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Antibody-based therapeutic approaches have had a significant impact in theAbstract
treatment of non-Hodgkin’s lymphoma (NHL). Rituximab’s development as an
anti-CD20 antibody heralded a new era in treatment approaches for NHL. While
rituximab was first shown to be effective in the treatment of relapsed follicular
lymphoma, it is now standard monotherapy for front-line treatment of follicular
lymphoma, and is also used in conjunction with chemotherapy for other indolent,
intermediate and aggressive B-cell lymphomas. The development of rituximab
has led to intense interest in this type of therapeutic approach and to development
and approval of the radioimmunoconjugates of rituximab, 90Y-ibritumomab tiux-
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etan and 131I-tositumomab, which have added to the repertoire of treatments for
relapsed follicular lymphoma and increased interest in developing other conjugat-
ed antibodies. Since rituximab is a chimeric antibody, there is a need to develop
fully humanised antibodies, such as IMMU-106 (hA20), in order to minimise
infusion reactions and eliminate the development of human antibodies against the
drug.

Further clinical evaluation of antibodies has been based largely on our knowl-
edge of antigen expression on the surface of lymphoma cells and has led to the
development of antibodies against CD22 (unconjugated epratuzumab and
calicheamicin conjugated CMC-544 [inotuzumab ozogamicin]), CD80 (galix-
imab), CD52 (alemtuzumab), CD2 (MEDI-507 [siplizumab]), CD30 (SGN-30
and MDX-060 [iratumumab]), and CD40 (SGN-40). Furthermore, the VEGF
(vascular endothelial growth factor) inhibitor bevacizumab, which was first
approved for the treatment of colon cancer is currently under investigation in
NHL, and agonists rather than antibodies to TRAIL (tumour necrosis factor-
related apoptosis-inducing ligand) [rApo2L/TRAIL, HGS-ETR1{mapatumum-
ab}, HGS-ETR2] are currently being investigated as treatments for both advanced
solid tumours and NHL. Knowledge of the ability of cancer cells to become
resistant to a targeted therapy by activating an alternative pathway to evade
apoptosis has driven studies that combine antibodies such as epratuzumab plus
rituximab (ER) or ER plus chemotherapy with CHOP (cyclophosphamide, dox-
orubicin, vincristine, and prednisone) [ER-CHOP], inotuzumab ozogamicin plus
rituximab, alemtuzumab plus CHOP (CHOP-C), bevacizumab plus rituximab,
and now the combination of rApo2L/TRAIL plus rituximab.

As a result of the expansion of research in this area, several treatment-specific
adverse effects have been noted, including infusion-related reactions for ritux-
imab, myelosuppression secondary to 90Y-ibritumomab tiuxetan and 131I-
tositumomab, and immunosuppression leading to infectious complications for
alemtuzumab. Also, soluble forms of the antigens (sCD30) are now being investi-
gated as potential mechanisms of resistance to antibody treatments by binding the
antibody before the drug can bind to the lymphoma cell. In addition, it has also
become apparent that these antibodies often have a dose-dependent half-life
(rituximab) or long half-lives of up to 2–3 weeks (epratuzumab and galiximab)
with a consequent delay to a response, thus influencing how long we should wait
for a response before declaring an antibody to be ineffective.

Antibody-based therapeutic approaches have already had a profound impact on
the treatment of NHL, and it is almost certain that, as their clinical development
progresses, we will continue to refine the optimum methods of incorporating these
drugs in NHL treatment in order to offer our patients the best clinical benefits.

Until the end of the 20th century the principal were first described in 1975.[1] They are generally
modality of treatment for non-Hodgkin’s lymphoma produced by a single clone of B cells and are thus
(NHL) was chemotherapy. Major advances in lym- homogenous. Monoclonal murine antibodies were
phoma biology and immunology, including tumour first developed by fusing B cells from mice im-
genetic fingerprinting, have introduced an exciting munised with human lymphoma cells. However, a
new era in NHL therapy. Monoclonal antibodies concerning adverse effect was the potential for
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humans to develop antimouse antibodies, which treatment of NHL and also served as the driving
could cause allergic reactions as well as decrease the force in our current focus on immunotherapy re-
efficacy of the treatment.[2] Further technological search in NHL and other malignancies. Its action
developments in the field of recombinant DNA led appears to be mediated via three potential humoral
to advances in the generation of chimeric antibodies and cell-mediated effector mechanisms, including
(which are 65–90% human), partially humanised complement-dependent cytotoxicity (CDC), an-
antibodies (which are 95% human) and, most re- tibody-dependent cellular cytotoxicity (ADCC) and
cently, fully humanised antibodies.[3,4] complement-dependent cellular cytotoxicity. Recent

Antibody-based therapies are appealing and ad- studies have shown that CDC appears to be the
vantageous, since they target tumour cells while predominant mechanism by which rituximab exerts
potentially sparing normal cells. This review focus- its therapeutic effect.[7,8] The most common adverse
es on monoclonal antibody therapy in NHL. Discus- reactions of rituximab are considered to be infusion
sion includes both commercially available and US related and include chills, fever, hypotension,
FDA-approved antibodies, as well as those currently dyspnoea, hypoxia and arrhythmias. These symp-
being evaluated in clinical trials. toms occur twice as often during the first infusion

compared with subsequent infusions (8% vs 4%).
1. Targeting CD20 These infusion-related symptoms also occur more

often in older patients and in those with higher levels
As a B-cell marker, CD20 is expressed through- of inflammatory cytokines. For this reason, ritux-

out development and is present from the early pro-B imab infusion is begun at 50 mg/hour for the first
cells through to the mature memory B cells. The dose and titrated upwards. In addition, premedica-
function of CD20 is not yet completely understood, tion with paracetamol (acetaminophen) and diphen-
although it is known to be involved in the activation hydramine is common together with precautions
of B cells, the regulation of B-cell growth and against anaphylaxis.[9]

control of calcium transportation. CD20 is a trans-
In a pivotal multicentre trial involving patientsmembrane protein, and studies have shown that both

with relapsed follicular lymphoma, rituximab pro-mouse and human CD20 complementary DNA
duced an overall response rate (ORR) of 50%, a(cDNA) encodes a membrane-embedded protein
complete remission (CR) rate of 6% and a medianthat has hydrophobic regions with the ability to pass
time to progression (TTP) of 13.1 months.[10] Re-through the cell membrane up to four times. In
treatment of relapsed follicular lymphoma with ri-addition, the cytoplasmic domain is rich in serine
tuximab was also shown to be effective, with anand threonine, and has multiple sites for phosphoryl-
ORR of 40% and a median duration of response ofation. Human CD20 has three isoforms because of
16.3 months.[11] Furthermore, several maintenancedifferential phosphorylation of the serine and threo-
therapy regimens with rituximab in follicular lym-nine residues.[5] Notably, the features of CD20 that
phoma have been shown to improve treatment out-drove the clinical development of targeted therapies
comes.[12-18] Rituximab has also been evaluated inare its high expression on B-cell lymphomas, as well
combination with cytotoxic chemotherapeutic regi-as the fact that it does not rapidly modulate or
mens, including fludarabine- and cyclophos-become secreted or shed.[6]

phamide-based regimens, for the treatment of follic-
ular lymphoma.1.1 Unconjugated Anti-CD20 Antibodies

In a phase III trial for the front-line treatment of
1.1.1 Rituximab follicular lymphoma, rituximab plus cyclophos-
Rituximab was approved in 1997 and was the phamide, vincristine and prednisone (R-CVP) was

first monoclonal antibody to be approved by the demonstrated to have a response rate (RR) of 81%
FDA. Its use has had a powerful impact on the compared with 57% for patients treated with CVP
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alone, with a median time to treatment failure of 27 younger patients is currently unknown. Further-
more, it has not been determined whether R-CHOP-months versus 7 months. The addition of rituximab
14 is superior to R-CHOP-21 (CHOP cycles givento other chemotherapy regimens such as cyclophos-
every 21 days), but this question is currently beingphamide, doxorubicin, vincristine and prednisone
addressed in a randomised trial conducted by GELA(CHOP) and fludarabine-based regimens has also
(Group d’Etude des Lymphome d’Adulte).improved treatment outcomes.[19,20]

Rituximab combined with chemotherapy has alsoIn elderly patients with previously untreated ad-
improved outcomes in aggressive mantle-cell lym-vanced diffuse large B-cell lymphoma, rituximab
phoma. Of particular benefit is the regimen of ritux-plus CHOP (R-CHOP) was superior to CHOP in
imab plus hyper-CVAD (hyperfractionated cy-achieving a CR (76% vs 63%) and in improving 5-
clophosphamide, vincristine, doxorubicin and dex-year overall survival (OS) [58% vs 45%].[21] Similar
amethasone) alternating with rituximab plusoutcomes were noted in the SWOG (Southwest On-
methotrexate and cytarabine. This regimen has dra-cology Group)-0014 trial, which evaluated 3 cycles
matically improved outcomes compared with R-of R-CHOP followed by involved-field radiation
CHOP, with a CR rate of 87%, a 3-year PFS rate oftreatment in diffuse large B-cell lymphoma patients
64% and an OS rate of 82% at 40 months. Thiswith limited-stage disease, which was defined as
intensive regimen is also an accepted approach forstage I with one adverse risk factor of age >60 years,
the treatment of the very aggressive Burkitt’s andelevated serum lactate dehydrogenase (LDH), a per-
Burkitt’s-like lymphomas.[24] Rituximab is also usedformance status of 2 or higher, or stage II non-bulky
in combination with salvage chemotherapy regi-disease. The 2-year progression-free survival (PFS)
mens such as R-ESHAP (rituximab plus etoposide,and OS were, respectively, 94% and 95%.[22] The R-
cisplatin, cytarabine and methylprednisolone) and

CHOP data[21] compared with the SWOG 0014 data
R-ICE (rituximab plus ifosfamide, carboplatin and

showed a 9% improvement in PFS and 2% improve-
etoposide) for the treatment of relapsed intermedi-

ment in OS at 2 years.[22]

ate-to-aggressive lymphomas. However, the benefit
CHOP-14 (CHOP cycles given every 14 days) of adding rituximab to salvage regimens in patients

was also compared with R-CHOP-14 in elderly pa- whose disease relapses after receiving front-line ri-
tients with intermediate-to-aggressive B-cell NHL. tuximab-containing regimens remains unclear, al-
In the RICOVER-60 (Rituximab with CHOP over though in theory it appears that there is a potential
60) trial, elderly patients with stages I–IV diffuse benefit.
large B-cell lymphoma received 6–8 cycles of
CHOP-14 together with granulocyte-colony stimu- 1.1.2 Humanised Anti-CD20 Monoclonal Antibody:
lating factor (G-CSF) support and with or without 8 IMMU-106 (hA20)
treatments of rituximab. Radiotherapy was included Although rituximab has had a profound impact
for patients who had initial bulky disease and/or on the treatment of B-cell NHL, it is thought that the
extranodal involvement. The primary endpoint of murine component of this chimeric antibody con-
the trial was freedom from treatment failure (FFTF). tributes to prolonged infusion times and infusion
Positive criteria for stopping the trial early on the reactions. This spurred development of a humanised
basis of a favourable interim analysis were met. monoclonal anti-CD20 antibody. IMMU-106 or
After a median observation of 26 months, a better hA20 has a >90% humanised framework. A phase I/
FFTF rate for 8 cycles of CHOP-14 compared with 6 II dose-escalation study was performed in 20 pa-
cycles of CHOP-14 was noted, but this was neutral- tients with relapsed indolent or intermediate-to-
ised by the addition of rituximab with a 70% FFTF aggressive B-cell NHL (16 grade 1–2 follicular
for both 6 and 8 cycles of R-CHOP-14. However, lymphomas, one mantle-cell lymphoma, one small
the advantage for OS at 26 months was not signifi- lymphocytic lymphoma, two marginal-zone lym-
cant.[23] Whether this strategy is also beneficial to phomas). Dosages included 120, 200, 375 or 750
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1.2.1 90Y-Ibritumomab Tiuxetanmg/m2 weekly for 4 weeks. The median number of
Yttrium-90 is a pure β-emitter. Multicentre trialsprior treatments was 2.5 and 18 of the 20 patients

have supported the efficacy of this therapy for re-had previously received a rituximab-based regimen.
lapsed low-grade or intermediate B-cell NHL, withInfusion reactions were seen in 25% of patients but
an RR of 67%, a CR of 26%, and a median TTP ofwere mild to moderate, and infusion times were
>12.9 months.[26] Notably, even for patients withsignificantly shorter than with rituximab, with the
rituximab-refractory follicular lymphoma, it hasaverage first infusion of the 375 mg/m2 dose lasting
been shown that 90Y-ibritumomab tiuxetan still in-only slightly more than 3 hours. Furthermore, tests
duces an RR of 74% and a CR of 15%, with a TTP offor human anti-human antibodies (HAHA) have
6.8 months.[27] Furthermore, a phase III trial sup-been negative to date. The ORR was 53% with a CR
ported its use in relapsed or refractory low-grade orof 40%; CRs were seen at all dose levels, including
transformed B-cell lymphomas with bone marrowthree of seven patients at the 120 mg/m2 dose lev-
involvement of <25% and a platelet count ofel.[25] Thus, preliminary data are encouraging and
>100 000/mm3; data from the trial showed an 80%provide evidence of the tolerability and efficacy of
versus 56% RR and a 30% versus 16% CR, respec-IMMU-106 and the shorter infusion times possible
tively, for 90Y-ibritumomab tiuxetan versus ritux-compared with rituximab. This trial is currently
imab. One interesting result of this trial was that theenrolling patients to expand the number at each dose
overall TTP was not significantly increased for alllevel. If further data also show a positive response, it
patients in the 90Y-ibritumomab tiuxetan arm, al-is likely that this will lead to investigations in front-
though the TTP was longer in the follicular sub-line settings both alone and in combination with
groups and those who achieved CR. Several expla-chemotherapy.
nations for this lack of overall benefit in TTP were
described and included the fact that the trial was not

1.2 Radioimmunotherapy Using powered to detect these differences, that the subjects
Anti-CD20 Antibodies treated with 90Y-ibritumomab tiuxetan had a greater

absolute shrinkage in lesions and thus could have
On the basis of the successful clinical use of disease progression of 50% with minor increases in

rituximab, anti-CD20 antibodies were combined tumour size, and that several patients treated in the
with the radioisotopes of yttrium (90Y) and iodine rituximab arm were begun on other regimens but
(131I), 90Y-ibritumomab tiuxetan and 131I-tositu- were not counted as having disease progression.[28]

momab, respectively, with the goal of potentially
improving their therapeutic efficacy.[4] When in- 1.2.2 131I-Tositumomab
fused into a patient, these radioimmunotherapies Compared with 90Y-ibritumomab tiuxetan, the
circulate until they bind to CD20+ cells, allowing radioisotope iodine-131 is a β- and γ-emitter, thus
the radiation via the radioactive isotopes to be allowing imaging and therapy using the same an-
targeted to the CD20+ cells. In addition, the radio- tibody conjugate. Treatment with 131I-tositumomab
isotope’s path length causes a crossfire effect, which has shown a very good therapeutic benefit in pa-
theoretically enables the emitted radiation to pene- tients with refractory low-grade or transformed B-
trate into bulky or poorly vascularised tumours. The cell lymphoma, with a 65% RR, 20% CR and a
approval of 90Y-ibritumomab tiuxetan and 131I- median duration of response of 6.5 months.[29]

tositumomab have had a significant positive effect As a consequence of the rituximab in the 90Y-
on the long-term management of follicular lympho- ibritumomab tiuxetan and the tositumomab in the
ma in that they have expanded the repertoire of 131I-tositumomab treatment regimens, there have
potentially successful therapies for relapsed follicu- been notable descriptions of infusion-related symp-
lar lymphoma and offer excellent response durations toms similar to the previously described adverse
with a rather simple but elegant treatment strategy.[4] effects for rituximab therapy (see section 1.1.1). In
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addition, 90Y-ibritumomab tiuxetan has also been 2. Investigational Monoclonal
Antibodies: Targeting Surface Antigensassociated with severe cutaneous and mucocutane-

ous skin reactions. Furthermore, haematological
The clear demonstration of the clinical efficacy

toxicities, while generally reversible in most pa-
of rituximab has driven further clinical research into

tients, are significant with grade 3 or 4 neutropenia how best to target the receptors expressed by lym-
in 63 % of patients and grade 3 or 4 myelosuppres- phoma cells, including CD22, CD80, CD40 and
sion in 53 % of patients, with a time to nadir of 4–7 CD52.
weeks and average duration of 30 days, although up
to 5–7% of patients had grade 3–4 myelosuppres- 2.1 CD22 Antibodies
sion for >90 days.

CD22 is a B-cell-restricted marker expressed on-
Both 90Y-ibritumomab tiuxetan and 131I-tositu-

ly at the mature stages of differentiation. CD22 is
momab have been approved for use in previously expressed at high levels in NHL, with expression at
treated patients. 131I-tositumomab has also been >90% for both large B-cell and follicular lym-
shown to be an effective initial treatment for follicu- phomas. The function of CD22 is thought to be as an
lar lymphoma. Sixty-six patients with stage III or IV antigen within the process of B-cell activation but
follicular lymphoma were treated with a single remains not yet completely defined. In vivo work
course of 131I-tositumomab, with a high ORR of has shown that the B cells of CD22-deficient mice
95% and a CR in 75% of patients. At a median have a shorter life span and increased apoptosis.
follow-up of 5 years, the PFS was 6.1 years. When CD22 binds to a natural ligand or antibody, it

is rapidly internalised and appears to then provideHaematological toxicities were moderate with no
pro-apoptotic signals within B NHL cells.[33]patients needing growth factors or transfusions, and

no cases of myelodysplastic syndrome.[30] On the
2.1.1 Unconjugated Anti-CD22 Antibodies

basis of these positive findings, a trial was conduct- Some of the first in vitro studies were performed
ed to evaluate the efficacy and safety of front-line using an LL2 antibody, which is an IgG2a mouse
treatment with CHOP followed by 131I-tositu- monoclonal antibody against CD22. LL2 was found
momab. to bind to almost all the B NHL cell lines evaluated,

although the mechanism of its action could not beA phase II trial enrolled 90 patients with previ-
determined. The humanised IgG1 version of LL2 isously untreated advanced-stage follicular lympho-
epratuzumab, and initial studies with this humanisedma. Patients received 6 cycles of CHOP followed
anti-CD22 antibody labelled with 131I and 111Indi-4–8 weeks later by 131I-tositumomab. Treatment
um/90Y showed tumour localisation, accumulationwas well tolerated and reversible myelosuppression
and signs of anti-tumour activity. A phase I/IIwas more significant with CHOP than with 131I-
clinical trial with epratuzumab in patients with re-tositumomab. The ORR was 90% with a 67% CR
lapsed or refractory aggressive NHL enrolled a total

and a 23% partial remission (PR) rate. Furthermore,
of 56 patients who received 120–1000 mg/m2 doses

57% of the patients who did not achieve a CR with
weekly for 4 weeks (table I). The patients receiving

CHOP improved their remission status with 131I- this protocol were heavily pretreated with a median
tositumomab. At a median follow-up of 2.3 years, of four prior regimens and most had bulky disease.
the PFS was 81% and OS was 97%.[31,32] On the Epratuzumab was well tolerated with no dose-limit-
basis of these excellent data for the front-line use of ing toxicities. The half-life for rituximab is dose
radioimmunotherapy combined with chemotherapy dependent with a half-life of approximately 60 hours
for the treatment of follicular lymphoma, randomis- after the first infusion and 174 hours after the fourth
ed trials are currently underway to further evaluate infusion, while the half-life for epratuzumab is even
this treatment strategy. longer at >3 weeks. ORR was noted in 10% of the
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Table I. Unconjugated and conjugated anti-CD22a antibodies in clinical development

Antibody/regimen Phase Patients Disease type Dose of antibody Response Reference
of trial

Epratuzumab I/II 56 R/R NHL 120–1000 mg/m2 per wk × ORR 10% 34
(35 DLBCL) 4wk 3 CRs

TTP 35wk

Epratuzumab (E) + II 23 R/R B-NHL E 360 mg/m2 per wk × 4wk ORR 67% 35
rituximab (R) (15 FL/6 DLBCL) R 375 mg/m2 per wk × 4wk 9 CRs in FL

3 CRs in DLBCL
TTP 17.8mo

ER-CHOP Pilot 15 Newly diagnosed E 360 mg/m2 + R 375 ORR 86% 36
DLBCL mg/m2 + CHOP every 3wk 7 CRs

for 6–8 cycles F/U to date of
8.1mo with PD in
1/15

Conjugated I/II 16 R/R NHL 185 MBq/m2 of ORR 62% 37
90Y-epratuzumab (8 indolent/8 aggressive) 90Y-epratuzumab per 4 CRs

w × 2–4w EFS 14–41mo

Inotuzumab ozogamicin I 34 R/R B-NHL (all B-NHL 0.4–2.4 mg/m2 × 3–4wk ORR 28% 38
(CMC-544; calicheamicin except Burkitt’s or MTD 1.8 mg/m2

conjugate) lymphoblastic)

a CD22 is a B-cell restricted marker expressed only at the mature stages of differentiation with >90% expression on follicular
lymphomas and diffuse large B-cell lymphomas. These properties make it an appealing antigen for targeted therapeutic
development. Data thus far have shown clinical activity for epratuzumab both alone and when combined with rituximab or with R-
CHOP. Currently, there is much interest in further clinical development of the conjugated anti-CD22 antibodies, particularly
inotuzumab ozogamicin (CMC-544).

B = B-cell;CHOP = cyclophosphamide, doxorubicin, vincristine and prednisone; CR = complete remission; DLBCL = diffuse large B-cell
lymphomas; EFS = event-free survival; ER = epratuzumab plus rituximab; FL = follicular lymphomas; F/U = follow-up; MTD = maximum
tolerated dose; NHL = non-Hodgkin’s lymphoma; ORR = objective response rate; PD = progressive disease; R/R = relapsed/refractory; TTP
= time to progression.

patients, with the highest level of response in the patients enrolled had advanced-stage disease. Pa-
tients were treated with epratuzumab 360 mg/m2 inpatients with diffuse large B-cell lymphoma; three
combination with the standard doses of R-CHOP.CRs were observed. The median TTP was 26 weeks
Preliminary data for the first 15 patients enrolledand two patients had ongoing responses at >4 weeks
have been presented and have shown an ORR ofafter completion of therapy, which could potentially
81% and a CR of 50%, and at a median follow-up ofbe secondary to the long half-life of epratuzumab.[34]

8.1 months only 1 of 15 patients has shown diseaseTwo recently completed trials support the ratio-
progression.[36]

nale for combining epratuzumab with rituximab
(ER) or ER plus CHOP (ER-CHOP). ER was evalu- 2.1.2 Conjugated Anti-CD22 Antibodies
ated in 23 patients with relapsed or refractory NHL There is growing interest in the ability to conju-
with indolent or intermediate-to-aggressive B-cell gate or link monoclonal antibodies to immunotox-
NHL histologies. The RR for indolent lymphomas ins. These conjugated antibodies work as the drug
was 63%, with a 56% CR and a 66% RR for large B- delivery system for the attached conjugate. When
cell lymphomas, which represented a favourable the antibody binds to the antigen expressed on the
increase in the indolent lymphoma CR and large B- lymphoma cell, the immunotoxin is released and
cell lymphoma RR compared with historical data for subsequently acts with the antibody to destroy the
rituximab alone.[35] The preliminary data with ER cancer cell to which the antibody is bound; when
provided the rationale to investigate ER-CHOP for conjugated to a radioisotope, as are 90Y-ibritu-
6–8 cycles in previously untreated patients with momab tiuxetan and 131I-tositumomab, a ‘bystander
diffuse large B-cell lymphoma. The majority of the effect’ is also seen. The benefits of this approach are
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that the immunotoxin conjugates add to the potency with the nadir of the platelets occurring about 9 days
from administration of inotuzumab ozogamicin. Inof the antibody, since they are often internalised into
addition, after the second and third doses, the half-the targeted cells, thus increasing lymphoma cell
life increased from 1 day to 4 days. Both of thesedeath. However, potential drawbacks are that the
effects appeared to be related to the calicheamicinconjugate can make the antibody less stable and the
component. CRs and PRs were observed in all ex-bystander effect seen for the radioisotope conjugates
cept the 0.4 mg/m2 cohort with a 28% ORR.[38]can lead to increased toxicity for surrounding nor-

Preclinical in vivo studies provide support for themal cells.
further clinical development of inotuzumabA clinical trial investigated the outcomes of frac-
ozogamicin, particularly in combination with ritux-tionated treatment with radioconjugated 90Y-
imab. Lymphoma-bearing SCID (severe combinedepratuzumab. In this study, three cohorts of six
immunodeficiency) mice were treated intravenouslypatients each received an infusion once per week for
with either saline, inotuzumab ozogamicin (40 µg/

2–4 weeks, with a total epratuzumab dose per infu-
kg/dose), rituximab (10 mg/kg/dose) or rituximab

sion of 1.5 mg/kg. Two patients experienced
alternating with inotuzumab ozogamicin. Antibo-

haematological dose-limiting toxicities. This treat-
dies were given every other day for 8 treatments.

ment showed a high RR in both indolent and aggres-
Results showed that mice treated with both ritux-

sive lymphoma patients, with an ORR of 62% (75%
imab and inotuzumab ozogamicin had the longest

ORR in indolent NHL, 50% ORR in intermediate-
median survival of >90 days compared with 64 days

to-aggressive NHL). There was a durable CR in
for inotuzumab ozogamicin alone and 44 days for

25% of patients, with an event-free survival (EFS)
rituximab alone. While survival was longer in the

of 14–41 months.[37]
mice treated with inotuzumab ozogamicin and ritux-

Another conjugated anti-CD22 antibody of high imab, this did not correlate with an additive increase
clinical research interest is inotuzumab ozogamicin in ADCC when the two agents were combined,
(CMC-544). This antibody specifically targets the although both were noted to upregulate apoptosis
CD22 antigen, but is also conjugated to calicheam- through the generation of poly adenosine diphos-
icin, which is a potent antitumour antibiotic.[39] phate-ribose polymerase (PARP) cleavage prod-
Calicheamicin is an established effective strategy ucts.[41]

for the treatment of acute myeloid leukaemia (AML)
when targeted against CD33 as gemtuzumab

2.2 CD80 Antibodiesozogamicin, and acts by binding to DNA in the
minor groove and causing double-strand DNA
breaks. Calicheamicin, when conjugated to m5/44 CD80 is a membrane-bound costimulatory mole-
(murine anti-CD22 monoclonal antibody), was cule involved in regulating T-cell activation.[42,43] In
shown to be effective in both in vitro and in vivo B- healthy individuals, CD80 is transiently expressed
cell lymphoma models, and was noted to be even on the surface of activated B cells, dendritic cells
more active than conjugation of calicheamicin to and T cells.[44] In contrast, CD80 is constitutively
rituximab.[40] Data from a phase I study of in- expressed on a variety lymphoid malignancies, in-
otuzumab ozogamicin have further added to evi- cluding follicular lymphoma and Hodgkin’s lym-
dence of its efficacy. In this trial, 34 patients with B- phoma (HL).[45-49] Compared with CD20 expres-
type NHL, excluding Burkitt’s and lymphoblastic sion, CD80 is usually expressed at a lower density.
lymphoma, were enrolled. The median number of Because of its rather restricted expression, CD80
prior therapies was four, and inotuzumab ozogam- was recently identified as a potential target for lym-
icin was administered every 3–4 weeks at doses of phoid malignancies. Preclinical studies demonstrat-
0.4, 0.8, 1.34, 1.8 and 2.4 mg/m2. The most common ed that anti-CD80 antibodies can inhibit lymphoma
drug-related adverse effect was thrombocytopenia, cell proliferation and induce ADCC.[50]
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Galiximab is a primatised anti-CD80 (IgG1-λ) tory CLL, an ORR was seen in an impressive 56%
monoclonal antibody with human constant regions of patients.[54]

and primate (cynomolgus macaque) variable re- The major adverse effects of alemtuzumab relate
gions.[51] The single-agent activity of galiximab was to its infection risk and are associated with the
recently examined in a multicentre study in patients decrease in CD4+ and CD8+ lymphocytes both dur-
with relapsed or refractory follicular B-cell lympho- ing treatment and up to 9 months or more after
ma. In this phase I study, 37 patients received four completion of therapy. Infection risk is further in-
weekly intravenous infusions of galiximab at doses creased in patients who have previously received
of 125, 250, 375 or 500 mg/m2. Therapy was safely purine analogues because of overlapping adverse
administered with no major adverse effects ob- effects of myelosuppression and lymphopenia. In
served, and no patients generated anti-galiximab addition to traditional bacterial infections, other
antibodies. Unlike the chimeric antibody rituximab, more atypical infections are noted, including infec-
which has a relatively short half-life, the galiximab tions secondary to cytomegalovirus (CMV) or
half-life is long and similar to that of the anti-CD22 herpes simplex virus reactivation, Pneumocystis
antibody epratuzumab, ranging from 2 to 4 weeks. (carinii) jeroveci pneumonia and aspergillosis.
Although the ORR was only 11% (with two CRs and Thus, prophylaxis is recommended with agents such
two PRs), 49% of the patients showed a decrease in as co-trimoxazole (trimethoprim/sulfamethoxazole)
their tumour measurements. Interestingly, some re- and valaciclovir.
sponses were delayed, and one patient achieved a

Alemtuzumab has been evaluated for the treat-CR 1 year after starting therapy and two responders
ment of advanced-stage mycosis fungoides/Sezarycurrently remain in the study, at 22 and 24.4 months
syndrome (MF/SS) and has been shown to be anout without progression.[52] Because the galiximab
effective treatment option, particularly for thosehalf-life is measured in a few weeks, the delayed
with erythroderma or severe itching. Alemtuzumabresponse cannot be explained by a direct passive
30mg intravenously was administered three times aantibody effect, raising the possibility that galix-
week for up to 12 weeks. Data from a phase II trialimab may induce an active immune response. Inter-
in which 22 patients were treated showed an ORR ofestingly, while all patients enrolled had CD80 ex-
55%; 32% of patients showed a CR and 23% a PR,pression of +1 to +2 by immunohistochemistry, the
with a median TTF of 12 months. These findingspatients who responded to treatment did not have
were supported by the clearance of Sezary cellshigher levels of expression of CD80 than the non-
from the blood in 86% of the patients. There wasresponders. Collectively, these data support investi-
also a symptomatic improvement in itching. Ad-gation of treatment programmes that combine galix-
verse effects of treatment included CMV reactiva-imab with other active agents such as rituximab.
tion in 18% of patients as well as herpes simplex
infections and Mycobacterium pneumonia. Howev-

2.3 CD52 Antibodies er, these infectious adverse events generally oc-
curred in patients who had already received three or
more prior regimens.[55] Another study showed moreThe CD52 antigen is expressed on normal and
modest results in terms of the effectiveness of alem-neoplastic B and T lymphocytes, monocytes and
tuzumab with a similar dosage regimen for the treat-natural killer (NK) cells. Alemtuzumab is a
ment of advanced MF/SS, but was limited to ahumanised therapeutic monoclonal antibody that is
cohort of eight patients who had refractory diseasedirected against CD52.[53] It first gained approval in
after many previous therapies. The ORR was 38%the US and Europe as a treatment for chronic lym-
and the median TTP was short at 4 months.[56]

phocytic leukaemia (CLL) previously treated with
alkylating agents and refractory to fludarabine. A pilot study has also been completed to asses the
When used to treat patients with fludarabine-refrac- activity of alemtuzumab in the treatment of relapsed
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or refractory peripheral T-cell lymphomas (PTCL). demonstrated an OR of 60% (two CRs, four PRs)
A total of 14 patients with relapsed or refractory with CMV reactivation in one patient.[58]

stage III or IV PTCL were treated with alem- In addition, data on subcutaneous as an alterna-
tuzumab 30mg intravenously three times a week for tive to intravenous administration of alemtuzumab
a maximum of 12 weeks. All patients received pro- have been reported. The subcutaneous delivery trial
phylactic co-trimoxazole and valaciclovir prophy- used a dose-escalation scheme of 3mg, 10mg, 30mg
laxis. The ORR was 36% and three patients

for the first week and then 30mg subcutaneously
achieved a CR, with the durations of the CR ranging

three times a week for up to 12 weeks. Twentyfrom 2–12 months. While treatment was effective,
patients were given this regimen (13 patients withsignificant haematological and infectious complica-
CLL, one with CLL/AML, three with cutaneous T-tions were noted, including CMV reactivation, pul-
cell lymphoma [CTCL], and three with PTCL).monary aspergillosis and pancytopenia.[57]

While CMV reactivation, bacterial pneumonia and
The potential of maintaining effectiveness while

herpes zoster still occurred, grades 3 and 4 infusiondecreasing toxicity with a reduced dosage of alem-
reactions were notably less than with intravenoustuzumab was examined in a phase II study. Alem-
administration and the ORR to therapy was 60%.[59]

tuzumab 10mg intravenously three times a week for
The data from these two trials show that both4 weeks was administered to patients with relapsed/

reduced-dose intravenous and subcutaneous alem-refractory T-cell lymphoma. Preliminary observa-
tuzumab are generally safe, well tolerated and effec-tions for ten patients receiving this protocol have
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Fig. 1. Selected monoclonal antibodies currently in use for the treatment of a variety of non-Hodgkin’s lymphoma (NHL) types. Antibodies
targeting CD20 and CD52 are currently approved by the US FDA for the treatment of B-cell NHL and chronic lymphocytic leukaemia (CLL),
respectively. (CD30 = expressed in Hodgkin’s lymphoma (HL), anaplastic large cell lymphoma, and tonsillar tissue; CD40 = expressed on
normal B lymphocytes, monocytes, dendritic cells, several types of epithelial and endothelial cells, B- and T-cell lymphomas, HL, and
several types of carcinomas; RANK (receptor activator nuclear factor-κ B) = expressed on osteoclast precursors; BCMA (B-cell maturation
antigen)/TACI (transmembrane activator and calcium modulator and cyclophylin ligand interactor)/BAFF-R (B-cell activating factor) =
expressed on B cells; TRAIL (tumour necrosis factor-related apoptosis-inducing ligand)-R1-4 = TRAIL-R3 and TRAIL-R4 expressed on all
cells, while TRAIL-R1 and TRAIL-R2 are expressed on cancer cells; CD80 = transiently expressed on the surface of activated B cells,
dendritic cells and T cells, while being constitutively expressed on a variety of lymphoid malignancies including follicular lymphoma and HL;
CD20 = B-cell marker expressed throughout development from the early pro-B cells through the mature memory B cells; CD22 = B-cell
marker only expressed at the mature stages of differentiation; CD52 = expressed on normal and neoplastic B and T lymphocytes,
monocytes and natural killer cells. 
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Table II. Selected investigational antibodies, targeting tumour necrosis factor (TNF) receptor family members, currently in clinical trials

Target Monoclonal antibody (type/action) Phase of trial Disease type Reference

CD30 SGN-30 (chimeric/antagonistic) I, I/II HL, ALCL 65,66

CD30 Iratumumab [MDX-060] (fully human/ I, II HL, ALCL 67
antagonistic)

CD40 SGN-40 (fully human/antagonistic) I B-NHL, MM 68

CD40 HCD122 [Chir12.12] (fully human/ I CLL, MM 69
antagonistic)

TRAIL receptor R1 and Mapatumumab [HGS-ETR1] and HGS- I, II NHL 70,71
TRAIL-R2 ETR2 (fully human/agonistic)

ALCL = anaplastic large cell lymphoma; B = B-cell; CLL = chronic lymphocytic leukaemia; HL = Hodgkin’s lymphoma; MM = multiple
myeloma; NHL = non-Hodgkin’s lymphoma; TRAIL = TNF-related apoptosis-inducing ligand.

tive alternatives to full-dose intravenous administra- human T-cell leukaemia/lymphoma cells with
tion. siplizumab antibody significantly prolonged their

survival and led to depletion of T and NK cells.[62]One trial has also investigated whether front-line
This antibody is currently being evaluated in a phasetreatment with CHOP plus alemtuzumab (CHOP-C)
I study in patients with adult T-cell leukaemia andwould be an effective option for patients with PTCL.
peripheral T-cell lymphoma. Hopefully, this an-A total of 20 patients were treated with CHOP,
tibody will prove to be both safe and effective,preceded on day –1 with alemtuzumab 30mg subcu-
enabling combination trials with chemotherapy intaneously. After a median follow-up of >8 months,
the future.five patients had died of lymphoma with no toxicity

deaths recorded and, for the 15 of 20 patients who
3. Targeting the TNF Receptor Familywere still alive, eight had a CR and one had a PR.

Therefore, CHOP-C appears to be a feasible treat-
The tumour necrosis factor (TNF) family is largement option for PTCL, although infectious compli-

and is currently described as including 26 receptorscations exist.[60]

and 18 ligands. They exist as divergent forms, asThus, alemtuzumab has documented clinical effi-
either membrane bound or soluble.[63,64] When acti-cacy for the treatment of relapsed/refractory MF/SS
vated, these ligands form protein trimers with theand PTCL, although infusion-related toxicities and
receptors, which have cysteine-rich extracellular do-infectious adverse effects are common. Trials now
mains. The diversity of the TNF family has made it aunderway include investigations for the treatment of
pivotal grouping of receptors for the development ofrelapsed/refractory HL, and further larger cohort
monoclonal antibodies for the treatment of NHLinvestigations are planned for the treatment of newly
(figure 1) [table II].diagnosed HL.

3.1 CD30 Antibodies2.4 CD2 Antibodies

In healthy individuals, CD30 expression is re-CD2 is a transmembrane glycoprotein with an
stricted to a small number of activated B and Timportant role in both T-cell and NK-cell functions.
lymphocytes. CD30 is expressed in the malignantCD2 has dual roles as an adhesion molecule and a
Hodgkin’s and Reed-Sternberg (HRS) cells of class-costimulatory molecule via its actions with its ligand
ical HL and anaplastic large cell lymphomaCD58. CD2 antigen is thus a rationally good target
(ALCL).for the treatment of T-cell lymphoma.[61] Siplizumab

(MEDI-507) is a humanised IgG1κ monoclonal an- Phase I results of two clinical trials of anti-CD30
tibody that binds to human CD2 antigen. Preclinical antibodies in patients with CD30+ haematological
studies demonstrated that siplizumab kills target malignancies were recently reported. The chimeric
cells by ADCC. Treatment of mice bearing adult antibody SGN-30 was reported to induce cell-cycle
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arrest and apoptosis in Hodgkin’s-derived cell lines engineering of the anti-CD30 antibody so it can bind
only to the transmembrane form. In fact, recent datain vitro.[65] This antibody was recently evaluated in a
suggest that sCD30 may lack certain epitopes asso-phase I study in patients with relapsed HL or
ciated with membrane-bound CD30, thus allowingALCL.[66] A total of 24 patients were treated with
engineering of monoclonal antibodies that preferen-escalating doses ranging from 1 to 15 mg/kg by
tially target CD30+ cells without being neutralisedweekly intravenous infusion for 6 consecutive
by sCD30.[75]weeks. Early results showed one CR and one minor

remission. Iratumumab (MDX-060), a fully human,
3.2 CD40 Antibodiesmonoclonal anti-CD30 antibody, was also evaluated

in a phase I study in a similar patient population. A
CD40 is expressed by normal B lymphocytes,different dosage escalation scheme (range, 0.1–15

monocytes and dendritic cells, in addition to severalmg/kg) was used to treat 72 patients with weekly
types of epithelial and endothelial cells. B- and T-doses for 4 consecutive weeks. Four patients
cell lymphomas, HRS cells and several types ofachieved a CR (two HL and two ALCL) and three
carcinomas also express CD40. CD40L (CD154) ispatients achieved a PR (two HL and one ALCL).
predominantly expressed by activated T lympho-Additionally, since this antibody was fully
cytes. CD40L has diverse physiological functions,humanised there were no infusion reactions noted
including priming dendritic cells to activate CD8+and no generation of HAHAs.[67]

cytotoxic T cells, B-cell selection and survival, and
The XmAb2513 is a second-generation anti-

immunoglobulin isotype switching. CD40L is less
CD30 antibody with enhanced effector function frequently expressed, however, by activated B lym-
through mutagenesis at the Fc-receptor binding in- phocytes, NK cells, monocytes, basophils, eosino-
terface. This antibody has a 4-fold higher affinity phils, dendritic cells, platelets, and endothelial and
than its chimeric parent anti-CD30 antibody.[72]

smooth muscle cells. Soluble CD40L (sCD40L) can
XmAb2513 takes the humanised variable domain of be detected in the serum of patients with lymphoma,
the antibody and then pairs it with a modified Fc CLL, autoimmune diseases and essential thrombo-
region. This pairing has a notable 20-fold increase in cythaemia.[76] The role of sCD40L has yet to be
the affinity for the FcγRIIIA receptor. These in vitro completely determined. Preliminary data have
data support the rationale for further in vivo analysis shown that high levels of sCD40 appear to be an
and the potential further clinical development of this independent risk factor for a poor prognosis in mul-
antibody, as well as the technology used to develop tiple myeloma and acute myelogenous leukaemia,
it. but not in mantle-cell lymphoma.[77]

CD30 can be shed in a soluble form (sCD30) Because CD40 and CD40L can be co-expressed
detectable in the serum of most patients with by several types of B-cell malignancies, an
CD30-expressing lymphomas. Clinically, sCD30 autocrine-paracrine CD40L/CD40 survival loop has
seems to predict a poorer prognosis, with 41% of been proposed to play a role in the pathogenesis and
advanced-stage HL patients having serum sCD30 survival of some B-cell neoplasms.[78] Two antibo-
levels ≥100 IU/mL, and this level correlated with a dies targeting CD40 (SGN-40 and HCD122
5-year EFS of 51%. However, the half-life of sCD30 [Chir12.12]) are currently being evaluated in
is not known. sCD30 can bind to CD30L with high clinical trials. SGN-40 is a humanised IgG1 an-
affinity and is able to block its biological func- tihuman CD40 antibody. Preclinically, SGN-40 has
tion.[73,74] Thus, it is possible that soluble CD30 may demonstrated potent inhibition of proliferation, and
play a role in reducing the clinical efficacy of anti- induced apoptosis and ADCC in a panel of high-
CD30 antibodies by neutralising them in the circula- grade B-cell lymphoma lines. In addition, SGN-40
tion and preventing them from reaching HRS cells. demonstrated activity similar to that of rituximab in
This potential issue may be resolved by careful xenograft CD40 tumour models.[79] SGN-40 has
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been evaluated in the phase I setting in NHL. Pre- Both anti-TRAIL-R1 and -R2 demonstrated ac-
liminary data show that disease was stabilised in one tivity against a wide variety of cultured and primary
of six patients treated with doses of 2 mg/kg/week lymphoma cells in vitro.[86] Preclinical evaluations
for 4 weeks, while another patient showed sympto- and clinical trials using TRAIL/Apo2L or anti-
matic improvement. A parallel study of SGN-40 TRAIL-R1 (mapatumumab [HGS-ETR1]) and -R2
using the next dose level of 4 mg/kg resulted in (HGS-ETR2) fully human monoclonal antibodies
severe headaches, which have been postulated to be are ongoing. Preclinical work has shown that
secondary to cytokine release of TNFα and in- mapatumumab and HGS-ETR2 are able to induce
terleukin-6. However, no patients treated in the 2 apoptosis, upregulate caspase 8 and cleave PARP, as
mg/kg cohort developed headaches.[68] The protocol well as enhance doxorubicin and bortezomib activi-
was amended to address the concern regarding first- ty. Furthermore, in vivo work with TRAIL/Apo2L
dose cytokine release and continued dose escalation. has shown activity in xenograft models of lympho-
A humanised IgG1 anti-CD40 antagonistic mono- ma, lung cancer and breast cancer.[80,87] A phase II
clonal antibody, HCD122, has also demonstrated in trial of mapatumumab in patients with relapsed or
vitro activity in both CLL and NHL cells. Interest- refractory NHL was completed with 40 patients
ingly, when rituximab and HCD122 were compared enrolled. Patients were treated with two dose levels
for their ADCC activity using malignant human B- of 3 or 10 mg/kg every 21 days for a maximum of 6
cell lymphoma lines expressing CD20 and CD40, cycles. There was one CR and two PRs in patients
HCD122 was superior.[69] HCD122 is currently be- with follicular lymphoma, and no patients discontin-
ing investigated in phase I trials for the treatment of ued therapy because of toxicity associated with the
B-cell CLL. drug.[70] A phase Ia trial enrolled patients with ad-

vanced solid tumours or NHL and treated them for 5
consecutive days with recombinant Apo2L/TRAIL3.3 TRAIL and its Receptors
(AMG 655) every 3 weeks for 8 cycles at dose levels

TRAIL (TNF-related apoptosis-inducing ligand)/ of up to 15 mg/kg. A staggered dosage format was
Apo2 is a death protein that belongs to the TNF used to enrol patients with and without liver metas-
family. It has four exclusive receptors: TRAIL-R1 tases to ascertain potential hepatotoxicity. Fifty-one
(DR4), -R2 (DR5, KILLER, TRICK2), -R3 (DcR1, patients have been enrolled with no dose-limiting or
TRID, LIT), and -R4 (DcR2 TRUNDD).[64,80,81] clearly attributable toxicities. Fifty-three percent of
TRAIL also binds to osteoprotegerin at a lower patients had stable disease and one patient with
affinity.[82] TRAIL-R1 and -R2 are death receptors, chondrosarcoma had an objective PR at a dose of 8
whereas TRAIL-R3 and -R4 are frequently called mg/kg.[88] Further efforts have investigated the po-
decoy receptors.[83] TRAIL preferentially kills can- tential of synergistic activity by targeting the
cer cells while sparing normal tissue, making it TRAIL-R1 and CD20 antigen by combining mapa-
potentially useful in cancer therapy. This preferen- tumumab and rituximab. Data showed that the com-
tial killing is due in part to the differential expres- bination of the two resulted in 30–50% apoptosis
sion of its receptors. Normal tissues usually do not and 90% inhibition of proliferation, which was
express the death receptors TRAIL-R1 and TRAIL- markedly higher than use of either agent alone.[71]

R2 and, therefore, are protected from TRAIL-in- Thus, these data provide the rationale for future
duced apoptosis. In contrast, most tumours express clinical trials investigating combined targeted ap-
TRAIL-R1 and TRAIL-R2, making them more sen- proaches with TRAIL-based therapies.
sitive to TRAIL-induced apoptosis. In fact, trigger-
ing TRAIL death receptors by TRAIL protein or by 3.4 BAFF, APRIL and their Receptors
agonistic antibodies has been shown to induce cell
death in a variety of tumours, including lympho- BAFF (B-cell activating factor; also known as
ma.[84-86] BLyS, TALL-1, ZANK, zTNF4 and TNFS 13B) is
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expressed by macrophages, monocytes and dendritic phangiogenesis.[102,103] VEGF binds to two recep-
cells, but not by benign B or T lymphocytes.[89] tors, VEGFR-1 (also known as Flt-1) and VEGFR-2
BAFF binds to three receptors that are preferentially (also known as KDR or Flk-1), whereas VEGF-B
expressed on B cells: BAFF-R (also known as binds only to VEGFR-1.[104] Both VEGFR-1 and
BR-3); TACI (transmembrane activator and calcium VEGFR-2 have tyrosine kinase activity in their cy-
modulator and cyclophylin ligand interactor); and toplasmic domains that can be inhibited by small
BCMA (B-cell maturation antigen). TACI and molecules. Increased angiogenesis has been ob-
BCMA are also shared with a related TNF family served in all types of lymphoma, but more promi-
member called APRIL (a proliferation-inducing nently in those patients with aggressive histolo-
ligand; also called TRDL-1 or TALL-2).[90,91] These gies.[105-107] Furthermore, high levels of soluble
three receptors are almost exclusively expressed by angiogenic factors in the sera of patients with lym-
B lymphocytes, although TACI transcripts have phoma correlated with poor treatment outcomes.[108]

been observed in T lymphocytes. BAFF is an impor- The anti-VEGF antibody bevacizumab has been in-
tant survival factor for both benign and malignant B vestigated in a phase II trial for the treatment of
lymphocytes.[89,92,93] APRIL, a secreted soluble pro- patients with advanced-stage aggressive NHL in
tein that shares the highest sequence homology with first or second relapse. Patients received bevacizum-
BAFF, is expressed in monocytes, macrophages, ab 10 mg/kg intravenously every 2 weeks. Of the 46
dendritic cells and T lymphocytes.[90,94] APRIL patients treated, two patients had a PR and eight had
binds to TACI and BCMA receptors. stable disease. The median TTP was 5 months in

these ten patients.[109] Molecular studies were alsoDysregulated BAFF and APRIL expression has
performed on the tumours of patients treated accord-been observed in patients with a variety of NHL
ing to this protocol and showed that VEGF andmalignancies, and it has been noted to be Epstein-
VEGFR-1 expression was restricted to malignantBarr virus-inducible.[95-99] It has been demonstrated
cells, while VEGFR-2 was predominantly expressedthat serum levels of BAFF or BLyS have prognostic
in the endothelial cells in the lymphoma specimens.significance, especially in patients with HL.[100] Fur-
In addition, a positive correlation was observed be-thermore, HRS cells express BAFF and APRIL in
tween VEGF tissue expression and plasma levels ofaddition to TACI and BCMA receptors, suggesting
VEGF, and plasma levels of VEGF expression de-that this pathway may play an important role in
creased significantly during bevacizumab adminis-supporting HRS cell survival.[101] Collectively, these
tration.[110] A clinical trial is currently evaluating thedata show the prognostic significance of BAFF and
combination of bevacizumab and rituximab for theAPRIL, and demonstrate that blocking the BAFF
treatment of relapsed patients with diffuse large B-and APRIL survival pathway may be of therapeutic
cell lymphoma and mantle-cell lymphoma, as is thevalue in patients with B-cell lymphoid malignan-
SWOG S0515 trial, which combines R-CHOP pluscies.
bevacizumab in the treatment of advanced-stage

4. Targeting Angiogenesis diffuse large B-cell lymphoma.

5. Conclusion4.1 VEGF Antibodies

VEGF (vascular endothelial growth factor; also Monoclonal antibody-based therapies have al-
called VEGF-A), a secreted dimeric protein that ready had a profound impact on the treatment of
promotes the growth and survival of embryonic and NHL with their initial use as monotherapy for re-
newly formed endothelial cells in adults, belongs to lapsed follicular lymphoma. To date, they appear to
a gene family that includes VEGF-B, -C and -D. be most effective when combined with standard
VEGF primarily regulates angiogenesis, whereas chemotherapy, particularly in patients with interme-
VEGF-C and -D are involved in regulating lym- diate-to-aggressive NHL. In addition to expanding
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phoma: safety and efficacy of re-treatment. J Clin Oncol 2000;the repertoire of monoclonal antibodies available for
18 (17): 3135-43

treatment, it is important to increase our understand- 12. Ghielmini M, Schmitz S-FH, Cogliatti SB, et al. Prolonged
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