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Abstract: Chronic lymphocytic leukemia (CLL) is the most common leukemia in adults in
Western countries. Fludarabine-based regimens demonstrate higher response rates in younger
patients but have a significant risk of infection and are thus poorly tolerated by older, frail
patients. Anti-CD20 monoclonal antibodies have added to the efficacy of chemotherapy in CLL.
Obinutuzumab is a potent Type II anti-CD20 monoclonal antibody with enhanced antibody-
dependent cellular toxicity and direct cell death compared with rituximab. In Phase I studies,
infusion reactions and neutropenia were the predominant toxicities. Phase Il studies demonstrated
efficacy both as a single agent and in combination with chemotherapy in patients with CLL. The
CLL11 trial was a Phase I1I randomized trial of chlorambucil alone or with either obinutuzumab
or rituximab in elderly, unfit patients. Progression-free survival (the primary end point) was
26.7 months for patients receiving obinutuzumab plus chlorambucil versus 16.3 months for
those receiving rituximab plus chlorambucil and 11.1 months for those receiving chlorambucil
alone (P<<0.001). Overall survival was improved for patients receiving obinutuzumab plus
chlorambucil versus chlorambucil alone (P=0.002). This trial led to the US Food and Drug
Administration (FDA) approval of obinutuzumab in this patient population.
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Introduction

Therapeutic targeting of the B-lymphocyte surface antigen CD20 has revolutionized
the management of B-cell malignancies. Rituximab, the first anti-CD20 monoclonal
antibody, was approved by the US Food and Drug Administration (FDA) in 1997. With
the incorporation of rituximab into a number of chemotherapeutic regimens, response
rates, progression-free survival (PFS), and overall survival rates have improved sig-
nificantly in a range of B-cell malignancies. However, some patients fail to respond to
rituximab upfront, and more commonly, others become resistant to ongoing therapy
with this monoclonal antibody. This has led to the development of a newer generation
of antibodies targeting CD20.

Anti-CD20 monoclonal antibodies

The CD20 antigen is a transmembrane phosphoprotein expressed on B-cells in all
stages of their development from the pre-B-cell, and is present on most B-cell-derived
neoplastic cells."? The biological function of CD20 is not clear, and there is no known
ligand of the phosphoprotein.® There are several mechanisms by which targeting of
CD20 results in cell death. Complement-dependent cytotoxicity (CDC) occurs after
antibody binding shifts CD20 into lipid rafts (large transmembrane domains), which
then activate the membrane complement cascade and membrane attack complex.* Cell
death occurs due to the resultant pores in the cell membrane. Antibody-dependent
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cellular cytotoxicity (ADCC) occurs when the Fc portion
of the therapeutic antibody interacts with the Fc receptor on
natural killer (NK) cells and macrophages, triggering acti-
vation of these cells.® Direct cell death (DCD) is mediated
by the lysosome-dependent homotypic adhesion pathway
that, after linking of two cells via adhesion molecules or by
cross-linking of anti-CD20 monoclonal antibodies, leads to
activation of intracellular kinases.® Finally, a vaccination
effect can occur after presentation of CD20 to T-cells induces
a long-term cellular response.’

Anti-CD20 monoclonal antibodies are designated as
Type I or Type II based on their binding to CD20 and on
the mechanisms of cell death that they activate (Table 1).5-1
Type I antibodies induce potent complement activation fol-
lowing redistribution of CD20 into membrane rafts. Type II
antibodies are less effective at triggering the complement
cascade but strongly evoke direct programmed cell death.
Both Type I and Type II antibodies activate immune effector
cells via interaction with Fc receptors (Figure 1).

Rituximab is a Type I, first-generation chimeric anti-CD20
antibody. Rituximab demonstrates specific binding between the
Fab region of the antibody and the target antigen CD20 as well
as nonspecific binding between the antibody Fc region and Fc
receptors, leading to activation of immune cells, ADCC, and
phagocytosis.!! Ofatumumab is a second-generation Type 1
human IgG1 antibody that binds to CD20 at a different epitope
than rituximab. Ofatumumab demonstrates a higher CDC
effectiveness but a similar ADCC response to rituximab.'?

Obinutuzumab, a third-generation humanized IgG1 anti-
body, is the first glycoengineered Type II anti-CD20 mono-
clonal antibody.” Glycoengineering results in decreased
fucosylation of the Fc region of the antibody, which signifi-
cantly enhances its affinity for the Fc receptor on effector
cells, including NK cells and macrophages.'*'¢ Glycoengi-
neering also alters antibody binding and prevents segregation
of the CD20 molecule complexes into lipid rafts.!” Instead,
Type II antibodies activate lysosomal-dependent apoptosis
through homotypic adhesion, which leads to increased DCD
rather than ADCC.'3! Decreased fucosylation also results in

an increased ability of obinutuzumab to activate polymor-
phonuclear neutrophils and to induce phagocytosis through
binding to subtypes of Fc receptors more efficiently than
Type I monoclonal anti-CD20 antibodies.” The end result is
that obinutuzumab has significantly enhanced ADCC activ-
ity, decreased CDC, and superior direct killing compared to
Type I antibodies.?!

Preclinical studies

Several in vitro studies demonstrated the increased potency of
obinutuzumab over other anti-CD20 monoclonal antibodies.
Reslan et al studied anti-CD20 antibody-induced cell death
in 32 freshly isolated chronic lymphocytic leukemia (CLL)
samples.”? Obinutuzumab significantly increased apoptotic
cell death compared to the degree of spontaneous apoptosis.
Induction of apoptosis by obinutuzumab was accompanied
by loss of mitochondrial membrane potential as well as acti-
vation and increased expression of the pro-apoptosis BCL2
family members Bax and Bak. This effect was not seen with
rituximab indicating that obinutuzumab has a greater ability
to induce programmed cell death than rituximab and that
obinutuzumab was able to induce programmed cell death and
eliminate malignant B-cells without a requirement for immune
effector cells. In lymphoma xenograft models, Herting et al
demonstrated the dose-dependent efficacy of obinutuzumab
and its superiority over rituximab as a single agent and in
combination with several chemotherapeutic agents.?* In other
studies, obinutuzumab demonstrated superior depletion of
normal B-cells (measure as CD19* depletion) from the blood
of healthy volunteers as well as of malignant B-cells from the
blood of patients with B-CLL compared with rituximab."?

Chronic lymphocytic leukemia

CLL is the most common leukemia in adults in Western coun-
tries. In 2015, an estimated 14,620 people in the United States
will be diagnosed with CLL and approximately 4,650 will die
from the disease.?* The median age at diagnosis is 72 years
with 70% of the cases presenting above the age of 65 years.
The diagnosis requires the presence of at least 5x10°/L

Table | Mechanisms of cell death by anti-CD20 monoclonal antibodies

Rituximab Ofatumumab Obinutuzumab
Antibody type Type | Type | Type ll
Format Chimeric Humanized Humanized
CD20 binding site Large loop Large and small loops, Large loop

closer to cell membrane

Localization to lipid rafts Yes Yes No
Complement-dependent cytotoxicity High High Low
Antibody-dependent cellular cytotoxicity Low Low High
Direct cell death Low Low High
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Notes: (A) Demonstrates the binding location of the antibodies. In contrast to rituximab, obinutuzumab, and tositumomab, ofatumumab binds to an alternate region of
CD20. (B) Demonstrates the mechanism of action of the antibodies. Type | antibodies demonstrate CD20 clustering, optimal Fc presentation for effectors, and potent CDC.
Type Il antibodies work through actin signaling, homotypic adhesion, and lysosomal cell death. Republished with permission of American Society of Hematology, from CD20
antibodies: doing the time warp, Cragg MS, 118 (2), 201 |; permission conveyed through Copyright Clearance Center, Inc.”

Abbreviation: CDC, complement-dependent cytotoxicity.

monoclonal B-cells in the peripheral blood with a typical
immunophenotype of CD5*, CD10~, CD19-, CD20 (dim),
surface immunoglobulin (dim), CD23*, CD43*~, and cyclin
D1". Prognostic factors include stage of the disease (based on
presence or absence of lymphadenopathy, hepatosplenom-
egaly, anemia and/or thrombocytopenia), B2-microglobulin
levels, IgV,, mutation status, CD38 expression, and cyto-
genetic and fluorescence in situ hybridization studies
(Table 2). Patients with a deletion of chromosome 17p and/

Table 2 CLL prognostic scoring system

Risk Points Survival
Low 1-3 Not reached
Intermediate 4-7 10.3 years
High 8 or more 5.4 years

Notes: One point for age <50 years, ALC 20x10%/L-50x10%L, B-2
microglobulin one to two times ULN, nodal groups three or more, or Rai
Stage Ill or IV. Two points for B-2 microglobulin greater than two times ULN,
age 5065 years, or ALC >50x10°/L. Three points for age >65 years. Data from
Wierda et al.?

Abbreviations: ALC, absolute lymphocyte count; ULN, upper limits of normal;
CLL, chronic lymphocytic leukemia.
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Table 3 CLL adverse prognostic features

Higher stage (Rai/Binet)

High B-2 microglobulin

Unmutated IgV,,

CD38 expression

ZAP-70 expression

CD49d expression

Cytogenetics/FISH: deletion | 1g; deletion 17p

Molecular: TP53 mutation, BIRC3 mutation, Notch | mutation, and SF3B/
mutation

Note: Data from Zelenetz et al.?®
Abbreviations: CLL, chronic lymphocytic leukemia; IgV,, immunoglobulin
variable region heavy chain; ZAP-70, zeta-chain-associated protein kinase 70; FISH,
fluorescence in situ hybridization.

or TP53 mutation have a particularly poor prognosis with
a typical survival of only a few years. Most of other CLL
patients can live for many years. Wierda et al categorized
patients into low-, intermediate-, and high-risk groups
(Table 3). The median survival had not been reached for the
low-risk group and was 10 years and 5 years, respectively,
for the intermediate- and high-risk groups.?

Chemotherapy of CLL

A variety of treatment options are available for patients
with CLL. The first decision is whether the patient requires
therapy or not. Indications for treatment include progressive
and/or symptomatic lymphadenopathy, hepatosplenomegaly,
anemia or thrombocytopenia, or systemic symptoms such as
fatigue, night sweats, and/or weight loss. Cytogenetic risk
group (especially presence or absence of the TP53 mutation),
age, and comorbidities are the most important factors when
choosing therapy for a particular patient.

Chlorambucil monotherapy
Chlorambucil has been a mainstay of therapy in CLL for more
than 40 years. Many consider it to be the standard treatment
for elderly, unfit patients. Chlorambucil is a bifunctional
alkylating agent of the nitrogen mustard type that cross-links
DNA, thus preventing replication and inducing apoptosis.
Chlorambucil was first considered a potential treatment for
CLL when early work demonstrated that lymphopenia was
a prominent toxicity of the drug. In 1956, Ultmann et al
administered chlorambucil to 30 patients with various lym-
phoid malignancies, 18 of whom had CLL. Chlorambucil was
given at a dose of 0.1-0.2 mg/kg with a typical course lasting
5-7 weeks.?” Responses were based on changes in physical
examination and CBC and were classified as excellent in
three patients, good in eight, and slight in nine.
Subsequent trials compared chlorambucil with other
alkylating-based multidrug chemotherapy regimens in

patients with CLL. In a randomized trial comparing
chlorambucil plus prednisone versus cyclophosphamide,
melphalan, and prednisone in patients with a median age
of 63 years, the overall response rate was 75% for patients
receiving chlorambucil and prednisone compared to 54.5%
for patients receiving cyclophosphamide, melphalan, and
prednisone (P=0.054).% Complete responses (CRs) were
seen in 27% and 12.5% of patients, respectively. In a study
of CHOP versus prednisolone plus chlorambucil in patients
less than 76 years of age and without comorbidities, patients
treated with CHOP had a higher CR rate (63% versus 29%,
P<0.005); however, no difference in survival was demon-
strated between the two regimens.” The ECOG compared
chlorambucil and prednisone versus cyclophosphamide,
vincristine, and prednisone as initial treatment for CLL.*
After a median follow-up of 7 years, there were no significant
differences in survival (4.8 years versus 3.9 years, P=0.12),
complete remission rate (25% versus 23%, P=0.83), or dura-
tion of response (2.0 years versus 1.9 years, P=0.78) between
chlorambucil plus prednisone and cyclophosphamide, vin-
cristine, and prednisone.

Fludarabine and bendamustine

Chlorambucil usage declined after studies in 1988 reported
that the purine analog fludarabine was highly active in patients
with CLL (Table 4). In an early trial of fludarabine as a single
agent in previously treated patients, 11 of 33 patients (33%)
obtained a complete remission, 13 (39%) a nodular partial
remission, and two (6%) a partial response (PR) for an overall
response rate of 79%.3! The major morbidity was infection
with febrile episodes in 13% of the courses. Fludarabine
activity was enhanced by the addition of rituximab. In the
CALGB 9712 trial, the overall response rate was 90% (47%
CR) for previously untreated patients receiving concurrent
fludarabine and rituximab compared with 77% (28% CR)
for patients receiving sequential fludarabine and rituximab.?
Patients receiving the concurrent regimen experienced more
grade 3 or 4 neutropenia (74% versus 41%) and grade 3 or 4
infusion-related toxicity (20% versus 0%) as compared with
the sequential arm.

Response rates increased further with the addition of
cyclophosphamide (fludarabine, cyclophosphamide, ritux-
imab [FCR]). In a trial of FCR as initial therapy in 224
patients with progressive or advanced CLL, the CR rate
was 70%, the nodular partial remission rate was 10%, and
the partial remission rate was 15%, for an overall response
rate of 95%.%* Grade 3—4 neutropenia occurred during
52% of courses. With longer follow-up, the 6-year overall
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Table 4 Earlier randomized controlled trials of chlorambucil in CLL

Pl Regimen N Median age Response PFS os

Rai et al*® Fludarabine 25 mg/m? X5 days 179 64 CR + PR 63% 20 months 66 months
Chlorambucil 40 mg/m? 193 62 CR + PR 37% 14 months 56 months*

Catovsky et al*! Fludarabine 25 mg/m? X5 days 194 64 OR 80%, CR 15% 10% at 5 years 52% at 5 years
Fludarabine 25 mg/m? + cyclophosphamide 196 64 OR 94%, CR 38% 36% at 5 years 54% at 5 years
250 mg/m? both X3 days
Chlorambucil 10 mg/m? x7 days 387 64 OR 72%, CR 7% 10% at 5 years 59% at 5 years*

Hillmen et al*? Alemtuzumab 30 mg three times a week 149 59 OR 83%, CR 24% 14.6 months 84% at 2 years
Chlorambucil 40 mg/m? 148 60 OR 55%, CR 2% 1.7 months 84% at 2 years*

Eichhorst et al*® Fludarabine 25 mg/m? daily x5 days 93 71 OR 72%, CR 7% 19 months 46 months
Chlorambucil 0.4 mg/kg every |5 days 100 70 OR 51%, CR 0% 18 months 64 months*

Knauf et al*® Bendamustine 100 mg/m? X2 days 162 63 CR 21.0% 21.2 months Not reached
Chlorambucil 0.4 mg/kg every |5 days 157 66 CR 10.8% 8.8 months 78.8 months*

Note: *Not significantly different.

Abbreviations: Pl, principal investigator; PFS, progression-free survival; OS, overall survival; CR, complete response; PR, partial response; OR, overall response; CLL,

chronic lymphocytic leukemia.

survival was 77% and the median time to progression was
80 months.>* The median age was only 58 years in this trial,
and age greater than 70 years was associated with a lower
CR rate (odds ratio 2.8, P=0.02) and a shortened survival
(hazard ratio 0.35, P=0.001). Thus, the improved results
seen with this regimen did not apply to the elderly patient
population.

Further evidence that fludarabine-based regimens are
most beneficial for younger patients without comorbidities
comes from the German CLL 5 study.* Here 193 previously
untreated patients with a median age of 70 years received
fludarabine (25 mg/m? for 5 days) or chlorambucil (0.4 mg/kg
body weight with an increase to 0.8 mg/kg, every 15 days, for
12 months). Although fludarabine resulted in a significantly
higher overall response (72% versus 51%, P=0.003) and CR
rate (7% versus 0%, P=0.011), there was no difference in
PFS or overall survival of patients treated with fludarabine
compared with chlorambucil.

Bendamustine has also been compared directly with
chlorambucil. In a trial of patients less than 75 years of
age (mean age 63 years) with a good performance status
and absence of significant organ dysfunction, the CR rate
(21.0% versus 10.8%), median PFS (21.28 months versus
8.8 months, P<<0.0001, hazard ratio 2.3) and time-to-next
treatment (31 months versus 10.1 months, P<<0.0001) were
all improved for bendamustine over chlorambucil.** How-
ever, the overall survival rate was not different between the
groups, even for younger patients.

Effect of comorbidities
Recently, a number of a scoring systems have been devised
in order to predict a patient’s tolerability of treatment.

A commonly used system is the Cumulative Illness Rating
Scale (CIRS).* This system looks at many organ systems and
assigns points depending on whether the degree of impair-
ment is none, mild, moderate, severe, or extremely severe
(Table 5). Patients with higher scores are more physically
compromised and are more likely to have poor tolerance of
intensive therapies.

Table 5 Cumulative lliness Rating Scale

Cardiac

Hypertension
Vascular

Respiratory
Eye/ear/nose/throat/larynx
Upper gastrointestinal
Lower gastrointestinal
Hepatic/biliary

Renal

Genitourinary
Musculoskeletal
Endocrine/metabolic
Neurological
Psychiatric

Point system

0: No problem, organ system not compromised

: Mild illness/impairment with or without requirement of therapy,
excellent prognosis, and patient with normal activity

2: Moderate illness/impairment requiring therapy, good prognosis, and
compromised activity of patient

3: Severe illness/impairment with urgent requirement for therapy,
prognosis unclear, and marked restriction in activity of patient

4: Extremely severe life-threatening illness/impairment, emergency

case of therapy, and adverse prognosis

Notes: The abovementioned organ systems are assessed. If illness/impairment is
present, the illness/impairment with the highest severity is specified. Points are
assigned according to severity. The total number of points is the CIRS score.
Abbreviation: CIRS, Cumulative lliness Rating Scale.
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Goede et al investigated the impact of comorbidities
on treatment outcomes in 555 patients with previously
untreated CLL enrolled in two trials of the German CLL
study group (CLL4 and CLL5).* Patients received fludara-
bine plus cyclophosphamide, fludarabine, or chlorambucil.
Overall survival was shorter in patients with two or more
comorbidities compared with patients with less than two
comorbidities (71.7 months versus 90.2 months, respec-
tively, P<<0.001). Differences in survival were signifi-
cant in both younger (CLL4) and older (CLLS5) patients.
There was also a difference in PFS (21.0 months versus
31.5 months, P<<0.01) of patients with more comorbidities.
After adjustment of other prognostic factors and treatment,
the presence of comorbidities maintained its independent
prognostic value.

Therapy of younger, fit patients
Currently, younger patients without significant comorbidities
are most commonly treated with chemoimmunotherapy with
either FCR or bendamustine and rituximab (BR). Patients
with deletion of chromosome 17p have an inferior response to
these regimens, and the optimum treatment for this subgroup
remains to be determined. The CLL10 trial was an interna-
tional Phase I1I study that evaluated the efficacy and tolerance
of BR in comparison to FCR in the frontline treatment of fit
patients without deletion of chromosome 17p.* Five hundred
sixty-four patients with a CIRS score less than or equal to 6,
creatinine clearance greater than 70 mL/min, and without
deletion of chromosome17p were randomized to receive six
courses of FCR or BR. The median CIRS score was 2, and
the median age was 61.6 years. The overall response rate was
97.8% in both arms with a CR rate of 40.7% for FCR versus
31.5% for BR (P=0.026). The median PFS was 53.7 months
in the FCR arm and 43.2 months in the BR arm (P=0.001).
At the time of the initial report, there was no difference in
the overall survival, however, the median follow-up was
short. Severe neutropenia was more common with FCR, as
were severe infections (39.8% versus 25.4%, P=0.0010).
Although this study demonstrates that both FCR and BR are
highly active regimens, significant toxicity occurs even in
these younger fit patients, making both regimens difficult to
administer to the older, unfit patient population.

Obinutuzumab Phase I/l studies

Owing to the activity of rituximab in B-cell malignances
and the increased potency of obinutuzumab in preclinical
studies, obinutuzumab is being studied in a range of B-cell
malignancies. Phase I studies demonstrated the safety and

efficacy of obinutuzumab. In an early study, Sehn et al admin-
istered obinutuzumab as an induction followed by 2 years of
maintenance to patients with relapsed CD20 positive B-cell
malignancies.*’ Twenty-two patients received obinutuzumab
in cohorts of 200-2,000 mg I'V 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. The median number of prior
regimens was 4, and 86% of patients had prior rituximab.
Infusion reactions occurred in 73% of patients and were
grade 3/4 in 18%. Other adverse events included infections
(32%), pyrexia (23%), and neutropenia (23%). At the end
of induction, 23% had achieved a PR and 54% had stable
disease. Eight patients received maintenance. In the second
Phase I study in patients with heavily pretreated, relapsed, or
refractory CD20 positive indolent lymphoma, obinutuzumab
was given in dose-escalating cohorts with the drug given on
days 1 and 8 of the first cycle and on day 1 of subsequent
cycles for a total of nine infusions.*' Patients received a
50% dose reduction on the first infusion. Doses ranged from
50/100 to 1,200/2,000. The median age was 64 years (range:
39-83), and the median number of prior treatments was 5.
Infusion-related reactions were the most common adverse
event, occurring in 18 of 21 patients. The majority (98%)
were grade 1 or 2. Symptoms included hypotension, pyrexia,
nausea, vomiting, chills, asthenia, flushing, headache, and
larynx irritation. The response rate at the end of treatment
was 33% with four CRs and three PRs.

The GAUGUIN study evaluated obinutuzumab in
cohorts of patients with relapsed, refractory B-cell malig-
nancies, including patients with relapsed/refractory indolent
non-Hodgkin lymphoma,* patients with diffuse large B-cell
lymphoma or mantle cell lymphoma,* and patients with
CLL.* In the cohort with indolent non-Hodgkin lymphoma,
patients were randomly assigned to receive obinutuzumab at a
flat dose of 400 mg on days 1 and 8 of cycle 1 and on day 1 of
cycles 28 (400/400 mg) or a dose of 1,600 mg on days 1 and 8
of cycle 1 and 800 mg on day 1 of cycles 2—8 (1,600/800 mg).
Forty patients were enrolled. Diagnoses included follicular
lymphoma in 34 and other indolent lymphomas in six. The
median age was 61 years (42—79). In all, 38 of 40 patients had
received prior rituximab and 22 of 40 patients were rituximab
refractory. The overall response rate at the end of treatment
was 55% for patients receiving 1,600/800 mg and 17% for
patients received 400/400 mg. Median PFS was 11.9 months
in the 1,600/800 mg group and 6.0 months in the 400/400 mg
group. Infusion reactions were seen in 73% of patients but
were only grade 3/4 in two patients (both of whom were
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treated at the higher dose). In the diffuse large B-cell study,
patients were randomized to the same two dosage arms.
A total of 40 patients were accrued, 25 with diffuse large
B-cell lymphoma and 15 with mantle cell lymphoma. The
end of treatment response was 30% for patients with diffuse
large B-cell lymphoma in the 400/400 mg arm and 27% for the
1,600/800 mg arm. The end of treatment response was 18%
for patients with mantle cell lymphoma in the 400/400 mg
arm and 50% in the 1,600/800 mg arm. Infusion reactions
occurred in 75% of patients and were grade 3/4 in 8% of
patients. Other grade 3/4 toxicities included anemia (10%),
lymphopenia (15%), thrombocytopenia (3%), and tumor lysis
syndrome (2%).

Patients with CLL were also studied in this trial. In
the Phase I section, 13 patients received obinutuzumab
400-1,200 mg on days 1 and 8 of cycle 1 and on day 1 of
cycles 2—8. In the Phase I study, 20 patients received a fixed
dose of 1,000 mg on days 1, 8, and 15 of cycle 1 and on day
1 of cycles 2—8. In the Phase I cohort, the median number of
prior treatments was 3 (range: 1-8), and eight (62%) patients
had received prior rituximab but none were refractory. In
the Phase II trial, the median number of prior treatments
was 3 (range: 1-7), ten (50%) patients had received prior
rituximab, and three (15%) were rituximab refractory. The
median age was 64.0 years (range: 46—81) for the Phase |
cohort, with 31% of patients being above the age of 70 years,
and 62.5 years (range: 36—81) for the Phase II cohort. In the
Phase I cohort, all patients experienced an infusion reaction
manifested as hypotension (77%), pyrexia (62%), chills
(54%), and vomiting (46%). Infusion reactions were grade 3
in two patients (15%). Other toxicities included neutropenia
(54%, all were grade 3/4), thrombocytopenia (31%, grade 3 in
15%), and lymphopenia (31%, grade 3 in 15%). Neutropenic
fever occurred in one patient (8%). Toxicities were similar
in the patients treated on the Phase II trial.

Both end of treatment response and best overall response
to obinutuzumab during the Phase I section were 62%. All
responses were PRs. Three additional patients had stable
disease. For the best overall response, eight (62%) patients
had a PR and five had a stable disease. There appeared to be a
dose—response relationship with PRs in one of three patients
in each of the 400/800 mg and 1,000/1,000 mg cohorts, two of
three patients in the 800/1,200 mg cohort, and all four patients
in the 1,200/2,000 mg cohort. With a median follow-up of
38.7 months (range: 14.4—44.5 months), the median duration
of response was 10.5 months (range: 8.5-37.0 months).

In the Phase II trial, the end of treatment response was 15%
with three PRs. Five additional patients had stable disease.

The best overall response was 30%, including one CR and
five PRs. Five patients had stable disease. With a median
follow-up of 28.8 months, the median PFS was 10.7 months
(95% confidence interval, 7.1-11.7). The median duration
of response for the six patients with CR or PR at any point
during treatment was 8.9 months (range: 0.8-26.1 months).
In patients who had received prior rituximab, the end of treat-
ment response and the best overall response were both 62.5%
in Phase I (n=5 responders, all PR). In Phase II, there were
no responders at the end of treatment, but the best overall
response was 20% (n=2, both PR). This study demonstrated
that obinutuzumab monotherapy is active in patients with
heavily pretreated relapsed/refractory CLL.

German CLLI | Phase Il trial

Owing to the potency of obinutuzumab and the tolerability
of chlorambucil in the older patient population, the German
CLL11 trial evaluated chlorambucil with or without anti-
CD20 monoclonal antibody therapy in previously untreated
elderly, unfit patients with CD20 positive CLL.* Based on
the results of the trial, in November 2013, the FDA approved
obinutuzumab as a first line therapy in this group of patients.
Patients had either Binet Stage C and/or symptomatic disease
and significant coexisting conditions as reflected by a CIRS
score higher than 6, or a creatinine clearance of 30—69 mL/min.
Patients were randomized on a 1:2:2 basis to chlorambucil
alone, chlorambucil plus rituximab, or chlorambucil
plus obinutuzumab. After 118 patients had been assigned to
chlorambucil alone, this arm was closed and enrollment con-
tinued on the other arms. Patients on the chlorambucil alone
arm were allowed to crossover to the obinutuzumab plus
chlorambucil group if they had progressive disease during
their initial treatment or within 6 months of its completion.
Patients received six 28-day cycles of therapy. Chlorambucil
was given at a dose of 0.5 mg/kg on days 1 and 15 of each
cycle. Obinutuzumab was given intravenously at a dose of
1,000 mg on days 1, 8, and 15 of cycle 1 and on day 1 of
cycles 2—6. After it was noted that infusion reactions were
common with the first dose, the protocol was amended to
give the first infusion of obinutuzumab over a 2-day period.
Rituximab was given intravenously at a dose of 375 mg/m
squared on day 1 of cycle 1 and 500 mg/m squared on day 1
of cycles 2—6. Patients received premedications (intravenous
hydration, allopurinol, acetaminophen, antihistamine, and
glucocorticoids) for prevention of infusion reactions and
tumor lysis.

The primary end point of the trial was PFS. Secondary end
points included response rates, the rate of minimal residual
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Table 6 CLLI | trial baseline characteristics

Obinutuzumab/ Rituximab/ Chlorambucil
chlorambucil chlorambucil
N 333 330 118
Age (years, median) 74 (39-89) 73 (40-90) 72 (43-87)
CIRS score (median) 8 (0-22) 8 (0-18) 8 (0-18)
Creatinine clearance (mL/min), median 62.5 62.6 63.8
Binet Stage A (%) 22 22 20
Binet Stage B (%) 43 41 42
Binet Stage C (%) 35 37 37
Unmutated IgHV (%) 62 6l 59
Deletion 17p (%) 7 7 10

Note: Data from Goede et al.*

Abbreviations: CIRS, Cumulative lliness Rating Scale; IgHV, immunoglobulin variable region heavy chain; CLL, chronic lymphocytic leukemia.

disease (MRD) negative status at the end of treatment,
event-free survival, time to new treatment, overall survival,
adverse events, and patient-reported outcomes.

A total of 781 patients were enrolled. The baseline char-
acteristics of patients are summarized in Table 6. The median
age was 72 years for chlorambucil alone (range: 43—-87),
74 years for obinutuzumab plus chlorambucil (range: 39-89),
and 73 years for rituximab plus chlorambucil (range: 40-90).
The median CIRS score was 8 for the three groups of patients.
The median creatinine clearance was 63.8 mg/min for
chlorambucil, 62.5 mg/min for obinutuzumab plus chloram-
bucil, and 62.6 mg/min for rituximab plus chlorambucil.

Adverse events occurred more frequently with rituximab
plus chlorambucil and obinutuzumab plus chlorambucil
compared with chlorambucil alone (Table 7). Grade 3/4
infusion reactions occurred in 67 (20%) of obinutuzumab
plus chlorambucil patients compared with 12 (4%) of ritux-
imab plus chlorambucil patients. Grade 3/4 neutropenia
occurred in 111 (33%) of obinutuzumab plus chlorambucil
patients, 91 (28%) of rituximab plus chlorambucil patients,
and 18 (16%) of chlorambucil patients. Grade 3/4 infections
occurred in 40 (12%) of obinutuzumab plus chlorambucil
patients, 44 (14%) of rituximab plus chlorambucil patients, and
16 (14%) of chlorambucil patients. Other less common toxici-
ties included thrombocytopenia, anemia, and leucopenia.

Table 7 CLLI | serious adverse events (grade 3 or greater)

The primary endpoint, PFS, was significantly improved
in patients receiving obinutuzumab plus chlorambucil or
rituximab chlorambucil versus chlorambucil alone (Table 8
and Figure 2). PFS was 26.7 months with obinutuzumab
plus chlorambucil versus 11.1 months with chlorambu-
cil alone (hazard ratio 0.18, P<<0.001) and 16.3 months
with rituximab plus chlorambucil versus 11.1 months
with chlorambucil alone (hazard ratio 0.44, P<<0.001).
The benefit was seen in all groups except in patients with
deletion of chromosomel7p. Response rates were also
improved in patients who had received either rituximab
or obinutuzumab in addition to chlorambucil. The CR
plus PR rate was 77.3% (22.3% CR) for patients receiving
obinutuzumab plus chlorambucil, 65.7% (7.3% CR) for
rituximab plus chlorambucil compared with 31.4% (no
CRs) for chlorambucil alone (P<<0.001 for obinutuzumab
plus chlorambucil versus chlorambucil and rituximab plus
chlorambucil versus chlorambucil). The overall survival
was also improved in patients receiving obinutuzumab plus
chlorambucil compared with chlorambucil alone (hazard
ratio 0.41, P=0.002). There was no significant survival
benefit of rituximab plus chlorambucil over chlorambucil
alone at the time of the report.

Patients receiving obinutuzumab were also more likely
to achieve MRD negative status after treatment. In the

Obinutuzumab/chlorambucil

Rituximab/chlorambucil Chlorambucil

Any event (%) 70
Infusion reactions (%) 20
Neutropenia (%) 33
Anemia (%) 4
Thrombocytopenia (%) 10
Leukopenia (%) 4
Infections (%) 12
Pneumonia (%) 4
Febrile neutropenia (%) 2

55 50
4 0
28 16
4
3 4
| 0
14 14
5 3

Note: Data from Goede et al.*
Abbreviation: CLL, chronic lymphocytic leukemia.
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Table 8 CLLI | trial efficacy

Obinutuzumab/ Rituximab/ Chlorambucil P-value*
chlorambucil chlorambucil
CR 20.7% 7.0% 0%
PR 57.7% 58.1% 31.4%
Overall response 78.4% 65.1% 31.4% <0.001
MRD negative (blood) 37.7% 3.3% - <0.001
MRD negative (marrow) 19.5% 2.6% - <0.001
PFS 26.7 months 16.3 months 1.1 months <0.001
Deaths 9% 15% 20% 0.002

Notes: *P-value compares the combination of obinutuzumab/chlorambucil versus chlorambucil. Data from Goede et al.*
Abbreviations: MRD, minimal residual disease; PFS, progression-free survival; CR, complete response; PR, partial response.

peripheral blood, 37.7% of obinutuzumab plus chloram-
bucil patients were MRD negative compared with 3.3% of
rituximab plus chlorambucil patients (P<<0.001). In the bone
marrow, 19.5% of obinutuzumab plus chlorambucil patients
were MRD negative compared with 2.6% of rituximab plus
chlorambucil patients (P<<0.001). These results indicate that
obinutuzumab plus chlorambucil is more efficacious than
either chlorambucil alone or rituximab plus chlorambucil
and that the combination has a manageable toxicity profile
in this unfit patient population.

Conclusion and future directions

Older patients with CLL, especially those with significant
comorbidities, do not derive the same benefit of intensive
chemoimmunotherapy regimens than younger patients
do. Obinutuzumab plus chlorambucil is an effective
treatment option for these unfit patients. Recently, two
kinase inhibitors have been approved for the treatment of
CLL. Ibrutinib is a first in class, oral covalent inhibitor of

Stratified hazard ratio for

< 1.0 progression of death with
2 094 G-Clb, 0.39 (95% ClI,
2 08 0.31-0.49)
5 o
5@ 074 3 P<0.001
29 06 .
BE 05f - - - -~ | AP
3.9 044 D, G-Clb
9 03 Uy
&9 5o ! ‘o
o ! %t st 1. 4 R-Clb
g 011 |~ 152 . 267
S 00 _— e e
0 3 6 9 12 15 18 21 24 27 30 33 36 39
Months

Number at risk
G-Clb 333 307 302 278 213156 122 93 60 34 12 4 1 0
R-Clb 330317 309 259163114 72 49 31 14 5 2 0 O

Figure 2 CLLI | trial progression-free survival.

Notes: From The New England Journal of Medicine, Goede V, Fischer K, Busch R,
etal, Obinutuzumab plus chlorambucil in patients with CLL and coexisting conditions,
370(12), 1101-1110. Copyright © 2014 Massachusetts Medical Society. Reprinted
with permission from Massachusetts Medical Society.*

Abbreviations: Cl, confidence interval; G-Clb, obinutuzumab-chlorambucil; R-Clb,
rituximab-chlorambucil.

Bruton’s tyrosine kinase, an enzyme essential in B-cell
signaling.*® Ibrutinib was approved by the FDA in Febru-
ary 2014 for the treatment of patients with CLL who had
received at least one prior therapy and for patients (regard-
less of prior treatment) with deletion of chromosomel7p.
This approval was based on the results of a Phase III
multicenter trial of ibrutinib versus ofatumumab in 391
patients with relapsed or refractory CLL, the RESONATE
trial.*’ Patients were eligible if they had received at least
one prior therapy and were considered inappropriate for
purine analogue treatment due to a short progression-
free interval after chemoimmunotherapy or because of
comorbidities, age greater than 70 years, or deletion of
chromosome 17p. Ibrutinib significantly prolonged PFS
that, after a median follow-up of 9.4 months, was not
reached compared with a median PFS of 8.1 months with
ofatumumab (hazard ratio 0.22, P<<0.001). Ibrutinib also
significantly prolonged overall survival (hazard ratio,
0.43, P=0.005). The most common serious adverse events
were infections, which occurred in 24% of ibrutinib and
20% of ofatumumab patients.

The second new agent is idelalisib. Idelalisib is a potent,
oral, small molecule inhibitor of the delta isoform of phos-
phatidylinositol 3-kinase that mediates B-cell receptor
signaling and is important in the pathogenesis of CLL.*
In the registration trial, eligible patients had CLL that had
progressed within 24 months of their last treatment and were
not able to receive cytotoxic agents due to severe neutro-
penia or thrombocytopenia caused by cumulative myelo-
toxicity from previous therapies, an estimated creatinine
clearance of less than 60 mL/min or a CIRS score of more
than 6. Patients received rituximab plus either idelalisib
or placebo.® At 24 weeks, the rate of PFS was 93% in the
idelalisib group as compared to 46% in the placebo group
(hazard ratio 0.15, P<<0.001). The median duration of PFS
was not reached in the idelalisib patients compared with
5.5 months in the placebo group. The overall survival was
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improved in the idelalisib group compared with placebo,

92% versus 80% at 12 months. The most common adverse

events in the idelalisib group were fever, fatigue, nausea,

chills, and diarrhea.

Although both of these new agents have significant activ-

ity, especially in patients with deletion of chromosomel7p,

they are both reserved for the treatment of patients with

relapsed disease at this time. Further studies are needed to

determine if they should be given in the front line setting.
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