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Abstract: Introduction of targeted agents revolutionized the treatment of chronic lymphocytic 

leukemia (CLL) in the past decade. Addition of chimeric monoclonal anti-CD20 antibody ritux-

imab to chemotherapy significantly improved efficacy including overall survival (OS) in untreated 

fit patients; humanized anti-CD52 antibody alemtuzumab and fully human anti-CD20 antibody 

ofatumumab lead to improvement in refractory disease. Novel small molecule inhibitors such 

as ibrutinib and idelalisib demonstrated excellent activity and were very recently licensed in 

relapsed/refractory CLL. Obinutuzumab (GA101) is the newest monoclonal antibody approved 

for the treatment of CLL. This novel, glycoengineered, type II humanized anti-CD20 antibody is 

characterized by enhanced antibody-dependent cellular cytotoxicity and direct induction of cell 

death compared to type I antibodies. Combination of obinutuzumab and chlorambucil yielded 

significantly better OS in comparison to chlorambucil monotherapy in untreated comorbid patients. 

These results led to approval of obinuzutumab for the treatment of CLL. Numerous clinical trials 

combining obinutuzumab with other cytotoxic drugs and novel small molecules are currently 

under way. This review focuses on the role of obinutuzumab in the treatment of CLL.

Keywords: chronic lymphocytic leukemia, anti-CD20 antibodies, chlorambucil, rituximab, 

ofatumumab, obinutuzumab, overall survival

Introduction
Chronic lymphocytic leukemia (CLL), the most frequent adult leukemia in Western 

population,1,2 is characterized by accumulation of mature-looking CD5+/19+/23+ B cells 

in bone marrow, peripheral blood, and lymphatic organs.3 CLL is predominantly a disease 

of the elderly population (median age at diagnosis 65–72 years),4,5 is considered incurable 

with currently available therapies, and its extraordinary feature is its extreme variability 

in clinical course with overall survival (OS) ranging from months to decades.6

Targeted agents: revolution in the treatment  
of CLL
We have witnessed revolutionary changes in the treatment of CLL during the past 

10 years. Combination of fludarabine, cyclophosphamide, and anti-CD20 monoclonal 

antibody rituximab (FCR) demonstrated superiority over fludarabine and cyclophos-

phamide (FC), and therefore, became the standard treatment of physically fit CLL 

patients.7,8 Rituximab can also be successfully used in combination with other cytotoxic 

agents such as bendamustine or high-dose corticosteroids.9–11 Humanized anti-CD52 

antibody alemtuzumab is indicated in fludarabine-refractory CLL12 and fully human 

anti-CD20 antibody ofatumumab in fludarabine- and  alemtuzumab-refractory disease;13 
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also more recently in untreated frail patients.14 Allogeneic 

stem cell  transplantation, the only potentially curative treat-

ment option in CLL, has been used more frequently in fit 

patients with highly unfavorable clinical course, thanks to 

lower transplant-related mortality associated with reduced-

intensity conditioning.15 Novel orally available agents 

targeting the B-cell receptor signaling pathway, namely 

ibrutinib, a Bruton tyrosine kinase inhibitor and idelalisib, 

a phosphatidylinositol-3-kinase (PI3K) δ inhibitor, achieved 

remarkable results in pretreated CLL patients16–19 and have 

been recently approved for relapsed/refractory disease and 

first-line treatment of patients with TP53 mutation/deletion. 

Promising agents in development include venetoclax (ABT-

199, GDC-0199), an oral bcl-2 inhibitor;20 lenalidomide, an 

immunomodulatory agent targeting the tumor microenvi-

ronment;21 BTK inhibitors CC-29222 and ONO-4059;23 and 

PI3K inhibitor IPI-145.24 Immunotherapy using genetically 

engineered autologous T cells expressing chimerig antigen 

receptors (CARs) achieved excellent results in refractory 

CLL, but severe toxicity is a serious issue.25  Obinutuzumab, 

the first glycoengineered type II anti-CD20 antibody, shows 

unique features in mechanism of action and represents the 

third generation of monoclonal antibodies. This review 

focuses on the role of obinutuzumab in CLL (Table 1).

Characteristics, mechanism  
of action, and in vitro activity  
of obinutuzumab
Obinutuzumab (GA101, RO5072759, RG-7159, formerly 

afutuzumab) is a humanized, type II glycoengineered 

monoclonal anti-CD20 IgG1 antibody with calculated 

molecular weight of 146 kDa.26 It was developed from a 

parental murine IgG1-kappa Bly1 antibody.27 Modifica-

tions included humanization and glycoengineering of the 

Fc region by producing the antibody in Chinese hamster 

ovary cells overexpressing the recombinant glycosylation 

enzymes β1-4-N-acetylglucosaminyltransferase III and Golgi 

alfa-mannosidase II, resulting in the presence of complex, 

non-fucosylated oligosaccharides attached to Fc region.28

Monoclonal antibodies in general have three possible 

mechanisms of action. These include: 1) antibody-dependent 

cellular cytotoxicity (ADCC), 2) complement-dependent 

cytotoxicity (CDC), and 3) direct growth inhibition and 

apoptosis, referred to as direct cell death (DCD) (Figure 

1).29 Type II characteristics of obinutuzumab, namely 

stronger ADCC and direct cell death induction as well as 

weaker CDC were repeatedly demonstrated in comparison 

to known type I antibodies rituximab and ofatumumab. 

Enhanced ADCC was achieved by modifying the Fc frag-

ment of obinutuzumab by glycoengineering (modification 

of glycosylation leading to afucosylated Fc fragment) and 

by amino acid substitution, which led to augmented bind-

ing to both high- and low-affinity FCγRIII on effector cells 

(eg, NK-cells and macrophages), resulting in ADCC up to 

100-fold higher than rituximab.30,31 Interestingly, antibody-

dependent cellular phagocytosis (ADCP) by macrophages 

was weaker with obinutuzumab than that with rituximab and 

ofatumumab.32 Obinutuzumab does not localize to mem-

brane lipid microdomains on the target cells; in addition, it 

binds markedly less C1q than rituximab.33 The consequence 

is decreased CDC when compared to rituximab, especially 

ofatumumab.28 Immunofluorescence studies on Ramos cells 

showed that while rituximab was present at sites correspond-

ing to lipid rafts, obinutuzumab formed stable complexes 

with CD20 at sites of cell-to-cell contact; this could be the 

explanation of stronger homotypic aggregation of target cells 

by obinutuzumab – another type II antibody feature.34 Differ-

ent binding of type I vs type II antibodies also explain why 

B-cells can accommodate twice the number of type I anti-

bodies compared with type II at saturating concentrations.28 

Binding experiments showed that obinutuzumab recognizes 

a distinct but overlapping epitope of CD20 antigen compared 

Table 1 Targeted agents for the treatment of CLL

Agent Mechanism of action Phase of development

Obinutuzumab (GA101) Glycoengineered type ii anti-CD20 antibody Approved; Phase iii
ibrutinib (PCi-32765) Bruton tyrosine kinase inhibition Approved; Phase iii
CC-292 Bruton tyrosine kinase inhibition Phase i/ii
ONO-4059 Bruton tyrosine kinase inhibition Phase i/ii
idelalisib (GS-1101) Phosphatidylinositol-3-kinase δ inhibition Approved; Phase iii
iPi-145 Phosphatidylinositol-3-kinase δ inhibition Phase ii/iii
Lenalidomide Complex – microenvironment Phase iii
venetoclax (ABT-199, GDC-0199) Bcl-2 inhibition Phase ii/iii
CAR T-cells T cells with chimeric anti CD19 receptor Phase ii

Abbreviation: CLL, chronic lymphocytic leukemia.
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C1q binding
Complement-dependent
cytotoxicity

Antibody-dependent
cellular cytotoxicity

Direct effect

anti-CD20
antibody

CD20 antigen

FcγR I−III

Membrane attack complex

CLL cell

Effector cell

Figure 1 Mechanisms of action of anti-CD20 monoclonal antibodies.
Abbreviation: CLL, chronic lymphocytic leukemia.

Table 2 Comparison of commercially available anti-CD20 
antibodies

Antibody Obinutuzumab Rituximab Ofatumumab

Trade name (eU) Gazyvaro MabThera Arzerra
Manufacturer Roche Roche GlaxoSmithKline
Antibody type ii i i
igG subclass igG1 igG1 igG1
Structure Humanized Chimeric Fully human
Binding to  
CD20 epitope

Large loop Large loop Large and small 
loop

Binding to  
lipid rafts

- ++ ++++

ADCC ++++ ++ ++
CDC + ++ ++++
Direct cell death  
induction

++++ + +

Abbreviations: ADCC, antibody-dependent cellular cytotoxicity; CDC, 
complement-dependent cytotoxicity; l ig, immunoglobulin.

to rituximab.28,34 Nevertheless, obinutuzumab binds in a 

different space orientation and with a wider elbow–hinge 

angle (by 30°) than rituximab.34 This is a consequence of 

amino acid sequence modification (substitution of valin for 

leucin at Kabat position 11) in immunoglobulin heavy chain 

elbow–hinge region – the site that affects the flexibility of 

the Fab′ and F(ab)′2 antibody domains. Reversal of this 

change resulted in partial loss of the type II antibody attri-

butes, emphasizing the importance of spatial structure of the 

elbow–hinge region for the function of type II antibodies.28 

Obinutuzumab is a potent direct cell death inductor as dem-

onstrated by ability to kill CLL cells without the presence of 

a cross-linking antibody.32 Proposed mechanisms of DCD 

include caspase-independent apoptosis28 and nonapoptotic, 

actin-dependent, lysosome-mediated cell death involving 

reactive oxygen species.35,36 As a result of enhanced ADCC 

and DCD, obinutuzumab achieved superior B-cell depletion 

to rituximab in healthy volunteers and whole blood assays 

from CLL patients (Table 2).28

Pharmacodynamics
In preclinical animal studies, obinutuzumab yielded strong 

anti-tumor effects in human lymphoma (diffuse large B-cell, 

mantle cell, and follicular lymphoma) xenograft models in 

SCID mice.28,30,37 Intravenous obinutuzumab at the dose of 

10 mg/kg and 30 mg/kg on days 1 and 8 effectively depleted 

B-cells from peripheral blood and was more effective than 

rituximab in B-cell depletion from spleen and lymph nodes 

in cynomolgus monkeys.28 Potent B-cell depletion by obinu-

tuzumab was confirmed in whole blood assays from healthy 

volunteers and CLL or indolent lymphoma patients.28,38 In 

a Phase I/II GAUGUIN study, all Phase I patients (n=13) 

with relapsed/refractory CLL achieved very rapid reduction 

in total B-cell count (normalization on day 8) after the first 

infusion of obinutuzumab; 12/13 patients achieved B-cell 

depletion. B-cell counts recovered in most of the patients 

within 24 months of the last obinutuzumab.39
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Pharmacokinetics
Pharmacokinetic (PK) data were investigated in relapsed/

refractory CLL patients treated within the GAUGUIN study.39 

Mean obinutuzumab C
max

 and C
trough

 concentrations raised with 

increasing dose (400–1,200 mg/dose). Steady state was achieved 

at cycle 2 by patients who received 1,000 mg infusions on days 

1, 8, and 15 at cycle 1 followed by 1,000 mg every 3 weeks.39 

Notably, patients who achieved therapeutic response had higher 

obinutuzumab plasma concentrations compared to nonrespond-

ing patients; in addition, patients who failed to respond had 

higher C
max

 to C
trough

 ratios, suggesting more rapid obinutuzumab 

clearance in these patients.40 The geometric mean distribution 

volume of obinutuzumab is approximately 3.8 L, suggesting 

mainly intravascular distribution. PK parameters were not sig-

nificantly influenced by age or decreased renal function. There 

are no data on PK in patients with severe renal insufficiency 

(creatinine clearance ,30 mL/min) or impaired liver function. 

Metabolic studies were not conducted with obinutuzumab.

Efficacy
Phase i studies
Two Phase I studies reported efficacy of obinutuzumab 

in relapsed/refractory CLL. Patients treated within the 

GAUGUIN Phase I/II study39 were administered obinutuzumab 

400–1,200 mg iv at days 1 and 8 of cycle 1 and then repeated 

at day 1 of cycles 2–8 for every 4 weeks (n=13, Phase I) or 

received a fixed dose of 1,000 mg iv at days 1, 8, and 15 of 

cycle 1 and repeated at day 1 of cycles 2–8 for every 3 weeks 

(n=20, Phase II). Median age of the patients was 64 years 

and 62.5 years. The patients were heavily pretreated with a 

median of three previous therapies including fludarabine in 

91%; bulky disease was present in 31% and 35% but advanced 

clinical stage (Binet C) was relatively infrequent (8% and 

11%). Obinutuzumab achieved ORR of 62% (Phase I) and 

15% (Phase II); there were no complete responses. Median 

progression-free survival (PFS) and response duration in 

Phase II were 10.7 months and 8.9 months, respectively.39 The 

GAUSS Phase I dose-escalation study enrolled 22 patients with 

relapsed/refractory lymphoproliferative diseases including 

seven patients with CLL/SLL.41 The regimen consisted of four 

weekly infusions of 100–1,200 mg (6 cohorts in 3+3 design) 

followed by obinutuzumab maintenance for every 3 months for 

a total of eleven doses in responding patients (n=8). The ORR 

rate in CLL/SLL patients was 14% (PR in 1/7 patients).

CLL11 Phase iii study
The pivotal CLL11 Phase III study conducted by German 

CLL Study Group (GCLLSG) randomized 589 untreated 

patients with significant comorbidities (cumulative CIRS score 

$7 and/or creatinine clearance ,70 mL/min) in 1:2:2 ratio 

between CLB monotherapy (0.5 mg/kg at days 1 and 15 for a 

maximum of 6 cycles), CLB+rituximab (R–CLB, 375 mg/m2 

iv at day 1 of cycle 1, 500 mg/m2 at day 1 of cycles 2–6), and 

CLB+obinutuzumab (G–CLB, 100 mg iv at day 1, 900 mg iv 

at day 2, 1,000 mg iv at days 8 and 15 of cycle 1, 1,000 mg iv at 

day 1 of cycles 2–6).42 Patients who progressed during or within 

6 months from the end of CLB monotherapy were allowed to 

crossover to G–CLB arm. Both combination regimens yielded 

significantly better results to CLB monotherapy in terms of 

CR rate (G–CLB, 22%; R–CLB, 8%; CLB, 0%) and PFS 

(G–CLB, 23 months; R–CLB, 15.7 months; CLB, 10.9 months, 

P,0.0001). Very importantly, patients treated with G–CLB 

had significantly longer OS in comparison to those treated 

with CLB alone (median OS was not reached in either group, 

death rate 9% vs 20%, P=0.002). CR rate, minimal residual 

disease (MRD) negativity in peripheral blood measured by 

allele-specific oligonucleotide PCR, and PFS were also signifi-

cantly improved with G–CLB vs R–CLB (CR 20.7% vs 7.0%, 

P,0.001; MRD negativity 37.7% vs 3.3%, P,0.001; PFS 

median 26.7 months vs 15.2 months, P,0.001). However, it is 

important to note that the results of PFS and OS are not mature 

due to short median observation time of 18.7 months. Table 3 

summarizes the patient characteristics, efficacy, and safety of 

Table 3 Comparison of patient characteristics, efficacy, and 
toxicity of anti-CD20 antibody–chlorambucil combinations from 
CLL11 study

R–CLB G–CLB P-value

n 233 238 ns
Median age, years 73 74 ns
Males, % 64 59 ns
Binet stage C, % 36 36 ns
Median CiRS score 8 8 ns
Median creatinine clearance, mL/min 61 61 ns
Unmutated iGHv, % 62 61 ns
FiSH del 11q/17 p, % 19/5 16/8 ns
B2M .3.5 mg/L, % 35 32 ns
Median cycles administered 6 6 ns
ORR% 65 78 ,0.001
CR% 7 21 ,0.001
MRD negativity in peripheral blood, % 3 38 ,0.001
Median PFS, months 15.2 26.7 ,0.001
Grade iii/iv infusion-related reactions, % 4 20 NR
Grade iii/iv neutropenia, % 28 33 NR
Grade iii–v infections, % 14 12 ns

Abbreviations: ORR, overall response rate; CR, complete response; CLB, chlorambucil; 
G, obinutuzumab; R, rituximab; B2M, β2-microglobulin; iGHv, immunoglobulin heavy 
chain variable region; FISH, fluorescent in situ hybridization; MRD, minimal residual 
disease; ns, not significant (P.0.01); NR, not reported; PFS, progression-free survival; 
CiRS, Cumulative illness Rating Scale.
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R–CLB and G–CLB arms of the CLL11 trial. Obinutuzumab 

has been approved based on the results of the CLL11 trial for 

the first-line treatment of CLL in comorbid patients.

Safety
Infusion-related reactions (IRRs) were the predominant side 

effects in Phase I studies. In the GAUGUIN study, IRR rate was 

96%, with grade III infections in 30%.39 The most frequent IRR 

symptom was hypotension, followed by pyrexia, chills, and 

vomiting. Importantly, recommended premedication included 

only acetaminophen and antihistamine; cortico steroids were 

administered only for treatment of IRRs. Grade IV neutropenia 

occurred in 35%, grade IV thrombocytopenia in 13%, febrile 

neutropenia in 9%, and grade III infections in 13% (no infec-

tions grade IV developed). There were no cases of tumor lysis 

syndrome.39 No dose-limiting toxicities were recorded in the 

GAUSS trial. IRR was the most frequent side effect (all grades, 

73%; grade III/IV, 18%).41 In the CLL11 Phase III study safety 

run-in, 5/6 patients had grade I/II IRRs and the same number of 

patients developed grade III/IV neutropenia without fevers or 

infections.41 Final analysis revealed that obinuzutumab induced 

more frequent infusion-related reactions than rituximab (any 

grade, 66% vs 38%; grade III/IV, 20% vs 4%); nevertheless, 

grade III/IV IRRs occurred only during the first infusion 

and were not seen in subsequent cycles. Obinutuzumab also 

caused more frequent severe neutropenia than rituximab or 

CLB monotherapy (33% vs 28% vs 16%); however, this did 

not result in increased rate of severe infections (12% vs 14% 

vs 14%). Grade III/IV thrombocytopenia was again most 

frequent with G–CLB (10% vs 3% vs 4%) and grade III/IV 

anemia was rare (4% in all groups).43

Recommendations for 
administration of obinutuzumab
Obinutuzumab is supplied in 1,000 mg single-use vials at a 

concentration of 25 mg/mL as a sterile, colorless to slightly 

brown liquid concentrate without preservatives and with 

pH of 6.0. Obinutuzumab is administered as an intravenous 

infusion. The 1,000 mg vial should be diluted in 250 mL 

of 0.9% sodium chloride solution (normal saline) under 

sterile conditions. The dosing schedule approved for CLL 

is 1,000 mg flat dose on days 1, 8, and 15 of cycle 1 and on 

day 1 of cycles 2–6.42 The infusions should be administered 

under the close supervision of an experienced physician and 

full resuscitation facilities should be immediately available. 

Prophylaxis of tumor lysis syndrome with adequate hydra-

tion and allopurinol should commence 12–24 hours before 

infusion, especially in patients with high tumor burden 

(eg, absolute lymphocyte count $25×109/L). As IRRs are 

frequent with obinutuzumab and hypotension is the most 

frequent symptom, withholding antihypertensive treatment 

12 hours before the infusion and during the infusion should 

be considered.42 Recommended premedication includes 

combination of oral analgesic/antipyretic, antihistaminic 

drug, and corticosteroid: eg, paracetamol 1,000 mg, diphen-

hydramine 50 mg, and methylprednisolone 80 mg.26 The first 

1,000 mg dose is divided into two parts. First, 100 mg should 

be infused for 4 hours; remaining 900 mg should be infused 

on the same day or on day 2 at an initial rate of 50 mg/h 

with further 50 mg increments for every 30 minutes up to a 

maximal rate of 400 mg/h. As IRRs did not correlate with 

absolute lymphocyte count or extent of lymphadenopathy 

in the CLL11 study, all patients irrespective of leukemic 

burden should be closely monitored for signs of IRR.42 In 

case of good tolerability, subsequent infusions can be started 

at the dose of 100 mg/h with 100 mg increments for every 

30 minutes up to the maximal rate of 400 mg/h; this results 

in approximately 3 hours of infusion.42

Conclusion
Introduction of obinutuzumab represents a major step forward 

in the treatment of CLL patients. This novel type II antibody 

with unique properties characterized by enhanced ADCC and 

DCD proved its efficacy in combination with chlorambucil in 

comorbid untreated patients with CLL, and for the first time, 

achieved OS prolongation in this difficult-to-treat patient 

population. Therefore, obinutuzumab–chlorambucil should 

be considered as a standard regimen for first-line treatment of 

CLL patients unsuitable for full-dose FCR. The safety profile 

is acceptable but caution is needed particularly during first 

infusion, because IRRs are frequent and may be severe. Regu-

lar blood count monitoring for neutropenia is also necessary. 

We can expect that current clinical trials testing combination 

of obinutuzumab with other agents such as ibrutinib, idela-

lisib, venetoclax (GDC-0199), bendamustine, and others44 

will broaden indications for CLL in near future.
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