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We conducted an international phase
2 trial to evaluate 2 dose levels of ofatu-
mumab, a human CD20 mAb, combined
with fludarabine and cyclophosphamide
(O-FC) as frontline therapy for chronic
lymphocytic leukemia (CLL). Patients with
active CLL were randomized to ofatu-
mumab 500 mg (n =31) or 1000 mg
(n = 30) day 1, with fludarabine 25 mg/m?
and cyclophosphamide 250 mg/m? days
2-4, course 1; days 1-3, courses 2-6; ev-
ery 4 weeks for 6 courses. The first ofatu-
mumab dose was 300 mg for both cohorts.

The median age was 56 years; 13% of
patients had a 17p deletion; 64% had
B2-microglobulin > 3.5 mg/L. Based on
the 1996 National Cancer Institute Work-
ing Group (NCI-WG) guidelines, the com-
plete response (CR) rate as assessed by
an independent review committee was
32% for the 500-mg and 50% for the
1000-mg cohort; the overall response (OR)
rate was 77% and 73%, respectively.
Based on univariable regression analy-
ses, B2-microglobulin and the number of
O-FC courses were significantly corre-

lated (P < .05) with CR and OR rates and
progression-free survival (PFS). The most
frequent Common Terminology Criteria
(CTC) grade 3-4 investigator-reported ad-
verse events were neutropenia (48%),
thrombocytopenia (15%), anemia (13%),
and infection (8%). O-FC is active and
safe in treatment-naive patients with CLL,
including high-risk patients. This trial was
registered at www.clinicaltrials.gov as
NCT00410163. (Blood. 2011;117(24):
6450-6458)

Introduction

Chronic lymphocytic leukemia (CLL) remains the most common
form of adult leukemia in Western countries, with approximately
14 990 new cases and 4390 deaths in 2010 in the United States.!
The clinical course for CLL is highly variable, ranging from
patients who never require therapy to patients who require immedi-
ate therapy, rapidly develop refractory disease, and succumb to
their disease; up to two-thirds of all patients will eventually require
treatment.>3 Strategies for initial treatment have evolved over the
last decade. Historically, treatment was palliative, with complete
response (CR) rates < 10% for patients treated frontline with
alkylating agents such as chlorambucil monotherapy.* With the
advent of purine analogs such as fludarabine, both response rate
and progression-free survival (PFS) have improved compared with
chlorambucil.’ Subsequently, 3 large, randomized phase 3 frontline
studies reported superior PES and response rates with combined
fludarabine and cyclophosphamide (FC) compared with fludara-
bine monotherapy.®8 The introduction of the CD20 mAb rituximab

represented a significant advance, especially in combination with
fludarabine-based regimens.

The Cancer and Leukemia Group B 9712 phase 2 trial reported
a47% CR rate and 90% overall response (OR) rate with concurrent
fludarabine and rituximab.!® The phase 2 frontline study of
rituximab combined with FC (FCR) from the M.D. Anderson
Cancer Center reported a 72% CR rate, 95% OR rate, and median
time to progression of 80 months.!'> The combination of FC with
mitoxantrone and rituximab (FCM-R) has been evaluated in phase
2 frontline studies and also showed high response rates: 82%-83%
CR rates and 93%-96% OR rates.!>!* In one of the studies, the
authors concluded that outcomes with the FCM-R regimen did not
appear to differ from those of patients treated with FCR.!4 More
recently, the randomized phase 3 CLL8 study of the German CLL
Study Group reported significantly longer median PES (52 vs
33 months; P < .001) associated with superior response rates for
FCR versus FC (OR rate 95% vs 88% and CR rate 44% vs 22%,
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Assessed for eligibility (N = 67)

Excluded (n = 6) due to:

Not meeting inclusion criteria (n = 5)
Refusal to participate (n = 1)

Patients randomly assigned
(n=61)

500 mg ofatumumab + FC (n = 31):
Received all 6 planned courses (n = 22)

Entered follow-up after treatment
discontinuation (n = 4)

Withdrew from trial after treatment
discontinuation (n = 5)

1000 mg ofatumumab + FC (n = 30):
Received all 6 planned courses (n = 19)

Entered follow-up after treatment
discontinuation (n = 6)

Withdrew from trial after treatment
discontinuation (n = 5)

Entered follow-up (n = 26):
Completed follow-up (n = 2)
Withdrew from trial during follow-up (n = 4)

Entered follow-up (n = 25):
Completed follow-up (n = 2)
Withdrew from trial during follow-up (n = 4)

Analyzed (n = 31)

Analyzed (n = 30)

Figure 1. CONSORT (Consolidated Standards Of Reporting Trials) diagram. Phase 2 study of O-FC in previously untreated patients with CLL.

respectively; P < .001).!3 This represented one of the first random-
ized studies of CLL showing superior overall survival (OS) for a
frontline treatment: the 3-year OS rate was 87% with FCR
compared with 83% with FC; P = .012. Therefore, chemoimmuno-
therapy with a CD20 mAb is the current standard of care for fit
patients with CLL who can tolerate myelosuppression; alkylating
agents such as chlorambucil remain an option for older patients
with comorbidities.'®

Ofatumumab (Arzerra; GlaxoSmithKline and Genmab A/S) is a
human CD20 mAb that binds to a unique, membrane-proximal
epitope composed of both the large and small loops of CD20 that is
distinct from the epitope recognized by rituximab.!7!® Ofatu-
mumab showed more rapid and effective in vitro complement—
dependent cytotoxicity compared with rituximab, including in
primary CLL cells with low expression of CD20.!7-1° A phase 1/2
open-label trial of once-weekly ofatumumab for 4 weeks in
patients with relapsed/refractory CLL reported an OR rate of 50%
for the highest-dose cohort (dose 1, 500 mg; doses 2-4, 2000 mg;
n = 26).%° In a subsequent international pivotal trial, ofatumumab
monotherapy was administered weekly for 8 weeks, followed by
4 monthly infusions (dose 1, 300 mg; doses 2-12, 2000 mg) to
patients with fludarabine- and alemtuzumab-refractory CLL and
fludarabine-refractory CLL with bulky (> 5 cm) lymph nodes; the
OR rate was 58% and 47%, respectively.”! The estimated median
PFS was approximately 6 months and OS was 14-15 months.
Given this significant single-agent activity, we investigated the
efficacy and safety of 2 dose levels of ofatumumab combined

with FC (O-FC) in previously untreated patients with CLL. The
primary end point of this study was to estimate CR rates for each
dose cohort.

Methods

Patients

The health authorities and local independent ethics committees or institu-
tional review boards of all participating institutions approved the protocol,
amendments, and consent forms. The study, initiated on January 9, 2007, is
registered at www.clinicaltrials.gov as NCT00410163 and was conducted
in accordance with the Declaration of Helsinki and Guidelines for Good
Clinical Practice.

All patients provided informed consent. Eligible adult patients (= 18 years of
age) had active, treatment-naive CLL (CD5/CD20%/CD23"), circulating lym-
phocytes > 5 X 10%L, and an indication for treatment according to the 1996
National Cancer Institute-Working Group (NCI-WG) guidelines.?> Exclusion
criteria included known Richter transformation, central nervous system involve-
ment, infection requiring systemic treatment, clinically significant cardiac
disease, an uncontrolled medical condition, history of cerebrovascular
disease, HIV-1 infection, positive hepatitis B serology (unless consistent
with vaccination), or Eastern Cooperative Oncology Group (ECOG)
performance status > 2.

Study design and treatment

Baseline assessments included a physical examination, evaluation for
constitutional symptoms, computed tomography scan, blood sampling for
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Table 1. Pretreatment patient characteristics

Ofatumumab
1000 mg (n = 30)

Ofatumumab
500 mg (n = 31)

Characteristic, median (range)

Age,y 56 (38-73) 56 (38-72)

B-2M, mg/L 4 (1.8-11.5) 4 (2.1-10.7)

Lactate dehydrogenase, 1U/L 216 (125-566) 234 (147-1144)

Thymidine kinase, IU/L 23 (5-171) 32 (5-201)

Lymphocytes, x10%L 93 (4-302) 77 (8-307)

Neutrophils, x109/L 5(1.4-13.9) 4.4 (0.9-13.4)

Hemoglobin, g/dL 12 (8.0-14.9) 12.3 (6.6-15.8)

Platelets, x<109/L 168 (58-351) 135 (50-318)
Characteristic, no. of patients (%)

Rai stage -1V 12 (39) 16 (53)

Binet stage C 8 (26) 12 (40)

3-2M > 3.5 mg/L 19 (61) 20 (67)

ECOG performance status 1-2 15 (48) 12 (40)

Palpable lymph nodes > 5 cm 5(16) 5(17)

CD38-positive ( = 30%) 8 (26) 4(13)

Unmutated IGHV* 16 (52) 9 (30)

FISH genomic abnormalityt

17p del 2 (6) 6 (20)

11q del 7 (23) 3(10)

Trisomy 12 4 (13) 5(17)

No abnormality 5(16) 2(7)

13q del (sole) 12 (39) 13 (43)
O-FC courses received, no.

6 22 (71) 17 (57)

4-5 2 (6) 7% (23)

1-3 7 (23) 6 (20)

FISH indicates fluorescence in situ hybridization.

*Defined as = 98% homology to closest germline sequence.

tBased on Dohner hierarchy.24

FTwo patients in the 1000-mg cohort received all 6 infusions of ofatumumab but
no fludarabine and cyclophosphamide during treatment course 6.

hematology and biochemistry, and bone marrow examination. Analyses of
laboratory samples, including bone marrow biopsies and smears, were
performed by a central laboratory (Bio-Analytical Research Corporation).
Assessments of prognostic factors, including genomic abnormalities by
fluorescence in situ hybridization, immunoglobulin heavy chain variable
gene (/GHV) mutational status, and CD38 positivity, were also performed
by the central laboratory. Disease status was assessed by physical examina-
tion, presence of constitutional symptoms, and blood counts every 4 weeks
until week 24, and every 3 months after the last course until disease
progression or month 24. Bone marrow examination was performed after
course 3 and at 3 months after the end of treatment to confirm CR. After
month 24, patients were followed every 6 months to monitor B cells until
the cell count recovered to the normal range or to at least to the baseline
level, up to month 60 or until the start of a new CLL treatment.

This was a randomized, 2-dose, parallel cohort, open-label phase 2 trial
(Figure 1). Patients were randomized 1:1 to receive ofatumumab 500 mg or
1000 mg (day 1), combined with intravenous fludarabine 25 mg/m? and
cyclophosphamide 250 mg/m? (days 2-4 for course 1, days 1-3 for
subsequent courses) every 4 weeks for a total of 6 courses. The first dose of
ofatumumab was 300 mg for both cohorts. Before all ofatumumab
infusions, patients received acetaminophen 1000 mg and cetirizine 10 mg
or equivalents. Glucocorticoid equivalent to 100 mg of prednisolone was
also administered before the first and second infusion of ofatumumab; if no
grade 3 or 4 adverse events were observed with infusion 2, the glucocorti-
coid dose could be reduced for subsequent infusions at the discretion of the
investigator. A dose reduction for FC, but not ofatumumab, was recom-
mended for toxicity. Criteria for dose reduction to fludarabine 20 mg/m? and
cyclophosphamide 200 mg/m? were toxicities of grade 3 or higher. For
continued occurrence of cytopenias of at least grade 3, doses could be
further reduced to fludarabine 15 mg/m? and cyclophosphamide 150 mg/m?.
Patients were withdrawn from treatment for toxicities of grade 3 or higher
lasting more than 2 weeks in the setting of dose reduction. Allopurinol for

BLOOD, 16 JUNE 2011 - VOLUME 117, NUMBER 24

tumor lysis syndrome prophylaxis, anti-infective prophylaxis (eg, for
herpesvirus infections or Prneumocystis jiroveci pneumonia), and growth
factor support were permitted at the discretion of the investigator.

Efficacy evaluations

The primary end point was CR rate based on the 1996 NCI-WG criteria,
which was measured during the period from start of treatment until

Table 2. Responses to O-FC by pretreatment characteristics and
number of treatment courses received

Characteristic n* CR rate, % ORrate, %
All patients 61 41 75
Sex

Male 43 35 70

Female 18 56 89
Age,y

<65 50 44 76

=65 11 27 73
ECOG performance status

0 34 47 82

1-2 27 33 67
Palpable lymph nodes

=5cm 51 39 78

>5cm 10 50 60
Rai stage

0-ll 33 36 73

-1V 28 46 79
Binet stage

A 8 38 75

B 33 42 79

C 20 40 70
B-2mt

< 4 mg/L 32 53 84

= 4 mg/L 28 29 68
Lactate dehydrogenaset

< 228 IU/L 30 40 77

=228 IU/L 31 42 74
Thymidine kinaset

< 291U/L 29 45 76

=29 |U/L 30 40 80
ALCY

<90 x 10%L 31 45 81

=90 X 109L 30 37 70
CD38 expression (%)

<30 48 44 77

=30 12 33 67
IGHV mutation status

Mutated 28 46 75

Unmutatedt 25 36 84
FISH genomic abnormalitym§

17p del 8 13 63

11q del 10 40 70

Trisomy 12q 8 63 63

No abnormality 7 71 100

13q del (sole) 25 32 80
O-FC courses received, no.

6 39 56| 92|

4-5 9 33 78

1-3 13 0 23

ALC indicates absolute lymphocyte count; and FISH, fluorescence in situ
hybridization.

*Patient numbers do not add up to N = 61 for some of the categories due to
missing assessments.

tCutoff values were based on median levels at baseline.

1Defined as = 98% homology to closest germline sequence.

§Based on Dohner hierarchy.?*

|P < .05, Fisher’s exact test.
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Table 3. Univariable logistic and Cox regression analyses for
clinical outcomes

Outcome n  Odds or hazard ratio P
CR
B-2M*t 60 < 1.000 .022
Thymidine kinase*t 59 0.983 .044
Completion of 6 O-FC courses 61 7.027 .002
OR
B-2M*t 60 < 1.000 .010
SPD of lymph nodes by physical 61 0.983 .034
exam*t
Completion of 6 O-FC courses 61 11.556 < .001
PFS
B-2M*t 60 >1.000 .007
Lactate dehydrogenase*t 61 1.005 .009
ECOG performance status 0t 61 0.139 .013
Completion of 6 O-FC courses 61 0.138 .004

SPD indicates sum of product of diameters.
*Evaluated as continuous variables.
TAt baseline.

3 months after the last infusion. Secondary efficacy end points included
duration of response (time from initial response to disease progression or
death), PFS (time from randomization to disease progression or death),
time-to-next CLL therapy (time from randomization to administration of
CLL therapy other than the study drug), and correlation of outcomes with
prognostic factors. OR and OS (time from randomization to death) were
also assessed. Responses and disease progression were determined by an
independent review committee. Computed tomography scans were per-
formed 3 months after the end of treatment to confirm CR, but imaging data
were not included in the response assessment presented in this paper.

Safety evaluations

Investigators graded adverse events according to the Common Terminology
Criteria for Adverse Events (CTCAE) version 3.0 and assigned attribution.
Blood samples were taken at screening and at each ofatumumab infusion
visit for blood chemistries and counts performed by central laboratories
(Bio-Analytical Research Corporation). Laboratory abnormalities were
graded according to CTCAE Version 3.0. Blood samples were also drawn at
screening, after course 3, and at 6 and 18 months after the last ofatumumab
infusion for analysis of human anti-human IgG antibodies.

Statistical analysis

The primary objective of the study was to estimate the CR rate and the
corresponding 2-sided 95% confidence interval (CI) for each dose cohort.
With an expected CR rate of 70%, a sample size of 28 in each cohort was
needed to observe a 17% difference from the response rate to the lower limit
of the 95% CI. The study was not powered to detect differences in end
points between dose cohorts. Analyses were performed on the full analysis
set, including all patients who were exposed to study drug. PFS and OS
were determined using Kaplan-Meier estimates. Adverse events and clinical
safety end points were reported using descriptive statistics.

Results
Patients and treatment

Sixty-one patients were enrolled from 17 centers in 5 countries and
randomized to the ofatumumab 500-mg (n = 31) or 1000-mg
(n = 30) dose cohorts; the median (range) patient age for both
groups was 56 years (range 38-73 and 38-72, respectively; Table
1). The 17p deletion was found in 13% of all patients and the
median serum (3-2 microglobulin (3-2M) was 4 mg/L. Overall,
64% of patients completed all 6 courses of O-FC therapy and 79%
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completed 4 or more courses (Table 1). The most common reason
for premature treatment discontinuation was prolonged cytopenia,
occurring in 38% of patients receiving 3 or fewer courses of O-FC
(3 patients with grade 4 neutropenia, 1 patient with grade
3 thrombocytopenia, and 1 patient with grade 3 leukopenia) and in
56% of patients receiving 4-5 courses of O-FC (3 patients with
grade 3 or 4 neutropenia and 2 patients with grade 2 thrombocyto-
penia; supplemental Table A1 [available on the Blood Web site; see
the Supplemental Materials link at the top of the online article]).

Efficacy

The CR rate (95% CI) by independent review committee evalua-
tion was 32% (17%-51%) in the ofatumumab 500-mg cohort and
50% (31%-69%) in the 1000-mg cohort. The OR rate (95% CI) was
77% (59%-90%) and 73% (54%-88%), respectively, with one
nodular partial response in each cohort. Differences in response
rates were not statistically significant, although the study was not
designed to detect differences in end points between dose cohorts.
Compared with studies of chemoimmunotherapy in frontline
CLL,'>15 a higher proportion of patients in this study had baseline
3-2M levels of > 3.5 mg/L (61% in the 500-mg cohort and 67% in
the 1000-mg cohort) and 17p deletion (6% in the 500-mg cohort
and 20% in the 1000-mg cohort), indicating that this was a
higher-risk group of frontline patients.

Principal investigator and sponsor review of data for the
19 patients who achieved partial response revealed that 8 of these
patients had persistent cytopenias (n = 5 in the 500-mg cohort and
n = 3 in the 1000-mg cohort) with no evidence of residual disease.
These patients fulfilled all criteria for CR with recovery of blood
counts during the follow-up period (month 6 or beyond). In
addition, 3 patients had no evidence of residual CLL but did not
have a confirmatory bone marrow evaluation. Of the 8 patients who
achieved PR with evidence of residual disease, 5 had disease in the
marrow with > 30% lymphocytes, 2 had splenomegaly, and 1 had
an elevated lymphocyte count.

Five patients (n = 3 in the 500-mg cohort and n = 2 in the
1000-mg cohort) had stable disease, 4 of whom received only
2 courses of treatment; 3 patients had persistent disease in the
lymph nodes, and 1 patient had persistent disease in the blood. For
the patient with stable disease who received 6 courses, persistent
hepatomegaly was observed. Among the 7 patients (n = 2 in the
500-mg cohort and n =15 in the 1000-mg cohort) who had
progressive disease, 3 (all in the 1000-mg cohort) had both 17p
deletion and elevated (> 4 mg/L) 3-2M and 2 patients had elevated
3-2M. The predominant site for disease progression was the lymph
nodes in 6 patients and the spleen in 1 patient. Three patients
(n = 2 in the 500-mg cohort and n = 1 in the 1000-mg cohort) who
received only 1 course of O-FC were not evaluable for response
and were considered treatment failures.

The CR and OR rates were 41% and 75%, respectively, for the
dose cohorts combined. Response rates by patient subgroups are
shown in Table 2. Serum 3-2M levels of at least 4 mg/L and 17p
deletion were associated with lower CR rates. Both the CR and OR
rates were lower for patients who received 3 courses of treatment or
fewer. Exploratory univariable regression analyses were performed
for all characteristics (as continuous variables for noncategorical
items) listed in Table 2. Results showed a higher likelihood for CR
associated with lower pretreatment 3-2M and thymidine kinase
(Table 3). A higher likelihood for response was associated with
lower 3-2M and a smaller sum product of lymph node diameters by
physical examination at screening. Finally, longer PFS was associ-
ated with lower 3-2M level, lower serum lactate dehydrogenase,
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Figure 2. PFS and OS in patients treated with O-FC.
(A) PFSin patients (N = 61) treated with O-FC. PFS was
defined as the time from randomization until disease
progression or death. Median follow-up time was
8 months. (B) OS in patients (N = 61) treated with O-FC.
OS was defined as the time from randomization until
death. Median follow-up time was 8 months.
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and ECOG performance status of 0 at screening. Completion of
6 O-FC courses was associated with higher CR and OR rates and
longer PFS (Table 3). The median duration of response, time-to-
next treatment, PFS (Figure 2A), and OS (Figure 2B) could not be
estimated with a median follow-up of 8 months.

Safety

Ofatumumab infusion—related reactions were common and primar-
ily occurred with the first and second courses and decreased with
subsequent infusions; all were grade 1 or 2 (Figure 3). The most
commonly reported (> 15% of all patients) adverse events (all
grades) from the start of treatment until 30 days after the last dose
of treatment were neutropenia (48%), infection (38%), nausea
(41%), thrombocytopenia (26%), rash (25%), vomiting (23%),

18

I T 1
20 22 24

fever (21%), headache (18%), and fatigue (18%). The most
common grade 3 or 4 reported adverse events are shown in Table 4.
Hematologic toxicity by laboratory evaluation (using CTCAE
version 3.0 grading) showed that 87% of patients in each dose
cohort had at least one event of grade 3 or 4 neutropenia during
treatment. Based on laboratory values, 16% of patients in the
500-mg cohort and 27% in the 1000-mg cohort had grade 3 or
4 anemia, and 10% and 27%, respectively, had grade 3 or
4 thrombocytopenia. A possible explanation for the incidence of
laboratory-assessed cytopenia with O-FC was the presence of
pretreatment baseline cytopenia in 29% of patients in the 500-mg
cohort and in 33% of patients in the 1000-mg cohort (data not
shown). A total of 26% of patients had baseline grade 1 anemia,
10% had baseline grade 1 thrombocytopenia, and 7% had baseline
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Figure 3. Ofatumumab infusion-related reactions 100 —
over the course of treatment. All patients received
ofatumumab 300 mg for course 1. All infusion reactions 90 -
on the day of ofatumumab infusion were CTC grade 1 or
2 events. a0 -
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O-FC (500 mg) M O-FC (1000 mg)

O-FC (500 mg) n (%) = 31 (39)
O-FC (1000 mg) n (%) = 30 (40)

grade 1 neutropenia as assessed using laboratory values and
CTCAE version 3.0 grading.

Fludarabine and cyclophosphamide dose reductions or with-
holding occurred in 14 patients, primarily due to cytopenias
(n = 12); 6 patients withdrew from treatment despite dose
reductions. In the 500-mg cohort, 9 patients withdrew from
treatment for the following reasons: cytopenias (n = 3), autoim-
mune hemolytic anemia requiring treatment (n = 2), myocardial
infarction (n = 1), nonresponse (n = 2), or patient request
(n = 1). In the 1000-mg cohort, 13 patients withdrew for the
following reasons: cytopenias (n = 7), autoimmune hemolytic
anemia requiring treatment (n = 1), nonresponse (n = 1), chest
discomfort (n = 1), patient request (n = 1), death (n = 1), or
investigator’s decision (n = 1; Table 5). Age (< 65 years
vs = 65 years) was not significantly correlated with the ability
to receive all 6 cycles of O-FC when considering patients who
developed grade 3 or 4 neutropenia by laboratory evaluation
within 30 days of the last infusion (74% vs 45%: P = .081).

Two patients died during the study. One patient (500-mg cohort)
died due to febrile neutropenia during the follow-up period 50 days
after the sixth ofatumumab infusion. One patient (1000-mg cohort)
died due to dyspnea (etiology unknown) during the treatment
period 19 days after the second ofatumumab infusion. A third
patient (1000-mg cohort) died after withdrawal from the study

Table 4. Most common investigator-reported* grade 3-4 adverse
events with O-FC

Adverse event, Ofatumumab 500 mg Ofatumumab 1000 mg
no. of patients (%) (n=31) (n = 30)
Neutropenia 11 (35) 18 (60)
Thrombocytopenia 2 (6) 7 (23)
Anemia 2 (6) 6 (20)
Febrile neutropenia 3(10) 3(10)
Infections 1(3) 4 (13)
Sepsis 0 (0) 2(7)
Herpes virus 1(3) 0 (0)
Respiratory 0(0) 1(3)
Unspecified 0 (0) 1(3)

*Reported in = 10% of patients in either dose cohort from start of treatment until
30 days following completion of treatment; grading by CTCAE Version 3.0.

1 2 3 4 5 6

Treatment course

29 (31) 26 (8) 24 (4) 23 (13) 22 (9)
28 (36) 25 (0) 24 (8) 21(0) 19 (0)

186 days after the second ofatumumab infusion; this death was
related to neutropenia after alternative therapy for progressive
disease.

Discussion

The results from the present study demonstrate that O-FC is an
active frontline chemoimmunotherapy regimen for patients with
CLL. Both dose cohorts showed significant activity with O-FC.
Although the trial was not powered to compare outcomes and the
CR rate was not statistically different between the cohorts, there
was a trend for a higher CR rate with the ofatumumab 1000-mg
(50%) cohort compared with the 500-mg (32%) cohort. In addition,
principal investigator and sponsor review of the data determined
that 5 patients (16%) in the 500-mg cohort and 3 (10%) in the

Table 5. Summary of treatment withdrawals and number of O-FC
courses completed

No. of patients

Number of courses received Ofatumumab Ofatumumab
and reason for treatment 500 mg 1000 mg Total
withdrawal (n=31) (n = 30) (N=261)
Did not receive 6 courses of
O-FC 9 13 22
Received 3 or fewer courses of O-FC due to:
Cytopenias 2 &) 5
AIHA 1 1
Nonresponse 2 1 3
Patient request 1 1
Myocardial infarction 1 1
Chest discomfort 1 1
Death 1 1
Received 4-5 courses of O-FC
due to:
Cytopenias 1 4* 5*
AIHA 1 1 2
Investigator decision 1 1
Patient request 1 1

AlHA indicates autoimmune hemolytic anemia.
*Two patients in the 1000-mg cohort received all 6 infusions of ofatumumab but
no fludarabine and cyclophosphamide during treatment course 6 due to cytopenias.
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1007 O-FC (500mg)
90—
80—
70—
60—
50—

40—

Proportion of patients (95)

30—

20—

10—

1 2 <} 4
Treatment course

26 (42) 24 (50)
25 (72) 24 (33)

O-FC (500mg) n (%) = 31 (52)
0-FC (1000mg) n (%) = 30 (53)

29 (45)
28 (43)

1000-mg cohort could be considered a CR with incomplete bone
marrow recovery at response assessment according to the 2008
NCI-WG guidelines.?* The flat 1000-mg dose is similar to the
rituximab dose used in the FCR regimen for courses 2 to 6, with a
lower dose of ofatumumab administered for course 1 (300 mg vs
375 mg/m? with rituximab); the 50% CR rate with O-FC is
comparable to that reported with the phase 3 CLLS8 frontline FCR
study (44% CR).13

The OR rate observed with O-FC in this study (73% and 77%)
was lower than that reported with other frontline chemoimmuno-
therapy regimens.?!215 The lower OR rate in our study may have
been related to the higher-risk profile of this patient population and
to response being evaluated by an independent review committee.
Elevated B-2M identified patients at increased risk for lower
response and shorter PFS with frontline chemoimmunotherapy.'>!3
The median 3-2M of 4 mg/L and the proportion of patients with
3-2M greater than 3.5 mg/L in our study (64%) were higher than

100—
90—
80—

70—

50—

40—

Proportion of patients (95)

30—

20—

10—

Figure 5. Incidence of laboratory-assessed CTC grade
3 or 4 anemia by treatment course. Laboratory values
were assigned to treatment course based on date of labora-
tory measurement in relation to ofatumumab infusion.

B O-FC (1000mg)

O-FC (500mg) n (%) = 31 (13)
O-FC (1000mg) n (%) = 30 (23) 28 (4)
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Figure 4. Incidence of laboratory-assessed CTC grade
3 or 4 neutropenia by treatment course. Laboratory
values were assigned to treatment course based on
date of laboratory measurement in relation to ofatu-
mumab infusion.

23 (26)
21 (38)

22 (14)
19 (42)

those for patients evaluated in frontline FCR or FCM-R trials.!?-1>
Results from univariable regression analyses in our study showed
that the increased -2M level was significantly correlated with
lower CR and OR rates and shorter PFS. Furthermore, deletion of
chromosome 17p is a high-risk feature associated with poor
outcomes across treatments, including the FCR and FCM-R
regimens.'>!315 In our study, 17p deletion was detected in 13% of
patients, including 20% of patients in the 1000-mg cohort, which
was higher than the expected 4%-8% incidence of 17p deletion
reported in previously untreated patients.®%!%1315.24 The small
patient numbers in our study limited our ability to identify
pretreatment factors associated with responses, and the current
short follow-up time limits time-to-event analyses.

As expected, ofatumumab infusion-related reactions were
mainly observed with the first and second infusions; all were grade
1 or 2 events. No apparent differences were observed in the frequency or
severity of these reactions between dose cohorts. The overall incidence

O-FC (500mg) B ©-FC (1000mg)
; 1 ; ;
1 2 3 4 5 6

Treatment course

29 (7) 26 (4) 24 (8) 23 (0) 22 (0)

25 (0) 24 (4) 21 (0) 19 (0)
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Figure 6. Incidence of laboratory-assessed CTC grade 100—
3 or 4 thrombocytopenia by treatment course. Labo-
ratory values were assigned to treatment course based 90—
on date of laboratory measurement in relation to ofatu-
mumab infusion. 80—

70—
60—
50—

40—

Proportion of patients (35)

30—

20—

10—
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O-FC (500 mg) B O-FC (1000mg)

1 - 3 4 5 6

Treatment course

O-FC (500mg) n (%)= 31(8) 29 (7) 26 (0) 24 (4) 23 (0) 22 (5)
O-FC (1000mg) n (%) = 30 (20) 28 (7) 25 (4) 24 (8) 21(0) 19 (0)

of grade 3 or 4 adverse events (70%) appeared comparable to that
reported for frontline FCR (77%)."3 Investigator-reported myelosuppres-
sion was the most frequent grade 3 or 4 adverse event with O-FC, with
grade 3 or 4 neutropenia reported in 48% of all patients. Frontline FC
can be associated with substantial myelosuppression, with grade 3 or 4
neutropenia reported in 21%-69% of patients.®3!5 In the phase 3 CLL8
trial, the incidence of investigator-reported grade 3 or 4 neutropenia
adverse events was significantly higher in the FCR arm compared with
the FC arm (34% vs 21%; P < .0001),"> and was comparable to that
observed in this trial. The mechanism for increased neutropenia with the
addition of CD20 mAb is unknown and requires further investigation.
Based on available laboratory assessments, grade 3 or 4 neutropenia
occurred in 87% of patients in each cohort, suggesting that the incidence
of neutropenia was likely independent of the ofatumumab dose level
(Figure 4). Although the incidence of grade 3 or 4 anemia and
thrombocytopenia appeared higher in the 1000-mg cohort, the differ-
ences were not statistically significant. These grade 3 or 4 events
primarily occurred during the first treatment course and were uncom-
mon in subsequent courses (Figures 5 and 6). Grade 3 or 4 infections
were observed in 8% of patients (13% of patients in the 1000-mg
cohort), and these infection rates appeared favorable relative to the 26%
incidence reported with the FCR regimen.'> Moreover, despite the 87%
incidence of grade 3 or 4 neutropenia based on laboratory assessments,
infections were manageable, with only 2 patients experiencing sepsis.
Although one-third of our patients discontinued treatment, this
was not unexpected given that 26% of patients were unable to
complete all 6 courses of FCR in the phase 2 and 3 studies.!’!>13
Cytopenias leading to treatment withdrawal were less frequent
among patients who received 3 or fewer courses of O-FC compared
with those who received 4-5 courses (Table 5). In addition, the
overall incidence of cytopenias leading to treatment withdrawal in
our study (16%) was similar to that reported with FCR (13%).!112
The high CR rate (up to 50%) despite the high-risk disease
features seen in our patient population suggests that the O-FC
regimen may provide another chemoimmunotherapy option for
previously untreated patients with CLL who can tolerate potential
myelosuppression. Adverse events were manageable, with no
unexpected toxicities, and the safety profile of O-FC appeared to be
consistent with other CD20 mAb-based chemoimmunotherapy
regimens. Analyses of secondary end points are ongoing, including

pharmacokinetic analyses. Further follow-up continues on this
study to collect time-to-event end points, which will also be
important in evaluating outcomes with O-FC treatment in the
context of currently available frontline regimens. The 1000-mg
dose of ofatumumab is being assessed in additional studies of
combination regimens in patients with CLL.

Acknowledgments

We thank the patients and the following investigators in the
Hx-CD20-407 study for their participation: from the Czech Repub-
lic, T. Kozdk and M. Trnény; from Germany, U. Diihrsen and
N. Schmitz; from the United Kingdom, G. Follows and P. Hillmen;
and from the United States, S. Gregory and L. C. Pinter-Brown. We
also thank the Independent Data Monitoring Committee:
H. Hagberg, P. Johnson, and B. Nilsson.

Editorial support in the form of data review and compilation,
development and revisions of the outline, and subsequent manu-
script drafts under the direction of the first author, incorporation of
author comments, and development of tables and figures was
provided by Maoko Naganuma (GlaxoSmithKline, Collegeville,
PA). Editorial support in the form of development of outline and
manuscript first draft, collation of author comments, copyediting,
referencing, and graphic services was provided in part by Samantha
Taylor, PhD, Medicus International New York, and was funded by
GlaxoSmithKline. W.G.W. is a Leukemia & Lymphoma Society
Clinical Scholar.

This study was cosponsored by Genmab A/S and GlaxoSmithKline.

Authorship

Contribution: W.G.W. conceived and designed the study; J.D.,
FJH.--L, GH, TJK., JM., S.P, LS. S.S., and W.G.W. provided
study materials or patients; G.C., J.D., L.G., R.G., TJ.K., JM.,
C.A.R., and W.G.W. collected and assembled data; C.-N.C., G.C.,
1.G.,M.G,, FJ.H.-I., TN,, S.P, C. AR, S.S., and W.G.W. analyzed
and interpreted data; G.C., .G., M.G., G.H., TJK., TN., S.P,
C.AR., and W.G.W. prepared the manuscript; and all authors
approved the final manuscript.

20z aunr g0 uo 3senb Aq Jpd 0579001 | ¥208UZ/YOIBEE L/0SY9/¥T/L L L/pd-8loie/poo|qAau suoledlgndyse//:djy woly papeojumoq



6458  WIERDAet al

Conflict-of-interest disclosure: G.C., C.-N.C, I.G., and M.G. are
employees of GlaxoSmithKline; G.C., I.G., and M.G. are Glaxo-
SmithKline stockholders; T.N. and C.A.R. are former employees of
Genmab; C.A.R. is a Genmab stockholder; F.J.H.-I. was a consul-
tant for Amgen; J.M. has consulted or advised for GlaxoSmithKline;
J.D. has received honoraria from GlaxoSmithKline; L.S. has
consulted or advised for GlaxoSmithKline and received honoraria
from Genzyme, Bayer-Schering Pharma, and Roche; S.S. has
consulted or advised for GlaxoSmithKline and Genmab, received
honoraria from GlaxoSmithKline and Genmab, received research

BLOOD, 16 JUNE 2011 - VOLUME 117, NUMBER 24

funding from GlaxoSmithKline and Genmab; S.P. has consulted or
advisedforGlaxoSmithKlineandreceivedhonorariatfromGlaxoSmith-
Kline; and W.G.W. has received honoraria and research funding
from GlaxoSmithKline. The remaining authors declare no compet-
ing financial interests.

A complete list of the members of the 407 Study Investigators
appears in the online supplemental Appendix.

Correspondence: William G. Wierda, University of Texas,
M. D. Anderson Cancer Center, 1515 Holcombe Blvd, Unit 428,
Houston, TX 77030; e-mail: wwierda@mdanderson.org.

References

1.

Jemal A, Siegel R, Xu J, Ward E. Cancer statis-
tics, 2010. CA Cancer J Clin. 2010;60(5):277-
300.

Dighiero G. Unsolved issues in CLL biology and
management. Leukemia. 2003;17(12):2385-2391.
Dighiero G, Maloum K, Desablens B, et al.
Chlorambucil in indolent chronic lymphocytic leu-

10.

Byrd JC, Rai K, Peterson BL, et al. Addition of
rituximab to fludarabine may prolong progres-
sion-free survival and overall survival in patients
with previously untreated chronic lymphocytic
leukemia: an updated retrospective comparative
analysis of CALGB 9712 and CALGB 9011.
Blood. 2005;105(1):49-53.

Hodgkin lymphomas. Blood. 2004;104(6):1793-
1800.

Teeling JL, Mackus WJ, Wiegman LJ, et al. The
biological activity of human CD20 monoclonal
antibodies is linked to unique epitopes on CD20.
J Immunol. 2006;177(1):362-371.

Pawluczkowycz AW, Beurskens FJ, Beum PV,

kemia. French Cooperative Group on Chronic 11. Kelaﬁnfg Mth O'Brien S, Alﬁitar M, etal. Earlfyﬂre- et al. Binding of submaximal C1q promotes
Lymphocytic Leukemia. N Engl J Med. 1998; sults of a chemoimmunotherapy regimen of flu- . i
328(’;1):1},506—1514. g darabine, cyclophosphamide, and rituximab as compIemeqt—depgndent'_cytotox|cny (CDO) _Of B
8 . . initial therapy for chronic lymphocytic leukemia cells opsonized with anti-CD20 mAbs ofatu
4. Wierda WG, O'Brien SM. Initial therapy for pa- JClinO Iy2005_23 18 Y4O79 4088 : mumab (OFA) or rituximab (RTX): considerably
tients with chronic lymphocytic leukemia. Semin in ©ncol. - ’ (_ ): B . higher levels of CDC are induced by OFA than by
Oncol. 2006;33(2):202-209. 12. Tam |?S'f?r;8rfl|ez S, ‘Q{'erda V‘{ eLa'- '-:“gj;jefm RTX. J Immunol. 2009;183(1):749-758.
; . results of the fludarabine, cyclophosphamide, .
5 g::aﬁf:{;:;ﬂ:;?eibiﬁ? gﬁ:gf:r:bzgi :; T)Il.'ir'::ry and rituximab regimen as initial therapy of chronic 20. gr?éﬁ;fliicl_egfri};et ipgiirs:? II_IMP; e,tnilﬁsr:l;itg-
therapy for chronic lymphocytic leukemia. N Engl lymphocytic leukemia. Blood. 2008;112(4):975- casy Lrauman, & ALy aum
’ ) 980. clonal anti-CD20 antibody, in patients with re-
J Med. 2000;343(24):1750-1757. . ) . lapsed or refractory B-cell chronic lymphocytic
6. Catovsky D, Richards S, Matutes E, et al. As- 13. Bosch F, Abrisqueta P, Villamor N, et al. Ritux- leukemia: a phase 1-2 study. Blood. 2008;111(3):
sessment of fludarabine plus cyclophosphamide ;:?r%n fielfc;ar:aes’\:nsi‘gﬁycllZEH\(/):E:Z:\E?:Eliz;mtox- 1094-1100.
trial. Lancet. 2007;370(9583):230-239. leukemia. J Clin Oncol. 2009;27(27):4578-4584. meab as smfgle-agenthCDZ_Ollmml;nothfarlami( in
7. Eichhorst BF, Busch R, Hopfinger G, et al. Flu- 14. Faderl S, Wierda W, O'Brien S, Ferrajoli A, #gazag;?neorigiftgg gzrga'g)wzgoggg e
darabine plus cyclophosphamide versus fludara- Lerner S, Keating MJ. Fludarabine, cyclophosph- i ] ’ ] !
bine alone in first-line therapy of younger patients amide, mitoxantrone plus rituximab (FCM-R) in 22. (_Jheson BD, Benn_ettJM, Grever M, et a_\l. Na-
with chronic lymphocytic leukemia. Blood. 2006; frontline CLL <70 Years. Leuk Res. 2010;34(3): tlopal Qancer Instltu_te-sponsoreq Workmg Group
107(3):885-891. 284-288. gy|del|n§s fqr chronlcl Iymphpcyuc leukemia: re-
8. Flinn IW, Neuberg DS, Grever MR, et al. Phase Il 15- Hallek M, Fischer K, Fingerle-Rowson G, et al. vised gu|del|.nes for-d|agn03|s and treatment.
trial of fludarabine plus cyclophosphamide com- Addition of rituximab to fludarabine and cyclo- Blood. 1996;87(12):4990-4997.
pared with fludarabine for patients with previously phosphamide in patients with chronic lymphocytic  23. Hallek M, Cheson BD, Catovsky D, et al. Guide-
untreated chronic lymphocytic leukemia: US In- leukaemia: a randomised, open-label, phase 3 lines for the diagnosis and treatment of chronic
tergroup Trial E2997. J Clin Oncol. 2007;25(17): trial. Lancet. 2010;376(9747):1164-1174. lymphocytic leukemia: a report from the Interna-
793-798. 16. Eichhorst BF, Busch R, Stilgenbauer S, et al. tional Workshop on Chronic Lymphocytic Leuke-
9. Byrd JC, Peterson BL, Morrison VA, et al. Ran- First-line therapy with fludarabine compared with mia updating the N_atio_nal Cancer Institute-Work-
domized phase 2 study of fludarabine with con- chlorambucil does not result in a major benefit for ing Group 1996 guidelines. Blood. 2008;111(12):
current versus sequential treatment with ritux- elderly patients with advanced chronic lympho- 5446-5456.
imab in symptomatic, untreated patients with cytic leukemia. Blood. 2009;114(16):3382-3391. 24. Déhner H, Stilgenbauer S, Benner A, et al.
B-cell chronic lymphocytic leukemia: results from 17. Teeling JL, French RR, Cragg MS, et al. Charac- Genomic aberrations and survival in chronic lym-

Cancer and Leukemia Group B 9712 (CALGB
9712). Blood. 2003;101(1):6-14.

terization of new human CD20 monoclonal anti-
bodies with potent cytolytic activity against non-

phocytic leukemia. N Engl J Med. 2000;343(26):
1910-1916.

20z aunr g0 uo 3senb Aq Jpd 0579001 | ¥208UZ/YOIBEE L/0SY9/¥T/L L L/pd-8loie/poo|qAau suoledlgndyse//:djy woly papeojumoq



