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ABSTRACT

Background & Aim: In randomised clinical trials, the type II anti-CD20 antibody
obinutuzumab has been shown to be more effective than rituximab for therapy of
chronic lymphocytic leukemia (CLL) and follicular lymphoma (FL). However, this
enhanced efficacy was linked with elevated rates of high-grade adverse events. The
aim of this study was to assess the tolerability and toxicity profile of obinutuzumab
treatment in routine patients with CLL and FL, of whom the majority had experienced
toxicity or resistance to rituximab.

Methods: This retrospective cohort study investigated fifteen obinutuzumab-
treated patients, eight with CLL and seven with FL. The course of the disease,
comorbidities and treatment-related toxicities were recorded. All patients with CLL
and all but three FL patients had any form of pre-treatment with rituximab.

Results: Between October 2014 and August 2017, 15 patients were treated with
obinutuzumab at the University Hospital Krems. In the CLL-cohort, 1 patient (12,5%)
developed pneumonia, 2 (25%) febrile neutropenia, 6 (75%) anemia and 7 (87,5%)
thrombocytopenia, respectively. One patient exhibited an infusion-related allergic
reaction. In the FL-cohort, 6 patients (85,7%) presented with thrombocytopenia,
3 (42,9%) with anemia and one patient with neutropenia. No sepsis or consecutive
solid tumors were seen in any of the patients.

Conclusion: Obinutuzumab was mostly well tolerated in mild to heavily pre-
treated patients with CLL and therapy-naive or pre-treated patients with FL. The
frequency and profile of adverse events and toxicity was comparable to data from
previous clinical studies and could be managed adequately in the setting of a
University Clinic.

in central Europe [2]. The overall incidence is about
4/100.000 people per year and increases with age. Men
develop CLL more frequently than women. The median
age at initial diagnosis is 72 years [2, 3]. The majority
of patients are asymptomatic at diagnosis. Symptoms

INTRODUCTION

Chronic lymphocytic leukemia

The  WHO-classification = (World  Health

Organisation) describes chronic lymphocytic leukemia
(CLL) as an indolent lymphocytic lymphoma,
characterized by leukemic progression [1]. It is a B-cell
neoplasia and the most common leukemic disease

can be enlarged and palpable lymph nodes; 10% of
patients present with B-symptoms (unexplained fevers,
unintentional >10% body weight loss in the preceding 6
months, or drenching night sweats) [4]. Upon progression,
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lymphadenopathy, spleno- and hepatomegaly as well as
signs of bone marrow insufficiency and autoimmune-
cytopenia can be present [4].

The clinical staging systems devised by Rai et al.
[5] and Binet et al. [6] are regularly applied in clinical
routine, as both systems describe major subgroups with
discrete clinical outcomes, are simple to apply and
are inexpensive [5-8]. The current NCCN guidelines
(National Comprehensive Cancer Network, USA, www.
ncen.org) suggest that CLL does not require treatment
until symptoms are present or disease progression, causing
severe cytopenia, can be seen [4, 7]. In clinical practice,
patients with asymptomatic early-stage disease (Rai 0,
Binet A) should be observed without therapy unless they
show signs of disease progression, as in these stages the
early use of alkylating agents did not lead to prolonged
survival [9]. Patients at intermediate (Rai I and II) and
high-risk stages (Rai Il and IV) according to the modified
Rai classification or at Binet stages B or C usually benefit
from the initiation of treatment [7]. The first-line therapy
should be chosen based on the cytogenetic status, the
comorbidities and the age of the patient. If the del(17p)
mutation is not present and the patient is fit and younger
than 65 years, immuno-chemotherapy with rituximab,
fludarabine and cyclophosphamide should be applied [10].
If therapy-limiting co-morbidities are present, less toxic
therapies such as rituximab-bendamustine, ofatumumab,
obinutuzumab-chlorambucil or ibrutinib should be chosen
[11-14].

If del(17p) or TP53-mutations are present, immuno-
chemotherapies show significantly less response-rates and
therefore targeted therapies such as ibrutinib (targeting
Bruton's tyrosine kinase, Btk) [13—15], or idelalisib
(targeting the delta isoform of the phosphoinositide
3-kinase, PIK3CD) should be preferred [16].

Follicular lymphoma

Follicular lymphoma (FL) is an indolent Non-
Hodgkin lymphoma (NHL), characterized by a slowly
progressive lymphadenopathy [17]. FL is the second most
common lymphoma in the Western World (approximately
35% of NHL-patients and 70% of all indolent lymphomas)
[17, 18]. The median age at diagnosis is about 65 years
[19]. The clinical course of FL is heterogeneous,
ranging from very indolent growth to rapid progression.
Asymptomatic lymphadenopathy is one of the leading
symptoms in patients with FL at early stages. While
bone marrow involvement can be found in up to 70% of
patients, other organs are less frequently affected. Patients
can present also with B-symptoms or with an increased
level of serum lactate dehydrogenase (LDH) [17, 20].
Transformation of FL to a diffuse large B-cell lymphoma
(DLBCL) may occur in 10-70% of patients over time
(the risk is between 2-3% per year) and is typically
accompanied with rapid progression of lymphadenopathy,

extra-nodal disease, B-symptoms and elevated serum LDH
[17,21, 22].

The clinical staging is performed by means of the
Ann Arbor classification [23]. Various models evaluating
the prognosis of FL have been developed. The follicular
lymphoma prognostic index (FLIPI) is a simple and
reproducible prognostic index, based on easily available
clinical data [24]. The FLIPI stratifies patients into 3
risk groups: low (0-1 point), intermediate (2 points)
and high (> 3 points). In low-risk patients, the 10-year
overall survival (OS) is 71%, which indicates that optimal
treatment for these patients should avoid toxicity and
focus to preserve the quality of life. On the contrary,
patients with high-risk follicular lymphoma have a median
survival of about 5 years [24]. 10-15% of newly diagnosed
patients with follicular lymphoma have early stage disease
(Ann Arbor I/I1) [18]. In general, radiation therapy should
be the treatment strategy for limited stage FL, as it has
a curative ambition and displays overall survival rates of
60-80%, with a median survival of about 19 years [25].
Alternatively, watchful waiting or rituximab monotherapy
may be considered to avoid the adverse effects of radiation
in selected cases [18]. For advanced stage disease (Ann
Arbor III/IV) no curative therapy is established yet [18].
Asymptomatic patients do not require immediate treatment
unless they have symptomatic nodal or organ enlargement,
compromising disease or cytopenia [17], as early initiated
chemotherapy or rituximab monotherapy did not show a
positive effect with regard to overall survival (OS) [26—
28].

The combination of rituximab and chemotherapy
resulted in improved overall response rates (ORR),
longer progression free survival (PFS) and OS of FL
patients compared to treatment with chemotherapy
alone [29]. In order to achieve complete remission and
long PFS, rituximab in combination with chemotherapy
such as CHOP (Cyclophosphamide, doxorubicin
(Hydroxydaunorubicin), vincristine (Oncovin®) and
Prednisone-containing regimen) or bendamustine should
be applied [18]. Rituximab maintenance therapy has been
demonstrated to improve PFS. This therapy should be
given for 2 years [30] as a shorter maintenance period
resulted in inferior benefit [31].

Rituximab

The chimeric, type I anti-CD20 monoclonal
antibody (mAb) rituximab (Rituxan®, MabThera®) is
an indispensable cornerstone in treatment algorithms of
B-cell malignancies. When combined with chemotherapy,
rituximab could significantly improve ORR, PFS and, in
some cases, OS of patients with FL, DLBCL, marginal
zone lymphoma (MZL), mantle cell lymphoma (MCL),
as well as B-CLL [32]. Rituximab was first approved
by the US Federal Drug Agency (FDA) in 1997 and in
1998 by the European Medicines Agency (EMA) [32].
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It has been approved in 2004 for the first-line treatment
of patients with indolent lymphoma in combination with
chemotherapy [33].

CD20 is a cell surface protein, expressed almost
exclusively on B-cells since pre-B-cell stage but is lost
during plasma cell differentiation. CD20 is a mainly
intracellularly localized membrane receptor with merely
two extracellular loops, the larger of them containing
the target epitopes of rituximab and obinutuzumab [34].
In resting B-cells, CD20 is neither shed nor internalized,
making it an ideal antigen for targeting with therapeutic
antibodies [32].

Rituximab destroys B-cells by multiple mechanisms
including complement-dependent cytotoxicity (CDC),
antibody-dependent cell-mediated cytotoxicity (ADCC),
induction of apoptosis and sensitization to chemotherapy
[35]. Main adverse effects include cytokine-mediated
reactions, cytopenia, reduced immunity to infection,
although in clinical practice sequelae are infrequent [32].
The most frequent infusion related reactions (IRRs) are
flu-like syndromes (fever, chills and rigor) [33]. Additional
hypersensitivity reactions like tumor lysis syndrome
(TLS), can be observed [33]. In summary, rituximab
monotherapy as well as applications in combination with
chemotherapies (like R-CHOP or R-bendamustine) are
generally well tolerated and patients do not experience
significant adverse events caused by rituximab [33].

Obinutuzumab

Obinutuzumab (GA101, branded Gazyva® in USA
and Gazyvaro® in Europe) is a novel, type II, glyco-
engineered, humanized anti-CD20 monoclonal antibody.
It has been developed to enhance efficacy in patients with
B-cell malignancies by inducing higher levels of immune
cell-mediated tumor cell killing and direct cell death when
compared with rituximab [36, 37]. The post-translational
glyco-engineering process of this antibody aims to
stimulate antibody-dependent cell-mediated cytotoxicity
(ADCC) and -phagocytosis (ADCP) by increasing binding
affinity to the FcyRIII receptor on immune effector cells
[37,38].

Different forms of “glyco-engineering” exist and
are currently heavily tested in cancer research, e.g. the
investigational compound ocaratuzumab shows nine
amino acid changes in its Fc-region when compared
to rituximab. This leads to an up to 20-fold increased
CD20 affinity and 6-fold increased ADCC-induction
[39]. Several glyco-engineered antibodies have also
entered clinical trials, e.g. the anti-IL-5 receptor antibody
benralizumab for the treatment of asthma [40]. However,
obinutuzumab is up till now the only FDA- or EMA-
approved glyco-engineered monoclonal antibody for
hemato-oncological indications.

Obinutuzumab has a modified elbow-hinge amino
acid sequence, which together with the specific epitope

recognized by obinutuzumab results in spatial alterations
of the CD20-mAb complex on B-cells when compared to
rituximab [34, 38]. This defines obinutuzumab as a type 11
antibody compared to the type I antibody rituximab [34].
The molecular mechanism of action of obinutuzumab is
based on both, its type II character and cell death induction
that can be turned on and off by changing this elbow-hinge
region [38]. Unlike the inter-tetrameric CD20 binding of
type I antibodies (like rituximab), intra-tetrameric binding
of type II antibodies does not lead to FcyRIIb-mediated
internalization [41].

Goede et al. showed in a large phase III clinical
trial, that combining obinutuzumab with chlorambucil
improved outcomes in patients with CLL. In this study,
obinutuzumab was superior to rituximab by prolonging
PFS and achieving higher complete responses as well
as molecular responses. However, also infusion-related
reactions and neutropenia were more common in the
obinutuzumab-chlorambucil group than with rituximab-
chlorambucil-treated patients. Despite these higher
numbers of neutropenia, the risk of infection though was
not increased in the obinutuzumab-treated patient group
[12].

Additionally, Sehn et al. could demonstrate
that obinutuzumab plus bendamustine followed by
obinutuzumab maintenance therapy significantly improved
the efficacy of bendamustine monotherapy in rituximab-
refractory patients with indolent NHL. As this therapy
regimen displayed manageable toxicity in this clinical
trial, obinutuzumab bendamustine has been introduced as
a new treatment option for patients that relapsed after a
rituximab-based immuno-chemotherapy [42].

In 2017, Marcus et al. showed that obinutuzumab-
based immuno-chemotherapy and obinutuzumab
maintenance therapy resulted in longer progression-free
survival than rituximab-based therapy with the same
chemotherapy backbone. However, high-grade adverse
events were more common with the obinutuzumab-based
therapy regimen, confirming the notion that obinutuzumab
is more effective but also more hazardous than rituximab.
Based on this study, obinutuzumab was approved as a first
line treatment of FL [43].

Research question and aim of the study

The anti-CD20 antibody obinutuzumab has been
shown to be more effective than rituximab in treatment-
refractory CLL and FL. However, in randomized phase
IIT studies adverse events were more commonly observed
and of increased severity than with rituximab-treatment,
but not at the expense of a significant reduction of health-
related quality of life [12, 42, 44].

We thus aimed to investigate the toxicity of
obinutuzumab in a real life patient cohort that has in large
part received rituximab treatment and reacted either with
adverse events or was relapsed after or refractory to it.
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This study assesses the tolerability and toxicity
profile of obinutuzumab in patients with CLL and FL, who
have been treated at the Internal Medicine Department 2 of
the University Hospital Krems.

RESULTS

Between October 29", 2014 and August 1, 2017,
8 patients with CLL and 7 patients with FL were treated
with obinutuzumab at the University Hospital Krems. The
general characteristics of the patient cohort are shown in
Table 1. Gender distribution was inequal with more male
patients treated for CLL and more female patients for FL.
The median age at start of obinutuzumab therapy was 68
years, 71 for patients with CLL and 65 for FL patients.
The youngest person in the CLL cohort was 56, while the
oldest was 81 years old. The age of patients suffering from
FL ranged between 51 and 73 years.

As shown in Table 2, all CLL patients were
classified according to the two most common CLL
staging systems specified by Binet [6] and Rai [5]. Five
CLL patients were in stage Binet B and three in Binet C
at the start of obinutuzumab therapy. According to the
Rai staging system, three patients had Rai I, two had Rai
11, one patient Rai III and two patients Rai IV. We also
calculated the CLL risk score for all CLL patients. Table 3
shows that 62,5% of the patients were at intermediate and
37,5% at high risk.

Tables 4 and 5 give an overview about the FL patient
cohort. Table 4 shows the distribution of patients across
the different Ann Arbor [23] stages. Four patients had Ann
Arbor stage 2 disease, one patient Ann Arbor 3 and two
patients were staged Ann Arbor 4. Table 5 displays the
distribution of the different FLIPI scores: the majority of
patients (n = 4) were FLIPI 2, with one patient each in the
FLIPI 1, 3 or 4 groups.

The number and type of pre-treatments are presented
in Table 6. Five patients of the CLL group had received
one pre-treatment, one patient 2 pre-treatments and two
patients had received 3 pre-treatments each. All patients
of the CLL cohort had received rituximab in combination
with either bendamustine (n 7) or fludarabine/
cyclophosphamide (n 2) prior to obinutuzumab
treatment. Three patients in the FL group had not received
any pre-treatment, while one patient had received 1 pre-
treatment, two 2 pre-treatments and one patient 4 pre-
treatments. In comparison to the CLL group only 57,1% of
the FL cohort had a form of rituximab pre-treatment either
in combination with CHOP (n = 2) or with bendamustine
(n=2). No stem cell transplantation was performed in any
of the patients, neither of the CLL nor the FL cohort.

As shown in Table 7, one patient from each disease
cohort has been suffering from atrial fibrillation. In the
CLL group, two patients had coronary artery disease or
diabetes mellitus type Il as comorbidities. One patient

of the FL group had a history of DLBCL and eradicated
hepatitis C.

In Figure 1, laboratory values of CLL patients at
the start of obinutuzumab therapy and after immuno-
chemotherapy with obinutuzumab-bendamustine are
illustrated: Panel A demonstrates the leukocyte count
(WBC), B hemoglobin values (Hb), C platelet count
(PLT) and in D lactate dehydrogenase (LDH) levels are
displayed. As expected, immuno-chemotherapy with
obinutuzumab-bendamustine could significantly reduce
the elevated numbers of leukocytes in peripheral blood
(p=0.0169), whereas hemoglobin values, platelet counts
and LDH levels were not significantly altered.

Figure 2 displays the laboratory values of FL
patients at the start of obinutuzumab therapy and after
immuno-chemotherapy with obinutuzumab-bendamustine:
here, increased LDH levels could be significantly reduced
(p=0.0144), whereas WBC, Hb and PLT levels were not
significantly affected.

Incidences of adverse events occurring during
obinutuzumab-bendamustine therapy are shown in Table
8. These adverse events were staged according to the
Common Terminology Criteria for Adverse Events Version
5.0 (CTCAEVS5.0) of the National Cancer Institute (NCI)
of the USA. In the CLL cohort, 12,5% of the patients
experienced pneumonia, 25% febrile neutropenia, 75%
anemia and 87,5% thrombocytopenia, respectively. In
general, these adverse events were of low grades, with
only one grade 4 thrombocytopenia and one grade 4
febrile neutropenia. One patient had an infusion-related
allergic reaction (grade 3). In the FL cohort, 85,7% of the
patients experienced thrombocytopenia, 42,9% anemia
and one patient neutropenia, respectively. Again here,
these adverse effects were generally of lower grades,
with only one grade 3 thrombocytopenia and one grade
4 neutropenia.

No sepsis or subsequent solid tumors were
experienced in any of the patients, neither in the CLL
nor FL cohort. In the CLL group, two patients required
red blood cell transfusion and one patient thrombocyte
substitution. Table 9 provides information about adverse
effects that developed after therapy: one patient of the
CLL cohort experienced a neuroborreliosis 5 months
after the last obinutuzumab-bendamustine cycle. Figure 3
shows progression-free survival (PFS) of patients in the
CLL group (A) and in the FL group (B). Two out of eight
patients of the CLL group died: one female patient after
one cycle of obinutuzumab-bendamustine. She developed
persistent and therapy-refractory leukopenia, exsiccosis
and cardiac arrest. Here, a secondary hematologic
malignancy could be unveiled, a Multiple Myeloma. The
other, male patient died due to pneumonia after having
completed 6 cycles of obinutuzumab-bendamustine. Here,
after a short initially good response, recurrence of the
disease with a CD20 negative clone occurred. Five out
of eight CLL patients completed all scheduled cycles of
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Table 1: General characteristics of all included patients (n=15)

CLL FL
Patients; n (% of all patients) 8(53,3) 7 (46,7)
Male sex; n (% of all patients) 5(33,3) 3(20)
Female sex; n (% of all patients) 3 (20) 4 (26,7)
Age at start of therapy in years; median 71 (56-81) 65 (51-73)

(min. - max.)

Abbreviations: CLL: Chronic lymphocytic leukemia; FL: Follicular lymphoma.

Table 2: CLL staging according to Binet and Rai classifications

CLL patients; n (% of all CLL patients)

Binet A 0
Binet B 5(62,5)
Binet C 3(37,5)
Rai 1 3 (37,5
Rai 2 2 (25)
Rai 3 1(12,5)
Rai 4 2 (25)

Table 3: CLL Risk Scores

CLL patients; n (% of all CLL patients)

CLL Risk Score Low 0
CLL Risk Score Intermediate 5(62,5)
CLL Risk Score High 3375

Table 4: FL staging with Ann Arbor classification

FL patients; n (% of all FL patients)

Ann Arbor 1 0

Ann Arbor 2 4(57,1)
Ann Arbor 3 1(14,3)
Ann Arbor 4 2 (28,6)

Table 5: FLIPI scores of FL patients

FL patients; n (% of all FL patients)

FLIPI 1 1(14,3)
FLIPI 2 4(57,1)
FLIPI 3 1(14,3)
FLIPI 4 1(14,3)

Abbreviations: FLIPI: Follicular Lymphoma Prognostic Index.
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Table 6: Pre-treatments

CLL; n (% of all CLL patients)

FL; n (% of all FL patients)

No pre-treatment
1 pre-treatment
2 pre-treatments
3 pre-treatments
4 pre-treatments
R-Bendamustine
R-CHOP

CHOP

Rituximab (in combination with either
CHOP, bendamustine or fludarabine/
cyclophosphamide)

Stem cell transplantation

0 3 (42,9)
5(62.5) 1 (14,3)
1(12,5) 2(28,6)

2 (25) 0

0 1(14,3)
7(87,5) 2(28,6)

0 2(28,6)

0 2(28,6)
8 (100) 4(57,1)

0 0

Abbreviations: CHOP: Cyclophosphamide, doxorubicin (Hydroxydaunorubicin), vincristine (Oncovin®) and Prednisone-

containing chemotherapy regimen.

Table 7: Comorbidities

CLL; n (% of all CLL patients)

FL; n (% of all FL patients)

Atrial fibrillation
Coronary artery disease
Diabetes mellitus type 11
Hematologic comorbidities

Hepatitis C

1(12,5) 1(14,3)
2 (25) 0
2 (25) 0
0 1 previous DLBCL (14,3)
0 1 eradicated Hepatitis C (14,3)

Abbreviations: DLBCL: Diffuse Large B-cell Lymphoma.

obinutuzumab-bendamustine. Two patients were still on
therapy as of August 1%, 2017. All patients were still alive
in the FL group. Three out of seven FL patients completed
all scheduled cycles of obinutuzumab-bendamustine. Four
patients were still on therapy as of August 1%, 2017.

DISCUSSION

This retrospective, single-center study analyzed the
tolerability and toxicity of obinutuzumab in patients with
CLL or FL. Between October 29, 2014 and August 1%,
2017, 15 patients with CLL (n = 8) or FL (n = 7) were
treated with obinutuzumab-bendamustine and followed
up at the University Hospital Krems. In our CLL patient
cohort, gender distribution was slightly shifted towards
male sex, while in the FL subgroup female sex was more
frequent. The median age at start of obinutuzumab therapy
was 68: in detail 71 years for patients with CLL and 65
years for patients with FL, which is very similar to other

published patient cohorts [12, 42]. We also calculated the
CLL risk score for all CLL patients: 62,5% of the patients
were at intermediate risk and 37,5% at high risk. The fact
that in our study no patients with a low risk profile were
treated is in agreement with the finding of a meta-analysis
of 6 clinical trials in patients with early-stage discase
demonstrating that the use of early treatment initiation did
not lead to prolonged survival in comparison to a “watch
and wait strategy” [9]. It is notable that both our patient
cohorts had relevant clinical comorbidities, mainly atrial
fibrillation (n = 2), coronary artery disease (n = 2) or
diabetes mellitus type II. In the FL group one patient had
a history of DLBCL and eradicated hepatitis C. Although
also “frail” patients were included in our study cohort, the
rate of adverse events was acceptable and manageable in
the context of a University Clinic.

Previous randomized clinical trials evaluating
the efficacy and safety of obinutuzumab in NHL were
performed in both untreated [43] and pre-treated [42]
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patients refractory to standard therapy. In both phase
III trials, obinutuzumab was well tolerated [42, 43]. In
fact, all but three of our patients in the FL group and all
patients in the CLL cohort had undergone at least one pre-
treatment, in some cases multiple therapies. Rituximab
has been defined as standard of care in both FL and
CLL. All patients of the CLL cohort received rituximab
in combination with either bendamustine (n = 7) or
fludarabine/cyclophosphamide (n = 2). In comparison to
the CLL group only 57,1% of the FL cohort had any form
of rituximab pre-treatment, here either in combination
with CHOP (n = 2) or bendamustine (n = 2). This is due
to the fact, that obinutuzumab received EMA-approval
also for first line therapy of FL during our observation
period and was thus implemented as first line therapy
in the clinical routine of the University Hospital Krems.
Although this patient cohort of untreated FL patients is
with n = 3 rather small, no significant differences could
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be observed in the tolerability of obinutuzumab compared
to pre-treated patients. However, this has to be further
investigated in long-term clinical observation studies.
Preterm termination of rituximab therapy might
be necessary in some cases. Four out of eight (50%)
CLL patients of our cohort had terminated rituximab
therapy early because two of them showed an infusion-
related allergic reaction. Of note, this small group of
patients tolerated obinutuzumab without evidence of an
infusion-related allergic event and both completed the
treatment regimen as prescribed. Of the remaining two
patients who had stopped rituximab, one female patient
developed thrombocytopenia, the other (male) patient
experienced anemia as well as thrombocytopenia while
obinutuzumab was applied. Both, thrombocytopenia
and anemia were also commonly reported in previous
clinical trials [12, 42]. Infusion-related allergic reactions,
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Figure 1: Laboratory values in patients with CLL at start of obinutuzumab therapy and after immuno-chemotherapy
with obinutuzumab-bendamustine. (A) demonstrates that the elevated leukocyte counts could be effectively reduced (p = 0,0169);
(B) hemoglobin values (p = 0,3322), (C) platelet counts (p = 1,0) and (D) LDH levels (p = 0,4378) were not significantly altered. Median
values are displayed, whiskers indicate maximum and minimum values.
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cough and musculoskeletal disorders were among the
most commonly observed adverse reactions when
obinutuzumab was combined with chlorambucil in CLL
[45]. In our observational study one patient with CLL
experienced an infusion-related allergic reaction at the
first cycle. Goede et al. observed that infusion-related
reactions occurred in approximately 20% of patients
during the first infusion of obinutuzumab [12]. Because
of this high rate of infusion-related reactions, the first dose
of obinutuzumab should be split between day 1 (100 mg)
and day 2 (900 mg) when applied to CLL patients [45].
We strictly applied that protocol also for our FL patients,
which may be one factor, why our rate of infusion-related
reactions was that low.
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In the FL group, four out of seven (57,1%) patients
had received rituximab. One of them had stopped rituximab
therapy early because of an allergic reaction but tolerated
obinutuzumab well. However, this patient developed
anemia and thrombocytopenia during obinutuzumab
therapy. Sehn et al. found that obinutuzumab plus
bendamustine followed by obinutuzumab maintenance
therapy in rituximab-refractory patients with indolent
NHL resulted in serious adverse events in 38% and death
due to adverse events in 6% of the patients, respectively.
Neutropenia (33%), thrombocytopenia (11%), anaemia
(8%) and infusion-related reactions (11%) were observed
in this trial [42]. Therefore, patients should be regularly
monitored, also during the maintenance period.
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Figure 2: Laboratory values in patients with FL at start of obinutuzumab therapy and after immuno-chemotherapy
with obinutuzumab-bendamustine. (A) Leukocyte counts (p = 0,4985), (B) hemoglobin values (p = 0,2153) and (C) platelet counts
(p=0,5144) were not significantly altered; (D) elevated LDH levels could be effectively reduced (p = 0,0144). Median values are displayed,

whiskers indicate maximum and minimum values.
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Table 8: Adverse effects during obinutuzumab-bendamustine therapy

CLL; n (% of all CLL patients)

FL; n (% of all FL patients)

CTCAE

CTCAE

total Grade 1 3 4 5 total Grade 1 3 4 5
Infusion-related 1 1
allergic reactions (12,5) 0 0 (12,5) 0 0 0 0 0 0 0 0
. 1 1 3
Anemia 6 (75) 3(37,5) (12.5) (12.5) 0 0 (42.9) 31429 0 0 0 0
Thrombocytopenia / 4 (50) ! ! ! 0 6 5(1L4) 0 1(143) 0 0
VIO (87.5) (12.5) (12,5 (12.5) (85.7) ’ ’
. 1 6
Leukopenia 4 (50) 3(37,5 (12.5) 0 0 0 (85.7) 5(71,4) 0 1(14,3) 0 0
Neutropenia 2 (25) 0 0 ! ! 0 2 1(143) 0 0 1(14,3) 0
P (125) (12.5) (28,6) ’ ’
Febrile 1 1
Neutropenia 22 0 0 (12,5) (12,5) 0 0 0 0 0 0 0
. 1 1
Pneumonia (12.5) 0 0 (12.5) 0 0 0 0 0 0 0 0
. . 1 1
Bronchial Infection (12,5) 0 (12.,5) 0 0 0 0 0 0 0 0 0
. 1 1
Diarrhea (12.5) 0 (12.5) 0 0 0 0 0 0 0 0 0
Sepsis 0 0 0 0 0 0 0 0 0 0 0 0
Solid tumors 0 0 0 0 0 0 0 0 0 0 0 0

Abbreviations: CTCAE: Common Terminology Criteria for Adverse Events.

Table 9: Adverse effects after obinutuzumab-bendamustine therapy until the end of the observation period

CLL FL
Neuroborreliosis 1(12,5) 0
PFS of patients in the CLL group PFS of patients in the FL group
100 100 I T N T 1 1 N
< 80 < 80
2 2
> >
S 601 5 601
() (7]
g 40 g 40
(3] (3]
o o
o 20- o 20
c T T 1 c T T T 1
0 10 20 30 0 5 10 15 20
Months Months

Figure 3: Progression-free survival (PFS) of patients in the CLL (A) and FL (B) group.
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None of our patients underwent stem cell
transplantation, which is partly due to the fact, that stem
cell transplantations are not performed at the University
Hospital Krems, and thus patients are referred to and
treated at other hospitals. However, one male patient
was offered stem cell transplantation, but refused out of
personal reasons. Two out of 15 patients died during or
after completing the therapy with obinutuzumab. These
deaths were not therapy-related, as one had a second
haematological malignancy, a Multiple Myeloma, which
was unveiled during the obinutuzumab-bendamustine
therapy. The other patient developed after an initially
good response an early relapse with a CD20-negative
CLL-clone.

Our findings are in agreement with large
controlled trials showing that obinutuzumab is effective
in both patients with CLL or FL but without significant
impairment of healthy-related quality of life indices [44].
As this study only examined one centre, potential biases
are the small sample size and limited ethnic diversity.
Additionally, the patient population is rather rural; there
should no difference to be expected in comparison to an
urban population, but as this was not investigated in large
trials, this could nonetheless be a potential bias.

In conclusion, obinutuzumab was mostly well-
tolerated in a group of mild to heavily pre-treated patients
with CLL and therapy-naive or pre-treated patients with
FL. Therefore, the planned obinutuzumab-bendamustine
regimen could be completed in the majority of patients
offering an effective therapeutic alternative to patients
refractory to standard therapies. The frequency and
profile of adverse events and toxicity was comparable to
data from previous clinical studies and could be managed
adequately in the clinical setting of a University Clinic.
Nonetheless, further studies are needed to characterize the
risk of severe adverse events due to obinutuzumab therapy
and their appropriate management.

MATERIALS AND METHODS

The design of this study is an uncontrolled
retrospective cohort study using data from the database
of the University Hospital Krems: the study-participants
were pseudonymised and got a consecutive serial number
(001 - 002 - ...). The analysis of the study-oriented data
took place only with those assigned serial numbers.
The following parameters were recorded and used for
statistical evaluation:

» Demographic data.

* Age (at the start of obinutuzumab-bendamustine
therapy).
* Gender.
* Disease-specific parameters.
* Patient characteristics.
* Stage of the disease.
* Risk score.

* Progression-free survival (PFS).

* Pre-treatment (type and quantity of pre-
treatments).

* Stem cell-transplantation.

» Comorbidities.

* Patient’s adverse effects (staged according to
the to the Common Terminology Criteria for
Adverse Events Version 5.0 (CTCAE v5.0)
of the National Cancer Institute (NCI) of the
USA):

* Infectious diseases, pneumonia, sepsis,
tumour lysis syndrome, allergic reactions.

* Need for erythrocyte transfusion, thrombocyte
transfusion.

* Laboratory parameters (WBC, Hb, PLT,
LDH).

* Leukopenia, neutropenia, febrile neutropenia,
anaemia, thrombocytopenia.

The registry was approved by the ethics committee
of the Karl Landsteiner Private University in June 2017.

Study population

Participants of the study were patients with CLL (n
=8) and FL (n = 7), who were treated with obinutuzumab-
bendamustine after a rituximab-containing therapy in
the period of 2014 to 2017 at the Department of Internal
Medicine 2 of the University Hospital Krems. The sample
size of the study was 15 participants. Exclusion criterion
was age below 18 years.

Treatment regimen

All patients received immuno-chemotherapy with
obinutuzumab and bendamustine for 6 cycles at intervals
of 28 days. During each cycle, patients received 1000
mg obinutuzumab at day 1 and 90 mg bendamustine /m?
body surface area at days 1 and 2. During the first cycle,
obinutuzumab was administered in two doses: 100 mg at
day 1, and 900 mg at day 2 plus 1000 mg at days 8 and 15.

Statistical analysis

The collected data was descriptively analysed
using Microsoft Excel (Version 16.9), Microsoft Word
(Version 16.9.1) and GraphPad Prism (Version 7.0d).
Initially, descriptive analyses of gender and age were
performed. Subsequently, laboratory values before and
after obinutuzumab therapy were collected and median
as well as minimum and maximum values were analysed.
Scatter dot plots were chosen to demonstrate the range
between minimum and maximum values of leukocyte
counts (WBC), haemoglobin values (Hb), thrombocyte
counts (PLT) and lactate dehydrogenase levels (LDH).
Laboratory values after therapy were determined at the
first control visit at our outpatient clinic after having
completed immuno-chemotherapy with obinutuzumab-
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bendamustine. This means that these values are in the
FL group before the start of obinutuzumab maintenance
therapy. Respective laboratory values before and after
therapy were analysed by means of paired t-test, and
statistical significance was accepted at p<0,05.

Declaration

This work is based on the bachelor’s thesis of Theo
Pirich, submitted in May 2018 at the Karl Landsteiner
University of Health Sciences entitled “Tolerability
of obinutuzumab therapy in patients with rituximab-
relapsed/refractory B-cell malignancies - a retrospective
uncontrolled cohort study”.

Abbreviations
ADCC: Antibody-dependent cell-mediated
cytotoxicity; ADCP:  Antibody-dependent  cell-

mediated phagocytosis; CDC: Complement-dependent
cytotoxicity; CHOP: Cyclophosphamide, doxorubicin
(Hydroxydaunorubicin), vincristine (Oncovin®) and
Prednisone-containing chemotherapy regimen; CLL:
Chronic lymphocytic leukemia; CTCAE: Common
Terminology Criteria for Adverse Events; DLBCL:
Diffuse large B-cell lymphoma, e.g. exempli gratia (for
example); FL: Follicular lymphoma; FLIPI: Follicular
Lymphoma Prognostic Index; Hb: Hemoglobin, i.e.
id est (that is); IRR: Infusion related reaction; LDH:
Lactate dehydrogenase; mAb: Monoclonal Antibody;
MBL: Monoclonal B-lymphocytosis; n: number; NCCN:
National Comprehensive Cancer Network; NCI: National
Cancer Institute; NHL: Non-Hodgkin lymphoma; OS:
Overall survival; ORR Overall Response Rate; PFS:
Progression-free survival; PLT: Platelets; RR: Response
Rate; TLS: Tumor lysis syndrome; WBC: White blood
cells; WHO: World Health Organization.

ACKNOWLEDGMENTS

The authors would like to thank Judit Singer, MSc
for critical proofreading of the manuscript.

CONFLICTS OF INTEREST

All authors declare that there is no conflicts of
interest with regard to this publication. Josef Singer
served as advisory board member in the advisory board
“Use of Gazyvaro® for First-Line therapy of Follicular
Lymphoma” (Vienna, March 2017).

FUNDING

The authors received no specific funding for this
work.

REFERENCES

10.

11.

Swerdlow SH, Campo E, Pileri SA, Harris NL, Stein H,
Siebert R, Advani R, Ghielmini M, Salles GA, Zelenetz
AD, Jaffe ES. The 2016 revision of the World Health
Organization classification of lymphoid neoplasms.
Blood. 2016; 127:2375-90. https://doi.org/10.1182/
blood-2016-01-643569.

Eichhorst B, Robak T, Montserrat E, Ghia P, Hillmen P,
Hallek M, Buske C. Chronic lymphocytic leukaemia:
ESMO Clinical Practice Guidelines for diagnosis, treatment
and follow-up. Ann Oncol. 2015; 26:v78-84. https://doi.
org/10.1093/annonc/mdv303.

Kipps TJ, Stevenson FK, Wu CJ, Croce CM, Packham
G, Wierda WG, O'Brien S, Gribben J, Rai K. Chronic

lymphocytic leukaemia. Nat Rev Dis Primers. 2017;
3:16096. https://doi.org/10.1038/nrdp.2016.96.

. Nabhan C, Rosen ST. Chronic lymphocytic leukemia: a

clinical review. JAMA. 2014; 312:2265-76. https://doi.
org/10.1001/jama.2014.14553.

Rai KR, Sawitsky A, Cronkite EP, Chanana AD, Levy RN,
Pasternack BS. Clinical staging of chronic lymphocytic
leukemia. Blood. 1975; 46:219-34.

Binet JL, Auquier A, Dighiero G, Chastang C, Piguet H,
Goasguen J, Vaugier G, Potron G, Colona P, Oberling
F, Thomas M, Tchernia G, Jacquillat C, et al. A new
prognostic classification of chronic lymphocytic leukemia
derived from a multivariate survival analysis. Cancer. 1981;
48:198-206.

Hallek M, Cheson BD, Catovsky D, Caligaris-Cappio F,
Dighiero G, Dohner H, Hillmen P, Keating MJ, Montserrat
E, Rai KR, Kipps TJ. Guidelines for the diagnosis and
treatment of chronic lymphocytic leukemia: a report from
the International Workshop on Chronic Lymphocytic
Leukemia updating the National Cancer Institute-Working
Group 1996 guidelines. Blood. 2008; 111:5446-56. https://
doi.org/10.1182/blood-2007-06-093906.

Zwiebel JA, Cheson BD. Chronic lymphocytic leukemia:
staging and prognostic factors. Semin Oncol. 1998;
25:42-59.

Group CTC. Chemotherapeutic options in chronic
lymphocytic leukemia: a meta-analysis of the randomized

trials. J Natl Cancer Inst. 1999; 91:861-8.

Hallek M, Fischer K, Fingerle-Rowson G, Fink AM, Busch
R, Mayer J, Hensel M, Hopfinger G, Hess G, von Grunhagen
U, Bergmann M, Catalano J, Zinzani PL, et al. Addition of
rituximab to fludarabine and cyclophosphamide in patients
with chronic lymphocytic leukaemia: a randomised, open-
label, phase 3 trial. Lancet. 2010; 376:1164-74. https://doi.
org/10.1016/s0140-6736(10)61381-5.

Fischer K, Cramer P, Busch R, Bottcher S, Bahlo J,
Schubert J, Pfluger KH, Schott S, Goede V, Isfort S, von
Tresckow J, Fink AM, Buhler A, et al. Bendamustine
in combination with rituximab for previously untreated

www.oncotarget.com

29954

Oncotarget


https://doi.org/10.1182/blood-2016-01-643569
https://doi.org/10.1182/blood-2016-01-643569
https://doi.org/10.1093/annonc/mdv303
https://doi.org/10.1093/annonc/mdv303
https://doi.org/10.1038/nrdp.2016.96
https://doi.org/10.1001/jama.2014.14553
https://doi.org/10.1001/jama.2014.14553
https://doi.org/10.1182/blood-2007-06-093906
https://doi.org/10.1182/blood-2007-06-093906
https://doi.org/10.1016/s0140-6736(10)61381-5
https://doi.org/10.1016/s0140-6736(10)61381-5

12.

13.

15.

16.

18.

19.

20.

patients with chronic lymphocytic leukemia: a multicenter
phase II trial of the German Chronic Lymphocytic
Leukemia Study Group. J Clin Oncol. 2012; 30:3209-16.
https://doi.org/10.1200/jc0.2011.39.2688.

Goede V, Fischer K, Busch R, Engelke A, Eichhorst B,
Wendtner CM, Chagorova T, de la Serna J, Dilhuydy
MS, Hlmer T, Opat S, Owen CJ, Samoylova O, et al.
Obinutuzumab plus chlorambucil in patients with CLL and
coexisting conditions. N Engl J Med. 2014; 370:1101-10.
https://doi.org/10.1056/NEJMoal313984.

Farooqui MZ, Valdez J, Martyr S, Aue G, Saba N, Niemann
CU, Herman SE, Tian X, Marti G, Soto S, Hughes TE,
Jones J, Lipsky A, et al. Ibrutinib for previously untreated
and relapsed or refractory chronic lymphocytic leukaemia
with TP53 aberrations: a phase 2, single-arm trial.
Lancet Oncol. 2015; 16:169-76. https://doi.org/10.1016/
s1470-2045(14)71182-9.

Burger JA, Tedeschi A, Barr PM, Robak T, Owen C, Ghia P,
Bairey O, Hillmen P, Bartlett NL, Li J, Simpson D, Grosicki
S, Devereux S, et al. Ibrutinib as Initial Therapy for Patients
with Chronic Lymphocytic Leukemia. N Engl J Med. 2015;
373:2425-37. https://doi.org/10.1056/NEJMoal1509388.

Seymour JF, Ma S, Brander DM, Choi MY, Barrientos J,
Davids MS, Anderson MA, Beaven AW, Rosen ST, Tam
CS, Prine B, Agarwal SK, Munasinghe W, et al. Venetoclax
plus rituximab in relapsed or refractory chronic lymphocytic
leukaemia: a phase 1b study. Lancet Oncol. 2017; 18:230-
40. https://doi.org/10.1016/s1470-2045(17)30012-8.
O'Brien SM, Lamanna N, Kipps TJ, Flinn I, Zelenetz AD,
Burger JA, Keating M, Mitra S, Holes L, Yu AS, Johnson
DM, Miller LL, Kim Y, et al. A phase 2 study of idelalisib
plus rituximab in treatment-naive older patients with
chronic lymphocytic leukemia. Blood. 2015; 126:2686-94.
https://doi.org/10.1182/blood-2015-03-630947.

Freedman A. Follicular lymphoma: 2015 update on
diagnosis and management. Am J Hematol. 2015; 90:1171-
8. https://doi.org/10.1002/ajh.24200.

Dreyling M, Ghielmini M, Marcus R, Salles G, Vitolo
U, Ladetto M. Newly diagnosed and relapsed follicular
lymphoma: ESMO Clinical Practice Guidelines for
diagnosis, treatment and follow-up. Ann Oncol. 2014;
25:11176-82. https://doi.org/10.1093/annonc/mdu200.
Junlen HR, Peterson S, Kimby E, Lockmer S, Linden
O, Nilsson-Ehle H, Erlanson M, Hagberg H, Radlund
A, Hagberg O, Wahlin BE. Follicular lymphoma in
Sweden: nationwide improved survival in the rituximab
era, particularly in elderly women: a Swedish Lymphoma
Registry study. Leukemia. 2015; 29:668-76. https://doi.
org/10.1038/leu.2014.251.

Schmatz Al, Streubel B, Kretschmer-Chott E, Puspok A,
Jager U, Mannhalter C, Tiemann M, Ott G, Fischbach W,
Herzog P, Seitz G, Stolte M, Raderer M, et al. Primary
follicular lymphoma of the duodenum is a distinct mucosal/
submucosal variant of follicular lymphoma: a retrospective

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

study of 63 cases. J Clin Oncol. 2011; 29:1445-51. https://
doi.org/10.1200/jc0.2010.32.9193.

Link BK, Maurer MJ, Nowakowski GS, Ansell SM, Macon
WR, Syrbu SI, Slager SL, Thompson CA, Inwards DJ,
Johnston PB, Colgan JP, Witzig TE, Habermann TM, et al.
Rates and outcomes of follicular lymphoma transformation
in the immunochemotherapy era: a report from the
University of lowa/MayoClinic Specialized Program of
Research Excellence Molecular Epidemiology Resource.
J Clin Oncol. 2013; 31:3272-8. https://doi.org/10.1200/
j€0.2012.48.3990.

Montoto S, Davies AJ, Matthews J, Calaminici M, Norton
AJ, Amess J, Vinnicombe S, Waters R, Rohatiner AZ,
Lister TA. Risk and clinical implications of transformation
of follicular lymphoma to diffuse large B-cell lymphoma.
J Clin Oncol. 2007; 25:2426-33. https://doi.org/10.1200/
j€0.2006.09.3260.

Carbone PP, Kaplan HS, Musshoff K, Smithers DW,
Tubiana M. Report of the Committee on Hodgkin's Disease
Staging Classification. Cancer Res. 1971; 31:1860-1.

Solal-Celigny P, Roy P, Colombat P, White J, Armitage
JO, Arranz-Saez R, Au WY, Bellei M, Brice P, Caballero
D, Coiffier B, Conde-Garcia E, Doyen C, et al. Follicular
lymphoma international prognostic index. Blood. 2004;
104:1258-65. https://doi.org/10.1182/blood-2003-12-4434.

Guadagnolo BA, Li S, Neuberg D, Ng A, Hua L, Silver B,
Stevenson MA, Mauch P. Long-term outcome and mortality
trends in early-stage, Grade 1-2 follicular lymphoma treated
with radiation therapy. Int J Radiat Oncol Biol Phys. 2006;
64:928-34. https://doi.org/10.1016/j.ijrobp.2005.08.010.

Hiddemann W, Cheson BD. How we manage follicular
lymphoma. Leukemia. 2014; 28:1388-95. https://doi.
org/10.1038/1eu.2014.91.

Ardeshna KM, Smith P, Norton A, Hancock BW, Hoskin PJ,
MacLennan KA, Marcus RE, Jelliffe A, Vaughan Hudson
G, Linch DC. Long-term effect of a watch and wait policy
versus immediate systemic treatment for asymptomatic
advanced-stage non-Hodgkin lymphoma: a randomised
controlled trial. Lancet. 2003; 362:516-22.

Ardeshna KM, Qian W, Smith P, Braganca N, Lowry
L, Patrick P, Warden J, Stevens L, Pocock CF, Miall F,
Cunningham D, Davies J, Jack A, et al. Rituximab versus a
watch-and-wait approach in patients with advanced-stage,
asymptomatic, non-bulky follicular lymphoma: an open-
label randomised phase 3 trial. Lancet Oncol. 2014; 15:424-
35. https://doi.org/10.1016/s1470-2045(14)70027-0.

Schulz H, Bohlius JF, Trelle S, Skoetz N, Reiser M, Kober
T, Schwarzer G, Herold M, Dreyling M, Hallek M, Engert
A. Immunochemotherapy with rituximab and overall
survival in patients with indolent or mantle cell lymphoma:
a systematic review and meta-analysis. J Natl Cancer Inst.
2007; 99:706-14. https://doi.org/10.1093/jnci/djk152.

Salles G, Seymour JF, Offner F, Lopez-Guillermo A, Belada
D, Xerri L, Feugier P, Bouabdallah R, Catalano JV, Brice
P, Caballero D, Haioun C, Pedersen LM, et al. Rituximab

www.oncotarget.com

29955

Oncotarget


https://doi.org/10.1200/jco.2011.39.2688
https://doi.org/10.1056/NEJMoa1313984
https://doi.org/10.1016/s1470-2045(14)71182-9
https://doi.org/10.1016/s1470-2045(14)71182-9
https://doi.org/10.1056/NEJMoa1509388
https://doi.org/10.1016/s1470-2045(17)30012-8
https://doi.org/10.1182/blood-2015-03-630947
https://doi.org/10.1002/ajh.24200
https://doi.org/10.1093/annonc/mdu200
https://doi.org/10.1038/leu.2014.251
https://doi.org/10.1038/leu.2014.251
https://doi.org/10.1200/jco.2010.32.9193
https://doi.org/10.1200/jco.2010.32.9193
https://doi.org/10.1200/jco.2012.48.3990
https://doi.org/10.1200/jco.2012.48.3990
https://doi.org/10.1200/jco.2006.09.3260
https://doi.org/10.1200/jco.2006.09.3260
https://doi.org/10.1182/blood-2003-12-4434
https://doi.org/10.1016/j.ijrobp.2005.08.010
https://doi.org/10.1038/leu.2014.91
https://doi.org/10.1038/leu.2014.91
https://doi.org/10.1016/s1470-2045(14)70027-0
https://doi.org/10.1093/jnci/djk152

31.

32.

33.

34.

35.

36.

37.

38.

maintenance for 2 years in patients with high tumour
burden follicular lymphoma responding to rituximab plus
chemotherapy (PRIMA): a phase 3, randomised controlled
trial. Lancet. 2011; 377:42-51. https://doi.org/10.1016/
s0140-6736(10)62175-7.

Taverna C, Martinelli G, Hitz F, Mingrone W, Pabst T,
Cevreska L, Del Giglio A, Vanazzi A, Laszlo D, Raats
J, Rauch D, Vorobiof DA, Lohri A, et al. Rituximab
Maintenance for a Maximum of 5 Years After Single-Agent
Rituximab Induction in Follicular Lymphoma: Results of
the Randomized Controlled Phase III Trial SAKK 35/03.
J Clin Oncol. 2016; 34:495-500. https://doi.org/10.1200/
j€0.2015.61.3968.

Feugier P. A review of rituximab, the first anti-CD20
monoclonal antibody used in the treatment of B non-
Hodgkin's lymphomas. Future Oncol. 2015; 11:1327-42.
https://doi.org/10.2217/fon.15.57.

Kimby E. Tolerability and safety of rituximab (MabThera).
Cancer Treat Rev. 2005; 31:456-73. https://doi.
org/10.1016/j.ctrv.2005.05.007.

Niederfellner G, Lammens A, Mundigl O, Georges GJ,
Schaefer W, Schwaiger M, Franke A, Wiechmann K,
Jenewein S, Slootstra JW, Timmerman P, Brannstrom A,
Lindstrom F, et al. Epitope characterization and crystal
structure of GA101 provide insights into the molecular basis
for type I/II distinction of CD20 antibodies. Blood. 2011;
118:358-67. https://doi.org/10.1182/blood-2010-09-305847.

Johnson P, Glennie M. The mechanisms of action of
rituximab in the elimination of tumor cells. Semin Oncol.
2003; 30:3-8. https://doi.org/10.1053/sonc.2003.50025.
Tobinai K, Klein C, Oya N, Fingerle-Rowson G. A Review
of Obinutuzumab (GA101), a Novel Type II Anti-CD20
Monoclonal Antibody, for the Treatment of Patients with
B-Cell Malignancies. Adv Ther. 2017; 34:324-56. https://
doi.org/10.1007/s12325-016-0451-1.

Goede V, Klein C, Stilgenbauer S. Obinutuzumab (GA101)
for the treatment of chronic lymphocytic leukemia and other
B-cell non-hodgkin's lymphomas: a glycoengineered type 11
CD20 antibody. Oncol Res Treat. 2015; 38:185-92. https://
doi.org/10.1159/000381524.

Mossner E, Brunker P, Moser S, Puntener U, Schmidt C,
Herter S, Grau R, Gerdes C, Nopora A, van Puijenbroek
E, Ferrara C, Sondermann P, Jager C, et al. Increasing the
efficacy of CD20 antibody therapy through the engineering
of a new type II anti-CD20 antibody with enhanced direct
and immune effector cell-mediated B-cell cytotoxicity.
Blood. 2010; 115:4393-402. https://doi.org/10.1182/
blood-2009-06-225979.

39.

40.

41.

42.

43.

44.

45.

Cheney CM, Stephens DM, Mo X, Rafiq S, Butchar
J, Flynn JM, Jones JA, Maddocks K, O'Reilly A,
Ramachandran A, Tridandapani S, Muthusamy N, Byrd JC.
Ocaratuzumab, an Fc-engineered antibody demonstrates
enhanced antibody-dependent cell-mediated cytotoxicity
in chronic lymphocytic leukemia. MAbs. 2014; 6:749-55.
https://doi.org/10.4161/mabs.28282.

Reichert JM. Antibodies to watch in 2017. MAbs. 2017;
9:167-81. https://doi.org/10.1080/19420862.2016.1269580.

Vaughan AT, Cragg MS, Beers SA. Antibody modulation:
Limiting the efficacy of therapeutic antibodies. Pharmacol
Res.  2015;  99:269-75.  https://doi.org/10.1016/].
phrs.2015.07.003.

Sehn LH, Chua N, Mayer J, Dueck G, Trneny M,
Bouabdallah K, Fowler N, Delwail V, Press O, Salles G,
Gribben J, Lennard A, Lugtenburg PJ, et al. Obinutuzumab
plus bendamustine versus bendamustine monotherapy
in patients with rituximab-refractory indolent non-
Hodgkin (GADOLIN): a randomised,
controlled, open-label, multicentre, phase 3 trial. Lancet
Oncol. 2016; 17:1081-93.  https://doi.org/10.1016/
s1470-2045(16)30097-3.

Marcus R, Davies A, Ando K, Klapper W, Opat S, Owen
C, Phillips E, Sangha R, Schlag R, Seymour JF, Townsend
W, Trneny M, Wenger M, et al. Obinutuzumab for the
First-Line Treatment of Follicular Lymphoma. N Engl
J Med. 2017; 377:1331-44. https://doi.org/10.1056/
NEJMoal614598.

Cheson BD, Trask PC, Gribben JG, Dimier N, Kimby
E, Lugtenburg PJ, Thieblemont C, Wassner-Fritsch E,
Launonen A, Sehn LH. Health-related quality of life and
symptoms in patients with rituximab-refractory indolent
non-Hodgkin lymphoma treated in the phase III GADOLIN
study with obinutuzumab plus bendamustine versus
bendamustine alone. Ann Hematol. 2017; 96:253-9. https://
doi.org/10.1007/s00277-016-2878-5.

Lee HZ, Miller BW, Kwitkowski VE, Ricci S, DelValle
P, Saber H, Grillo J, Bullock J, Florian J, Mehrotra N,
Ko CW, Nie L, Shapiro M, et al. U.S. Food and drug
administration approval: obinutuzumab in combination

lymphoma

with chlorambucil for the treatment of previously untreated
chronic lymphocytic leukemia. Clin Cancer Res. 2014;
20:3902-7. https://doi.org/10.1158/1078-0432.Ccr-14-0516.

www.oncotarget.com

29956

Oncotarget


https://doi.org/10.1016/s0140-6736(10)62175-7
https://doi.org/10.1016/s0140-6736(10)62175-7
https://doi.org/10.1200/jco.2015.61.3968
https://doi.org/10.1200/jco.2015.61.3968
https://doi.org/10.2217/fon.15.57
https://doi.org/10.1016/j.ctrv.2005.05.007
https://doi.org/10.1016/j.ctrv.2005.05.007
https://doi.org/10.1182/blood-2010-09-305847
https://doi.org/10.1053/sonc.2003.50025
https://doi.org/10.1007/s12325-016-0451-1
https://doi.org/10.1007/s12325-016-0451-1
https://doi.org/10.1159/000381524
https://doi.org/10.1159/000381524
https://doi.org/10.1182/blood-2009-06-225979
https://doi.org/10.1182/blood-2009-06-225979
https://doi.org/10.4161/mabs.28282
https://doi.org/10.1080/19420862.2016.1269580
https://doi.org/10.1016/j.phrs.2015.07.003
https://doi.org/10.1016/j.phrs.2015.07.003
https://doi.org/10.1016/s1470-2045(16)30097-3
https://doi.org/10.1016/s1470-2045(16)30097-3
https://doi.org/10.1056/NEJMoa1614598
https://doi.org/10.1056/NEJMoa1614598
https://doi.org/10.1007/s00277-016-2878-5
https://doi.org/10.1007/s00277-016-2878-5
https://doi.org/10.1158/1078-0432.Ccr-14-0516

