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ABSTRACT

‘ ﬁ ’e compared two dosing schedules for subcutaneous injections
of a low-dose humanized anti-CD20 antibody, veltuzumab, in
immune thrombocytopenia. Fifty adults with primary immune

thrombocytopenia, in whom one or more lines of standard therapy had
failed and who had a platelet count <30x10°/L but no major bleeding, ini-
tially received escalating 80, 160, or 320 mg doses of subcutaneous vel-
tuzumab administered twice, 2 weeks apart; the last group received
once-weekly doses of 320 mg for 4 weeks. In all dose groups, injection
reactions were transient and mild to moderate; there were no other safe-
ty issues. Forty-seven response-evaluable patients had 23 (49%) objec-
tive responses (platelet counts 230x10°/L and =2 x baseline) including 15
(32%) complete responses (platelets =100x10°/L). Responses (including
complete responses) and bleeding reduction occurred in all dose groups
and were not dose-dependent. In contrast, response duration increased
progressively with total dose, reaching a median of 2.7 years with the
four once-weekly 320-mg doses. Among nine responders retreated at
relapse, three at higher dose levels responded again, including one
patient who was retreated four times. In all dose groups, B-cell depletion
occurred after the first dose until recovery starting 12 to 16 weeks after
treatment. Veltuzumab serum levels increased with dose group accord-
ing to total dose administered, but terminal half-life and clearance were
comparable. Human anti-veltuzumab antibody titers developed without
apparent dose dependence in nine patients, of whom six responded
including five who had complete responses. Subcutaneous veltuzumab
was convenient, well-tolerated, and active, without causing significant
safety concerns. Platelet responses and bleeding reduction occurred in all
dose groups, and response durability appeared to improve with higher
doses. Clinicaltrials.gov identifier: NCT00547066

Introduction

Veltuzumab is a second-generation, humanized, anti-CD20 antibody with structur-
al and functional differences from rituximab.' Clinical studies in B-cell malignancies
found that relatively low doses of this antibody were effective when administered by
intravenous infusion® or subcutaneous (SC) injection.** Case reports in systemic lupus
erythematosus® and pemphigus vulgaris® indicated that veltuzumab might also be
effective in autoimmune disease. We therefore undertook a clinical study in immune
thrombocytopenia (ITP), previously reporting that low doses of intravenous or SC
veltuzumab could improve platelet counts when administered twice 2 weeks apart,’
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a dosing schedule used with rituximab in rheumatoid
arthritis and other autoimmune diseases. With veltuzumab
formulated at 80 mg/mL, patients received their SC injec-
tions at one of three planned increasing dose levels of 80,
160 or 320 mg (delivered by 1 mL, 2 mL, or two 2-mL injec-
tions given separately several minutes apart, respectively).
No dose-limiting toxicity was encountered during the initial
dose escalation and this portion of the study was completed
by adding several other patients to provide additional expe-
rience. We subsequently amended this study to also evalu-
ate SC veltuzumab administered once-weekly for 4 consec-
utive weeks, a dosing schedule often used with rituximab in
hematologic malignancies and in ITP as well, and for this
part of the study only the highest dose level of 320 mg was
evaluated. With platelet follow-up data now mature, we
report the final results for all ITP patients treated with SC
veltuzumab, comparing platelet count improvements,
bleeding reduction, and other metrics across both dosing
schedules.

Methods

This was an open-label, multi-center, phase I study of patients
with relapsed ITP who received either 80, 160, or 320 mg doses of
SC veltuzumab administered twice, 2 weeks apart, or else once-
weekly 320 mg doses for 4 consecutive weeks. Eligible patients
were =18 years old with primary ITP according to American
Society of Hematology guidelines® in whom one or more standard
ITP therapies had failed and who had platelet counts <30x10°/L on
two occasions at least 1 week apart. Patients could be recruited
irrespectively of whether they had or had not undergone splenec-
tomy and in all stages of their disease (newly-diagnosed, <3
months; persistent, 3-12 months; or chronic, >1 year).” Using the
ITP Bleeding Scale (IBLS) with bleeding at any anatomic site grad-
ed as 0 (none), 1 (mild), or marked (2)," patients with marked
bleeding were excluded, as were patients with other significant
cytopenias (patients with Evans syndrome, etc.). Patients had to be
off ITP medications, except for prednisone <20 mg/day and dana-
zol, which were allowed if the patients were continuing on stable
doses. Patients who had previously been treated with rituximab
could enter the trial only if they had achieved at least a partial
response for =6 months and were either 1 year beyond rituximab
therapy or had evidence of B-cell recovery.

The treatment response to SC veltuzumab was based upon a
patient’s best platelet count in the absence of major bleeding or res-
cue interventions. An objective response was defined as platelet
counts 230x107/L twice, 1 week apart, and at least doubled from
baseline. Objective responses were categorized as a complete
response if the platelet counts were =100x107/L twice, 1 week
apart, and otherwise as a partial response.” Time to response was
measured from the first injection to onset of the objective
response. Responders were followed up to 5 years, with time to
relapse measured from first injection to first occurrence of platelet
counts <30x10”/L on at least two separate occasions at least 1 day
apart. Adverse events and safety with regards to laboratory find-
ings were classified by NCI CTC v3 toxicity grades and bleeding
by IBLS grades. Blood B-cell levels (CD19) were used to determine
the pharmacodynamics of the drug. For pharmacokinetics and
immunogenicity, enzyme-linked immunosorbent assays per-
formed by the sponsor measured veltuzumab serum levels (lower
level of quantitation, 0.5 ug/mL) and titers of any human anti-vel-
tuzumab antibody (HAHA) (lower level of quantitation, 50
ng/ml), respectively. Pharmacokinetic parameters following the
last injection were determined by WinNonLin 2.1 (Pharsight

Corporation, Mountain View, CA, USA) using a non-compartmen-
tal model. Time to relapse was analyzed by Kaplan-Meier meth-
ods. Other study results are summarized using descriptive statis-
tics. At each participating institution, the governing ethics commit-
tee approved the study, and written informed consent was
obtained from all patients.

Results

Fifty patients received veltuzumab administered by SC
injection. Only two patients had newly-diagnosed ITP (<3
months), while 12 had persistent ITP (3-12 months). Since
these 14 patients had previously been treated with only
steroids and/or immunoglobulins, they were combined into
one group (ITP =<1 year) for the purposes of comparison
with the remaining 36 patients who had chronic disease
(ITP >1 year) and had received additional therapies. The
demographics and baseline characteristics of the patients
are summarized in Table 1. All 50 patients completed their
scheduled treatment, receiving veltuzumab twice, 2 weeks
apart, at a dose of 80 (n=9), 160 (n=10), or 320 mg (n=15),
or once-weekly 320 mg doses for 4 consecutive weeks
(n=16). At the investigators’ discretion, 44% of patients
(22/50) received acetaminophen alone or with diphenhy-
dramine prior to at least one injection, and two patients also
received benzodiazepines for anxiety, but no steroids or
other premedication was given.

Platelet response

Three patients, while receiving SC injections, initiated
high-dose prednisone, cyclosporine, or romiplostim
because of their extremely low platelet counts which con-
tinued to decrease at the start of treatment. This early use

Table 1. Demographics and baseline characteristics of the patients.

All patients ITP < 1 year [ITP > 1 year
(n=50) (n=14) (n=36)*
Sex (male/female) 19/31 410 1521
Median age (years) 54 54 54
Median platelet count at treatment 22 23 22
initiation (x10%L)
Maximum bleeding score (n)
0 15 5 10
1 33 7 26
i 2 2 0
Currently on steroids (n)* 8 2 6
Prior systemic treatments (n)
Steroids 47 14 33
IVIG or anti-Rho(D) 32 8 24
Azathoprine or danazol 15 4 11
TPO-receptor agonists 10 1 9
Splenectomy 9 0 9
Rituximab 7 0 7
Chemotherapy 5 0 5

*ITP duration: 1.2 - 36.6 years.*Eight patients on corticosteroids at study entry discontinued doses

prior to receiving veltuzumab (n=1), transiently increased prednisone to 20 mg/day for 5 days for
a platelet count of 6x10°/L at the start of treatment (n=1), or continued unchanged or tapered
(n=6). One patient was on danazol at study entry, none was on azathioprine or mycophenolate.
133 patients with 44 sites involved: skin (1-5 bruises and/or scattered petechiae, n=26), epistaxis
(< 5 min per episode, n=8), oral (gum bleeding < 5 min or 1 blood blister or >5 petechiae, n=3),
microscopic hematuria (n=3), spotting outside normal period (n=2), occult gastrointestinal bleed-
ing (n=1),subconjunctival hemorrhage,n=1).?2 patients granted waivers for epistaxis >5 min.and
>5 bruises with a size >2 cm. not serious enough to preclude participation.



of rescue medications resulted in prolonged platelet
improvements but precluded unequivocal assessment of
the contribution of veltuzumab to the response. The other
47 patients could be evaluated for platelet response to vel-
tuzumab. These included 23 responders who did not
receive any rescue medications or other treatment interven-
tions until relapse (n=18) or who received limited
immunoglobulins (n=2), a brief course of steroids (n=2), or
platelet transfusions (n=1) during treatment for low platelet
levels with improvement continuing substantially beyond
any expected transient response to these agents and with-
out further interventions. The remaining 24 patients either
had no platelet response after completing the 12-week,
post-treatment evaluation period (n=9) or initiated other
treatments after having no improvement in platelet counts
1 — 8 weeks following veltuzumab treatment (n=15).

Among the 47 patients whose response to veltuzumab
could be assessed, there were 49% (23/47) objective
responses, including 32% (15/47) complete responses.
Response rates (including complete responses) were gener-
ally comparable regardless of whether patients had ITP for
<1 year or longer, and responses were variable across the
four dose groups as expected with small numbers of
patients with no clear evidence of a dose-response relation-
ship (Table 2). The median time from first veltuzumab dose
to response onset was 26 days (range, 7 — 264), with a medi-
an time of 38 days (7 — 189) to first occurrence of platelet
counts = 100x10°/L for patients with complete responses.
There was no clear evidence that response onset varied
with dose group (data not shown).

Of the 23 responders, one patient currently remains in
long-term follow-up with a response still ongoing 2.6 years
after treatment initiation, 17 have relapsed, and the other
five are off study with continuing responses as of last eval-
uation (lost to follow up after 0.8, 2.7, and 3.2 years; with-
drawn after 1.6 years for scheduled surgery; concluded the
S-year study follow-up period). The median time from
treatment initiation to relapse for all 23 responders was 1.3
years. As shown in Figure 1, the duration of a response
increased with higher veltuzumab doses, with the median
time from treatment initiation to relapse reaching 2.7 years
in the patients treated with four weekly 320-mg doses.
Responders who achieved complete responses or had ITP
<1 year also showed trends towards having more durable
responses (Online Supplementary Figure S1).

Nine responders were retreated at the investigators’ dis-
cretion after relapsing. Five patients did not respond when

Table 2. Response rates.*

Patients, n Objective Complete
response response
Overall 47 49% (23/47) 32% (15/47)
Subgroup:
ITP duration
<l year 14 57% (8/14) 29% (4/14)
>1 year 33 45% (15/33) 33% (11/33)
Dose group (total dose)
80 mg x 2 (160 mg) 8 75% (6/8) 50% (4/8)
160 mg x 2 (320 mg) 9 33% (3/9) 11% (1/9)
320 mg x 2 (640 mg) 15 53% (8/15) 27% (4/15)
320 mg x 4 (1280 mg) 15 40% (6/15) 40% (6/15)

Treatment response according to International Working Group criteria (Rodeghiero et al., 2009);
ITP: immune thrombocytopenia. *Data from 47 patients assessable for treatment response.
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retreated again twice, 2 weeks apart, with the same or high-
er dose. One patient retreated with four weekly 320-mg
doses required rescue medications during retreatment
which precluded response assessment. The three other
patients responded to retreatment, as follows. One patient
who had an initial partial response lasting 3 months
responded with a similar duration when retreated with two
320-mg doses 2 weeks apart. Another patient who had an
initial complete response lasting 6 months was retreated
three times with two 320-mg doses 2 weeks apart and a
fourth time with four weekly 320-mg doses, each time
responding with a complete response of similar duration.
The remaining patient who had an initial complete
response lasting 2.7 years was retreated with four weekly
320-mg doses and achieved a response which is currently
ongoing 10 months later.

Bleeding reduction

At treatment initiation, 68% (34/50) of all patients had
one or more sites of bleeding; this percentage progressively
decreased to 29% (12/42) of patients assessed at the end of
the 12-week, post-treatment evaluation period. Bleeding
primarily involved the skin, oral cavity, and epistaxis, with
few occurrences at other anatomic sites and no cases of
intracranial, intraocular, or pulmonary bleeding. Most
bleeding was minor (IBLS grade 1) with marked bleeding
(IBLS grade 2) limited to ~10% of patients or less at any
evaluation. Bleeding reduction following treatment
occurred in all dose groups without evidence of a dose-
response relationship and was primarily limited to patients
achieving objective responses (Figure 2).

Immunological changes

The first dose of SC veltuzumab effectively depleted
peripheral blood B cells in most patients, with median B-cell
levels decreasing from 284 cells/uL before treatment to 4
cells/uL by the second dose. Only four patients (all treated
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Figure 1. Kaplan-Meier estimates of increasing durability of responses with
higher veltzumab dose levels. Time to relapse in each responder was measured
from the initial treatment dose to first occurrence of a platelet count <30 x
10°/L, but was censored at the time of last evaluation (ticks) if discontinued
from the study prior to relapse. Results show percentages of responders contin-
uing relapse-free after receiving either 80 (n=6) or 160 (n=3) mg doses twice 2
weeks apart [pooled for clarity], 320 mg (n=8) doses twice weekly 2 weeks
apart, or 320 mg doses (n=6) once-weekly for 4 consecutive weeks (pairwise
log-rank tests: 320 mg x 4 vs. 320 mg x 2, P= 0.22; 320 mg x 4 vs. 80-160 mg,
P=0.17; both 320 mg doses vs. 80-160 mg, P=0.16).
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twice, 2 weeks apart) did not achieve B-cell levels <20
cells/ul by 4 weeks after treatment; however, their B-cell
counts decreased 74-94% from baseline and two patients
achieved objective responses (both complete responses). B-
cell depletion appeared comparable across the four dose
groups but recovery towards baseline levels appeared
slower among patients treated with the higher doses
(Online Supplementary Figure S2). T cells and serum
immunoglobulin levels evaluated 4 weeks after treatment
showed no consistent pattern of change from baseline,
either for patients treated with two doses, 2 weeks apart, or
those given four doses of 320 mg at weekly intervals (data
not shown).

Pharmacokinetics

Veltuzumab serum levels were measured on treatment
days and then 1, 2, 3, 4, 8, and 12 weeks after the last dose,
with values generally increasing by dose group and reach-
ing a maximum value 1 week after the last treatment dose
before subsequently slowly declining over this period
(Online Supplementary Figure S3). Evaluation of post-treat-
ment pharmacokinetic parameters showed that the peak
value (Cmax) and area-under-the-curve (AUC) increased
with dose group, as expected, while the terminal half-life
and clearance from the blood differed little across the dose
groups (Online Supplementary Table S1).

Safety

There was only one serious adverse event, grade 3 viral
gastroenteritis, which occurred 6 months after treatment
and was considered unrelated to the treatment. One patient
had increased generalized pain 10 days after the first vel-
tuzumab injection which was considered grade 3 and pos-
sibly treatment-related, although the patient had a history
of chronic pain with herniated discs and multiple prior sur-
geries for pain relief. Otherwise, all treatment-related
adverse events were grade 1-2 (mild-moderate) and
occurred in 39 patients (28 with only grade 1 events),
including 30 patients with local injection site reactions
(pain, burning or soreness, bruising, rash, erythema), 26
patients with constitutional symptoms (body aches or gen-
eralized pain, chills, low-grade fever, headache, fatigue,
nausea, rash), and seven patients with other events consid-
ered at least possibly related [sore throat, increased thirst
and urination, fatigue, headache, edema, abdominal bloat-
ing, knee pain, and electrocardiogram abnormalities in one
patient (see below)]. Most reactions resolved spontaneously
or with acetaminophen on the day of injection, and no
patient required steroids. Treatment-related adverse events
did not appear to be dose-dependent for patients treated
twice, 2 weeks apart, and increases in patients treated with
four weekly doses were not unexpected since these patients
received double the number of injections (Table 3). Other
adverse events included minor infections (predominantly of
the upper respiratory tract or sinusitis) in 14 patients, =1
minor bleeding events (conjunctival x 3; gingival x 2;
mucosal purpura, hemoptysis, hematemesis, epistaxis) in
seven patients, palpitations at second injection in two
patients with a history of hypertension which resolved
spontaneously, and brief episodes of tachycardia several
weeks after treatment in two patients which were consid-
ered unrelated to veltuzumab. Electrocardiography was
required in all patients at the time of the last injection; the
only finding of clinical significance was asymptomatic atrial
fibrillation of uncertain etiology which occurred in one

patient with a cardiac history and resolved spontaneously
without treatment or recurrence on subsequent examina-
tion. Other than platelet counts, routine hematology and
serum chemistry tests showed no consistent pattern of
change from baseline (data not shown), and there were no
cases of serum sickness, hypogammaglobulinemia, delayed
neutropenia, or other side effects that had been previously
reported with rituximab.

Immunogenicity

Eleven patients had elevated HAHA titers, which subse-
quently resolved or decreased in patients with available
follow-up, without apparent clinical sequelae. Two
patients previously treated with rituximab were already
HAHA-positive at baseline (titers, 52 and 1006 ng/mL).
Both achieved complete responses following two 80-mg
doses of SC veltuzumab 2 weeks apart, but one patient
who was retreated after relapse did not respond to a sec-
ond course of treatment. Nine other patients were treated
either twice 2 weeks apart with 80 (n=2), 160 (n=3), or 320
mg (n=1) doses or with four weekly 320-mg doses (n=3)
and developed elevated titers after receiving veltuzumab
(HAHA, 18%). These included eight patients with HAHA
detectable after initial treatment (peak titers, 61 — 2190
ng/mL) and one patient who only had HAHA after being
retreated (peak titer, 152 ng/mL). Of the nine patients, six
achieved objective responses following initial treatment,
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Figure 2. Percentage of patients with any bleeding at first injection and then at
1, 4, 8 and 12 weeks following treatment with SC veltuzumab. The ITP Bleeding
Scale was used to evaluate any bleeding at any site. (A) Results by dose group
for patients receiving 80 mg (n=9), 160 mg (n=10), or 320 mg (n=15) doses
twice 2 weeks apart or 320 mg doses (n=16) once-weekly for 4 consecutive
weeks. (B) Results by platelet response for patients who achieved an objective
response (OR, n=23) or were non-responders (NR, n=24). In patients with
platelet responses continuing beyond 12 weeks, 84% (16/19) were free from
bleeding at 24 weeks and 100% (16/16) at 48 weeks.




Table 3. Treatment-related adverse events.*

Patients Any adverse event  Local site reactions Constitutional symptoms Other events

n n (%) n (%) n (%) n (%)

Overall 50 39 (78) 30 (60) 25 (50) 7(14)
Dose group (total dose):

80 mg x 2 (160 mg) 9 7(78) 6 (67) 3(33) 0 (0)

160 mg x 2 (320 mg) 10 8 (80) 8 (80) 4 (40) 1 (10)

320 mg x 2 (640 mg) 15 9 (60) 3 (20) 420 420

320 mg x 4 (1280 mg) 16 15 (94) 13 (81) 14 (88) 2 (13)

*Patients with one or more adverse events considered at least possibly treatment-related and categorized as local reactions at injection sites, constitutional symptoms, or other events
(see text). Events were limited to grade 1 in 28 patients, grade 2 in ten patients, and grade 3 in one patient with increased generalized pain (see text).

including five with complete responses, but none of three
patients retreated after relapse responded to a second
course of treatment.

Discussion

Since the B-cell antigen burden in patients with ITP is
widely believed to be less than that seen in patients with B-
cell malignancies, we hypothesized that low doses of vel-
tuzumab would likely be effective in this disease, thus
allowing for anti-CD20 therapy by more convenient subcu-
taneous injections. Following a dosing schedule used with
rituximab in other autoimmune diseases such as rheuma-
toid arthritis, we previously reported that in ITP, two doses
of low-dose veltuzumab given either by intravenous infu-
sion or subcutaneous injection 2 weeks apart had activity.”
With this dosing schedule, there was activity at the lowest
dose level of 80 mg veltuzumab x 2. Furthermore there was
no clear dose dependence or evidence of greater response at
the highest level explored with 320-mg doses. We subse-
quently treated an additional 16 patients with 320-mg doses
of SC veltuzumab given once-weekly for 4 consecutive
weeks to determine whether the increased dosing frequen-
cy, and especially greater cumulative dose delivered with
this dosing schedule, which is often used in oncology,
would lead to increased activity or any safety issues when
used with SC veltuzumab in ITP. With long-term responses
and other study data now mature, this report provides the
final results from all SC dose groups.

Compared to two doses of 80-320 mg SC veltuzumab
given 2 weeks apart (total dose, 160-640 mg), there were no
increased safety concerns with four weekly 320-mg SC
doses (total dose, 1280 mg). The only treatment-related
adverse events with SC veltuzumab administered in ITP
with either dosing regimen were limited to mild-moderate
(predominately grade 1) transient injection reactions, either
local reactions at the injection site or constitutional symp-
toms, most of which resolved spontaneously or with acet-
aminophen, but did not require steroids. Routine laboratory
tests remained unremarkable and no other safety concerns
have emerged with SC veltuzumab.

Eleven patients had elevated HAHA titers which subse-
quently resolved or decreased without apparent clinical
sequelae. These patients including two who had been pre-
viously treated with rituximab and had measurable titers at
study entry. Both patients previously treated with ritux-
imab who were already HAHA-positive at study entry
achieved complete responses when treated with SC vel-
tuzumab, consistent with case reports of veltuzumab being
effective in patients who had become resistant to ritux-
imab.*® The other nine patients developed elevated titers

after receiving veltuzumab (8 after initial treatment, 1 after
retreatment) without any obvious pattern regarding dose
group or dosing regimen (HAHA, 18%). While immuno-
genicity rates with rituximab are not available in ITP, this
frequency is comparable to rates reported with rituximab in
rheumatoid arthritis (11%)" and systemic lupus erythe-
matosus (26%).” Importantly, six of the nine patients
achieved objective responses to veltuzumab with initial
treatment, including five who had complete responses, con-
sistent with other studies in cancer patients correlating
immunogenicity with anti-B-cell antibodies to enhanced
outcomes.”" However, of four patients with HAHA who
received a second course of treatment with veltuzumab,
none responded to retreatment, which would lower expec-
tations for continued treatment in HAHA-positive patients.

Among evaluable patients, the objective response rate to
initial treatment with SC veltuzumab was 49% (complete
response rate, 32%) with a median time to relapse of 1.3
years from the first dose. Of nine responders retreated at
relapse, three treated at higher levels again responded,
including one patient who was retreated four times. This
overall result is generally similar to what we reported earlier
with intravenous or SC veltuzumab given twice 2 weeks
apart.” Although limited by small numbers, it still appears
that complete responses are more durable than partial
responses, in agreement with findings reported with ritux-
imab," and that responses in adults with long-standing ITP
are likely less durable as has also been reported for ritux-
imab in at least one study.” It is difficult to compare the
overall response results with veltuzumab with those report-
ed for rituximab, given the wide range of the latter, which
may be due to heterogeneity of the patients studied, ITP
severity and duration, and treatment patterns, as well as
publication bias, and differing response criteria,” including
recent rituximab studies using treatment failure endpoints
other than objective response rates alone.”®” We evaluated
bleeding as an endpoint in this study, finding that treatment
with SC veltuzumab was often effective in reducing the
mostly minor cases of bleeding that occurred in this popu-
lation, particularly in patients achieving objective responses
and therefore most likely an expected consequence of
improved platelet counts.

SC veltuzumab was pharmacodynamically active with
peripheral blood B cells depleted rapidly in most patients
even after one dose of 80 mg veltuzumab, and meaningful
platelet responses (including complete responses) were
achieved already at the lowest dose group of two 80 mg SC
doses given 2 weeks apart. Veltuzumab serum levels
increased with each dose group according to the total dose
administered, but the terminal half-life and clearance of vel-
tuzumab from the blood after treatment appeared generally
comparable across all dose groups. While there was no clear
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evidence of a platelet response relationship among the four
dose groups, the duration of the platelet responses progres-
sively increased with greater total dose, achieving a median
duration of 2.7 years in responders following 4 weekly 320-
mg doses, including one patient with response still ongoing
at last evaluation at 2.6 years. Furthermore, the platelet
responses to retreatment occurred in patients treated both
initially and at relapse with higher (320 mg) doses.

The small numbers of patients make it difficult to draw
firm conclusions regarding the most appropriate SC vel-
tuzumab dosing regimen for further consideration despite
the possible longer duration of responses at the highest
doses. Two other studies with SC veltuzumab also admin-
istered 80, 160 or 320 mg SC doses, again finding activity in
all dose groups with increased serum levels and no obvious
exposure-response relationship, but these were studies in B-
cell malignancies and with too few patients to evaluate
whether response duration improved with higher doses.*
One tentative explanation for the apparent lack of dose-
dependence of responses might be that even 80-mg doses
of SC veltuzumab result in B-cell depletion in peripheral
blood irrespective of response. In this model, response
would depend on whether B-cell clearance leads to platelet
response. Further, even 80-mg doses of veltuzumab may
already effectively saturate the mechanisms of action usual-
ly considered for immunotherapy (complement dependent
cytotoxicity, antibody-dependent cell-mediated cytotoxici-
ty, apoptosis) with little room for improvement at higher
doses. It is also possible (at least in chronic lymphocytic

leukemia) that increasing doses might be counterproductive
by resulting in removal of CD20 from B-cell surfaces (trogo-
cytosis)” or by exhausting complement and cell-mediated
effector systems needed for effective cytotoxicity.”

Even with rituximab, years after the drug’s initial
approval, there is still no clear explanation for why some
patients respond and others do not, or why increased doses
do not improve response rates. In ITE, 100-mg doses of rit-
uximab may be active,” but other low doses have not been
evaluated, and while different rituximab dosing regimens
have been compared,” the 375 or 750 mg/m’ doses are
higher than the 80 — 320 mg doses of veltuzumab in this
study. Furthermore for rituximab, the consensus of the lim-
ited studies in ITP is that the response rate at the lower
doses (100 mg x 4) is the same as that at higher doses, but
the duration of the responses is not as long, which is quite
similar to the veltuzumab data reported here.

In summary, SC veltuzumab was convenient, well-toler-
ated and did not cause significant safety concerns, with
platelet responses and bleeding reduction occurring in all
dose groups. Based on a possible longer duration of
responses with higher doses, higher SC doses may be war-
ranted and a more concentrated formulation of veltuzumab
has recently been developed for this purpose.
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