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Background
Subcutaneous injections of anti-CD20 antibodies may offer benefits to both patients and the
healthcare system for treatment of B-cell malignancies. 

Design and Methods
A pilot study was undertaken to evaluate the potential for subcutaneous dosing with 2nd gen-
eration anti-CD20 antibody veltuzumab in patients with CD20+ indolent non-Hodgkin’s lym-
phoma.  Patients with previously untreated or relapsed disease received 4 doses of 80, 160, or
320 mg veltuzumab injected subcutaneously every two weeks.  Responses were assessed by
computed tomography scans, with other evaluations including adverse events, safety laborato-
ries, B-cell blood levels, serum veltuzumab levels, and human anti-veltuzumab antibody
(HAHA) titers. 

Results
Seventeen patients (14 follicular lymphoma; 13 stage III or IV disease; 5 treatment-naive) com-
pleted treatment with only occasional, mild-moderate, transient injection reactions and no
other safety issues. Subcutaneous veltuzumab demonstrated a slow release pattern over several
days, achieving a mean Cmax of 19, 25 and 63 µg/mL at 80, 160, and 320 mg doses for a total
of 4 administrations, respectively. Depletion of circulating B cells occurred after the first injec-
tion.  The objective response rate (partial responses plus complete responses plus complete
responses unconfirmed) was 47% (8/17) with a complete response/complete response uncon-
firmed rate of 24% (4/17); 4 of 8 objective responses continued for  60 weeks or more. All
serum samples evaluated for human anti-veltuzumab antibody were negative. 

Conclusions
Subcutaneous injections of low-dose veltuzumab are convenient, well tolerated, and capable of
achieving sustained serum levels, B-cell depletion, and durable objective responses in indolent
non-Hodgkin’s lymphoma. (Clinicaltrials.gov identifier:  NCT00546793)

Key words: non-Hodgkin’s lymphoma, CD20, antibody, subcutaneous therapy, hA20. 

Citation: Negrea GO, Elstrom R, Allen SL, Rai KR, Abbasi RM, Farber CM, Teoh N, Horne H,
Wegener WA, and Goldenberg DM. 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):567-573.  doi:10.3324/haematol.2010.037390

©2011 Ferrata Storti Foundation. This is an open-access paper. 

Subcutaneous injections of low-dose veltuzumab (humanized anti-CD20 antibody)
are safe and active in patients with indolent non-Hodgkin’s lymphoma
George O. Negrea,1 Rebecca Elstrom,2 Steven L. Allen,3 Kanti R. Rai,4 Rashid M. Abbasi,5 Charles M. Farber,6

Nick Teoh,7 Heather Horne,7 William A. Wegener,7 and David M. Goldenberg7,8 

1Low Country Cancer Care Associates, Savannah, GA; 2Weill Cornell Medical College, New York, NY; 3North Shore University
Hospital, Manhasset, NY; 4Long Island Jewish Medical Center, New Hyde Park, NY; 5Hematology Oncology Specialists, Denville, NJ;
6Carol G. Simon Cancer Center, Morristown, NJ; 7Immunomedics, Inc., Morris Plains, NJ; and 8Garden State Cancer Center, Center
for Molecular Medicine and Immunology, Belleville, NJ, USA

ABSTRACT

Original Articles

haematologica | 2011; 96(4) 567



Introduction 

Following the successful application of the chimeric
anti-CD20 monoclonal antibody (MAb) rituximab in the
therapy of non-Hodgkin’s lymphoma (NHL)1-10 and
autoimmune disorders,11-14 2nd generation anti-CD20 anti-
bodies have been developed to increase efficacy, decrease
toxicity (primarily infusion reactions) or immunogenicity,
and allow more rapid administration.15-22 Veltuzumab
(hA20) is a humanized, anti-CD20 MAb with similarities
as well as structural and functional differences from ritux-
imab.23-26 In the complementarity-determining regions, vel-
tuzumab differs from rituximab by only one amino acid,
but has completely different framework regions.
Veltuzumab showed anti-proliferative, apoptotic, and
antibody-dependent cellular cytotoxicity effects in vitro
similar to rituximab, but with other qualitative differ-
ences, including slower off-rates and increased comple-
ment-dependent cytotoxicity in several human lymphoma
cell lines. In mice bearing human lymphoma xenografts,
low doses of veltuzumab controlled tumor growth, even
producing a number of cures. 
In the initial non-Hodgkin’s lymphoma clinical study, 82

patients received veltuzumab intravenously, given once
weekly for four weeks.27 That study demonstrated the
safety of veltuzumab at doses of up to twice the standard
rituximab dose of 375 mg/m2. Interestingly, objective
responses, including complete responses, occurred at doses
as low as 80-120 mg/m2 weekly for a total of 4 administra-
tions. Therefore, veltuzumab was reformulated in a more
concentrated form (approximately 80 mg/mL) and this
pilot study was undertaken to evaluate the feasibility for
delivery of low doses by subcutaneous (SC) injection.
Anticipating that a fluid volume of 2 mL or less could be
administered by subcutaneous injection, 3 doses were
selected for evaluation, with doses of 80 and 160 mg to be
delivered by one injection, and doses of 320 mg by two
separate injections. All patients received a total of 4 doses
of veltuzumab, but with a two week dosing interval to
allow for anticipated slow release into the blood.  This ini-
tial study also focused exclusively on patients with indo-
lent lymphomas for whom the convenience of this route of
administration may be of particular benefit.  

Design and Methods

Design
In this open-label, multicenter phase I study, patients with indo-

lent non-Hodgkin’s lymphoma received 80, 160 or 320 mg subcu-
taneous veltuzumab administered every other week for a total of
4 administrations. The primary objectives were to evaluate the
safety, tolerance and immunogenicity of veltuzumab with this
route of administration and dosing schedule. Secondary objectives
were to obtain preliminary evidence of efficacy and to assess phar-
macokinetics and pharmacodynamics.  Neither steroids nor other
pre-medications were routinely required unless clinically indicat-
ed. Initially, a standard dose escalation design was used, with esca-
lation continuing as long as none of 3 or one of 6 patients encoun-
tered dose limiting toxicity.  The study ended after several addi-
tional patients were then entered to provide more experience with
160 mg and 320 mg doses.

Patients 
Eligible patients were at least 18 years old with CD20-positive

follicular lymphoma (FL), small lymphocyctic lymphoma (SLL)
or marginal zone lymphoma (MZL), and at least one measurable
lesion of 1.5 cm or larger by CT (but none > 10 cm). Previously
untreated or relapsed patients were eligible, but patients receiv-
ing more than 4 prior treatment regimens, untreated patients
with only Stage I or II disease (Ann Arbor classification), or rit-
uximab-resistant patients (progression during or within six
months of a rituximab-containing regimen) were excluded.
Patients had 0-1 ECOG performance status, hemoglobin 10 g/dL
or over, absolute neutrophil count (ANC) 1.0×109/L or over,
platelets 50×109/L or over (all without transfusional support),
creatinine and bilirubin 1.5 x  institutional upper limit of normal
(IULN) or under, AST and ALT 2.5 x IULN or under, and be five
years beyond any other cancers (except non-melanoma skin can-
cer or cervical carcinoma in situ), 12 months beyond any prior rit-
uximab treatment, 12 weeks beyond any autologous stem cell
transplant, and with no major surgery or chemotherapy, other
experimental treatments, or any radiation therapy to the index
lesion(s) within four weeks or corticosteroids within two weeks
(except ≤ 20 mg/day prednisone or equivalent, if continued
unchanged).  Patients with central nervous system or pleural
effusion involvement by lymphoma, HIV lymphoma, trans-
formed lymphoma (Richter’s lymphoma), known HIV, hepatitis
B (must be screened following NCCN guidelines and negative),
active hepatitis C or presence of hepatitis C antibody, infection
within seven days or requiring antibiotic use, prior therapy with
other human or humanized monoclonal antibodies (unless
human anti-veltuzumab antibody (HAHA) tested negative),
excessive (Grade 3 or 4) toxicity to rituximab, or known human
anti-chimeric antibody positivity (testing was not required) were
ineligible.  At each participating institution, the governing ethics
committee approved the study and written informed consent
was obtained from all patients.

Assessment
Non-Hodgkin’s lymphoma subtypes were determined for each

patient by WHO classification28 and FLIPI prognostic scores were
assigned for follicular lymphomas.29 Tumor assessments were
based on physical examinations and CT scans (neck, thorax,
abdomen, pelvis, other sites of known disease) at baseline, four
and 12 weeks after last injection, and then every three months for
up to two years or until disease progression with bone marrow
biopsy repeated only if positive at baseline to confirm a complete
response. Treatment responses were classified at each site by
International Working Group (IWG) Criteria30 as either complete
response (CR), complete response unconfirmed (CRu), partial
response (PR), stable disease, or progressive disease. 
Safety was assessed in all patients with adverse events (AEs)

classified by the Medical Dictionary for Regulatory Activities
(MedRA) system organ class and preferred terms, vital signs and
physical examinations, serum chemistries, hematology, urinalysis,
serum immunoglobulins, and T-cell levels (CD3+). Laboratory and
adverse event toxicity was graded according to National Cancer
Institute (NCI) Common Toxicity Criteria (CTC), version 3.0,
with dose-limiting toxicity (DLT) defined as any treatment-related
Grade 3 or 4 events or Grade 2 events of autoimmune reaction,
bronchospasm, or generalized urticaria. Pharmacodynamics were
assessed by blood B-cell levels (CD19+). For pharmacokinetics (PK)
and immunogenicity, enzyme-linked immunosorbent assay
(ELISA) tests, performed by the Sponsor, measured serum levels of
veltuzumab and any human anti-veltuzumab antibody reactions,
respectively, while pharmacokinetic parameters following last
injection were determined by WinNonLin 2.1 (Pharsight
Corporation, Mountain View, CA, USA) using a single compart-
ment model. 
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Statistical analysis
Response rates were summarized using descriptive statistics.

Progression-free survival (PFS) was calculated from first injection
to disease progression, death, or last contact, whichever occurred
earliest. Duration of response (DR) was calculated from the onset
of an objective response (OR; i.e., CR, CRu, or PR) to the same
events.  The Kaplan-Meier method was used to generate progres-
sion-free and duration of response survival curves and the corre-
sponding confidence intervals for the estimated medians.  

Results

Patient enrollment
Seventeen patients (14 patients with follicular lym-

phoma, 3 patients with other indolent histologies) were
enrolled between March 2008 and August 2009. All
patients met protocol entry criteria except for waivers
granted to 2 patients, one admitted despite bulky disease

(masses >10 cm) since the risk of tumor lysis following
subcutaneous injections was considered low due to slow
release and the other with Stage I breast cancer within less
than five years, but no evidence of disease. Demographics
and patients’ characteristics are summarized in Table 1. 

Study drug administration
Patients were treated at all 3 dose levels with no occur-

rences of dose limiting toxicity. All patients completed
treatment, receiving 4 subcutaneous doses administered
every two weeks at their assigned dose level (Table 1). 

Treatment responses
Across all histologies, the objective response (CR + CRu

+ PR) rate was 47.1% (3 CRs, one CRu, and 4 PRs of 17
patients) with 23.5% (4 of 17) complete response/com-
plete response unconfirmed.  The median time to onset of
an objective response was 11 weeks from first injection.
Of the 8 responders, one with complete response declined
follow up after 12 weeks, 3 (one CR, 2 PRs) progressed at
24 weeks, and 4 (one CR, one CRu, 2 PRs) continued in
remission for more than 60 weeks, including one patient
at 93 weeks.  Of the 9 patients who did not achieve an
overall response, 2 progressed by the first evaluation four
weeks post-treatment. Five of 7 others with stable disease
either progressed or withdrew at 12 or 24 weeks, but 2
patients remained progression-free at last evaluations at 48
and 60 weeks.  Fourteen of these patients had follicular
lymphoma, with 7 (50.0%) achieving an objective
response including 3 (21.4%) complete response/complete
response unconfirmed, and 2 (14.3%) complete response.
Among the 3 patients with other histologies, 2 with high
circulating B-cell levels did not achieve an objective
response, while the third patient with small lymphocytic
lymphoma (SLL) had a complete response continuing 72
weeks after the first subcutaneous injection. Table 2 lists
response rates by histology, dose level, and other factors. 

Subcutanous veltuzumab in NHL
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Table 1. Demographics and baseline characteristics.
                                                                      All patients
                                                                          (n=17)

Sex (n, %)
Male                                                                                   6 (35)
Female                                                                             11 (65)

Age (years)                                                                               
Median                                                                                 62
Range                                                                                 40-83

ECOG (n, %)
0                                                                                         12 (71)
1                                                                                          5 (29)

Histology (n, %)                                                                      
Follicular lymphoma*                                                  14 (82)
Small lymphocytic lymphoma                                     2 (12)
Splenic marginal zone lymphoma                               1 (6)

Disease stage (n, %)                                                             
I                                                                                           1 (6)
II                                                                                         3 (18)
III                                                                                       7 (41)
IV                                                                                        6 (35)

Years from diagnosis                                                             
Median                                                                                  6.3
Range                                                                                   0.1-15
Bulky disease > 5 cm (n, %)                                          2 (12)
Prior treatment regimens (n, %)                                        
0                                                                                         5 (29)
1                                                                                         7 (41)
≥2                                                                                      5 (29)

Rituximab-containing regimens  (n, %)                            
0                                                                                         10 (59)
≥1                                                                                      7 (41)

FLIPI, FL patients only (n, %)                                              
Low (0-1)                                                                          4 (24)
Intermediate (2)                                                             5 (29)
High (>2)                                                                          5 (29)
Veltuzumab dose level, mg (n, %)                                      
80                                                                                       3 (18)
160                                                                                     9 (53)
320                                                                                     5 (29)

FL: follicular lymphoma; ECOG: Eastern Cooperative Oncology Group; FLIPI, Follicular
Lymphoma International Prognostic Index. *Follicular grades: 1 (n=6), 2 (n=4), 3 (n=2),
not available (n=2).

Table 2. Treatment responses.
OR (PR + CR + CRu)   CRu/CR

All patients (n=17)           47% (8/17)           24% (4/17)
Dose level: 80 mg (n=3)           67% (2/3)             33% (1/3)

160 mg (n=9)           44% (4/9)             33% (3/9)
320 mg (n=5)           40% (2/5)              0% (0/5)

Prior treatment: Yes (n=12)          50% (6/12)           25% (3/12)
No (n=5)           40% (2/5)             20% (1/5)

Prior rituximab: Yes (n=7)           43% (3/7)             14% (1/7)
No (n=10)          50% (5/10)           30% (3/10)

Bulky disease > 5 cm: Yes (n=2)            0% (0/2)               0% (0/2)
No (n=15)          53% (8/15)           27% (4/15)

Follicular lymphoma (n=14)           50% (7/14)           21% (3/14)
FLIPI: 0-2 (n=9)            56% (5/9)             33% (3/9)

3-5 (n=5)            40% (2/5)              0% (0/5)
Non-follicular lymphoma (n=3)*            33% (1/3)             33% (1/3)
Small lymphocytic lymphoma (n=2)            50% (1/2)             50% (1/2)
Marginal zone lymphoma† (n=1)             0% (0/1)               0% (0/1)

Note: Best objective response based on International Working Group criteria.30 *One CR
(all 3 treated at 160 mg). †Baseline B-cell level of 36,820 cells/μL. OR: objective
response; CR: complete response; CRu: complete response unconfirmed; PR: partial
response; FLIPI: Follicular Lymphoma International Prognostic Index.



Adverse events
Thirteen patients had one or more adverse events during

the study (Online Supplementary Table S1). Events occurring
in more than one patient were injection site reaction
(35%), pain in extremity (24%), upper respiratory tract
infection (18%), nausea (18%), chills (12%), and dyspnea
(12%).  One patient had an isolated pulmonary nodule on
CT prior to study entry which was confirmed as a squa-
mous cell carcinoma while on study. Otherwise, there
were no serious events (SAEs) and all other adverse events
were either mild or moderate (i.e. Grade 1 or 2 toxicity).
Most events were injection reactions, which occurred in 9
patients: 8 with localized pain or tenderness (n=7) or red-
ness (n=6) at the injection site; 5 had chills or nausea (n=2
each), thoracic pain, general aches, headache, swollen
tongue or rash (n=1 each). These were predominantly
only mild (Grade 1) transient events that typically resolved
either spontaneously or with symptomatic topical or oral
medication (no steroids were given).  Four patients had
infections, but these were all mild (Grade 1) events which
involved the upper respiratory tract (n=3) or sinuses (n=1),
and were resolved with oral medication.

Safety laboratories
Blood samples for hematology and serum chemistries

were obtained before each injection, four and 12 weeks
after the last injection, and every three months during fol-
low up. No abnormal pattern of changes occurred (Online
Supplementary Tables S2 and S3), and there were no cases
of delayed neutropenia (including 10 patients monitored
for six months, and 6 patients for one year).

Pharmacokinetics
One patient did not undergo the schedule of serum sam-

pling required for pharmacokinetic analysis and another
patient with splenic marginal zone lymphoma (MZL) and
extremely elevated peripheral blood B-cell levels had
unmeasurable serum levels of veltuzumab (< 0.5 μg/mL) at
all time points. Pharmacokinetics were analyzed for the
other 15 patients, all of whom had measurable veltuzum-
ab levels over the course of treatment. Figure 1 summa-
rizes the mean serum levels for each dose group at sched-
uled times for serum sampling, whereas Table 3 summa-
rizes pharmacokinetic parameters after the 4th and final
injection.

Hematologic changes
Two patients in this study had leukemic involvement

with elevated circulating B-cell levels. The single patient
with splenic marginal zone lymphoma had 36,820 cells/μL
that decreased by 42% to 21,387 cells/μL over the course
of treatment, while one of the 2 patients with small lym-
phocyctic lymphoma had 2,845 cells/μL that decreased by
98% to 43 cells/μL. Figure 2 graphs the time course of B-
cell levels for the other 15 patients all of whom had non-
elevated B-cell levels at baseline (7-601 cells/μL). The pat-
tern appears similar for all 3 dose groups, with depletion
after first injection and recovery toward baseline by nine
to 12 months. 
Quantitative serum immunoglobulins (Ig) and T-cell lev-

els were measured at baseline, at last injection (T cells
only), four and 12 weeks later, and in a limited number of
patients in subsequent follow up at 24, 36 and 48 weeks.
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Table 3. Veltuzumab serum levels (pharmacokinetics after 4th injection)
Dose Tmax Cmax T1/2 AUC (0-∞) Cl 
Level (day) (μg/mL) (days) (day x mg/L) (mL/day)

Mean SD Mean SD Mean SD Mean SD Mean SD

80 mg (n=3) 6.7 6.4 18.7 9.7 13.9 9.7 532.4 498.7 467.4 598.0
160 mg (n=7) 3.1 0.7 24.7 12.4 12.4 6.1 641.9 510.4 680.8 982.6
320 mg (n=5) 4.8 2.2 62.6 18.5 13.3 2.0 1,552.3 337.2 215.2 52.6

Note: Results are based on 15 patients with evaluable data from serum samples collected at time of 4th injection; at 24, 48, 72 and 96 h later; and then at 1, 2, 3, 4, 8, and 12 weeks.
T1/2 and AUC (0-∞) were determined by a non-compartmental model, with CL calculated as veltuzumab dose divided by AUC (0-∞).   SD, standard deviation; Cmax, maximum observed
serum level over the sampling period; Tmax, time from 4th injection to Cmax; T1/2, terminal half-life; AUC(0-∞), area under the curve of serum levels over the sampling period; CL, clearance. 

Figure 1. Mean serum levels of vel-
tuzumab for each dose group. All
patients received SC injections once
every two weeks for a total of 4 admin-
istrations, with cohorts receiving vel-
tuzumab at dose levels of 80 mg, 160
mg, or 320 mg. Serum samples were
obtained at time of the 1st injection, 24,
48, 76, and 96 h later; at the 2nd, 3rd and
4th injections, 24, 48, 76 and 96 h after
the 14th injection; and then 1, 2, 3, 4, 8,
and 12 weeks later. Veltuzumab serum
levels were determined by enzyme-
linked immunosorbent assay.  For plot-
ting purposes, values too low to be
measured were assigned the minimum
detectable level of the assay (0.5
μg/mL). 
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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 decreased, but
not clinically significantly, with median decreases at each
time point ranging between 16% and 37%. 

Immunogenicity (HAHA)
Serum samples were obtained at baseline, prior to the 3rd

injection, then four and 12 weeks after the 4th injection,
and analyzed for human anti-veltuzumab antibody by
ELISA.  All samples were negative (<50 ng/mL).

Discussion

By avoiding lengthy intravenous administration and the
need for dedicated infusion suites and staff, subcutaneous
injections of veltuzumab for treatment of B-cell malignan-
cies may offer benefits to both patients and the healthcare
system. Following the demonstration of clinical activity in
non-Hodgkin’s lymphoma with intravenous veltuzumab,
with complete responses at doses as low as 80-120 mg/m2

weekly for a total of 4 administrations,27 a higher concen-
tration formulation was developed suitable for delivering
low doses by subcutaneous injection. In this study, subcu-
taneous injections of 80-320 mg absolute doses of vel-
tuzumab were found to be convenient and well tolerated.
The only treatment related adverse events were local site
reactions occasionally accompanied by constitutional
symptoms, all transient and mild-moderate events (pre-
dominantly Grade 1). Most importantly, there was no evi-
dence of immunogenicity with this route of administra-
tion with all serum samples being HAHA-negative.   
Subcutaneous injections of low-dose veltuzumab were

clinically active with 47% (8/17) achieving an overall
response, including 24% (4/17) complete response/com-
plete response unconfirmed.  The median time to onset of
an objective response of 11 weeks from start of treatment
is close to the 3.3-month interval reported with intra-
venous veltuzumab, indicating that there is no apparent
delay of treatment response associated with the subcuta-
neous route of administration. Objective responses
occurred at all dose levels; although only 3 patients were
treated with 80 mg for a total of 4 doses, one achieved a
complete response. Similarly, responses, including com-
plete response/complete response unconfirmed, occurred
in treatment-naïve as well as previously treated patients,
including those exposed to rituximab-containing regi-
mens. While almost half of the patients are still in ongoing
follow up, 4 of the 8 responders had durable responses of
over 60 weeks, and 3 other patients who did not achieve
an overall response by International Working Group crite-
ria remained progression-free for at least one year.
The response rates with subcutaneous dosing in follicu-

lar non-Hodgkin’s lymphoma are particularly encourag-
ing. While comparisons are limited by the small numbers
in this study, the results for the 11 previously treated fol-
licular lymphoma patients (55% OR, 27% CR/CRu) are
similar to those obtained in previously treated follicular
lymphoma patients who received 4 weekly intravenous
doses of veltuzumab at 80-750 mg/m2 (44% OR, 27%
CR/Cru),27 and although speculative, these subcutaneous
low-dose results (with a CR rate alone of 14%) are also
similar to those obtained with 4 doses of once-weekly 375
mg/m2 rituximab in relapsed/refractory indolent non-

Hodgkin’s lymphoma, either in rituximab-naïve patients
(48% OR, 6% CR)1 or those retreated after previously
responding to rituximab (40% OR, 11% CR).31 Two
patients with bulky disease (both with follicular lym-
phoma, one receiving doses of 160 mg and the other of 80
mg) did not achieve an objective response, suggesting that
higher doses or more frequent dosing may be required for
patients with higher tumor burdens. Only 5 follicular lym-
phoma patients in the present study had a high risk of
poor outcome (3-5 FLIPI scores) and 2 achieved partial
responses to therapy; further experience will be needed to
evaluate the utility of subcutaneous injections in this
important group.  
Three patients enrolled in this study had non-follicular

lymphoma histologies. One with small lymphocytic lym-
phoma achieved a complete response, currently ongoing
now 72 weeks after treatment. The other 2 patients (one
SLL, one MZL) entered with high levels of circulating B
cells and failed to achieve an objective response. We have
reported that in patients with chronic lymphocytic

Subcutanous veltuzumab in NHL
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Figure 2. Circulating B-cell levels for patients having non-elevated
levels at study entry. All patients received SC veltuzumab once
every two weeks for a total of 4 administrations. Blood samples for
B-cell levels were obtained at time of each injection and then 4, 8,
12, 24, 36, and 48 weeks after the 4th administration. Panels show
results for cohorts receiving veltuzumab at 320 mg, 160 mg, or 80
mg (note change of scale for the 80 mg dose group). 
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leukemia (CLL), the same subcutaneous doses and dosing
schedule of veltuzumab used here also failed to achieve
meaningful clinical benefit, but had evidence of pharmaco-
logical activity with transient decreases in the high levels
of circulating leukemic B cells.32 For subcutaneous injec-
tions, more frequent or extended dosing or combination
therapy with other agents will likely be required to over-
come the higher antigen burden in these settings, consis-
tent with the experience of other anti-CD20 antibodies
which are given intravenously at much higher doses for
patients with chronic lymphocytic leukemia.21
Compared to the peak concentrations seen immediately

after intravenous infusions, veltuzumab was released
slowly into the blood after subcutaneous injections,
achieving peak levels only after several days. In spite of
the low doses administered here on an every other week
dosing schedule, sustained serum levels of veltuzumab
were achieved across the treatment period and were still
measurable for four to eight weeks afterwards.  As expect-
ed with this slower release, the mean maximum antibody
serum levels of 19, 25 and 63 μg/mL obtained at the 80,
160 and 320 mg for a total of 4 doses, respectively, are gen-
erally lower than the maximum values that occurred with
bolus delivery of higher intravenous veltuzumab doses.27
Nonetheless, this subcutaneous dosing achieved serum
levels that are close to or exceed the 25-μg/mL value asso-
ciated with maintained efficacy of rituximab,33 thus sup-
porting the clinical activity that was observed at all dose
levels in this study. Veltuzumab was pharmacologically
active when given by subcutaneous injection. Similar to
what was observed with higher intravenous doses of vel-
tuzumab,27 B-cell depletion occurred after the first admin-
istration, even at a dose of only 80 mg. Interestingly, the
mean terminal half-lives for the three subcutaneous dose
levels studied here were similar following the last admin-
istration (12.4-13.9 days) and also generally comparable to
half-lives previously reported with higher doses of vel-
tuzumab given intravenously (13.3-19.7 days).27 While
these pharmacokinetic and pharmacodynamic findings
generally support the use of subcutaneous dosing, serum
levels of veltuzumab were very low or unmeasurable for 2
patients with leukemic involvement (one splenic MZL,
one SLL) whose elevated peripheral B-cell levels
decreased, but were not depleted with doses of 160 mg
and in an additional patient with follicular lymphoma
treated at 80 mg who had extensive adenopathy (includ-
ing >10 cm  masses). These results suggest that while the
subcutaneous treatment schedule in this study may be suf-
ficient to cover the antigen sink in most indolent non-
Hodgkin’s lymphoma patients, those with greater tumor
burden will likely require higher doses or more frequent
dosing to overcome leukemic involvement or extensive
adenopathy. As mentioned, this is particularly relevant in
chronic lymphocytic lymphoma patients.

More than ten years after the initial approval of the first
anti-CD20 antibody, rituximab, the relationship between
anti-CD20 dose levels and treatment response remains to
be clarified.33-35 Most 2nd generation antibodies have pur-
sued doses close to or higher than the 375 mg/m2 dose
typically given with rituximab.8-21 However, a proper dose-
ranging study has never been reported even though the
initial studies of rituximab in non-Hodgkin’s lymphoma
had demonstrated that treatment responses could also
occur at much lower doses.36,37 In other diseases like
immune thrombocytopenia (ITP), with presumably less
antigen burden, 100 mg rituximab doses have shown
activity,38 and even in the face of the high leukemic burden
in chronic lymphocytic leukemia, frequently repeated 20
mg subcutaneous rituximab doses given to 4 patients were
shown to be active in one.39 Thus, it is not surprising that
low doses of veltuzumab could also be effective in non-
Hodgkin’s lymphoma, as shown previously with intra-
venous administrations27 or here with subcutaneous injec-
tions. In addition, subcutaneous injections of veltuzumab
at the same low doses used here were also effective in
immune thrombocytopenia with doses given only twice,
two weeks apart,40 and were capable of transiently
decreasing the high levels of circulating leukemic cells in
chronic lymphocytic leukemia, when given only 4 times
with the same dosing schedule used in the present study.32
In conclusion, this study shows that subcutaneous injec-

tions of low-dose veltuzumab given every two weeks for
a total of 4 administrations are well tolerated, achieving
slow but effective delivery into the blood that is pharma-
cologically active and capable of achieving durable clinical
responses in patients with indolent non-Hodgkin’s lym-
phoma.  The use of anti-CD20 antibodies is likely to con-
tinue to grow in both oncology and autoimmune disease
indications, including repeated applications for long-term
maintenance use. The lengthy time often required for
intravenous administration and the need for infusion
suites and supervisory staff places great demands on both
patients and the healthcare system. Given the conven-
ience and potency of subcutaneous veltuzumab injections,
further studies are warranted in diverse CD20+ neoplasms
to confirm these initial findings in indolent non-Hodgkin’s
lymphoma and to explore other doses and dosing sched-
ules.
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