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Although much progress has been made in the understanding of the pathobiology of malignant lym-

phomas in recent years, progress in the treatment of patients with this diagnosis has been limited.

Monoclonal antibody therapy is an innovative and promising concept in the treatment of malignant

lymphoma, and the current status of this treatment is reviewed here. Phase I/II clinical trials have

proven the high antilymphoma activity of antibody-based therapeutic strategies. Radio-

immunoconjugates with myeloablative activity have induced response rates of between 80 and 100% in

heavily pretreated patients. The chimeric monoclonal antibody IDEC-C2B8 has shown high antilym-

phoma activity in patients with relapsed follicular lymphoma with an overall response rate of up to

50%. The combination of the IDEC-C2B8 antibody with standard chemotherapy has shown encoura-

ging results with no increase in toxicity compared with chemotherapy alone. The introduction of

antibody therapy promises to open new perspectives in the treatment of patients with malignant

lymphoma. Prospective randomised clinical trials will de®ne the patient who will gain maximal ben-

e®t from antibody-based therapy. # 1999 Elsevier Science Ltd. All rights reserved.
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INTRODUCTIONÐCURRENT THERAPEUTIC

STRATEGIES

Malignant lymphomas belong to the 10 most frequent types

of cancers worldwide, with a steep increase in their pre-

valence of 7% per year. The age-adjusted incidence rates

increased by 60% and the mortality rates by 32% from the

late 1970s to the late 1980s [1±4]. Much progress has been

made in unravelling the pathobiology of this heterogeneous

group of malignancies, which is re¯ected in the recently pro-

posed `Revised European American Lymphoma' (REAL)

classi®cation, whichÐin contrast to the Working Formula-

tionÐde®nes each distinct lymphoma subentity by its speci®c

morphology and immunophenotype and classi®es the lym-

phomas according to cell lineage (T-/B-lineage) and diVer-

entiation stage (precursor/peripheral) [5, 6].

In contrast to the rapidly growing knowledge about the

pathobiology of malignant lymphomas, progress in clinical

management of these diseases has been limited. Patients with

high-grade non-Hodgkin's lymphoma (NHL) are generally

treated with curative intention, and although high initial

response rates can be achieved by combination chemother-

apy, 50±70% of patients relapse and subsequently die from

their disease [7±10]. In patients suVering from low-grade B

cell NHL, only a small proportion of patients with limited

disease can be cured by extended-®eld or total nodal irradia-

tion [11, 12]. For patients with advanced stage disease, i.e.

for approximately 85% of cases, no established therapeutic

strategy with curative potential exists and there is no con-

sensus about their standard therapy [13±15].

The development of novel therapeutic strategies has con-

centrated on the intensi®cation of therapy by myeloablative

chemo- or radiochemotherapy supported by bone marrow

(BMT) or peripheral blood stem cell transplantation

(PBSCT). Although these therapeutic approaches may lead to

more extensive disease eradication, the therapeutic principle
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of dose intensi®cation is limited by the lack of speci®city

of this approach, leading to increased therapy-related short-

and long-term toxicity. In addition, the clinical bene®t of

these high-dose regimens is still unclear and the results of

ongoing prospective randomised clinical trials have yet to

prove their superiority in comparison with standard therapy

[16±18].

Thus, one of the main goals of clinical research is the

development of innovative therapeutic measures with increased

lymphoma speci®city. Immunobiological therapeutic approa-

ches promise to ful®l these criteria and may synergise with

conventional chemotherapy for lymphoma eradication. One

of the most successful developments in this respect has been

the introduction of the `biological response modi®er' inter-

feron-alpha (IFN-a) in the treatment of follicular low-grade

lymphomas. This cytokine prolongs disease-free survival in

patients with advanced stage follicular lymphoma, when

applied simultaneously with chemotherapy or as maintenance

after initial cytoreductive treatment [19±23].

Recently, substantial progress has been made in antibody-

based therapeutic strategies for patients with B cell NHL.

This concept uses the expression of lymphoma-associated

antigens and applies B cell-speci®c monoclonal antibodies

(MAb) as therapeutic agents. Based on the promising data of

phase I/II clinical trials in the last few years, this strategy has

gained growing attraction and promises to open new per-

spectives for a lymphoma-targeted therapy with high speci®-

city and low toxicity in patients with B cell NHL.

PRINCIPLES OF ANTIBODY THERAPY

Introduction

Like their normal counterparts, malignant B cell lympho-

mas are characterised by the surface expression of B cell

antigens according to their diVerentiation stage of B cell

ontogeny [24]. MAb speci®cally recognise their target struc-

ture. They can exert tumour-suppressive eVects by at least

three major mechanisms: an intrinsic cytotoxic activity; anti-

body-dependent cellular cytotoxicity (ADCC); and activation

of complement-dependent cytolysis (CDC) [25±28].

The clinical eYcacy of an antibody-based antilymphoma

therapy depends ®rst on the selected target antigen. The

selected target antigen should be lymphoma speci®c or at

least highly lymphoma associated. The selective expression of

the antigen avoids binding of the MAb to normal non-

haematopoietic tissue or to normal haematopoietic progenitor

cells, thus reducing undesired non-speci®c toxicity. Further-

more, shedding of the antigen impairs antibody binding to

surface structures by forming soluble circulating antibody±

antigen complexes, thus reducing the pool of free MAb

[29±31].

The second critical parameter, which dictates the clinical

eYcacy of antibody therapy is the individual characteristics of

the antibody construct itself. Basically, MAbs can be applied

unconjugated, as an immunoconjugate, linked to a plant or

bacterial toxin, or as a radioconjugate, coupled to a radio-

nucleide [32, 33].

Unconjugated antibodies

Murine antibodies, which were ®rst used in antibody ther-

apy, harbour the disadvantage of presenting foreign immu-

nogenic protein, thus inducing human antimouse antibody

formation (HAMA) with rapid clearance of the therapeutic

MAb after repeated courses of therapy. In addition, murine

antibodies are critically impaired by activating both ADCC

and CDC in the human system. This is particularly of rele-

vance for the clinical eYcacy of murine antibodies, because

most murine MAb have no, or only limited, endogenous

cytotoxic activity. The limitations of murine MAb can be

overcome by engineering `chimeric' or `humanised' anti-

bodies. The chimeric construct combines the genes of the

murine variable region with the constant region of the human

immunoglobulins, maintaining the binding properties of the

murine antigen and the eVector properties of the human

constant region (FC) [34]. The humanised antibody is com-

posed of the original murine hypervariable sequences within a

human V-region framework and constant region, thus further

reducing the murine component of the antibody [35]. These

constructs reduce signi®cantly the immunogenicity of the

MAb and are highly eYcient in inducing CDC and ADDC

(Figure 1) [36].

Another important determinant for the clinical eYcacy of

the antibody is its pharmacokinetic characteristics, which

decide the bioavailability of the antibody at the target cell.

Early studies with radiolabelled antibodies demonstrated that

less than 0.02% of the applied MAb binds to the tumour

target. One critical parameter for the capability of the MAb to

penetrate into the tumour is its size. Using genetic technol-

ogy, the expression of small 25 kDa constructs as single chain

fragments of the hypervariable binding region (scFv frag-

ments) has become possible. These antibody fragments are

characterised by an improved capacity to penetrate the

tumour with high local bioavailability [37]. However, the

bioavailability of the MAb at the tumour cell is also strongly

in¯uenced by external factors: key obstacles for targeting are

intrinsic tumour characteristics such as non-uniform tumour

vascularisation, capillary permeability or diVerences in the

interstitial pressure [38]. In addition, the binding site barrier,

caused by the binding of MAb to peripheral tumour antigens,

is responsible for delayed penetration of the MAb into the

tumour [39].

A strategy to optimise the antilymphoma activity of native

MAb is the construction of bi-speci®c antibodies. These

antibodies are frequently directed against the TcR/CD3

complex and a B cell antigen as the lymphoma-associated

target structure. This strategy recruits CD4- and CD8-posi-

tive cytotoxic T cells and induces T cell-mediated speci®c

tumour lysis by simultaneous binding to the CD3 complex

and the tumour-associated antigen [40±43]. A diVerent bi-

speci®c construct uses the FcgR as the cytotoxic trigger

molecule on the eVector cell and a tumour-associated antigen

to optimise antibody-mediated tumour lysis [44]. Apart from

the FcgRI (CD64), other antigens expressed on cytotoxic

subpopulations, such as the FcgFIIIa CD16 or the FcaRI

(CD89), are interesting trigger molecules for bi-speci®c

antibodies [45].

Figure 1. Structure of monoclonal antibodies.
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A diVerent approach to improve the therapeutic eYcacy of

native MAb is the simultaneous application of a diVerent

lymphoma-suppressive agent such as IFN-a or by adding

immunostimulatory agents, thus activating immunological

cell-mediated antilymphoma activity in addition to the

inherent antibody-mediated cytotoxicity [21±23]. A recent

elegant study demonstrated that the eYcacy of an antibody-

mediated antilymphoma therapy can be considerably

augmented by the addition of an immunostimulatory oligo-

deoxynucleotide, activating natural killer (NK) cells and

macrophages by the CpG motif in a mouse model [46].

Conjugated antibodies

The cytolytic activity of the native MAb can be enhanced

by coupling the antibody with a plant or bacterial toxin

(immunotoxin) or with a radionucleide (radioimmuno-

conjugate). The basic idea of this strategy is to use the speci-

®city of the MAb to transfer the toxicity of the cytotoxic

reagent to the target cell [32, 33].

In ®rst and second generation immunotoxins, the plant

toxin, ricin, was the most widely used toxic component of the

construct. Ricin consists of two chains, the toxic A chain with

its blocking eVect on protein synthesis and the B chain, which

is responsible for binding the toxin to the ubiquitous galac-

tose residues on mammalian cells [47]. In immunotoxins

linked to the A chain, the B chain is replaced by the antibody

or the Fab fragment to minimise non-speci®c binding of the

construct. In immunotoxins which are coupled to the

`blocked ricin (bR)' the non-speci®c binding sites are masked

by oligosaccharides. This construct exploits the internalisa-

tion function of the B chain and in vitro data have shown

signi®cantly reduced non-speci®c toxicity of the bR com-

pared with native ricin [48]. The `third generation' immuno-

toxins are chimeric proteins, consisting of the coding regions

of ADP-ribosylating toxins such as pseudomonas exotoxin or

diphtheria toxin fused to single-stranded variable regions of

immunoglobulin light chains by a synthetic linker. The

advantage of these constructs is the possibility of large scale

production by recombinant genetic technology and their

improved capacity to penetrate the tumour by their reduced

size [49].

NHL are highly radiosensitive and, therefore, ideal candi-

dates for radiation therapy. Radiolabelled MAbs deliver con-

stant low-dose radiation compared with external beam

radiation. Theoretically, constant radiation reduces the

chance of tumour escape and permits synchronisation of the

lymphoma population into the radiosensitive G2 phase of the

cell cycle. In addition, lymphoma subclones with low antigen

or no antigen expression are hit by radiation from antigen-

positive lymphoma cells coated by the radiolabelled anti-

bodies [50]. The most frequent radionucleides used are
131iodine (131I) and yttrium 90 (90Y). 90Y has theoretically

several advantages over 131I. It has no long-range g-irradia-

tion as has 131I, but is an intermediate-energy b emitter with a

maximum energy of 2.28 MeV and a range of between 1 and

1000 cell diameters. The maximal B energy is substantially

higher than the maximal B energy of 131I with 0.61 MeV,

leading to a more eVective killing of adjacent antigen-negative

tumour cells. Because 90Y is a pure b emitter 90Y-labelled

MAb permit out-patient treatment. Additionally, the radio-

nucleide has a shorter half-life of 64.2 h compared with

8.1 days of 131I, reducing non-speci®c toxicity [51, 52].

However, application of 90Y does not allow imaging, in

contrast to 131I, which is the radionucleide most often used in

clinical trials. In addition, studies in human colon cancer

xenograft models have proven a higher eVectiveness of 131I

compared with 90Y when a three-dimensional dose calcula-

tion for interpretation of tumour dosimetry was performed

[53]. The attraction of radioimmunotherapy with a-particle

emitting radioimmunoconjugates was recognised for many

years, but technical obstacles prevented the clinical use of a
emitters until a few years ago. a emitters such as 211At and
212Bi are attractive for targeted tumour therapy as they show

a substantially enhanced speci®city compared with b emit-

ters: they deliver radiation with high linear activity, killing the

target cell by one or two hits compared with several thousand

hits, which are necessary for cell killing by b emission.

Moreover, the range of a particles is 50±7mm compared with

the 1±10 mm range of b particles, reducing toxicity to normal

bystander cells. Both 211A and 212Bi have a favourable short

half-life, 7.2 h and 60.6 min, respectively. Although in vitro

studies and animal models have demonstrated a high tumour

toxicity and ®rst clinical applications in patients with relapsed

or refractory acute myeloid leukaemia (AML) were promis-

ing, the clinical applicability of a-particle emitting radio-

nuclides has yet to be proven. In addition, there is still a

shortage in the supply of a emitters such as 212Bi, which so

far impedes the evaluation of this innovative radio-

immunological concept in large clinical trials [54].

ANTILYMPHOMA THERAPY: CLINICAL

RESULTS

Immunotoxins

Most of the clinical experience with immunotoxins in

antilymphoma therapy stems from trials using ricin, diphtheria

toxin, and pseudomonas exotoxin A as the toxic component of

the conjugate. So far, mainly phase I/II trials of patients with

relapsed or refractory lymphoma have been conducted

(Table 1). In an early study, 15 patients with refractory high-,

intermediate- and low-grade B cell NHL were treated with an

FAB0 anti-CD22 (RFB4)-ricin A-chain conjugate. The

majority of patients (14/15) were in an advanced stage of

their disease and presented with bulky manifestations. This

approach resulted in 6 (40%) partial remissions (PR), but the

median time to progression was short at only 1.8 months.

Non-speci®c toxicity was observed consisting of pulmonary

oedema, capillary leak syndrome, rhabdomyolysis and

expressive aphasia [55]. In a diVerent setting, Grossbard and

colleagues used altered ricin with blocked galactose binding

sites as the immunotoxin, conjugated to the anti-B4 (CD19)

antibody in a phase I dose escalating study. Continuous 7 day

intravenous infusion induced 2 complete remissions (CR), 3

PRs and 11 transient responses in 34 patients with relapsed

or refractory B cell malignancies (26 NHL, 4 chronic lym-

phocytic leukaemia (CLL), 4 acute lymphoblastic leukaemia

(ALL)). The major toxicity was hepatotoxicity, thrombocy-

topenia and capillary leak syndrome. The MAb construct

induced HAMA in 19 patients [56]. In a phase I clinical trial

a deglycosylated ricin A chain immunotoxin, coupled to a

murine anti-CD19 MAb demonstrated only limited clinical

activity in patients with heavily pretreated advanced low/

intermediate-grade B cell NHL with 1 CR and 2 PRs in 31

evaluable patients with B cell lymphoma. The induction of

HAMA and/or human antiricin A chain antibody (HARA)

was observed in up to 30% of the patients [57]. In the

recombinant fusion protein DAB486IL-2 the binding site of

MAb Therapy for B Cell NHL 551



the diphtheria toxin was substituted by interleukin-2 (IL-2),

targeting only cells with the high-aYnity IL-2 receptor. In a

phase I study, 18 patients with heavily pretreated IL-2

receptor-positive haematological malignancies (9 NHL, 3

Hodgkin's disease (HD), 5 CLL, 1 cutaneous T cell lym-

phoma (CTCL)) were treated with the immunotoxin. It

induced 1 CR for over 18 months and 2 PRs for more than

12 months and 5 months. The attraction of the conjugate was

hampered by the very short half-life of 5 min and the high

incidence of antibodies to the diphtheria toxin and the

DAB486IL-2 construct that were observed in 50% of patients

at the end of the study [58, 60]. This construct showed

remarkable activity in a recent study comprising 35 patients

with CTCL and in 18 patients with NHL. In the CTCL

group, 5 CRs which lasted for more than 20, 11, 7, 5 and 4

months and 7 PRs (duration 3±20 months), were obtained. 1

patient with Lennert's lymphoma achieved a CR for over 20

months and 2 patients with B cell NHL achieved PRs of 2

and 9 months' duration [59]. These encouraging results were

recently tested in two multicentre phase III studies rando-

mising between placebo and two dose levels of the immuno-

toxin in patients with CTCL [59, 61, 62].

As most immunotoxins have limited capacity to penetrate

large tumour masses, one of the most attractive clinical set-

tings for the use of immunoconjugates is the ®nal eradication

of residual disease. This strategy has been analysed in a phase

I study, in which 21 patients with low/intermediate-grade B

cell NHL in sensitive relapse underwent anti-B cell purged

autologous bone marrow transplantation (ABMT). 12

patients were in CR after ABMT and eligible for subsequent

therapy with the immunotoxin anti-CD19-bR. Antibody

therapy was conducted between day + 61 and day + 208. 11

patients stayed in CR for between 13 and 26 months (median

17 months) after ABMT plus immunotoxin infusion [63].

This promising approach was subsequently tested in a phase

III study: 157 patients were randomised to receive either two

courses of anti B4-bR after ABMT or no further treatment.

No signi®cant diVerence in disease-free survival between the

two treatment arms was observed [64]. In conclusion, the

clinical trials demonstrated a clear inherent antilymphoma

activity of immunotoxins. However, the induction of a con-

siderable non-speci®c toxicity, the immunogenicity of the

constructs and the often rapid clearance in vivo are key

obstacles for the broad clinical acceptance of this antilymph-

oma strategy.

Radioimmunoconjugates

Lymphomas are highly radiosensitive and, therefore, an

appropriate target for the use of MAbs conjugated to radio-

nuclides (Table 2). In an early study Press and colleagues

demonstrated considerable clinical activity for the anti-CD37

MAb MB-1 coupled to 13II: 4 patients with advanced refrac-

tory NHL and favourable biodistribution of the radio-

immunoconjugate were treated with a dose delivery of 232±

606 mCi. All patients achieved a CR. The ®rst 2 patients

relapsed after 4 and 6 months, the other two stayed in con-

tinuous CR (CCR) for 11 + and 8 + months. The main

toxicity was severe myelosuppression requiring platelet

transfusions in all patients and autologous bone marrow

reinfusion in 1 case [65]. Using an identical radio-

immunoconjugate, Kaminski and associates investigated its

antilymphoma activity in a non-myeloablative dose delivery

ranging from 25 to 161 mCi: therapeutic doses were applied

to 10 patients with relapsed or refractory B cell NHL: the

conjugate induced 1 CR and 1 PR lasting 2±6 months [66].

Another MAb applied in several studies is the B1 (anti-

CD20)-MAb conjugated to 131I. Kaminski and associates

exposed 9 patients with relapsed or refractory B cell NHL to

Table 1. Immunotoxins

Author [Ref.] Immunotoxin Phase Disease

No. of

patients

CR rate

(%)

PR rate

(%)

Vitetta et al. [55] FAB0-anti-CD22-ricin A I Refractory B cell NHL 15 0 (0) 6 (40)

Grossbard et al. [56] Anti-CD19-blocked ricin

(anti-B4-bR)

I Relapsed/refractory B cell

malignancies

34 2 (6) 3 (9)

Stone et al. [57] Anti-CD19-ricin A

(IgG-HD37-SMPT-dgA)

I Refractory low/intermediate-grade

B cell NHL

31 1 (3) 2 (7)

Le Maistre et al. [58] DAB486IL-2 I IL-2-receptor-positive NHL, HD,

CLL, CTCL

18 1 (6) 2 (11)

Nichols et al. [59] DAB486IL-2 I/II CTCL, NHL 53 6 (11) 9 (17)

CR, complete remission; PR, partial remission; NHL, non-Hodgkin's lymphoma; IL-2, interleukin-2; HD, Hodgkin's disease; CLL, chronic

lymphocytic leukaemia; CTCL, cutaneous T cell lymphoma.

Table 2. Radioconjugates

Author [Ref.] Radioconjugate Phase Disease

Total activity

(mCi)

No. of

patients

CR rate

(%)

PR rate

(%)

Press et al. [65] 131I-anti-CD37 I Relapsed/refractory NHL 232±608 4 4 (100) 0 (0)

Kaminski et al. [66] 131I-anti-CD37 I B cell NHL 25±161 10 1 (10) 1 (10)

Kaminski et al. [67] 131I-anti-CD20 I Relapsed/refractory B cell NHL 34±66 9 4 (44) 2 (22)

Kaminski et al. [68] 131I-anti-CD20 I B cell NHL 34±161 28 14 (50) 8 (29)

Kaminski et al. [69] 131I-anti-CD20 II Untreated follicular lymphoma ND 21 15 (71) 6 (29)

Press et al. [70] 131I-anti-CD20 I Relapsed B cell NHL 234-777 19 16 (84) 2 (11)

Press et al. [71] 131I-anti-CD20 II Relapsed B cell NHL 345±785 21 16 (76) 2 (10)

Czuczman et al. [72] 131I-anti-CD21 I Recurrent/refractory NHL 90±200 18 0 (0) 1 (6)

CR, complete remission; PR, partial remission; NHL, non-Hodgkin's lymphoma; ND, not determined.
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non-myeloablative doses ranging from 34 to 66 mCi. 6 of the

9 patients responded with 4 CRs and 2 PRs. 3 of 4 patients

were in CCR at 11, 9 and 8 months. Toxic side-eVects were

minimal. In spite of the low number of treated patients, these

results pointed to a high antilymphoma activity of this con-

jugate [67]. In a phase I study, a total of 28 patients received

therapeutic doses ranging from 34 to 161 mCi. 14 patients

achieved a CR, 8 patients a PR. 13 of 13 low-grade lympho-

mas responded with 10 CRs. Transformed lymphomas were

also sensitive to treatment in 6 of 8 cases and chemotherapy-

refractory lymphomas responded in 13 of 19 cases. The

median duration of CR exceeded 16.5 months [68]. The

activity of this construct was recon®rmed in a recent phase II

trial: 21 patients with previously untreated follicular lym-

phoma were evaluable for clinical response to the 131I-label-

led B1 antibody. A therapeutic dose of 75 cGy to the whole

body was delivered. 15 of the 21 patients achieved a CR

(71%), including 62% with bulky disease [69]. 4 of 12

patients converted to consistent polymerase chain reaction

(PCR) negativity for the t(18;14) translocation. This radio-

nucleide also demonstrated signi®cant activity in a myeloa-

blative approach: in a phase I dose escalation study, the

radioimmunoconjugate was applied in a myeloablative dose

ranging from 234 to 777 mCi to 19 patients with refractory

low/intermediate-grade B cell lymphoma followed by auto-

logous bone marrow support. A CR was induced in 16

patients, a PR in 2 patients. 9 cases remained in CCR for 3±

53 months [70]. In an update, a total of 21 patients with

relapsed B cell lymphoma were treated with therapeutic doses

of the 131I-labelled antibody followed by autologous bone

marrow or stem cell reinfusion: 18 patients showed an

objective response with 16 CRs and 2 PRs. 15 patients

remained disease free without further therapy after 3±23

months and 17 patients (81%) were progression free with an

overall survival of 95% after a median follow-up of more than

1 year [71]. In contrast, the 13II-labelled anti-CD21 antibody

OKB7 had limited eYcacy with 1 PR and 12 mixed responses

in 18 patients with recurrent or refractory NHL in a phase I

dose escalation study. In addition, a high frequency of

HAMA (12 of 16 patients) was observed [72].

The use of chimeric or humanised antibodies labelled with

radionucleides is a promising approach to combine antibody-

mediated cytotoxicity with the radiotoxicity of the isotope

and to reduce immunogenicity. Clinical experience with these

constructs is still limited and further studies are required to

evaluate the therapeutic potential of this approach [73].

Nevertheless, the clinical trials conducted so far have

demonstrated that radioimmunotherapy is an innovative

promising therapeutic modality, which can induce tumour

responses in heavily pretreated or chemorefractory patients

with B cell lymphoma. Ongoing trials are now analysing the

clinical eYcacy of high-dose radioimmunotherapy plus high-

dose chemotherapy followed by autologous transplantation

for ®nal disease eradication [74].

Unconjugated MAbs

Early clinical trials using unlabelled native MAbs in B cell

lymphoma therapy have shown only limited success (Table 3).

In one early trial the anti-CD20 MAb 1F5, although rapidly

clearing circulating lymphoma cells in the peripheral blood,

induced only 1 PR lasting 6 weeks in 1 of 4 patients with

refractory B cell NHL [75]. A diVerent, very elegant

approach used the idiotype of an individual B cell lymphoma

as a unique tumour-speci®c marker for targeted antibody

therapy. Although the mechanism of lymphoma suppression

is not understood in detail, it is now clear that anti-idiotype

antibodies can suppress lymphoma growth by a direct

tumour-suppressive activity and the induction of ADCC

[85, 86]. This promising therapeutic strategy requires that the

speci®c anti-idiotypic MAb is generated for each individual B

cell lymphoma. Technical diYculties in producing these

antibodies are a major obstacle for a broad acceptance of this

therapy outside specialised centres. In addition, the time

needed for the development of the antibodies does not favour

their use in rapidly growing high-grade lymphomas. How-

ever, clinical results with anti-idiotype antibodies are

encouraging. 14 patients (13 patients with follicular lym-

phoma (FCL)) were treated with anti-idiotype antibodies and

8 cases responded with 1 CR lasting for 6 years and 7 PRs

with a time to disease progression between 1 and 25 +

months [76]. The emergence of idiotype-mutated or negative

subclones was identi®ed as one of the key tumour-escape

mechanisms in this setting. The eVect of a concomitant

application of IFN-a or chlorambucil was tested for suppres-

sion of idiotype-negative clones in two clinical trials. 11

patients with FCL received anti-idiotype antibodies plus

Table 3. Unconjugated monoclonal antibodies

Author [Ref.] Antibody Phase Disease

No. of

patients

CR rate

(%)

PR rate

(%)

Press and colleagues [75] Anti-CD20 (1F5) I Relapsed B cell NHL 4 0 (0) 1 (25)

Brown and colleagues [76] Anti-id I B cell NHL 14 1 (7) 7 (50)

Anti-id + IFN-a 11 2 (18) 7 (64)

Maloney and colleagues [77] Anti-id + Cb I Relapsed low-grade B cell NHL 13 1 (8) 8 (62)

Maloney and colleagues [78] Anti-CD20 (IDEC-C2B8) I Relapsed B cell NHL 15 0 (0) 2 (13)

Maloney and colleagues [79] Anti-CD20 (IDEC-C2B8) I Relapsed B cell NHL 18 0 (0) 6 (33)

Maloney and colleagues [80] Anti-CD20 (IDEC-C2B8) II Relapsed low-grade B cell NHL 37 3 (8) 14 (38)

Davis and colleagues [81] Anti-CD20 (IDEC-C2B8) II Refractory/relapsed B cell NHL 166 10 (6) 70 (42)

CoiYer and colleagues [82] Anti-CD20 (IDEC-C2B8) II Intermediate/high-grade B cell NHL

(previously treated)

47 4 (9) 11 (23)

Link and colleagues [83] Anti-CD20 (IDEC-C2B8) + CHOP II Intermediate/high-grade B cell NHL

(previously untreated)

30 19 (63) 10 (33)

Davis and colleagues [84] Anti-CD20 (IDEC-C2B8) IFN-a II Low-grade B cell NHL 26 2 (8) 13 (50)

id, idiotype; Cb, chlorambucil; NHL, non-Hodgkin's lymphoma; CR, complete remission; PR, partial remission; IFN-a, interferon-alpha;

CHOP, cyclophosphamide, doxorubicin, vincristine, prednisone.
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IFN-a. 2 CRs and 7 PRs were induced with a median

response duration of 7 months (range 2±24 months). How-

ever, clinical response was not diVerent to antibody therapy

alone and the emergence of idiotype-negative lymphoma cells

was not suppressed by IFN-a [76]. The concomitant appli-

cation of chlorambucil also did not prevent the development

of idiotype-mutated or negative subclones: 1 CR and 8 PRs

were achieved in 13 pretreated patients with low-grade B cell

NHL with a median time to progression of 7 months. No

selective elimination of idiotype-negative lymphoma cells by

chlorambucil was observed [77]. Recently, Caspar and col-

leagues demonstrated in an elegant in vivo mouse model, that

it is possible to induce a polyclonal immune response by

active immunisation with the tumour-speci®c idiotype. The

immune response is also directed against the mutated idio-

type and thus may prevent tumour escape [87]. This is sup-

ported by the observation of a recently published clinical trial:

41 patients after standard chemotherapy received serial vac-

cination with the individual idiotype protein. 20 patients

generated a speci®c anti-idiotype immune response. The

overall survival and the median duration of freedom from

disease progression of all 20 patients with an anti-idiotype

immune response were statistically signi®cantly prolonged

compared with the patient group without immune response

[88]. These promising data have now to be validated by a

prospective clinical investigation. The attractiveness of the

concept of anti-idiotype MAb was enhanced by the identi®-

cation of shared antigenic protein sequences in the variable

regions of the immunoglobulins, so-called `shared idiotypes'.

In theory, this allows the generation of a set of MAb which

recognise the idiotypes of B cell lymphomas in 30% of

patients at diagnosis, and promises a more rapid treatment of

this subset of patients by the use of the pre-existing panel of

MAb [32, 89]. However, the concept of `shared idiotypes'

still faces logistical problems, which limit its broad clinical

application to date.

The most encouraging development in antibody therapy of

NHL in recent years has been based on the generation of

chimeric MAbs (Table 3). The IDEC-2B8 antibody is a chi-

meric anti-CD20 antibody, which consists of the heavy and

light chain variable regions from the murine IgG1 anti-CD20

MAb and of the human IgG1k constant region. In preclinical

studies this antibody demonstrated a 1000-fold enhanced

capacity to activate human CDC and ADCC as compared

with the unmodi®ed murine MAb [90]. In addition, the

antibody directly induced apoptosis in B cell NHL cell lines

[91]. In the ®rst phase I dose escalating study, 15 patients

with relapsed low-grade B cell NHL were treated with a sin-

gle infusion of the antibody. In all patients peripheral circu-

lating B cells were depleted for 1±3 months. Although only

one single dose was administered, a PR was documented in 2,

minor responses in 4 of the 15 heavily pretreated patients.

The antibody was well tolerated up to a dose of 500 mg/m2

with grade II fever after infusion as the main side-eVect. No

human antichimeric antibodies (HACA) were detected [78].

The MAb demonstrated high clinical activity when applied at

a dose of 375 mg/m2 weekly for 4 weeks in 20 patients with

recurrent low-grade or intermediate/high-grade lymphomas:

6 of 18 evaluable patients responded with a PR, 5 patients

showed a minor response. The MAb was also well tolerated

in this multiple dose trial [79]. In a recent study this treat-

ment schedule was selected to analyse the activity of the MAb

in 37 patients with recurrent low-grade or follicular B cell

NHL in a phase II multicentre study. The antibody induced a

CR in 3 and a PR in 14 patients with a median time to dis-

ease progression of 10.2 months [80]. The high antilym-

phoma activity of the MAb in heavily pretreated patients

combined with a low toxicity pro®le and immunogenicity

were con®rmed in a recent integrated analysis of 166 patients

with refractory or relapsed low-grade B cell NHL with an

overall response rate of 48% (6% CRs, 42% PRs) [81]. The

excellent clinical activity of this antibody is emphasised by

the observation that patients with FCL, who were initially

bcl-2 PCR positive, converted to PCR negativity in 68% of

cases in the peripheral blood and in 50% in the bone marrow

[92]. Molecular remission was also induced in 5 of 5 evalu-

able patients with previously untreated or ®rst relapse of FCL

by a combination of six cycles of standard CHOP plus six

doses of 375 mg/m2 IDEC-C2B8 intravenously [93]. How-

ever, individual patients with PCR-negative bone marrow

had no clinical CR with persistent lymphadenopathy, which

suggests that the antibody is less eYcient in eradicating

malignant cells in lymphoma bulks than in the bone marrow

compartment.

Although the clinical eYcacy seems to be most pro-

nounced in patients with FCL, the MAb at a dose of 375 mg/

m2 weekly for 8 weeks or 1�375 mg/m2 followed by

7�500 mg/m2 weekly also proved to be active in pretreated

intermediate- and high-grade B cell lymphoma: in 47 evalu-

able patients treatment with IDEC-C2B8 induced 9% CRs

and 23% PRs with an overall response rate of 32%. 3 of 11

patients (1 CR, 2 PRs) with mantle cell lymphoma responded

to therapy [82]. In a recent phase II pilot study the clinical

activity of IDEC-C2B8 in combination with standard CHOP

chemotherapy was tested in patients with previously

untreated intermediate- or high-grade NHL: 30 patients were

evaluable for response. The overall response rate was 96%

with 63% CRs and 33% PRs. Combination therapy did not

cause an enhanced frequency of serious adverse events as

compared with conventional CHOP alone [83]. Another

promising strategy combined the antilymphoma activity of

the antibody and the biological response modi®er IFN-a: in a

recently published interim analysis, 31 patients with relapsed

or refractory FCL were treated with 5 million units/day

square metre 3�week IFN-a for 3 months and with IDEC-

C2B8 375 mg/m2 weekly at weeks 5±8. 26 patients were eva-

luable for response with an overall response rate of 58% (8%

CRs, 50% PRs) [84]. With regard to the reported data, the

IDEC-C2B8 antibody is one of the most promising develop-

ments in the ®eld of antibody-based therapeutic strategies as

it combines a high antilymphoma activity with a moderate

toxicity. Although prospective randomised data are still nee-

ded, the antibody is a highly attractive candidate for a com-

bination therapy with standard chemotherapy or as a

maintenance therapy for ®nal lymphoma eradication in che-

mosensitive patients after successful initial cytoreduction.

FUTURE PERSPECTIVES

Further progress has been made in the development of

novel antibody production techniques or antibody-based

strategies. Recently, the technology of antibody production

by `phage libraries' has been introduced, which permits

genetic technological production of human antibodies against

non-immunogenic antigens [94]. The innovative antibody-

based `antibody directed enzyme prodrug therapy' (ADEPT)

promises further progress in the clinical management of
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NHL. This concept uses an antibody directed against a

tumour antigen as a vector to deliver an enzyme to the

malignant cell. After clearance of this antibody from the peri-

phery and non-malignant tissue a non-toxic prodrug is

applied, which is converted to a cytotoxic agent by the

enzyme at the tumour cell [95, 96]. In addition, substantial

progress has been made in optimising pretargeting strategies

in radioimmunological approaches. One of the major pro-

blems of radioimmunotherapy is the high radioactive back-

ground with a subsequent low tumour to background ratio

when the tumour is pretargeted prior to the application of the

therapeutic radiolabelled conjugate. Promising concepts to

solve this problem are the two-step or three-step pretargeting

strategies. In the two-step protocol, a biotinylated antitumour

antibody is applied as the ®rst conjugate and allowed to bind

to the tumour antigen. In a second step, radiolabelled strep-

tavidin is infused when the ®rst conjugate is cleared from the

plasma and normal tissue. Compared with the direct `one-

step' protocol a 2±3-fold increase in the tumour to blood ratio

has been reported [97]. In the three-step protocol, a biotiny-

lated MAb binds to the tumour antigen in the ®rst step. In

the second step, free tumour-unbound biotinylated MAb is

rapidly cleared from the circulation by injected avidin as a

`chase' molecule. In the third step, a radiolabelled biotiny-

lated conjugate binds to avidin, which is attached to the ®rst

biotinylated MAb at the tumour surface. In animal models,

up to a 10-fold increase in the tumour:blood ratio has been

achieved and this pretargeting strategy has already been suc-

cessfully applied to cancer patients [98, 99]. These strategies

will help to improve the speci®city of pretargeting strategies

and, thus, the clinical applicability of radioimmunotherapy.

CONCLUSION

Despite the considerable progress in understanding the

pathobiology of B cell NHL, fewer advances have been made

in improving the clinical outcome of patients with these

diseases in the last few decades. Thus, there is an urgent

need for the development of innovative therapeutic

strategies, which can synergise with conventional chemo-

therapy based on a diVerent mode of action. The concept of

antibody therapy as an innovative immunobiological lym-

phoma-targeted strategy may play an important role for the

clinical management of B cell NHL. Although MAb therapy

still faces limitations, including non-speci®c toxicity, high

immunogenicity, rapid clearance in vivo or technical dif-

®culties in production, signi®cant progress has been made to

surmount these diYculties, for instance by the generation of

highly eVective chimeric MAbs, the production of `third

generation' immunotoxins by recombinant DNA technology

or the use of anti-idiotype antibodies directed against `shared

idiotypes'. Based on these current achievements, antibody

therapy for patients suVering from NHL promises to open

new perspectives in the treatment of these diseases in the

near future. In particular, the therapeutic concept of

antibody therapy is highly attractive for combination with

standard chemotherapy, based on the diVerent underlying

mechanisms of action of the two concepts, and as main-

tenance therapy for ®nal lymphoma eradication in patients

with residual disease after successful cytoreduction. Further

prospective clinical trials will help to de®ne the patient groups

who will gain the maximal clinical bene®t from antibody-

based strategies.
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