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ABSTRACT
Objective  Randomised trials of type I anti-CD20 
antibodies rituximab and ocrelizumab failed to 
show benefit in proliferative lupus nephritis (LN). We 
compared obinutuzumab, a humanised type II anti-
CD20 monoclonal antibody that induces potent B-cell 
depletion, with placebo for the treatment of LN in 
combination with standard therapies.
Methods  Patients with LN receiving mycophenolate 
and corticosteroids were randomised to obinutuzumab 
1000 mg or placebo on day 1 and weeks 2, 24 and 26, 
and followed through week 104. The primary endpoint 
was complete renal response (CRR) at week 52. 
Exploratory analyses through week 104 were conducted. 
The prespecified alpha level was 0.2.
Results  A total of 125 patients were randomised and 
received blinded infusions. Achievement of CRR was greater 
with obinutuzumab at week 52 (primary endpoint, 22 
(35%) vs 14 (23%) with placebo; percentage difference, 
12% (95% CI −3.4% to 28%), p=0.115) and at week 
104 (26 (41%) vs 14 (23%); percentage difference, 
19% (95% CI 2.7% to 35%), p=0.026). Improvements 
in other renal response measures, serologies, estimated 
glomerular filtration rate and proteinuria were greater with 
obinutuzumab. Obinutuzumab was not associated with 
increases in serious adverse events, serious infections or 
deaths. Non-serious infusion-related reactions occurred 
more frequently with obinutuzumab.
Conclusions  Improved renal responses through week 
104 were observed in patients with LN who received 
obinutuzumab plus standard therapies compared with 
standard therapies alone. Obinutuzumab was well 
tolerated and no new safety signals were identified.
Trial registration number  NCT02550652.

INTRODUCTION
Proliferative lupus nephritis (LN) is the most 
common severe organ-threatening manifestation 
of systemic lupus erythematosus (SLE). The goal of 
treatment is to preserve kidney function and avoid 
the need for kidney replacement therapy while 
minimising the toxicities of therapy.1 2 The 15-year 
risk of patients with LN developing end-stage 
kidney disease (ESKD) is approximately 20%, with 
even greater risk occurring in class IV proliferative 
LN. This risk has not substantially lessened in the 
last 20 years despite the use of potent immunosup-
pressive therapies.3 4

B cells are recognised as key mediators of SLE 
pathogenesis.5 However, randomised, placebo-
controlled trials of the type I anti-CD20 antibodies 
rituximab and ocrelizumab failed to demonstrate 

Key messages

What is already known about this subject?
►► Although two randomised, placebo-controlled 
clinical trials of the type I anti-CD20 antibodies 
rituximab and ocrelizumab in patients with 
lupus nephritis failed to show a difference vs 
placebo in the primary endpoint of complete 
renal response, subsequent analyses suggested 
that the rapidity, depth and duration of 
peripheral B-cell depletion was associated with 
renal response.

►► Obinutuzumab is a type II anti-CD20 antibody 
that results in greater B-cell depletion than 
rituximab; in a preclinical study, obinutuzumab 
was shown to be more effective than rituximab 
in a murine model of lupus nephritis.

What does this study add?
►► In this randomised, placebo-controlled, phase 2 
trial (NOBILITY), obinutuzumab was superior to 
placebo for the achievement of complete and 
overall renal responses at week 52 when added 
to mycophenolate and corticosteroids; improved 
renal responses with obinutuzumab compared 
with placebo continued through week 104.

►► Obinutuzumab resulted in rapid and potent 
depletion of peripheral B cells without an 
increase in the incidence of serious adverse 
events, serious infections or death compared 
with placebo.

How might this impact on clinical practice or 
future developments?

►► Compared with standard-of-care therapy 
alone, NOBILITY showed that obinutuzumab 
on a background of standard-of-care therapies 
improved renal responses through 104 weeks 
without increasing the frequency of serious 
adverse events. Based on the results from this 
study, the use of obinutuzumab in proliferative 
lupus nephritis is being further evaluated in a 
global phase 3 study (NCT04221477).
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http://dx.doi.org/10.1136/annrheumdis-2021-220920
http://dx.doi.org/10.1136/annrheumdis-2021-220920
http://dx.doi.org/10.1136/annrheumdis-2021-220920
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increases in rates of complete renal response (CRR) when 
added to standard-of-care immunosuppression.6–8 Substantial 
variability in the degree of B-cell depletion has been observed 
following rituximab administration to patients with SLE, 

and the presence of residual B cells in peripheral blood after 
rituximab treatment has been associated with inferior clinical 
responses in SLE and LN.9–12 Resistance to B-cell depletion by 
type I anti-CD20 antibodies in SLE may occur via Fcγ receptor 
IIB (FcγRIIB)–mediated internalisation of CD20, ineffective 
complement-dependent cytotoxicity, decreased engagement of 
effector cells due to natural killer cell defects or Fc receptor 
polymorphisms and acquired deficiencies in antibody-dependent 
cellular phagocytosis.12–15

Obinutuzumab is a humanised, type II anti-CD20 mono-
clonal antibody that has a distinct mode of binding to the CD20 
antigen compared with type I anti-CD20 antibodies and is glyco-
engineered for greater affinity for the FcγRIII on effector cells. 
These properties promote greater antibody-dependent cellular 
cytotoxicity, superior direct B-cell killing, and, thus, less reliance 
on complement-dependent cytotoxicity than type I anti-CD20 
antibodies.16 Because obinutuzumab does not elicit CD20 redis-
tribution to membrane-bound lipid rafts or activate FcγRIIB, 
it is associated with reduced CD20 internalisation compared 
with type I anti-CD20 antibodies.14 17 18 Clinical superiority 
of obinutuzumab to rituximab for the treatment of chronic 
lymphocytic leukaemia and follicular lymphoma, when admin-
istered in combination with standard chemotherapy, has been 
demonstrated.19 20 Obinutuzumab exhibited greater B-cell cyto-
toxicity and activation of natural killer cells than rituximab in 
SLE patient samples and was more effective than rituximab in 
the treatment of murine LN.13 14 21

The NOBILITY trial was conducted to test the hypothesis that 
enhanced B-cell depletion with obinutuzumab would increase 
the rate of CRR when added to background standard of care 
compared with standard of care alone. We report the results of a 
phase 2, multicentre, randomised, double-blind trial comparing 
obinutuzumab with placebo in patients with proliferative LN 
treated with mycophenolate and corticosteroids.

Figure 1  Patient flow diagram.

Table 1  Baseline characteristics and demographics

Obinutuzumab
(n=63)

Placebo
(n=62)

Age—years 33.1±9.8 31.9±10.1

Female—no (%) 55 (87) 51 (82)

Region—no (%)

 � Latin America and the Caribbean 38 (60) 47 (76)

 � Europe and Israel 18 (29) 7 (11)

 � USA 7 (11) 8 (13)

Hispanic or Latino ethnicity—no (%) 42 (67) 49 (79)

Race—no (%)

 � White 28 (44) 26 (42)

 � American Indian or Alaska Native 11 (18) 17 (27)

 � Black or African American 6 (10) 5 (8)

 � Asian 3 (5) 2 (3)

 � Other or unknown 15 (24) 12 (20)

Prior history of lupus nephritis—no (%) 32 (51) 32 (52)

Class IV lupus nephritis—no (%) 40 (64) 35 (57)

Concomitant class V lupus nephritis—no (%) 20 (32) 17 (27)

Serum creatinine—mg/dL 0.87±0.34 0.80±0.33

eGFR—mL/min/1.73 m2 102.0±30.6 102.1±32.9

UPCR—g/g 3.3±2.7 2.9±2.5

Anti-dsDNA Ab >30 IU/mL—no (%) 42 (67) 46 (74)

C3 <90 mg/dL—no (%) 43 (68) 37 (60)

C4 <16 mg/dL—no (%) 37 (59) 44 (71)

eGFR was calculated using the CKD-EPI creatinine equation.
Ab, antibody; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated 
glomerular filtration rate; ULN, upper limit of normal; UPCR, urine protein-to-creatinine ratio.
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METHODS
Study design
This multicentre, double-blind, phase 2, randomised, controlled 
trial was performed at 43 sites in North America, South America, 
Europe and Israel. This trial was executed in accordance with 
the principles of the Declaration of Helsinki and Good Clinical 
Practice. All patients provided informed consent. Patients and/or 
the public were not involved in the design, conduct, reporting, 
or dissemination plans of this research.

Patients
Eligible adults were aged 18–75 years, had SLE by American 
College of Rheumatology classification 1997 criteria,22 kidney 
biopsy evidence of International Society of Nephrology/Renal 
Pathology Society 200323 class III or IV active or active/chronic 
LN within 6 months of screening (concomitant class V was 
permitted), urine protein-to-creatinine ratio (UPCR)  >1 from 
a 24-hour urine collection, and estimated glomerular filtration 
rate (eGFR) of ≥30 mL/min/1.73 m2. The full protocol is avail-
able in online supplemental file.

Randomisation and masking
Patients were randomly assigned (1:1) to receive either obinu-
tuzumab 1000 mg or placebo infusions. Randomisation was 
performed using an interactive web response system and strat-
ified by race (Afro-Caribbean/African American vs others) and 
region (USA vs non-USA). Randomisation codes were kept 
within the interactive web response system for patients and 
investigators to remain masked to treatment allocation. The 
sponsor was masked to treatment allocation up to the week 52 
database lock.

Procedures
Obinutuzumab was administered as a blinded intravenous infu-
sion of 1000 mg on day 1 and weeks 2, 24 and 26, after premed-
ication with blinded methylprednisolone 80 mg intravenous to 
reduce the risk of infusion-related reactions. Patients randomly 
assigned to placebo received an intravenous placebo infusion on 
day 1 and weeks 2, 24 and 26 after infusion of placebo meth-
ylprednisolone. All patients received mycophenolate mofetil 
(MMF) (target dose 2–2.5 g/day or equivalent dose of myco-
phenolic acid). Protocol-mandated corticosteroid treatment 
included methylprednisolone (a total of 1000–3000 mg intra-
venous) and an oral corticosteroid regimen (initial prednisone 
dose: 0.5 mg/kg/day, maximum 60 mg/day, with taper to 7.5 mg/
day by week 12). It was recommended that patients receive anti-
malarial medications, an ACE inhibitor or angiotensin receptor 
blocker, calcium and vitamin D at stable doses throughout the 
study. All patients were followed in a blinded fashion through 
week 104, and patients with persistent B-cell depletion were 
followed for safety and B-cell measurements thereafter.

Urinary protein excretion (measured by UPCR from a 24-hour 
urine collection and/or spot UPCR, preferably from a first 
morning void), serum creatinine, levels of autoantibodies and 
serum complement components were assessed at weeks 4, 12, 
24, 36, 52, 76 and 104. Peripheral blood B-cells were measured 
at baseline and at weeks 2, 4, 12, 24, 52 and 104. Laboratory 
assessments were performed at a centralised laboratory. B cells 
were measured using a validated 6-colour, lyse/no-wash flow 
cytometry assay. Complement components were measured by 
immunonephelometry and anti-dsDNA titres by ELISA.

Outcome measures
The primary endpoint at week 52 was the proportion of patients 
who achieved CRR, a composite measure requiring UPCR <0.5, 

Figure 2  Renal responses over time. CRR, complete renal response; mCRR, modified CRR; MMF, mycophenolate mofetil; ORR, overall renal response.

https://dx.doi.org/10.1136/annrheumdis-2021-220920
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normal renal function (serum creatinine ≤ULN) without wors-
ening of baseline serum creatinine by more than 15%, and inac-
tive urinary sediment (<10 red blood cells (RBCs)/high-power 
field (HPF) without RBC casts). Patients who received rescue 
therapies such as cyclophosphamide, rituximab, tacrolimus or 
pulse-dose corticosteroids (equivalent to methylprednisolone 
500 mg or greater) after baseline or who withdrew from the 
study prematurely were imputed as non-responders for all subse-
quent response endpoints.

Major secondary endpoints at week 52 were proportion of 
patients achieving a partial renal response (PRR), a composite 
measure requiring ≥50% reduction in UPCR from baseline to 
a value <1 (to <3 if baseline UPCR was ≥3), serum creatinine 
not increased >15% from baseline and urinary RBCs <10/HPF 
or ≤50% increase over the baseline value; proportion of patients 

achieving an overall renal response (ORR), which was met if 
CRR or PRR was achieved; proportion of patients achieving 
variations of the definition of CRR, including modified CRR 
(mCRR), a composite measure requiring UPCR  <0.5 g/g and 
serum creatinine  ≤ULN; changes in C3, C4 and anti-dsDNA 
antibody levels from baseline; and time to CRR and ORR. Addi-
tional prespecified endpoints included change in eGFR from 
baseline (as calculated using the Chronic Kidney Disease Epide-
miology Collaboration (CKD-EPI) creatinine equation) and 
achievement of renal responses at other time points. A post hoc 
endpoint, the proportion of patients achieving UPCR <0.8 g/g, 
was added based on the predictive value of this cut-off for long-
term outcome.24 Exploratory analyses were conducted to assess 
these measures at week 104.

Table 2  Primary and secondary endpoints at weeks 52 and 104

Week 52 Week 104*

Obinutuzumab 
(n=63)

Placebo
(n=62) Difference (95% CI) P value

Obinutuzumab 
(n=63)

Placebo
(n=62) Difference (95% CI) P value

Primary endpoint

CRR, n (%) 22 (35) 14 (23) 12 (−3.4 to 28) 0.115 26 (41) 14 (23) 19 (2.7 to 35) 0.026

Secondary endpoints

mCRR, n (%) 29 (46) 24 (39) 7 (−10 to 25) 0.373 35 (56) 21 (34) 22 (5 to 39) 0.015

ORR (CRR or PRR), 
n (%)

35 (56) 22 (36) 20 (3.0 to 37) 0.025 34 (54) 18 (29) 25 (8.2 to 42) 0.005

Change in C3 from 
baseline, mean† (SE)

30 (3.4) 12 (3.5) 18 (8.0 to 27) <0.001 29 (3.4) 11 (3.4) 19 (8.9 to 28) <0.001

Change in C4 from 
baseline, mean† (SE)

9.7 (1.3) 0.8 (1.3) 8.8 (5.2 to 12) <0.001 9.6 (1.3) 0.4 (1.3) 9.3 (5.7 to 13) <0.001

Change in log anti-
dsDNA titre from 
baseline, mean† (SE)

−0.91 (0.12) −0.10 (0.12) −0.81 (−1.1 to 0.48) <0.001 −1.1 (0.13) −0.05 (0.13) −1.0 (−1.4 to 0.67) <0.001

Renal response components

UPCR <0.5, n (%) 33 (52) 24 (39) 14 (−3.6 to 31) 0.102 39 (62) 23 (37) 25 (7.8 to 42) 0.005

SCr ≤15% increase 
from baseline 
and ≤ULN

48 (76) 38 (61) 15 (−1.2 to 31) 0.080 45 (71) 32 (52) 20 (3.1 to 37) 0.019

Urinary RBCs <10/HPF 
without RBC casts

52 (83) 51 (82) 0.3 (−13 to 13) 0.987 49 (78) 41 (66) 12 (−4.0 to 27) 0.154

No rescue 
immunosuppression or 
early discontinuation

57 (91) 53 (86) 5 (−6.4 to 16) 0.414 51 (81) 38 (61) 20 (4.1 to 35) 0.012

CRR in prespecified subgroups

Baseline proteinuria, 
n (%)

 � UPCR <3 (n=73) 13 (38) 12 (31) 7.5 (−14 to 29) 0.468 16 (47) 12 (31) 16 (−5.9 to 39) 0.147

 � UPCR ≥3 (n=47) 8 (31) 2 (10) 21 (−0.5 to 43) 0.163 8 (31) 2 (10) 21 (−0.5 to 43) 0.098

Baseline biopsy class, 
n (%)

 � Class III (n=31) 5 (36) 6 (35) 0.4 (−33 to 34) 0.952 3 (21) 7 (41) −19 (−52 to 12) 0.338

 � Class IV (n=94) 17 (35) 8 (18) 17 (−0.5 to 34) 0.068 23 (47) 7 (16) 31 (14 to 49) 0.001

Baseline biopsy class, 
n (%)

 � No class V (n=88) 17 (40) 9 (20) 20 (0.8 to 38) 0.054 17 (40) 10 (22) 17 (−1.7 to 36) 0.117

 � Class V (n=37) 5 (25) 5 (29) −4.4 (−33 to 24) 0.825 9 (45) 4 (24) 22 (−8.2 to 51) 0.187

Post hoc endpoints

 � UPCR <0.8, n (%) 41 (65) 31 (50) 15 (-2.1 to 32) 0.085 45 (71) 28 (45) 26 (9.6 to 43) 0.003

For all response analyses, non-response imputation was used after rescue immunosuppression or early discontinuation.
*Week 104 analyses were exploratory and not adjusted for multiplicity.
†Adjusted mean from analysis of covariance model adjusting baseline measurement and stratification factors race and region.
.CRR, complete renal response (which required UPCR <0; CRR, complete renal response; HPF, high-power field; mCRR, modified CRR; ORR, overall renal response; PRR, partial 
renal response; RBC, red blood cell; SCr, serum creatinine; UPCR, urine protein-to-creatinine ratio.
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Statistical analyses
Assuming a proportion of CRR responders at week 52 of 30% 
in the placebo group6 7 and 50% in the obinutuzumab group 
(difference, 20%), 60 patients in each group were projected 
to yield 83% power to detect a significant difference using the 
Cochran-Mantel-Haenszel (CMH) test at a two-sided alpha of 
0.2 for this proof-of-concept study. To control for type I error 
rate for the primary and secondary endpoints, hypothesis testing 
was conducted using a fixed sequence method, proceeding 
sequentially in a prespecified order starting from the primary 
endpoint and testing each endpoint after achieving statistical 
significance on the previous endpoint at an alpha of 0.2. Type I 
error rate was not controlled for exploratory analyses.

Efficacy analyses were done in a modified intention-to-treat 
population consisting of all randomised patients who had 
received ≥1 dose of study drug. Safety analyses were grouped 
according to the treatment received. Infusion-related reactions 
were defined as any adverse event that occurred during or within 
24 hours after infusion of obinutuzumab or placebo and was 
judged to be related to the infusion. Descriptive statistics were 
used to evaluate safety.

Renal response endpoints and other categorical variables were 
evaluated by CMH test accounting for the stratification factors. 
Change from baseline endpoints were analysed by analysis of 
covariance model with baseline measurement and the stratifica-
tion factors as covariates. All statistical analyses were performed 
using SAS, V.9.4. An independent data monitoring committee 
regularly reviewed unblinded interim data.

RESULTS
Patients
Patients were enrolled from November 2015 through December 
2017. Final data collection was on 19 December 2019. Two 
hundred and forty-two patients were screened, of whom 125 
were randomised and received placebo (n=62) or obinutu-
zumab (n=63) in addition to mycophenolate and corticosteroids 
in Latin America and the Caribbean (n=85), Europe and Israel 
(n=25) and the USA (n=15). The most common reason for 
screen failure was failure to meet the eligibility criteria. A total 
of 115 patients (92%) completed 52 weeks, and 103 patients 
(82%) completed 104 weeks of the protocol (figure 1).

Women comprised 85% of the study cohort, and the mean age 
was 33 years. Seventy-three per cent self-identified as Hispanic 
or Latino, and 43% were white. A total of 74% had class IV 
LN; the remainder had class III LN. Concomitant class V LN 
was present in 30%. Mean baseline values (±SD) were UPCR: 
3.12±2.56; serum creatinine: 0.84±0.33 mg/dL; and eGFR: 
102.0±31.7 mL/min/1.73 m2. The patients’ disease characteris-
tics at baseline were similar between treatment groups (table 1).

Efficacy
A significantly greater proportion of patients in the obinutu-
zumab group achieved CRR than in the placebo group at week 
52 (primary endpoint, 22 of 63 patients (35%) in the obinu-
tuzumab group vs 14 of 62 patients (23%) in the placebo 
group; percentage difference, 12% (95% CI −3.4% to 28%), 
p=0.115) and week 104 (26 of 63 patients (41%) in the obinu-
tuzumab group vs 14 of 62 patients (23%) in the placebo group; 
percentage difference, 19% (95% CI 2.7% to 35%), p=0.026) 
(table 2, figure 2). A significantly greater proportion of patients 
in the obinutuzumab group achieved CRR and ORR (CRR or 
PRR) at weeks 52, 76 and 104 and mCRR at weeks 76 and 104 
(figure 2).

In prespecified subgroup analyses, the benefit of obinutu-
zumab over placebo at 104 weeks was greatest among patients 
with baseline UPCR ≥3 and those with class IV (as compared 
with class III) LN on renal biopsy (table 2). While obinutuzumab 
was not associated with increased CRR among patients with 
concomitant class V LN at week 52, the treatment effects of 
obinutuzumab over placebo among patients with and without 
concomitant class V disease were similar at week 104. A post hoc 
analysis showed that, compared with placebo, obinutuzumab 
was associated with greater achievement of UPCR <0.8 at week 
104 (45 of 63 patients (71%) in the obinutuzumab group vs 28 
of 62 patients (45%) in the placebo group; percentage differ-
ence, 26% (95% CI 9.6% to 43%), p=0.003).

Compared with placebo, obinutuzumab resulted in greater 
improvements from baseline in C3, C4 and anti-dsDNA anti-
bodies at weeks 4 through 104 and UPCR at weeks 52 through 
104 (table 2, figure 3). Obinutuzumab also resulted in greater 
improvement in eGFR at week 4 and weeks 24 through 104 
(adjusted mean difference, 9.7 mL/min/1.73 m2 (95% CI 1.7 
to 18), p=0.017). In the placebo group only, mean eGFR was 
decreased compared with baseline from week 24 through week 
104 (figure 3).

By week 104, nine patients (14%) in the obinutuzumab group 
and 15 patients (24%) in the placebo group received one or more 
rescue therapies. Of these, six patients in the obinutuzumab 
group and 11 patients in the placebo group received rescue with 
cyclophosphamide or anti-CD20 therapy. The median initial 
(day 1) prednisone dose was 30 mg/day, and the median (IQR) 

Figure 3  Change from baseline in laboratory parameters. Mean 
change from baseline was calculated with the last observation carried 
forward for missing data. If treatment failure occurred, the last 
measurement prior to treatment failure was used. eGFR, estimated 
glomerular filtration rate; MMF, mycophenolate mofetil; UPCR, urine 
protein-to-creatinine ratio.
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cumulative corticosteroid exposure was 6561 (5938–7473) and 
6672 (5785–7380) mg of prednisone equivalent in the obinu-
tuzumab and placebo groups, respectively, inclusive of both 
oral and intravenous corticosteroid doses through week 104. 
Through week 104, the median MMF dose was 2.0 g/day in both 
groups. Thirty-eight patients (30%) required one or more MMF 
dose reductions due to adverse events, and nine patients (7%) 
received mycophenolic acid at some point during the trial.

Obinutuzumab resulted in rapid and sustained depletion of 
peripheral CD19+ B cells to ≤5 cells/µL (figure 4). In the obinu-
tuzumab group, 98% were depleted at week 2, after one infusion, 
and 94% were depleted at week 52. At the next measurement, 
week 104, similar rates of B-cell depletion were seen in the 
obinutuzumab and placebo groups (16% and 12%, respectively). 
Depletion of memory B cells, naïve B cells, and plasmablasts, and 
increases in serum BAFF, were also observed with obinutuzumab 
(online supplemental figure 1). Obinutuzumab was associated 
with a rapid and sustained decrease in IgM levels compared with 
placebo; at week 104, the proportions of patients with IgM below 
the lower limit of normal were 33% and 8% for obinutuzumab 
and placebo groups, respectively (online supplemental table 1). In 
contrast, the prevalence of low IgG decreased over time in both 
treatment groups (9% and 4% in the obinutuzumab and placebo 
groups, respectively, had IgG below the lower limit of normal at 
week 104). Titres of preformed antibodies against tetanus, rubella 
and mumps did not differ between treatment groups over time 
(data not shown).

Safety
One patient randomised to placebo inadvertently received obinu-
tuzumab infusions during the first cycle and was included in the 
obinutuzumab group for safety analyses. Through week 104, 58 
of 64 patients (91%) in the obinutuzumab group and 54 of 61 
patients (89%) in the placebo group had at least one adverse event 
(table 3). Sixteen of 64 patients (25%) in the obinutuzumab group 
and 18 of 61 patients (30%) in the placebo group had at least one 

serious adverse event (table 3); 5 of 64 patients (8%) in the obinu-
tuzumab group and 11 of 61 patients (18%) in the placebo group 
had at least one serious infection. The most frequent adverse events 
with obinutuzumab were urinary tract infections and bronchitis.

Infusion-related reactions, defined as any treatment-related 
adverse event that occurred within 24 hours of a blinded infusion, 
occurred in 10 of 64 patients (16%) in the obinutuzumab group 
and 6 of 61 patients (10%) in the placebo group. These events 
included headache, tachycardia, nausea and hypertension, and 
were most common with the first infusion. None were serious and 
all resolved with supportive care.

Five deaths occurred through week 104, one in the obinutu-
zumab group (gastrointestinal perforation) and four in the placebo 
group (gastrointestinal haemorrhage, refractory SLE, progressive 
multifocal leukoencephalopathy (PML), respiratory infection). 
The fatal case of PML occurred in a patient assigned to placebo 
who received cyclophosphamide rescue approximately 6 months 
prior to the diagnosis of PML.

DISCUSSION
Obinutuzumab was superior to placebo for the achievement of 
CRR and ORR in patients with proliferative LN when added to 
mycophenolate and corticosteroids. Greater improvements in 
anti-dsDNA antibodies, C3, C4, eGFR and proteinuria were also 
observed with obinutuzumab. Obinutuzumab resulted in rapid and 
potent depletion of peripheral CD19+ B cells without an increase 
in the incidence of serious adverse events, serious infections or 
death compared with placebo. The treatment effect of obinutu-
zumab appeared to be greatest among patients with high levels 
of proteinuria at baseline and those with class IV LN. A similar 
treatment benefit was seen at week 104 among patients with and 
without concomitant class V disease.

We hypothesised that deeper and more durable depletion of B 
cells with obinutuzumab would result in superior clinical responses. 
NOBILITY used a similar design and patient population as the 
LUNAR trial, and comparison of CD19+ B cell data suggests that 

Figure 4  Proportions of patients with B-cell depletion over time. B-cell depletion is defined as an absolute CD19 count ≤5 cells/µL. MMF, 
mycophenolate mofetil.
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obinutuzumab results in more rapid, deep, and durable peripheral 
B-cell depletion than rituximab (online supplemental table 2).6 
The results from NOBILITY support prior reports correlating the 
degree and duration of B-cell depletion to clinical responses in 
LN.9–11 Though all four doses of obinutuzumab were completed 
by 6 months, there was increasing clinical benefit through 24 
months, implying that prolonged time may be required for healing 
of the kidney and achievement of CRR. Observational data from 
other studies indicate that short-term responses are predictive of 
improved long-term kidney outcomes, and, consistent with this, 
obinutuzumab was associated with greater preservation of eGFR 
over 2 years.24 25 Taken together, these observations suggest the 
addition of obinutuzumab to standard therapy may more effec-
tively prevent damage accrual and thus be more likely to preserve 
kidney function.

B-cell depletion with obinutuzumab was not associated with 
increases in serious adverse events at 2 years. Obinutuzumab was 
associated with an increased prevalence of low IgM, but not low 

IgG, compared with baseline, and was not associated with reduc-
tions in concentrations of pre-existing protective antibodies, a 
pattern consistent with the preservation of CD20-negative long-
lived plasma cells. Similar to a previous study of obinutuzumab in 
patients with ESKD prior to kidney transplantation,26 there were 
no severe infusion-related reactions or cases of severe thrombo-
cytopaenia or neutropaenia, the most common severe toxicities 
seen with obinutuzumab in CLL and NHL (Gazyva US Prescribing 
Information; Gazyvaro EMA Summary of Product Characteristics). 
In CLL and NHL, patients with high levels of circulating malignant 
B cells appear to be at greatest risk for infusion-related reactions, 
which occur as a result of rapid lysis of B cells with release of proin-
flammatory cytokines.27 Pretreatment quantitative and/or qualita-
tive differences in circulating B cells therefore provide a potential 
mechanistic basis for the apparent lower incidence and severity 
of infusion-related reactions and cytopeanias with obinutuzumab 
in non-malignant conditions. In addition, high-dose background 
corticosteroids may have reduced the frequency and severity of 
infusion-related reactions as suggested by a non-randomised study 
in patients with CLL comparing prolonged corticosteroid premed-
ication or standard premedication prior to the first obinutuzumab 
infusion.28

Approximately two-thirds of patients in this study were enrolled 
from Latin American countries, and similar to other recent LN 
studies, only a small proportion of our study population was of 
African ancestry.29 30 This proof-of-concept study does not permit 
conclusions to be drawn regarding differences in treatment effect 
by region or ancestry. The use of blinded preinfusion methylpred-
nisolone (active in the obinutuzumab group, placebo in the placebo 
group) prior to infusions at baseline and weeks 2, 24 and 26 could 
have biased towards a clinical benefit of obinutuzumab, although 
the durability of the observed treatment effect (through week 104) 
and the similarity of cumulative corticosteroid exposure between 
treatment groups argue against a substantial effect from this differ-
ence. Finally, this study had a limited sample size, a prespecified 
alpha level of 0.2, and no typeI error control for analyses after 
week 52; hence, these results require confirmation in a larger study.

Results from the present study indicate that B cells play a key 
role in LN pathogenesis and demonstrate that obinutuzumab 
contributes to improved clinical responses without increasing the 
frequency of serious safety events. Despite widespread use of immu-
nosuppressive therapies for LN, the risk of ESKD has not been 
substantially reduced in recent decades.4 This underscores the crit-
ical need for more efficacious and safer therapies for patients with 
proliferative LN. The use of obinutuzumab in proliferative LN is 
being further evaluated in a global phase 3 study (NCT04221477).
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Table 3  Safety summary through week 104

Obinutuzumab 
n=64 Placebo n=61

Any adverse event 58 (91) 54 (89)

Deaths 1 (2) 4 (7)

Serious adverse events 16 (25) 18 (30)

Serious infection adverse events 5 (8) 11 (18)

Infection adverse event 48 (75) 38 (62)

Most common adverse events*

 � Urinary tract infection 15 (23) 13 (21)

 � Bronchitis 12 (19) 5 (8)

 � Herpes zoster 9 (15) 6 (10)

 � Abdominal pain 7 (11) 3 (5)

 � Infusion-related reaction 7 (11) 6 (10)

 � Nausea 6 (9) 3 (5)

 � Upper respiratory tract infection 6 (9) 5 (8)

 � Hypertension 6 (9) 3 (5)

 � Anaemia 5 (8) 4 (7)

 � Nasopharyngitis 5 (8) 6 (10)

 � Pharyngitis 5 (8) 4 (7)

 � Arthralgia 5 (8) 4 (7)

 � Headache 5 (8) 4 (7)

 � Conjunctivitis 4 (6) 2 (3)

 � Influenza 4 (6) 2 (3)

 � Neutropaenia 3 (5) 3 (5)

 � Diarrhoea 3 (5) 5 (8)

 � Peripheral oedema 3 (5) 3 (5)

 � Gastroenteritis 3 (5) 6 (10)

 � Sinusitis 3 (5) 0

 � Insomnia 3 (5) 4 (7)

 � Frequent urination 3 (5) 0

 � Cough 3 (5) 1 (2)

Infusion-related reaction† 10 (16) 6 (10)

Serious infusion related reaction 0 0

Progressive multifocal 
leukoencephalopathy

0 1 (2)

Data are n (%) of patients. One patient randomised to placebo inadvertently 
received obinutuzumab during the first cycle. This patient is included in the 
obinutuzumab group for safety analyses.
*Events that occurred in at least 5% of patients in the obinutuzumab group.
†Includes all treatment-related adverse events that occurred in the 24 hours from 
the start of blinded obinutuzumab or placebo infusions.
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