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Introduction
Rituximab (Rituxan, Mabthera: Roche, Basel, 
Switzerland) is an anti-CD20 monoclonal antibody 
[mAb; immunoglobulin G1 (IgG1IgG1κ)] 
approved more than 15 years ago by American 
and European authorities. It has dramatically 
changed the landscape of treatment of CD20-
positive lymphoproliferative disorders [Keating, 
2010] and autoimmune diseases [Gürcan et  al. 
2009]. Thus, alone or in combination with chem-
otherapy, rituximab has dramatically improved 
clinical outcomes in chronic lymphocytic leuke-
mia (CLL) [Hallek et  al. 2010] and B-cell  
non-Hodgkin’s lymphomas (NHL), for example, 
diffuse large B-cell lymphoma (DLBCL) [Coiffier 
et al. 2002] or follicular lymphoma (FL) [Hidde-
mann et al. 2005]. However, relapses still occur in 
the majority of patients with FL or CLL and the 
mortality rate of patients with DLBCL is more 
than a third. Moreover, patients may develop 

rituximab-refractory malignancies [Cartron et al. 
2011], usually defined by a disease progression 
during rituximab monotherapy or rituximab 
chemotherapy or by the lack of response (partial 
response or better) to a rituximab-containing 
regimen. According to the International Working 
Group criteria, patients who relapse within 6 
months of completion of the last dose of treat-
ment are also considered as rituximab refractory.

In contrast, resistance is a biological concept 
impacting clinical efficacy of a drug and results 
from a complex array of mechanisms including 
delivery issues, intracellular metabolism, pharma-
cokinetics, targets and challenged intracellular 
pathways. A clearer understanding of the mecha-
nism of rituximab action should therefore allow 
improvements to be made in the efficacy of anti-
CD20 mAbs and thus decrease incidence of both 
relapsed and refractory diseases. The Fc region of 
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rituximab plays a critical role in triggering the cel-
lular events that lead to B-cell elimination in vivo. 
The importance of the interaction between the Fc 
portion of rituximab and FcγR has been clearly 
demonstrated in patients with FL, highlighting 
potential ways in which anti-CD20 antibody activ-
ity may be increased [Cartron et al. 2002; Weng 
and Levy, 2003]. Changing the Fc region of anti-
CD20 antibodies by genetic engineering or by 
modifying Fc glycosylation demonstrated consid-
erable improvement of the affinity of new anti-
CD20 mAbs for FcγRIIIa, and therefore enhanced 
antibody-dependent cell cytotoxicity antibody-
dependent cell cytotoxicity (ADCC) [Cartron 
et al. 2004]. Antibodies that have been modified  
in these ways, such as obinutuzumab (GA101, 
Gazyva, Gazyvaro: Roche, Basel, Switzerland) 
[Mössner et  al. 2010], ublituximab [de Romeuf 
et  al. 2008] and ocaratuzumab [Forero-Torres 
et al. 2012], have entered clinical trials.

In this review, we summarize the mechanisms of 
action of rituximab and review the current data 
available on obinutuzumab, the first approved 
glycoengineered anti-CD20 mAb exhibiting 
increased ADCC. We will then focus on results 
currently available from clinical trials examining 
the use of obinutuzumab for relapsed or refrac-
tory indolent lymphomas.

Anti-CD20 mAbs mechanisms of action
The mechanisms of rituximab action include 
apoptosis, complement-dependent cytotoxicity 
(CDC), and FcγR-mediated mechanisms, includ-
ing ADCC and antibody-dependent cellular 
phagocytosis (ADCP). Complement-enhanced 
ADCC (CR3-ADCC) and a vaccinal effect, 
whereby cell death induced by rituximab results 
in elicitation of a lymphoma-specific T-cell 
response, have also been suggested [Hilchey et al. 
2009]. Most studies evaluating rituximab’s mech-
anisms of action have been performed in vitro on 
CD20-positive lymphoma cell lines and fresh 
lymphoma cells or in vivo in murine models. The 
relative contribution of each of these mechanisms 
in patients is therefore difficult to evaluate, espe-
cially as these may vary according to lymphoma 
subtype. A pioneering work [Cartron et al. 2002] 
established that the FcγRIIIa-158V/F polymor-
phism correlates with clinical response in patients 
who are FcγRIIIa-158V homozygous and have 
untreated FL demonstrating a superior clinical 
response to rituximab therapy. Similar results 
have been obtained in other clinical indications, 

including DLBCL and rheumatoid arthritis [Kim 
et  al. 2006; Ruyssen-Witrand et  al. 2012] with 
rituximab, but also with other humanized IgG1 
antibodies like ofatumumab [Craigen et al. 2009]. 
These works underline the role of ADCC in the 
mechanism of action of these antibodies but also 
prompted the development of therapeutic mono-
clonal antibodies with an increased affinity for 
FcγRIIIa. This could be obtained either by muta-
tion of amino acid residues of the Fc portion 
involved in the Fc–FcγRIIIa interaction [Shields 
et al. 2001] (Fc-mutated mAbs) or by modifica-
tion of the oligosaccharide located between the 
two Fc arms. Thus, it has been demonstrated that 
mAbs with oligosaccharide expressing low fucose 
content or Fc-mutated mAbs have an increased 
affinity for FcγRIIIa, translating into higher 
ADCC on lymphoma cell lines [Shields et  al. 
2002; Mizushima et al. 2011].

Other mechanisms of resistance to rituximab are 
related to the tumor. Several studies have 
described that histology subtype can negatively 
influence response rates to anti-CD20 mAbs, 
such as in CLL [O’Brien et al. 2001] or mantle 
cell lymphoma [Ghielmini et al. 2005]. The level 
of CD20 expression, which differs depending on 
tumor histology, partially explains this phenom-
enon [van Meerten et al. 2006]. Moreover, some 
case reports and small series have described the 
development of CD20-negative phenotypes from 
CD20+ rituximab-treated lymphomas [Davis 
et al. 1999; Hiraga et al. 2009]. Indeed, repeated 
exposure to rituximab can lead to downregula-
tion of CD20 from reduced mRNA levels and 
post-transcriptional modifications [Czuczman 
et al. 2008]. Finally, mechanisms of resistance to 
rituximab can be linked to the anti-CD20 mAb 
itself and especially its pharmacokinetics [Cartron 
et al. 2007]. Recently, rituximab internalization 
mediated by FcγRIIb has been described, result-
ing in reduction of its clinical efficacy [Lim et al. 
2011].

Obinutuzumab, a new class of anti-CD20 
mAbs
Obinutuzumab is the first humanized glycoengi-
neered IgG1 anti-CD20 mAb to be tested in clin-
ical trials. Obinutuzumab has been humanized by 
grafting the complementarity-determining region 
sequences from the murine antibody B-ly1 into 
human VH and VL acceptor frameworks 
[Mössner et  al. 2010]. Obinutuzumab was 
expressed from Chinese hamster ovary (CHO) 
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K1 cell lines engineered to constitutively overex-
press the heavy and light chains of obinutuzumab 
as well as recombinant wild-type β-1,4-N-acetyl-
glucosaminyltransferase III and wild-type Golgi 
α-mannosidase II leading to accumulation of 
antibody glycoforms containing bisected, com-
plex, nonfucosylated oligosaccharides attached to 
asparagine 297 in the Fc region.

Such modifications induce increased affinity of 
obinutuzumab to both FcγRIIIa-158V and -158F 
compared with rituximab, translating into an 
increased induction of ADCC relative to rituxi-
mab in vitro [Mössner et  al. 2010]. FcγRIIIb 
expressed by neutrophils shares more than 97% 
amino acid sequence identity with FcγRIIIa in its 
extracellular ligand-binding domain and the 
authors also demonstrated higher affinity of obi-
nutuzumab for FcγRIIIb [Golay et  al. 2013]. 
Consequences on neutrophil activation and 
ADCP induced by obinutuzumab and how this 
translates into an advantage compared with other 
anti-CD20 mAbs remain controversial [Golay 
et al. 2013; Herter et al. 2014]. Glycoengineering 
also appeared to suppress inhibition by inhibitory 
killer cell Ig-like receptor [Terszowski et al. 2014].

Obinutuzumab like tositumomab is a type II anti-
CD20 mAb and thus differs from most anti-
CD20 type I mAbs investigated (rituximab, 
ofatumumab, ublituximab, ocaratuzumab). The 
seminal difference between type I and type II 
mAbs is their ability to induce CDC [Cragg et al. 
2003] (Table 1). This characteristic is related to 
the ability of mAbs to induce mAbs–CD20 

translocation into lipid rafts. This phenomenon 
induces aggregation of the Fc portion of mAbs, 
therefore favoring C1q recruitment and CDC 
activation [Cragg and Glenny, 2004]. Only type I 
mAbs are able to induce mAbs–CD20 complex 
translocation into lipid rafts and thus a significant 
level of CDC, whereas type II mAbs exhibit a 
lower level of CDC in vitro. Since this original 
description, other characteristics of type II mAbs 
have been described, differentiating these mAbs 
from type I antibodies: homotypic adhesion 
resulting in noncaspase-dependent direct cell 
death, half-maximal CD20 binding at saturating 
conditions, less or no CD20 modulation. Except 
for a lack of CD20 modulation, all these in vitro 
properties have been described for obinutuzumab 
[Alduaij et al. 2011], and thus enhance direct cell 
death compared with rituximab [Bologna et  al. 
2011]. Preclinical development of obinutuzumab 
elucidated such differences, leading to the pro-
posal of a model of mechanism of action [Dalle 
et al. 2011; Mössner et al. 2010]. Obinutuzumab 
conformational structure is different to that of 
rituximab. First, obinutuzumab binds CD20 in a 
different overlapping epitope than rituximab, and 
in a different orientation [Klein et  al. 2013; 
Niederfellner et  al. 2011]. In comparison with 
rituximab, obinutuzumab is rotated 90° around 
the Fab middle axis and tilts 70° toward the car-
boxy terminus of the CD20 epitope. Moreover, 
the elbow angle between VH and CH1 is 30° 
wider. This characteristic could be related to 
amino acid substitution at position 11, substitut-
ing a leucine for a valine [Mössner et al. 2010]. 
This results in a new spatial arrangement between 

Table 1.  Summary of functional differences between type I and type II mAbs.

Type I mAbs: rituximab, ofatumumab, 
ublituximab, veltuzumab

Type II mAbs: obinutuzumab, tositumomab

Class I epitope Class II epitope
•	 Localization of CD20 into lipid rafts
•	 High CDC

•	 No localization of CD20 into lipid rafts
•	 Low CDC

•	 No homotypic adhesion
•	 Inducing cell death by apoptosis 

(caspase-dependent)

•	 Homotypic adhesion
•	 Inducing noncaspase-dependent direct cell death

•	 Full CD20 binding capacity at saturating 
conditions

•	 Half-maximal CD20 binding at saturating conditions
•	 Stimulating greater levels of apoptotic induction

•	 CD20 modulation •	 Less or no CD20 modulation
Induce ADCC
Induce ADCP

ADCC, antibody-dependent cell-mediated cytotoxicity; ADCP, antibody-dependent cellular phagocytosis; CDC, comple-
ment-dependent cytotoxicity; mAb, monoclonal antibody.
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CD20 and the antibody, and, unlike rituximab, 
obinutuzumab can bind its two Fab arms on the 
same CD20 tetramer. This difference in binding 
to CD20 antigen (i.e. intra-CD20 tetramer for 
type II versus inter-CD20 tetramer for type I) led 
the authors to propose a dynamic model of inter-
action [Klein et al. 2013], explaining the majority 
of in vitro observations (Figure 1).

In xenograft models, while rituximab could not 
control the tumor progression, obinutuzumab 
alone demonstrated good efficiency in control-
ling disease progression of an aggressive DLBCL 
model (SUDHL-4 cells) [Mössner et al. 2010]. 

The same effect has been noticed on FL models 
[Dalle et  al. 2011]. Moreover, obinutuzumab 
kept the ability to control tumor progression in 
rituximab-pretreated models of aggressive lym-
phoma, suggesting the interest of this molecule 
in second-line treatment for rituximab pretreated 
B-cell malignancies [Herter et  al. 2013]. Other 
xenograft model studies suggest that the combi-
nation of chemotherapy and obinutuzumab 
could be more effective than obinutuzumab 
monotherapy or than rituximab and chemother-
apy in combination [Dalle et  al. 2011; Herting 
et al. 2014]. Finally, preclinical observations in a 
cynomolgus monkey model demonstrated that 

Figure 1.  Hypothetical model explaining dynamic interactions between type I (a) and type II (b) mAbs 
and CD20 tetramers on the B-cell surface. CDC, complement-dependent cytotoxicity; mAb, monoclonal 
antibody.
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both obinutuzumab and rituximab induced simi-
lar peripheral blood B-cell depletion whereas 
obinutuzumab induced deeper lymphoid and 
splenic B-cell depletion [Mössner et al. 2010]. In 
whole blood from healthy donors [Mössner et al. 
2010] and patients with CLL [Patz et al. 2011], 
obinutuzumab also demonstrated greater level of 
B-cell depletion compared with rituximab.

Clinical trials in indolent non-Hodgkin’s 
lymphomas
Obinutuzumab is the first type II glycoengineered 
anti-CD20 mAb to enter into clinical develop-
ment. Recently, the results of a large phase III 
trial including rituximab-refractory indolent 
NHL have been published.

Phase I
The safety of obinutuzumab was first tested in 
three phase I trials, including relapsed or refrac-
tory indolent lymphomas. In the first of these 
studies [Salles et  al. 2012], 21 patients with 
relapsed or refractory CD20+ indolent NHL 
received obinutuzumab monotherapy in a dose-
escalating fashion. Obinutuzumab was adminis-
trated in eight 21-day cycles at different doses 
ranging from 50/100 to 1200/2000 mg. The 
overall response rate (ORR) was 43%. Five 
patients achieved a complete response (CR) and 
four a partial response (PR), all within the FL 
subgroup. Two of the nine rituximab-refractory 
patients responded. The immunotherapy was 
well tolerated: only seven patients (33%) experi-
enced a grade 3/4 adverse event (AE). The most 
common AE (48/132) was infusion-related reac-
tion (IRR), and hematopoietic toxicity was the 
most common severe AE (6/18 grade 3/4) with 
the occurrence of three lymphopenias, two neu-
tropenias and one anemia. A Japanese trial 
[Ogura et  al. 2013] described the same safety 
profile in a study including 12 patients with 
indolent CD20+ B-cell NHL. The ORR was 
58% (seven patients) with two CRs and five 
PRs. Both the CRs were noted in patients with 
FL. One of the two patients with rituximab-
refractory disease achieved PR, but both experi-
enced a reduction in tumor mass. Sehn and 
colleagues treated 22 patients with relapsed 
CD20+ non-Hodgkin’s lymphoma or CLL by 
obinutuzumab monotherapy with a classical 
dosing regimen (once a week during 4 weeks) 
[Sehn et  al. 2012]. Patients received between 
200 and 2000 mg weekly and if CR or PR was 

achieved, a maintenance treatment was intro-
duced with one dose every 3 months for a maxi-
mum of eight doses. The ORR was 32% with six 
PRs and one CR. For the rituximab-refractory 
subgroup (13 patients), the authors reported 
two responders (one CR and one PR). The 
safety profile was similar to previous trials. IRR 
was the most common AE (all grades: 73%; 
grade 3/4: 18%). They also reported the occur-
rence of five grade 3/4 neutropenias, which 
resolved with or without growth factor adminis-
tration. These studies suggest an interesting effi-
cacy and safety profile of obinutuzumab in 
heavily pretreated patients with CD20+ relapsed 
NHL, and clinical responses were also observed 
in patients with rituximab-refractory disease.

Phase II
Several phase II trials tested the efficacy of obi-
nutuzumab in relapsed or refractory indolent 
B-cell NHL alone or in association with chemo-
therapy. The phase II of the GAUGUIN study 
[Salles et  al. 2013] evaluated the efficacy and 
safety of two dose regimens of obinutuzumab: 
400 mg on day 1 and 8 of the first cycle, and on 
day 1 of cycle 2–8 (400/400 mg) or 1600 mg on 
day 1 and 8 of the first cycle and 800 mg on day 
1 of cycle 2–8 (1600/800 mg). Forty patients 
with relapsed or refractory CD20+ B-cell indo-
lent NHL were randomly assigned to either 
arm. The end-of-treatment ORR was 55% in 
the 1600/800 mg regimen (9% of CRs), whereas 
it was 17% in the 400/400 mg regimen (no 
CR). In patients with rituximab-refractory dis-
ease (for whom the histology was not described), 
this ORR achieved 50% (5/10) in the 1600/800 
mg arm and only 8,3% (1/12) in the alternative 
arm. The median progression-free survival 
(PFS) doubled between the two groups: 11.9 
months for the 1600/800 mg group versus 6.0 
months for the 400/400 mg group. As expected, 
the most common AE was IRR, noted by almost 
75% of patients in both arms. Most of these 
reactions were grade 1/2, but two patients expe-
rienced grade 3/4 IRR, both in the 1600/800 mg 
arm. In grade 3/4 AEs, the authors also reported 
four infections and seven hematological toxici-
ties (three lymphopenias, three neutropenias, 
one anemia). One patient discontinued the 
treatment due to pancreatitis in the 1600/800 
mg arm. This trial demonstrated the superiority 
of the higher dosing regimen, especially for 
patients with refractory disease, with acceptable 
AEs.
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The GAUSS phase II trial [Sehn et  al. 2015b] 
randomized 175 patients, with relapsed indolent 
CD20+ NHL who previously responded to rituxi-
mab, to receive either obinutuzumab (1000 mg  
per week during 4 weeks) or rituximab (375 mg/m2 
per week during 4 weeks). There were no patients 
with refractory indolent NHL in this trial. 
According to a central independent review, the 
ORRs for patients with FL (n = 149) were 44.6% 
and 26.7% for obinutuzumab and rituximab 
arms, respectively (p = 0.01). However, this dif-
ference did not correlate with an improvement in 
PFS. Moreover, there was no difference in CR or 
CR unconfirmed (CRu) rate (5.4% in the obinu-
tuzumab arm versus 3% in the rituximab arm,  
p = 0.34). In terms of safety, no significant differ-
ence was found between rituximab and obinutu-
zumab, except for IRR and cough, which were 
higher in the obinutuzumab arm. This study 
prompted interest in the use of obinutuzumab 
monotherapy for relapsed or refractory indolent 
NHL, especially in FL.

Two others trials studied the activity of obinutu-
zumab in combination with chemotherapy or 
lenalidomide. The GAUDI study [Radford et al. 
2013] included 56 patients with relapsed or 
refractory CD20+ FL to receive obinutuzumab 
in association with either CHOP (G-CHOP: obi-
nutuzumab plus cyclophosphamide, doxorubicin, 
vincristine and prednisone every 3 weeks for six to 
eight cycles) or FC (G-FC: obinutuzumab plus 
fludarabine and cyclophosphamide every 4 weeks 
for four to six cycles). In each arm, obinutuzumab 
was given according to either a 1600/800 mg or a 
400/400 mg schedule. Patients who responded to 
obinutuzumab were eligible for maintenance 
therapy every 3 months for up to 2 years. At the 
end of induction therapy, ORR was 96% in the 
first arm and 93% in the second, with a CR  
of 64% and 50%, respectively. Interestingly,  
all patients with rituximab-refractory disease  
(n = 14) achieved at least PR and four achieved 
CR (1/4 in the G-CHOP group, and 3/10 in the 
G-FC group). The most common AEs were IRR 
(68–82%), with 7% of grade 3/4, and hematologi-
cal toxicity, with 40–50% of grade 3/4 neutrope-
nia, especially in the G-FC arm. This study 
highlights that obinutuzumab in association with 
chemotherapy is a well tolerated and really effec-
tive therapy in FL, even in patients with rituxi-
mab-refractory disease.

More recently, the LYSA group [Morschhauser 
et al. 2014] published the phase Ib GALEN trial 

combining obinutuzumab and lenalidomide for 
relapsed or refractory CD20+ FL. Nineteen 
patients received escalating doses of lenalidomide 
(10, 15, 20, 25 mg) with sequential intravenous 
obinutuzumab at 1000 mg for six cycles. Sixty-
eight percent of them achieved ORR with 53% 
gaining CR (10/19). The most common AEs were 
neutropenia (53%), constipation, and asthenia. 
Few grade 3/4 AEs were reported, of which neu-
tropenia accounted for 42%. One patient in the 
10 mg arm died from an unexplained worsening 
pleural effusion. The authors concluded that this 
chemotherapy-free association was effective and 
well tolerated, and they recommended using 
lenalidomide at 20 mg, due to the significant pro-
portion of neutropenia in the 25 mg arm. A phase 
II study is ongoing, extended to aggressive NHL 
[ClinicalTrials.gov identifier: NCT 01582776].

Phase III
Model-based analyses showed that a fixed dose of 
1000 mg with an additional C1 infusion resulted 
in similar serum concentrations to the 1600/800 
mg dose [Morschhauser et  al. 2011]. Thus, a 
fixed dose of 1000 mg of obinutuzumab, given on 
days 1, 8 and 15 of the first 21-day cycle, and only 
on the first day of the proceeding cycles has been 
selected for phase III studies.

The GADOLIN study [Sehn et al. 2015a] is the 
first phase III trial which tested obinutuzumab in 
rituximab-refractory CD20+ indolent NHL, 
according to the International Working Group cri-
teria. Patients (n = 413) were randomly assigned to 
receive either bendamustine (B arm: 120 mg/m2 
on days 1 and 2 for six 28-day cycles) or benda-
mustine (90 mg/m2 on days 1 and 2 for six 28-day 
cycles) in combination with obinutuzumab (GB 
arm: 1000 mg on days 1, 8, 15 for the first cycle 
and then on day 1 of each cycle). Maintenance 
therapy with obinutuzumab at a dosage of 1000 mg 
every 2 months for 2 years or until disease pro-
gression was proposed to responder patients in the 
GB arm. End of induction ORR was 69.2% and 
63% for the GB and B arms, respectively. After a 
median follow up of 21 months, the median pro-
gression-free survival (PFS) was 14.9 months in 
the B arm, and was not reached in the GB arm 
[hazard ratio: 0.55 (95% CI : 0,4–0,74) p = 0.001]. 
In a subgroup analysis, the PFS remained statisti-
cally significant according to rituximab-refractory 
type (i.e. rituximab monotherapy, rituximab 
chemotherapy induction or rituximab mainte-
nance after rituximab chemotherapy induction). 
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The analysis of PFS according to histological type 
was not available, however 80% of patients 
included in the study had FL. There was no sig-
nificant difference in overall survival between the 
groups, with 34 deaths in the GB arm (22 due to 
disease progression) and 41 in the B arm (29 due 
to disease progression). The tolerance profile was 
similar to previous phase I/II studies. Eleven per-
cent of the patients in the GB arm had grade 3/4 
IRRs versus 6% in the B arm. There was no signifi-
cant difference in hematological grade 3/4 AEs 
between groups; in the GB arm 33% of patients’ 
treatment was complicated by neutropenia and 
11% by thrombocytopenia versus 26% and 16%, 
respectively, in the B arm. Other frequent grade 
3/4 AEs were anemia, febrile neutropenia, asthe-
nia and digestive disorders. This study does not 
demonstrate any advantage to adding obinutu-
zumab to bendamustine in terms of response rate 
for the treatment of rituximab-refractory indolent 
lymphoma. Although there was no difference in 
overall survival, obinutuzumab maintenance 
seems to improve the PFS.

Conclusion
Obinutuzumab is the first glycoengineered type II 
anti-CD20 mAb to be tested in clinical trials. 
Current data about its mechanisms of action sug-
gest several differences compared with rituximab, 
including improved ADCC and direct cell death, 
and a weak CDC.

Phase I trials demonstrated that IRRs were the 
most common side effects and occurred more fre-
quently than with rituximab. A recent phase III 
trial in refractory indolent lymphomas highlighted 
the potential interest in obinutuzumab in this set-
ting, with an increased PFS compared with the 
control arm. However, the lack of advantage in 
CR in this trial and the absence of PFS improve-
ment in the GAUSS study when randomizing 
rituximab and obinutuzumab meant it was neces-
sary to await the results of first-line phase III trials 
before definitively concluding a clinical advantage 
of obitunuzumab compared with rituximab.
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