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Objective. To assess the safety and biological activity of rozibafusp alfa, a first-in-class bispecific antibody–
peptide conjugate targeting inducible costimulator ligand (ICOSL) and B cell activating factor (BAFF), in patients with
rheumatoid arthritis (RA).

Methods. This phase 1b, double-blind, placebo-controlled, multiple ascending dose study included 34 patients
(18–75 years; 82.4% female) with active RA (Disease Activity Score of 28 joints–C-reactive protein [DAS28-CRP]
>2.6, on stable methotrexate) randomized 3:1 to receive rozibafusp alfa (n = 26, in four ascending dose cohorts of
70, 140, 210, and 420 mg) or a placebo (n = 8) subcutaneously once every 2 weeks for 10 weeks (six total doses), with
24 weeks of follow-up. The primary end point was the incidence of treatment-emergent adverse events (TEAEs). Addi-
tional assessments included serum pharmacokinetics (PK), pharmacodynamics (PD), immunogenicity, and RA disease
activity measures (DAS28-CRP, Patient Global Assessment of Disease, and Physician Global Assessment of Disease).

Results. TEAEs occurred in 96.2% and 87.5% of patients receiving rozibafusp alfa and the placebo, respectively;
most were mild or moderate in severity. Two (7.7%) patients treated with rozibafusp alfa reported serious TEAEs; none
were considered treatment related. Multiple doses of rozibafusp alfa showed nonlinear PK (mean t1/2 = 4.6–9.5 days)
and dose-related, reversible PD (>90% ICOSL receptor occupancy in 210- and 420-mg cohorts; reduction in naïve B
cells and increase in memory B cells in all cohorts). Five (20%) patients developed anti–rozibafusp alfa antibodies, with
no apparent impact on safety. RA disease activity showed greater numerical improvement from baseline with roziba-
fusp alfa versus the placebo in the 210- and 420-mg cohorts.

Conclusion. Multiple ascending doses of rozibafusp alfa were well tolerated, with PK and PD reflecting dual ICOSL
and BAFF blockade. Findings support further clinical evaluation of rozibafusp alfa in autoimmune disease.

INTRODUCTION

Sustained dysregulated interactions between T and B cells

disrupt the balance between immune activation and inhibition,

resulting in the production of autoantibodies, proinflammatory

cytokines, and tissue damage associated with autoimmune dis-

eases, including rheumatoid arthritis (RA) and systemic lupus ery-

thematosus (SLE) (1,2). Two key mediators implicated in altered

T and B cell activity are inducible costimulator ligand (ICOSL)

and B cell activating factor (BAFF) (3–6).
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BAFF is critical for B cell maturation and survival (7), and
BAFF expression levels are associated with autoimmune manifes-
tations in transgenic mice (8) and disease activity in patients with
SLE (9). Several BAFF-targeted drugs have been developed and
investigated in clinical studies, such as belimumab (10), blisibimod
(11), tabalumab (12), and atacicept (13). Of these, belimumab is
the only approved therapy and is indicated for the treatment of
SLE and lupus nephritis (14), with clinical efficacy observed in RA
in a phase 2 study (15,16).

The inducible costimulator (ICOS)/ICOSL costimulatory
pathway is important for T cell activation, migration, differentia-
tion, and antibody production via interactions between follicular
helper T cells and B cells (17). T cells in patients with SLE and
RA show elevated ICOS expression (18,19), and in SLE, the mag-
nitude of ICOS expression correlates with anti–double-stranded
DNA titers (20). Phase 1 studies of AMG 557, a human immuno-
globulin G2 monoclonal antibody that binds to ICOSL and pre-
vents functional interaction with ICOS on activated T cells,
showed that multiple doses were safe and well tolerated in
patients with SLE (5) and lupus arthritis (21). Furthermore, treat-
ment with AMG 557 led to selective inhibition of the antigen-
specific immunoglobulin G (IgG) response in patients with SLE
and improvements in measures of disease activity, including
tender and swollen joint counts (5,21).

Rozibafusp alfa (formerly AMG 570) is a first-in-class bispeci-
fic antibody–peptide conjugate that binds both BAFF and ICOSL
and is designed to simultaneously block B cell maturation, T cell
activation, and aberrant T cell and B cell communication associ-
ated with autoimmune sequelae. The molecule contains two tan-
dem copies of BAFF-binding peptides fused to the C-terminus

of the anti-ICOSL antibody AMG 557 (6). Dual-target engagement
of BAFF and ICOSL with rozibafusp alfa demonstrated superior
efficacy compared with that of single BAFF or ICOSL inhibition in
murine models of arthritis and lupus, and also demonstrated
acceptable safety and tolerability in healthy human participants in
phase 1 studies (6,22,23). Rozibafusp alfa is currently in phase 2
clinical development for the treatment of SLE (NCT04058028).

This report presents the results of a phase 1b, multiple
ascending dose clinical study investigating the effect of rozibafusp
alfa on safety, pharmacokinetics (PK), pharmacodynamics (PD),
immunogenicity, and disease control in patients with RA.

PATIENTS AND METHODS

Study design and participants. This was a phase 1b,
placebo-controlled, double-blind, multiple ascending dose study
(NCT03156023) conducted at four treatment centers (three in
the United States and one in Germany) between August 2017
and October 2019. The study comprised four ascending dose
cohorts, each including approximately eight patients with RA, to
evaluate rozibafusp alfa doses of 70 mg, 140 mg, 210 mg, and
420 mg. For each dose cohort, patients were randomized (3:1)
to receive either rozibafusp alfa or a placebo subcutaneously
(SC) once every 2 weeks (Q2W) for 10 weeks for a total of six
doses (Figure 1). Escalation to a higher dose level was considered
only if the previous dose regimen demonstrated acceptable toler-
ability in at least six participants who completed the day 29 visit.

Eligible patients were 18 to 75 years old (inclusive) with a
diagnosis of active RA based on the 2010 American College of
Rheumatology (ACR) or European League Against Rheumatism

Figure 1. Design of the phase 1bmultiple ascending dose study. aCohorts 2, 3, and 4 were initiated only after six participants in cohorts 1, 2, and 3,
respectively, had completed their day 29 visit, demonstrating that the preceding dose level was safe and well tolerated. bPatients were main-
tained on 5 to 25 mg of methotrexate weekly through the duration of screening and treatment. cIf patients had abnormal B cell counts at the
EOS assessment on day 239, they were followed up every 3 months for up to 12 months after EOS. EOS, end of study; Q2W, once every
2 weeks; SC, subcutaneous.
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(EULAR) classification criteria (disease duration ≥6 months); were
on a stable methotrexate (MTX) dose of 5 to 25 mg weekly with
folic acid supplementation (≥4 weeks before treatment and
throughout the study duration); had a Disease Activity Score of
28 joints–C-reactive protein (DAS28-CRP) greater than 2.6; and
had a body mass index (BMI) of 18 to 35 (inclusive). Limited use
of oral corticosteroids (≤10 mg/day of prednisone or equivalent),
nonsteroidal anti-inflammatory drugs, hydroxychloroquine
(≤400 mg/day), or sulfasalazine (≤3000 mg/day) in combination
with MTX was permitted if doses remained stable for 4 or more
weeks before treatment and throughout the study duration. Partic-
ipants were required to have their immunizations up to date based
on recommendations for immunizations by the Centers for Disease
Control and Prevention or by equivalent governmental agencies for
sites outside the United States. Patients were excluded if they had
been diagnosed with clinically significant disorders that could pose
a risk to patient safety or interfere with the study or interpretation of
study findings. Prohibited medications included prior use of rituxi-
mab; any commercial parenteral biologic or oral synthetic
disease-modifying antirheumatic drugs (DMARDs) in the 3 months
before enrollment; cyclophosphamide, cyclosporine, mycopheno-
lic acid, or gold within 6 months before day −1; and treatment with
greater than or equal to 80 mg of a prednisolone equivalent for
acute RA flare within 4 weeks before randomization. Patients who
were on any other experimental or investigational biologic DMARD
that impacts the immune system for less than or equal to 6 months
prior to enrollment were excluded from the trial.

Written informed consent was obtained for each patient. The
study was conducted in accordance with the ethical principles of
the Declaration of Helsinki and the International Council for Har-
monisation Good Clinical Practice guidelines and was formally
approved by the appropriate institutional review board, ethical
review committee, or equivalent at each study site.

Study end points. The primary study end point was the
patient incidence of treatment-emergent adverse events (TEAEs)
and changes from baseline in vital signs, laboratory safety test
results, and electrocardiograms (ECG). All TEAEs and serious
TEAEs were coded using the Medical Dictionary for Regulatory
Activities (MedDRA) version 22.0, and recorded events were
graded for severity using the Common Terminology Criteria for
Adverse Events (CTCAE) version 4.0. The secondary end point
was characterization of the serum PK of rozibafusp alfa after SC
administration of multiple doses. Serum drug concentrations
were measured by an immunoassay on the Gyrolab xP Worksta-
tion equipped with Gyrolab Control version 7.2 software (Gyros
Protein Technologies AB), and PK parameters were calculated
using noncompartmental analysis on the Phoenix WinNonlin
version 6.4 software (Certara). Assessed PK parameters included
the maximum observed concentration (Cmax), the time taken to
reach Cmax, half-life, and the accumulation ratio.

Exploratory end points included PD, immunogenicity, and
effects on RA disease activity. An immunophenotyping assay

was used to measure ICOSL mean florescence intensity (MFI).
Baseline levels and postdose levels of ICOSL MFI on peripheral
blood B cells were used to calculate ICOSL receptor occupancy
(RO). Baseline levels, postdose levels, and changes from baseline
in absolute count and percentage were calculated for peripheral
blood lymphocytes and monocytes, such as total B cells and B
cell subsets, including naïve B cells (CD19+IgD+CD27−) and
switched memory B cells (CD19+IgD−CD27+). Formation of anti-
drug antibodies (ADAs) against rozibafusp alfa was assessed
using a validated electrochemiluminescence-based bridging
immunoassay. The incidence of ADAs was summarized, and the
potential impact of ADAs on safety, PK, and PD was investigated.
Scores and the changes in scores from baseline in DAS28-CRP,
Patient Global Assessment of Disease (PtGA), and Physician
Global Assessment of Disease (PhGA) were assessed using sum-
mary statistics at all evaluable time points.

Statistical analysis. No formal sample size calculation was
performed because the primary objective of the study was to assess
the preliminary safety and biological activity of rozibafusp alfa.
Instead, the planned total sample size of �32 patients with active
RA, with eight patients enrolled per cohort (six active, two placebo),
was based on practical considerations typical for this type of study.

Descriptive statistics (means, medians, standard deviations
[SDs], first quartile [Q1], third quartile [Q3], and ranges) were used
to define continuous measurements (patient disposition, demo-
graphics, safety, PK, PD, and biomarker data). Categorical data
were summarized using frequency counts and percentages. Data
were summarized by treatment and by scheduled time point and
were graphically presented, when appropriate. For comparison
of the changes from baseline in continuous variables, only
patients with both baseline and one or more postbaseline assess-
ments were included. All assessments (including the unscheduled
ones) were used to evaluate the minimum and maximum
changes. All statistical analyses were conducted using sponsor-
supported versions of the Statistical Analysis Software (SAS) sys-
tem version 9.4 or later (SAS Institute Inc.).

Missing TEAE dates and concomitant medication dates
were imputed on the basis of a previously established statistical analy-
sis plan (available on request). Laboratory measurements and bio-
marker data below quantification limits were counted at the lower limit
and at half of the lower limit, respectively. Concentrations that were
below the quantification limits were set to zero before data analysis.

RESULTS

Patient disposition and baseline demographics. A
total of 34 patients were enrolled (82.4% female; mean [SD] age,
59.0 [9.2] years; mean [SD] BMI, 28.37 [3.94]), of whom
26 received rozibafusp alfa and eight received a placebo. Baseline
characteristics, including use of concomitant medications, are
summarized in Table 1. Six (17.6%) patients discontinued the
study: five (14.7%) patients withdrew consent, and one (2.9%)
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patient was lost to follow-up. Of the five patients who withdrew
consent, four were administered rozibafusp alfa (two in the
140-mg dose cohort and one each in the 210- and 420-mg dose
cohorts), and one was administered a placebo.

Safety. All 34 patients in the study were included in the
safety analysis. Twenty-five (96.2%) patients in the rozibafusp alfa
group and seven (87.5%) patients in the placebo group reported at
least one TEAE (Table 2). Most TEAEs were mild or moderate

Table 1. Patient demographics at baseline and concomitant medication use

Characteristics Placebo (N = 8) Rozibafusp alfa (N = 26)

Age, mean (SD), years 55.1 (8.6) 60.2 (9.2)
Sex, female, n (%) 6 (75.0) 22 (84.6)
BMI, mean (SD) 27.2 (3.6) 28.8 (4.0)
DAS28-CRP, mean (SD) 4.6 (1.5) 4.9 (1.4)
PtGA, mean (SD) 43.9 (23.3) 40.7 (26.7)
PhGA, mean (SD) 36.4 (18.6) 37.6 (20.3)
Rheumatoid factor, mean (SD), IU/ml 168.9 (267.2) 48.3 (60.6)
Anticitrullinated protein, mean (SD), AU/ml 135.3 (137.0) 123.9 (113.9)
Race, n (%)
Black 1 (12.5) 1 (3.8)
White 7 (87.5) 25 (96.2)

Ethnicity, n (%)
Hispanic/Latino 0 (0.0) 2 (7.7)
Not Hispanic/Latino 8 (100.0) 24 (92.3)

Concomitant medication use,a n (%) 8 (100.0) 26 (100.0)
DMARDs
Methotrexate 8 (100.0) 26 (100.0)
Sulfasalazine 2 (25.0) 2 (7.7)
Hydroxychloroquine 1 (12.5) 1 (3.8)

OCS
Prednisone 5 (62.5) 6 (23.1)

Note: N = the number of participants allocated to either treatment group with on-study results; n = the number of participants with
the characteristic of interest. All enrolled patients had a diagnosis of active rheumatoid arthritis with a disease duration of ≥6months.
Abbreviations: AU, arbitrary unit; BMI, body mass index; DAS28-CRP, Disease Activity Score of 28 joints–C-reactive protein;
DMARD, disease-modifying antirheumatic drug; OCS, oral corticosteroids; PhGA, Physician Global Assessment of Disease;
PtGA, Patient Global Assessment of Disease; SD, standard deviation.
aMedications included in the study inclusion criteria and used by ≥10% of patients at baseline and on-study in either treatment
group.

Table 2. Summary of TEAEs

TEAE classification

Placebo
all

Rozibafusp alfa

70 mg 140 mg 210 mg 420 mg Total
(N = 8) (N = 7) (N = 6) (N = 6) (N = 7) (N = 26)

Any TEAEs, n (%) 7 (87.5) 6 (85.7) 6 (100.0) 6 (100.0) 7 (100.0) 25 (96.2)
Grade ≥2, n (%) 4 (50.0) 5 (71.4) 3 (50.0) 4 (66.7) 6 (85.7) 18 (69.2)
Grade ≥3, n (%) 0 (0.0) 1 (14.3) 1 (16.7) 0 (0.0) 0 (0.0) 2 (7.7)
TEAEs occurring in ≥3 patients, n (%)

Upper respiratory tract infection 0 (0.0) 1 (14.3) 2 (33.3) 2 (33.3) 1 (14.3) 6 (23.1)
Headache 1 (12.5) 1 (14.3) 0 (0.0) 2 (33.3) 2 (28.6) 5 (19.2)
Cough 0 (0.0) 0 (0.0) 1 (16.7) 1 (16.7) 2 (28.6) 4 (15.4)
Arthralgia 0 (0.0) 1 (14.3) 1 (16.7) 1 (16.7) 0 (0.0) 3 (11.5)
Back pain 2 (25.0) 1 (14.3) 0 (0.0) 1 (16.7) 1 (14.3) 3 (11.5)
Bronchitis 0 (0.0) 1 (14.3) 0 (0.0) 2 (33.3) 0 (0.0) 3 (11.5)
Dermatitis contact 0 (0.0) 0 (0.0) 1 (16.7) 1 (16.7) 1 (14.3) 3 (11.5)
Nasopharyngitis 3 (37.5) 0 (0.0) 0 (0.0) 1 (16.7) 2 (28.6) 3 (11.5)
Seasonal allergy 0 (0.0) 2 (28.6) 1 (16.7) 0 (0.0) 0 (0.0) 3 (11.5)

Serious TEAEs, n (%) 0 (0.0) 1 (14.3) 1 (16.7) 0 (0.0) 0 (0.0) 2 (7.7)
Infectionsa 0 (0.0) 0 (0.0) 1 (16.7) 0 (0.0) 0 (0.0) 1 (3.8)
Neoplasmsb 0 (0.0) 1 (14.3) 0 (0.0) 0 (0.0) 0 (0.0) 1 (3.8)

Note: N = the number of participants allocated to either treatment group with on-study results; n = the number of partic-
ipants with the characteristic of interest. Severity of each TEAE was graded using CTCAE version 4.0. All TEAEs and serious
TEAEs were coded using MedDRA version 22.0 and sorted by system organ class and preferred term.
Abbreviations: CTCAE, Common Terminology Criteria for Adverse Events; MedDRA, Medical Dictionary for Regulatory
Activities; TEAE, treatment-emergent adverse event.
aA single patient presented with pneumonia and sepsis.
bInvasive ductal breast carcinoma.
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(CTCAE grade 1 or 2) in severity. Therewere no fatal or life-threatening
TEAEs, and none led to treatment discontinuation in either treatment
group. Themost commonly reported TEAEs for rozibafusp alfa versus
the placebo, respectively, were upper respiratory tract infection
(23.1% vs 0.0%), headache (19.2% vs 12.5%), and cough (15.4%
vs 0.0%). Two (7.7%) patients who received rozibafusp alfa reported
serious TEAEs (pneumonia and sepsis in one patient in the 140-mg

dose cohort and invasive ductal breast carcinoma in one patient in
the 70-mg dose cohort); neither case was considered related to the
study treatment by the investigator(s). No significant changes were
observed in clinical chemistry, hematology, urinalysis, vital signs, or
ECG results (data not shown).

A total of 12 patients who received rozibafusp alfa had total
CD19+ B cell counts of less than 107 cells/μL (the kit

Figure 2. Pharmacodynamic effects of rozibafusp alfa on B cells. Data show the mean and 95% confidence interval. ICOSL, inducible costimu-
lator ligand; Q2W, once every 2 weeks; RO, receptor occupancy. A, change in percentage ICOSL RO on total B cells. B, change from baseline in
naïve B cell percentage. C, change from baseline in memory B cell percentage.
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manufacturer’s lower limit of normal) on day 239 (end of study)
and were followed up on a quarterly basis as part of safety moni-
toring after the end of the study. B cell counts normalized for
seven patients and remained low for one patient, and four
patients were lost to follow-up within the 1 year of designated
follow-up.

Pharmacokinetics. Rozibafusp alfa demonstrated a
greater than dose-proportional increase in exposure over the
dose range of 70 to 420 mg. However, an approximately dose-
proportional increase in area under the concentration–time curve
extrapolated to infinity (AUCinf) over the dose range of 140 to
420 mg was observed. Median time to maximum serum concen-
tration was 2.5 to 6.0 days after SC dosing. Mean terminal elimi-
nation half-life ranged from 4.6 to 9.5 days, with longer half-lives
observed with higher doses. Functional half-life at steady state
ranged from 20 to 43 days for the 210- to 420-mg Q2W doses.
Upon Q2W dosing, the mean accumulation ratios ranged from
3.00 to 4.06 for Cmax and from 2.94 to 4.41 for AUCinf.

Pharmacodynamics. ICOSL RO on circulating B cells was
dose related and reversible. Mean ICOSL RO values were greater
than 70% for all rozibafusp alfa dosing groups on day 8. On mul-
tiple dosing, greater than or equal to 90% RO was observed in
the 210- and 420-mg dose cohorts, which was maintained up
to day 99 for the 420-mg cohort (Figure 2A). Similar trends were
observed for ICOSL RO on memory B cells and monocytes (data
not shown). Treatment with rozibafusp alfa reduced the percent-
age of naïve B cells (Figure 2B) and increased the percentage of
memory B cells in all cohorts (Figure 2C); the effects were
reversed after treatment cessation and returned to near-baseline
levels by the end of the study in the majority of patients. Naïve
and memory B cells remained steady at or near baseline levels in
placebo-treated patients for the entire study duration.

Immunogenicity. Five (20%) patients developed anti–
rozibafusp alfa binding antibodies after treatment with rozibafusp
alfa (Table 3). In addition, one (3.8%) patient treated with roziba-
fusp alfa had pre-existing antibodies at baseline and maintained

low-level positive binding at the end of the study. No clear effects
on PK or PD were observed in five of these six ADA-positive
patients. One patient in the 70-mg dose cohort who developed
binding ADAs during treatment had lower PK parameters (Cmax

and area under the concentration–time curve for the dosing inter-
val) and reduced ICOSL RO on day 57 compared with other
patients in the same dose cohort. The presence of ADAs was
not associated with TEAEs (data not shown).

Effect on RA disease activity. Exploratory assessment of
DAS28-CRP, PtGA, and PhGA scores showed greater numeric
improvement from baseline with rozibafusp alfa versus a placebo
in the 210- and 420-mg dose cohorts, and this effect on disease
activity persisted through day 183 (Figure 3). Maximum change
in DAS28-CRP was observed on day 57, with a mean change
from baseline of −1.6 in the 420-mg cohort (Figure 3A). The PtGA
scores also showed the greatest reduction from baseline in the
420-mg cohort, with a mean change of −33.0 on day
113 (Figure 3B). With a mean change of −28.0, PhGA scores
showed the largest improvement on day 57 in the 210-mg cohort
(Figure 3C).

DISCUSSION

Rozibafusp alfa is a first-in-class antibody–peptide conjugate
that combines a BAFF inhibitor with an anti-ICOSL antibody. This
phase 1b, placebo-controlled, multiple ascending dose trial was
designed to assess the safety, PK, and PD of rozibafusp alfa in
patients with RA. The results indicate that multiple doses of rozi-
bafusp alfa were well tolerated, with a greater magnitude of
improvement in exploratory efficacy results observed in the high-
est dose cohorts. The PK/PD analysis demonstrated nonlinear
target-mediated disposition consistent with cell surface target
interaction and PD activity consistent with dual ICOSL and BAFF
neutralization. These findings support and extend the safety, PK,
and PD results previously reported from preclinical and first-in-
human studies (6,22,23).

All tested doses of rozibafusp alfa were well tolerated by
patients with RA in the current study. The majority of reported

Table 3. Patient incidence of anti–rozibafusp alfa binding antibodies

ADA response

Rozibafusp alfa

70 mg 140 mg 210 mg 420 mg Total
(N = 7) (N = 6) (N = 6) (N = 7) (N = 26)

Pre-existing ADA, n (%) 0 (0.0) 0 (0.0) 0 (0.0) 1 (14.3) 1 (3.8)
Developing ADA, n (%) 2 (28.6) 0 (0.0) 3 (50.0) 0 (0.0)a 5 (20.0)b

Note: N = the number of participants allocated to each cohort with on-study results; n = the number of participants
with the characteristic of interest.
Abbreviation: ADA, antidrug antibody.
aNo postbaseline assessment data were available for one patient in the 420-mg dose cohort, so N = 6 was used as
the denominator for calculating the ADA incidence.
bNo postbaseline assessment data were available for one patient in the 420-mg dose cohort, so N = 25 was used as
the denominator for calculating the ADA incidence.
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TEAEs were mild or moderate (CTCAE grade 1 or 2) in severity,
with upper respiratory tract infection being the most commonly
reported TEAE in patients who received rozibafusp alfa. There
were no treatment-related serious TEAEs, fatalities, or treatment
discontinuations in the study. These findings are consistent with
the safety profile demonstrated by rozibafusp alfa in healthy study
participants (Supplementary Table 1) (22,23), as well as by the

anti-ICOSL monoclonal antibody AMG 557 in patients with SLE
(5) and lupus arthritis (21). Although �35% of patients exhibited
low B cell counts at the end of the study assessment on day
239, the effects were not long lasting and resolved within 1 year
of treatment cessation in the majority of patients.

Aberrant T and B cell activity resulting in increased autoanti-
body and cytokine production is a key underlying mechanism for

Figure 3. Change from baseline in rheumatoid arthritis disease activity. Data show the mean and standard deviation. DAS28-CRP, Disease
Activity Score of 28 joints–C-reactive protein; PhGA, Physician Global Assessment of Disease; PtGA, Patient Global Assessment of Disease;
Q2W, once every 2 weeks. A, change from baseline in DAS28-CRP. B, change from baseline in PtGA. C, change from baseline in PhGA.
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autoimmune disease pathogenesis (3,24). Despite the strong evi-
dence suggesting the efficacy of therapies targeting T cells and
B cells in autoimmune diseases, there are a limited number of
approved options (25–27). Abatacept, a selective T cell costimula-
tor inhibitor, and rituximab, a chimeric mouse/human anti-CD20
monoclonal antibody, are the only T cell and B cell–targeted thera-
pies, respectively, approved for the treatment of RA (28–31). With
their overexpression in the peripheral blood of patients with autoim-
mune diseases, both ICOSL and BAFF represent promising thera-
peutic targets for the treatment of such diseases (4,32). Indeed,
the anti-BAFF antibodybelimumabhas been approved for the treat-
ment of SLEand lupus nephritis since 2011 (10), and until the recent
approval of anifrolumab (33), belimumab was the only available bio-
logic agent for the treatment of SLE. In a phase 1b study of patients
with SLE and active lupus arthritis, the anti-ICOSL antibody AMG
557 showed safety and potential efficacy, with greater improve-
ments in both Systemic Lupus Erythematosus Disease Activity
Index (SLEDAI) and British Isles Lupus Assessment Group (BILAG)
scores and in tender and swollen joint counts compared with a pla-
cebo (21). Thus, clinical findings support the utility of both ICOSL
and BAFF as therapeutic targets for autoimmune diseases. As a
bispecific antibody–peptide conjugate, rozibafusp alfa is designed
to uniquely disrupt aberrant T and B cell activity by simultaneously
inhibiting ICOS/ICOSL binding and BAFF-mediated B cell prolifera-
tion, respectively, and preclinical studies in murine models of lupus
and arthritis showed that dual ICOSL andBAFF inhibitionwasmore
efficacious than targeting either ICOSL or BAFF alone (6).

BAFF neutralization with belimumab has been shown to
decrease naïve B cell counts and increase memory B cell counts
(15,34,35). The reduction in naïveB cell counts and increase inmem-
ory B cell counts observed with rozibafusp alfa in this study are con-
sistent with the anti-BAFF functionality of the molecule. All tested
doses of rozibafusp alfa in the current study achieved greater than
or equal to 40% reduction from baseline in naïve B cell counts; this
reduction is approximately consistent with the reduction observed
with belimumab in a phase 2 study among patients with RA within
12 weeks of treatment duration at doses of 4 and 10 mg/kg (15).

Assessment of ICOSL inhibition with rozibafusp alfa was
evaluated by measuring RO. ICOSL RO was used as a surrogate
PD end point on the basis of findings for AMG 557 (an anti-ICOSL
antibody) that showed selective inhibition of anti-keyhole limpet
hemocyanin IgG responses (5) and a trend for clinical efficacy in
lupus arthritis (21) when ICOSL RO saturation was achieved.
The current results showed that multiple doses of rozibafusp alfa
achieved greater than 90% mean ICOSL RO in the 210- and
420-mg dose cohorts. The higher doses also showed the highest
numerical improvement in measures of RA disease activity
(DAS28-CRP, PtGA, and PhGA). Together, these findings sup-
port further evaluation of the immunologic and clinical impact of
dual ICOSL and BAFF blockade with rozibafusp alfa.

Certain limitations of this study should be noted. Similar to other
phase 1 clinical trials, this study was primarily aimed at assessing

safety and PK in a relatively small cohort of patients with active RA
to help inform the design of dose selection for future clinical investiga-
tions. As such, there was a relatively short study duration and small
sample population overall and in each treatment group. PD assess-
ments of ICOSL inhibition were limited to measurement of ICOSL
RO, and additional biomarker data will be collected in future studies
to provide a more functional readout of ICOSL inhibition. In addition,
inhibition of BAFF in the context of a bispecific molecule will need to
be investigated in the future to evaluate effects on B cell products
(eg, immunoglobulin, rheumatoid factor, C-reactive protein, and
erythrocyte sedimentation rate). Moreover, analyses were confined
to peripheral blood samples instead of relevant central immunologic
tissues, such as the spleen and lymph nodes, primarily because of
the difficulty associated with the highly invasive nature of tissue col-
lection procedures. Efficacy end points in this study were evaluated
on an exploratory basis, and the study was not powered to provide
statistics on changes in measures of RA disease activity.

In conclusion, the current findings demonstrate that multiple
ascending doses of rozibafusp alfa were well tolerated by patients
with active RA, showing nonlinear PK and dose-related and revers-
ible PD indicative of dual-target engagement of ICOSL and BAFF.
Moreover, exploratory disease activity findings suggest potential clin-
ical improvement in RA disease control, especially at higher doses of
rozibafuspalfa. Together, these results informed thedesign anddose
selectionof aphase2 randomized, placebo-controlled study assess-
ing the safety and efficacy of rozibafusp alfa in patients with active
SLE and inadequate responses to standard-of-care therapy.
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