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ABSTRACT

BACKGROUND

Obinutuzumab, a glycoengineered type II anti-CD20 monoclonal antibody, induces
potent B-cell depletion and is approved for the treatment of active lupus nephritis. Its
efficacy and safety in patients with active systemic lupus erythematosus (SLE) are yet
to be determined.

METHODS
We conducted a phase 3, multicenter, double-blind, placebo-controlled trial involving
adults with active SLE but without proliferative or membranous lupus nephritis who
were receiving standard therapy. Patients were randomly assigned in a 1:1 ratio to re-
ceive obinutuzumab (1000 mg) or placebo on day 1 and weeks 2, 24, and 26. In the
prespecified analysis, the primary end point at week 52 was a response on the SLE
Responder Index 4 (SRI-4), defined by a reduction from baseline of at least 4 points in
the Systemic Lupus Erythematosus Disease Activity Index 2000 (SLEDAI-2K) score, no
worsening of disease as assessed by the British Isles Lupus Assessment Group (BILAG)
2004 index and Physician’s Global Assessment, and no intercurrent events (i.e., major
concomitant-therapy violation, receipt of rescue medication, or early discontinuation
of trial participation due to death, lack of efficacy, or adverse events).

RESULTS

Of 303 patients who underwent randomization, 151 were assigned to receive obinutuz-
umab and 152 to receive placebo. At week 52, an SRI-4 response was observed in 76.7%
of the patients in the obinutuzumab group and in 53.5% of those in the placebo group
(adjusted difference, 23.1 percentage points; 95% confidence interval [CI], 12.5 to 33.6;
P<0.001). In an additional analysis whereby nonfatal intercurrent events did not affect
response status, the respective percentages were 85.4% and 68.5% (adjusted difference,
16.8 percentage points; 95% CI, 7.1 to 26.4). Obinutuzumab was superior to placebo
with respect to all key secondary end points: BILAG-based Composite Lupus Assess-
ment response, sustained reduction in glucocorticoid dose, sustained SRI-4 response,
SRI-6 response, and time to first BILAG-defined flare. Adverse events were reported
in 88.7% of the patients in the obinutuzumab group and in 81.5% of those in the
placebo group, and serious adverse events in 15.9% and 11.9%, respectively. One pa-
tient in the obinutuzumab group and 3 in the placebo group died during the double-
blind period.

CONCLUSIONS
Among adults with active SLE, treatment with obinutuzumab was superior to pla-
cebo with respect to the primary and all key secondary end points. (Funded by F.
Hoffmann-La Roche; ALLEGORY ClinicalTrials.gov number, NCT04963296.)
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HERAPIES FOR SYSTEMIC LUPUS ERYTHE-

matosus (SLE) that have been approved in

the past several years represent important
advances, and their early initiation is recom-
mended by the American College of Rheumatol-
ogy (ACR) and European Alliance of Associations
for Rheumatology (EULAR)."® However, many pa-
tients still have persistent disease activity, pro-
gressive organ damage, treatment-limiting side
effects, or premature death, underscoring ongoing
needs for new therapies.

Obinutuzumab is a humanized glycoengineered
type II anti-CD20 antibody approved for adults
with active lupus nephritis.”® Relative to type I
anti-CD20 monoclonal antibodies, obinutuzumab
induces more potent B-cell depletion owing to
enhanced FcyRIIIa binding and greater direct cell
death, antibody-dependent cellular cytotoxicity,
and antibody-dependent cellular phagocytosis
and less reliance on complement-dependent
cytotoxicity.”?* We conducted the current trial
(ALLEGORY) to evaluate the efficacy and safety
of obinutuzumab, as compared with placebo,
when added to standard therapy in adults with
active SLE.

METHODS

TRIAL DESIGN AND OVERSIGHT

This phase 3, double-blind, randomized, placebo-
controlled trial, conducted in 14 countries, was
performed according to the principles of the Dec-
laration of Helsinki and the International Coun-
cil for Harmonisation guidelines for Good Clinical
Practice. The trial protocol, available with the full
text of this article at NEJM.org, was approved by
the institutional review board or ethics commit-
tee at each participating center, and all trial pa-
tients provided written informed consent. An in-
dependent data-monitoring committee reviewed
patient safety throughout the trial. The trial was
reported according to the Consolidated Standards
of Reporting Trials Guidelines.

The sponsor (F. Hoffmann-La Roche) designed
the trial and participated in the collection, analy-
sis, and interpretation of the data and in the
preparation of the manuscript. The sponsor placed
no restrictions on the publication of results. An
academic author and two authors employed by
the sponsor vouch for the accuracy and com-
pleteness of the data and for the fidelity of the
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trial to the protocol. The first author and all the
authors employed by the sponsor had full access
to the data. The first draft of the manuscript was
written by the penultimate author; all the authors
provided input on this and subsequent drafts
and provided final approval. Sponsor-funded med-
ical writers provided editorial assistance with an
earlier version of the manuscript.

ENTRY CRITERIA
Adults 18 to 75 years of age were eligible if they
had SLE that met the 2019 EULAR-ACR classifica-
tion criteria' at least 12 weeks before screening.
Eligible patients had Systemic Lupus Erythemato-
sus Disease Activity Index 2000 (SLEDAI-2K) scores
of 8 or higher, excluding points for alopecia, head-
ache, or fever. SLEDAI-2K, a 24-item instrument,
assigns 1 to 8 points for each clinical or laboratory
abnormality attributed to active SLE, with scores of
6 to 12 representing moderate activity and more
than 12 representing severe activity.”>!® Eligible
patients also had at least one domain A score or at
least two domain B scores on the British Isles
Lupus Assessment Group (BILAG) 2004 index
(BILAG-2004), in which nine organ domains are
categorized from A (severe) to E (never involved)."”!
In addition, eligible patients had a Physician’s
Global Assessment (PGA) score of at least 1.0 on
a 3-point visual analogue scale, with higher scores
indicating greater disease activity.!**
Seropositivity for antinuclear antibodies (titer of
>1:80) or anti—-double-stranded DNA (anti-dsDNA;
>100 IU per milliliter) or anti-Smith antibod-
ies (2100 AU per milliliter), along with low C3, C4,
or CH50 complement levels, was required. Patients
were receiving stable doses of at least one of the
following classes of standard therapy: antima-
larial agents, nonglucocorticoid immunosuppres-
sants, or glucocorticoids. Patients were excluded if
they had proliferative or membranous lupus ne-
phritis on renal biopsy performed within 6 months
before screening, a urinary protein-to-creatinine
ratio (with both protein and creatinine measured
in grams) of more than 3.5, receipt of anti-CD19
or anti-CD20 antibodies less than 9 months be-
fore screening with a peripheral CD19+ B-cell
count of fewer than 25 cells per microliter, or se-
verely active central nervous system SLE. Details
on inclusion and exclusion criteria are provided
in the Methods section in the Supplementary Ap-
pendix, available at NEJM.org.
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EFFICACY AND SAFETY OF OBINUTUZUMARB IN ACTIVE SLE

TRIAL PROCEDURES

Patients were assigned in a 1:1 ratio to receive
intravenous obinutuzumab or placebo infusions,
with randomization performed by means of a
centralized interactive voice- and Web-based re-
sponse system (IxRS) with the use of a permuted
block design. Randomization was stratified ac-
cording to screening SLEDAI-2K score (<12 or 212)
and baseline prednisone (or equivalent) dose
(<10 mg per day or 210 mg per day). After pre-
medication with 80 mg of intravenous methyl-
prednisolone, 650 to 1000 mg of acetaminophen
or paracetamol, and 50 mg of diphenhydramine,
patients received obinutuzumab (1000 mg) or pla-
cebo on day 1 and weeks 2, 24, and 26. Disease
activity and safety were monitored every 4 weeks
through week 52 (Fig. S1 in the Supplementary
Appendix). At each visit before week 40, all the
patients receiving prednisone (or equivalent) at a
dose of more than 5 mg per day with improved or
stabilized disease activity were required to attempt
tapering to 5 mg or less per day (see the Methods
section in the Supplementary Appendix).

END POINTS

The primary end point at week 52 was a response
on the SLE Responder Index 4 (SRI-4),>> a dichoto-
mous composite end point defined by a reduction
from baseline of at least 4 points in the SLEDAI-2K
score, no worsening of BILAG-2004 and PGA
scores, and no intercurrent events (i.e., major
concomitant-therapy violation, receipt of rescue
medication, or early discontinuation of trial par-
ticipation due to death, lack of efficacy, or ad-
verse events). The five key secondary end points,
assessed in the following prespecified hierarchi-
cal order, were BILAG-based Composite Lupus
Assessment (BICLA) response at week 52, sus-
tained reduction from weeks 40 to 52 in the
prednisone (or equivalent) dose to 7.5 mg or less
per day among patients taking at least 10 mg per
day at baseline, sustained SRI-4 response from
weeks 40 to 52, SRI-6 response (including a reduc-
tion from baseline of 26 points in the SLEDAI-2K
score) at week 52, and time to first BILAG-defined
flare through week 52.

Additional secondary end points (not controlled
for type I error) included Definition of Remission
in SLE (DORIS) response* and Lupus Low Disease
Activity State (LLDAS),** both at week 52. Details
on end points are provided in the Methods sec-

tion in the Supplementary Appendix and in Ta-
ble S1.

SAFETY ASSESSMENTS

The safety population included all randomly as-
signed patients who received any amount of obinu-
tuzumab or placebo. Safety assessments encom-
passed adverse events, including serious adverse
events and adverse events of special interest (see
the Methods section in the Supplementary Ap-
pendix), vital signs, and laboratory assessments.
Patients in the safety population were grouped
according to the trial regimen received, regardless
of their trial-group assignment.

STATISTICAL ANALYSIS

Assuming that an SRI-4 response at week 52
would occur in 55% of patients receiving obinutuz-
umab and in 35% of those receiving placebo, we
estimated that a sample size of 300 patients who
underwent randomization in a 1:1 ratio would
provide more than 90% power to detect a 20-per-
centage-point between-group difference at a two-
sided significance level of 0.05. Efficacy analyses
were performed in the intention-to-treat popula-
tion, which included all the patients who had un-
dergone randomization. For the primary efficacy
estimand, patients who had intercurrent events
as described above were considered to have not
had a response (composite variable strategy). The
intercurrent event of investigational treatment
discontinuation without other concurrent or sub-
sequent intercurrent events was handled by means
of a treatment policy strategy.

As requested by the editors, we conducted a
post hoc supplementary analysis of the primary
end point using a treatment policy strategy for all
intercurrent events (excluding death); this strat-
egy considers all observed available data regard-
less of the occurrence of an intercurrent event and
as such does not assign nonresponse status be-
cause of an intercurrent event. The between-group
difference in the percentage of patients who had
an SRI-4 response at week 52 was tested with the
Cochran—Mantel-Haenszel test, with adjustment
for stratification factors (screening SLEDAI-2K
score [<12 or >12] and baseline prednisone [or
equivalent] dose [<10 mg per day or 210 mg per
day]). Missing SRI-4 component data were han-
dled with multiple imputation. The primary and
key secondary end points were evaluated with a
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fixed-sequence testing approach to control the
overall type I error rate. Additional secondary end
points (DORIS response and LLDAS) and supple-
mentary analyses were not controlled for type I
error; the widths of the confidence intervals were
not adjusted for multiplicity, and the intervals
may not be used in place of hypothesis testing.
Details on the statistical analysis are provided in
the Methods section in the Supplementary Ap-
pendix and in the statistical analysis plan, avail-
able with the protocol.

RESULTS

TRIAL POPULATION

From July 2021 through September 2024, a total
of 690 patients were screened; 303 underwent
randomization (151 to the obinutuzumab group
and 152 to the placebo group). Fewer patients
receiving obinutuzumab than those receiving
placebo discontinued the trial regimen owing to
adverse events, lack of efficacy, or withdrawal of
consent (7 [4.6%)] vs. 16 [10.5%]) (Fig. S2).

The characteristics of the patients at baseline
were generally balanced in the two groups (Ta-
ble 1 and Table S2). A diverse population was
enrolled that included Black, Indigenous Ameri-
can, and Hispanic or Latino patients on the ba-
sis of patient-reported race or ethnic group (Ta-
ble 1 and Table S3). Mean SLEDAI-2K scores at
baseline were similar in the two groups, and
BILAG-2004 domain A or B scores were most
common in the mucocutaneous and musculoskel-
etal domains. Use of standard immunosuppres-
sive medications was similar in the two groups
(70.9% in the obinutuzumab group and 67.1% in
the placebo group) (Table 1).

PRIMARY AND SECONDARY END POINTS
At week 52, an SRI-4 response (primary end
point) occurred in 76.7% of the patients in the
obinutuzumab group and in 53.5% of those in the
placebo group (adjusted difference, 23.1 percent-
age points; 95% confidence interval [CI], 12.5 to
33.6; P<0.001) (Table 2). A post hoc supplemen-
tary analysis that used a treatment policy strat-
egy for all intercurrent events (excluding death)
showed consistent results: an SRI-4 response
occurred in 85.4% and 68.5% of the patients,
respectively (adjusted difference, 16.8 percentage
points; 95% CI, 7.1 to 26.4; P<0.001).

The prespecified hierarchical analysis showed

that between-group differences in all key second-
ary end points were significant (Table 2). Signifi-
cantly more patients in the obinutuzumab group
than in the placebo group had a BICLA response
at week 52 (62.0% vs. 40.1%; adjusted difference,
21.9 percentage points; 95% CI, 10.8 to 32.9;
P<0.001). A prednisone dose of 7.5 mg or less per
day, among patients taking at least 10 mg per day
at baseline, was achieved and sustained from
weeks 40 to 52 in 80.0% of the patients in the obi-
nutuzumab group and in 54.1% of those in the
placebo group (adjusted difference, 26.1 percent
age points; 95% CI, 12.7 to 39.5; P<0.001). Signifi-
cantly more patients receiving obinutuzumab than
those receiving placebo had a sustained SRI-4
response between weeks 40 and 52 (72.0% vs.
46.4%; adjusted difference, 25.4 percentage points;
95% CI, 14.6 to 36.2; P<0.001) and had an SRI-6
response at week 52 (68.9% vs. 38.9%; adjusted
difference, 30.0 percentage points; 95% CI, 19.2
to 40.7; P<0.001). Patients who received obinu-
tuzumab were less likely than those who received
placebo to have a BILAG flare through week 52
(33.8% vs. 48.7%; hazard ratio, 0.58; 95% CI, 0.40
to 0.82; P=0.002) (Table 2 and Fig. 1A).

SLEDAI-2K scores decreased, with separation
between groups observed from weeks 24 to 52
(Fig. 1B). Results of prespecified subgroup analy-
ses and a sensitivity analysis (accounting for miss-
ing data) of an SRI-4 response at week 52 aligned
with the overall treatment effect in the primary
analysis (Fig. S3 and Table S4). Among the pre-
specified, additional secondary end points (not
controlled for type I error) (Table 2), a DORIS
response at week 52, which required a clinical
SLEDAI-2K score of 0, a PGA score of less than
0.5, a prednisone (or equivalent) dose of 5 mg or
less per day, and stable background therapy,
occurred in more patients who received obinu-
tuzumab than in those who received placebo
(33.8% vs. 13.8%), as did LLDAS at week 52 (57.6%
vs. 25.0%).

Fewer patients in the obinutuzumab group
than in the placebo group had intercurrent events.
These events included discontinuation of trial par-
ticipation owing to lack of efficacy (0 vs. 2 [1.3%)]),
adverse events (0 vs. 1 [0.7%)]), or death (1 [0.7%]
vs. 1 [0.7%]); major concomitant-therapy violation
(18 [11.9%] vs. 42 [27.6%]); and receipt of rescue
medication (2 [1.3%] vs. 10 [6.6%]) (if >1 inter-
current event occurred in a patient, only the first
was considered).
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EFFICACY AND SAFETY OF OBINUTUZUMARB IN ACTIVE SLE

Table 1. Demographic and Clinical Characteristics of the Patients at Baseline (Intention-to-Treat Population).*

Characteristic
Age —yr
Female sex — no. (%)
Race or ethnic group — no. (%)
American Indian or Alaska Native
Asian
Black
Native Hawaiian or other Pacific Islander
White
Multiple
Unknown or not reported
Hispanic or Latino ethnic group — no. (%)t
SLEDAI-2K3;
Mean global score
Score of 212 — no. (%)§
BILAG-2004 domain A or B score — no. (%)
Constitutional
Mucocutaneous
Neuropsychiatric
Musculoskeletal
Cardiorespiratory
Gastrointestinal
Ophthalmic
Renal
Hematologic
PGA score|
Baseline treatment for SLE

Antimalarial: hydroxychloroquine, chloroquine, or quinacrine
—no. (%)

Conventional immunosuppressant — no. (%)
Azathioprine — no./total no. (%)
Methotrexate — no./total no. (%)
Mycophenolate mofetil or mycophenolic acid — no./total no. (%)

Prednisone (or equivalent) dose of =10 mg/day — no. (%)

Obinutuzumab

(N=151)
4112123
139 (92.1)

44 (29.1)
4(2.6)
2 (14.6)
0

2

13.1+4.4

1.9+0.4

121 (80.1)

107 (70.9)
40/107 (37.4)
32/107 (29.9)
34/107 (31.8)
86 (57.0)

Placebo
(N=152)

41.4£12.6
135 (88.8)

124 (81.6)

102 (67.1)
26/102 (25.5)
28/102 (27.5)
44/102 (43.1)

85 (55.9)

* Plus—minus values are means +SD. The intention-to-treat population included all the patients who had undergone ran-

domization. Percentages may not total 100 owing to rounding. SLE denotes systemic lupus erythematosus.

7 Race and ethnic group were reported by the patients. Patients in North and South America who did not identify them-
selves as White, Black, or Asian were categorized by the investigators as American Indian according to Food and Drug

Administration guidance.

1 The Systemic Lupus Erythematosus Disease Activity Index 2000 (SLEDAI-2K) is a 24-item weighted score of SLE activity

that ranges from 0 to 105, with higher scores indicating greater disease activity.

§ Randomization was stratified according to screening SLEDAI-2K score (<12 or =12) and baseline prednisone (or equiv-

alent) dose (<10 mg per day or 210 mg per day).

9§ The British Isles Lupus Assessment Group (BILAG) 2004 index (BILAG-2004) is an assessment of 97 clinical and labo-
ratory variables across nine organ domains, with scores ranging from A (severe) to E (never involved) for each organ

domain.

| The Physician’s Global Assessment (PGA) of disease activity uses a visual analogue scale, with scores ranging from 0

(no disease activity) to 3 (most severe disease).
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Table 2. Results for Primary and Secondary Efficacy End Points (Intention-to-Treat Population).
Adjusted Difference
Obinutuzumab Placebo or Hazard Ratio
End Point (N=151)* (N=152)* (95% Cl)* P Valuefj
Primary end point: SRI-4 response at wk 52 76.7 (69.8-83.5) 53.5 (45.3-61.6) 23.1 (12.5-33.6) <0.001
(95% ClI) — %x§
Supplementary treatment policy analysis€| 85.4 (79.6-91.2) 68.5 (60.7-76.3) 16.8 (7.1-26.4) <0.001
Key secondary end pointsi:
BICLA response at wk 52 (95% Cl) — %| 62.0 (54.2-69.8) 40.1 (32.1-48.1) 21.9 (10.8-32.9) <0.001
Reduction in glucocorticoid dose to <7.5 mg/ 80.0 (71.5-88.5) 54.1 (43.5-64.7) 26.1 (12.7-39.5) <0.001
day, sustained from wk 40 to wk 52
(95% Cl) — %**
SRI-4 response at wk 40, sustained to wk 52 72.0 (64.6-79.3) 46.4 (38.3-54.6) 25.4 (14.6-36.2) <0.001
(95% Cl) — %t
SRI-6 response at wk 52 (95% Cl) — %11 68.9 (61.4-76.5) 38.9 (31.0-46.9) 30.0 (19.2-40.7) <0.001
Median time to first BILAG flare through Could not be 52.3 0.58 (0.40-0.82) 0.002
wk 52 — wk{§ estimated
Additional secondary end pointsq
DORIS response at wk 52 — % | 33.8 13.8 19.9 (10.6-29.2)
LLDAS at wk 52 — %*** 57.6 25.0 32.6 (22.3-43.0)

The differences between the two groups and the associated 95% confidence intervals based on the Newcombe method were adjusted

for the stratification factors (screening SLEDAI-2K score [<12 or =12] and baseline prednisone [or equivalent] dose [<10 mg per day

or 210 mg per day]), except for the end point of sustained reduction in glucocorticoid dose, for which the difference was adjusted for

screening SLEDAI-2K score only. Between-group differences were calculated in percentage points (the percentage in the obinutuzumab

group minus the percentage in the placebo group), except as indicated.

T  Astratified Cochran—-Mantel-Haenszel method was used to compare the two groups for binary end points. A stratified log-rank test was
used for the end point of time to first BILAG-defined flare.

& Primary and key secondary end points were controlled for type | error and tested in the order listed in the table.

§  Avresponse on the SLE Responder Index 4 (SRI-4) was defined by all the following: a reduction of at least 4 points from baseline in the
SLEDAI-2K score, no new organ domain affected as assessed by BILAG-2004 (no new domain A score and no more than two new do-
main B scores as compared with baseline), no worsening of the PGA score (no increase of 20.3 points from baseline), and no intercur-
rent events (i.e., major concomitant-therapy violation, receipt of rescue medication, or early discontinuation of trial participation due to
death, lack of efficacy, or adverse events). Data were missing for 5 patients in the obinutuzumab group and 9 patients in the placebo
group.

§  The treatment policy strategy (not controlled for type | error) used all observed values regardless of the occurrence of the following inter-
current events: major concomitant-medication violation, receipt of rescue medication, early discontinuation of trial participation due to
lack of efficacy or adverse events, or discontinuation of the trial regimen for any reason (excluding death).

| Data for BILAG-based Composite Lupus Assessment (BICLA) response were missing for 5 patients in the obinutuzumab group and

9 patients in the placebo group.

This end point was assessed in patients taking at least 10 mg per day of prednisone (or equivalent) at baseline (85 patients in each

group).

17 Data were missing for 10 patients in the obinutuzumab group and 11 patients in the placebo group.

I An SRI-6 response included a reduction of at least 6 points from baseline in the SLEDAI-2K score. Data were missing for 5 patients in
the obinutuzumab group and 9 patients in the placebo group.

§§  The hazard ratio (rather than adjusted between-group difference) is shown. The percentage of patients who had a flare was 33.8%
(95% Cl, 26.2 to 41.3) in the obinutuzumab group and 48.7% (95% Cl, 40.7 to 56.6) in the placebo group.

99 Additional secondary end points were not included in the hierarchically tested key secondary end points and were not controlled for type
I error; the widths of the confidence intervals have not been adjusted for multiplicity, and the intervals may not be used in place of hy-
pothesis testing.

[ A Definition of Remission in SLE (DORIS) response was defined by all the following: a clinical SLEDAI-2K score of 0, a PGA visual ana-
logue scale score of less than 0.5, and a prednisone (or equivalent) dose of 5 mg or less per day.

<% A Lupus Low Disease Activity State (LLDAS) was defined by a SLEDAI-2K score of 4 or less, with no activity in major organ systems (re-

nal, central nervous system, cardiopulmonary, or vasculitis) and no fever, BILAG-defined hemolytic anemia, or gastrointestinal activity;

no new SLEDAI-2K activity as compared with the previous assessment; a PGA score of 1 or less; and a prednisone (or equivalent) dose
of 7.5 mg or less per day.
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A Time to First BILAG Flare

100+
904 Obinutuzumab
° 80
=
u 5 70+
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8§ 60
SR Placebo
;‘5 I 50
k]
®Z 40
S o
i
St 304
&
20
104  P=0.002 by log-rank test
0 T T T T T T T T T T T T T T
0 4 8 12 16 20 24 28 32 36 40 44 48 52
Weeks
No. at Risk
Obinutuzumab 151 150 148 143 134 131 125 116 115 110 105 100 100 95
Placebo 152 149 143 134 119 109 99 91 88 83 83 78 72 71

B SLEDAI-2K Score

14-
12
o
5 10
a
i Placebo
9] 8+
4
Q
w
5 6
< Obinutuzumab
3
s 4
2
0 T T T T T T T T T T T T T T
0 4 8 12 16 20 24 28 32 36 40 44 48 52
Weeks
No. of Patients
Obinutuzumab 151 146 146 145 146 146 139 139 139 144 144 141 140 143
Placebo 152 150 145 146 141 139 136 128 139 135 134 132 134 132

Figure 1. Flares over Time and Disease Activity.

Panel A shows time to first British Isles Lupus Assessment Group (BILAG)—defined flare. The time to event in weeks
was calculated as the event date minus the randomization date plus 1, divided by 7. A log-rank test was performed
with the stratification factors of baseline disease activity and oral glucocorticoid dose. Panel B shows Systemic Lupus
Erythematosus Disease Activity Index 2000 (SLEDAI-2K) scores in the two trial groups at all assessed time points;
only observed values are shown, and the I bars indicate Wald 95% confidence intervals. The widths of the confidence
intervals have not been adjusted for multiplicity, and the intervals may not be used in place of hypothesis testing.

PHARMACODYNAMIC FEATURES AND SEROLOGIC
ANALYSIS

The percentages of patients having normalization
of complement levels and anti-dsDNA antibodies

between baseline and week 52 are shown in Fig-
ure 2A, 2B, and 2C. Depletion of peripheral CD19-
positive B cells was observed after the first infu-
sion of obinutuzumab (Fig. 2D): by week 2, a total
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A Normalization of C3 Complement Levels in Patients with Abnormal Baseline Values (<0.9 g/liter)
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Figure 2 (facing page). Serologic and Pharmacodynamic
Analyses over Time.

Panels A and B show the percentage of patients with
normal C3 complement levels (=0.9 g per liter) and
normal C4 complement levels (=0.1 g per liter), re-
spectively, per visit, from baseline through week 52,
among patients with abnormal baseline levels (for C3
levels, 87 patients in the obinutuzumab group and

85 patients in the placebo group; for C4 levels, 67 pa-
tients in the obinutuzumab group and 80 patients in
the placebo group). Panel C shows the percentage of
patients with normal anti—double-stranded DNA anti-
body levels (<100 IU per milliliter) per visit, from
baseline through week 52, among patients with abnor-
mal baseline levels (86 patients in the obinutuzumab
group and 81 patients in the placebo group). For Pan-
els A, B, and C, I bars indicate Wald 95% confidence
intervals. The widths of the confidence intervals have
not been adjusted for multiplicity, and the intervals
may not be used in place of hypothesis testing. Per-
centages are calculated as the number of patients
with normal levels at each visit among those with ab-
normal baseline levels. Panel D shows the percentage
of patients with B-cell depletion per visit, from base-
line through week 52, in the obinutuzumab and place-
bo groups. B-cell depletion was defined by an abso-
lute CD19-positive B-cell count of fewer than 10 cells
per microliter, determined with the use of a flow cyto-
metric assay of T, B, and natural killer cells.

0f 98.5% of patients who received obinutuzumab
had complete B-cell depletion, as compared with
5.6% of those who received placebo. Patients who
received obinutuzumab maintained more than
92% depletion throughout the 52-week period.
IgG levels were longitudinally maintained in the
normal range in both groups (Fig. S4).

SAFETY

The incidence of adverse events in the safety popu-
lation was higher in the obinutuzumab group than
in the placebo group (88.7% vs. 81.5%) (Table 3).
Adverse events of grade 3 or higher were observed
in 25 patients (16.6%) in the obinutuzumab group
and in 21 patients (13.9%) in the placebo group,
and serious adverse events occurred in 24 patients
(15.9%) and 18 patients (11.9%), respectively. Ex-
cept for the adverse events in 1 patient with a
fatal outcome (discussed below), all serious ad-
verse events in the obinutuzumab group resolved
or were resolving at week 52. The most frequent
serious adverse events observed among patients
receiving obinutuzumab were pneumonia (in 2.0%)
and upper respiratory tract infection, urinary tract
infection, and infusion-related reaction (in 1.3%

each) (Table S5). Infusion-related reactions were
more common with obinutuzumab than with
placebo (11.9% vs. 3.3%); these events were pre-
dominantly grade 1 or 2 and occurred most
frequently with the first infusion.

Four patients died during the double-blind
period — 1 (0.7%) in the obinutuzumab group
due to soft-tissue infection and pneumonia and
3 (2.0%) in the placebo group: 1 had a pulmonary
alveolar hemorrhage, 1 had myocarditis with
sepsis, and 1 had an SLE flare (the contribution
of lupus activity to non—SLE flare deaths cannot
be discounted) (Table S6). Seven patients in the
obinutuzumab group had a total of eight drug-
related neutropenia events (three grade 1 events,
two grade 2 events, and three grade 3 events), as
compared with 3 patients receiving placebo (Ta-
ble 3). These events resolved, on average, within 35
days; 1 patient with grade 3 neutropenia received
filgrastim. Coronavirus disease 2019 occurred in
9 patients (6.0%) who received obinutuzumab and
in 6 patients (4.0%) who received placebo, and all
cases resolved in the outpatient setting.

DISCUSSION

In this phase 3 trial involving patients with active
SLE, obinutuzumab plus standard therapy was
more effective than placebo plus standard ther-
apy in achieving an SRI-4 response at week 52.
In addition, results for all key secondary end
points — including BICLA response, sustained
reduction in glucocorticoid dose, sustained SRI-
4 response, SRI-6 response, and time to first
BILAG flare — were also superior in the obinu-
tuzumab group. Although the analyses were not
controlled for type I error, DORIS response and
LLDAS scores (measures of remission and low
disease activity, respectively) also appeared to be
improved with obinutuzumab; these findings are
relevant given that guidelines emphasize treat-to-
target approaches aiming for remission with low
doses of glucocorticoids.*®* The relatively high
incidence of remission is notable given the higher
baseline disease activity than in other SLE tri-
als.>* The glucocorticoid-sparing effect among
patients receiving at least 10 mg daily of predni-
sone (or equivalent) at baseline (a subgroup of
the intention-to-treat population) and the mark-
edly reduced incidence of flares together address
two of the most critical unmet needs in long-term
care of patients with SLE.>¢
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Table 3. Adverse Events through Week 52 (Safety Population).*

Obinutuzumab Placebo
Event (N=151) (N=151)
Any adverse event — no. (%) 134 (88.7) 123 (81.5)
Total no. of adverse events 568 468
Any serious adverse event — no. (%) 24 (15.9) 18 (11.9)
Deaths — no. (%) 1(0.7) 3(2.0)
Adverse event leading to withdrawal from trial — no. (%) 1(0.7) 2 (1.3)
Adverse event of grade 3 or higher — no. (%) 25 (16.6) 21 (13.9)
Infection — no. (%) 103 (68.2) 82 (54.3)
Infection as a serious adverse event — no. (%) 13 (8.6) 7 (4.6)
Adverse event with fatal outcome — no. (%) 1(0.7) 5(3.3)
Adverse event leading to discontinuation of obinutuzumab or placebo — no. (%) 6 (4.0) 6 (4.0)
Serious adverse event leading to discontinuation of obinutuzumab or placebo — no. (%) 3 (2.0) 3 (2.0
Infusion-related reaction — no. (%) 18 (11.9) 5(3.3)
Infection of grade 3 or higher — no. (%) 11 (7.3) 7 (4.6)
Any hepatitis B reactivation or progressive multifocal leukoencephalopathy — no. (%) 0 0
Drug-related neutropenia — no. (%) 7 (4.6) 3(2.0)
Drug-related thrombocytopenia — no. (%) 0 0
Gastrointestinal perforation — no. (%) 0 1(0.7)
Worsening of preexisting cardiac condition — no. (%) 0 0
Potential drug-induced liver failure meeting Hy's law criteria — no. (%) 0 1(0.7)
Suspected transmission of an infectious agent by obinutuzumab or placebo — no. (%) 0 0

* One patient assigned to the placebo group did not receive placebo and was subsequently excluded from the safety analysis. Multiple occur-
rences of the same adverse event in the same patient were counted only once, except for “Total no. of adverse events,” in which multiple
occurrences of the same adverse event were counted separately. Included are adverse events until the time of rescue for patients who re-
ceived rescue therapy.

T Two deaths in the placebo group occurred after week 52, but the adverse events started during the 52-week blinded period.
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B cells play a central pathogenic role in SLE
by producing autoantibodies and cytokines as well
as presenting antigens, factors that make B cells a
compelling therapeutic target.”” Although early
trials of rituximab involving patients with SLE or
lupus nephritis failed to confirm a clinical ben-
efit, subsequent analyses suggested that active SLE
probably requires greater B-cell depletion than
other autoimmune diseases such as rheumatoid
arthritis.?”3! Direct comparisons of type I and
type II anti-CD20 antibodies in SLE are lacking,
but this concept is supported by remissions ob-
served with B cell-directed chimeric antigen re-
ceptor T-cell therapies, which appear to completely
deplete B cells, both peripherally and within tis-
sue, albeit transiently.?*** Emerging data indicate
that obinutuzumab affects B cells in both blood
and tissue. Repeat kidney biopsies from the phase
3 REGENCY lupus nephritis trial, which were

performed 6 months after the last obinutuzumab
infusion, and lymph-node biopsies from the
phase 1b transplant desensitization THEORY
study, which were performed in patients who had
received obinutuzumab and subsequently under-
went kidney transplantation, showed near-zero
counts of B cells in tissue.®3+3¢

No new or unexpected safety signals were
identified in the current trial.”® Although the
incidence of infections was higher among pa-
tients who received obinutuzumab than among
those who received placebo, they were overall
manageable, and the safety data were consistent
with the known safety profile of obinutuzumab
or underlying disease of the patient population.

Limitations of this trial included the exclusion
of patients with severely active lupus nephritis or
severely active central nervous system SLE, com-
mon restrictions in phase 3 SLE trials that limit
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the generalizability of our findings. However, the
phase 3 REGENCY trial had previously shown
the efficacy of obinutuzumab in lupus nephri-
tis.® The 52-week duration of the primary analy-
sis precludes conclusions about the long-term
efficacy and safety of obinutuzumab in patients
with SLE. Because no tissue samples were col-
lected in this trial, we are unable to conclude
whether tissue-level B-cell depletion contributed to
the high incidence of clinical responses among
patients who received obinutuzumab.

These findings complement those of the phase
3 REGENCY trial involving patients with active
proliferative lupus nephritis, whereby treatment
with obinutuzumab led to clinically meaningful
improvements.® The high incidence of responses
to obinutuzumab could be attributed to several
factors, including modern refinements to trial
design, but a growing body of evidence suggests
that robust B-cell depletion is a major contribu-
tor to enhanced clinical responses in autoimmune
diseases. Although administration of obinutuzu-
mab resulted in rapid and durable peripheral B-cell
depletion, further investigation is needed to eval-
uate tissue-level B-cell depletion and correlations
with clinical responses.

In this trial involving adults with active SLE,
obinutuzumab plus standard therapy led to a sig-
nificantly higher percentage of patients with clini-
cally meaningful reductions in disease activity
across the primary end point of SRI-4 response
and key secondary end points than placebo plus
standard therapy.
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