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Obinutuzumab (Gazyva®), a Novel Glycoengineered Type II
CD20 Antibody for the Treatment of Chronic Lymphocytic
Leukemia and Non-Hodgkin’s Lymphoma
Christian Klein, Marina Bacac, Pablo Umaña, and Michael Wenger

62.1
In vitro Mechanism of Action of Type I and Type II CD20 Antibodies

CD20 is a transmembrane antigen expressed on the surface of malignant and
non-malignant pre- and mature B-lymphocytes, but not on hematopoietic stem
cells, pro-B cells, normal plasma cells, or other normal tissues [1, 2]. CD20 is
believed to exist predominantly as a tetramer on cell surface and not to be subjected
to shedding or internalization upon antibody binding. The physiological role of
CD20 has not been clearly elucidated as yet, although it was suggested that it could
be involved in calcium signaling following B-cell receptor activation [1, 2].

Rituximab (MabThera/Rituxan) was the first monoclonal antibody to be approved
for the treatment of non-Hodgkin’s lymphoma (NHL) including indolent non-
Hodgkin’s lymphoma (iNHL), diffuse large B-cell lymphoma (DLBCL), and chronic
lymphocytic leukemia (CLL) in combination with chemotherapy. Recently, the
human CD20 antibody ofatumumab (Arzerra) was approved for a subpopulation
of fludarabine-refractory CLL patients [3].

Although the exact mechanism of action of rituximab remains to be fully eluci-
dated, it is thought that CD20 antibodies trigger at least three different mechanisms
of action: (i) cell death induction (also described as direct cell death or apoptosis), (ii)
antibody-dependent cellular cytotoxicity (ADCC) and/or antibody-dependent cellu-
lar phagocytosis (ADCP), and (iii) complement-dependent cytotoxicity (CDC). The
relative contribution of these mechanisms to the overall efficacy of rituximab is not
clear; however, ADCC/ADCP are considered as the most important mechanisms
of action of rituximab in patients, with CDC and induction of cell death playing a
less important role [4, 5]. In the clinical setting, CD20 antibodies have been shown
to work synergistically in combination with chemotherapy [2, 6]. Furthermore, the
induction of an adaptive immune response following therapy with rituximab, also
termed vaccinal effect, is currently being discussed [2, 7].

Obinutuzumab (also known as GA101, RO5072759 or GAZYVA) is a humanized
glycoengineered Type II CD20 monoclonal antibody of the immunoglobulin G1
(IgG1) isotype. Obinutuzumab was designed to mediate enhanced direct and
immune effector-cell-mediated killing of tumor cells compared to the Type I CD20
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c© 2014 Wiley-VCH Verlag GmbH & Co. KGaA. Published 2014 by Wiley-VCH Verlag GmbH & Co. KGaA.



1696 62 Obinutuzumab for the Treatment of Leukemia and Non-Hodgkin’s Lymphoma

Reduced Internalization Increased ADCC

Increased ADCP

Reduced CDC activity

Increased direct cell death

Type II CD20 antibody

Type II CD20 antibody

Higher affinity to the FcgRIIIa/b

GlycoMab technology

Complement

FcyRllla/b

NK, NKT

APC (DC)?

Neutrophil

γδ T cell

MΦ//monocyte

Type II CD20 antibody

Figure 62.1 Putative mechanism of action
of obinutuzumab compared to rituximab.
ADCC, antibody-dependent cell-mediated
cytotoxicity; ADCP, antibody-dependent

cellular phagocytosis; APC, antigen-presenting
cells; NK, natural killer; NKT, natural
killer T cells.

antibody rituximab (Figure 62.1). It was derived by humanization and elbow-hinge
optimization of the parental B-Ly1 mouse antibody and is further characterized by
a glycoengineered Fc part to enhance its ADCC activity [8].

CD20 antibodies can be categorized as Type I or Type II CD20 antibodies
(see Table 62.1) [9–16]. The majority of CD20 antibodies, including rituximab,
ofatumumab, veltuzumab, ocaratuzumab or ocrelizumab, are categorized as Type
I: Type I CD20 antibodies induce CD20 translocation into lipid rafts upon antibody
binding. Clustering in lipid rafts is believed to foster recruitment and subsequent
activation of complement; thus, Type I CD20 antibodies are potent inducers
of CDC. In contrast, the two Type II CD20 antibodies obinutuzumab and B1
(tositumomab) do not induce CD20 clustering in the lipid rafts and, subsequently,
mediate only low CDC activity [17]. Probably the most striking characteristic of
Type I CD20 antibodies is that B cells accommodate twice the amount of Type I
CD20 antibodies as compared to Type II CD20 antibodies [17, 18]. We and others
have hypothesized that this may be due to differences in CD20 binding geometry
[19] resulting in binding between two CD20 tetramers (inter-tetramer binding) for
Type I CD20 antibodies, for example, cross-linking tetramers with two antibodies
bound per tetramer, as opposed to Type II CD20 antibodies that bind within
one tetramer (intra-tetramer binding), resulting in only one antibody bound per
CD20 tetramer [11, 16]. Furthermore, Type II antibodies are more potent than
Type I antibodies in inducing homotypic aggregation and direct cell death [18].
Recent studies have demonstrated that this is a nonapoptotic form of lysosomal
cell death that is actin dependent and involves the generation of reactive oxygen
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Table 62.1 CD20 antibodies can be categorized as type I or type II CD20 antibodies.

Type I Type II

Localize CD20 to lipid rafts Do not localize CD20 to lipid rafts
High CDC Low CDC
ADCC activity ADCC activity
Full binding capacity Half binding capacity
Weak homotypic aggregation Strong homotypic aggregation
Low cell death induction Enhanced cell death induction
CD20 downmodulation (FcγRIIb mediated) No CD20 downmodulation
Rituximab Obinutuzumab
Ocrelizumab Tositumomab
Ofatumumab —

Type I/type II classification of CD20 antibodies according to mode of CD20 binding and primary
mechanism of killing of CD20-expressing B cells.
Source: Taken from [16].

species (ROS) but does not show the classical hallmarks of apoptosis [20–22]. The
ADCC and ADCP activity of CD20 antibodies is mediated by the interaction of
their Fc regions with FcγRIIIa and not impacted by the Type I or Type II character
of the antibody. However, it was recently shown that binding of Type II CD20
antibodies obinutuzumab and tositumomab does not result in internalization or
downmodulation of CD20, whereas the Type I CD20 antibodies rituximab and
ofatumumab result in FcγRIIb-mediated CD20 internalization on NHL samples
[23, 24]. We have recently hypothesized that Type I antibodies may bind to CD20 in
a manner that fosters simultaneous binding to FcγRIIb in cis and as a consequence
cross-linking and signaling followed by CD20 and FcγRIIb internalization within
lipid rafts. On the contrary, Type II antibodies such as obinutuzumab may show
reduced internalization as they may bind in a different way so that the Fc portion
cannot interact simultaneously with FcγRIIb [16] (Figure 62.2).

62.2
Generation of Obinutuzumab

Obinutuzumab was derived by humanization of the parental murine IgG1-κ
antibody B-Ly1 that was for a long time known as a reagent for flow cytometry
[8, 25]. B-Ly1 induces homotypic aggregation, as known for Type II antibodies,
but does not stabilize CD20 in lipid rafts. Variable heavy (VH) and light (VL)
chain regions were cloned from the B-Ly1 hybridoma, and the complementarity
determining regions (CDRs) were grafted onto human VH and VL frameworks
[8]. During this process, different human framework sequences were applied.
CDR-grafted variants with identity to human germline VH and VL framework
sequences and retained binding to CD20 were analyzed for their ability to induce
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Figure 62.2 Hypothetical model for CD20
binding of type I and type II CD20 antibodies
explaining the impact of FcγRIIb on internal-
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imab, may bind to CD20 in a conformation
that allows simultaneous binding to FcγRIIb
and subsequent cross-linking and activation

followed by internalization in lipid rafts. (b)
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may bind in a conformation that does not
allow simultaneous binding to FcγRIIb, thus
resulting in low/no internalization. (Source:
Taken from [16].)

direct cell death of human B-cell lymphoma in vitro using the annexin V/PI
(propidium iodide) assay [8]. During this process, several variants were identified,
which showed significantly enhanced direct cell death induction as compared to
the parental murine B-Ly1 antibody. Surprisingly, the difference between variants
inducing a strong versus weak cell death was one sequence alteration in the
framework 1 region that is known as the so-called ‘‘elbow-hinge region.’’ The
elbow-hinge region is the region between the variable region and the first constant
domain in the Fab fragment and affects the flexibility and angle of the Fab domains
[26]. In particular, the presence of the valine-11 residue turned out to determine
the Type II character of the respective humanized antibody’s activity instead of
the leucine-11 present in the murine original antibody [8]. On the basis of this
finding, the process resulting in the discovery of obinutuzumab has been termed as
elbow-hinge engineering, although it only involves introduction of one single residue
naturally occurring in the elbow-hinge region of the antibody framework.

62.3
Obinutuzumab is a Classical Type II CD20 Antibody

On the basis of the number of properties mentioned above, CD20 antibodies
can be characterized as Type I or Type II CD20 antibodies (see Table 62.1).
Type I antibodies work primarily through ADCC and CDC, whereas Type II
antibodies work through direct cell death and ADCC induction but mediate low
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CDC activity. Obinutuzumab exhibits characteristics typical of a Type II CD20
antibody [8, 27]: at saturating antibody concentrations, obinutuzumab binds to
cell surface of a panel of NHL cell lines at levels approximately one-half those
of rituximab and ofatumumab [8, 27]. Unlike obinutuzumab, rituximab stabilizes
CD20 molecules into Triton X-100-resistant lipid rafts on surface of B-cells,
resulting in the distribution of CD20 into Triton X-100-insoluble pellet fraction
whereas obinutuzumab does not mobilize CD20 into lipid rafts [8]. In fluorescence
colocalization experiments, rituximab colocalizes with cholera toxin B (a lipid raft
marker), whereas obinutuzumab does not [8]. Antibody–CD20 complexes in lipid
rafts are believed to bind more strongly to C1q (the first subcomponent of the
C1 complex of the classical pathway of complement activation), leading to higher
levels of CDC compared with Type II antibodies. As a consequence, obinutuzumab
displays reduced CDC relative to rituximab and ofatumumab [8, 27], in particular
when physiological levels of human immunoglobulins are present [8]. However,
obinutuzumab induces stronger homotypic aggregation of B cells in vitro compared
to rituximab and results in superior induction of direct cell death on a panel of
NHL cell lines compared to rituximab [8]. Mutating the elbow-hinge valine of
obinutuzumab back to the parental murine leucine residue switches the cell death
induction on and off [8] and results in partial loss of Type II characteristics, as
seen by increased maximal binding to B cells, higher CDC activity, and reduced
homotypic B-cell aggregation (E. Moessner, P. Umana).

62.4
The Epitope Recognized by Obinutuzumab

Obinutuzumab binds with single digit nanomolar affinity to CD20 expressed
on malignant and nonmalignant B cells. The binding affinity (KD value) of
obinutuzumab for human CD20 on cells was determined to be approximately
4.0 nM by Scatchard analysis using SU-DHL-4 NHL cells and fluorescently labeled
obinutuzumab, whereas a KD value of approximately 4.5 nM was obtained for
rituximab [8]. Experiments using obinutuzumab IgG, Fab2, and Fab fragments
confirm that obinutuzumab binds in a bivalent manner through both arms to
CD20 on cells, indicating that avidity and bivalent binding are required for its
action (S. Herter, M. Bacac, C. Klein). Furthermore, binding experiments on cells
using fluorescently labeled antibodies revealed that obinutuzumab, rituximab as
well as ofatumumab compete with each other for binding to CD20 and thus
recognize distinct but partially overlapping epitopes [27] (Figure 62.3).

Using Pepscan technology, site-directed mutagenesis, X-ray crystallography,
surface plasmon resonance, and isothermal titration calorimetry, the binding
properties and the epitope of obinutuzumab were investigated to compare the
molecular interactions of obinutuzumab and B1 (tositumomab), the Type II
antibodies, and rituximab and LT20, the Type I antibodies [16, 19]. Positional
mapping confirmed that the epitopes of obinutuzumab and rituximab overlap.
However, obinutuzumab’s epitope is shifted toward the C-terminus of CD20 so
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Figure 62.3 Type II epitope recognized
by obinutuzumab and crystal structure of
obinutuzumab in complex with cyclic CD20
peptide. (a) Sequence alignment of CD20
epitopes recognized by CD20 antibodies
based on published information. Core epi-
tope residues are boxed in light blue. For
ofatumumab (2F2), core epitope assign-
ment is based on published work [28, 29].
For residues labeled in blue, experimental
evidence suggests a role in ofatumumab
binding. For the other antibodies, the fol-
lowing coloring scheme has been applied
based on Pepscan results and FACS bind-
ing data of amino acid exchange mutants:
green, almost any exchange tolerated at this
position; brown, non conservative exchange
tested and not tolerated at this position;
orange, conservative exchange tested and
tolerated at this position; red, also conserva-
tive exchanges not tolerated at this position;

black, position has not yet been evaluated.
Italic font indicates that Pepscan and FACS
binding results are discordant. As the FACS
binding results better reflect the native pro-
tein context, the coloring in such instants was
based on the FACS binding data. (b) Com-
parison of rituximab and (c) obinutuzumab
crystal structures in complex with a cyclic
CD20 peptide. While for rituximab N171 is
deeply immersed and N176 has no contacts
with the rituximab CDRs, N171 is not deeply
immersed in the obinutuzumab CDRs and
vice versa N176 makes contacts to residues
F52/D57/D59 of obinutuzumab supporting
the C-terminal shift of the obinutuzumab epi-
tope. It is proposed that the differences in
epitope recognition and binding geometry
form the structural basis for the type II char-
acter of obinutuzumab. (Source: Modified
from [16].)

that N176 is essential for binding of obinutuzumab, but not of rituximab. The core
of the obinutuzumab epitope consists of residues 170-ANPSEKNSP-178, whereas
rituximab relies on the 170-ANPS-173 stretch [30]. The obinutuzumab epitope
determined by Pepscan technology was confirmed by crystallography. While the
crystal structure shows that the N-171 residue in the ANP stretch is essential
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for binding of rituximab, the same residue does form hydrogen bonds with
obinutuzumab, but is not essential for its binding. The surrounding residues P-172
and S-173, however, contribute to the binding of obinutuzumab, and the residues
at position 174–176 (174-EKN-176) form an extensive hydrogen bond network with
the obinutuzumab CDRs. Overall, in the obinutuzumab–CD20 complex a larger
covered surface area can be observed. Moreover, obinutuzumab binds CD20 in a
different angle compared with rituximab and 2H7 (the murine parental antibody of
ocrelizumab), as a consequence of both its unique epitope and the different elbow
angle [16]. Rituximab and 2H7 bind to CD20 in positions oriented toward the core
of the epitope [28]. In contrast, obinutuzumab is rotated 90◦ clockwise around its
middle axis and tilted about 70◦ toward the C-terminus of the peptide (Figure 62.3).
This difference in topology may in part explain several differences in the nonclinical
and clinical activity observed between obinutuzumab and rituximab including
differences in FcγRIIb-mediated internalization (see above) [16] (Figure 62.3). In
line with this, confocal microscopy and protein tomography analysis suggest that
CD20 molecules bound by Type I and Type II anti-CD20 antibodies, rituximab, and
obinutuzumab, respectively, may differ in their localization and conformation [19].

62.5
CDC Activity of Obinutuzumab

Complement activation by obinutuzumab was tested in comparison to rituximab
in different NHL cell lines having different CD20 expression levels, complement
resistance, and growth properties (S. Herter, R. Grau). Depending on the assay con-
ditions, obinutuzumab mediated a >100-fold decreased potency of CDC induction
in comparison to rituximab [8]. In particular, while the CDC activity of rituximab
was almost not influenced by addition of physiological concentrations of human
nonspecific IgG, the CDC activity of obinutuzumab was almost completely abol-
ished. However, obinutuzumab was still able to mediate CDC at very high saturating
concentrations [8]. When obinutuzumab was compared with rituximab and ofatu-
mumab for CDC activity on Z138 and SU-DHL-4 cell lines, the reduced CDC activity
was confirmed [27]. In vivo xenograft studies in the RL model using cobra venom
toxin as complement inhibitor demonstrated that in contrast to rituximab CDC
does not seem to contribute to the anti-tumoral efficacy of obinutuzumab (105).

In addition to cellular studies, biochemical experiments with isolated C1q
indicate that obinutuzumab has a diminished binding capacity for C1q compared
to rituximab [31] and ofatumumab [27]. Recently, Weiner and colleagues showed
that the recruitment of the complement factor C3b can interfere with natural killer
(NK) cell activation and ADCC function of rituximab by steric hindrance [32].
Similar experiments with obinutuzumab showed that while complement in serum
blocked NK activation induced by rituximab, it had no effect on NK cell activation
induced by obinutuzumab. Similarly, complement blocked rituximab-induced
NK-cell-mediated ADCC, but not obinutuzumab-induced NK-cell-mediated ADCC
[31]. These results demonstrate that the decreased ability of obinutuzumab to fix
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complement relative to rituximab may actually result in an enhanced ability of
obinutuzumab to recruit and activate NK cells when serum is present. Thus, the
decreased ability of obinutuzumab to fix complement could, paradoxically, further
enhance the ADCC-dependent efficacy of obinutuzumab [31].

In conclusion, these data support the notion that obinutuzumab, relative to
rituximab and ofatumumab, has significantly reduced CDC activity, both in terms
of efficacy and potency. It is difficult to predict whether under the physiological
concentrations as they occur in CLL and NHL patients, CDC may contribute
significantly to the mechanism of action of obinutuzumab, however the Phase 1
clinical data did not show any evidence of complement activation in patients treated
with obinutuzumab (106). As the contribution of CDC to the mechanism of action
of rituximab is controversial, it is currently assumed that CDC does not play a
major role in the efficacy of obinutuzumab [9–15].

62.6
Direct Cell Death Induction by Obinutuzumab

CD20 has been shown to play a role during B-cell cycle progression [33, 34], and
CD20 antibodies, such as rituximab, can inhibit NHL tumor cell proliferation and
induce apoptosis and/or nonclassical cell death in NHL cell lines [35–48]. Antibody-
mediated direct cell death induction has also been described for antibodies against
other lymphocyte antigens, including HLA-DR [49], CD47 [50, 51], CD37 [52, 53],
CD99 [54–56], and others. However, the molecular mechanism of cell death
induction mediated by these antibodies, whether through apoptosis or nonapoptotic
cell death, is still controversial.

It has been shown that the murine Type II CD20 antibody B1 (tositumomab)
mediates superior induction of apoptosis or cell death in comparison to Type I
antibodies [18, 57]. Likewise, obinutuzumab induces dose-dependent and rapid
onset of surface exposure of phosphatidylserine accompanied by concomitant
cell death, as measured by Annexin V binding and appearance of Annexin V/PI
double-positive cells [8]. The superior ability of obinutuzumab to induce direct
cell death compared to rituximab was confirmed on a panel of NHL cell lines
of different origin, including Burkitt’s lymphoma (Raji, Ramos), mantle cell lym-
phoma (MCL) (Z138), DLBCL; cell lines of the activated B-cell-like (ABC) subtype
(OCI-LY-10) and germinal center B-cell-like (GCB) (SU-DHL-4, WSU-DLCL-2)
subtype. Cell death induction was detected by quantification of phosphatidylser-
ine exposure (Annexin V binding) and propidium iodide (PI) staining [8]. When
compared to B1 (tositumomab), the murine prototype Type II CD20 antibody that
has demonstrated in vitro direct cell-death-inducing activity superior to rituximab
obinutuzumab exhibited more pronounced direct cell death induction in Z138
MCL cells [8]. Similar results were obtained when obinutuzumab was compared to
rituximab and ofatumumab for induction of direct cell death. Obinutuzumab was
superior to rituximab and ofatumumab in inducing cell death of Raji, WIL2S, and
Z138 NHL cells [27]. To rule out that cell death induction by obinutuzumab
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is related to mechanical disruption during fluorescence-activated cell sorting
(FACS) analysis [58–60], antibody-induced direct cell death was assessed using
time-lapse confocal microscopy and Annexin V/PI labeling of CD20-expressing
Z138 tumor cells. These studies revealed that obinutuzumab was superior to
rituximab and ofatumumab in inducing direct cell death in the absence of any
mechanical manipulation [27]. In addition, normal human peripheral blood B
cells were sensitive to obinutuzumab when incubated in the absence of plasma
and of immune effector cells in vitro. Interestingly, manipulation of the activa-
tion status of B cells using standard mitogens, including anti-immunoglobulin
M (IgM) and anti-CD40 antibodies, resulted in increased sensitivity of B cells
derived from human CD20 transgenic mice to obinutuzumab [8]. Further inves-
tigation into mechanisms implicated in direct cell death induction revealed that
the process can be induced by the F(ab)′2 but not the Fab′ antibody fragment
of obinutuzumab and it cannot be blocked by caspase inhibitors, supporting the
view that it is a form of nonclassical apoptosis (Sylvia Herter, Georg Fertig).
The detailed molecular mechanisms of cell death induction by Type II CD20
antibodies remain unresolved to date and are the subject of ongoing experimen-
tal investigation. Ivanov and colleagues [22] reported that the prototype Type II
antibody B1 (tositumomab) and an HLA-DR antibody induce a novel form of
lysosomal cell death that is elicited in a rapid nonapoptotic and nonautophagic
manner and is dependent on the integrity of plasma membrane cholesterol and
activation of the V-type ATPase. The cytoplasmic cell death involves lysosomes,
which swell and disperse their contents, including cathepsin B into the cytoplasm
and surrounding environment. The resulting loss of plasma membrane integrity
occurs independently of caspases and is not controlled by Bcl-2 [22]. Furthermore,
they demonstrated that obinutuzumab-induced cell death is dependent on actin
reorganization and lysosome disruption, can be abrogated by inhibitors of actin
polymerization, and is independent of BCL-2 overexpression and caspase activation
[20]. In addition, cell death induction by obinutuzumab correlates with its ability
to produce ROS in human B-lymphoma cell lines and primary B-cell chronic
lymphocytic leukemia (B-CLL) cells. The addition of ROS scavengers abrogated
cell death induction, indicating that ROS are required for the execution of cell
death. ROS were generated downstream of antibody-induced actin cytoskeletal
reorganization and lysosomal membrane permeabilization, and were independent
of mitochondria and unaffected by Bcl-2 overexpression. Instead, ROS generation
was mediated by nicotinamide adenine dinucleotide phosphate (NADPH) oxi-
dase. These findings imply that NADPH-oxidase-derived ROS may be involved in
mediating nonapoptotic direct cell death in B-cell malignancies [21]. Hallaert and
colleagues had previously shown that in vitro CD40 stimulation of peripheral blood-
derived CLL cells results in resistance to cytotoxic drugs [61]. In contrast to this,
CD40 stimulation sensitizes CLL cells to cell death induction by obinutuzumab,
overcoming CD40-induced resistance mechanisms [47, 62]. Cell death occurred
without cross-linking and involved a lysosome-dependent mechanism. Further-
more, the combination of obinutuzumab with various cytotoxic drugs resulted in
additive cell death, in CD40-stimulated CLL cells, and also in p53-dysfunctional



1704 62 Obinutuzumab for the Treatment of Leukemia and Non-Hodgkin’s Lymphoma

CLL cells. Lastly, it was shown that the cell death induced by obinutuzumab
has features of immunogenic cell death induction characterized by the release
of damage-associated molecular patterns (DAMPs), including HSP90, HMGB1,
and adenosine triphosphate (ATP), which can induce dendritic cell maturation
and subsequent T-cell proliferation. Thus, cell death induction by obinutuzumab
may ultimately enhance host immune response and help induce durable tumor
remissions [63].

62.7
Glycoengineering of Obinutuzumab

In addition to direct effects, the biological activity of therapeutic antibodies relies
on the interaction between the antibody’s Fc part and membrane-bound Fcγ
receptors expressed on a variety of effector cells. The cross-linking of FcγRs triggers
cellular immune responses including the release of cytokines, chemokines, and
mediators that kill target cells (perforin and granzymes), resulting in ADCC and
ADCP [64]. Fc receptors consist of an immunoglobulin-binding chain containing
two immunoglobulin-like domains that form the extracellular region. There is
one high-affinity IgG receptor in humans (hFcγRI, CD64), and two families
of low-affinity IgG receptors – hFcγRIIA, IIB and IIC, CD32; and hFcγRIIIA
and IIIB, CD16. hFcγRI and hFcγRIIIA are FcRγ-associated activating receptors,
hFcγRIIA and hFcγRIIC are single-chain activating receptors, hFcγRIIB is a single-
chain inhibitory receptor, and hFcγRIIIB is a GPI-anchored receptor expressed
on human neutrophils [65]. Despite the affinity variations, the basic binding
mode is similar to all members of the immunoglobulin-like Fcγ receptors as
the sites of interaction between the activating and inhibitory Fcγ receptors and
IgG are structurally conserved [64]. Posttranslational modifications, in particular
the glycosylation of both antibodies and Fcγ receptors, modulate the affinity of
interaction [66–75]. Glycosylation of the Fc region of human IgGs occurs at a
conserved N-glycosylation site at asparagine 297 (Asn297) within the CH2 domain.
Deglycosylated IgGs are almost completely devoid of Fc-mediated immune effector
functions as a consequence of drastically reduced binding to FcγRs or to proteins
of the complement system [76]. The lack of only one of the sugars, namely the
fucose residue in an α1,6-linkage to the first N-actetylgucosamine (GlcNAc) of
Fc-oligosaccharide core (‘‘core fucosylation’’), actually results in enhanced binding
to FcγRIIIa,b [77] and enhanced effector functions mediated by this receptor [78].

Roche Pharmaceutical Research and Early Development, Zürich, has developed
the so-called ‘‘GlycoMab technology’’ that enhances the binding affinity of
therapeutic antibodies to the high- and low-affinity FcγRIIIa and FcγRIIIb by
introduction of bisecting GlcNAc residue in the carbohydrate chain of the antibody
Fc region. The introduction of GlcNAc results in steric interference and affects
the core antibody fucosylation, resulting in the production of ‘‘defucosylated’’ or
‘‘afucosylated’’ antibodies [78–81], a process also known as antibody glycoengineering
[82, 83] (Figure 62.4). Glycoengineering exclusively enhances the affinity of human
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Figure 62.4 Carbohydrate of glycoengi-
neered antibody and crystal structure of gly-
coengineered and nonglycoengineered Fc
region with glycosylated FcγRIIIa extracellular
domain. (a) Scheme of the glycoengineered,
bisected carbohydrate chain of a glycoengi-
neered antibody. Structure of glycosylated
Fc/FcγRIIIa. (b) Top and side views of the
structure of the glycosylated Fc/FcγRIIIa com-
plex. The Fc chains are shown in blue and
magenta, the receptor in cyan. The oligosac-
charides are depicted as ball and stick rep-
resentations. (c) View on the interaction

interface between defucosylated Fc fragment
and glycosylated Fc receptor. Chain A of the
Fc fragment is shown in blue, the Fc recep-
tor in cyan. Hydrogen bonds are presented
as dashed lines with distance between donor
and acceptor shown. (d) View on the inter-
action interface between fucosylated Fc frag-
ment and glycosylated Fc receptor. Chain A of
the Fc fragment is shown in magenta, the Fc
receptor in dark violet. Core fucose of fuco-
sylated Fc is highlighted in yellow. (Source:
Modified from [70].)

IgG1 antibodies to human FcγRIIIa and FcγRIIIb and subsequently results in
enhanced ADCC and ADCP [78, 80, 81]. In contrast to mutations in the Fc
region that enhance the FcγRIII interaction, glycoengineering leaves the binding
to other human activating and inhibitory receptors (FcγRIIA or FcγRIIB) largely
unchanged, suggesting that despite the overall similarity in protein structure,
individual FcγRs have unique binding patterns [70, 77, 84, 85]. The structural
basis of the enhanced affinity of defucosylated Fc regions to FcγRIIIa was recently
elucidated by X-ray crystallography and showed a characteristic carbohydrate
interaction that is responsible for the enhanced affinity of afucosylated antibodies
for FcγRIIIA as opposed to non-glycoengineered antibodies [70, 86] (Figure 62.4).
As expected, based on the different interaction sites of the Fc region with Fcγ
receptors and with FcRn, glycoengineering does not impact FcRn binding and
does not affect the antibody’s pharmacokinetic properties.

Mogamulizumab (Kyowa Hakko Kirin, Japan), a humanized glycoengineered
defucosylated antibody against CCR4 [87, 88], is the first glycoengineered antibody
that has been approved for patients with relapsed or refractory CCR4-positive adult
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T-cell leukemia/lymphoma in Japan in 2012 [89–92] and is in PhII clinical trials
in the United States and Europe. More than 10 additional glycoengineered and/or
ADCC-enhanced antibodies are currently in clinical trials; of those, obinutuzumab
is the most advanced in pivotal clinical trials and approved in the US [93].

Obinutuzumab is produced in Chinese hamster ovary (CHO) cells by coex-
pression with β1,4-N-acetylglucosaminyltransferase III (GnTIII) and Golgi α-
mannosidase II (Man-II). Subsequently, the Fc region of obinutuzumab is
glycoengineered resulting in bisected, defucosylated Fc region carbohydrates and
a concomitant increase in the binding affinity to the FcγRIIIa and FcγRIIIb recep-
tor. The affinity of antibodies with glycoengineered Fc regions was shown to be
approximately 50-fold enhanced for the human high-affinity allele of the FcγRIIIa
(V158) receptor and approximately 27-fold enhanced for the low-affinity allele of the
FcγRIIIa (F158) receptor, using surface plasmon resonance [86]. The average KD

values of the glycoengineered antibody obinutuzumab are 55 and 270 nM, and for
rituximab, the values are 660 nM and 2 μM for the high- and low-affinity FcγRIIIa
receptor, respectively. In addition, glycoengineering does not affect binding to the
inhibitory human FcγRIIb receptor [70, 86]. In summary, glycoengineering results
in a significantly increased affinity of obinutuzumab for the low- and high-affinity
human FcγRIIIa receptors in comparison to rituximab. Most importantly, binding
affinity to the low-affinity FcγRIIIa receptor is substantially increased such that it
exceeds that for the high-affinity receptor with rituximab.

The human glycosylphosphatidylinosotol (GPI) anchored FcγRIIIb is a low-
affinity receptor involved in the removal of immune complexes from the circulation.
FcγRIIIb is expressed on neutrophil granulocytes or polymorphonuclear neu-
trophils (PMNs) and is 96% conserved in the extracellular domain compared to
FcγRIIIa [94]. Contrary to FcγRIIIa, it is not capable of mediating ADCC but
believed to be involved in phagocytosis [95]. The FcγRIIIB interaction is sensitive
to the antibody fucosylation state [96]. In line with these data, surface plasmon
resonance showed that as a consequence of glycoengineering, obinutuzumab
also has approximately 8-fold enhanced affinity for FcγRIIIb-NA2 as compared to
non-glycoengineered wild-type rituximab [97].

62.8
In vitro NK Cell and Neutrophil ADCC and Macrophage ADCP Activity of
Obinutuzumab

The enhanced affinity of obinutuzumab for the low- and high-affinity FcγRIIIa
translates into a significantly enhanced ADCC potency in comparison to rituximab
using different ADCC assay formats, independent of the genotype of the FcγRIIIa
receptor (V158/V158, F158/F158, or F158/V158). Overall, obinutuzumab exhibits
up to 35- to 100-fold enhanced ADCC potency compared to rituximab [8] and ofatu-
mumab [27]. This broad range of improvement in ADCC potency is the consequence
of assay variabilities, including donor-related factors, CD20 expression levels, and
ADCC-assay-specific factors. Most importantly, obinutuzumab exhibits significant
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ADCC in the presence of physiological concentrations of human nonspecific com-
peting endogenous IgG, whereas the ADCC activity of rituximab is completely
abolished under these circumstances [8]. As a consequence of ADCC, a strong
upregulation of the NK cell activation marker CD107a occurs and a downregulation
of surface FcγRIIIa expression is observed (Sylvia Herter, Christian Klein, Pablo
Umana). Therefore, despite occupying only half the number of CD20 receptor bind-
ing sites on B and NHL cells, obinutuzumab achieves superior ADCC compared
to rituximab and ofatumumab bearing a wild-type Fc part.

As described above, complement in serum blocked NK cell activation induced
by rituximab, but had no effect on NK cell activation induced by obinutuzumab
[31]. These results demonstrate that the decreased ability of obinutuzumab to fix
complement relative to rituximab may actually result in an enhanced ability of
obinutuzumab to recruit and activate NK cells when serum is present [31].

CD20 internalization following incubation with obinutuzumab as well as rit-
uximab has not been observed on NHL cell lines. Recently, it was demonstrated
that Type II CD20 antibodies, obinutuzumab and tositumomab, do result in low
internalization or downmodulation of CD20 upon binding, whereas Type I CD20
antibodies, such as rituximab and ofatumumab, can actually result in FcγRIIb-
mediated CD20 internalization on patient-derived NHL samples [23, 24]. Thus, the
decreased ability of obinutuzumab to fix complement and the putative reduced
internalization of obinutuzumab as a Type II antibody may further enhance the
ADCC-dependent efficacy of obinutuzumab compared to Type I antibodies such as
rituximab.

As FcγRIIIa is also expressed in γδ T cells, Braza and colleagues [98] checked
the capability of obinutuzumab to mediate ADCC with γδ T cells. Their data show
that obinutuzumab can recruit and activate γδ T cells for target cell killing through
ADCC and is more efficacious than rituximab. The relevance of γδ T cells for the
clinical mechanism of action of obinutuzumab still needs further investigation.

Pievani and colleagues [99] have shown that the enhanced ADCC mediated
by obinutuzumab can be applied to enhance the killing potency of adoptive
immunotherapy with cytokine-induced killer (CIK) cells and CD20 antibodies.

The capability of obinutuzumab to mediate ADCP was investigated using M1 and
M2c macrophages generated from human monocyte-derived macrophages (MDM)
in comparison to rituximab and ofatumumab [27]. These data showed that all three
CD20 antibodies displayed comparable phagocytic activity. Similarly, Bologna and
colleagues [100] showed comparable phagocytic activity of obinutuzumab and
rituximab in CLL samples. Recent experiments pointed out that in the presence
of physiological levels of nonspecific, competing, human IgGs (a situation that
more closely mimics the natural setting), obinutuzumab more strongly engages
monocytes and macrophages and leads to significantly higher elimination of CD20-
expressing tumor cells as compared to rituximab and ofatumumab as shown by
assays detecting total antibody activity (ADCP, ADCC, and direct effects). These data
showed, for the first time, that in addition to enhancing FcγRIIIa-dependent NK-cell
cytotoxicity (ADCC), glycoengineering also enhances monocyte and macrophage
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phagocytic activities through enhanced binding to FcγRIIIa under conditions that
more closely resemble the physiological setting [101].

Golay and colleagues investigated the functional activity of on human neu-
trophil granulocytes or polymorphonuclear neutrophiles (PMNs) in response to
obinutuzumab compared to rituximab and a glycoengineered version of rituximab
[102]. Obinutuzumab activated PMN more efficiently than rituximab leading to
increased CD11b expression and a downmodulation of CD62L. The activation was
not accompanied by generation of ROS or by FcγRIIIb-mediated ADCC. In contrast,
activation of purified PMN resulted in phagocytosis of opsonised targets, which
involved FcγRIIIb and lead to PMN death. Furthermore, significant phagocytosis
could be observed in whole blood only in presence of glycoengineered antibodies,
similarly to what is observed for NK cell activation and ADCC. These data imply
that phagocytosis of opsonized targets by PMNs may be an additional mechanism
of action for obinutuzumab. While FcγRIIIb cannot activate signaling events down-
stream of FcγRIIIb and cannot activate ADCC of PMNs, it may function as an
adaptor to bind glycoengineered obinutuzumab on its surface resulting in recruit-
ment of PMNs into the tumor, enhanced binding to CLL cells, and subsequently,
tumor accumulation by avidity followed by engulfment through ADCP. The recruit-
ment and activation of PMNs through FcγRIIIb may offer an explanation for the
neutropenia observed in some CLL patients treated with obinutuzumab, an effect
likely related to its anti-leukemia activity.

Owing to the expression of FcγRIIIa on antigen-presenting cells (APCs) and the
enhanced affinity of obinutuzumab for this receptor, enhanced antigen presen-
tation to T cells via FcγRIIIa-expressing APCs such as dendritic cells (DCs) may
contribute to enhanced secondary immune responses induced by obinutuzumab
as compared to non-glycoengineered wild-type antibodies. Whether this proposed
further mechanism of action of obinutuzumab may contribute to its clinical efficacy
is currently under investigation in fully immunocompetent preclinical models.

62.9
Ex vivo Whole Blood B-Cell Depletion by Obinutuzumab

Whole blood contains the natural effector cell populations, human complement,
and physiological concentrations of human IgG and thus allows measuring the
effects of ADCC- inducing, CDC- inducing, and direct cell-death-inducing mech-
anisms in a system that more closely reflects the in vivo situation in peripheral
blood. In whole blood samples from a panel of 10 healthy donors, representing
each of three FcγRIIIa genotypes (high-affinity [158V/158V], intermediate-affinity
[158F/158V], and low-affinity [158F/158F] receptors), obinutuzumab was found to
be approximately 10- to 25-fold more potent in terms of EC50 values and approx-
imately 1.5- to 2.5-fold more efficacious in terms of absolute B-cell depletion in
comparison to rituximab [103]. In a separate set of experiments obinutuzumab
also showed superior whole blood B-cell depletion as compared to rituximab
and ofatumumab [27]. Obinutuzumab maintained superior activity even in whole
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blood samples treated with lepirudin (a thrombin-specific agent that does not
interfere with complement activation) and in heat-inactivated blood samples con-
firming that mechanisms underlying its superior B-cell depletion are complement
independent [27].

Superior whole blood B-cell depletion mediated by obinutuzumab as compared
to rituximab was also shown in a number of studies using samples derived from
CLL patients [8, 100, 103–106]. In whole blood isolated from B-CLL patients, obinu-
tuzumab mediated superior B-cell depletion both in terms of potency and absolute
efficacy in 8/11 patients in direct comparison to rituximab [103]. Mechanism of
action studies pointed out that in B-CLL whole blood assays, NK-cell-mediated
ADCC appears to be the most important factor contributing to B-cell depletion
[100, 104–106]. In addition, IL-8 appeared to act as an endogenous NK coactivator
for NKs 105]. Notably, obinutuzumab was highly effective against CLL cells ex vivo,
irrespective of high-risk prognostic markers including complex karyotype (three or
more chromosomal abnormalities), 17p deletion, and recurrent somatic mutations
of the TP53, NOTCH1, and SF3B1 genes [107].

62.10
In vivo Activity of Obinutuzumab in Xenograft Models

The dose-dependent efficacy of obinutuzumab and its superiority over ritux-
imab were demonstrated in the subcutaneous (s.c.) SU-DHL-4 DLBCL xenograft
model [8]. Weekly dosing of rituximab at 1, 10, and 30 mg kg−1 (q7d× 3) in mice
bearing established s.c. SU-DHL-4 tumors of an average size of 200 mm3 resulted
in slowdown of tumor progression. At 1 mg kg−1 dose level obinutuzumab led
to tumor growth inhibition (TGI) of 36% and tumor control ratio (TCR) of 0.58
(confidence interval (CI) 0.43–0.84). The induction of tumor stasis occurred at
a dose of 10 mg kg−1 corresponding to a TGI of 77% and a TCR of 0.58 (CI
0.43–0.84), whereas complete tumor remission with TGI>100% and TCR of 0
was achieved in all animals at a dose of 30 mg kg−1 resulting in long-term survival
(cure) in 9 out of 10 treated animals. Trough serum levels for 1, 10, and 30 mg kg−1

corresponded to approximately 11, 109, and 312 μg ml−1 at study termination. In
contrast, the maximal effect of rituximab was reached with 10 mg kg−1, and an
increase in dose to 30 mg kg−1 did not result in further enhancement of efficacy
despite the trough serum level increasing from 57 to 185 μg ml−1. At the maximal
dose of 30 mg kg−1 rituximab could only slow down tumor progression but did not
induce tumor remission. These nonclinical data demonstrate an outstanding dose-
dependent antitumor activity of obinutuzumab in this aggressive NHL xenograft
model that is clearly different from that of rituximab at saturating doses [8]. In
order to investigate whether the enhanced efficacy of obinutuzumab is due to
glycoengineering, an experiment using 30 mg kg−1 (q7d× 4, i.v. (intravenous)) of
obinutuzumab and a non-glycoengineered, wild-type version of obinutuzumab in
the s.c. SU-DHL-4 model was performed (Sabine Lang, Christian Gerdes). Notably,
the non-glycoengineered wild-type version of obinutuzumab was able to induce
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complete tumor remission similar to obinutuzumab at the same dose with only
a slight delay in onset, whereas tumors treated with rituximab at the same dose
showed only tumor growth inhibition (TGI). These data indicate that the superior-
ity of obinutuzumab is not only due to glycoengineering but rather related to its
Type II character as well. Subsequently, the single-agent efficacy of obinutuzumab,
rituximab, and ofatumumab was compared in the SU-DHL-4 model [27]. All three
antibodies were dosed at 30 mg kg−1 (q7d× 6, i.p.) in mice bearing large established
s.c. SU-DHL-4 tumors. Assessment of the first-line TGI on day 46 after tumor
cell inoculation demonstrated tumor regression (TGI 120%) with obinutuzumab,
but only tumor stasis with rituximab and ofatumumab (100 or 106%, respectively)
compared to vehicle control. The superiority of the treatment with obinutuzumab
was also demonstrated by 7 out of 10 tumor-free animals at day 67, whereas
treatment with rituximab or ofatumumab resulted in 4 out of 10 or 2 out of 10
tumor-free animals, respectively [27].

In order to mimic rituximab-refractory NHL, a study evaluating the efficacy
of second-line obinutuzumab treatment against s.c. SU-DHL-4 xenografts pro-
gressing under first-line weekly rituximab treatment with a dose of 30 mg kg−1

was performed [8]. Animals were given 30 mg kg−1 rituximab (q7d× 2, i.v.) and
were subsequently randomized when tumors reached an average size of 700 mm3.
Treatment of these advanced xenografts with weekly obinutuzumab at 30 mg kg−1

(q7d× 4, i.v.) as second-line treatment controlled tumor progression. In compari-
son, second-line rituximab-treated tumors were refractory and no longer responded
to rituximab treatment [8]. Similarly, the efficacy of obinutuzumab, rituximab, and
ofatumumab applied as second-line treatment was evaluated in the SU-DHL-4
model [27]. Mice bearing large established s.c. SU-DHL-4 tumors first received
10 mg /kg−1 of rituximab (q7d× 2, i.p.) before administration of obinutuzumab,
rituximab, or ofatumumab at 30 mg kg−1 (q7d× 5, i.p.) or vehicle control. Second-
line treatment with obinutuzumab, rituximab, and ofatumumab resulted in a TGI
of 64, 20, and 26%, respectively, on day 64 compared to control with one animal
from the obinutuzumab group achieving complete remission at day 63 [27].

In addition to the s.c. xenograft models, obinutuzumab was evaluated in the
aggressive disseminated Z138 MCL model at weekly doses ranging from 10 to
30 mg kg−1 (q7d, i.v.). i.v. injection of Z138 cells into severe combined immuno-
deficiency (SCID) beige mice resulted in large intraperitoneal lymphoid tumors in
the ovary. In this model, obinutuzumab mediated increased overall and median
survival at doses of 10 mg kg−1 (q7d× 3, i.v.) compared to rituximab [8]. The duration
of survival could be increased with weekly doses of 1–10 mg kg−1; however, a further
increase of dose to 30 mg kg−1 (q7d× 3, i.v.) did not result in a further increase of
efficacy in this model (C. Gerdes).

Obinutuzumab and rituximab were also compared in the fast-growing s.c.
transformed follicular RL xenograft model [108]. Both antibodies were given twice
weekly, obinutuzumab at doses of 10, 30, and 100 mg kg−1 (q3d× 5, i.p.) and
rituximab at a dose of 30 mg kg−1 (q3d× 5, i.p.). Obinutuzumab showed dose-
related activity in terms of TGI, with TGI of 25, 75, and 85%, respectively.
While the lowest dose of 10 mg kg−1 was ineffective, the higher doses of 30 and
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Table 62.2 Obinutuzumab activity in NHL xenograft models.

Name Origin Route Comment

SU-DHL-4 DLBCL (GCB) s.c. Superior to rituximab
WSU-DLCL-2 DLBCL (GCB) s.c./i.v. Superior to rituximab
Z138 MCL s.c./i.v. Superior to rituximab
RL fNHL s.c. Superior to rituximab
OCI-LY18 DLBCL (GCB) s.c./i.v. Superior to rituximab
SU-DHL-6 DLBCL (GCB) s.c. Antitumoral efficacy
Raji Burkitt’s lymphoma s.c./i.v. Antitumoral efficacy
OCI-LY3 DLBCL (ABC) s.c. No tumor engraftment

fNHL, follicular non-Hodgkin’s lymphoma; i.v., intravenous; s.c., subcutaneous.

100 mg kg−1 inhibited the growth of RL tumors and resulted in some complete
tumor remissions. After discontinuation of the twice-weekly antibody treatment,
both high-dose groups were eligible for an additional week observation period.
Without further antibody treatment the growth of RL xenografts was delayed but
regrowth could not be prevented. Rituximab was included at 30 mg kg−1 for direct
comparison to obinutuzumab. The antitumor activity of rituximab was inferior
(TGI 43%) to equivalent dosing of obinutuzumab (TGI 75%) [108].

Overall, obinutuzumab mediated statistically significant superior and dose-
dependent, antitumoral efficacy in the SU-DHL-4, OCI LY 18, WSU DLCL2, Z138,
and RL s.c. and disseminated xenograft models in direct comparison to rituximab;
in the SU-DHL-6 and Raji s.c. or disseminated xenograft models, obinutuzumab
mediated a strong dose-dependent, antitumoral efficacy (Table 62.2; F. Herting,
T. Friess).

The mechanism behind the superior antitumor activity of obinutuzumab depend-
ing on the model likely involves both ADCC and ADCP (because of glycoengineering
that leads to enhanced interaction with the muFcγRIV, the mouse homologous
of the human hFcγRIIIa, expressed on murine effector cells) as well as to Type-
II-related noneffector-cell-mediated activity (including direct cell death induction
and/or reduced CD20 internalization). However, similar to rituximab where the
in vivo mechanism of action is still poorly understood, the in vivo mechanism of
action of obinutuzumab in xenograft models has not been fully elucidated. The
in vivo xenograft studies reported here were performed in SCID beige or SCID
mice in which muFcγRIV is expressed on monocytes, macrophages, and granulo-
cytes, but not on NK cells. Of note, SCID beige mice have disabled NK cells and
granulocytes, but functional monocytes and macrophages. Thus, it is possible that
part of the superior in vivo activity of obinutuzumab compared to rituximab comes
from effector cell populations, such as macrophages and monocytes. However, con-
trol experiments using a non-glycoengineered wild-type version of obinutuzumab
suggest that the in vivo superiority of obinutuzumab in s.c. xenograft models
does not depend on enhanced interactions of the glycoengineered Fc region with
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murine effector cells but can be largely attributed to Type-II-related noneffector-
cell-mediated activities. In humans, an additional contribution of enhanced ADCC
mediated by NK cells can be expected as compared with mouse models.

Depending on the NHL xenograft model studied, consistent antitumor efficacy
inducing regression of established tumors and/or complete tumor regression and
long-term cures in NHL xenograft models was observed only for trough serum
levels of approximately 60–600 μg ml−1 corresponding to weekly doses of 10, 30,
and 100 mg kg−1. In general, obinutuzumab exhibited superior antitumor efficacy
as compared to rituximab at the same dose when using doses of 30–60 mg kg−1

once weekly, corresponding to trough levels of approximately 300–500 μg ml−1

(T. Friess, C. Klein). These trough levels are comparable to the trough levels
observed in Phase I and Phase II trials with obinutuzumab [109–113]. Taken
together, these findings suggest that in order to take advantage of the superior
efficacy of obinutuzumab in patients, exposure in a similar range to those identified
in nonclinical xenograft models should achieved.

62.11
In vivo Activity of Obinutuzumab in Combination with Chemotherapy, Bcl-2, and
MDM2 Inhibitors

In clinical practice, the combination of rituximab with chemotherapy results in a
substantial clinical benefit. To assess the potential of chemotherapy combination,
the efficacy of obinutuzumab in combination with bendamustine, fludarabine,
and chlorambucil (Clb) was compared to the combination of the respective
chemotherapy with rituximab and the respective monotherapies. Obinutuzumab
plus bendamustine achieved superior TGI versus rituximab plus bendamustine
and showed a statistically significant effect versus the respective single treatments.
Similarly, combinations of obinutuzumab with fludarabine and Clb demonstrated
significantly superior activity to rituximab-based treatment. Notably, in these pre-
clinical studies, obinutuzumab plus chemotherapy was superior to the respective
monotherapies and obinutuzumab monotherapy was at least as effective as ritux-
imab plus chemotherapy in vivo [114]. Taken together, these data support further
clinical investigation of obinutuzumab plus chemotherapy.

Bcl-2 plays an essential role during the development of B-cell malignancies. In
order to investigate whether the mode of action of obinutuzumab is compatible
with simultaneous inhibition of Bcl-2, combination studies using the Bcl-2, Bcl-xl
cross-reactive inhibitors ABT-737 [115], ABT-273 [116], and the Bcl-2 selective
inhibitor GDC-199 (ABT-199) [117–119] were performed in the SU-DHL4 model.
The studies showed that obinutuzumab at suboptimal doses works together
with Bcl-2 inhibition, resulting in strong antitumor activity including complete
tumor remissions (F. Herting, T. Friess, D. Sampath, C. Klein). On the basis
of these data, a Phase Ib clinical trial is currently ongoing evaluating the safety
and efficacy of combining the Bcl-2 inhibitor GDC-199 with obinutuzumab in
CLL patients (GP28331). Similarly, obinutuzumab showed combined activity with
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MDM2 inhibitor inhibitors in vitro on CLL samples [47] and in the p53 wild-type
xenograft model Z138 (F. Herting, C. Klein).

62.12
B-Cell Depletion by Obinutuzumab in Cynomolgus Monkeys

The efficacy of obinutuzumab at depleting B cells in cynomolgus monkeys was
assessed in direct comparison to rituximab [8]. Obinutuzumab at 10 and 30 mg kg−1

was compared with rituximab at 10 mg kg−1 and vehicle following two i.v. doses
administered on days 0 and 7. Peripheral blood B cells were reduced over 95% both
with obinutuzumab and rituximab; however, lymph node B-cell numbers were
only significantly decreased in obinutuzumab-treated animals with both dosing
regimens; from day 9 onwards and on day 35 B cell numbers were still decreased
by more than 90%. A dose-dependent effect was observed as obinutuzumab tested
at 30 mg kg−1 appeared to lead to an enhanced level of depletion compared to
10 mg kg−1. Taken together, obinutuzumab was more effective at depleting B cells
from the lymph nodes of cynomolgus monkeys compared to rituximab [8]. In
a second study, the effect of obinutuzumab on B-cell depletion in cynomolgus
monkeys was compared with that of a non-glycoengineered wild-type version
of obinutuzumab and rituximab (C. del Nagro). Obinutuzumab (30 mg kg−1)
was compared to non-glycoengineered wild-type obinutuzumab (30 mg kg−1),
rituximab (30 mg kg−1), and vehicle following two IV doses administered on days
0 and 7. Peripheral blood B cells were reduced at early timepoints (days 2–23)
in all treatment groups; however, the depth and duration of depletion observed
was significantly greater with obinutuzumab and non-glycoengineered wild-type
obinutuzumab-treated animals. Lymph node B-cell numbers were also reduced for
all treatment groups at day 9, but only obinutuzumab and non-glycoengineered
wild-type obinutuzumab-treated animals maintained significant B-cell reductions
of more than 90% to day 51. Surprisingly, non-glycoengineered wild-type
obinutuzumab-treated animals displayed the greatest magnitude of lymph node
B-cell depletion; however, no statistical difference was found between either
obinutuzumab variant. These results demonstrate that obinutuzumab as well as
non-glycoengineered wild-type obinutuzumab possesses a greater capacity and
durability for depleting B cells from both blood and lymph nodes of cynomolgus
monkeys compared to rituximab, most likely due to the Type II character of
obinutuzumab. The glycoengineering of the Fc part, although triggering enhanced
ADCC, did not translate into a further enhanced B-cell depletion in the lymph
nodes of cynomolgus monkeys (C. del Nagro).

To evaluate the functional impact that the increased extent of B-cell depletion with
obinutuzumab versus rituximab has on the humoral immune response to foreign
antigens, cynomolgus monkeys from the second study were immune challenged
after treatment with either a naı̈ve novel antigen that the animals had never
experienced before (de novo response to tetanus toxoid) or with a booster immune
rechallenge with an immunogen that the animals had already encountered prior
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to CD20 antibody administration (memory-recall response to measles/rubella).

These studies showed that the enhanced efficacy in terms of B-cell depletion of

obinutuzumab translated into stronger suppression of de novo antibody responses,

but left the protective humoral memory responses intact (C. del Nagro). The

ability to block de novo humoral antibody responses may possibly be attributed to

either the increased extent of endogenous B-cell depletion seen with obinutuzumab

and/or the enhanced ability of obinutuzumab to deplete activated, CD20-expressing

B cells. The lack of impact on memory-recall challenge speaks for the fact that

antigen experienced, memory B cells do not any longer express CD20 [8].

62.13
Conclusion from Nonclinical Pharmacology Studies with Obinutuzumab

Nonclinical in vitro studies show that the novel glycoengineered Type II CD20

antibody obinutuzumab mediates superior induction of direct cell death and

effector-cell-mediated ADCC and ADCP on a panel of NHL cell lines and in

whole blood/peripheral blood mononucleated cells (PBMCs), whereas its potency

to mediate CDC is significantly reduced compared to the two approved Type I

CD20 antibodies rituximab and ofatumumab. In ex vivo autologous whole blood

B-cell depletion studies with blood from healthy volunteers as well as CLL patients,

obinutuzumab mediates superior B-cell depletion.

These superior properties of obinutuzumab translate into superior antitumor

efficacy in direct comparison to rituximab against a number of aggressive s.c.

and disseminated NHL xenograft models. Obinutuzumab was able to induce com-

plete tumor remission and long-term survival (cure) and increased the overall

survival in disseminated NHL xenograft models. The efficacious and optimal dose

of obinutuzumab in xenograft models was in the range of 10–30 mg kg−1 corre-

sponding to trough serum levels of approximately 300–600 μg ml−1. In addition,

obinutuzumab worked together with classical chemotherapeutic agents including

cyclophosphamide, chlorambucil (Clb), fludarabine, and bendamustine. Treatment

with obinutuzumab also resulted in potent and superior depletion of B cells in

peripheral blood and in lymphoid tissues of cynomolgus monkeys. Vaccination

studies in cynomolgus monkeys showed that the enhanced efficacy in terms of

B-cell depletion by obinutuzumab translated into superior suppression of de novo

antibody responses, but left the protective humoral memory responses intact.

The data generated to date imply that obinutuzumab represents a novel class

of therapeutic CD20 antibody with outstanding and unique efficacy compared

to classical Type I and non-ADCC-enhanced CD20 antibodies. On the basis of

these nonclinical data, it can be anticipated that the combination of a Type II

antibody character together with improved ADCC and ADCP potency exclusive to

obinutuzumab might translate into superior clinical efficacy.
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62.14
Clinical Experiences with Obinutuzumab

On the basis of nonclinical data, obinutuzumab is currently being studied in various
Phase Ib/II/III clinical trials, including four pivotal trials in first-line CLL, DLBCL,
and FL. Most of the ongoing studies compare obinutuzumab in combination with
chemotherapy in direct comparison to rituximab with chemotherapy as current
standard of care. One Phase III study also assesses the role of obinutuzumab in
the treatment of rituximab-refractory patients in combination with bendamustine
against bendamustine alone. Data from a variety of Phase I–III studies have
become available recently and are presented here. Table 62.3 gives an overview of
past and current clinical trials with obinutuzumab.

62.15
Early Clinical Experience with Obinutuzumab in B-Cell Lymphoma

62.15.1
BO20999 Phase 1

Obinutuzumab was tested in three separate Phase Ia clinical studies [120]. In
the first Phase I study (first-in-man, BO20999 Phase I), the safety, efficacy, and
pharmacokinetics (PK) of obinutuzumab was evaluated in 21 patients with heavily
pretreated, relapsed, or refractory CD20(+) indolent lymphoma. Patients received
obinutuzumab in a dose-escalating manner (three per cohort, range 50/100 to
1200/2000 mg) for 8× 21 day cycles. The majority of adverse events (AEs) were grade
1 and 2 (114 of 132 total AEs). Seven patients reported a total of 18 grade 3 or 4 AEs.
Infusion-related reactions (IRRs) were the most common AE, with most occurring
during the first infusion and resolving with appropriate management. Three
patients experienced grade 3 or 4 drug-related IRRs. The best overall response was
43%, with five complete responses (CRs) and four partial responses (PRs). Data
from this study suggested that obinutuzumab was well tolerated and demonstrated
encouraging activity in patients with previously treated NHL up to doses of 2000 mg
(NCT00517530) [109].

62.15.2
BO21003 Phase I

In the second phase I study the safety, tolerability, PK, and antitumor activity
of obinutuzumab as induction therapy followed by 2 years of maintenance was
evaluated. Cohorts of three to six patients received obinutuzumab (200–2000 mg)
intravenously weekly for 4 weeks. Patients with a complete or PR (or stable disease
and clinical benefit) continued to receive obinutuzumab every 3 months, for a
maximum of eight doses. Twenty-two patients with relapsed CD20-positive NHL
or CLL with an indication for treatment and no therapy of higher priority were
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enrolled. Patients received a median of four prior regimens; 86% had received at
least one rituximab-containing regimen. No dose-limiting or unexpected AEs were
observed. IRRs were most common (all grades, 73%; grade 3/4, 18%), followed by
infection (32%), pyrexia (23%), neutropenia (23%), headache (18%), and nausea
(18%). At end of induction, 5 (23%) patients achieved PRs and 12 (54%) had
stable disease. Eight patients received maintenance; the best overall response was
32% (six PRs/one CR). Obinutuzumab induction and maintenance therapy was
well tolerated with promising efficacy in this heterogeneous, highly pretreated
population (NCT00576758) [110].

62.15.3
JO21900

In the third phase I study (JO21900) obinutuzumab was evaluated in Japanese
patients with relapsed or refractory B-cell lymphoma. In this Phase I dose-
escalating study patients, the primary end point was to characterize the safety
of obinutuzumab in a Japanese population; secondary end points were efficacy,
PK, and pharmacodynamics. Patients received up to nine doses of obinutuzumab
with up to 52 weeks’ follow-up. Most AEs were grade 1 or 2 IRRs, and 10 grade
3/4 AEs occurred. No dose-limiting toxicities were observed and the maximum
tolerated dose was not identified. Out of 12 patients, 7 responded (end-of-treatment
response rate 58%), with two CRs and five PRs. Responses were observed from
low to high doses, and no dose–efficacy relationship was observed. B-cell depletion
occurred in all patients after the first infusion and was maintained for the duration
of treatment. Serum levels of obinutuzumab increased in a dose-dependent man-
ner, although there was interpatient variability. This Phase I study demonstrated
that obinutuzumab has an acceptable safety profile and that it offers encouraging
activity in Japanese patients with relapsed/refractory B-cell lymphoma [111].

62.16
Phase Ib and II Experience with Obinutuzumab in B-Cell Lymphoma

62.16.1
BO20999 Randomized Phase II in Indolent B-Cell Lymphoma

The aforementioned Phase I study BO20999 with single-agent obinutuzumab
was later amended to compare two doses of obinutuzumab in the Phase II part
of the study. This was done separately for a cohort of patients with follicular
lymphoma and aggressive lymphoma (MCL and DLBCL). The Phase II part
evaluated the efficacy and safety of two doses of obinutuzumab in patients with
relapsed/refractory indolent B-cell lymphoma. Patients were randomized to receive
eight cycles of obinutuzumab as a flat dose of 400 mg on days 1 and 8 of cycle
1 and day 1 of cycles 2–8 (400/400) or 1600 mg on days 1 and 8 of cycle 1 and
800 mg on day 1 of cycles 2–8 (1600/800). Forty patients were enrolled, including
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34 with follicular lymphoma; 38/40 patients had previously received rituximab and
22/40 were rituximab refractory. The overall response rate (ORR) at the end of
treatment was 55% (95% CI, 32–76%) in the 1600/800 mg group (9% complete
responders) and 17% (95% CI, 4–41%) in the 400/400 mg group (no complete
responders). Five out of 10 rituximab-refractory patients had an end-of-treatment
response in the 1600/800 mg group versus 1/12 in the 400/400 mg group. Median
progression-free survival (PFS) was 11.9 months in the 1600/800 mg group (range
1.8–33.9+ months) and 6.0 months in the 400/400 mg group (range 1.0–33.9+
months). The most common AEs were IRRs, seen in 73% of patients, but only
two patients had grade 3/4 IRRs (both 1600/800 mg). No IRRs were considered
serious, and no patients withdrew for IRRs. It was therefore concluded that the
1600/800 mg dose schedule of obinutuzumab has encouraging activity with an
acceptable safety profile in relapsed/refractory iNHL [112].

62.16.2
BO21003 Randomized Phase II in Indolent Lymphoma

Obinutuzumab single-arm clinical studies have demonstrated responses in patients
with relapsed/refractory B-cell lymphoma, but no direct comparison with rituximab
was available. The aim of this randomized Phase II trial was to compare efficacy
and safety of monotherapy with obinutuzumab versus rituximab in patients with
relapsed iNHL. Patients with relapsed iNHL requiring therapy who had demon-
strated a prior response (CR/complete response unconfirmed (CRu) or PR) to a
rituximab-containing regimen lasting≥6 months were eligible for this study. A total
of 175 pts (149 follicular (FL) and 26 nonfollicular iNHL) stratified by histology were
randomized 1 : 1 to receive four weekly infusions (days 1, 8, 15, 22) of either obin-
utuzumab (1000 mg, n= 87) or rituximab (375 mg m−2, n= 88). End-of-treatment
response was assessed 28–42 days after the last induction dose. Patients without
evidence of progression following induction therapy received ongoing treatment
with obinutuzumab or rituximab every 2 months for up to 2 years at the same
dose. The primary end point was ORR in the FL population. Secondary end points
included PFS, overall survival (OS), and safety. Treatment arms were well bal-
anced for standard prognostic features (age, ECOG PS, Ann Arbor stage, Follicular
Lymphoma International Prognostic Index (FLIPI) risk score at initial diagnosis,
lactate dehydrogenase (LDH)) and prior treatment characteristics. Patients in both
arms had received a median of two prior lines of therapy (range: one to seven
obinutuzumab arm; one to six rituximab arm) and 99% had received prior ritux-
imab. At baseline, patients in the obinutuzumab cohort had a larger volume of
disease based on the median sum of product diameters (SPDs): SPD obinutuzumab
cohort 2397 mm2 (range 192–29 326 mm2) versus SPD rituximab cohort 1934 mm2

(range 252–11 255 mm2). The primary efficacy analysis was conducted in the FL
population at the end of induction. On the basis of investigator assessment, ORR
for obinutuzumab was 43.2% (32/74) versus 38.7% (29/75) for rituximab. The
difference in response rates was 4.6% (95% CI [−12.0, 21.1]). The CR/CRu rate in
the obinutuzumab arm was 10.8 versus 6.7% for rituximab. At the time of analysis,
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28/149 patients had progressed, 15/74 on obinutuzumab, and 13/75 on rituximab.
A central blinded radiology review (independent review facility, IRF) was performed
to independently assess the response. The difference in response rates by the IRF
was 15.2% (95% CI [−0.7, 31.2]; ORR, obinutuzumab vs rituximab: 43.2% [32/74]
vs 28.0% [21/75]). In the overall population (FL+nonfollicular iNHL), the ORR as
assessed by investigators was 43.2% (38/88) versus 35.6% (31/87) and by the IRF was
42.0% (37/88) versus 24.1% (21/87) for obinutuzumab and rituximab, respectively.
Safety was analyzed in the overall population. No new safety signals were observed
in either arm. One patient in the rituximab arm died from cardiopulmonary arrest
and one patient in the obinutuzumab arm died from pulmonary aspergillosis.
More patients discontinued therapy during induction in the rituximab arm (7 pts
vs 4 obinutuzumab patients). Discontinuations with obinutuzumab occurred as
a result of IRRs (3 pts) and orthostatic hypotension (1 pt). A greater number of
patients in the rituximab arm experienced a serious adverse event (SAE) during
the induction period (9 pts vs 5 obinutuzumab pts). SAEs in the obinutuzumab
arm occurred as a result of IRR (2 pts), febrile neutropenia (1 pt), pleural effusion
(1 pt), and nephrolithiasis (1 pt). More patients in the obinutuzumab arm reported
IRRs (obinutuzumab vs rituximab: any grade, 72 vs 49%; grade 3/4, 11 vs 5%).
IRRs were primarily seen during the first infusion and decreased in both frequency
and severity with subsequent infusions. Other AEs (any grade) that occurred at
a ≥5% higher incidence with obinutuzumab included fatigue (23 vs 17%), cough
(10 vs 1%), back pain (7 vs 2%), decreased appetite (7 vs 2%), and insomnia (5
vs 0%). The conclusions were that treatment with obinutuzumab in patients with
relapsed indolent B-cell lymphoma resulted in higher response rates compared to
rituximab as assessed by both investigators and the IRF at an early time point.
Obinutuzumab was well tolerated, although a higher rate of IRRs was noted; the
majority were grade 1/2 in severity and did not result in significant differences in
treatment discontinuation. This was the first head to head trial of obinutuzumab
against rituximab and has demonstrated higher response rates without appreciable
differences in safety. Further updates of this study are planned [121].

62.16.3
BO20999 Randomized Phase II in Aggressive B-Cell Lymphoma

As obinutuzumab was superior to rituximab in human DLBCL and MCL xenograft
models and in Phase I of the current study, obinutuzumab exhibited encouraging
activity but no clear dose–response relationship, it was considered appropriate to
also study obinutuzumab in patients with aggressive histologies. The efficacy and
safety of two doses of obinutuzumab were explored in this randomized Phase II trial
in patients with heavily pretreated DLBCL and MCL. Patients were randomized
to receive eight cycles of obinutuzumab either as a flat dose of 400 mg for all
infusions (days 1 and 8 of cycle 1, day 1 of cycles 2–8) or 1600 mg on days 1 and
8 of cycle 1, and 800 mg on day 1 of cycles 2–8. Forty patients were enrolled – 21
in the 400/400 mg arm (10 DLBCL, 11 MCL) and 19 in the 1600/800 mg arm
(15 DLBCL, 4 MCL). End-of-treatment response was 28% (32 and 24% in the
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1600/800 and 400/400 mg arms, respectively). The best ORRs were 37 and 24%,
respectively (DLBCL, 8/25 [32%]; MCL, 4/15 [27%]). Five of 25 (20%) rituximab-
refractory patients responded, including 4/12 in the 1600/800 mg group. The most
common AEs were IRRs, which were manageable. Three patients had grade 3/4
IRRs. Grade 3/4 neutropenia was seen in only one patient. In summary, and
similar to the indolent part of the study, obinutuzumab 1600/800 mg was found
to have encouraging PK and clinical activity with an acceptable safety profile in
relapsed/refractory DLBCL and MCL, supporting further exploration [113].

62.16.4
BO21000 Randomized Phase II with Chemotherapy in Relapsed/Refractory Indolent
B-Cell Lymphoma

The safety and activity of obinutuzumab plus chemotherapy in relapsed/refractory
follicular lymphoma was explored in 56 patients. Participants received obin-
utuzumab plus cyclophosphamide, doxorubicin, vincristine, and prednisone
(G-CHOP; every 3 weeks, six to eight cycles) or obinutuzumab plus fludarabine
and cyclophosphamide (G-FC; every 4 weeks, four to six cycles). Patients were
randomized to either obinutuzumab 1600 mg on days 1 and 8 of cycle 1 followed
by 800 mg on day 1 of subsequent cycles or 400 mg for all doses. Treatment
responders were eligible for obinutuzumab maintenance (three monthly). Grade
1/2 IRRs were the most common treatment-related AE (all grades: G-CHOP,
68%; G-FC, 82%). Grade 3/4 IRRs were rare (7%) and restricted to first infusion.
All patients received the planned obinutuzumab dose. Neutropenia was the most
common treatment-related hematologic AE for G-CHOP (43%) and G-FC (50%).
At the end of induction, 96% (27/28; CR, 39% [11/28])) of patients receiving
G-CHOP and 93% (26/28; CR, 50% [14/28]) receiving G-FC showed responses.
G-CHOP or FC (fludarabine and cyclophosphamide) had an acceptable safety
profile, with no new or unexpected AEs, but G-FC was associated with more AEs
than G-CHOP. Obinutuzumab plus chemotherapy resulted in 93–96% response
rates, supporting Phase III investigations [122].

62.16.5
BO21000 Randomized Phase II with Chemotherapy in Previously Untreated Indolent
B-Cell Lymphoma

Obinutuzumab was also tested in previously untreated patients with indolent lym-
phoma in the GAUDI study. Obinutuzumab was tested in combination with
cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP) or ben-
damustine in 81 patients aged>18 years, with treatment-naı̈ve CD20+ grade 1–3b
FL with at least one measurable lesion (longest diameter >1.5 cm by computed
tomography (CT) scan). All patients received a flat dose of obinutuzumab (1000 mg
on days 1 and 8 of cycle 1 and day 1 of subsequent cycles) combined with either
six to eight cycles of CHOP (every 3 weeks) or four to six cycles of bendamustine
(90 mg m−2 days 1 and 2 every 4 weeks) on a per center choice basis. Patients
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achieving CR or PR were eligible to receive obinutuzumab maintenance therapy
(1000 mg) every 3 months for 2 years or until progression. The primary objective
was safety, and secondary objectives included ORR, CR rate, and PK. Response
was assessed at the end of induction using International Working Group response
criteria; unconfirmed CRs were classified as PRs. Forty patients received G-CHOP
and 41 G-bendamustine. Baseline characteristics were similar for both groups:
median age was 53.5 and 57 years; bone marrow involvement 53 and 49%; bulky
disease (≥7 cm) 45 and 41%; median time from diagnosis was only 1.20 months
for both groups, high-risk FLIPI status (3–5) 45 and 46%, and intermediate risk
(FLIPI 2) 38 and 34%. Thirty-eight G-CHOP and 37 G-bendamustine patients
completed all cycles of planned induction therapy. Three patients withdrew with-
out any response assessment. In the G-CHOP arm, one withdrawal was due to
obinutuzumab-associated IRR after cycle 1 and another patient was found to be
ineligible and withdrawn after cycle 1. In the G-bendamustine arm one patient
withdrew consent after cycle 2. Three other patients were withdrawn after interim
response assessment, none for safety reasons (insufficient response in the G-
bendamustine arm and administrative reasons for two in the G-CHOP arm). The
most frequent AEs were IRRs (all grades: 58% G-CHOP; 59% G-bendamustine;
grade 3/4: 5% G-CHOP; 10% G-bendamustine). No Grade 3/4 IRRs occurred after
cycle 3. Grade 3/4 neutropenia was reported in 43% of patients in the G-CHOP
arm and 29% of patients in the G-bendamustine arm during induction, resulting
in delayed delivery of 7.0 and 4.8% of chemotherapy cycles. All delays but one
were no longer than 2 weeks. Grade 3/4 infections occurred in 23% of patients
receiving G-CHOP and 10% of patients receiving G-bendamustine. Approximately
half of these were neutropenic infections or sepsis and all resolved with appropriate
management. ORR at the end of the induction period was 95% (38/40) in the
G-CHOP arm (CR rate 35%) and 92.7% (38/41) in the G-bendamustine arm (CR
rate 39%). Serum obinutuzumab concentrations increased during the induction
period and were similar for both regimens. Mean Cmax was 300–600 μg ml−1 and
Cmin 100–300 μg ml−1. Following the final administration, a decline in obinu-
tuzumab serum concentration was seen that was similar for the two treatment
combinations. In conclusion, efficacy and safety data for obinutuzumab com-
bined with CHOP and bendamustine are encouraging for first-line treatment
of patients with FL. On the basis of these promising results obinutuzumab
is now being studied in combination with various chemotherapy regimens in
a randomized Phase III study against the standard of care, rituximab-based
immunochemotherapy [123].

62.17
Phase III Studies with Obinutuzumab in B-Cell Lymphoma

Ongoing studies evaluate the place for obinutuzumab in the treatment of previ-
ously untreated patients with indolent lymphoma (BO21223 GALLIUM), previously
untreated DLBCL (BO21005 GOYA), and rituximab-refractory patients (GAO4753g
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GADOLIN). GALLIUM and GOYA use obinutuzumab in conjunction with standard
chemotherapy versus established regimens, such as R-CHOP. GADOLIN evalu-
ates the role of obinutuzumab against bendamustine in a rituximab-refractory
population. Results from these studies are expected in the second half of the
decade.

62.18
Obinutuzumab in CLL: Early Experience and Ongoing Phase II Studies

GAUGUIN BO20999 also evaluated the safety and efficacy of obinutuzumab
monotherapy in patients with relapsed/refractory CLL. In Phase I, 13 patients
received obinutuzumab at doses ranging from 400 to 1200 mg (days 1 and 8 of
cycle 1, day 1 of cycles 2–8). In Phase II, a flat dose of 1000 mg was administered
to 20 patients (days 1, 8, and 15 of cycle 1, day 1 of cycles 2–8). The most common
AE was IRRs (95–100% of Phase I/II participants), most of which were grade
1/2. Grade 3/4 neutropenia was reported in 10 patients in Phase I, with no clear
relationship to dose, and 4 patients in Phase II. No patient died while on treatment.
Regarding the primary efficacy end points, the end-of-treatment response in Phase
I and II was 62 and 15%, respectively (all PRs), and best overall response was 62 and
30%, respectively. In Phase II, median PFS was 10.7 months, and median duration
of response was 8.9 months. Obinutuzumab monotherapy is therefore considered
very active and well tolerated in patients with heavily pretreated relapsed/refractory
CLL [124]. Notably, obinutuzumab resulted in rapid and complete B-cell depletion
in peripheral blood of CLL patients to an extent not seen with other CD20 antibodies.
Ongoing studies evaluate the role of obinutuzumab in conjunction with standard
chemotherapy (FC, bendamustine) and a higher dose of obinutuzumab 2000 versus
1000 mg, both in previously untreated patients with CLL.

62.19
Phase III Experience with Obinutuzumab: The CLL11 Trial

On the basis of positive Phase I/II experience with obinutuzumab in CLL, a Phase
III study was designed and conducted in collaboration with the German CLL Study
Group [125, 126]. Chemoimmunotherapy, such as FCR, is standard of care in
young and physically fit patients with CLL. Development of similar therapies for
older and less fit CLL patients is ongoing, but data from phase III trials are sparse.
CLL11 is the largest trial to evaluate three treatments in previously untreated
CLL patients with comorbidities: Chlorambucil (Clb) alone, obinutuzumab + Clb
(GClb), and Rituximab + Clb (RClb). The trial read out in two stages and the
final data from both stages have recently been reported [127]. Treatment-naı̈ve CLL
patients with a Cumulative Illness Rating Scale (CIRS) total score >6 and/or an
estimated creatinine clearance (CrCl) <70 ml/min were eligible. Patients received
Clb alone (0.5 mg/kg po d1, d15 q28 days, 6 cycles), GClb (100 mg iv d1, 900 mg
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d2, 1000 mg d8, d15 of cycle 1, 1000 mg d1 cycles 2–6), or RClb (375 mg/m2 iv
d1 cycle 1, 500 mg/m2 d1 cycles 2–6). Primary endpoint was investigator-assessed
progression-free survival (PFS). The median age, CIRS score, and CrCl at baseline
were 73 years, 8, and 61.1 ml/min for stage 1a (Clb vs GClb, 356 pts) and 73
years, 8, and 62.1 ml/min for stage 1b (Clb vs RClb, 351 pts, triggered by a
different event rate). Treatment with obinutuzumab-chlorambucil or rituximab-
chlorambucil as compared with chlorambucil monotherapy, increased response
rates and prolonged progression-free survival (median progression-free survival,
26.7 months with obinutuzumab-chlorambucil vs 11.1 months with chlorambu-
cil alone; hazard ratio for progression or death, 0.18; 95% confidence interval
[CI], 0.13–0.24; P < 0.001; and 16.3 months with rituximab-chlorambucil vs 11.1
months with chlorambucil alone; hazard ratio, 0.44; 95% CI, 0.34–0.57; P <

0.001). Treatment with obinutuzumab-chlorambucil, as compared with chloram-
bucil alone, prolonged overall survival (hazard ratio for death, 0.41; 95% CI, 0.23
to 0.74; P = 0.002). Treatment with obinutuzumab-chlorambucil, as compared
with rituximab-chlorambucil, resulted in prolongation of progression-free survival
(hazard ratio, 0.39; 95% CI, 0.31–0.49; P < 0.001) and higher rates of complete
response (20.7% vs 7.0%) and molecular response. Infusion-related reactions
and neutropenia were more common with obinutuzumab-chlorambucil than with
rituximab-chlorambucil, but the risk of infection was not increased.

In conclusion, chemoimmunotherapy with obinutuzumab are superior over
rituximab if both are added to chlorambucil.

Obinutuzumab in combination with chlorambucil has received orphan drug
designation for the first-line therapy of CLL by FDA and EMA and based on
the results of the CLL11 trial, obinutuzumab also received breakthrough therapy
designation by FDA. On November 1, 2013 obinutuzumab was approved as first
breakthrough therapy product based on the data of the stage 1a analysis of the
CLL11 trial by the United States for the first-line treatment of CLL patients in
combination with clorambucil under the tradename GAZYVA. Obinutuzumab in
combination with chlorambucil has also been filed as a first-line therapy of CLL
with the EMA and additional health authorities throughout the world.
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