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Obinutuzumab (GA101) is a type II, glycoengineered anti-CD20 mon-
oclonal antibody for the treatment of hematologic malignancies.
Obinutuzumab has mechanisms of action that are distinct from

those of rituximab, potentially translating into improved clinical efficacy. We
present the pharmacokinetic and clinical data from the phase I/II GAUGUIN
and phase I GAUDI studies that were used to identify the obinutuzumab
dose and regimen undergoing phase III assessment. In phase I (GAUGUIN
and GAUDI), non-Hodgkin lymphoma patients received up to a maximum
9 fixed doses (obinutuzumab 50-2000 mg). In GAUGUIN phase II, patients
received obinutuzumab 400/400 mg or 1600/800 mg [first dose day (D)1, D8,
cycle (C) 1; second dose D1, C2-C8]. The influence of demographic factors
on pharmacokinetics and drug exposure on tumor response and toxicity
were analyzed using exploratory graphical analyses. Obinutuzumab serum
concentrations with 1600/800 mg were compared with a 1000 mg fixed-dose
regimen (D1, D8 and D15, C1; D1, C2-C8) using pharmacokinetic modeling
simulations. Factors related to CD20-antigenic mass were more influential
on obinutuzumab pharmacokinetics with 400/400 versus 1600/800 mg.
Higher serum concentrations were observed with 1600/800 versus 400/400
mg, irrespective of CD20-antigenic mass. Tumor shrinkage was greater with
1600/800 versus 400/400 mg; there was no significant increase in adverse
events. Fixed dose 1000 mg with an additional C1 infusion resulted in similar
serum concentrations to 1600/800 mg in model-based analyses. The obinu-
tuzumab 1000 mg fixed-dose regimen identified in this exploratory analysis
was confirmed in a full covariate analysis of a larger dataset, and is undergo-
ing phase III evaluation. GAUGUIN and GAUDI are registered at www.clin-
icaltrials.gov (clinicaltrials.gov identifier:00517530 and 00825149, respectively). 

Rationale for optimal obinutuzumab/GA101
dosing regimen in B-cell non-Hodgkin 
lymphoma
Guillaume Cartron,1 Florence Hourcade-Potelleret,2 Franck Morschhauser,3
Gilles Salles,4 Michael Wenger,5 Anna Truppel-Hartmann6 and David J. Carlile7

1CHRU Montpellier, UMR-CNRS 5235, Université de Montpellier, France; 
2F. Hoffmann-La Roche Ltd, Basel, Switzerland*; 3CHRU Lille, Unité GRITA,
Université de Lille, France; 4Hospices Civils de Lyon, Université Claude Bernard,
France; 5Genentech, South San Francisco, CA, USA; 6F. Hoffmann-La Roche Ltd,
Basel, Switzerland; and 7Roche Pharmaceutical Research and Early
Development, Roche Innovation Center Welwyn, UK†

*Current affiliation: Novartis Pharma AG, Basel, Switzerland
†Current affiliation: AstraZeneca UK, Melbourn Science Park, Melbourn, UK

ABSTRACT

Introduction 

The chimeric anti-CD20 monoclonal antibody rituximab (IgG1k) has revolution-
ized the treatment of hematologic malignancies. Rituximab plus chemotherapy has
become the standard-of-care treatment for follicular lymphoma (FL), diffuse large
B-cell lymphoma (DLBCL) and chronic lymphocytic leukemia (CLL).1-6 Single-agent
rituximab is also used as FL maintenance therapy.7,8  Rituximab was the first mono-
clonal antibody approved for use in malignant diseases. The dose and schedule of



rituximab used were mostly developed empirically, with-
out extensive studies to establish dose or dose scheduling,
as the substantial clinical benefits achieved with rituximab
led to its rapid incorporation into treatment regimens. In
phase I studies, indolent non-Hodgkin lymphoma (iNHL)
patients received rituximab doses ranging from 10–500
mg/m2.9,10 As no dose-limiting toxicity or clear dose–
response relationship was found, the 375 mg/m2 dose was
selected for further clinical evaluation.11 This dose was
approved in Europe and the US for the treatment of sever-
al hematologic cancers.12,13 
Pivotal studies have shown large inter-individual vari-

ability in rituximab serum concentrations.11,14  As rituximab
concentrations correlate with clinical response and pro-
gression-free survival (PFS),14-16 an optimized dosing regi-
men should translate into improved clinical response. Yet
personalized, pharmacokinetic (PK)-based maintenance
dosing of rituximab 375 mg/m2, administered when serum
concentrations decreased to less than 25 mg/mL, yielded
no clinical advantage in iNHL.17 However, treatment
responders had higher serum concentrations of rituximab
than non-responders at one and four months post-treat-
ment, although patient numbers were too small to draw
firm conclusions and non-responders still had rituximab
serum levels near the target range.17 It is likely that ritux-
imab serum concentrations are the result of a complex
interplay of several biological factors that influence anti-
body behavior (i.e. distribution, catabolism), including his-
tology (CLL vs. NHL), CD20 expression levels on malig-
nant B cells, and tumor burden.11,14,18,19 In vitro studies
showed that FcgRIIIa-158VF polymorphisms impact the
concentration-effect relationship of rituximab-induced
antibody-dependent cell-mediated cytotoxicity (ADCC),20
a critical mechanism of anti-tumor activity.21As these bio-
logical parameters can vary between individuals, the PK of
rituximab, and thus disease control, can differ between
patients. To optimize dosing, there is a critical need to
understand the factors affecting the PK of anti-CD20 mon-
oclonal antibodies, particularly those under clinical devel-
opment.
Obinutuzumab is a novel, type II, glycoengineered, anti-

CD20 monoclonal antibody. Glycoengineering of obinu-
tuzumab has enhanced its binding to the Fc portion of
FcgRIIIa expressed by effector cells versus the non-glyco-
engineered rituximab. The glycoengineered region of
obinutuzumab is also expected to reduce the influence of
the FcgRIIIa-158VF polymorphism on the in vivo activity of
obinutuzumab versus rituximab. Thus, obinutuzumab
exhibits enhanced in vitro ADCC versus rituximab.22 As
obinutuzumab recognizes a type II epitope on the CD20
antigen, its mechanisms of action are distinct from that of
type I anti-CD20 antibodies, such as rituximab.22 For
example, the binding of obinutuzumab to CD20 does not
induce the translocation of antibody-CD20 complexes
into lipid rafts, leading to a lack of complement-dependent
cytotoxicity (CDC). Moreover, the binding of obinu-
tuzumab to CD20 leads to increased direct cell death ver-
sus rituximab. Obinutuzumab-induced direct cell death is
mediated via pathways distinct from classical apoptosis,
and may involve actin reorganization and homotypic
adhesion.23 Animal studies showed that these mechanistic
differences translate into superior efficacy for obinu-
tuzumab versus rituximab.22 Clinically, obinutuzumab
monotherapy has exhibited encouraging activity in phase
I and II studies in NHL and CLL.24-27 Given the relationship

between rituximab serum concentrations and patient out-
comes and the mechanistic differences between obinu-
tuzumab and rituximab, early clinical trials assessed the
relationship between PK, safety and efficacy with tumor
markers. These data were used to explore the relationship
between obinutuzumab PK and response, and, in conjunc-
tion with PK modeling techniques, to identify an opti-
mized dose and regimen for phase III studies in NHL. 

Methods 

Patients and study designs
Pharmacokinetic data for analyzing optimal obinutuzumab

dose and schedule were derived from iNHL and aggressive NHL
(aNHL) patients participating in the phase I/II GAUGUIN and
phase Ib GAUDI studies. In GAUGUIN phase I (dose escalation),
21 heavily pre-treated patients with relapsed/refractory CD20-
positive iNHL received obinutuzumab monotherapy at a dose of
50/100, 100/200, 200/400, 400/800, 800/1200, 1200/2000, or
1600/800 mg (8 x 21-day cycles; n=3 per cohort). The former dose
of each regimen was administered at first infusion (D1, C1) and
the latter was infused for the remainder of the regimen (D8, C1;
D1, C2–C8).26

The dose selection for GAUGUIN phase II was based on the
safety, efficacy and PK results obtained during the phase I dose
escalation. During phase II, iNHL (FL) or aNHL [DLBCL, mantle
cell lymphoma (MCL)] patients were randomized to obinutuzum-
ab 400/400 mg or 1600/800 mg (former dose of each regimen
administered on D1 and D8, C1; latter dose administered on D1,
C2–C8; 21-day cycles).24,25 

The GAUDI study examined the safety and efficacy of obinu-
tuzumab plus chemotherapy [CHOP (cyclophosphamide, doxoru-
bicin, vincristine, and prednisone) or FC (fludarabine and
cyclophosphamide)] in relapsed/refractory FL. Patients (n=56)
were randomized to obinutuzumab 400/400 mg plus CHOP, obin-
utuzumab 400/400 mg plus FC, obinutuzumab 1600/800 mg plus
CHOP, or obinutuzumab 1600/800 mg plus FC (n=14 per cohort).
The number of cycles received was dictated by the chemotherapy
backbone (CHOP: 8 x 21-day cycles; FC: 6 x 28-day cycles). In all
cohorts, obinutuzumab was administered on D1 and D8, of C1,
and D1 of subsequent cycles.28 

In both GAUGUIN and GAUDI, patients had 1 or more bidi-
mensionally measurable lesion (>1.5 cm by computerized tomog-
raphy scan), life expectancy of more than 12 weeks, and an
Eastern Cooperative Oncology Group performance status of 0-2.
All patients provided informed consent. The GAUGUIN and
GAUDI studies conformed to the Declaration of Helsinki and the
International Conference on Harmonisation Guidelines for Good
Clinical Practice, and the protocols were approved by local or insti-
tutional ethics committees. CONSORT diagrams for GAUGUIN
and GAUDI have been published previously.24,25,28

PK assessments and bioanalytical methods
Timings for blood sample collection, bioanalytical methods

used and calculation of PK parameters are described in the Online
Supplementary Methods.

Tumor response and toxicity assessments
Tumor response was assessed according to International

Workshop criteria for NHL.29 Tumor burden was estimated by the
sum of product diameters of six specified target lesions.14

Incidences of the grade 3/4 adverse events (AEs), neutropenia
and infection were calculated according to the National Cancer
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Institute Common Terminology Criteria for Adverse Events
(v.3.0).

Graphical analyses
Exploratory graphical analyses were conducted to assess the

influence of base-line characteristics on obinutuzumab PK, the
relationship between obinutuzumab exposure and tumor
response, and the relationship between exposure and toxicity
(Online Supplementary Methods).

Pharmacokinetic modeling
Pharmacokinetic model development, evaluation and simula-

tions are described fully in the Online Supplementary Methods. In
brief, PK model simulations compared obinutuzumab serum con-
centrations following the 1600/800 mg regimen (D1 and D8, C1;
D1, C2–C8) with a new 1000 mg fixed-dose regimen (D1, D8, and
D15, C1; D1, C2–C8; 21-day cycle). 

Results

Patients' characteristics
Demographic and base-line disease characteristics of

iNHL and aNHL patients participating in phase I and II
studies of obinutuzumab have been published24-26,28  and are
summarized in Online Supplementary Table S1. Median age
ranged from 59.8 years in patients randomized to obinu-
tuzumab plus CHOP in GAUDI to 71.0 years among
aNHL patients participating in GAUGUIN phase II. In
contrast to GAUGUIN phase I, there were more male than
female participants in phase II (43% vs. 63%-68%).
Patients in GAUGUIN phase I also had less advanced dis-
ease than those in phase II (62% stage III-IV vs. 76%-
90%). The recruitment criteria resulted in disease histol-
ogy and rituximab-refractory status varying across trials.
Almost all patients in GAUGUIN and GAUDI had
received rituximab, with the median number of any previ-
ous anti-lymphoma treatments received by patients rang-
ing from 1-5.

Pharmacokinetics of obinutuzumab monotherapy
In GAUGUIN phase I, patients received up to nine infu-

sions of obinutuzumab monotherapy at doses ranging
from 50-2000 mg. Two infusions were administered dur-
ing cycle 1 to quickly elevate serum concentrations of
obinutuzumab. No dose-limiting toxicity was established,

and inter-individual variability was observed within each
cohort (Figure 1A). As one patient each in the 50/100 mg,
100/200 mg, 200/400 mg, 800/1200 mg, and 1600/800 mg
dose groups responded to treatment, no relationship
between dose and efficacy was identified.26 These PK data
indicated that serum concentrations of obinutuzumab
increased with higher doses, and that a dose of at least
400/800 mg was required for CD20 target saturation.26 As
a result, two doses of obinutuzumab were selected for
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Table 1. Obinutuzumab pharmacokinetic parameters of patients with non-Hodgkin lymphoma participating in phase II of the GAUGUIN study.
Cycle 1 (day 1) Cycle 1 (day 8) Cycle 4 (day 1) Cycle 8 (day 1)

Geometric mean (SD) 400/400 mg 1600/800 mg 400/400 mg 1600/800 mg 400/400 mg 1600/800 mg 400/400 mg 1600/800 mg
n=38 n=41 n=37 n=40 n=24 n=31 n=22 n=25

Cmax, mg/mL 130 (93.0) 502 (263) 182 (108) 710 (163) NC NC 339 (179) 645 (265)
Ctrough, mg/mL NC NC NC NC 133 (108) 334 (187) 172 (116) 368 (196)
AUC7d, mg*day/mL 554 (255) 2250 (561) 879 (360) 3940 (1010) NC NC 2020 (1130) 3850 (1650)
AUClast, mg*day/mL NC NC NC NC NC NC 14900 (16100) 27200 (21900)
VD, L NC NC NC NC NC NC 4.34 (1.49) 6.99 (5.29)
CL, mL/day NC NC NC NC NC NC 103 (83.8) 92.1 (35.5)
t1/2, days NC NC NC NC NC NC 26.3 (11.5) 29.3 (11.7)

AUC: area under the curve; AUC7d: AUC from time zero to day 7; AUClast: AUC from time zero to the last recorded measurement; CL: clearance; Cmax: maximum (peak) plasma drug
concentration; Ctrough: minimum (trough) plasma drug concentration; NC: not calculated (data availability limited by intensive dosing schedule during cycle 1 and restricted sampling
in cycle 4); NHL: non-Hodgkin lymphoma; SD: standard deviation; t1/2: half life; VD: volume of distribution.

Figure 1. Mean obinutuzumab concentrations. Mean obinutuzumab concentrations
(± standard error of mean) observed in (A) phase I and (B) phase II of GAUGUIN.

A

B



evaluation in GAUGUIN phase II: a low-dose cohort
receiving 400/400 mg (patients received 400 mg through-
out the study: D1 and D8, C1; D1, C2–C8), and a high-
dose (1600/800 mg) cohort [patients received 1600 mg of
obinutuzumab on D1 and D8, C1, and 800 mg for subse-
quent cycles (D1, C2–C8)].25 
In the current analysis, AUClast values at cycles 1 and 8

demonstrated that obinutuzumab exposure was higher
throughout treatment for the 1600/800 mg versus 400/400
mg dose group (P<0.001 at cycles 1 and 8). Cmax for the
1600/800 mg group on D8 of C1 was comparable to that
on D1 of C8, confirming the role of the significant loading
dose in achieving steady-state concentrations as early as
possible after treatment initiation (Table 1 and Figure 1B).
There was clear evidence of a relationship between dose

and exposure with obinutuzumab, with statistically sig-
nificantly higher Cmax and AUC observed in the 1600/800
mg cohort versus the 400/400 mg cohort (both P<0.05)
(Table 1).

Factors influencing the pharmacokinetic parameters of
obinutuzumab 
Demographic and base-line parameters: to explore the influ-

ence of different clinical parameters on obinutuzumab PK
variability, patients in GAUGUIN phase II were stratified
by age (older or younger than the median for each patient
cohort), sex, bodyweight, B-cell count before treatment,
disease stage (I-II vs. III-IV), and tumor bulk (>5 cm or <5
cm) (Figures 2 and 3). In the low-dose group (400/400 mg),
serum concentrations of obinutuzumab were affected by
clinical parameters related to CD20-antigenic mass (tumor
bulk, disease stage, B-cell count), and varied more for
those patients with higher versus lower base-line lympho-
cyte count, stage, and tumor burden. In contrast, for the
high-dose group (1600/800 mg), CD20-antigenic mass had
little impact on PK. There was also high inter-individual
variation in serum concentration with the low dose of
obinutuzumab (400/400 mg) (Figure 2A). However, this
inter-individual variation decreased with increasing dose,
with an apparent decrease in the elimination process at
the highest dose (1600/800 mg) (Figure 2A). This pattern
suggests that the CD20 target sites became saturated at
the highest dose. In addition, tumor shrinkage was greater
among patients in the 1600/800 mg group versus the
400/400 mg group (Figure 2B), further demonstrating that
the 1600/800 mg dosing regimen allowed patients to
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Figure 2. Serum concentrations of obinutuzumab and tumor
sizes. (A) Inter-individual serum concentrations of obinutuzum-
ab by tumor burden and dose group in patients with iNHL par-
ticipating in phase II of GAUGUIN. (B) Inter-individual change in
tumor size by dose group in patients with iNHL. 

A

B



obtain optimal obinutuzumab serum concentrations,
which facilitates clinical efficacy.
With regard to demographics, age did not appear to alter

obinutuzumab PK for patients aged 22–85 years (Figure
3A). In the 400/400 mg group, there was a small increase
in serum concentrations for women versus men (Figure
3B), for patients with high bodyweight (> median) versus
those with low bodyweight (< median) (Figure 3C), for
patients with stage I/II versus stage III/IV disease (Figure
3E), and for patients with non-bulky disease versus those
with bulky disease (Figure 3F). These differences in serum
concentration with sex, weight, disease stage and bulky
disease were not observed in the 1600/800 mg group,
showing that this dosing regimen conferred high exposure
irrespective of patients’ initial demographic characteris-
tics. Trough serum concentrations did not vary according
to B-cell count for either dosing regimen (Figure 3D).
NHL subtype: an exploratory graphical analysis demon-

strated a high degree of variability in obinutuzumab
serum concentrations across different NHL subtypes
(Figure 4). MCL patients had lower serum concentrations

of obinutuzumab than iNHL or DLBCL patients, possibly
due to treatment during the leukemic phase of MCL for
some patients. However, it should also be noted that only
4 MCL patients were recruited to GAUGUIN phase II.24 In
terms of clinical efficacy, higher tumor response rates
were observed in iNHL versus aNHL patients (55% vs.
32%). Although the percentage of responders with MCL
is similar to that observed among iNHL patients (50% vs.
55%), only the 4 GAUGUIN MCL patients were included,
2 of whom exhibited partial response (PR).24  

Effect of obinutuzumab exposure on overall response
rates and tumor response 
Clinical response rates for patients participating in

GAUGUIN phase II have been published.24,25 In the
cohort of aNHL patients, overall response rate (ORR),
measured as end-of-treatment response (ETR), was simi-
lar between the two dosing groups: for 400/400 mg, ETR
was 24% (80%CI: 12-40) and 2 patients (10%) had a
complete response (CR); for 1600/800 mg, ETR was 32%
(80%CI: 18-49) and no patient had a CR; difference
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Figure 3. Time-course of
obinutuzumab serum
concentrations strati-
fied by clinical parame-
ters and dose group in
patients with non-
Hodgkin lymphoma par-
ticipating in phase II of
GAUGUIN.



between groups was not statistically tested.24 In iNHL
patients, an apparent improvement in ORR was
observed for the higher dose group versus the lower dose
group: for 1600/800 mg, ETR was 55% (95%CI: 32-76)
and 2 patients (9%) had a CR, whereas for 400/400 mg,
ETR was 17% (95%CI: 4-41) and no patient had a CR.25
The difference in ETR between groups in the iNHL
patients was 38% (95%CI: 7-68), which was statistically
significant.25 
An exploratory graphical analysis indicated that patients

with higher mean obinutuzumab serum concentrations
during the first 5 cycles of treatment may experience
greater inhibition of tumor growth. At week 6, tumor size
decreased by a median of 17% (95%CI: −81-32) in
patients with the lowest mean serum concentrations of
obinutuzumab (<160 mg/mL), 38% (95%CI: −72- −5) in
patients with serum concentration 160–371 mg/mL and
48% (95%CI: −72- −16) in those with the highest mean
concentrations (>371 mg/mL) (Figure 5). 

Effect of obinutuzumab exposure on toxicity
Previous studies showed that the addition of rituximab to

chemotherapy increases the incidence of neutropenia,
which is usually transient and manageable.1,3,7  Combined AE
data from the GAUGUIN phase II iNHL study and GAUDI
study showed that incidence of grade 3 or 4 neutropenia
was similar for low- and high-dose groups, i.e. 13 of 46
(28%) and 15 of 50 (30%) for the 400/400 mg and 1600/800
mg groups, respectively. The obinutuzumab doses received
by 3 patients in the GAUGUIN phase II aNHL and GAU-
GUIN phase I studies who had grade 3 or 4 neutropenia
were not reported. Exploratory graphical analysis indicated
that there was no difference in obinutuzumab exposure
between patients who had grade 3/4 neutropenia and those
who did not (Online Supplementary Figure S1).
No grade 3/4 infections were observed in GAUGUIN

phase I.26 In phase II, 4 iNHL patients (400/400 mg, n=1;
1600/800 mg, n=3) and no aNHL patients experienced
grade 3/4 infections.24,25 In the GAUDI study, there were 4
patients with grade 3/4 infections in the 400/400 mg
cohort (G-CHOP, n=3; G-FC, n=1) and 7 in the 1600/800
mg cohort (G-CHOP, n=3; G-FC, n=4).28 In total in the
GAUGUIN phase II and GAUDI studies, 5 of 67 patients
(7%) who received the 400/400 mg dose and 10 of 69
(14%) who received 1600/800 mg experienced grade 3/4
infections. Exploratory graphical analysis showed that
there was no difference in obinutuzumab exposure
between patients who had grade 3/4 infections and those
who did not (Online Supplementary Figure S2).

Pharmacokinetic model for obinutuzumab
A basic structural model of obinutuzumab PK is shown

in Online Supplementary Figure S3, and a summary of the
final parameter estimates of the time-varying model is
shown in Online Supplementary Table S2. The goodness-of-
fit diagnostic plots and visual predictive checks did not
indicate any model deficiencies (Online Supplementary
Figures S4 and S5).

Pharmacokinetic predictions to select an optimal 
dosing regimen
Based on PK data collected during phases I and II of

GAUGUIN, the 1600/800 mg dose of obinutuzumab was
identified as likely to produce the highest serum concen-
trations of obinutuzumab in NHL patients. This decision

was also supported by the stronger response in iNHL
patients with the 1600/800 mg dose (55%) than with the
400/400 mg dose (17%), coupled with more marked
decreases in tumor size at the higher dose and at higher
obinutuzumab concentrations (Figures 2B and 5).
However, a single dose for all infusions would be signifi-
cantly more convenient and easier to administer than a
bodyweight- or size-adjusted dose. A dose of 1000 mg
with three infusions during cycle 1 was then proposed.
Under such a regimen, patients would receive a cumula-
tive obinutuzumab dose of 3000 mg in cycle 1, similar to
the 3200 mg received during cycle 1 by patients random-
ized to the 1600/800 mg dose arm of GAUGUIN phase II.
PK model-based simulations showed that this new regi-
men would result in trough serum concentrations of obin-
utuzumab similar to those observed with the 1600/800
mg dose (Figure 6). Therefore, obinutuzumab 1000 mg
administered on D1, D8, and D15 of C1 (21-day cycle) and
D1 of subsequent cycles has been selected as the dose and
regimen for phase III clinical trial assessment. 

Discussion

Obinutuzumab is a humanized, glycoengineered, type II
anti-CD20 monoclonal antibody, with demonstrated clin-
ical impact in rituximab-refractory patients with DLBCL,
MCL, iNHL and FL.24,25,28 In the randomized, phase III
CLL11 study in patients with previously untreated CLL
and comorbidities, PFS was significantly longer with obin-
utuzumab plus chlorambucil (G-Clb) than with rituximab
plus chlorambucil (R-Clb).30 The standard rituximab dose
and regimen was used (375 mg/m2, D1, C1; 500 mg/m2

D1, C2-C6), while obinutuzumab was administered at a
fixed dose of 1000 mg, with additional infusions on D8
and D15 of C1. As a result, the median cumulative anti-
body dose was increased in the G-Clb arm (8000 mg) ver-
sus the R-Clb arm (5106 mg).30 Median cumulative chlo-
rambucil dose was similar between arms (G-Clb: 366 mg;
R-Clb: 396 mg). Therefore, the observed differences in
efficacy between the study arms may have been influ-
enced by differences in exposure and pharmacokinetics of
the two antibodies. 
Given differences in the nature of CD20 binding, the
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Figure 4. Time course of obinutuzumab serum concentrations in the 1600/800
mg dose group stratified by disease type.



biological pathways activated and the underlying mecha-
nism of action, the dose and schedule of obinutuzumab
could not be extrapolated from rituximab and the early
clinical development program was designed to identify an
optimal dose for this new molecule. Consequently, the
early clinical studies were undertaken to optimize the
dose and schedule of obinutuzumab to achieve the maxi-
mal clinical response possible without adversely affecting
safety. In this current analysis, PK data from phases I and
II clinical studies and a population PK model were used to
identify the treatment regimen likely to be clinically effec-
tive for the majority of patients with CD20-positive NHL:
obinutuzumab 1000 mg administered on D1, D8, and D15
of C1 (21-day cycle) and D1 of C2–C8. With this regimen,
target saturation should occur quickly after treatment ini-
tiation and serum concentrations of obinutuzumab should
be maintained thereafter throughout the treatment course
(i.e. steady state). This dose and schedule is anticipated to
be clinically effective for the majority of patients with
CD20-positive NHL.
At the doses tested clinically, obinutuzumab, like ritux-

imab,9,10 did not display dose-limiting toxicity. In patients
treated with low-dose obinutuzumab (400/400 mg), PK
data showed an increase in serum concentrations over the
treatment duration consistent with the hypothesis that
target saturation was not fully achieved in the low-dose
cohort. Among patients administered high-dose obinu-
tuzumab (1600/800 mg), steady state was reached quickly,
by cycle 2, consistent with the hypothesis of a high degree
of target saturation. Clinically, this may translate into
improved tumor response rates among patients in the
high-dose cohort versus the low-dose cohort. 
With regard to patient demographics, weight and sex

had an apparent influence on PK, with increased exposure
in women or individuals with lower bodyweight. This
observation is in agreement with the PK characteristics of
antibodies in which clearance usually increases with
bodyweight. A fixed-dose strategy with obinutuzumab
will, therefore, lead to moderate overexposure in patients

with low bodyweight. In a separate detailed PK analysis,
bodyweight was shown to not have a clinically significant
effect on the PK of obinutuzumab.31 
The observation that women with NHL had higher

obinutuzumab exposure than men is similar to previous
observations with rituximab PK in elderly DLBCL
patients.32,33 Elderly females with DLBCL who received rit-
uximab plus CHOP therapy had slower rituximab clear-
ance and improved PFS versus elderly males; however,
these trends were not seen for younger patients. This gen-
der difference appears to be more pronounced in elderly
patients treated with rituximab plus chemotherapy versus
chemotherapy alone.33-36 Therefore, rituximab clearance
rates in women appear to decrease with age at a faster rate
than in men, resulting in greater exposure to rituximab
and subsequently improved outcomes. Results from the
SMARTE-R-CHOP and DENSE-R-CHOP trials suggested
that increasing the dosing density of rituximab may allow
elderly male patients to achieve the same exposure and
clinical outcomes as their female counterparts.36,37 In our
analysis, female NHL patients receiving the obinutuzum-
ab 400/400 mg dose had higher obinutuzumab exposure
than men, indicating a gender difference in obinutuzumab
PK. However, women and men had equivalent serum
obinutuzumab concentrations at the higher dosing regi-
men of 1600/800 mg, indicating that optimal exposure is
achieved for both genders with this dosing regimen. This
observation is supported by findings from the recent PK
analysis, where sex did not have a clinically significant
effect on the PK of obinutuzumab.31 
Our data revealed a relationship between serum concen-

trations of obinutuzumab and base-line tumor burden: in
patients with high base-line tumor burden who received
low-dose obinutuzumab (400/400 mg), antibody PK was
highly variable. In contrast, the PK of the higher obinu-
tuzumab dose was more homogeneous and independent
of base-line tumor burden. Serum concentrations of obin-
utuzumab are a likely reflection of CD20 saturation, with
target saturation yielding higher systemic antibody levels.
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Figure 5. Change in tumor size by mean plasma concentration of obinutuzumab during the first six weeks of treatment in phase I and II of the GAUGUIN study.



We, therefore, postulate that CD20 target sites become
saturated at increased doses of obinutuzumab. 
Stratifying patients by disease stage and B-cell count,

exploratory graphical analyses indicated marked differ-
ences in trough serum concentrations of obinutuzumab
infused at 400/400 mg. For example, trough serum con-
centrations of antibody were lower in patients with stage
III/IV versus stage I/II disease. These differences were not
apparent or were considerably less evident in patients
receiving the 1600/800 mg dose. Yet PK differences did
emerge for the higher dose in patient subgroups defined
by disease histology, with higher serum concentrations
observed for iNHL versus aNHL patients. Higher clinical
response rates were also observed in iNHL versus aNHL
patients (55% vs. 32%).24,25 These findings are supported
by recent detailed obinutuzumab PK analyses where MCL
patients were shown to have higher clearance rates than
CLL patients, while those with DLBCL or BCL had the
lowest clearance rates.31 These observations are likely due
to differences in the levels of circulating target B cells in
these diseases, and the relative expression of CD20 recep-
tors on circulating B cells.38-40  Although nearly all of the
patients in GAUDI and GAUGUIN had previously
received rituximab treatment, this would have had little or
no influence on obinutuzumab PK. When obinutuzumab
treatment started, concentrations of rituximab in patients
previously treated with this antibody would have been
minimal. The only possible carry-over effect of rituximab
would have been a marginal depletion of the CD20-cell
population, which would have allowed a slightly faster
saturation of CD20 by obinutuzumab to occur. In those
patients who were refractory to rituximab, circulating
CD20 cells might still have been depleted, but some CD20
production sites would have been active, leading to
relapse. In rituximab-naïve patients, the intensive dosing
schedule of obinutuzumab would be expected to rapidly
saturate the target and deplete the CD20-cell population. 

Because of an intensive dosing schedule during cycle 1
and limited sampling in cycle 4, the data collected did not
allow adequate characterization of obinutuzumab elimi-
nation using simple non-compartmental analysis (NCA),
so PK parameters such as distribution volume and clear-
ance could not be determined. A more intensive sampling
schedule during cycle 8 did allow adequate characteriza-
tion, and pharmacokinetic modeling was, therefore,
undertaken as planned, enabling fuller characterization,
from which firmer conclusions could be drawn.
The clinical safety of obinutuzumab has been evaluated

in a number of clinical studies, including GAUGUIN,24-29,30
and no dose-limiting toxicity has been observed, despite
administration of doses of up to 2000 mg. The major safe-
ty events observed have been neutropenia, infections and
infusion-related reactions, none of which are related to
obinutuzumab dose or exposure.31 Therefore, in the con-
text of a large therapeutic window for obinutuzumab, this
fixed-dose strategy is an acceptable outcome. 

Conclusion

Although the high dose of obinutuzumab (1600/800
mg) has favorable PK properties and demonstrable clinical
efficacy, a single fixed-dose regimen would be significant-
ly more convenient in routine clinical practice. PK predic-
tions have shown that a fixed dose of 1000 mg of obinu-
tuzumab with three doses instead of two in cycle 1 would
yield a PK profile similar to that measured for the
1600/800 mg dose regimen assessed in GAUGUIN phase
II.41 This regimen reflects a loading dose paradigm for
obinutuzumab 3000 mg in cycle 1, which is directly com-
parable to the 3200 mg dose regimen administered in the
high-dose group (1600/800 mg) of GAUGUIN. This regi-
men offers many significant benefits, such as reduced
preparation time, less waste, and minimization of errors.
Based on in vivo and in silico analyses, obinutuzumab 1000
mg administered in a 21-day cycle on D1, D8, and D15 of
C1 and D1 of C2–C8 is anticipated to rapidly saturate
CD20 and optimize serum concentrations of antibody,
irrespective of patient demographics and disease charac-
teristics. This dose and schedule is now being taken for-
ward for clinical assessment in three phase III studies of
obinutuzumab plus chemotherapy in NHL patients.

Trial registration
The GAUGUIN and GAUDI studies are registered at

www.clinicaltrails.gov with the trial identifiers NCT00517530
and NCT00825149, respectively. 
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