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Abstract

Objective. To evaluate the dose–response, efficacy and safety of dapirolizumab pegol (DZP) in patients with SLE.

Methods. Adults with moderately to severely active SLE (SLEDAI-2K score �6 and �1 BILAG A or �2 BILAG B

domain scores), receiving stable CS (�40 mg/day prednisone-equivalent), antimalarial or immunosuppressant drugs were

included. Patients with stable LN (proteinuria �2 g/day) not receiving high-dose CS or CYC were permitted entry.

Randomized patients received placebo or i.v. DZP (6/24/45 mg/kg) and standard-of-care (SOC) treatment every 4 weeks

to week 24, after which patients received only SOC to week 48. The primary objective was to establish a dose–re-

sponse relationship based on week 24 BILAG-Based Composite Lupus Assessment (BICLA) responder rates.

Results. All DZP groups exhibited improvements in clinical and immunological outcomes vs placebo at week 24;

however, BICLA responder rates did not fit pre-specified dose–response models [best-fitting model (Emax):

P¼0.07]. Incidences of serious treatment-emergent adverse events across DZP groups were low and similar to

placebo. Following DZP withdrawal, SLEDAI-2K, physician’s global assessment (PGA), BILAG, and Cutaneous

Lupus Erythematosus Disease Area and Severity Index (CLASI) scores stabilized; BICLA and SLE Responder Index

(SRI-4) responder rates declined (likely due to interventions with disallowed escape medications), BILAG flares

increased, and immunologic parameters returned towards baseline.

Conclusions. Although the primary objective was not met, DZP appeared to be well tolerated, and patients

exhibited improvements across multiple clinical and immunological measures of disease activity after 24 weeks rela-

tive to placebo. The potential clinical benefit of DZP warrants further investigation.
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Introduction

SLE, a chronic, multi-system autoimmune disease, is char-

acterized by chronic inflammation and the accrual of organ

damage either from the disease itself or the medications

used to treat SLE [1–4]. The prevalence, which varies

according to ethnicity [5], gender [6, 7] and age [8], ranges

from 30 to 100 cases per 100,000 people [8–13].
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. Despite not meeting the primary objective (selecting a dose–response), dapirolizumab pegol was well tolerated.

. Improvements in disease activity (clinical and immunological) were observed after 24 weeks, vs placebo.

. The potential clinical benefit of dapirolizumab pegol warrants further investigation.
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Glucocorticoids, antimalarial drugs, and immunosup-

pressives have been the mainstay of SLE therapy for

several decades now [14]. However, long-term gluco-

corticoid therapy is associated with severe side effects,

including increased risk for infections, cardiovascular

events, metabolic syndrome, cognitive impairment,

osteonecrosis, and osteoporosis [15, 16]. With just one

biologic, the anti-BLyS mAb, belimumab, approved for

the treatment of SLE, there remains a significant unmet

clinical need for additional treatment options [17, 18].

Interactions between CD40 ligand (CD40L, CD154;

mainly expressed on activated T cells and platelets) and

the CD40 receptor (expressed on a variety of cells,

including antigen-presenting cells and B cells) play a

key role in adaptive immune activation and drive patho-

logical processes in SLE, including B cell differentiation

and proliferation [19, 20]. Inhibiting the interaction be-

tween CD40L and the CD40 receptor has been effica-

cious in animal models of several autoimmune diseases,

including SLE [20–24]. As such, CD40L has long been

an attractive therapeutic target in human SLE. However,

early SLE studies with BG9588, an anti-CD40L antibody,

were suspended due to an increased rate of thrombo-

embolic events [25]. This may have been a result of

platelet activation and aggregation arising from BG9588

fragment crystallizable (Fc)-mediated cross-linking [26].

Nevertheless, CD40L remains a target of interest for

SLE drug development given the significant reduction of

DNA antibody-forming cells observed with BG9588 in

patients with LN [23]. DZP, a polyethylene glycol-

conjugated antigen-binding (Fab0) fragment, which tar-

gets CD40L, but lacks a functional Fc domain, was con-

structed to mitigate the potential for platelet activation

and aggregation. DZP was shown to have high affinity

for CD40L in cell-based assays, with a dissociation con-

stant (Kd) of 7.9 pM [27]. In a preclinical study in rhesus

macaques, histopathological data revealed no increase

in thromboembolic events upon administration of DZP

compared with placebo, unlike the widespread pulmon-

ary thrombi that were previously observed with BG9588

[27].

DZP has since been investigated in two phase 1 clin-

ical studies. The first was a double-blind, dose-escal-

ation study (NCT01093911), in which healthy volunteers

and patients with SLE received single i.v. doses of DZP

or placebo [28]. Rates of adverse events were compar-

able between the DZP and placebo groups, and no

thromboembolic events were reported [28]. The second

study was a double-blind, placebo-controlled study

(NCT01764594), in which 24 patients with SLE received

30 mg/kg DZP i.v., followed by 15 mg/kg DZP every

2 weeks for a 10-week period [29]. Multiple doses of

DZP were well-tolerated, and there were no thrombo-

embolic events during the study [29].

Herein, we report outcomes from a phase 2b,

placebo-controlled study of DZP in adult patients with

SLE (RISE; NCT02804763). The aims were to establish a

dose–response relationship, and evaluate the efficacy

and safety of DZP compared with SOC treatment, and

to assess the durability of response following study drug

withdrawal.

Methods

Patients

Eligible patients were adults (aged �18 years) with SLE

diagnosed by a physician and confirmed using the

SLICC classification criteria. Patients had one or more

of the following immunologic criteria (confirmed by the

central laboratory): anti-dsDNA antibodies (Farr assay);

low complement (C3, C4 or both); and/or an ANA titre

�1:80, in combination with historical positivity for anti-

dsDNA and/or positivity for anti-ENA [anti-Smith anti-

body (anti-Sm), anti-SSA, anti-SSB or anti-RNP].

Patients were recruited from Europe, Latin America,

and North America between 2 June 2016 and 19

November 2018. Patients had moderate-to-severe dis-

ease activity determined by: BILAG 2004 A score in one

or more domain at screening or BILAG 2004 B scores in

two or more domains (if a BILAG 2004 A domain score

was absent); SLEDAI-2K total score �6 at screening,

and a SLEDAI-2K score excluding points from laboratory

values �4 at the baseline visit. Patients were required to

remain on stable doses of SOC medications [at least

2 weeks prior to screening, 4 and 8 weeks prior to base-

line for CS, antimalarials, and immunosuppressants (e.g.

AZA, MTX, MMF), respectively]. Antimalarial and im-

munosuppressant doses could not be changed until

week 24 unless toxicity or tolerability issues arose.

When a dose was increased due to worsening disease

activity, the patient was considered a nonresponder for

the primary analysis.

Exclusion criteria included pregnancy or breastfeed-

ing; a history of malignancy (except for treated cervical

carcinoma in situ, basal cell carcinoma, or dermatologic-

al squamous cell carcinoma); a clinically relevant, recur-

rent infection (three or more times per year); and severe

neuropsychiatric SLE, or other neurological symptoms

that might have prevented the patient from completing

the required procedures and assessments. Prior biolog-

ics were permitted provided that a wash-out period was

undertaken prior to screening (2- to 12-month wash-out,

depending on the biologic).

Patients with stable LN were permitted entry, exclud-

ing those with new or worsening International Society of

Nephrology/Renal Pathology Society class III or IV LN,

or with chronic kidney disease stage 3b (estimated

glomerular filtration rate <45 ml/min/1.73 m2, serum cre-

atinine >2.5 mg/dl, proteinuria >2 g/day, or protein:crea-

tinine ratio >226 mg/mmol).

Ethics approval and consent for publication

The study protocol, amendments, and patient informed

consent were reviewed by a national, regional, or

Independent Ethics Committee or Institutional Review

Board. This study was conducted in accordance with

the current version of the applicable regulatory and
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International Council for Harmonisation-Good Clinical

Practice requirements, the ethical principles that have

their origin in the principles of the declaration of

Helsinki, and the local laws of the countries involved. All

the results presented in this article are in aggregate

form, and no personally identifiable information was

used for this study.

Study design

This phase 2b study began with a 24-week, double-

blind, placebo-controlled period, during which patients

received study drug and SOC. After the double-blind

period, the study drug was withdrawn, and patients

were observed for 24 weeks during which they received

only SOC to evaluate the duration of the treatment ef-

fect (Fig. 1). Patients were randomized 1:1:1:1 via an

interactive voice/web response system to receive pla-

cebo or intravenous DZP at 6, 24, or 45 mg/kg (all with

concomitant SOC) every 4 weeks, up to and including

week 20 (Fig. 1). Three dose levels of DZP were

selected to explore the dose–response relationship for

DZP in SLE: 45 mg/kg every 4 weeks, as it was deter-

mined to be the equivalent dose to that used in the ini-

tial dose repeating study [29], 24 mg/kg, as it was

expected to be equivalent to the dose for which reduc-

tion in anti-dsDNA antibodies were observed in previous

studies [25], and 6 mg/kg, as this was the lowest dose

that showed an effect in preclinical analyses. The

patient’s body weight at baseline was used to determine

the individual dose. Randomization was stratified by CS

dose at screening (�10 mg/day or >10 mg/day prednis-

one-equivalent).

Patients receiving concomitant CS doses between

10–40 mg/day prednisone-equivalent were required to

initiate a protocol-specified taper 4 weeks after the first

study drug infusion (Fig. 1). The tapering regimen aimed

to reduce the daily dose to �7.5 mg/day by week 12,

with no requirement to reduce beyond this dose. Slower

tapers were permitted. Patients who could not adhere to

the tapering regimen remained in the study and were

not considered nonresponders for the primary endpoint

unless their CS dose exceeded the baseline prednisone-

equivalent dose.

Primary efficacy endpoint

The primary objective was to identify a dose–response

relationship, based on the primary efficacy variable of

week 24 BICLA responder rates, across three doses of

DZP and placebo, simultaneously. Continuous dose–re-

sponse models were evaluated in order to facilitate the

selection of suitable doses between those tested in the

study that provided evidence of efficacy. Four different

dose–response models were selected to be tested using

one-sided Multiple Comparison Procedure-Modelling

methodology [30] to control for multiplicity: a linear

model, a logistic model, and two Emax models (all for

dose vs BICLA response at week 24).

BICLA response is defined as: (i) BILAG 2004 im-

provement without worsening (defined as all BILAG A

domain scores at baseline improved to B/C/D, all BILAG

B domain scores at baseline improved to C/D, no new

BILAG A domain scores and no more than one new

BILAG B domain score compared with baseline); (ii) no

worsening in SLEDAI-2K score compared with baseline;

(iii) no worsening in PGA compared with baseline

(<10 mm increase on a 100 mm visual analogue scale);

and (iv) no increase in concomitant SLE medications (no

increase or addition of immunosuppressant or antimalar-

ial medication, and no increase in CS dose over

baseline).

FIG. 1 Study design

aPatients stratified by CS dose �10 mg/day or >10 mg/day prednisone equivalent. CS: corticosteroids; DZP: dapiroli-

zumab pegol; IV: intravenous; PBO: placebo; Q4W: every 4 weeks; SOC: standard-of-care, including CS, immuno-

suppressants and/or antimalarials.
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Secondary efficacy endpoints

Secondary efficacy endpoints included the BICLA re-

sponder rate in individual dose groups at week 24.

Other secondary endpoints included SRI-4 response

rates, changes from baseline in SLEDAI-2K, PGA, CLASI

scores, swollen and tender joint counts, cumulative

number of severe BILAG flares, and changes from base-

line in immunologic parameters (anti-dsDNA and aPL,

and complement C3/C4 levels).

Adverse events [AEs, including serious AEs (SAEs)

and AEs of interest (AEOIs)] were collected throughout

the study. SAEs were defined as those that resulted in

death or inpatient hospitalization (or prolongation of

existing hospitalization), were life-threatening or medical-

ly important events, were congenital anomalies, or

caused persistent or significant disability. AEOIs, regard-

less of severity, were defined as moderate-to-severe

infections, infusion reactions, hypersensitivity reactions,

thromboembolic events, or prespecified neurological

events. AEs were classified as treatment-emergent

(TEAEs) if the onset occurred at any time at or after the

first administration of study drug, and up to 12 weeks

(84 days) after the last dose. All AEs were coded using

MedDRA version 19.1.

Statistical analysis

Based upon prior evidence in SLE, a placebo response

rate of 25% was anticipated at week 24 [31–33]. A

power calculation determined that a total of 112 patients

were required to complete the 24-week double-blind

period; this would provide 80% power of detecting a

clinical effect of 29% above placebo (one-sided type-1

error of 5% and equally-sized treatment groups).

Efficacy outcomes were determined in the full analysis

set, which comprised all patients who received one or

more full dose of study drug and had one or more post-

baseline efficacy measurement. All patients who

received at least one dose (any dose) of study drug

were in the safety set, and safety and immunologic out-

comes were analyzed.

Immunologic outcomes are reported as the mean

(S.D.) change from baseline, or median (min–max)

change from baseline if data are not normally distrib-

uted. Efficacy outcomes are reported as the percentage

of responders for binary outcomes (BICLA/SRI-4 re-

sponder rates), or mean (S.D.) change from baseline for

continuous outcomes (SLEDAI-2K/PGA score). For con-

tinuous outcomes, baseline values were included as

covariates. Where P-values are reported, reference is

made to either odds ratios (BICLA/SRI-4 responder

rate) or least squares mean differences (SLEDAI-2K/

PGA score) between DZP and placebo. These P-values

were not adjusted for multiplicity. Analyses of the

primary efficacy variable are described in detail in the

Supplementary Methods, available at Rheumatology

online.

Results

Patient disposition and baseline characteristics

Of 182 randomized patients, 178 (97.8%) completed the

double-blind period, of whom 11 permanently discontin-

ued study treatment prior to the end of the double-blind

period. Ninety percent of patients [164/182 (90.1%)]

completed the observational period (supplementary

Fig. S1, available at Rheumatology online).

Baseline demographics and clinical characteristics

were similar across treatment groups. All treatment

groups were represented by a high proportion of White

patients, though this proportion was greater in the DZP

24 mg/kg group (Table 1). There was a slightly lower

mean SLEDAI-2K score in the DZP 24 mg/kg group, and

a longer time to diagnosis in the DZP 45 mg/kg

group (Table 1). Mucocutaneous and musculoskeletal

BILAG domains were the predominant domains that

were present at baseline in this patient population (sup-

plementary Table S1, available at Rheumatology online).

More than half of the patients had baseline CS doses

�10 mg/day; less than one-quarter of patients had base-

line doses �20 mg/day (Table 1). Across all groups, the

majority of patients were able to taper their CS doses to

�7.5 mg/day by week 24 (83.7, 86.0, 79.5, and 80.4%

of the placebo and DZP 6, 24, and 45 mg/kg groups,

respectively).

Clinical and immunologic outcomes (double-blind
period)

As no pre-specified dose–response relationship model

fit the observed BICLA response rates at week 24 with

statistical significance [best-fitting model (Emax):

P¼0.07], the primary endpoint was not met (supple-

mentary Fig. S2, available at Rheumatology online). The

study was stratified for baseline CS dose, but this was

not found to be a significant factor in this study. It was,

however, kept in all relevant planned models as a

covariate.

Clinical measures of disease activity, including BICLA,

SRI-4, SLEDAI-2K, PGA, and BILAG total scores, gener-

ally improved from baseline in DZP-treated patients vs

placebo (Fig. 2A–E). Moreover, the cumulative numbers

of BILAG severe flares at week 24 were numerically

lower in patients treated with DZP 6, 24, or 45 mg/kg

(4, 0, and 1, respectively) compared with placebo (7)

(Fig. 2F). Additionally, greater improvements from base-

line in CLASI activity scores were observed in DZP-

treated patients vs placebo (supplementary Table S2,

available at Rheumatology online).

Compared with placebo, DZP-treated patients had

greater reductions from baseline in anti-dsDNA levels

and greater increases from baseline in C3 and C4 levels

throughout the double-blind period (Fig. 3). Of the

patients with either low C3 or C4 levels at baseline,

more DZP-treated patients achieved normal levels by

week 24 [16/27 (59.3%), 19/27 (70.4%), and 12/26

(46.2%) of the DZP 6, 24, and 45 mg/kg groups, re-

spectively], compared with placebo-treated patients [9/
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TABLE 1 Baseline demographics and clinical characteristics

Mean (S.D.), unless otherwise stated SOC 1 PBO
(n 5 43)

SOC 1 DZP
6 mg/kg
(n 5 43)

SOC 1 DZP
24 mg/kg
(n 5 44)

SOC 1 DZP
45 mg/kg
(n 5 46)

Demographics
Age, years, mean (S.D.) 42.7 (12.5) 40.5 (11.7) 42.6 (10.5) 39.0 (13.1)

Female, n (%) 39 (90.7) 40 (93.0) 39 (88.6) 42 (91.3)
BMI, kg/m2, mean (S.D.) 25.6 (4.2) 26.1 (5.0) 26.0 (4.4) 25.3 (4.8)

Racial group, n (%)
American Indian/Alaskan native 2 (4.7) 1 (2.3) 1 (2.3) 1 (2.2)
Asian 1 (2.3) 0 1 (2.3) 0

Black 1 (2.3) 4 (9.3) 1 (2.3) 5 (10.9)
White 25 (58.1) 24 (55.8) 32 (72.7) 27 (58.7)

Other/mixed 14 (32.6) 14 (32.6) 9 (20.5) 13 (28.3)
Clinical characteristics

Time since diagnosis, years,
median (min–max)

5.4 (0.1–30.0) 5.0 (0.2–27.8) 5.1 (0.3–27.0) 8.2 (0.3–25.0)

BILAG 2004 total score, mean (S.D.) 18.6 (3.7) 19.1 (4.1) 18.6 (3.9) 19.8 (5.5)
SLEDAI-2K total scorea, mean (S.D.) 10.7 (3.4) 11.4 (2.4) 9.9 (2.5) 11.1 (3.4)
CLASI activity score, mean (S.D.) 7.8 (6.1) 7.5 (6.2) 7.0 (6.4) 8.6 (6.2)

Swollen joint count, mean (S.D.) 7.7 (5.9) 7.9 (5.4) 6.0 (4.7) 6.7 (4.5)
Tender joint count, mean (S.D.), (n)b 9.3 (5.9) (n¼41) 9.7 (6.3) (n¼43) 9.1 (5.6) (n¼41) 10.7 (7.2) (n¼44)
ANA �1:80, n (%) 43 (100.0) 41 (95.3) 42 (95.5) 41 (89.1)

Anti-dsDNA >10 IU, n (%)c 17 (39.5) 24 (55.8) 18 (40.9) 21 (45.7)
Low C3 or C4, n (%) 23 (53.5) 25 (58.1) 26 (59.1) 26 (56.5)

Medications at baseline
CS at baseline, n (%) 38 (88.4) 40 (93.0) 39 (88.6) 36 (78.3)

Dose at baseline, mg/day,
median (min–max)

10.0 (0.0–40.0) 10.0 (0.0–25.0) 10.0 (0.0–20.0) 10.0 (0.0–30.0)

�10 mg/day, n (%) 27 (62.8) 28 (65.1) 24 (54.5) 24 (52.2)
�20 mg/day, n (%) 10 (23.3) 6 (14.0) 4 (9.1) 8 (17.4)

Immunosuppressants, n (%) 22 (51.2) 25 (58.1) 25 (56.8) 26 (56.5)

SLE-related immunosuppressants, n (%)d 22 (48.9) 25 (55.6) 25 (55.6) 26 (55.3)
AZA, n (%) 14 (31.1) 9 (20.0) 15 (33.3) 12 (25.5)
MTX, n (%) 6 (13.3) 11 (24.4) 6 (13.3) 7 (14.9)

MTX sodium, n (%) 0 0 0 1 (2.1)
MMF, n (%) 2 (4.4) 6 (13.3) 5 (11.1) 7 (14.9)

Mycophenolate sodium, n (%) 0 0 0 1 (2.1)
LEF, n (%) 1 (2.2) 0 0 0

Antimalarials, n (%) 29 (67.4) 30 (69.8) 33 (75.0) 28 (60.9)

Prior SLE-related medicationsd,e

CS, n (%) 20 (44.4) 27 (60.0) 20 (44.4) 24 (51.1)

Immunosuppressants, n (%) 12 (26.7) 21 (46.7) 11 (24.4) 12 (25.5)
AZA, n (%) 2 (4.4) 6 (13.3) 3 (6.7) 5 (10.6)
MMF, n (%) 3 (6.7) 6 (13.3) 3 (6.7) 1 (2.1)

Belimumab, n (%) 5 (11.1) 4 (8.9) 1 (2.2) 1 (2.1)
MTX, n (%) 1 (2.2) 5 (11.1) 3 (6.7) 2 (4.3)

Anifrolumab, n (%) 1 (2.2) 4 (8.9) 1 (2.2) 2 (4.3)
Blisibimod, n (%) 0 1 (2.2) 0 1 (2.1)
Mycophenolate sodium, n (%) 0 0 0 2 (4.3)

Ustekinumab, n (%) 1 (2.2) 0 1 (2.2) 1 (2.1)
MTX sodium, n (%) 0 1 (2.2) 0 0

Lulizumab pegol, n (%) 0 0 1 (2.2) 0
Antiprotozoals, n (%)f 4 (8.9) 9 (20.0) 4 (8.9) 9 (19.1)
mAbs, n (%) 4 (8.9) 4 (8.9) 3 (6.7) 4 (8.5)

Full analysis set, unless otherwise stated. aSLEDAI-2K total score calculated using anti-dsDNA positive if >10 IU; bsubjects

had arthritis at baseline; cFarr assay; ddata shown for the safety set; ea prior medication is any medication with an end
date and time before the date of first administration of the study drug; fincluding antimalarials. Combinations of immuno-
suppressants with antimalarials and/or CS are listed in supplementary Table S5, available at Rheumatology online. ANA:

anti-nuclear antibody; AZA: azathioprine; BILAG: British Isles Lupus Assessment Group; BMI: body mass index; C3/C4:
complement C3/C4; CLASI: Cutaneous Lupus Erythematosus Disease Area and Severity Index; CS: corticosteroids;

dsDNA: double-stranded DNA; DZP: dapirolizumab pegol; IU: International Units; LEF: leflunomide; mAb: monoclonal anti-
body; MMF: mycophenolate mofetil; MTX: methotrexate; PBO: placebo; S.D.: standard deviation; SLE: systemic lupus
erythematosus; SLEDAI-2K: Systemic Lupus Erythematosus Disease Activity Index 2000; SOC: standard-of-care.
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24 (37.5%)]. Levels of IgG and IgM beta-2 glycoprotein

I and aCL also declined to a greater extent in DZP-

treated patients with elevated baseline levels (supple-

mentary Table S2, available at Rheumatology online).

Clinical and immunologic outcomes (observational

period)

Following study drug withdrawal, 5, 8, 5, and 4 severe

BILAG flares occurred in the placebo and DZP 6, 24,

and 45 mg/kg groups, respectively, compared with 7, 4,

0, and 1 severe flares that occurred in the placebo and

DZP 6, 24, and 45 mg/kg groups, respectively, during

the double-blind period. However, the cumulative total

number of flares (12, 12, 5, and 5 in the placebo and

DZP 6, 24, and 45 mg/kg groups, respectively) that

occurred during the 48-week study period was higher in

the placebo and DZP 6 mg/kg groups than in the DZP

24 and 45 mg/kg groups (Fig. 2F). SLEDAI-2K, PGA and

BILAG total scores stabilized across treatment groups

after study drug withdrawal, whereas BICLA and SRI-4

response rates were generally lower at week 48 than at

week 24 in all groups (Fig. 2A–E). For BICLA, the reduc-

tions ranged from 11.6 to 18.1% across DZP groups,

and in the placebo group, the decrease was 11.6%. For

SRI-4, the decline ranged from 9.1 to 13.9% across

DZP groups and was 14.0% in the placebo group

(Fig. 2A and B). The decreases in BICLA and SRI-4

FIG. 2 Clinical outcomes. (A) BICLAa and (B) SRI-4a responder rates, change from baseline in (C) SLEDAI-2Kb,

(D) PGAb and (E) BILAG 2004 total scorec, and (F) cumulative number of severe BILAG flaresd

*P < 0.05 for the odds ratio between DZP and PBO (A and B), or for the least squares mean differences between

DZP and PBO (C, D, and E). aFull analysis set, modified nonresponder imputation using logistic regression;
bCompleter set, observed case using mixed model with repeated measures; cFull analysis set, observed cases using

ANCOVA; dFull analysis set, observed case, BILAG severe flare: new Grade A since the previous visit. Multiple flares

that may have occurred in a single patient were recorded separately. BICLA: BILAG-Based Composite Lupus

Assessment; BILAG: British Isles Lupus Assessment; DZP: dapirolizumab pegol; SLEDAI-2K: Systemic Lupus

Erythematosus Disease Activity Index 2000; SRI-4: SLE Responder Index; PBO: placebo; PGA: physician’s global as-

sessment; SOC: standard-of-care.
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FIG. 3 Immunologic outcomes. Change from baseline in (A) Anti-dsDNAa, (B) Complement C3b, and (C) Complement C4c

Safety set. aIn patients with <10 IU at baseline (measured using the Farr assay); bin patients with complement C3

<LLN at baseline; cin patients with complement C4 <LLN at baseline. dsDNA: double-stranded DNA (Farr assay);

DZP: dapirolizumab pegol; IU: international units; LLN: lower limit of normal; PBO: placebo; SOC: standard of care.
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response rates were most often due to interventions

with escape medicines during this period, which per

protocol led to nonresponder classification. This was the

case in 7 (16.3%), 14 (32.6%), 14 (31.8%), and 11

(23.9%) of the placebo and DZP 6, 24, and 45 mg/kg

groups, respectively (supplementary Table S3, available

at Rheumatology online). Following study drug withdraw-

al, serologies generally worsened and returned towards

baseline (Fig. 3; supplementary Table S2, available at

Rheumatology online).

Safety

There was a higher incidence of TEAEs in the treatment

groups compared with placebo, and a greater number

of severe TEAES occurred in the DZP 45 mg/kg group

than in other groups; however, serious TEAEs were gen-

erally low and similar across treatment groups (Table 2).

In addition, the incidence of TEAEs related to abnormal

laboratory values was low and similar across treatment

groups, and no safety concerns for abnormal vital signs

or ECG findings associated with DZP were identified

(data not shown). Rates of infection (particularly upper

respiratory tract infections) were greater among DZP-

treated patients vs placebo (Table 2). Herpes zoster

infections occurred in the DZP 6 mg/kg group more than

in other groups; however, the incidence of herpes zoster

infection overall was low and similar across treatment

groups. Most of the upper respiratory tract infections

were mild or moderate in intensity, and none led to

discontinuations of the study drug. One bacteraemia

caused by Pseudomonas infection in the DZP 24 mg/kg

group led to permanent discontinuation of study drug.

Four thromboembolic TEAEs were observed during the

double-blind period: three in the placebo group and one

in a patient receiving DZP 24 mg/kg (supplementary

Table S4, available at Rheumatology online).

Discussion

The aim of this phase 2b double-blind placebo-con-

trolled trial was to establish a dose–response relation-

ship and evaluate the efficacy and safety of DZP in

patients with active SLE compared with SOC treatment.

This study also assessed the durability of response fol-

lowing study drug withdrawal through a biphasic study

design, in which patients received double-blind treat-

ment with DZP or placebo (and SOC) for 24 weeks, fol-

lowed by a 24-week observational period during which

patients received SOC only. The decision to withdraw

study drug at week 24 and incorporate an observational

follow-up period was based on research in animal

transplant models that reported sustained responses

even after withdrawal of CD40L antagonist [24].

Multiple Comparison Procedure-Modelling method-

ology was used to assess the dose–response relation-

ship of DZP based on week 24 BICLA responder rates

(the primary efficacy variable). Continuous dose–re-

sponse models were selected as these can facilitate the

selection of suitable doses between those that

TABLE 2 Safety outcomes in the double-blind treatment period (safety set)

n (%) SOC 1 PBO
(n 5 45)

SOC 1 DZP
6 mg/kg (n 5 45)

SOC 1 DZP
24 mg/kg (n 5 45)

SOC 1 DZP
45 mg/kg (n 5 47)

Mean (S.D.) duration of exposure (days) 216.7 (27.0) 224.0 (4.7) 215.6 (29.6) 212.1 (38.5)
Any TEAEa 28 (62.2) [90] 29 (64.4) [130] 35 (77.8) [116] 34 (72.3) [84]

Infections and infestationsa 15 (33.3) [21] 21 (46.7) [43] 26 (57.8) [40] 22 (46.8) [29]
Mild 9 (20.0) 10 (22.2) 12 (26.7) 13 (27.7)

Moderate 5 (11.1) 11 (24.4) 13 (28.9) 6 (12.8)
Severe 1 (2.2) 0 1 (2.2) 3 (6.4)

Herpes viral infectionsa 1 (2.2) [1] 5 (11.1) [5] 2 (4.4) [2] 0
Herpes zostera 1 (2.2) [1] 3 (6.7) [3] 2 (4.4) [2] 0
Oral herpesa 0 2 (4.4) [2] 0 0

Upper respiratory tract infectionsa 6 (13.3) [8] 12 (26.7) [14] 15 (33.3) [20] 13 (27.7) [15]
Infusion reactionsa 0 0 0 1 (2.1) [1]
Thromboembolic events 3 (6.7) 0 1 (2.2) 0

TEAEs of interesta 9 (20.0) [11] 11 (24.4) [18] 13 (28.9) [18] 10 (21.3) [12]
Serious TEAEsa 5 (11.1) [6] 2 (4.4) [2] 4 (8.9) [4] 5 (10.6) [6]

Study discontinuation due to TEAEsa 1 (2.2) [1] 0 0 0
Permanent withdrawal of

study drug due to TEAEsa
4 (8.9) [4] 0 2 (4.4) [2] 2 (4.3) [2]

Severe TEAEsa 3 (6.7) [4] 1 (2.2) [1] 3 (6.7) [3] 7 (14.9) [8]

Deaths 0 0 0 0

aData presented as n (%) [ER per 100 patient-years]. TEAEs were those with onset at the time of, or after, the first dose

of study drug, until 12 weeks after the last dose. Patients who withdrew from the study early (during the double-blind treat-
ment period) entered a safety follow-up period, which ended 12 weeks after the final dose of study drug. DZP: dapirolizu-

mab pegol; ER: event rate; PBO: placebo; TEAE: treatment-emergent adverse event; S.D.: standard deviation; SOC:
standard of care.
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demonstrate efficacy in the study. Since the BICLA re-

sponder rates at week 24 did not fit any of the pre-

specified dose–response models with statistical signifi-

cance [best-fitting model (Emax): P¼0.07], the primary

objective was not met. DZP-treated patients did show

consistent numerical improvements across multiple clin-

ical measures of disease activity; however, as these

were not part of the primary endpoint it is not appropri-

ate to discuss the significance of these outcomes as the

study was not designed or powered to determine this.

Furthermore, DZP treatment resulted in improvements

relative to placebo across multiple pharmacodynamic

biomarkers, indicating a biologic effect.

Upon withdrawal of DZP, immunologic parameters

generally worsened and returned to baseline levels,

providing further evidence of DZP biologic activity, but

challenging the capacity of DZP to induce tolerance.

While BILAG, SLEDAI, and PGA scores stabilized across

treatment groups, BICLA and SRI-4 response rates

declined. This was most likely due to interventions with

escape medicines used during this period, which auto-

matically led to nonresponder classification.

DZP appeared to have an acceptable safety profile

and was generally well tolerated. The risk of thrombo-

embolic events in the anti-CD40L drug class should be

acknowledged and while a total of four thromboembolic

events were reported during the double-blind period,

three occurred in patients receiving placebo. For one

DZP-treated patient (24 mg/kg) a deep vein thrombosis

of the left upper extremity (subclavian axillary, associ-

ated with a peripherally inserted central catheter line

inserted for antibiotic treatment due to cellulitis) was

reported, which started 74 days after the last infusion of

DZP, and was deemed unrelated to the study drug.

The findings indicate that DZP treatment may provide a

smaller risk of thromboembolism in comparison with

other anti-CD40L treatments. These outcomes are simi-

lar to those of preclinical and phase 1 DZP studies,

which revealed low rates of thromboembolic events

during DZP treatment compared with placebo [27–29].

Although the present study was limited by its relatively

short duration and the small sample size, which

prevented analyses being conducted within specific ra-

cial groups, high retention rates were observed (>95%

for the 24-week double-blind period and >90% for

the full 48-week study). As a consequence of high reten-

tion rates, missing data imputation was minimized.

Therefore, these results are highly representative of the

study population as estimation bias is reduced. The

positive results from this study are also limited by the

failure to meet the primary endpoint. This should be rec-

ognized as such but highlights the need for future stud-

ies of DZP to demonstrate the efficacy and safety of

DZP within a larger study population and for a longer

duration, using carefully selected endpoints.

Treatment options for SLE are limited at the time of

publication, with only one biologic, belimumab,

approved by regulatory authorities for the treatment of

SLE [34, 35], while many others have failed in clinical

development [17, 18]. Glucocorticoids are frequently

used for their potent anti-inflammatory and immunosup-

pressive properties, but their chronic use is associated

with severe adverse events [16]. As such, there is a

need to widen the biologic repertoire available for the

treatment of SLE patients to reduce disease activity,

prevent flares, and restrict accrual of organ damage.

These data indicate DZP may be efficacious, with an

acceptable safety profile, in adult patients with moder-

ately to severely active SLE. The potential clinical benefit

of DZP warrants further investigation in a larger study.
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