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Introduction
Lymphoproliferative disorders, such as non-Hodgkin's 
lymphoma (NHL) and chronic lymphocytic leukemia (CLL), 
comprise a group of heterogeneous malignant disorders 
originating from clonal proliferation of lymphocytes. 
NHL represents the most prevalent adult hematological 
malignancy in the  US with greater than 66,000 cases 
expected to have occurred in 2008 [917051]. The majority 
of NHLs (approximately 90%) occur in the B-cell lineage  
and range from incurable indolent disease to highly 
aggressive, but treatable, malignancies [973867]. The  
most frequent subtypes are diffuse large B-cell lymphoma 
(DLBCL) and follicular lymphoma (FL) [977003].

Similarly, CLL is a B-cell clonal lymphoid disease  
characterized by proliferation and accumulation of small  
CD5/CD19-positive lymphocytes. Many patients are 
asymptomatic at diagnosis and usually require no  
treatment [977004]. Approximately 95,000 Americans 
are living with this disease, which represents a higher 
prevalence of CLL than any other type of leukemia  
[973865]. CLL is an incurable disease; thus, over the last 
30 years, the treatment of this condition has focused on 
symptom palliation. Failure of the traditional cytotoxic  
agents to cure CLL is because of the indolent nature of 
the disease, as well as intrinsic resistance mechanisms  

to chemotherapy that are the result of defective apoptosis 
in B-cells [977010]. Hence, mAbs to induce apoptosis are 
being developed as a potential enhancement of palliative 
treatment in patients with CLL. 

The ability of novel mAbs to target functional receptors  
in both NHL and CLL can enhance therapeutic efficacy. 
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In 1997, the introduction of the mAb rituximab (Rituxan)  
shifted the paradigm of treatment for NHL. Rituximab is a 
chimeric, anti-CD20 mAb that induces lysis and apoptosis 
in both normal and malignant human B-cells [971538], 
and sensitizes malignant B-cells to the cytotoxic effect 
of chemotherapy [447273]. In phase III clinical trials in  
patients with indolent or aggressive NHL, intravenous 
rituximab in combination with chemotherapy was more 
effective than chemotherapy alone at increasing tumor 
remission and patient survival [900095], [971555]. 
Rituximab is currently approved for the first-line treatment 
of aggressive and indolent subtypes of NHL (DLBCL and 
FL, respectively), and for the treatment of relapsed or 
refractory CD20-positive NHL. Although not approved by  
the FDA for the treatment of CLL, rituximab is commonly 
used in this setting in general practice. As with NHL,  
phase III clinical trials in patients with CLL have  
demonstrated similar benefits of rituximab in combination 
with chemotherapy [899707], [899708], [977024], 
[977026].

Nevertheless, there are limitations associated with  
rituximab treatment. For example, rituximab requires 
at least a minimal amount of CD20 antigen expression in  
order to be effective [979521]. In addition, rituximab 
is associated with high levels of infusion reactions and,  
although rare, in some instances treatment has instigated 
potentially life-threatening side effects [979529]. As a 
result, there are sustained efforts to further explore  
the mAb treatment modality to identify a viable, long-
term option for both NHL and CLL. Comparison of 
various therapeutic anti-B-cell mAbs has delineated key 
factors that are instrumental in achieving a treatment 
response. Potential mechanisms of action of mAbs include  
complement-dependent cytotoxicity (CDC), antibody-
dependent cell-mediated cytotoxicity (ADCC) and the 
direct induction of apoptosis [977035], [977038]. The  
individual composition of a mAb could potentially be  
crucial in eliciting these mechanisms and augmenting  
cell-killing properties.

Veltuzumab is a second-generation, intravenously or 
subcutaneously administered, humanized anti-CD20 mAb, 
which is currently under evaluation for the treatment of  
NHL and CLL by Immunomedics Inc. Licensee Nycomed is 
also developing veltuzumab for non-cancer indications, 
including rheumatoid arthritis (no data available) and 
idiopathic thrombocytopenic purpura (ITP), although 
Immunomedics has retained an option to co-promote 
veltuzumab for ITP, which, at the time of publication,  
was undergoing a phase I/II clinical trial [924993]. ITP  
is an acquired disorder characterized by isolated 
thrombocytopenia caused by increased peripheral 
destruction and, to a lesser degree, decreased production 
of platelets. ITP, which has an estimated prevalence of  
10 cases per 100,000 population per year [977044],  
appears to have an autoimmune etiology. Anti-CD20 mAb 
therapy has been used with success in adult patients 
with chronic forms of the disorder who failed therapy 
with corticosteroids, immunoglobulin and/or splenectomy 

[977039], [977041]. This report reviews the available 
literature for veltuzumab to date, with specific focus on the 
oncology indications.

Synthesis and SAR
Veltuzumab consists of 90 to 95% human antibody  
sequences. In terms of structure, veltuzumab exhibits 
complementarity-determining regions (CDRs) identical 
to rituximab, except for one residue at position 101  
(Kabat numbering) in the CDR3 of the variable heavy 
chain, where aspartic acid is present in veltuzumab  
instead of asparagine in rituximab. The framework  
regions of veltuzumab are identical to epratuzumab 
(Immunomedics Inc/UCB SA), a humanized anti-CD22 
antibody [977614]. 

The generation of veltuzumab is similar to that of  
epratuzumab (see [441322], [969604]). The genes 
of the CDR-grafted variable heavy and light chains of  
veltuzumab were inserted into the pdHL2 plasmid vector, 
a dihydrofolate reductase (DHFR)-based amplifiable  
expression system, and then transfected into the  
Sp2/0-Ag14 murine myeloma cell line to generate  
veltuzumab-producing clones [472404], [784950].

Preclinical development
In vitro
Initial preclinical studies compared the antigen detection, 
inhibition of proliferation and induction of apoptosis of 
veltuzumab against rituximab across a range of human  
NHL cell lines (including Daudi, Raji, Ramos, DoHH2, 
Karpas422, RL, SU-DHL-4, SU-DHL-6, SU-DHL-10 and 
WSU-FSCCL) [472404], [491149], [516974], [784950], 
[912498]. In competitive binding assays using Raji cells,  
the apparent binding avidity of veltuzumab was slightly  
higher than that for rituximab (apparent dissociation  
constants of 3.6 ± 0.6 and 3.1 ± 0.4 nM, respectively). 
Veltuzumab also demonstrated slightly longer residence 
times (ie, reduced off-rates) than did rituximab in Daudi  
and WSU-FSCCL cells. Further similarities were apparent 
between the two mAbs when comparing antigen  
expression and binding with human peripheral blood 
leukocytes [784950], [912498].

To assess the apoptotic and antiproliferative effects of 
veltuzumab, NHL cell lines were cultured with veltuzumab  
or rituximab for 48 h, with or without crosslinking (to 
simulate the role of effector cells in vivo) [784950]. To  
induce apoptosis, all cell lines tested (except SU-DHL-06) 
required the use of a crosslinker with the mAb. With 
crosslinking, the growth of the SU-DHL-6 cell line was  
most effectively inhibited by veltuzumab, yielding 
approximately 98% inhibition of proliferation compared  
with 88% without crosslinking. Inhibition was not directly 
related to antigen density. For example, in the Raji line,  
where the antigen density of veltuzumab was highly  
prominent, only approximately 40% inhibition was observed 
following treatment with a crosslinker (20% without 
crosslinker). All these outcomes were similar to those 
observed for rituximab [784950].



202   Current Opinion in Molecular Therapeutics 2009 Vol 11 No 2

Further data demonstrated that veltuzumab effectively 
induced ADCC and CDC in NHL cell lines in the presence  
of human PBMCs or human complement, respectively. 
Results varied between different cell lines; for example, 
ADCC with veltuzumab caused approximately 60% lysis  
in SU-DHL-6 cells compared with approximately 20% in  
Raji cells. CDC was slightly less varied, with approximately 
80% lysis in SU-DHL-6 cells compared with almost 100% 
in Raji cells. In Daudi cells, veltuzumab induced CDC 
more potently than did rituximab, although no data  
were available; ADCC/CDC was comparable between 
veltuzumab and rituximab in all other cell lines [784950], 
[912498]. 

In vivo
In CD20/CD22 cross-reactive cynomolgus monkeys  
treated with veltuzumab (8, 24, 80 and 240 mg/kg ip  
or sc, once weekly for 4 weeks), 85 to 95% depletion of  
B-cells was observed by 6 days after initiation of dosing 
compared with 30 to 50% with epratuzumab (10, 60,  
160 mg/kg ip, once-weekly for 4 weeks) on day 3  
[638703]. There was a trend toward dose-related depletion 
following veltuzumab treatment, while after epratuzumab 
treatment, there was no apparent dose response. More 
recently, it was reported that doses of veltuzumab as low  
as 6.7 mg/kg (equivalent to 80 mg/m2 in humans) caused  
full peripheral and splenic B-cell depletion when  
administered intravenously or subcutaneously in healthy 
cynomolgus monkeys [977614].

The efficacy of veltuzumab (50 µg ip, twice weekly) 
compared with epratuzumab (50 µg ip, twice weekly) and 
combination of the two mAbs (each at 50 µg ip, twice  
weekly) was investigated in SCID mice bearing Raji 
lymphoma. Epratuzumab-treated mice had a median  
survival time of 15 days, which was identical to the 
control treatment of labetuzumab (Immunomedics Inc).  
Veltuzumab treatment increased median survival to  
25 days. Although median survival was only slightly  
increased through combination of the mAbs, prolonged 
survival (≥ 35 days) was achieved in 30% of mice  
compared with 17% on veltuzumab alone (p = 0.0515). 
These findings suggest that, potentially, the efficacy of  
veltuzumab may be enhanced by synergism with other 
mAbs [784950]. The same mouse model was used to  
assess veltuzumab against rituximab (both at 100 µg ip,  
5 times weekly for 2 weeks, then twice weekly for  
3 weeks). While both mAbs significantly improved  
(p < 0.0001) upon the control median survival time of  
16.5 days, the effect was greatest with rituximab  
(increased survival time to 98 days compared with 70 days 
for veltuzumab) [784950].

The effects of veltuzumab (up to 3 mg iv, administered when 
tumor size was between 0.1 to 0.5 cm3), 90Y-conjugated 
epratuzumab (100 or 175 µCi iv, applied when tumor size 
was between 0.2 to 1 cm3) or combination were assessed 
in nude mice xenografted with Ramos cell lymphoma (at  
day 0) [959953]. By day 14, all tumors had regressed 
following treatment with 175 µCi 90Y-epratuzumab; however, 

within 2 to 5 weeks, all tumors had rapidly regrown. In mice 
treated with veltuzumab, tumors grew at the same rate as 
control and there was no indication of tumor regression or 
stabilization. With the combination treatment, veltuzumab 
was administered on day 0 and 90Y-epratuzumab on day 1 
followed by three additional weekly doses of veltuzumab, 
each at half the original dose. By day 168, 12 of 15 mice 
demonstrated no sign of visible tumor, and survival 
was significantly improved compared with the individual 
mAb groups (p < 0.001). Slow, steady tumor growth was  
observed in the remaining 3 mice, with the first  
appearance of tumor occurring at days 10, 65 and 140. 
A veltuzumab total dose of 250 µg (100 µg + 3 weekly  
50-µg doses) when administered in combination 
with epratuzumab was sufficient to induce maximum  
therapeutic effect [959953]. 

Toxicity
In the study in CD20/CD22 cross-reactive cynomolgus 
monkeys, veltuzumab was well tolerated with no changes 
in body or organ weights, food intake, ophthalmic 
condition, ECGs, blood pressure and standard hematology, 
serum chemistry, coagulation or urinalysis parameters, 
histopathology or gross necropsy. Veltuzumab  
demonstrated minimal effects on T-cells, monocytes 
or plasma cells, and no primate antibodies against  
veltuzumab were detected [638703]. 

Metabolism and pharmacokinetics
For the study in cynomolgus monkeys (see above), 
veltuzumab exhibited a t1/2 of 5 to 8 days after the first 
intravenous infusion and 6 to 13 days after subcutaneous 
administration. With both routes, Tmax ranged between  
2 and 5 days [638703], [977614].

In a phase I/II multicenter, dose-escalation, open-label 
clinical trial (NCT00285428; NCT00596804; NCT00112970; 
IM-T-hA20-01) of veltuzumab (80, 120, 200, 375 or  
750 mg/m2 iv, once weekly for 4 weeks) in patients  
(n = 82) with relapsed grade 1 and 2 FL or other relapsed 
CD20-positive B-cell lymphomas (non-FL), mean serum 
veltuzumab levels increased with dose and number of 
infusions. At the 375-mg/m2 dose, the mean antibody  
serum t1/2 was 3 to 5 days after one infusion, extending to  
12 days after four infusions [639819], [671216]. The  
clearance of veltuzumab at this dose was similar to that 
observed with rituximab (no data available). As with 
epratuzumab, where low doses can be quickly infused,  
80 mg/m2 veltuzumab was administered within 2 h for 
the first infusion and within 1 h in subsequent infusions  
[750587], [796144], [912498], [926817]. 

Preliminary pharmacokinetic data of veltuzumab were 
reported from an open-label, dose-comparison, multicenter 
phase I/II clinical trial (NCT00547066; IM-T-hA20-07) of 
veltuzumab (80, 120 or 200 mg iv, once every 2 weeks 
for a total of 4 weeks) in patients with ITP (expected total 
enrollment of 66 patients). In data from six evaluable 
patients, Cmax values of 20.3 and 46 µg/ml at 80 and  
120 mg, respectively, were recorded, which were within  
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the expected serum range. There were no signs of  
rapid clearance and the mean post-treatment t1/2 was 
approximately 1 week. All infusions were completed within 
60 to 90 min [967967].

Clinical development
NHL and CLL
The phase I/II multicenter, dose-escalation, open-label 
clinical trial IM-T-hA20-01 evaluated the safety and 
efficacy of veltuzumab in patients with grade 1 and 2 FL 
(n = 50) or non-FL (n = 32) [796144], [912498], [926817], 
[926877]. Patients, who had all previously received one to 
seven chemotherapeutic treatments (primarily rituximab-
containing regimens) and were without progression for  
6 months, were enrolled to one of five dose groups  
(outlined above). In patients with FL, 44% had an objective 
response (depletion of circulating B-cells) and 28% had 
a durable complete response, with the median duration 
of response being 19.7 months. In the non-FL group, the 
objective response rate was 35%, with a complete response 
rate of 27%. At the lowest dose of 80 mg/m2, there were 
objective responses in 63% (5 of 8 patients) of patients, 
with a 25% complete response rate. In both sets of  
patients and across all doses, the objective response  
rate was 41% (partial and complete responses) with 
a complete response rate of 21% [912276], [912498], 
[926877].

At the time of publication, a non-randomized, open  
label, dose-comparison phase I/II clinical trial  
(NCT00546793; IM-T-hA20-08) to assess the safety, 
tolerability and efficacy of subcutaneous veltuzumab 
was ongoing in patients with NHL and CLL (expected 
total enrollment of 72 patients) [894922], [944414]. 
The trial would examine different doses of veltuzumab  
administered weekly for 4 weeks. Initial preliminary 
data suggested that, after receiving a single 80 mg dose 
of veltuzumab, circulatory B-cell levels were reduced to  
less than 1% compared with baseline [894922]; further  
data have not been reported at the time of publication.

ITP
In the IM-T-hA20-07 phase I/II clinical trial of veltuzumab 
in patients with ITP, preliminary efficacy data have been 
reported. To be eligible for enrollment, patients must 
have platelet counts less than 30,000 (30 K) µl and a prior 
history of platelet counts of less than 150 K/µl for more 
than 6 months, and in whom more than one standard 
therapy has previously failed. Efficacy was assessed over  
12 weeks. Of the six evaluable patients, all four non-
splenectomized patients responded to treatment with at 
least a 2-fold increase of their baseline platelet counts, 
with two achieving complete responses (> 150 K/µl), one 
partial response (50 to 150 K/µl) and one minor response 
(30 to 50 K/µl). At 16 and 24 weeks post-treatment, the 
two patients with complete responses still had platelet 
counts greater than 100 K/µl. In the patient with a  
partial response, platelet counts decreased to less than  
30 K/µl by 11 weeks post-treatment; however, subsequent  
retreatment with 120 mg veltuzumab achieved a second 

partial response, which was still present 6 weeks later.  
In the patient with the minor response, platelet counts were  
still double the baseline value. The two splenectomized 
patients did not respond to treatment. Veltuzumab quickly 
depleted B-cells after the first dose, with decreases 
sustained for more than 12 weeks [967967]. The route 
of administration in this clinical trial has now been  
transitioned from intravenous infusions to subcutaneous 
injections [944414]. 

Side effects and contraindications
In the phase I/II, IM-T-hA20-01 clinical trial in patients  
(n = 82) with relapsed NHL, veltuzumab was generally 
well tolerated, with transient, infusion-associated adverse  
events that were grade 1 to 2 in severity and predominantly 
occurred at first infusion. One preliminary report from  
this trial, with results from 57 patients, stated that drug-
related adverse events occurred in 29 patients (50.8%)  
and included fatigue, fever, pain/discomfort, chills/rigors, 
nausea, urticaria and pruritus, but were transient and 
infusion-related. Serious adverse events were reported 
in six patients but were not drug-related; these included 
fibrillation before treatment, trauma and pneumonia  
during treatment, back pain 1 month after treatment 
and bladder tumor and anemia 2 months after treatment 
[926817]. In other reports, one patient developed a visible 
and palpable large neck mass during the trial [944414], 
and one patient had an allergic reaction (this patient had 
already experienced a similar episode with rituximab) 
and treatment was discontinued [796144]. There were no  
human anti-human antibody (HAHA) responses and  
standard laboratory values obtained at each infusion 
demonstrated no drug-related effects [639819]. At the  
time of publication, there was no information on the  
safety of subcutaneously administered veltuzumab.

In the phase I/II, IM-T-hA20-07 clinical trial of  
veltuzumab in patients with ITP, one patient withdrew 
after receiving 100 mg veltuzumab and experiencing a 
grade 3 infusion reaction. Of the remaining six patients, 
two developed low-level positive HAHA results of  
uncertain clinical significance after treatment had finished 
[967967]. 

Patent summary
In October 2008, Immunomedics announced the grant  
of US-07435803 covering the composition of matter and  
the use of humanized, chimeric and human anti-CD20 
antibodies (including veltuzumab) and antibody fusion 
proteins or fragments thereof, for the treatment and 
diagnosis of B-cell disorders. The patent also protects  
the subcutaneous formulation of veltuzumab and has 
an expiry date of February 2023. Patent US-07435803  
shares priority data with a similar patent, US-07151164, 
which has been granted an expiry extension to February 
2024 under US 154 (because of time spent by the  
resulting product in regulatory review). An equivalent 
European patent application was pending grant at the  
time of publication.
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Current opinion
The treatment of NHL and CLL has undergone great  
changes since the development of mAbs, which have 
impacted positively upon patient response rates and  
survival times. This is despite the fact that mAb therapy is 
insufficient and cannot be considered curative; in patients 
with indolent entities, the development of resistance  
almost always ensues following repetitive exposure to  
mAbs. Furthermore, almost 50% of patients with aggressive 
NHL histologies will present with primary resistant or 
relapsed disease [977045]. Some of these patients can 
be salvaged with high-dose chemotherapy followed by 
hematopoietic stem cell transplantation (HSCT), but some 
will have clinical characteristics such as advanced age,  
poor performance status or multiple comorbidities that 
preclude them from undergoing or responding to HSCT 
[977046]. For these reasons, mAb therapy needs to be 
improved. 

The CD20 antigen is an almost ideal therapeutic target 
as it does not shed into the bloodstream, does not 
undergo internalization, is expressed almost universally 
in malignant B-cell lymphocytes and is not expressed in 
non-hematological cells [429396], [482687], [971574]. 
Although the function of CD20 is still unclear, its  
modulation with mAbs induces ADCC, CDC and apoptosis 
of the CD20-harboring cell [971538]. Rituximab has been  
used alone and in combination with chemotherapeutic 
agents to treat NHL and CLL, and has demonstrated  
improved response rates and prolonged survival times 
compared with chemotherapy alone. In preclinical  
analysis, veltuzumab induced higher binding avidities 
and a stronger effect on CDC compared with rituximab in  
selected cell lines [639819], [671216], [750587], [796144], 
[912498], [977614].

A humanized mAb, such as veltuzumab, will be less likely 
to induce formation of human anti-chimera antibodies 
and infusion reactions than chimeric compounds such 
as rituximab, allowing for safer and shorter intravenous 
infusions. The formation of HAHA is a potential concern  
with humanized mAbs, and, although this effect was not 
apparent in the NHL clinical trial of veltuzumab, there  
have already been two reports of positive HAHA  
responses from only six patients in the ITP clinical trial. 
There have been no reports of transient reactivation of  
hepatitis B following veltuzumab treatment, which has 
occasionally been reported with rituximab [977047], 
[977048]. Importantly, no deaths from veltuzumab  
treatment have been reported to date. 

Other anti-CD20 mAbs are under clinical development. 
Ofatumumab (GlaxoSmithKline plc/Genmab A/S) is a 
second-generation, fully-human anti-CD20 mAb that binds 
to a different epitope of the CD20 antigen to veltuzumab, 
and has demonstrated a high CDC effect with slow  
off-rates that are similar to those reported for  
veltuzumab, although no direct comparisons have been 
made [893195], [893196]. Ofatumumab is currently in  

phase III clinical trials to examine its potential in  
combination with various chemotherapeutic agents,  
including chlorambucil in patients with untreated CLL 
(NCT00748189), cyclophosphamide plus doxorubicin, 
vincristine and prednisolone (CHOP) in patients with 
FL (NCT00494780), and with fludarabine plus cyclo- 
phosphamide (FC) in patients with CLL (NCT00410163). 

Further advancements in mAb developmental technology 
have led to the production of the third-generation  
anti-CD20 mAb afutuzumab (Glycart Biotechnology AG/F 
Hoffmann-La Roche Ltd/Genentech Inc/Biogen Idec Inc). 
Afutuzumab is a humanized glyco-engineered mAb for  
the treatment of B-cell NHL and CLL. In vitro models  
have demonstrated that the antitumor effect of rituximab 
is strongly dependent on CDC, while afutuzumab remained 
active when complement was depleted. In addition, 
afutuzumab enhanced ADCC and exhibited superior 
caspase-independent apoptosis compared with rituximab 
[967210]. The clinical implications of these findings are  
yet to be validated. To date, preliminary data from  
24 patients have demonstrated afutuzumab to be safe 
and tolerable with similar pharmacokinetics to rituximab 
[968146]. 

The next steps in the clinical development of veltuzumab 
for the treatment of cancer are likely to include  
combination studies with various chemotherapeutic 
agents (eg, with cyclophosphamide plus vincristine and  
prednisone, or CHOP for NHL, and with FC for CLL). 
Combination with other mAbs (such as the chimeric  
anti-CD23 antibody lumiliximab [Biogen Idec Inc] and 
humanized anti-CD52 antibody alemtuzumab for CLL) to 
investigate the synergistic effects of veltuzumab should 
also be explored (eg, veltuzumab and epratuzumab for NHL 
[971576], [971577]). Further combinatory clinical trials 
could examine veltuzumab with other immunotherapeutic 
agents such as immunomodulators (eg, thalidomide 
and lenalidomide for CLL and indolent NHL subtypes) 
and proteasome inhibitors (for mantle cell lymphoma or 
Waldenstrom's macroglobulinemia). Finally, veltuzumab 
in addition to radioimmunotherapy could also prove  
beneficial in patients with NHL. 

Lymphoproliferative disorders affect one or more different 
biological pathways that play a role in lymphomagenesis, 
leading to wide heterogeneity in clinicopathological 
features. This suggests the need for personalized  
therapy. There are multiple second-generation anti-
CD20 antibodies in development and they will differ in 
pharmacokinetic properties that influence the effect on  
CDC, ADCC and/or apoptosis. Which antibody will provide  
the best therapeutic efficacy in which setting is something  
for future research to resolve. This process is made even  
more challenging by the varied way in which different 
mAbs affect different patients and diseases, giving rise 
to the tailoring of individual therapies. Furthermore, 
basic and translational research is required to increase 
our understanding of the mechanisms of action of these 
compounds. 
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Associated patent
Title Anti-CD20 antibodies and fusion proteins thereof and methods of 
use.
Assignee Immunomedics Inc 
Publication WO-03068821 21-AUG-03
Inventors Hansen H, Qu Z, Goldenberg DM.
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Satterwhite CM, Warren D, Walker MD, Goldenberg DM, Horak ID Blood 
2005 106 11 Abs 1471

639819 Initial safety and efficacy results of a second-generation 
humanized anti-CD20 antibody, IMMU-106 (hA20), in non-
Hodgkin's lymphoma. Morschhauser F, Leonard JP, Coiffier B, Petillon M-O,  
Coleman M, Bahkti A, Sapra P, Teoh N, Wegener WA, Horak ID,  
Goldenberg DM Blood 2005 106 11 Abs 2428

671216 Phase I/II results of a second-generation humanized 
anti-CD20 antibody, IMMU-106 (hA20), in NHL. Morschhauser F,  
Leonard JP, Coiffier B, Petillon M-O, Coleman M, Bahkti A, Teoh N,  
Wegener WA, Goldenberg DM PROC AM SOC CLIN ONCOL 2006 25 Abs 
7530
 
750587 Rituximab-relapsing patients with non-Hodgkins lymphoma 
respond even at lower doses of humanized anti-CD20 antibody, 
IMMU-106 (hA20): Phase I/II results. Morschhauser F, Leonard 
JP, Fayad L, Coiffier B, Schuster SJ, Dyer MJS, Petillon M-O, Coleman M,  
Bahkti A, Horne H, Xu L et al Blood 2006 108 11 Abs 2719

784950 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. Stein R, Qu Z, Chen S, Rosario A, Shi V, 
Hayes M, Horak ID, Hansen HJ, Goldenberg DM Clin Cancer Res 2004 10 
8 2868-2878
•• This paper extensively reviews the in vitro and in vivo characteristics 
of veltuzumab. In vitro, veltuzumab was similar to rituximab in terms 
of binding avidity, apoptosis induction, ADCC and CDC. In SCID mice, 
veltuzumab (100 µg ip, 5 times weekly for 2 weeks, then twice weekly 
for 3 weeks) significantly improved (p < 0.0001) upon the control median 
survival time (16.5 days) by 53.4 days.

796144 Low doses of humanized anti-CD20 antibody, IMMU-
106 (hA20), in refractory or recurrent NHL: Phase I/II results. 
Morschhauser F, Leonard JP, Fayad L, Coiffier B, Petillon M, Coleman M, 
Horne H, Teoh N, Wegener WA, Goldenberg DM AM SOC CLIN ONCOL 2007 
43 June 04 Abs 8032

873898 NCT00546793: Phase I/II study of subcutaneously 
administered veltuzumab (HA20) in NHL and CLL. Immunomedics Inc 
CLINICALTRIALS.GOV 2008

893195 Characterization of new human CD20 monoclonal  
antibodies with potent cytolytic activity against non-Hodgkin 
lymphomas. Teeling JL, French RR, Cragg MS, van den Brakel J, Pluyter M, 
Huang H, Chan C, Parren PW, Hack CE, Dechant M, Valerius T et al Blood 
2004 104 6 1793-1800
 
893196 The biological activity of human CD20 monoclonal  
antibodies is linked to unique epitopes on CD20. Teeling JL,  
Mackus WJ, Wiegman LJ, van den Brakel JH, Beers SA, French RR,  
van Meerten T, Ebeling S, Vink T, Slootstra JW, Parren PW et al J Immunol 
2006 177 1 362-371

Deals
In July 2008, Nycomed entered an agreement to develop subcutaneous formulations of Immunomedics' humanized  
anti-CD20 antibody, veltuzumab, for the potential treatment of all non-cancer indications, including rheumatoid arthritis 
[924993]. 

Development status
Developer Country Status Indication Date Reference

Immunomedics Inc US Phase II Chronic lymphocytic leukemia 23-JAN-08 873898

Immunomedics Inc Europe Phase II Non-Hodgkin's lymphoma 13-DEC-05 639819

Immunomedics Inc US Phase II Non-Hodgkin's lymphoma 13-DEC-05 639819

Nycomed US Phase II Immune thrombocytopenic purpura 14-JUL-08 924993

Nycomed US Discovery Rheumatoid arthritis 14-JUL-08 924993

Veltuzumab has demonstrated promising results as a  
single agent in various NHL histologies, while there are  
few data available in patients with CLL or ITP, and no  
data for the treatment of rheumatoid arthritis. At  
this time, the role of veltuzumab in the therapy of  
NHL and CLL is not defined, as it is unclear how this  
agent will compare with rituximab in phase III  

randomized, controlled clinical trials. It is also unclear  
if the interaction of veltuzumab and combination  
chemotherapy will be feasible and synergistic, as it is 
with rituximab. The development of veltuzumab for ITP 
and rheumatoid arthritis may prove another avenue for  
marketing if this product is proved non-superior to 
rituximab.
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894922 Immunomedics announces results in lymphoma therapy 
with veltuzumab administered subcutaneously. Immunomedics Inc 
Press release 2008 April 09

899707 Early results of a chemoimmunotherapy regimen of 
fludarabine, cyclophosphamide, and rituximab as initial therapy  
for chronic lymphocytic leukemia. Keating MJ, O'Brien S, Albitar M, 
Lerner S, Plunkett W, Giles F, Andreeff M, Cortes J, Faderl S, Thomas D, 
Koller C et al J Clin Oncol 2005 23 18 4079-4088
 
899708 Chemoimmunotherapy with fludarabine, cyclophosphamide, 
and rituximab for relapsed and refractory chronic lymphocytic 
leukemia. Wierda W, O'Brien S, Wen S, Faderl S, Garcia-Manero G,  
Thomas D, Do KA, Cortes J, Koller C, Beran M, Ferrajoli A et al  
J Clin Oncol 2005 23 18 4070-4078
 
900095 Long-term results of the R-CHOP study in the treatment of 
elderly patients with diffuse large B-cell lymphoma: A study by the 
Groupe d'Etude des Lymphomes de l'Adulte. Feugier P, Van Hoof A, 
Sebban C, Solal-Celigny P, Bouabdallah R, Ferme C, Christian B, Lepage 
E, Tilly H, Morschhauser F, Gaulard P et al J Clin Oncol 2005 23 18 
4117-4126

912276 Immunomedics reports high anti-lymphoma potency with 
veltuzumab. Immunomedics Inc PRESS RELEASE 2008 June 02

912498 Laboratory and clinical studies of high anti-lymphoma  
potency with anti-CD20 veltuzumab and differentiation from  
rituximab. Goldenberg DM, Chang C, Rossi EA, Cardillo TM, Wegener WA, 
Teoh N, Leonard JP, Fayad LE, Coiffier B, Morschhauser F AM SOC CLIN ON-
COL ANN MEET 2008 44 June 01 Abs 3043
● This abstract provides a summary of the preclinical and clinical  
performance of veltuzumab to date. Data from a phase I/II clinical trial 
reported durable complete responses in 14 of 50 patients with FL (28%), 
with the median duration of response being 19.7 months. Doses as low as 
80 mg/m2 were administered within 2 h for the first infusion and within 1 h 
in subsequent infusions. 

917051 Cancer statistics, 2008. Jemal A, Siegel R, Ward E, Hao Y, Xu J, 
Murray T, Thun MJ CA Cancer J Clin 2008 58 2 71-96

924993 Immunomedics announces worldwide license and 
collaboration agreement with Nycomed for veltuzumab for non-
cancer indications. Immunomedics Inc PRESS RELEASE 2008 July 14

926817 Preliminary results of a phase I/II study of the humanized 
anti-CD20 antibody IMMU-106 (hA20) in patients with relapsed 
non-Hodgkin lymphoma. Cunningham S, Muneer S, Ranganathan A, 
Shivakumar L, Lonial S, Mughal T, Armitage JO CLIN LYMPHOMA MYELOMA 
2007 7 5 339-341
• This report focuses on preliminary safety data of veltuzumab (80, 120, 
200, 375 or 750 mg/m2 iv, once weekly for 4 weeks) in a phase I/II clinical 
trial of patients with relapsed B-cell NHL. Veltuzumab was well tolerated 
with transient, infusion-associated adverse events that were grade 1 to 2 in 
severity and predominantly occurred at first infusion. Drug-related adverse 
events occurred in 29 of 57 patients and included fatigue, fever, pain/
discomfort, chills/rigors, nausea, urticaria and pruritus. 

926877 Activity of veltuzumab, a second-generation humanized 
anti-CD20 mAb, in laboratory and clinical studies. Goldenberg DM, 
Chang C, Rossi EA, Cardillo TM, Wegener WA, Teoh N, Leonard JP, Fayad L, 
Coiffier B, Morschhauser F ANN ONCOL 2008 19 Suppl 4 130

944414 Immunomedics highlights progress with clinical programs  
at R&D day. Immunomedics Inc PRESS RELEASE 2008 September 17

959953 Therapy of advanced B-lymphoma xenografts with a 
combination of (90)Y-anti-CD22 IgG (epratuzumab) and unlabeled 
anti-CD20 IgG (veltuzumab). Mattes MJ, Sharkey RM, Karacay H, 
Czuczman MS, Goldenberg DM CLIN CANCER RES 2008 14 19 6154-6160

967210 Compared antitumor activity of GA101 and rituximab  
against the human RL follicular lymphoma xenografts in SCID  
Beige mice. Dalle S, Reslan L, Manquat SB, Herting F, Klein C, Umana P, 
Dumontet C AM SOC HEMATOL ANN MEET EXPOSITION 2008 50 December 
06 Abs 1585

967967 Low-dose humanized anti-CD20 monoclonal antibody  
(MAb), veltuzumab, in adult immune thrombocytopenic purpura 
(ITP): Initial results of a phase I/II Study. Liebman HA, Saleh MN, 
Abassi R, Cosgriff TM, Teoh N, Leoni MJ, Wegener W, Goldenberg DM AM 
SOC HEMATOL ANN MEET EXPOSITION 2008 50 December 08 Abs 3412
• This abstract reports preliminary data from a phase I/II clinical trial of 
veltuzumab (80, 120 or 200 mg iv, once every 2 weeks for a total of 4 weeks) 
in adults with ITP. From six evaluable patients, all four non-splenectomized 
patients responded to treatment with two complete responses that were 
maintained up to 24 weeks post-treatment. 

968146 A phase I/II study of RO5072759 (GA101) in patients 
with relapsed/refractory CD20+ malignant disease. Salles GA, 
Morschhauser F, Cartron G, Lamy T, Milpied NJ, Thieblemont C, Tilly H, 
Birkett J, Burgess M AM SOC HEMATOL ANN MEET EXPOSITION 2008 50 
December 08 Abs 234

969604 Generation of a high-producing clone of a humanized anti-
B-cell lymphoma monoclonal antibody (hLL2). Losman MJ, Hansen HJ, 
Dworak H, Krishnan IS, Qu Z, Shih LB, Zeng L, Goldenberg DM, Leung SO 
CANCER 1997 80 12 2660-2666

971538 In vitro mechanisms of action of rituximab on primary  
non-Hodgkin lymphomas. Manches O, Lui G, Chaperot L, Gressin R, 
Molens JP, Jacob MC, Sotto JJ, Leroux D, Bensa JC, Plumas J Blood 2003 
101 3 949-954

971555 Phase III study of R-CVP compared with cyclo- 
phosphamide, vincristine, and prednisone alone in patients with 
previously untreated advanced follicular lymphoma. Marcus R,  
Imrie K, Solal-Celigny P, Catalano JV, Dmoszynska A, Raposo JC,  
Offner FC, Gomez-Codina J, Belch A, Cunningham D, Wassner-Fritsch E et al 
J Clin Oncol 2008 26 28 4579-4586

971574 Retention of B-cell-specific monoclonal antibodies by  
human lymphoma cells. Press OW, Howell-Clark J, Anderson S, Bernstein 
I Blood 1994 83 5 1390-1397

971576 Therapy of advanced B-lymphoma xenografts with a 
combination of 90Y-anti-CD22 IgG (epratuzumab) and unlabeled 
anti-CD20 IgG (veltuzumab). Mattes MJ, Sharkey RM, Karacay H, 
Czuczman MS, Goldenberg DM Clin Cancer Res 2008 14 19 6154-6160
 
971577 Bispecific anti-CD20/22 antibodies inhibit B-cell lymphoma 
proliferation by a unique mechanism of action. Qu Z, Goldenberg DM, 
Cardillo TM, Shi V, Hansen HJ, Chang CH Blood 2008 111 4 2211-2219

973865 Chronic Lymphocytic Leukemia. The Leukemia and Lymphoma 
Society INTERNET SITE 2008 November 22

973867 Non-Hodgkin Lymphoma. The Leukemia and Lymphoma Society 
INTERNET SITE 2008 November 03 

977003 The changing classification of non-Hodgkin's lymphomas. 
Armitage JO CA CANCER J CLIN 1997 47 6 323-325

977004 Guidelines for the diagnosis and treatment of chronic 
lymphocytic leukemia: A report from the International Workshop 
on Chronic Lymphocytic Leukemia updating the National Cancer 
Institute-Working Group 1996 guidelines. Hallek M, Cheson BD, 
Catovsky D, Caligaris-Cappio F, Dighiero G, Dohner H, Hillmen P, Keating 
MJ, Montserrat E, Rai KR, Kipps TJ BLOOD 2008 111 12 5446-5456

977010 Upstream mediators of the Fas apoptotic transduction 
pathway are defective in B-chronic lymphocytic leukemia. Roue G, 
Lancry L, Duquesne F, Salaun V, Troussard X, Sola B LEUK RES 2001 25 
11 967-980

977024 Immunochemotherapy with fludarabine (F), 
cyclophosphamide (C), and rituximab (R) (FCR) versus fludarabine 
and cyclophosphamide (FC) improves response rates and 
progression-free survival (PFS) of previously untreated patients 
(pts) with advanced chronic lymphocytic leukemia (CLL). Hallek 
M, Fingerle-Rowson G, Fink A-M, Busch R, Mayer J, Hensel M, Hopfinger 
G, Hess G, von Gruenhagen U, Bergmann MA, Catalano J et al BLOOD  
2008 112 11 Abs 325

977026 Rituximab, fludarabine, and cyclophosphamide (R-FC) 
prolongs progression free survival in relapsed or refractory chronic 
lymphocytic leukemia (CLL) compared with FC alone: Final results 
from the international randomized phase III REACH Trial. Robak T, 
Moiseev SI, Dmoszynska A, Solal-Céligny P, Warzocha K, Loscertales J, 
Catalano J, Afanasiev BV, Larratt L, Geisler C, Montillo M et al BLOOD 2008 
112 11 Abs LBA-1

977035 Complement function in mAb-mediated cancer 
immunotherapy. Gelderman KA, Tomlinson S, Ross GD, Gorter A  
TRENDS IMMUNOL 2004 25 3 158-164

977038 Role of antibody-dependent cell-mediated cytotoxicity in  
the efficacy of therapeutic anti-cancer monoclonal antibodies. 
Iannello A, Ahmad A CANCER METASTASIS REV 2005 24 4 487-499

977039 Rituximab therapy for chronic and refractory immune 
thrombocytopenic purpura: a long-term follow-up analysis. Garcia-
Chavez J, Majluf-Cruz A, Montiel-Cervantes L, Esparza MG, Vela-Ojeda J 
ANN HEMATOL 2007 86 12 871-877
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977041 Rituximab efficacy and safety in adult splenectomy 
candidates with chronic immune thrombocytopenic purpura:  
results of a prospective multicenter phase 2 study. Godeau B, 
Porcher R, Fain O, Lefrere F, Fenaux P, Cheze S, Vekhoff A, Chauveheid MP, 
Stirnemann J, Galicier L, Bourgeois E et al BLOOD 2008 112 4 999-1004

977044 Prevalence of immune thrombocytopenia: analyses of 
administrative data. Segal JB, Powe NR J THROMB HAEMOST 2006 4 11 
2377-2383

977045 Comparison of a standard regimen (CHOP) with three 
intensive chemotherapy regimens for advanced non-Hodgkin's 
lymphoma. Fisher RI, Gaynor ER, Dahlberg S, Oken MM, Grogan TM, 
Mize EM, Glick JH, Coltman CA Jr, Miller TP N Engl J Med 1993 328 14 
1002-1006

977046 Age-adjusted International Prognostic Index predicts 
autologous stem cell transplantation outcome for patients with 
relapsed or primary refractory diffuse large B-cell lymphoma.  
Hamlin PA, Zelenetz AD, Kewalramani T, Qin J, Satagopan JM, Verbel D,  
Noy A, Portlock CS, Straus DJ, Yahalom J, Nimer SD et al Blood 2003 102 
6 1989-1996

977047 Late lethal hepatitis B virus reactivation after rituximab 
treatment of low-grade cutaneous B-cell lymphoma. Perceau G,  
Diris N, Estines O, Derancourt C, Levy S, Bernard P Br J Dermatol 2006 
155 5 1053-1056

977048 Fatal hepatitis B virus reactivation by an escape mutant 
following rituximab therapy. Westhoff TH, Jochimsen F, Schmittel A, 
Stoffler-Meilicke M, Schafer JH, Zidek W, Gerlich WH, Thiel E Blood 2003 
102 5 1930

977614 Properties and structure-function relationships of  
veltuzumab (hA20), a humanized anti-CD20 monoclonal 
antibody. Goldenberg DM, Rossi EA, Stein R, Cardillo TM, Czuczman MS,  
Hernandez-Ilizaliturri FJ, Hansen HJ, Chang C BLOOD 2009 113 5  
1062-1070

979521 Circulating CD20 is detectable in the plasma of patients  
with chronic lymphocytic leukemia and is of prognostic  
significance. Manshouri T, Do KA, Wang X, Giles FJ, O'Brien SM, Saffer H, 
Thomas D, Jilani I, Kantarjian HM, Keating MJ, Albitar M BLOOD 2003 101 
7 2507-2513
 
979529 Complement activation plays a key role in the side-effects  
of rituximab treatment. van der Kolk LE, Grillo-Lopez LE, Baars JW,  
Hack CE, van Oers MH BR J HAEMATOL 2001 115 4 807-811
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