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SUMMARY

Veltuzumab is a humanized second-generation anti-CD20 monoclon-

al antibody (MAb). It was constructed recombinantly using the same

human IgG framework as epratuzumab (anti-CD22 MAb) and pro-

vides the advantage of having less acute infusional toxicities compared

with rituximab, without demonstrating any apparent impairment of

biological activity. Veltuzumab displays similar mechanisms of action

as rituximab, including apoptosis, antibody-dependent cellular cyto-

toxicity (ADCC) and cell-mediated cytotoxicity (CMC). In vivo studies in

different lymphoma models have shown promising results and com-

parative studies have demonstrated improved survival with veltuzu-

mab compared to rituximab. Clinically, veltuzumab is being evaluated

in patients with B-cell neoplasms and autoimmune diseases. Four

weekly doses of veltuzumab i.v. at up to 750 mg/m2 were well tolerat-

ed and objective responses were achieved, including durable complete

responses (even at low doses). The only significant toxicity was tran-

sient mild to moderate infusion reactions. Clinical results with subcu-

taneous injections in follicular non-Hodgkin’s lymphoma (NHL) are

also encouraging (e.g., convenient, well tolerated and clinically active).

On the basis of these encouraging findings, veltuzumab is being pur-

sued further. Prospective, randomized clinical trials are needed to

delineate the role it will play in the future management of lymphoma.

PREPARATION*

The Vκ and V
H

genes from A20, a murine monoclonal antibody

against CD20, are isolated from hybridoma cells by reverse tran-

scription-polymerase chain reaction (RT-PCR). In order to humanize

the Vκ and V
H

sequences, the complementarity determining regions

(CDRs) are grafted. For light-chain CDR grafting, the framework

regions (FRs) from the human REI antibody are used, and for the

heavy chain, human FR1, 2 and 3 from the human EU antibody and

FR4 from the human NEWM antibody are used. Each variable chain

is constructed in two parts (A and B) and each half is produced by

PCR amplification of a single-strand synthetic oligonucleotide; they

are then ligated and cloned into different vectors. In order to obtain

a vector encoding for the whole antibody, the Vκ sequence is cloned

into a pdHL2 vector, which encodes for the human IgG
1 
C1, C2, C3

and hinge regions and the human κ chain Cκ, obtaining

hA20VκpdHL2. Then, the humanized V
H

sequence is subcloned into

the hA20VκpdHL2, obtaining the hA20-1pdHL2 vector encoding for

veltuzumab. The heavy chain of veltuzumab contains nine changes

from the human EU framework and the light chain contains seven

changes from the REI framework. The plasmid hA20-1pdHL2 is

digested with SalI and transfected into Sp2/0-Ag14 cells by electro-

poration to generate the hA20-producing clones. The selection of

clones is then performed by adding methotrexate to the medium

and assaying the human antibody secretion by ELISA. The positive

clones are expanded and veltuzumab is finally purified from the

supernatant by a combination of affinity chromatography (protein A

columns) and size-exclusion chromatography (1).

BACKGROUND

CD20 (human B-lymphocyte-restricted differentiation antigen) is a

35-kDa transmembrane protein that regulates an early step in the

activation process for cell cycle initiation and differentiation, and
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possibly functions as a calcium ion channel (2). This antigen is an

appealing molecular target for B-cell-based therapy because of its

restricted expression on mature B cells. CD20 is not detected on

embryonic stem or pro-B cells, but is expressed on the surface as B

cells mature, and expression essentially ceases upon terminal dif-

ferentiation of B cells into plasma cells, thus facilitating post-anti-

CD20 MAb therapy B cell recovery and maintaining host

immunoglobulin production. The structure of the CD20 molecule

crosses the plasma membrane four times, leaving two extracellular

loops, which serve as ideal binding targets for anti-CD20 MAb-

based therapy for B-cell neoplasms and B-cell-related autoim-

mune diseases. This antigen has several properties which make it

an ideal target for antibody therapy (3, 4): 1) CD20 does not circu-

late freely in the plasma, thereby limiting the possibility of compe-

tition of free antigen for anti-CD20 antibody (5); 2) it has no known

naturally occurring ligand; and 3) it is not internalized, down-mod-

ulated or shed from the cell membrane (2, 5-9). These characteris-

tics allow for sustained recruitment of natural effectors, and subse-

quently, persistent immunological attack for as long as effectors

are available (6).

Rituximab, a human–mouse chimeric anti-CD20 MAb, has revolu-

tionized the treatment of B-cell lymphomas. Rituximab was initially

approved for the treatment of relapsed or refractory indolent CD20+

B-cell non-Hodgkin’s lymphoma (NHL) (10). The addition of ritux-

imab to chemotherapy regimens has improved overall outcomes

(i.e., both progression-free and overall survival) in B-cell NHL (11).

However, even with its demonstrated efficacy in the treatment of B-

cell malignancies, many patients have diseases that are primarily

refractory to rituximab therapy; approximately 50% of patients with

relapsed/refractory CD20+ follicular lymphoma (FL) previously

treated with chemotherapy fail to respond to initial treatment with

rituximab (10). Also, about 60% of prior chemotherapy-treated

patients with FL who were previously responsive to rituximab

become resistant to this therapy upon repeat treatment with ritux-

imab monotherapy (12). Furthermore, patients with increased circu-

lating lymphoma cell counts (≥ 25,000 cells/mL) or high tumor bur-

den (i.e., bulky disease with tumors ≥ 10 cm) are at an increased risk

of severe acute infusion-related adverse events with rituximab (11).

Based on the success of rituximab and the advantages offered by

targeting the CD20 antigen, efforts are under way to introduce

improved anti-CD20 antibodies into the clinic (6, 13-17). Several of

these novel anti-CD20 MAbs under development have been engi-

neered to have characteristics that may limit the “resistance” seen

with rituximab and/or offer greater efficacy than that observed with

rituximab therapy. Most of these new MAbs are constructed to

reduce the amount of murine components while enhancing Fcγ
receptor- or complement-mediated functions (6, 18), in an attempt

to reduce toxicity and immunogenicity and permit more rapid

administration, while maintaining or increasing antitumor activity

(17, 19-23).

One of the initial second-generation MAbs under development is vel-

tuzumab, previously termed hA20 or IMMU-106 (Immunomedics).

Early data suggest that veltuzumab provides the advantage of a

shorter infusion time, while maintaining high complete response

rates when compared historically with rituximab (24, 25). Veltuzu-

mab is a humanized anti-CD20 MAb with both structural and func-

tional differences from rituximab (13, 26). This humanized MAb was

constructed recombinantly using the same human IgG framework as

epratuzumab (hLL2; Immunomedics), a humanized MAb directed

against the B-cell antigen CD22 (27). Key murine residues were

retained in the framework regions (FRs) to maintain the binding

specificity and affinity of veltuzumab for CD20, similar to those of the

parental murine antibody (A20). Veltuzumab has identical variable κ
light chain CDRs, identical CDR1-V

H
and CDR2-V

H
, but a different

CDR3-V
H

compared to rituximab: a single amino acid change in

CDR3-V
H

(Asp101 instead of Asn101), which is believed to be respon-

sible for some of the differences seen between veltuzumab and ritux-

imab (28).

PRECLINICAL PHARMACOLOGY

The antigen-binding specificity and affinity of veltuzumab, as evalu-

ated by cell-surface competitive and direct saturation binding

assays, were shown to be the same as rituximab in both human Raji

NHL and Daudi cells (13, 26). In vitro studies (26) estimated the half-

life of veltuzumab to be an average 2.7-fold longer than that of rit-

uximab (P < 0.001), but indistinguishable from that of cA20, a

chimeric form of veltuzumab (P > 0.2). In contrast, the D101N anti-

body, a mutant form of veltuzumab, dissociated from Raji cells with

an off rate two- and sixfold more rapidly than rituximab and vel-

tuzumab, respectively. These results suggest that the single amino

acid change of asparagine to aspartic acid at position 101 is respon-

sible for the slower dissociation rate of veltuzumab, and thus, the

prolonged half-life. This possible extension of half-life may prove

beneficial in clinical practice by extending dosing intervals.

In vitro growth inhibition of NHL cell lines showed specific inhibi-

tion of proliferation in Burkitt and non-Burkitt lymphoma cell lines

(13). However, inhibition of proliferation was not directly related to

antigen density. Whereas CD20 expression is on the order SU-

DHL-6 > RL > Raji > Daudi, sensitivity of proliferation to both anti-

CD20 MAbs rituximab and veltuzumab was on the order SU-DHL-

6 > Daudi > Raji > RL SU-DHL-4, and SU-DHL-10 cells express low

levels of CD20 and were found to be relatively insensitive to both

anti-CD20 MAbs. No significant differences in potency were

observed between veltuzumab and rituximab within an individual

cell line (26).

Veltuzumab demonstrates similar mechanisms of cytotoxicity as ritux-

imab, including apoptosis, antibody-dependent cellular cytotoxicity

(ADCC) and cell-mediated cytotoxicity (CMC) (13). Comparison of the

activity of rituximab and veltuzumab showed a consistently increased

CMC-mediated killing of Daudi lymphoma cells with veltuzumab as

compared to rituximab. However, no differences between veltuzumab

and rituximab were observed with CMC results in the other two cell

lines, Raji and Ramos. Also, no differences were observed between vel-

tuzumab and rituximab with respect to ADCC results (26).

In vivo studies in different lymphoma models have also shown prom-

ising results. In severe combined immunodeficiency (SCID) mice

bearing systemic Raji tumors, while control mice died of disseminat-

ed disease with a median survival time of 16.5 days after tumor inoc-

ulation, the median survival was extended to 98 days in the ritux-

imab group and to 70 days for the veltuzumab group (P < 0.0001).

No statistically significant difference was observed between vel-

tuzumab and rituximab (13).

520

VELTUZUMAB S.A. Bhat and M.S. Czuczman

THOMSON REUTERS – Drugs of the Future 2011, 36(7)



Disseminated Burkitt’s lymphoma xenograft-bearing mice were

treated with single i.p. or s.c. injections of veltuzumab at three differ-

ent dose levels (26). At all dose levels, regardless of the route

administered, significantly increased survival was seen in compari-

son to the control groups (P < 0.001). Comparisons between equiv-

alent doses administered i.p. and s.c. did not yield significant differ-

ences. Even at the lowest dose of 5 μg or 0.25 mg/kg in each i.p./s.c.

group, these mice had a > 3.2-fold increase in mean survival time

(MST) compared with controls. In these murine studies, a

dose–response was observed, but no significant difference between

the i.p. or s.c. routes was noted. Since a single 5-μg dose of vel-

tuzumab proved to be effective in this Daudi disseminated NHL

model, lower doses (0.5, 0.25, 0.1 and 0.05 μg) were examined.

Remarkably, all four dose levels significantly improved survival 

(P < 0.001) when compared with saline control mice. Even the low-

est tested dose of 0.05 μg (50 ng, or 0.0025 mg/kg) increased the

MST by more than twofold over the saline-treated controls.

In disseminated follicular cell lymphoma (WSU-FSCCL) xenografts

(26), 5 days after tumor inoculation, mice were administered a sin-

gle dose of veltuzumab at four different dose strengths (35, 3.5,

0.35 and 0.035 μg i.p.). All four doses significantly improved sur-

vival of the mice (P < 0.001) compared to the saline controls. The

MST of mice administered the higher 35-μg dose (44.3 ± 4.9 days)

was not significantly different from that of the 3.5-μg group (39.5 ±

4.6 days), but was significantly (P < 0.021) longer than that of the

groups treated with the lower doses of 0.35 and 0.035 μg (35 ng or

0.002 mg/kg) (40.5 ± 1.6 days and 33.3 ± 2.1 days, respectively).

These effective doses are lower than those reported for rituximab in

animal models.

Comparative therapeutic effects of veltuzumab and rituximab stud-

ied in three different SCID mouse models, Daudi, WSU-FSCCL and

Raji tumor models, showed statistically significantly improved sur-

vival with veltuzumab compared to rituximab (26). The MST of sin-

gle doses of 0.05 and 0.1 μg (0.0025 and 0.005 mg/kg, respective-

ly) given 1 day after grafting was 28 and 35 days, respectively, versus

24 and 28 days for veltuzumab and rituximab (P = 0.001) in the

Daudi Burkitt’s lymphoma, and also at the single low dose of 0.035

μg (0.0021 mg/kg) given 5 days after transplant of the WSU-FSCCL

model (P = 0.005). In these studies involving three lymphoma mod-

els in SCID mice, comparisons of low and high, single or multiple

doses showed a significantly increased survival time after veltuzu-

mab compared with rituximab treatment.

Combining MAbs recognizing different tumor-associated antigens can

potentially augment antitumor activity. To investigate this prospect,

the potential of combining veltuzumab with epratuzumab was studied

in vitro by evaluating effects on cell proliferation in culture and in vivo

in SCID mice bearing disseminated Raji tumors (13). The combination

of the two naked MAbs appeared to be more effective than either MAb

alone. Veltuzumab alone caused a 53% inhibition of the proliferation

of SU-DHL-6 cells, and epratuzumab alone had no effect. However,

the combination of the two MAbs increased the inhibition of prolifera-

tion to 83% (P < 0.001). In SCID mice bearing disseminated Raji cells,

veltuzumab administered alone improved median survival to 25 days

and the combination of veltuzumab and epratuzumab yielded a slight

increase in median survival; however, prolonged survival was observed

in 30% of the mice given the combination of veltuzumab plus

epratuzumab compared with veltuzumab monotherapy alone. Mech-

anisms of enhancement of efficacy may include upregulation of anti-

gen levels, as well as synergy between two different signaling path-

ways. The effect on receptor expression was examined by studying the

CD22 and CD20 antigen density on cultured B-cell lines after incuba-

tion of the cells with epratuzumab or veltuzumab. Overnight incuba-

tion with veltuzumab increased CD22 expression by 33%, whereas

incubation of cells with epratuzumab did not have a similar effect.

The benefit of combining unconjugated MAbs with radiolabeled

MAbs against different antigens has been described previously (29,

30), and there are many reports of drug combinations with radiola-

beled or unlabeled MAbs (31). Based on this, the combination of vel-

tuzumab with a radiolabeled anti-CD22 MAb (epratuzumab) was

evaluated (32). In nude mice grafted with the Ramos human B-cell

lymphoma, the combination of 90Y-anti-CD22 MAb and the unconju-

gated anti-CD20 MAb veltuzumab provided a markedly enhanced

therapeutic effect compared with either of the MAbs administered

alone. 90Y-Epratuzumab alone had a substantial effect, with essen-

tially all of the tumors regressing to a small size, but all of these

tumors regrew in a few weeks. In comparison, veltuzumab alone did

not have a substantial effect, as most of the tumors continued to

grow despite veltuzumab administration. When unconjugated vel-

tuzumab was given with 90Y-epratuzumab, 80% (12 of 15) of animals

were cured, with no visible tumors over the observation period. One

possible explanation for these findings is the induction of a higher

level of expression of the CD22 antigen by veltuzumab (13), which

leads to an increase in the uptake of 90Y-epratuzumab in the tumor.

Based on the superior activity demonstrated by the combination of

veltuzumab and epratuzumab in a lymphoma xenograft model (13)

and the enhanced anti-lymphoma efficacy seen in patients with the

combination of rituximab and epratuzumab, without increased toxi-

city (33-35), bispecific MAbs against CD20 and CD22 were con-

structed and evaluated. Using a new platform technology, the dock-

and-lock (DNL) method (36), two separate hexavalent anti-

CD20/22 bispecific MAbs were constructed, one binding CD22 biva-

lently and CD20 tetravalently, and vice versa (37). These anti-

CD20/22 bispecific MAbs were shown to have distinct properties

compared to their parent MAbs, including improved anti-lymphoma

activity in vitro and comparable efficacy in vivo, despite demonstrat-

ing shorter half-lives. Both bispecific MAbs also showed potent

antiproliferative and apoptotic effects against B-lymphoma cells in

vitro. Hence, these hexavalent, bispecific anti-CD20/CD22 antibod-

ies have the potential of someday comprising a new, more potent

class of anti-lymphoma antibodies.

PHARMACOKINETICS AND METABOLISM

Pharmacokinetic analyses in cynomolgus monkeys (26) estimated

the half-life of veltuzumab to be 5-8 days after i.v. administration

and 6-13 days following s.c. injection. The t
max

(time to maximum

concentration, C
max

) for the s.c. route was 2-5 days and 1-1.5 hours

with i.v. administration. The AUC was greater for i.v. administration

than for the s.c. route. This was thought to be likely related to the

longer period required for the MAb to enter the blood via the s.c.

route, with a similar rate of clearance. At all dose levels, the mean

volume of distribution was greater after s.c. administration than

after i.v. infusion. The dose-normalized AUC values showed accu-

mulation of veltuzumab after i.v. infusion or s.c. injection at all
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dose levels. Notably, rapid depletion of peripheral and splenic B

cells occurred for veltuzumab at the lowest single dose of 6.7

mg/kg (equivalent to 80 mg/m2 in humans), whether given by the

i.v. or s.c. route.

In a multicenter phase I/II study, pharmacokinetics were analyzed for

72 of 82 patients with B-cell NHL (38). At all dose levels, mean serum

levels of veltuzumab after the first infusion exceeded the 25 mg/mL

value associated with maintained efficacy of rituximab (39-41). At

375 μg/m2 (the most commonly used dose of rituximab), the mean

peak and trough serum antibody levels achieved with veltuzumab

were comparable to values reported at the same dose for rituximab

(39). In addition, veltuzumab remained in the circulation after the

last infusion, with half-lives that were similar at all dose levels and for

at least as long as reported for rituximab in different studies (39, 40).

Among follicular lymphoma patients, higher serum levels occurred in

responders compared to nonresponders and in patients with less dis-

ease, as has been previously reported with rituximab. 

An s.c. formulation of veltuzumab was evaluated in an open-label,

multicenter phase I study (42). As compared to the peak concentra-

tions seen immediately after i.v. infusion, following s.c. administra-

tion, veltuzumab was released slowly into the blood, achieving peak

levels only after several days. Despite the low doses administered in

this study on an every other week dosing schedule, sustained serum

levels of veltuzumab were achieved across the treatment period and

were still measurable for 4-8 weeks after the last dose. Although, as

expected with the slower release of veltuzumab into the blood, the

mean maximum antibody serum levels of 19, 25 and 63 μg/mL

obtained at the doses of 80, 160 and 320 mg given weekly for a total

of four doses, respectively, were generally lower than the maximum

values that occurred with bolus delivery of higher i.v. veltuzumab

doses (38). Nonetheless, s.c. dosing achieved serum levels that are

close to or exceed the 25 μg/mL value associated with maintained

efficacy of rituximab (41). Veltuzumab was pharmacologically active

when given by s.c. injection. Similar to what was observed with high-

er i.v. doses of veltuzumab (38), B-cell depletion occurred after the

first administration, even at a low dose of only 80 mg. The mean ter-

minal half-lives for the three s.c. dose levels studied were similar fol-

lowing the last administration (12.4-13.9 days) and were comparable

to half-lives previously reported with higher doses of i.v. veltuzumab

(13.3-19.7 days). While these pharmacokinetic and pharmacodynam-

ic findings generally support the use of s.c. dosing, serum levels of

veltuzumab were very low or unmeasurable for two patients with

leukemic involvement (one splenic marginal zone lymphoma [MZL]

and one small lymphocytic lymphoma [SLL]). These two patients had

elevated peripheral B-cell levels which decreased, but were not

depleted, with low doses of 160 mg. Also, in an additional patient

with FL treated at 80 mg who had extensive adenopathy (including

masses > 10 cm), serum veltuzumab levels were very low. These

results suggest that while s.c. treatment may be sufficient to cover

the antigen sink in most indolent NHL patients, those with greater

tumor burden (e.g., leukemic involvement with increased circulating

lymphoma cells or bulky adenopathy) will likely require higher or

more frequent dosing of the MAb.

SAFETY

The safety of veltuzumab was evaluated in 16 male and 16 female

cynomolgus monkeys. Veltuzumab administered i.v. or s.c. as single

or multiple doses was well tolerated overall, with no clinical or per-

sistent laboratory test abnormalities noted other than B-cell deple-

tion in the circulation and lymphatic organs (26). Postmortem

changes in the lymphoid organs of animals receiving all doses were

comprised of follicular lymphoid depletion of the spleen, as well as

mandibular and mesenteric lymph nodes, at all doses. Temporary

decreases in white blood cells, neutrophils, basophils and lympho-

cytes were noted, but only a rapid reduction in the number of periph-

eral blood B cells was observed. These effects occurred within 2 days

of dosing irrespective of the route of administration, and were pres-

ent at doses of 6.7 mg/kg or higher. The animals recovered at either

28 days when treated with a single dose or at 56 days when admin-

istered three doses.

In a multicenter phase I/II study in 82 patients with NHL (38), vel-

tuzumab was well tolerated, with no serious infusion reactions or

increases in the more common milder infusion reactions, although

infusion times were shorter than for rituximab. The most common

treatment-related events were transient grade 1-2 infusion-related

symptoms, predominantly with the first infusion; these included, in

decreasing order of frequency: fatigue (23%), pruritus (13%), fever

(13%), headache (11%), asthenia (11%), dyspnea (10%) and cough

(10%). Ten patients had serious adverse events (SAEs); however, all

were attributed to complications of underlying disease or other

medical conditions. Sixteen patients had infections; 4 of them had

grade ≥ 3 infections requiring treatment with i.v. antibiotics or

multiple oral antibiotics, but none of these events was attributed

to veltuzumab. All other infections were grade 1-2 events and

treated with oral medications. At all dose levels, B-cell depletion

was almost complete after the first infusion and returned toward

baseline after 9-12 months. No other major changes in laboratory

parameters after treatment were noted, and no cases of delayed

neutropenia occurred in the 41 patients who were monitored for at

least 6 months. Quantitative serum immunoglobulin (Ig) and T-

cell levels measured up to 12 weeks after treatment showed no sig-

nificant decreases, with median changes from baseline being

small at most time points (typically < 20% for IgM, < 5% for IgA

and IgG, and < 15% for T cells). Post-treatment serum samples

analyzed for immunogenicity (human anti-human antibodies,

HAHA) were all negative (< 50 ng/mL).

In another open-label, multicenter phase I study, veltuzumab was

administered s.c. (42) and 13 patients had 1 or more adverse events

during the study. The most common events were injection-site

reaction (35%), pain in extremities (24%), upper respiratory tract

infection (18%), nausea (18%), chills (12%) and dyspnea (12%). One

patient had a solitary pulmonary nodule on CT scan noted prior to

study entry, which was confirmed as a squamous cell carcinoma

while on study and not related to veltuzumab. There were no SAEs

and all other adverse events were either grade 1 or 2. Most com-

mon events were injection-site reactions, which occurred in nine

patients and included localized reactions such as pain (n = 8), ten-

derness (n = 7) and redness (n = 6) at the injection site; systemic

injection reactions included chills, nausea, thoracic pain, general

aches, headache, swollen tongue or rash. These injection-site

reactions were predominantly only mild (grade 1) transient events

that resolved either spontaneously or with the use of topical or oral

medications (no steroid treatments were required). Interestingly,
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no premedications were used in this study. Four patients had

infections, all of which were mild grade 1 events that involved the

upper respiratory tract or sinuses, and resolved with oral medica-

tion. No abnormal pattern of changes in hematology and serum

chemistries was observed, and no cases of delayed neutropenia

were noted (including 10 patients monitored for 6 months, and 6

patients for up to 1 year). Notably, two patients in this study had

leukemic involvement with high circulating B-cell levels. The

patient with splenic MZL had 36,820 cells/μL, which decreased by

42% to 21,387 cells/μL over the course of treatment, while one of

the two patients with SLL had 2,845 cells/μL, which decreased by

98% to 43 cells/μL. For the other 15 patients with peripheral B-cell

counts that were not elevated at baseline, B-cell depletion

occurred after the first injection for all three dose groups, with

recovery toward baseline observed by 9-12 months. Quantitative

serum Ig and T-cell levels were measured at different time points.

Overall, for IgG, IgA and T cells, median changes from baseline

were variable but small at most time points (typically < 10%).

Median IgM levels were consistently reduced, but not clinically sig-

nificantly, with median decreases at each time point ranging

between 16% and 37%. All samples analyzed for human anti-vel-

tuzumab antibodies were negative (< 50 ng/mL).

CLINICAL STUDIES

Veltuzumab has been studied in over 150 patients with B-cell malig-

nancies and autoimmune diseases. The initial administration of this

antibody was as compassionate use in a patient with severe refrac-

tory systemic lupus erythematosus (SLE) with life-threatening

cytopenia no longer responsive to standard medications or ritux-

imab. Although the patient had extremely high serum levels

(43,000 ng/mL) of anti-rituximab antibodies (human anti-chimeric

antibodies [HACA]), veltuzumab given as four weekly doses of 375

mg/m2 effectively depleted B cells and the patient responded rapid-

ly, with improvement in counts and clinical status (43). This clearly

indicated that patients with autoimmune diseases who may have

high titers of neutralizing anti-rituximab antibodies may still

respond to veltuzumab.

A multicenter phase I/II study in 82 patients with NHL (55 patients

with FL, 27 patients with other B-cell lymphomas), which was briefly

described in the previous “Safety” section, demonstrated that 4

weekly doses of veltuzumab given i.v. at doses of up to 750 mg/m2

were well tolerated and clinically active. Responses occurred at all

dose levels, even at 80 mg/m2, which was the lowest dose level test-

ed (38). Most patients (n = 65) had advanced disease (stage III-IV) at

study entry. To prevent infusion-related reactions, patients were pre-

medicated with antihistamines and antipyretics, but steroids were

not given. The median first infusion times were 4.7 hours at the high-

est dose of 750 mg/m2, 3.1 hours at 375 mg/m2 and 1.8-2.4 hours at

lower doses, with median times for subsequent infusions decreasing

to 2.1-2.6 hours at 375 or 750 mg/m2 and 1.2-1.5 hours at lower

doses. Because the protocol limited further reduction of the rate of

infusion in this study, it may be possible to achieve more rapid

administration. Treatment responses, as classified by International

Working Group response criteria (44), for the largest group of

patients with FL, most of whom had prior exposure to one or more

rituximab-containing regimens, were favorable, with a 44% overall

response rate (ORR) and a 27% complete response/complete

response unconfirmed (CR/CRu) rate, which is similar to the 40%

ORR and the 11% complete response rate (CRR) reported for

patients who had previously responded to rituximab monotherapy

(12). The highest response rates with veltuzumab were observed in a

very small subgroup of rituximab-naive FL patients (57% [4 of 7]

ORR, 43% [3 of 7] CR/CRu). Encouragingly, responses, including

CRs, even occurred in FL patients who were at increased risk of a less

favorable outcome (e.g., higher Follicular Lymphoma International

Prognostic Index [FLIPI] scores, elevated lactate dehydrogenase,

tumor masses > 5 cm, etc.). For the overall group, the Kaplan–Meier

median progression-free survival (PFS) was 6 months, but for the 24

patients with FL who achieved objective responses, the median

duration of response was 10 months, which compares favorably to

the 11 months reported in patients with relapsed/refractory, indolent

NHL after their first exposure to rituximab (10, 45). Although a

longer 15-month median duration of response has been reported in

patients retreated with rituximab (12, 45), most had received one

prior course of rituximab as a single agent, while patients in the vel-

tuzumab study had often received multiple prior courses of ritux-

imab given in combination with chemotherapy. Also, in this study,

the patients with FL who achieved CR/CRu generally had durable

responses (median duration of response and PFS of 20 and 24

months, respectively), and the response durability appears to be

similar at variable veltuzumab dose levels. Among the patients with

non-follicular histologies, ORRs varied by histology. In MZL, 5 of 6

patients had ORR, with 2 CR/CRu and 3 long-term responses (15-24

months). In diffuse large B-cell lymphoma (DLBCL), although all

patients had previously received rituximab and CHOP, three of seven

patients (one at 80 mg/m2) had partial responses, yielding a 43%

ORR, which is not inferior historically to the 37% ORR reported in rit-

uximab-naive DLBCL patients treated with eight weekly doses of rit-

uximab (46).

Veltuzumab showed less activity in patients with mantle cell lym-

phoma, SLL or lymphoplasmacytic lymphoma, as has been the

experience with rituximab as a single agent in these histologies

(10, 49-51).

As a result of the observation that i.v. veltuzumab is active in

patients with NHL even at doses as low as 80-120 mg/m2 weekly for

a total of four administrations, with complete responses demon-

strated (38), a higher-concentration formulation was developed for

delivery of low doses by s.c. injection. Safety data for s.c. veltuzu-

mab were previously described in the “Safety” section from an open-

label, multicenter phase I study (42). Seventeen patients with indo-

lent NHL (14 patients with FL, 3 patients with other indolent

histologies) were enrolled in this trial and received 80, 160 or 320

mg s.c. veltuzumab administered every other week for a total of 4

doses. Across all histologies, s.c. administration of veltuzumab was

clinically active, with an ORR of 47% (24% CRR) in this small group

of patients. The median time to onset of an objective response was

11 weeks from the start of treatment, which is close to the 3.3-month

interval reported with i.v. veltuzumab, indicating that there is no

apparent delay of treatment response associated with the s.c. route

of administration. Objective responses occurred at all dose levels.

Responses, including CR/CRu, occurred in treatment-naive, as well

as previously treated, patients (including those exposed to ritux-

imab-containing regimens). Four of the 8 responders had durable
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responses of over 60 weeks, and 3 other patients who did not

achieve an overall response by International Working Group criteria

remained progression-free for at least 1 year; almost half of the

patients are still in ongoing follow-up. These results with s.c. dosing

in follicular NHL are particularly encouraging. While direct compar-

isons are limited by the small number of patients in this study, the

results for the 11 previously treated FL patients (55% ORR, 27%

CR/CRu) are similar to those obtained in previously treated FL

patients who received 4 weekly i.v. doses of veltuzumab of 80-750

mg/m2 (44% ORR, 27% CR/CRu) (38), as well as similar to histori-

cal data for rituximab therapy in FL (10, 12). Two FL patients with

bulky disease (one received doses of 160 mg and the other 80 mg)

did not achieve an objective response, again suggesting that higher

doses or more frequent dosing may be required for patients with

higher tumor burdens. Of the 3 patients with non-follicular lym-

phoma histologies, 1 with SLL achieved a complete response, which

was ongoing at 72 weeks after treatment when last reported. The

other two patients (one SLL, one MZL) had high levels of circulating

B cells and failed to achieve an objective response. This has also

been reported in patients with chronic lymphocytic leukemia (CLL)

treated with i.v. veltuzumab. Although the same s.c. doses and dos-

ing schedule of veltuzumab used failed to achieve meaningful clini-

cal benefit, it did show evidence of pharmacological activity, with

transient decreases in the high levels of circulating leukemic B cells

(52). This again emphasizes that more frequent or extended dosing

or combination therapy with other agents will likely be required to

overcome the higher antigen burden in these settings.

Since veltuzumab, like rituximab, depletes normal B cells (38), its

role in the treatment of immune thrombocytopenia (ITP) is being

evaluated, especially by the s.c. route of administration (53).

CONCLUSION

Veltuzumab, a second-generation humanized anti-CD20 MAb, dif-

fers structurally from rituximab in one CDR by a single amino acid

change, but also a different framework region. These structural dif-

ferences appear to be functionally important, since veltuzumab

showed antiproliferative, apoptotic and ADCC effects in vitro similar

to rituximab (12), but with other qualitative differences, including

slower off rates and increased CMC in several human lymphoma cell

lines (26). Veltuzumab is being developed for the treatment of both

oncological and autoimmune conditions. It is well tolerated despite

rapid infusion and is effective even at low doses. In NHL and ITP, low

s.c. doses were safe and demonstrated levels of activity comparable

to those reported historically with higher doses of rituximab (41, 52).

By avoiding prolonged i.v. administration and the need for dedicated

infusion sites, convenient outpatient s.c. dosing of veltuzumab may

offer benefits for both patients and the healthcare system.

On the basis of these encouraging preclinical and early clinical

results, further studies of veltuzumab, given i.v. or, more convenient-

ly, by s.c. injection, appear reasonable and are ongoing. Veltuzumab

is being studied as a single agent, in combination regimens or as

part of a recently described novel construct. Veltuzumab is being

evaluated in phase II trials in combination with standard chemother-

apy, as well as in combination with epratuzumab. In addition, a

phase III study directly comparing veltuzumab plus chemotherapy to

rituximab plus chemotherapy in first-line indolent NHL is planned.

SOURCES

Immunomedics, Inc. (US); licensed to Nycomed GmbH for non-can-

cer indications worldwide (CH).

DISCLOSURES

The authors state no conflicts of interest.

REFERENCES

1. Hansen, H., Goldenberg, D.M., Qu, Z. (Immunomedics, Inc.). Anti-CD20

antibodies and fusion proteins thereof and methods of use. CA 2476166,

CN 101914158, EP 1519959, EP 2295468, JP 2006500904, JP

2009291197, US 2003219433, US 7151164, WO 2003068821.

2. Tedder, T.F., Engel, P. CD20: A regulator of cell-cycle progression of B lym-

phocytes. Immunol Today 1994, 15(9): 450-4.

3. Press, O.W., Appelbaum, F., Ledbetter, J.A., Martin, P.J., Zarling, J., Kidd, P.,

Thomas, E.D. Monoclonal antibody 1F5 (anti-CD20) serotherapy of human B

cell lymphomas. Blood 1987, 69(2): 584-91. 

4. Press, O.W., Howell-Clark, J., Anderson, S., Bernstein, I. Retention of B-

cell-specific monoclonal antibodies by human lymphoma cells. Blood

1994, 83(5): 1390-7.

5. Kosmas, C., Stamatopoulos, K., Stavroyianni, N., Tsavaris, N., Papadaki,

T. Anti-CD20-based therapy of B cell lymphoma: State of the art.

Leukemia 2002, 16(10): 2004-15.

6. Glennie, M.J., French, R.R., Cragg, M.S., Taylor, R.P. Mechanisms of killing

by anti-CD20 monoclonal antibodies. Mol Immunol 2007, 44(16): 3823-7.

7. Einfeld, D.A., Brown, J.P., Valentine, M.A., Clark, E.A., Ledbetter, J.A. Mol-

ecular cloning of the human B cell CD20 receptor predicts a hydrophobic

protein with multiple transmembrane domains. EMBO J 1988, 7(3): 711-7.

8. Liu, A.Y., Robinson, R.R., Murray, E.D. Jr., Ledbetter, J.A., Hellström, I.,

Hellström, K.E. Production of a mouse-human chimeric monoclonal anti-

body to CD20 with potent Fc dependent biologic activity. J Immunol 1987,

139(10): 3521-6.

9. Sieber, T., Schoeler, D., Ringel, F., Pascu, M., Schriever, F. Selective inter-

nalization of monoclonal antibodies by B-cell chronic lymphocytic

leukemia cells. Br J Haematol 2003, 121(3): 458-61.

10. McLaughlin, P., Grillo-López, A.J., Link, B.K. et al. Rituximab chimeric

anti-CD20 monoclonal antibody therapy for relapsed indolent lymphoma:

Half of patients respond to a four-dose treatment program. J Clin Oncol

1998, 16(8): 2825-33. 

11. Cvetkovic, R.S., Perry, C.M. Rituximab: A review of its use in non-

Hodgkin’s lymphoma and chronic lymphocytic leukemia. Drugs 2006,

66(6): 791-820.

12. Davis, T.A., Grillo-López, A.J., White, C.A. et al. Rituximab anti- CD20

monoclonal antibody therapy in non-Hodgkin’s lymphoma: Safety and

efficacy of re-treatment. J Clin Oncol 2000, 18(17): 3135-43.

13. Stein, R., Qu, Z., Chen, S. et al. Characterization of a new humanized anti-

CD20 monoclonal antibody, IMMU-106, and its use in combination with

the humanized anti-CD22 antibody, epratuzumab, for the therapy of non-

Hodgkin’s lymphoma. Clin Cancer Res 2004, 10(8): 2868-78.

14. Teeling, J.L., French, R.R., Cragg, M.S. et al. Characterization of new

human CD20 monoclonal antibodies with potent cytolytic activity against

non-Hodgkin lymphoma. Blood 2004, 104(6): 1793-800. 

15. Vugmeyster, Y., Beyer, J., Howell, K. et al. Depletion of B cells by a human-

ized anti-CD20 antibody PRO70769 in Macaca fascicularis. J Immunother

2005, 28(3): 212-9. 

16. Umana, P., Moessner, E., Grau, R. et al. GA101, a novel therapeutic type

II CD20 antibody with outstanding antitumor efficacy in non-Hodgkin

524

VELTUZUMAB S.A. Bhat and M.S. Czuczman

THOMSON REUTERS – Drugs of the Future 2011, 36(7)



lymphoma xenograft models and superior B cell depletion. Ann Oncol

[10th Int Conf Malig Lymphoma (June 4-7, Lugano) 2008] 2008,

19(Suppl. 4): Abst 098. 

17. Martin, P., Furman, R.R., Ruan, J. et al. Novel and engineered anti-B-cell

monoclonal antibodies for non-Hodgkin’s lymphoma. Semin Hematol

2008, 45(2): 126-32. 

18. Maloney, D.G. Follicular NHL: From antibodies and vaccines to graft-ver-

sus-lymphoma effects. Hematology Am Soc Hematol Educ Program

2007: 226-32.

19. Dorner, T., Burmester, G.R. New approaches of B-cell-directed therapy:

Beyond rituximab. Curr Opin Rheumatol 2008, 20(3): 263-8.

20. Genovese, M.C., Kaine, J.L., Kohen, M.D. et al. Safety and clinical activity

of ocrelizumab (a humanized antibody targeting CD20_B cells) in combi-

nation with methotrexate (MTX) in moderate-severe rheumatoid arthritis

(RA) patients (Ph I/II ACTION study). Arthritis Rheum [70th Annu Sci Meet

Am Coll Rheumatol (Nov 10-15, Washington, D.C.) 2006] 2006, 54(9,

Suppl.): Abst 6.

21. Morschhauser, F., Marlton, P., Vitolo, U. et al. Interim results of a phase I/II

study of ocrelizumab, a new humanised anti-CD20 antibody in patients with

relapsed/refractory follicular non-Hodgkin’s lymphoma. Blood [49th Annu

Meet Am Soc Hematol (Dec 8-11, Atlanta) 2007] 2007, 110(11): Abst 645.

22. Hagenbee, A., Gadeberg, O., Johnson, P. et al. First clinical use of ofatu-

mumab, a novel fully human anti-CD20 monoclonal antibody in relapsed

or refractory follicular lymphoma: Results of a phase I/II trial. Blood 2008,

111(12): 5486-95.

23. Coiffier, B., Lepretre, S., Pedersen, L.M. et al. Safety and efficacy of ofatu-

mumab, a fully human monoclonal anti-CD20 antibody, in patients with

relapsed or refractory B-cell chronic lymphocytic leukemia: A phase 1-2

study. Blood 2008, 111(3): 1094-100.

24. Morschhauser, F., Leonard, J.P., Fayad, L. et al. Low doses of humanized

anti-CD20 antibody, IMMU-106 (hA20), in refractory or recurrent NHL:

Phase I/II results. J Clin Oncol [43rd Annu Meet Am Soc Clin Oncol (ASCO)

(June 1-5, Chicago) 2007] 2007, 25(18, Suppl.): Abst 8032.

25. Goldenberg, D.M., Chang, C., Rossi, E.A. et al. Laboratory and clinical

studies of high anti-lymphoma potency with anti-CD20 veltuzumab and

differentiation from rituximab. Proc Am Soc Clin Oncol, J Clin Oncol

[44th Annu Meet Am Soc Clin Oncol (ASCO) (May 30-June 3, Chicago)

2008] 2008, 26(15, Suppl.): Abst 3043.

26. Goldenberg, D.M., Rossi, E.A., Stein, R. et al. Properties and structure-

function relationships of veltuzumab (hA20), a humanized anti-CD20

monoclonal antibody. Blood 2009, 113(5): 1062-70.

27. Leung, S.O., Goldenberg, D.M., Dion, A.S., Pellegrini, M.C., Shevitz, J., Shih,

L.B., Hansen, H.J. Construction and characterization of a humanized, inter-

nalizing, B-cell (CD22)-specific, leukemia/lymphoma antibody, LL2. Mol

Immunol 1995, 32(17-18): 1413-27.

28. Goldenberg, D.M. Epratuzumab in the therapy of oncological and immuno-

logical diseases. Expert Rev Anticancer Ther 2006, 6(10): 1341-53.

29. Tuscano, J.M., O’Donnell, R.T., Miers, L.A. et al. Anti-CD22 ligand-block-

ing antibody HB22.7 has independent lymphomacidal properties and aug-

ments the efficacy of 90Y-DOTA-peptide-Lym-1 in lymphoma xenografts.

Blood 2003, 101(9): 3641-7. 

30. Du, Y., Honeychurch, J., Cragg, M.S., Bayne, M., Glennie, M.J., Johnson,

P.W., Illidge, T.M. Antibody- induced intracellular signaling works in com-

bination with radiation to eradicate lymphoma in radioimmunotherapy.

Blood 2004, 103(4): 1485-94.

31. Czuczman, M.S., Weaver, R., Alkuzweny, B., Berlfein, J., Grillo-López, A.J.

Prolonged clinical and molecular remission in patients with low-grade or

follicular non- Hodgkin’s lymphoma treated with rituximab plus CHOP

chemotherapy: 9-Year follow-up. J Clin Oncol 2004, 22(23): 4711-6.

32. Mattes, M.J., Sharkey, R.M., Karacay, H., Czuczman, M.S., Goldenberg,

D.M. Therapy of advanced B-lymphoma xenografts with a combination

of 90Y-anti-CD22 IgG (epratuzumab) and unlabeled anti-CD20 IgG (vel-

tuzumab). Clin Cancer Res 2008, 14(19): 6154-60.

33. Leonard, J.P., Coleman, M., Ketas, J. et al. Combination antibody therapy

with e-mab and rituximab in relapsed or refractory non-Hodgkin’s lym-

phoma. J Clin Oncol 2005, 23(22): 5044-51.

34. Strauss, S.J., Morschhauser, F., Rech, J. et al. Multicenter phase II trial of

immunotherapy with the humanized anti-CD22 antibody, e-mab, in com-

bination with rituximab, in refractory or recurrent non-Hodgkin’s lym-

phoma. J Clin Oncol 2006, 24(24): 3880-6.

35. Leonard, J.P., Schuster, S.J., Emmanouilides, C. et al. Durable complete

responses from therapy with combined e-mab and rituximab: Final results

from an international multicenter, phase 2 study in recurrent, indolent,

non-Hodgkin lymphoma. Cancer 2008, 113(10): 2714-23.

36. Rossi, E.A., Goldenberg, D.M., Cardillo, T.M., McBride, W.J., Sharkey,

R.M., Chang, C.H. Stably tethered multifunctional structures of defined

composition made by the dock and lock method for use in cancer target-

ing. Proc Natl Acad Sci USA 2006, 103(18): 6841-6.

37. Rossi, E.A., Goldenberg, D.M., Cardillo, T.M., Stein, R., Chang, C.H. Hexa-

valent bispecific antibodies represent a new class of anticancer therapeu-

tics: 1. Properties of anti- CD20/CD22 antibodies in lymphoma. Blood

2009, 113(24): 6161-71.

38. Morschhauser, F., Leonard, J.P., Fayad, L. et al. Humanized anti- CD20

antibody, veltuzumab, in refractory/recurrent non-Hodgkin’s lymphoma:

Phase I/II results. J Clin Oncol 2009, 27(20): 3346-53.

39. Berinstein, N.L., Grillo-Lopez, A.J., White, C.A. et al. Association of serum

rituximab (IDEC-C2B8) concentration and antitumor response in the treat-

ment of recurrent low-grade or follicular non-Hodgkin’s lymphoma. Ann

Oncol 1998, 9(9): 995-1001. 

40. Gordon, L.N., Grow, W.B., Pusateri, A., Douglas, V., Mendenhall, N.P.,

Lynch, J.W. Phase II trial of individualized rituximab dosing for patients

with CD20-positive lymphoproliferative disorders. J Clin Oncol 2005,

23(6): 1096-102. 

41. Cartron, G., Blasco, H., Paintaud, G., Watier, H., Le Guellec, C. Pharmaco-

kinetics of rituximab and its clinical use: Thought for the best use? Crit Rev

Oncol Hematol 2007, 62(1): 43-52.

42. Negrea, G.O., Elstrom, R., Allen, S.L. et al. Subcutaneous injections of

low-dose veltuzumab (humanized anti-CD20 antibody) are safe and active

in patients with indolent non-Hodgkin’s lymphoma. Haematologica 2011,

96(4): 567-73.

43. Tahir, H., Rohrer, J., Bhatia, A., Wegener, W.A., Isenberg, D.A. Humanized

anti-CD20 monoclonal antibody in the treatment of severe resistant sys-

temic lupus erythematosus in a patient with antibodies against rituximab.

Rheumatology (Oxford) 2005, 44(4): 561-2.

44. Cheson, B.D., Horning, S., Coiffier, B. et al. Report of an international

workshop to standardize response criteria for non-Hodgkin’s lymphomas.

NCI Sponsored International Working Group. J Clin Oncol 1999, 17(4):

1244-53.

45. Genentech. Rituxan (Rituximab) full prescribing information. Available

from: http://www.gene.com/gene/products/information/ oncology/rit-

uxan/insert.jsp.

46. Coiffier, B., Haioun, C., Ketterer, N. et al. Rituximab (anti-CD20 mono-

clonal antibody) for the treatment of patients with relapsing or refractory

aggressive lymphoma: A multicenter phase II study. Blood 1998, 92(6):

1927-32.

47. Coiffier, B., Lepage, E., Briere, J. et al. CHOP chemotherapy plus rituximab

compared with CHOP alone in elderly patients with diffuse large B-cell lym-

phoma. N Engl J Med 2002, 34(4): 235-42. 

525

S.A. Bhat and M.S. Czuczman VELTUZUMAB

THOMSON REUTERS – Drugs of the Future 2011, 36(7)



48. Habermann, T.M., Weller, E.A., Morrison, V.A. et al. Rituximab- CHOP ver-

sus CHOP alone or with maintenance rituximab in older patients with dif-

fuse large B-cell lymphoma. J Clin Oncol 2006, 24(19): 3121-7.

49. Igarashi, T., Kobayashi, Y., Ogura, M. et al. Factors affecting toxicity,

response and progression-free survival in relapsed patients with indolent

B-cell lymphoma and mantle cell lymphoma treated with rituximab: A

Japanese phase II study. Ann Oncol 2002, 13(6): 928-43. 

50. Foran, J.M., Rohatiner, A.Z.S., Cunningham, D. et al. European phase II

study of rituximab (chimeric anti-CD20 monoclonal antibody) for

patients with newly diagnosed mantle-cell lymphoma and previously

treated mantle-cell lymphoma, immunocytoma, and small B-cell lym-

phocytic lymphoma. J Clin Oncol 2000, 18(2): 317-24. 

51. Gertz, M.A., Rue, M., Blood, E., Kaminer, L.S., Vesole, D.H., Greipp, P.R.

Multicenter phase 2 trial of rituximab for Waldenstrom’s macroglobuline-

mia (WM): An Eastern Cooperative Oncology Group Study (E3A98). Leuk

Lymphoma 2004, 45(10): 2047-55. 

52. Negrea, O.G., Allen, S.L., Rai, K.R. et al. Subcutaneous injections of low

doses of humanized anti-CD20 veltuzumab for treatment of indolent B-cell

malignancies. Blood [51st Annu Meet Am Soc Hematol (Dec 5-8, New

Orleans) 2009] 2009, 114(22): Abst 3757.

53. Saleh, M.N., Liebman, H., Bernstein, Z.P. et al. Subcutaneous injections of

low-dose anti-CD20 veltuzumab for treatment of relapsed immune throm-

bocytopenia (ITP). Blood [51st Annu Meet Am Soc Hematol (Dec 5-8, New

Orleans) 2009] 2009, 114(22): Abst 1322.

526

VELTUZUMAB S.A. Bhat and M.S. Czuczman

THOMSON REUTERS – Drugs of the Future 2011, 36(7)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


