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ABSTRACT

BACKGROUND
Antibody-mediated rejection is a leading cause of kidney-transplant failure. The
targeting of CD38 to inhibit graft injury caused by alloantibodies and natural
killer (NK) cells may be a therapeutic option.

METHODS

In this phase 2, double-blind, randomized, placebo-controlled trial, we assigned
patients with antibody-mediated rejection that had occurred at least 180 days after
transplantation to receive nine infusions of the CD38 monoclonal antibody fel-
zartamab (at a dose of 16 mg per kilogram of body weight) or placebo for 6 months,
followed by a 6-month observation period. The primary outcome was the safety and
side-effect profile of felzartamab. Key secondary outcomes were renal-biopsy results
at 24 and 52 weeks, donor-specific antibody levels, peripheral NK-cell counts, and
donor-derived cell-free DNA levels.

RESULTS

A total of 22 patients underwent randomization (11 to receive felzartamab and 11
to receive placebo). The median time from transplantation until trial inclusion was
9 years. Mild or moderate infusion reactions occurred in 8 patients in the fel-
zartamab group. Serious adverse events occurred in 1 patient in the felzartamab
group and in 4 patients in the placebo group; graft loss occurred in 1 patient in
the placebo group. At week 24, resolution of morphologic antibody-mediated rejec-
tion was more frequent with felzartamab (in 9 of 11 patients [82%]) than with
placebo (in 2 of 10 patients [20%]), for a difference of 62 percentage points (95%
confidence interval [CI], 19 to 100) and a risk ratio of 0.23 (95% confidence inter-
val [CI], 0.06 to 0.83). The median microvascular inflammation score was lower in
the felzartamab group than in the placebo group (0 vs. 2.5), for a mean difference
of —1.95 (95% CI, —2.97 to —0.92). Also lower was a molecular score reflecting the
probability of antibody-mediated rejection (0.17 vs. 0.77) and the level of donor-
derived cell-free DNA (0.31% vs. 0.82%). At week 52, the recurrence of antibody-
mediated rejection was reported in 3 of 9 patients who had a response to felzartamab,
with an increase in molecular activity and biomarker levels toward baseline levels.

CONCLUSIONS
Felzartamab had acceptable safety and side-effect profiles in patients with antibody-
mediated rejection. (Funded by MorphoSys and Human Immunology Biosciences;
ClinicalTrials.gov number, NCT05021484; and EUDRACT number, 2021-000545-40.)
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FELZARTAMAB IN ANTIBODY-MEDIATED REJECTION

NTIBODY-MEDIATED REJECTION IS A

leading cause of kidney allograft failure."?

The diagnosis of such organ rejection is
based on serologic, morphologic, and molecular
criteria, as outlined in the Banft classification.*
No therapies have been approved for the treatment
of antibody-mediated rejection.’ To date, efficacy
has not been shown in clinical trials of the CD20
antibody rituximab, the proteasome inhibitor
bortezomib, or complement inhibitors.*® A recent
phase 3 trial evaluating an interleukin-6 antibody,
clazakizumab, was prematurely terminated be-
cause of a lack of efficacy,'®!! despite earlier stud-
ies that showed encouraging results.!*!* Thus,
there is an unmet therapeutic need for the treat-
ment of antibody-mediated rejection.'

CD38 is a transmembrane glycoprotein that is
expressed by immune and hematopoietic cells,
particularly plasma cells and natural killer (NK)
cells.”® Depletion of malignant plasma cells with
CD38 monoclonal antibodies has been approved
for the treatment of multiple myeloma.'*® CD38
has emerged as a promising therapeutic target
in antibody-mediated rejection, given the poten-
tial for its use as a target for the depletion of the
plasma cells that produce donor-specific antibod-
ies and NK cells, which are presumed to be critical
for microvascular inflammation.’?! Clinical evi-
dence from anecdotal reports has suggested that
the targeting of CD38 could prevent or reverse
antibody-mediated rejection.?*®

Felzartamab is an investigational, fully human
IgG1l monoclonal CD38 antibody that depletes
target cells through antibody-dependent cellular
cytotoxicity and phagocytosis.?*?” We conducted
a phase 2, randomized, double-blind, placebo-
controlled trial to evaluate the safety, side-effect
profile, and preliminary efficacy of felzartamab
in the treatment of antibody-mediated rejection
that has occurred at least 180 days after kidney
transplantation.

METHODS

TRIAL DESIGN AND OVERSIGHT

We conducted the trial at the Medical University
of Vienna and at Charité Universitdtsmedizin Ber-
lin (Fig. S1 in the Supplementary Appendix, avail-
able with the full text of this article at NEJM.org).
The trial patients were followed for 52 weeks.
Details regarding the trial design are provided in
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the Supplementary Appendix and have been pub-
lished previously.?®

The trial protocol (available at NEJM.org) was
approved by the local ethics committee at each
trial site and by federal regulatory agencies. The
trial was externally monitored and adhered to
the principles of Good Clinical Practice, Good
Laboratory Practice, the Declaration of Helsinki,
and the Declaration of Istanbul. The trial was fi-
nanced by MorphoSys and Human Immunology
Biosciences through an unrestricted grant award-
ed to the sponsor, Medical University of Vienna.
Representatives of the sponsor designed the trial,
gathered the data, and confirmed the accuracy
of the reporting. The first three authors and the
last two authors wrote the first draft of the manu-
script and made the decision to submit it for
publication. All the authors contributed to the
writing of the manuscript and signed data confi-
dentiality agreements. The authors vouch for the
accuracy and completeness of the data and for
the fidelity of the trial to the protocol.

PATIENTS

Adult patients (>18 years of age) were eligible to
participate in the trial if they had biopsy-diag-
nosed antibody-mediated rejection of a function-
ing kidney allograft at least 180 days after
transplantation, an estimated glomerular fil-
tration rate (eGFR) of at least 20 ml per minute
per 1.73 m? of body-surface area, and the pres-
ence of donor-specific antibody. All the patients
provided written informed consent. Details re-
garding the inclusion and exclusion criteria and
the Banff classification for kidney rejection* are
provided in the Supplementary Appendix (includ-
ing Table S1).

RANDOMIZATION AND TREATMENT

Patients were assigned in a 1:1 ratio to receive
felzartamab or placebo by permuted-block ran-
domization stratified according to trial site and
category of antibody-mediated rejection. Over a
20-week period, patients received nine intrave-
nous infusions of felzartamab at a dose of 16 mg
per kilogram of body weight (in 250 ml of 0.9%
saline over a period of 30 to 90 minutes) or match-
ing placebo (0.9% saline). The nine infusions were
administered once per week for 4 weeks, fol-
lowed by once per month for 5 months. An ob-
servational period extended through week 52.
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Details regarding randomization, the adminis-
tration of felzartamab and placebo, and immu-
nosuppression are provided in the Supplementary
Appendix.

OUTCOMES
Outcomes were assessed at 17 trial visits through-
out the 52-week period. A full list of outcomes
and details regarding biobanking, biopsy evalu-
ation, and laboratory methods are provided in
the Supplementary Appendix.

The primary outcome was the safety and side-
effect profile of felzartamab. Key safety assess-
ments were vital signs and laboratory safety; viral
testing for severe acute respiratory syndrome
coronavirus 2, cytomegalovirus, herpes simplex,
herpes zoster, and polyomavirus viremia; and
for-cause allograft biopsies. Adverse events were
classified according to the definitions used in the
Medical Dictionary for Regulatory Activities, version 26.0,
and were graded by the investigators. Key pre-
specified safety outcomes were the number and
per-patient incidence of serious adverse events,
infusion-related reactions, and infections or in-
festations.

Key secondary efficacy outcomes were the reso-
lution of antibody-mediated rejection (defined as
chronic [inactive] rejection or no rejection after
treatment); the level of microvascular inflamma-
tion (glomerulitis plus the peritubular capillaritis
score), and the resolution of microvascular in-
flammation to a score of 0, as compared with a
score of 1 to 6; a molecular classifier score of
antibody-mediated rejection®; the change in the
immunodominant mean fluorescence intensity of
donor-specific antibody; the NK-cell count in pe-
ripheral blood; the level of donor-derived cell-free
DNA (reported as either the percentage of total
cell-free DNA in plasma or the absolute count); the
viral load of torque teno virus (TTV), a nonpatho-
genic commensal virus that was used as a marker
of functional immunity; and the eGFR slope.

STATISTICAL ANALYSIS

This was an exploratory trial with a primary safety
objective. Consequently, no formal type I error or
power considerations were applied when planning
for enrollment. Analyses were performed accord-
ing to the intention-to-treat principle and includ-
ed all the patients who had undergone random-
ization; there was no imputation of missing data.
Categorical variables were summarized accord-

ing to absolute and relative frequencies. We used
Wald’s method to estimate risk ratios and their
confidence intervals. Continuous data were sum-
marized with the calculation of medians and
interquartile ranges.

Between-group comparisons were summarized
according to mean differences, with confidence
intervals estimated from a t-distribution that as-
sumed unequal variance between the groups. We
estimated eGFR trajectories using a linear mixed
model, with eGFR measured every 4 weeks as a
dependent variable, with fixed effects for time
and treatment (and their interaction) and patient-
specific random effects for intercept and slope.
Fisher unadjusted P values are provided for the
prespecified safety outcomes. The widths of the
confidence intervals have not been adjusted for
multiplicity and are not intended for hypothesis
testing.

RESULTS

PATIENTS

From October 2021 through March 2023, a total
of 22 kidney-transplant recipients with antibody-
mediated rejection were randomly assigned to
receive felzartamab or placebo (Fig. S2). Pharma-
cokinetic data for felzartamab are shown in
Figure S3. The trial treatment was completed by
21 of the patients after 1 patient in the placebo
group had graft loss caused by rejection at week
14. After completion of the last scheduled pa-
tient visit, the database was locked and unblind-
ed on March 7, 2024.

The median time until trial inclusion was 9
years (interquartile range, 5 to 18) after trans-
plantation. Baseline characteristics were generally
well balanced between the two groups, except
that the median age was older in the placebo
group and the median eGFR was higher in the
felzartamab group (Table 1).

Overall, 7 of 22 patients (32%) had active
antibody-mediated rejection, and 15 of 22 pa-
tients (68%) had chronic active antibody-mediated
rejection. The presence of human leukocyte anti-
gen (HLA) class II donor-specific antibody was
observed in 13 of 22 patients (59%), and a mean
fluorescence intensity of donor-specific antibody
of more than 10,000 was observed in 8 of 22 pa-
tients (36%). The median eGFR was 37 ml per
minute per 1.73 m? (interquartile range, 33 to 64).
The median ratio of spot urine protein to creati-
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Table 1. Characteristics of the Patients at Transplantation and Trial Entry.*

Characteristic

At transplantation
Female sex — no. (%)
Median age (IQR) —yr
Race — no. (%)
White
Asian
Living donor — no. (%)
Median donor age (IQR) —yr
Previous kidney transplantation — no. (%)
Median HLA (A, B, DR) mismatch level (IQR)
Median cold ischemia time (IQR) — hr
Complement-dependent cytotoxicity — no. (%)
Panel reactivity of =10%

Missing data

(%)

Patientsi:

Missing data
At trial entry
Median recipient age (IQR) —yr
Median time after transplantation (IQR) — yr
Median eGFR (IQR) — ml/min/1.73 m?
Median protein:creatinine ratio (IQR)§
Immunosuppression — no. (%)

Three drugs

Tacrolimus-based drug
Type of antibody-mediated rejection — no. (%)

Active

Chronic active

Additional borderline lesion
Feature of donor-specific antibody

HLA class | only — no. (%)

HLA class Il only — no. (%)

HLA class | and Il — no. (%)

Anti-DQ — no. (%)

—no. (%)
Median no. of antibodies (IQR)

Preformed anti-HLA donor-specific antibody — no.

>10,000 mean fluorescence intensity of peak level

Felzartamab
(N=11)

4 (36)
33 (26-42)

9 (82)
2 (18)
4 (36)
47 (30-51)
3 (27)
3 (2-4)
11 (3-14)

2 (18)
1(9)

4 (36)
4 (36)

42 (35-50)
9 (6-14)
60 (35-69)
690 (232-1248)

9 (82)
10 (91)

4 (36)
7 (64)
1(9)

4 (36)
6 (55)
1(9)

6 (55)
5 (45)

1(1-2)

Placebo
(N=11)

7 (64)
46 (37-54)

11 (100)
0
2 (18)
37 (28-52)
4 (36)
3 (2-3)
14 (10-20)

56 (49-64)
10 (6-19)
36 (31-43)

1338 (187-1614)

9 (82)
8 (73)

1(1-2)

Total
(N=22)

11 (50)
39 (32-53)

20 (91)
29)

6 (27)
43 (27-52)
7 (32)

3 (2-3)
12 (4-16)

50 (39-59)
9 (5-18)
37 (33-64)
993 (178-1510)

1(1-3)

* eGFR denotes estimated glomerular filtration rate, HLA human leukocyte antigen, and IQR interquartile range.

 Race was reported by the patients.

i Data regarding donor-specific antibody before transplantation were available for 14 recipients. Solid-phase HLA anti-

body screening after patients had been placed on the waiting list was implemented at the Vienna transplantation unit

in July 2009.

§ In this calculation, protein was measured in milligrams and creatinine in grams.
9§ Antibody-mediated rejection was graded according to the 2019 Banff Classification of Allograft Pathology. No patients

had additional T-cell-mediated rejection.

N ENGL J MED 391;2

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.

NEJM.ORG JULY 11, 2024

Downloaded from nejm.org at INSERM DISC IST on May 14, 2025. For persona use only.
No other uses without permission. Copyright © 2024 Massachusetts Medical Society. All rights reserved.

125



126

The NEW ENGLAND JOURNAL of MEDICINE

Table 2. Adverse Events.*
Felzartamab Placebo
Event (N=11) (N=11)
no. of patients (%) no. of events  no. of patients (%)  no. of events
Any adverse event — no. (%) 11 (100) 119 11 (100) 81
Mild 11 (100) 61 9 (82) 37
Moderate 11 (100) 55 11 (100) 42
Severe 2 (18) 3 1(9) 2
Treatment-related — no. (%) 10 (91) 27 7 (64) 11
Infusion-related reaction — no. (%) 8 (73) 8 0 0
Serious event 1(9) 2 4 (36) 7
Covid-19 pneumonia 0 0 2 (18) 2
Urinary tract infection 0 0 2 (18) 2
Hyponatremia 0 0 1(9) 1
RSV infection 0 0 1(9) 1
Clostridium difficile diarrhea 0 0 1(9) 1
Acute kidney injury 1(9) 1 0 0
Viral keratoconjunctivitis 1(9) 1 0 0

* Covid-19 denotes coronavirus disease 2019, and RSV respiratory syncytial virus.

T The determination that an adverse event was related to felzartamab or placebo was made by the investigators.

I Infusion-related reaction was a predefined adverse event of special interest. In the felzartamab group, such events were
classified as mild (in 2 patients) or moderate (in 6 patients).

nine was 993 (interquartile range, 178 to 1510),
with urinary protein measured in milligrams and
creatinine measured in grams. Molecular analysis
revealed fully developed antibody-mediated rejec-
tion in most patients (Table S2). Triple immuno-
suppression was being administered to 18 of 22
patients (82%) (Fig. S4 and Table S3).

SAFETY
Adverse events were reported in all the patients
and were predominantly mild or moderate in se-
verity (Table 2 and Table S4). A greater incidence
of adverse events was reported in the felzartamab
group than in the placebo group (119 vs. 81
events), as were adverse events that were deemed
by the trial investigators to be related to felzarta-
mab or placebo (27 vs. 11 events). No patients
discontinued treatment because of adverse
events, and there were no fatal adverse events.
The frequency of serious adverse events, which
were primarily infection-related, was lower in the
felzartamab group than in the placebo group (in
1 patient [9%] vs. 4 patients [36%)]).

During the first infusion, mild or moderate

infusion-related reactions were reported in 8 pa-
tients (73%) in the felzartamab group and in no
patients in the placebo group (P=0.001) (Tables
S4 and S5). The most frequent adverse events were
infections, which occurred in 17 of 22 patients
(77%) and were more frequent in the felzartamab
group than in the placebo group (in 10 patients
[91%] vs. 7 patients [64%]; P=0.31). The frequen-
cy of nasopharyngitis was greater in the felzarta-
mab group than in the placebo group (in 9 pa-
tients [82%] vs. 3 patients [27%]; P=0.03), as
was the frequency of coronavirus disease 2019
(in 7 patients [64%] vs. 3 patients [27%]; P=0.20)
(Table S6). Cytomegalovirus viremia was reported
in 1 patient in the felzartamab group. Laboratory
analyses did not reveal meaningful changes in
safety laboratory measures (Table S7 and Fig. S5).

BIOPSY RESULTS

Biopsy procedures were performed at 24 weeks
and 52 weeks in 11 patients in the felzartamab
group and in 10 patients in the placebo group.
A patient in the placebo group who had graft
loss at week 14 was not included in the analysis.
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In this patient, biopsy that had been performed
shortly before graft loss showed persistent chron-
ic active antibody-mediated rejection.

At week 24, resolution of antibody-mediated
rejection — which included either chronic (inac-
tive) rejection or no rejection — had occurred in
9 of 11 patients (82%) in the felzartamab group
and in 2 of 10 patients (20%) in the placebo
group, for a between-group difference of 62 per-
centage points (95% confidence interval [CI], 19
to 100) and a risk ratio of 0.23 (95% CI, 0.06 to
0.83) (Fig. 1 and Fig. S6). The effect of felzar-
tamab on rejection activity was characterized by
a reduction in the microvascular inflammation
score, with a median score of 0 (interquartile
range, 0 to 1) in the felzartamab group and 2.5
(interquartile range, 2 to 3) in the placebo group
at week 24, for a mean between-group difference
of -1.95 (95% CI, -2.97 to —0.92) (Fig. 1B). A
score of 0 was reported in 7 of 11 patients (64%)
with felzartamab and in 1 of 10 patients (10%)
with placebo, for a between-group difference of
54 percentage points (95% CI, 11 to 98) and a
risk ratio of 0.40 (95% CI, 0.18 to 0.91).

The dynamics of Banff lesion scores through
week 52 are shown in Figure S7. Changes in the
morphologic characteristics of allografts were
accompanied by a substantially lower molecular
score reflecting the probability of antibody-medi-
ated rejection in the felzartamab group than in
the placebo group. At 24 weeks, the median score
was 0.17 (interquartile range, 0.09 to 0.51) in the
felzartamab group and 0.77 (interquartile range,
0.37 to 0.86) in the placebo group, for a mean
difference of —0.39 (95% CI, —0.64 to —0.14)
Fig. 1C. Patients in the felzartamab group also
had lower scores for any type of rejection and
pathogenesis-based transcript sets reflecting the
NK-cell burden, gamma interferon effects, cyto-
toxic T cells, and transcripts selective for donor-
specific antibody (Figs. S8 and S9). At 24 weeks,
subclinical T-cell-mediated rejection that was
graded as Banff type IA developed in a patient in
the felzartamab group (Table S8). Three months
later, biopsy revealed spontaneous resolution of
tubulointerstitial infiltrates. Consistent values for
a molecular score of less than 0.2 for T-cell-medi-
ated rejection were observed in biopsy samples
in the felzartamab group. Morphologic and mo-
lecular scores that indicate chronic transplant in-
jury were unaffected by treatment.

Biopsies at week 52 (6 months after comple-
tion of treatment) indicated recurrence of rejec-
tion in 3 of the 9 patients in the felzartamab
group who had a response to treatment. Median
scores for microvascular inflammation remained
lower in the felzartamab group than in the pla-
cebo group (1 [interquartile range, 0 to 2] vs. 2
[interquartile range, 2 to 3.5]), for a mean differ-
ence between groups of —1.58 (95% CI, —2.70 to
—0.45). Among the patients who received felzar-
tamab, 6 still had either chronic (inactive) or no
rejection (Fig. 1). However, molecular scores re-
lated to rejection and NK-cell burden increased
toward baseline levels.

BLOOD BIOMARKERS

At 24 weeks, the median CD16"8" NK-cell count
in peripheral blood was lower in the felzartamab
group than in the placebo group (16 cells per mi-
croliter [interquartile range, 8 to 41] vs. 54 cells per
microliter [interquartile range, 38 to 170]), for
a mean difference of —87 cells per microliter
(95% CI, —177 to 4) (Fig. 2). At 12 weeks, the
median fraction of donor-derived cell-free DNA
was 0.33% (interquartile range, 0.25 to 0.40) in
the felzartamab group and 0.95% (interquartile
range, 0.37 to 1.63) in the placebo group, for a
mean difference of —0.75 percentage points;
95% CI, —1.41 to —0.09); at week 24, the median
fraction of donor-derived cell-free DNA was 0.31%
(interquartile range, 0.21 to 0.49) in the felzar-
tamab group and 0.82% (interquartile range,
0.34 to 2.90) in the placebo group, for a mean
between-group difference of —0.58 percentage
points (95% CI, -1.90 to 0.73), with increases
toward baseline levels by week 52 (Fig. 2 and Fig.
$10). There was evidence of modestly lower val-
ues for the mean fluorescence intensity of the
peak donor-specific antibody, total IgG, and IgM
with felzartamab treatment (Fig. S11). As reflected
by the TTV viral load, the level of overall immu-
nosuppression did not increase in either trial
group (Fig. 2); the numbers of T cells, B cells,
and CD138+ antibody-secreting cells in periph-
eral blood remained unaffected (Fig. S12).

CLINICAL OUTCOMES

At 1 year, survival was 100% in the two trial
groups. One graft loss in the placebo group had
occurred because of persistent chronic active anti-
body-mediated rejection. The 1-year eGFR slope
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A Sankey Plots of the Dynamics of Morphologic Antibody-Mediated Rejection
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Figure 1. Antibody-Mediated Rejection.

Panel A shows Sankey plots of the dynamics of morphologic antibody-mediated rejection (active or chronic active) as compared with

no activity (chronic inactive or no rejection) in the felzartamab and placebo groups across biopsy samples obtained at baseline, week
24, and week 52. Vertical stacks represent biopsy time points and include the numbers of biopsies that were performed. The arrows
(gray or colored bands) indicate the movement of biopsy results between groups from baseline to week 52; the width of the arrows is
proportional to the number of cases. Panel B shows the microvascular inflammation score (a sum score of glomerulitis and peritubular
capillaritis) in biopsy samples according to the Banff classification at baseline, week 24, and week 52. The horizontal lines indicate medi-
ans. At 24 weeks, 7 of 11 patients who had received felzartamab had a microvascular inflammation score of 0 as compared with 1 of 10
patients in the placebo group. At 52 weeks, 4 of 11 patients in the felzartamab group maintained a microvascular inflammation score of
0 as compared with 0 of 10 in the placebo group. Panel C shows a molecular score reflecting the probability of antibody-mediated rejec-
tion in biopsy samples obtained at baseline, week 24, and week 52. The horizontal line in each box represent the median, the tops and
bottoms of the boxes represent the upper and lower limits of the interquartile range, and the I bars represent 1.5 times the interquartile
range. One patient in the placebo group had allograft loss after 14 weeks, so biopsy samples at week 24 and week 52 were not available.
In addition, microvascular inflammation was not calculated for one patient at baseline and for another at week 52 in the placebo group
(no grading of peritubular capillaritis because of interstitial infiltrates). Week 24 molecular data were missing for one patient in the fel-
zartamab group. Mean differences and 95% confidence intervals between the felzartamab and placebo groups are provided for biopsy
results obtained at weeks 24 and 52.
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was —0.39 ml per minute per 1.73 m? (95% CI,
—5.47 to 4.69) in the felzartamab group and
—4.53 ml per minute per 1.73 m? (95% CI, —9.83
to 0.77) in the placebo group (difference, 4.14 ml
per minute per 1.73 m?; 95% CI, —3.20 to 11.48)
(Fig. S13). In the two groups, the ratio of spot
urinary protein to creatinine did not change
over time (Fig. S14). Table S9 shows the represen-
tativeness of the findings in the predominantly
White European trial patients with respect to
the occurrence of antibody-mediated rejection
worldwide.

DISCUSSION

In this prospective, randomized, placebo-con-
trolled trial that enrolled adult kidney-transplant
recipients with late active or chronic active anti-
body-mediated rejection, felzartamab had an ac-
ceptable safety profile and showed potential thera-
peutic benefit. The incidence of mild or moderate
adverse events, including first-dose infusion-relat-
ed reactions, was greater with felzartamab than
with placebo. However, there was no evidence
indicating that treatment with felzartamab in-
creased the incidence of serious adverse events,
and no patients discontinued treatment because
of an adverse event.

Previous trials that have evaluated various
treatments to combat antibody-mediated rejec-
tion have not shown meaningful morphologic or
molecular changes.®®!* Our trial shows greater
resolution of antibody-mediated rejection with
felzartamab than with placebo (82% vs. 20%) at
week 24, along with decreases in microvascular
inflammation and rejection-related transcript
scores. Moreover, plasma levels of donor-derived
cell-free DNA, which are used to diagnose graft
injury,®® were lower at weeks 12 and 24 in the
felzartamab group, which indicates the clinical
relevance of these results. Although this trial was
not powered for clinical outcomes, the results
suggest a potential stabilization of the eGFR slope,
which is a surrogate for long-term allograft sur-
vival.3! Of note, the effect of felzartamab was not
durable after treatment discontinuation, as shown
by the rejection features that had recurred by
week 52, suggesting that continuing treatment
would be required for long-term prevention of
rejection-related graft loss.

In designing this trial, our primary hypothe-

sis was that felzartamab could interfere with
alloantibody-producing plasma cells, consistent
with the effects of anti-CD38 treatment in mul-
tiple myeloma’®?® and aberrant plasma cells in
autoantibody-mediated diseases.?*3* Preliminary
studies have shown that treatment with daratu-
mumab may decrease levels of donor-specific
antibody.”*** In a single-group trial involving
sensitized transplantation candidates, treatment
with the CD38 antibody isatuximab led to a sig-
nificant — albeit moderate — reduction in anti-
HLA antibody levels, plasmablasts, and plasma
cells.*® In our trial, treatment with felzartamab
resulted in only modest decreases in the total
IgG and the mean fluorescence intensity of do-
nor-specific antibody. Hence, modulation in the
production of donor-specific antibodies may not
solely explain the observed clinical benefit.

The observed depletion of circulating CD16"%"
NK cells, which are known to be more cytotoxic
than other NK-cell subpopulations and to medi-
ate antibody-dependent cellular cytotoxicity, and
the reduction in NK-cell-associated gene tran-
scripts in the week 24 biopsy samples are note-
worthy and are consistent with observations
from studies investigating CD38 antibodies for
the treatment of myeloma and for use in trans-
plantation.?®*3¢ It has been suggested that de-
pletion of these cells is the result of NK-cell
fratricide triggered by antibody-dependent cel-
lular cytotoxicity.” Because NK cells are impor-
tant effector cells in antibody-mediated rejec-
tion,'??! the depletion of NK cells expressing Fc
gamma receptor IIIA in our trial may be a critical,
albeit not necessarily exclusive, mechanism of
action. By targeting NK cells, felzartamab could
potentially be effective in cases of rejection that
are negative for donor-specific antibody, in which
NK cells may become activated by missing self-
recognition.* The recovery of NK-cell counts and
levels of donor-derived cell-free DNA after the
end of felzartamab treatment paralleled the re-
jection observed in the week 52 biopsy samples.
It is possible that combined monitoring of pe-
ripheral-blood NK cells and donor-derived cell-
free DNA could be useful in guiding the treatment
of antibody-mediated rejection without repeated
biopsies.

Although there is concern about the risk of
infection with NK-cell depletion, it is important
to note that treatment with felzartamab did not
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Figure 2. Biomarkers in Peripheral Blood.
Shown is the percent change in the mean fluorescence intensity of donor-specific antibody in the two trial groups (Panel A); line plots
show medians, and I bars indicate interquartile ranges. Also shown are box plots of peripheral-blood CD16"e" NK-cell counts (Panel B),
the fraction of donor-derived cell-free DNA (Panel C), and the number of copies of torque teno virus (TTV) (Panel D). In Panels B
through D, the horizontal line in each box represents the median, the tops and bottoms of boxes represent the upper and lower limits
of the interquartile range, and the I bars represent 1.5 times the interquartile range; outliers are indicated by circles. One patient in the
placebo group had allograft loss after 14 weeks, so week 24 and 52 biomarker results were unavailable. Levels of donor-specific anti-
body were undetectable at day 0 in three patients (two in the felzartamab group and one in the placebo group) despite detectable levels
of donor-specific antibody at screening, and no TTV DNA was detected in four patients (one in the felzartamab group and three in the
placebo group); no data were imputed in these analyses. For NK-cell counts and donor-derived cell-free DNA, mean differences and
95% confidence intervals between the felzartamab and placebo groups are provided for selected time points.
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result in the complete ablation of NK cells.
Casneuf and colleagues®® found no association
between the level of NK-cell depletion and the
incidence of infection-related adverse events after
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anti-CD38 treatment in patients with multiple
myeloma, a finding that could be attributed to
residual NK-cell activity. Similarly, we did not
observe substantial increases in the frequency or
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severity of infection-related complications. In ad-
dition, there were no increases in TTV viral load,
a marker that is presumed to reflect overall im-
munosuppression.’®%

Experimental data have suggested that the
CD38 antibody daratumumab could promote
T-cell-mediated rejection through depletion of
regulatory cells,”? a hypothesis that was support-
ed by clinical case reports suggesting the occa-
sional occurrence of features of this form of re-
jection.”** One patient in the felzartamab group
had complete resolution of microvascular inflam-
mation accompanied by subclinical tubulointer-
stitial infiltrates that spontaneously resolved a
few weeks later — a result that could reflect a
dysregulated alloresponse with potential impli-
cations for long-term outcome. However, none
of the felzartamab-treated patients had molecu-
lar T-cell-mediated rejection. These observations
potentially differentiate felzartamab from other
CD38 antibodies and could be explained by in-
trinsic differences in the mode of action, includ-
ing the capacity to lyse cells through complement-
dependent cytotoxicity, or by differences in the
target epitope that have an effect on activity in
the CD38 enzyme ectodomain.”

Inherent limitations of our trial include the
small sample size and short duration, which
may have precluded the detection of subtle out-
come differences and changes in clinical factors,

such as kidney function. Although other demo-
graphic characteristics suggest that this cohort
was representative of patients with late antibody-
mediated rejection, the results from a predomi-
nantly White European population may not be
generalizable to transplant populations in other
regions, including North America. Nevertheless,
our trial identified a remarkable — and thus far
unusual — effect size of felzartamab treatment
on morphologic features, gene expression, and
release of donor-derived cell-free DNA. The re-
sults of this trial suggest that felzartamab may
have the potential to effectively and safely reverse
ongoing antibody-mediated rejection, which un-
derscores the potential of felzartamab as a thera-
peutic option warranting further investigation in
the context of late or even early rejection after
organ transplantation.

The present pilot trial showed that felzarta-
mab met its primary outcome of apparent safety
and an acceptable side-effect profile.
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