.7)

Dyspnea 1 (5.6) 2 (15.4) 3 (9.7)

Fatigue 2 (11.1) 1 (7.7) 3 (9.7)

Headache 3 (16.7) 0 3 (9.7)

Lipase increased 3 (16.7) 0 3 (9.7)

Neutropenia 2 (11.1) 1 (7.7) 3 (9.7)

Anemia 1 (5.6) 1 (7.7) 2 (6.5)

Cough 1 (5.6) 1 (7.7) 2 (6.5)

Diarrhea 2 (11.1) 0 2 (6.5)

Hyperkalemia 2 (11.1) 0 2 (6.5)

Insomnia 1 (5.6) 1 (7.7) 2 (6.5)

Lymphocyte percentage
increased

2 (11.1) 0 2 (6.5)

Myalgia 2 (11.1) 0 2 (6.5)
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RU/ml; proteinuria, 5.9 (4.9–7.5) g/g; eGFR, 64.5 (48.0–
81.0) ml/min per 1.73 m2; and serum albumin, 24.5
(21.0–31.0) g/l. Median (interquartile range) baseline
PMN parameters in C2 were as follows: anti-PLA2R
titer, 122.0 (55.0–283.0) RU/ml; proteinuria, 6.2 (4.4–
7.7) g/g; eGFR, 60.0 (46.0–62.0) ml/min per 1.73 m2;
and serum albumin, 28.0 (26.0–30.0) g/l.

Exposure and Compliance

All 31 patients received felzartamab. Twenty-three
patients (74.2%) reached the EOT period, and 8
(25.8%) discontinued felzartamab due to adverse
events (n ¼ 5), disease progression due to $30%
decrease of eGFR from baseline (n ¼ 2), and use of
prohibited medication (n ¼ 1; Supplementary
Figure S1). Twenty-one patients (67.7%) (C1, n ¼ 13;
C2, n ¼ 8) received all 9 infusions (Table 2). The overall
compliance rate for planned infusions was 86.3%. The
median (range) follow-up time was 364 (206–432) days.

Safety

TEAEs occurred in 27 of 31 patients (87.1%) (C1, n ¼
15 [83.3%]; C2, n ¼ 12 [92.3%]; Table 3) and were
predominantly mild or moderate in severity. The most
common TEAEs (occurring in $10% of patients) were
IRR (29.0%), hypogammaglobulinemia (25.8%), pe-
ripheral edema (19.4%), nausea (16.1%), and bronchitis
(12.9%). Seven of 8 patients with TEAEs had hypo-
gammaglobulinemia (#4.0 g/l) at baseline. Eight pa-
tients (25.8%) had grade 3 or 4 TEAEs (C1, n ¼ 3
[16.7%]; C2, n ¼ 5 [38.5%]). There were no fatal
TEAEs.

All 30 patients (100%) received prophylactic glu-
cocorticoids, including 1 or more doses of dexametha-
sone 4 mg (n ¼ 1), 8 mg (n ¼ 18) or 16 mg (n ¼ 21) and
methylprednisolone 20 mg (n ¼ 1), 40 mg (n ¼ 1), 80
Table 2. Felzartamab exposure and compliance

Exposure characteristics

Cohort 1
newly diagnosed /
relapsed (n [ 18)

Cohort 2
refractory
(n [ 13)

All patients
(N [ 31)

Felzartamab infusions per
patient, n (%)

1–2 1 (5.6) 0 1 (3.2)

3–4 0 1 (7.7) 1 (3.2)

5–6 3 (16.7) 3 (23.1) 6 (19.4)

7–8 1 (5.6) 1 (7.7) 2 (6.5)

9 13 (72.2) 8 (61.5) 21 (67.7)

Mean (SD) cumulative
felzartamab dose, mg

10,315.2 (3650.2) 13,111.6
(5177.8)

11,487.9
(4499.1)

Mean (SD) duration of
felzartamab exposure, mo

3.9 (1.4) 3.9 (1.3) 3.9 (1.4)

Mean (SD) compliance,a % 87.9 (25.5) 84.2 (23.7) 86.3 (24.4)

eGFR, estimated glomerular filtration rate; IST, immunosuppressive therapy; PLA2R,
phospholipase A2 receptor; UPCR, urine protein-to-creatinine ratio.
aCompliance per patient, based on cumulative infusion volumes, was calculated as:
(sum of actual infusion doses / sum of planned infusion doses) � 100.

Pyrexia 0 2 (15.4) 2 (6.5)

Rhabdomyolysis 0 2 (15.4) 2 (6.5)

ANC, absolute neutrophil count; TEAE, treatment-emergent adverse event.
aAllergic reactions occurred in 3 patients: grade 2 treatment-related allergic dermatitis
(cohort 1) that resolved with medication; grade 2 treatment related drug hypersensitivity
(cohort 1) that resolved with medication and temporary interruption of felzartamab; and
grade 3 treatment-related type 1 hypersensitivity (cohort 2) that resolved with medi-
cation and discontinuation of felzartamab. Grade$3 neutropenia occurred in 2 patients:
grade 3 treatment-related neutropenia (cohort 1) that resolved with medication and
temporary interruption of felzartamab and grade 3 and 4 treatment related events of
neutropenia (cohort 2) that both resolved with temporary interruption of felzartamab. A
patient in cohort 1 had grade 4 COVID-19 infection not considered by the investigators
to be related to felzartamab that resolved with medication and discontinuation of
felzartamab.

Kidney International Reports (2024) 9, 2635–2647
mg (n ¼ 5), 100 mg (n ¼ 4), or 500 mg (n ¼ 1). IRRs (a
prespecified TEAE of interest) occurred in 9 patients
(29.0%) (C1, n ¼ 1 [5.6%]; C2, n ¼ 8 [61.5%]; Table 3).
Following the first felzartamab infusion, a patient (C1)
had a serious, treatment-related grade 3 IRR that
resolved with medication and discontinuation of
2639



CLINICAL RESEARCH BH Rovin et al.: Felzartamab for Anti-PLA2R+ PMN
felzartamab. Eight other patients had IRRs (grade 1,
n ¼ 5; grade 2, n ¼ 3) that resolved. Other prespecified
TEAEs of interest were treatment-emergent allergic
reactions to felzartamab (n ¼ 3), grade $3 neutropenia
(n ¼ 2), and grade $3 infection (n ¼ 1).

Five patients (16.1%) had serious TEAEs (Table 3),
all of which resolved. Three serious TEAEs were
considered treatment-related (grade 3 IRR, grade 3 type
1 hypersensitivity, and grade 4 neutropenia). Five pa-
tients (16.2%) had TEAEs resulting in felzartamab
discontinuation. In addition to treatment discontinua-
tions due to grade 3 IRR and grade 3 type 1 hyper-
sensitivity, patients discontinued treatment due to
grade 3 treatment-related chest pain, grade 4 treatment-
emergent COVID-19 infection, and grade 2 treatment-
emergent nephrotic syndrome.

Serum IgG was monitored due to the mechanism of
felzartamab. Reductions in serum IgG were modest,
and median levels recovered to above baseline by EOS
(C1, þ27.9%; C2, þ2.3%; Figure 1). Levels of hemo-
globin, lymphocytes, monocytes, neutrophils, and
platelets remained stable throughout the study
(Supplementary Figure S2).

Immunogenicity

Treatment-induced or treatment-increased antidrug
antibodies were not detected. Preexisting anti-
felzartamab antibodies were detected at baseline in 2
of 28 patients with available samples and at EOT in 1 of
the same patients. Preexisting antidrug antibodies had
no apparent effect on felzartamab pharmacokinetics,
safety, or efficacy.

Pharmacokinetics

Predose felzartamab serum concentration-versus-time
profiles were consistent between C1 and C2
(Supplementary Figure S3a). Serum concentrations
Figure 1. Median (� IQR) change from baseline to EOS in IgG. EOS,
end of study; IQR, interquartile range. Dashed lines indicate the
median baseline levels for each cohort (cohort 1, purple; cohort 2,
teal). Arrows indicate felzartamab infusions.
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were greatest with weekly dosing (cycle 1, days 1–22;
n ¼ 28–31), with maximum mean trough concentra-
tions reached on day 22 (C1, 214.5 mg/ml; C2, 295.3 mg/
ml). The mean steady-state serum trough level at the
end of every-4-weeks dosing (day 113) was 42.8 mg/ml
(C1, 39.2 mg/ml; C2, 48.4 mg/ml).

Maximum mean predose felzartamab urine concen-
trations normalized to creatinine were reached on day
15 (C1 [n ¼ 17], 0.43 g/mol; C2 [n ¼ 12], 0.48 g/mol),
remained elevated through day 29, and then declined
(Supplementary Figure S3b). Predose serum felzarta-
mab concentrations did not correlate with the felzar-
tamab urine-to-creatinine ratio (Supplementary
Figure S3c and S3d).

Immunologic Response

After 1 week of treatment with felzartamab (day 8), 22
of 25 patients (88.0%) in the EAS had reductions from
baseline in anti-PLA2R titer (mean [SD]
change, �40.0% [30.5%]), and the response rate was
44.0% (C1, n ¼ 7 [46.7%]; C2, n ¼ 4 [40.0%]), with 2
patients (8.0%) achieving ICR and 9 (36.0%) achieving
IPR (Figure 2a; Supplementary Figures S4 and S5;
Supplementary Table S2). Estimated median (95%
confidence interval) time-to-first immunologic response
(n ¼ 26) was 0.49 (0.26–0.92) months (C1, 0.46 months
[0.26–0.49]; C2, 0.49 months [0.26–not available]). At
EOT (6 months), 20 of 26 patients (76.9%) had re-
ductions from baseline in anti-PLA2R titer (mean [SD]
change, �25.8% [109.0%]), and the response rate was
51.6% (C1, n ¼ 10 [66.7%]; C2, n ¼ 5 [45.5%]), with 6
patients (23.1%) achieving ICR and 9 (38.5%)
achieving IPR (Figure 2b). At EOS (7 months after last
felzartamab dose or last observation carried forward),
17 of 26 patients (65.4%) had reductions from baseline
in anti-PLA2R titer (mean [SD] change, �17.3%
[95.2%]), and the response rate was 53.8% (C1, n ¼ 9
[60.0%]; C2, n ¼ 5 [45.5%]), with 8 patients (30.8%)
achieving ICR and 6 (23.1%) achieving IPR (Figure 2c).
Of 15 patients in immunologic response at EOT, 12
(80.0%) were still responders at EOS (C1, n ¼ 8; C2, n ¼
4), including 3 patients in C1 and 1 in C2 who
improved from IPR to ICR (Figure 2d). In C1, patients
with baseline anti-PLA2R titer 50 to 150 RU/ml,
compared with >150 RU/ml, generally had higher rates
of immunologic response at EOT (83.3% vs. 55.6%)
and EOS (83.3% vs. 44.4%; Supplementary Table S3).
In C2, there was no apparent difference in immunologic
response by baseline anti-PLA2R titer.

The best immunologic response rate was 76.9%
(95% confidence interval, 56.4%–91.0%) overall,
86.7% (59.5%–98.3%) in C1, and 63.6% (30.8%–
89.1%) in C2 (Supplementary Table S4). A best result
of ICR was achieved by 8 patients (30.8%) (C1, n ¼ 5;
Kidney International Reports (2024) 9, 2635–2647
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Figure 2. Change in anti-PLA2R titer. (a) Percentage change from baseline to week 1 in anti-PLA2R titer in cohorts 1 and 2. (b) Percentage
change from baseline to EOT in anti-PLA2R titer in cohorts 1 and 2. (c) Percentage change from baseline to EOS in anti-PLA2R titer in cohorts 1
and 2. (d) Percentage change from baseline to EOT, month 9, and EOS in each patient who was a responder at EOT. Data in all panels are based
on the EAS. For EOS evaluations, the median (range) day of last follow-up was 364 (141–393) days. EAS, efficacy analysis set; EOS, end of study;
EOT, end of treatment; ICR, immunologic complete response; IPR, immunologic partial response; PLA2R, phospholipase A2 receptor; mo,
months. Horizontal dotted lines indicate threshold for IPR ($50% reduction from baseline in anti-PLA2R titer). aICR at the specified time point.
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C2, n ¼ 3). A best result of IPR was achieved by 12
patients (46.2%) (C1, n ¼ 8; C2, n ¼ 4). Results were
similar for the full analysis set (Supplementary
Table S5).

Clinical Remission

Decreases in anti-PLA2R titer with felzartamab began
before changes in proteinuria (24-hour UPCR) and
serum albumin (Figure 3a and b, Supplementary
Table S2). Estimated median (95% confidence inter-
val) time to proteinuria remission was 12.2 (9.7–NA)
months (C1, 12.2 months [9.4–NA]; C2, NA [2.8–NA]).
At EOT using last observation carried forward, 14 of 26
patients (53.8%) (C1, n ¼ 9; C2, n ¼ 5) had decreases
from baseline in 24-hour UPCR (mean [SD]
change, �9.3% [50.5%]), with 4 (15.4%) achieving
Prot-PR by EOT (C1, n ¼ 2 [13.3%]; C2, n ¼ 2 [18.2%];
Supplementary Figure S6; Supplementary Tables S6
and S7). At EOS using last observation carried for-
ward, 17 of 26 patients (65.4%) (C1, n ¼ 11; C2, n ¼ 6)
had decreases from baseline in 24-hour UPCR (mean
[SD] change, �24.1% [45.3%]), with 9 (34.6%)
Kidney International Reports (2024) 9, 2635–2647
achieving Prot-PR by EOS (C1, n ¼ 7 [46.7%]; C2, n ¼ 2
[18.2%]). All patients achieving Prot-PR remained in
Prot-PR until EOS or last assessment. No patients ach-
ieved proteinuria complete remission.

There was a positive correlation between change
from baseline in anti-PLA2R titer at 3 months and
change from baseline in 24-hour UPCR at EOS in C1
(r ¼ 0.70, P ¼ 0.004) but not C2 (r ¼ 0.15, P ¼ 0.664;
Supplementary Figure S7). Of 9 patients achieving
Prot-PR at EOS (C1, n ¼ 7; C2, n ¼ 2), 8 (88.9%; C1, n ¼
6; C2, n ¼ 2) were immunologic responders at 3
months, and 9 (100%; C1, n ¼ 7; C2, n ¼ 3) were
immunologic responders at EOT.

At baseline, 29 of 31 patients (93.5%) (C1, n ¼ 17;
C2, n ¼ 12) had serum albumin below the normal range
(35–52 g/l). At EOT, 18 of 26 patients (69.2%) (C1, n ¼
11; C2, n ¼ 7) had increases from baseline in serum
albumin (mean [SD] change, 12.8% [17.9%]), with 5
patients (16.1%) (C1, n ¼ 3; C2, n ¼ 2) within the
normal range. At EOS, 20 of 26 patients (76.9%) (C1,
n ¼ 12; C2, n ¼ 8) had increases in serum albumin
(mean [SD] change, 21.0% [26.1%]; Figure 3c,
2641
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Figure 3. Change in albumin and 24-hour UPCR. (a and b) Comparison of median (� IQR) percentage change from baseline in 24-hour UPCR and
serum albumin with median (� IQR) percentage change from baseline in anti-PLA2R titer in cohorts 1 and 2. (c) Percentage change from
baseline to EOS in 24-hour UPCR in cohorts 1 and 2. The horizontal dotted line indicates threshold for proteinuria partial response ($50%
reduction from baseline in 24-hour UPCR). (d) Percentage change from baseline to EOS in serum albumin in cohorts 1 and 2. Data in all panels
are based on the EAS. For EOS evaluations, the median (range) day of last visit was 364 (141–393) days for albumin and 363.5 (175–432) days for
UPCR. Arrows indicate felzartamab infusions. EAS, efficacy analysis set; EOS, end of study; IQR, interquartile range; PLA2R, phospholipase A2
receptor; UPCR, urine protein-to-creatinine ratio.
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Supplementary Figure S8; Supplementary Table S2),
with 9 patients (34.6%) (C1, n ¼ 7; C2, n ¼ 2) within
the normal range. Improvement from baseline to EOS in
mean (SD) serum albumin was greater in C1 than in C2
(30.0% [30.2%] vs. 8.6% [11.5%]).

At baseline, 13 of 31 patients (41.9%) (C1, n ¼ 7; C2,
n ¼ 6) had an eGFR <60 ml/min per 1.73 m2. Mean
eGFR generally remained stable throughout the study
and increased from baseline to EOS among patients
achieving Prot-PR (n ¼ 9; mean [SD], 78.3 [20.2] vs.
66.9 [16.5] ml/min per 1.73 m2) but decreased from
baseline to EOS among patients who did not achieve
Prot-PR (n ¼ 17; mean [SD], 48.5 [23.9] vs. 55.4 [21.7]
ml/min per 1.73 m2; Supplementary Figures S9 and S10;
Supplementary Table S2).
Health-related quality of life

Median baseline KDQOL-36 scores (n ¼ 30) were lower
in C2 than in C1 across all subscales; Figure 4). Treat-
ment with felzartamab resulted in improvement across
all KDQOL-36 subscales. In general, improvements in
2642
C1 continued from EOT to EOS, whereas improvements
in C2 generally waned after EOT.
DISCUSSION

M-PLACE was a proof-of-concept study that assessed
the safety and efficacy of the anti-CD38 monoclonal
antibody felzartamab in patients with high-risk anti-
PLA2Rþ PMN. Felzartamab was generally tolerated
and resulted in rapid partial and complete immunologic
responses. Some patients among those with newly
diagnosed or relapsed PMN had partial improvements
in proteinuria and serum albumin, as well as quality of
life. These results are noteworthy considering the
predominantly severe disease of the enrolled popula-
tion. Compared with other studies of ISTs for PMN,
baseline median anti-PLA2R titers in M-PLACE (C1,
182.0 RU/ml; C2, 122.0 RU/ml) were greater and base-
line mean eGFR was lower.13,15,25,26,39 Although some
patients in C1 had baseline anti-PLA2R titers <150 RU/
ml, which has recently been considered as an appro-
priate threshold for high-risk PMN, baseline titers of
Kidney International Reports (2024) 9, 2635–2647
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Figure 4. Change from baseline in health-related quality of life per KDQOL-36. (a) Change from baseline in burden of kidney disease score, (b)
effects of kidney disease on daily life score, (c) symptoms/problems score, (d) physical component score, and (e) mental component score.
Horizontal white lines represent the medians. Box ends represent the interquartile ranges. Vertical lines represent the ranges. Dots represent
individual patients. EOS, end of study; EOT, end of treatment; KDQOL-36, Kidney Disease Quality of Life 36 Survey.
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these patients exceeded 50 RU/ml—the 2021 Kidney
Disease: Improving Global Outcomes threshold for
high-risk PMN at the time M-PLACE was conducted.16

TEAEs were generally mild or moderate in severity.
Consistent with the phase 1/2a first-in-human study of
felzartamab in patients with multiple myeloma,40 IRRs
in M-PLACE were nearly all mild or moderate and
occurred during the first infusion and resolved with
medication and interruption or withdrawal of felzarta-
mab. IRRs were common in studies assessing rituximab
for PMN and idiopathic membranous nephropathy and
anti-CD38 therapies for multiple myeloma.15,41-43

Allergic reactions, grade $3 infection, and grade $3
neutropenia in M-PLACE were infrequent, and there
was no evidence of prolonged or clinically meaningful
decline in total IgG by felzartamab. Mean serum IgG
quickly recovered to above baseline levels, and humoral
immunity to SARS-Cov-2 vaccination was preserved
after felzartamab infusions.44 The only infection adverse
event was grade 4 treatment-emergent SARS-Cov-2 that
was not considered treatment-related. Peripheral edema,
which is a common symptom of PMN and nephrotic
syndrome,1,3 was more frequent among patients in C2,
Kidney International Reports (2024) 9, 2635–2647
who had greater baseline proteinuria and poorer out-
comes than patients in C1.

Anti-PLA2R titer decreases began 1 week after the
first infusion of felzartamab and remained decreased
thereafter in some patients (predominantly in C1), with
total (ICR þ IPR) immunologic response rates of
approximately 50% at EOT and EOS. Immunologic
responses occurred regardless of baseline titer. How-
ever, patients in C1 with baseline anti-PLA2R titers of
50 to 150 RU/ml, compared with >150 RU/ml, had
greater immunologic response rates after 6 months of
treatment (83.3% vs. 55.6%) and at EOS (83.3% vs.
44.4%), potentially due to inadequate plasma cell
depletion and the need for more intensive felzartamab
dosing in patients with the highest anti-PLA2R titers.
In clinical studies of rituximab for PMN, immunologic
responses were more likely to occur in patients with
lower baseline anti-PLA2R titers.15,41

Notably, compared with patients with refractory
PMN (C2), patients with newly diagnosed or relapsed
PMN (C1) had greater total rates of immunologic
response (86.7% vs. 63.6%) and partial proteinuria
remission before or at EOS (46.7% vs. 18.2%). The
2643
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difference in immunologic response between cohorts
will require further investigation but may be due to the
refractory nature of the disease among patients in C2.
Patients with refractory PMN may require combined or
sequential anti-CD38 and anti-CD20 IST. Indeed, a pa-
tient with multidrug-resistant PMN was reported to
achieve partial clinical remission with rituximab
following transient benefit with the anti-CD38 mono-
clonal antibody daratumumab.45

As expected,6,13,15 proteinuria resolution in both
cohorts was delayed by several months after
felzartamab-induced resolution of immunologic disease.
Nonetheless, neither cohort had a high rate of pro-
teinuria remission. A longer duration of follow-up,
particularly for C1, may have resulted in more com-
plete proteinuria remission. Given the greater duration
and refractory nature of the disease, patients in C2 may
have developed nephrosclerosis and may never have
achieved complete resolution of proteinuria; however,
this requires biopsy confirmation.

Felzartamab serum concentrations were similar be-
tween cohorts and were consistent with those expected
for a monoclonal antibody. Urinary concentrations,
which were measured given the proteinuric nature of
PMN, were higher in C2 than in C1, potentially
reflecting the comparatively worse proteinuria
observed in C2. Nonetheless, urinary felzartamab
excretion was low (0–1.2 g/mol), and there was no
apparent relationship between felzartamab urine-to-
creatinine ratio and felzartamab serum concentrations.

Improvements in KDQOL-36 mental, physical,
burden of kidney disease, symptoms or problems, and
effects on daily life subscales were observed through
EOS in C1 and at EOT in C2. The improvements in
median KDQOL-36 scores generally exceeded 3 to 5
points, which is considered the threshold for clinically
meaningful improvement in health-related quality of
life in the dialysis setting.46

The strengths of the M-PLACE design include
enrollment of patients with high-risk PMN that was
often relapsed and/or refractory to prior IST and the
routine evaluation of anti-PLA2R titers, which enabled
evaluation of the relationship between improvement in
anti-PLA2R titer and improvement in proteinuria. In
addition, due to the timing of the study, strength of the
response to SARS-CoV-2 vaccination during felzarta-
mab treatment was investigated.44 Limitations of the
study include the short duration of follow-up, partic-
ularly considering that complete remission of PMN
often requires longer than 1 year of treatment, and the
lack of retreatment, which may be needed among high-
risk populations. Furthermore, the Kidney Disease:
Improving Global Outcomes anti-PLA2R titer threshold
(50 RU/ml) at the time this study was conducted is
2644
lower than the threshold of 150 RU/ml that some now
consider more appropriate for classifying high-risk
PMN. The NewPLACE study (ClinicalTrials.gov,
NCT04733040) evaluated alternative felzartamab dosing
regimens and felzartamab retreatment in patients with
anti-PLA2Rþ PMN.

In summary, in this study of patients with moderate
to high-risk anti-PLA2Rþ PMN, felzartamab had a
tolerable safety profile and did not result in a clinically
meaningful decline in total IgG. Regardless of baseline
anti-PLA2R titer, felzartamab rapidly induced partial
and complete immunologic responses. Some patients,
particularly among those with newly diagnosed or
relapsed PMN, exhibited partial decreases in protein-
uria and improvements in serum albumin and quality
of life. The tolerable safety profile and evidence of ef-
ficacy with felzartamab, along with the ability of pa-
tients to mount a humoral response to vaccination,44

warrant further investigation of felzartamab in a
sequential or combination therapy in PMN. Future
studies may assess the efficacy of felzartamab in pa-
tients in broader PMN patient populations.
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