哉援 杂援 悦澡蚤灶藻泽藻 允燥怎则灶葬造 燥枣 蕴赠皂责澡燥造燥早赠 葬灶凿 韵灶糟燥造燥早赠熏 September 圆园园7熏 灾燥造援 6 晕燥援 3

115

New Development in Monoclonal Antibody Targeting Therapy
for Malignant Hematological Disease
Yunbi Fu
Department of Hematology, the First Hospital Affiliated to Shantou University, Shantou 515041, China.

Summary In the past decades, with the development of chemotherapy and stem cell transplantation, increased
survival of leukemia has been achieved in patients younger than 55 years, although without significant survival impact
in older individuals. Unfortunately, many patients, regardless of age at diagnosis, will eventually die from their disease
or the side effects of therapy. Advances in the development of targeted therapies using monoclonal antibody have
proven benefit for leukemia and lymphoma. The fusion of a murine B cell and a myeloma cell generates a hybridoma
that produces monoclonal antibody (mAb). These murine mAb induce the HAMA (human anti-mouse antibodies)
response. Murine mAb have been modified by genetic engineering, producing molecules with a higher proportion of
human protein. At present, chimeric, humanized and fully human mAb are available. MAb block interactions be鄄
tween target molecules and their ligands or trigger the lyses of mAb-coated tumor cells. Numerous mAb have been
developed using the recombinant DNA technology and several are available in the market.

Key words monoclonal antibody; targeting therapy; leukemia; lymphoma

T

he availability of antibodies reactive with antigens

antigen

(Campath -1H, alemtuzumab, ALT) demon鄄

expressed only by hematopoietic cells has provided

strate significant activity in CLL; Antibody -targeted

new tools to develope new therapies for malignant

chemotherapy with gemtuzumab ozogamicin (GO, My鄄

hematological diseases. Studies up to now have investi鄄

lotarg), a humanized anti -CD33 antibody conjugated

gated the use of such antibodies in an unmodified state,

with calicheamicin, is a clinically validated therapeutic

combined with potent chemicals to form immunotoxins

option for patients with acute myeloid leukemia (AML).

or combined with various radionuclides. In recent years
preclinical and clinical studies have been undertaken

Unconjugated monoclonal antibody

with selected monoclonal antibodies (MAbs) in patients

Many unconjugated monoclonal antibodies targeting

with several hematologic malignancies, including acute

leukemia/lymphoma are under researching, whether

myeloid leukemia(AML), chronic lymphocytic leukemia

humanized or non-humanized. Unconjugated antibod鄄

(CLL), prolymphocytic leukemia (PLL) and lymphoma.

ies have a complex mechanism of action, dependent on

Encouraging results have been obtained in all the three

the nature of the target structure. Antibodies can acti鄄

settings: unconjugated MoAb, MoAb conjugated with

vate the immune system (antibody -dependent cellular

chemotherapy or toxins, and MoAb conjugated with ra鄄

cytotoxicity [ADCC], complement-dependent cytotoxi鄄

dioisotopes (Table 1). For examples: MAb directed a鄄

city

gainst CD20 antigen (Rituximab, RIT) and radiolabeled

network]). ADCC appears to be one of the most im鄄

CD20 (Zevalin and zevalin) have been used in B cell

portant immune effector functions. Antibodies may also

lymphoma successfully; MAb directed against CD52

induce apoptosis, cell cycle arrest, inhibition of cell pro鄄

[CDC], induction of tumor immunity [idiotype

liferation as well as angiogenesis and metastatic spread.
For most antibodies there is no clear dose-response re鄄
Correspondence to: Yunbi Fu.
Email: hnfyb@yahoo.com.cn.
Tel: 13929692952

lationship in vivo. The effect of antibodies can be en鄄
hanced by combination with chemotherapy and/or by
agents which activate the immune system. The best
therapeutic effect may be obtained if mAbs are used ear鄄
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ly in the course of the disease [1]. Anti-CD20 is used for

circulating leukemic B -cells may result in unfavorable

B cell chronic lymphocytic leukemia (CLL)/lymphoma,

pharmacokinetics of RIT. In addition, significant levels

anti-CD33 for acute myeloid leukemia (AML), anti-

of circulating CD20 (cCD20) can be detected in the

CD52 for T cell or B cell lymphoma and CLL and an鄄

plasma of patients with CLL. This cCD20 interferes

ti-CD2 for T cell leukemia. Some of them are current鄄

with the binding of RIT. The results of some studies

ly commercial and clinical available.

indicate that the cCD20 level is of prognostic signifi鄄
cance

Anti-CD20 (Rituximab, RIT)

. At present it is not clear whether the dose of

[10]

RIT in CLL patients should be adjusted according to

Rituximab (RIT) is a high-affinity chimeric mouse

cCD20 levels. The clinical efficacy of RIT in CLL,

anti -CD20 MoAb, with the FDA approval in 1997,

both as monotherapy and in combination with

which has been major treatment advances for patients
with B-cell non-Hodgkin's lymphoma (NHL). Ritux鄄

chemotherapeutic agents, was favorable. For 30 relapsed
/refractory B-CLL patients, at the dose of 375 mg/m2/

imab produces responses in approximately 50% of cases

d weekly, 伊4, OR was 23%, and CR 0%, OR duration

of relapsed, low grade NHL, with a median duration of
these responses of approximately 13 months [2]. Now this

20 weeks. And in the 34 patients untreated or treated

drug is in widespread use, and Rituximab combined

23%, OR duration 75 weeks[11].

with chlorambucil and prednisone, OR was 87% , CR

with CHOP chemotherapy is considered as the most ef鄄
fective regimen for in follicular and high -grade lym鄄

Anti-CD52 (Campath-1H, alemtuzumab, ALT)

phomas. A number of different lymphoid malignancies

Alemtuzumab (ALT, Campath-1H) is a humanized

have been tested for sensitivity to rituximab. Significant,

anti- CD52 MoAb that binds to the cell membrane of

but lower, single-agent response rates have been seen in

virtually all normal cells as well as malignant lympho鄄

diffuse large cell lymphoma, mantle cell lymphoma,

cytes whether B-cells or T-cells. However, stem cells

chronic lymphocytic leukemia

do not express CD52 antigen

(CLL), Waldenstr侬m's

. This drug is a very

[12,13]

macroglobulinemia, and post-transplant lymphoprolifer鄄
ative disease[3~6].

pop topic for CLL therapy in recent years and got the

Several studies have shown synergy between RIT

ther used alone for CLL untreated or resistant to alky鄄

. first sug鄄

gested that RIT pretreatment sensitized chemo-resistant

lating agents and FA, or combined with other drugs
such as FA and Rituximab[14~23].

CD20 + lymphoma cell lines to chemotherapeutic agents

Alemtuzumab has been demonstrated significant ac鄄

. Interactions between RIT and purine nucleo鄄

tivity in patients with previously untreated, relapsed, or

side analogues (PNA), fludarabine (FA) and cladribine

refractory chronic lymphocytic leukemia (CLL), as well

(2-CdA) also have important practical value. Pretreat鄄

as in patients with T -cell prolymphocytic leukemia [24].

ment with FA or RIT and complement of the follicular

And Alemtuzumab (ALT, Campath -1H) is currently

lymphoma cell line Karpas 422 caused cell lysis in 10%耀

approved for the treatment of B-CLL resistant to alky鄄

20%. However, the cell lysis increased to 70% when the
cells were incubated with both cytotoxic agents[8].

lating agents and FA and also has been incorporated in
novel conditioning regimens designed to facilitate stem

The CD20 antigen is expressed on almost all B-cells

cell transplantation in haematological malignancies. Most

in patients with B-CLL but the intensity of expression

of the reported results present the use of ALT in heavily

appears to be lower than that in patients with NHL.

pretreated patients with B-CLL resistant to alkylating a鄄
. [25] reported
gents and/or FA. In 1997, Osterborg

and chemotherapeutic agents. Demidem

[7]

Expression of this antigen on B-CLL cells is only 20%耀

approval of FDA in May 2001. It is studied widely, ei鄄

30% of the level found in patients with follicular lym鄄
phoma [9]. Moreover, CD20 surface antigen levels are

the results of treatment with ALT in 29 patients with

lower in bone marrow and lymph node than that in

jor responses including 4% CR and 38% PR. The me鄄

peripheral blood of CLL patients, and higher count of

dian duration response was 12 months. What's worth

relapsed or refractory CLL, 42% of the patients got ma鄄
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noting was that in 36% of patients CR was obtained in

secondary malignancy and does not interfere with blood

the bone marrow and in 32% splenomegaly completely

stem cell mobilization. As a method of eliminating the

resolved. In contrast, lymph nodes were less affected by

malignant clone in B -CLL, alemtuzumab has shown

ALT and lymphadenopathy was normalized in only 2

remarkable efficacy in heavily pre -treated patients, a

patients. More recent reports confirmed significant re鄄
.[26] investi鄄
sponses to ALT in CLL patients. Keating

number of whom have progressed to autologous or allo鄄

gated the efficacy and safety of ALT in patients with re鄄

pleting and immunosuppressive properties of alem鄄

lapsed or refractory B-CLL exposed to alkylating agents

tuzumab forwards the hope of providing improved

and having failed FA therapy. The overall response rate

treatment options for elderly patients with advanced B-

was 33% including 2% CR and 31% PR. The overall

CLL or indolent lymphoma whose prognosis is too

median time to response was 1.5 months and the medi鄄

poor currently with traditional regimens of high -dose
myeloablative chemotherapy[30].

an response duration was 8.7 months. The median sur鄄
vival for all patients was 16 months and 32 months for
[27]
in patients
responders. In studies of Frampton JE

geneic transplantation. The combination of tumour-de鄄

Over the past 5 years, a number of trials have
demonstrated that alemtuzumab has clinical activity in

with previously untreated B -CLL, subcutaneous (SC)

Table 1 Unlabeled and Labeled Antibodies Used to Treat

administration of Alemtuzumab alone, or IV in combi鄄

Leukemia/Lymphoma

nation with fludarabine, was highly effective, achieving
OR rates of around 90%. IV alemtuzumab was also ac鄄
tive in patients with chemotherapy -resistant/relapsed
T -cell prolymphocytic leukaemia, with reported OR
rates of 24%耀76%.
The most notable success to data has been achieved
with ALT, both in previously treated and untreated pa鄄
tients with CLL. In the vast majority of CLL patients
ALT causes constant reduction of abnormal blood lym鄄
phocytes, usually in less than 4 weeks, and disappearance

Antibodies

Antigen

Origin

Disease

Rituximab

CD20

chimeric

Campath- H

CD52 humanized CLL, PLL

Unlabeled
1

NHL, CLL

MEDI-507

CD2

humanized ATL, NHL, GVHD

Allomune

CD2

humanized NHL

HuM195(CMA-676)

CD33 humanized AML, MDS, APL

LymphoCIDE

CD22 humanized NHL

YTH12.5

CD3

humanized T cell lymphoma

Drugs labeled

of CD5/CD19 co-expression cells from blood. Howev鄄

Gemtuzumab ozogamicin

CD33 humanized AML

er, this MoAb is not curative, because all patients even鄄

BL22

CD22

tually relapsed. Consequently, treatment with ALT may

CMC-544

CD22

murine

NHL

need to be associated with stem cell transplantation to
consolidate and maintain long-term remissions [28]. More

Anti-B4-ricin

CD19

murine

NHL/ALL

HD37-dgRTA

CD19

murine

NHL/ALL

LMB-2

CD25

murine

HCL

Anti-CD7-PAP/ricin

CD7

murine

T-ALL/NHL

JI1

murine

AL

Bexxar

CD20

murine

NHL

Zevalin

CD20

murine

NHL

I-M195

CD33

murine

AML, MDS

I-HuM195

CD33 humanized AML, MDS

Y-HuM195

CD33 humanized AML, CML

Bi-HuM195

CD33 humanized AML, CML

I-BC8

CD45

recently Albitar M.

. reported that CD52 may be

shed from cells and, once soluble, may bind to injected
alemtuzumab, forming immune complexes, which
demonstrated that soluble CD52 was detectable and use鄄
ful in the staging and monitoring of patients with CLL,
but also showed that soluble CD52 formed immune
complexes with alemtuzumab and may influence the ef鄄
ficacy and toxicity of alemtuzumab therapy[29].

Gelonin-Anti-JL1

murine

HCL

Isotopes labeled

131
131
90

Alemtuzumab can also be used in BMT for deple鄄

213

tion of normal T and B lymphocyte of both the recipi鄄

131

ent and donor for prevention of graft rejection and

90

GVHD. It allows good stem cell recovery with resultant

188

rapid engraftment and has a low risk of EBV-triggered

90

murine

ALL/ lymphoma

Y-BC8

CD45

murine

ALL/ lymphoma

Re-BW 250/183

CD66

murine

ricinAML, CML, ALL

Y-anti-Tac

CD25

murine

ATL

Y-anti-CD19

CD19

murine

NHL

90
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T -cell leukemia and lymphoma such as T -ALL and

the control group of mice that did not receive a tumor

cutaneous T-cell lymphoma (CTCL). For T-ALL, the

or therapeutic agent. Their results demonstrate that

objective response rate was 51%, with a 39.5% complete

MEDI -507 has therapeutic efficacy on ATL in vivo

response (CR) rate

.

and provides support for a clinical trial involving this

[31~32]

monoclonal antibody in the treatment of patients with
CD2-expressing leukemia and lymphoma[31].

Anti-CD33 (HuM195, CMA-676)
HuM195 is a humanized, unconjugated, anti-CD33
monoclonal antibody. The CD33 antigen is expressed

Antibody-drug Conjugates

on the surface of normal mature and immature myeloid

Traditional chemotherapy for acute leukemia often

cells, including colony-forming progenitor cells, and on

causes life -threatening toxic effects due to a lack of

leukemic blasts from 90% of patients with acute myeloid

specificity for hematopoietic cells. Monoclonal antibod鄄

leukemia (AML). CD33 is not expressed by the normal

ies and fusion proteins that target cell surface antigens

stem cells, suggesting that in vivo ablation of CD33 -

on leukemic blasts are being evaluated for their cytotox鄄

bearing normal and leukemic myeloid cells might lead

ic effects and as a means of delivering chemotherapeutic

to the establishment of normal hematopoiesis by the re鄄

agents directly to malignant cells. It is hoped that this

maining normal stem cells. But unconjugated anti CD33 has limited effective [33]. In the study of Feldman

strategy might selectively ablate malignant cells without

. 50 adult patients with relapsed or refractory

conventional chemotherapy. Significant advances in the

AML were randomized to receive HuM195 at a dose of

development of monoclonal antibodies conjugated to

12 or 36 mg/m by intravenous infusion on days 1 耀4

potent toxins or cytotoxic agents (immunoconjugates)

and 15耀18. Patients with stable or responding disease re鄄

have enabled improved targeting of leukemic cells with

ceived two additional cycles on days 29耀32 and 43耀46.

acceptable

Of 49 evaluable patients, only two complete remissions

calicheamicin-conjugated anti-CD33 monoclonal anti鄄

and one partial remission were observed. All three re鄄
sponses were in patients treated at the 12mg/m2 dose

body, has demonstrated substantial efficacy in patients

level and all had baseline blast percentages less than 30%.

conjugate BL-22, comprised of an anti -CD22 mono鄄

Decreases in blast counts ranging from 30 to 74% were

clonal antibody fused to a fragment of pseudomonas ex鄄

seen in nine additional patients. This demonstrates that

otoxin PE38, has produced high response rates in hairy

HuM195 as a single agent has observable, but minimal,

cell leukemia. Many other immunoconjugates are under

anti -leukemic activity in patients with relapsed or re鄄

researching and indicate potential significance, such as

fractory AML and activity is confined to patients with
low burden disease[34].

CD19 (HD37-dgRTA), CD22(RFB4-dgRTA), CD25

Anti-CD2 (MEDI-507)

Anti-CD33 (gemtuzumab; Mylotarg)

MEDI-507 is a humanized monoclonal antibody di鄄
rected against CD2. Using an adult T -cell leukemia

Therapeutic trials using unmodified anti-CD33 an鄄
tibodies have limited success. Initial in vivo studies with

. observed mice

an unmodified murine anti-CD33 antibody in patients

treated with MEDI-507 survived longer than the con鄄

with AML demonstrated that the antibody quickly

trols. Furthermore, prolonged treatment (6 months) of

bound to leukemia cells and that the antigen-antibody

ATL with MEDI-507 significantly improved the out鄄

complex rapidly internalized following cell binding.

come when compared with a short course (4 weeks) of

However, when administered to patients with overt

therapy. Treatment with weekly MEDI -507 for 6

leukemia, unmodified antibody resulted in only brief

months led to a prolonged survival of the ATL-bearing

decreases in peripheral blast counts, not in sustained re鄄
sponse [35]. Using gemtuzumab ozogamicin (Mylotarg(R),

E

2

(ATL) xenograft model, Zhang Z

mice that was almost comparable with the survival of

many of the toxic effects commonly associated with

toxicities.

Gemtuzumab

ozogamicin,

a

with acute myeloid leukemia (AML). The immuno鄄

(RFB4-dgRTA).
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GO), a humanized anti -CD33 antibody conjugated

row transplantation for patients with relapsed B -cell

with calicheamicin, the effectiveness of in vivo ablation

non -Hodgkin's lymphoma, a total of 83 courses of

of CD33 cells in patients with AML was improved .

Anti-B4-ricin were administered, with 31 patients re鄄

Gemtuzumab ozogamicin has demonstrated substantial

ceiving two or more courses of therapy. The 4 -year

efficacy in patients with acute myeloid leukemia (AML)

disease-free survival and overall survival are estimated at

and has induced remissions in patients with favorable-,

56% and 72%, respectively. Twenty-six patients remain

+

[36]

. GO has

in CR after a median follow-up of 54.5 months. Re鄄

recently been approved by FDA for use of relapsed and

versible toxicities included hepatic transaminase eleva鄄

refractory acute myelogenous leukemia patients. GO is

tions, thrombocytopenia, myalgias, fatigue, nausea, hy鄄

also approved for relapsed disease in patients older than

poalbuminemia, and dyspnea. Human antimouse anti鄄

60 years, and now is being evaluated in combination

body

with chemotherapy, in the setting of hematopoietic
stem cell transplant, and in high-risk myelodysplasia [38].

(HARA) responses occurred in 23 patients at a median

intermediate-, and poor-risk cytogenetics

[37]

(HAMA) and/or human antiricin antibody

of 22 days from the initiation of Anti-B4-bR therapy.
This study demonstrates that Anti -B4 -bR can be ad鄄

Anti-CD19

ministered safely to patients as adjuvant therapy early

CD19 antigen expresses on more than 90% of B lin鄄
eage lymphoblastic cells. Anti-CD19 is a murine mon鄄

after ABMT for B-cell NHL. The toxicities are tolera鄄
ble and reversible [42]. In the Cancer and Leukemia

oclonal antibody and several toxins were conjugated

Group B Study 9311, after the first remission, Forty-six

with this antibody for B cell NHL/ALL therapy, such as

CD19 positive ALL patients received the anti -B4 -

PAP (pokeweed antiviral protein), ricin and genistein.

blocked ricin, 80% were able to receive both courses.

The conjugate of the tyrosine kinase inhibitor genis鄄

Molecular monitoring before and after the experimental

tein and the monoclonal antibody targets the immuno鄄

course of intensification did not show a consistent

toxin to CD19 positive blast cells. It showed favorable
pharmakokinetics [39] and anti-tumor activity in children

change in the number of leukemia cells remaining. The

and adults with advanced relapsed/refractory B-lineage

vation of liver function tests in 72% of patients. Lym鄄

ALL expressing CD19 on more than 50% of the

phopenia occurred in 46% of patients. Two patients de鄄

leukemic blast cells. No life -threatening toxicity was

veloped antibodies to the anti-B4-blocked ricin. That

encountered. In 15 patients, two CR and one partial re鄄
mission (PR) were achieved with a monotherapy[40].

showed intensification therapy with anti -B4 -blocked
ricin is feasible for patients with CD19 positive ALL [43].

The anti-CD19 antibody conjugated with the poke鄄

But anti-B4-blocked ricin had limited activity in CLL

most common toxicity was asymptomatic transient ele鄄

, maybe because anti -CD19 mAb couldn't be taken

weed antiviral protein (PAP) immunotoxin was tested

[44]

in a phase I trial. Two cycles of anti-CD19-PAP were

up by B CLL cell[45].

administered parallel to a standard four -drug reinduc鄄

HD37-dgRTA is an anti -CD19 monoclonal anti鄄

tion regimen in relapsed childhood ALL. Ten out of 15
patients achieved CR and two PR [41]. This study exem鄄
plifies that combined chemotherapy and antibody treat鄄

body conjugated to a deglycosylated ricin A chain

ment may result in effective regimens for relapsed/re鄄

vitro, in vivo and in adult patients with B-lineage ALL

fractory ALL.

[46]

. And in vitro it can selectively kill pediatric precursor

Anti-B4-blocked ricin is an immunotoxin consist鄄
ing of anti -B4 murine monoclonal antibody

. demonstate that it can kill
(dgRTA). Herrera L
B-lineage non -Hodgkin's lymphoma (NHL) cells in

(anti -

B-lineage leukemia cells. But it should be further evalu鄄
ated for the therapy of pediatric B-lineage ALL [47].

CD19) and "blocked ricin" toxin. Many studies demon鄄
strated it had definitely effect in B cell ALL and NHL.

Anti- CD22 and anti- CD25

In a research of a phase II study of adjuvant therapy

Besides anti -CD20, anti -CD52 and anti -CD19,

with anti-B4-blocked ricin after autologous bone mar鄄

clinical experience with other MoAbs in patients with

120
chronic lymphoid leukemias is very limited. However

cated form of Pseudomonas exotoxin is particularly ac鄄

preliminary results with MoAbs combined with toxins

tive against CD25+ HCL cells

and directed against CD22 and CD25 antigens seem to

PE-38 (LMB-2) MoAb was very cytotoxic in vivo in

.

all HCL patients with IC50 as low as 0.5 ng/ml. Malig鄄

CD22 antigen, expressing RFB4 epitope, is an adhesion

nant cells freshly obtained from patients with CLL were

molecule expressed exclusively on B cells. Clasic or

also sensitive to LMB -2 but less sensitive than HCL
cells[58].

be promising, especially in the treatment of HCL

[48~49]

variant hairy cells are virtually always strongly positive

. This anti-Tac (Fv)-

[57]

for CD22[50]. In contrast CD22 is not present on the cell
surface in the early stages of B-cell development and is

Anti-CD7

not expressed on stem cells. In the recent years recom鄄

CD7 antigen is a surface molecule that expresses on

binant immunotoxin, RFB4 (dsFv)-PE-38 (BL22), that

99% of T -lineage lymphoblastic cells. Anti -CD7 is

contains the variable domain (Fv) of the anti - CD22

murine monoclonal antibody, and it was under research鄄

monoclonal antibody RFB4, was designed to target
CD22 expressing cells [51~52]. Recombinant immunotoxins

ing to be conjugated with ricin, or PAP (pokeweed an鄄

are fusion proteins composed of the Fv domains of anti鄄

ALL antibody therapy has been far less intensively ex鄄

bodies fused to bacterial or plant toxins that are being

plored, which may be due to the fact that im鄄

developed for the targeted therapy of neoplastic diseases.

munotherapy was first developed for treatment of B -

In BL22 immunotoxin the Fv fragment in a single -

lineage NHL as a more frequent disease. T -cell anti鄄

chain form is fused to a truncated form of Pseudomonas
exotoxin A called PE-38 [53]. And anti-CD22 (RFB4-

bodies were often explored for T-cell depletion in the

tiviral protein) for T -ALL therapy. In fact, T -lineage

dgRTA) immunotoxins (ITs) is a murine IgG(1) mono鄄

setting of stem cell transplantation, such as anti-CD52.
Several studies showed anti -CD7 -ricin [59] and anti -

clonal antibody (Mabs) conjugated to a deglycosylated

CD7-PAP

ricin A chain (dgRTA). It is effective in killing B-lin鄄

leukemias, but limited clinical experience is available on鄄

eage non-Hodgkin's lymphoma (NHL) cells in vitro, in

ly for these antibodies. Anti-CD7-ricin was tested in a

vivo and in adult patients with B -lineage NHL. But

phase I trial in patients with relapsed T-cell lymphoma

the potential of these agents for the treatment of child鄄

(>30% CD7 positive blast cells). Two PRs were
achieved in 11 patients [61]. No new development was

hood B-precursor acute lymphoblastic leukemia (ALL)
is unknown [54]. Another immunoconjugate of CD22
(CMC -544) is a combination of N -acetyl -gamma calicheamicin dimethyl hydrazide (CalichDMH), a po鄄

[60]

had activity in mouse models for T-cell

reported more recent years.
Anti-JL1 mAb
JL1 is a unique thymocyte-specific surface molecule,

tent DNA-binding cytotoxic antitumor antibiotic. The

which was detected with the monoclonal antibody

results of the CMC-544 preclinical research showed it
exerted potent cytotoxicity against CD22 + B-cell lym鄄

(mAb), anti-JL1. Interestingly, JL1 was shown to be ex鄄

phoma (BCL) cell lines. CMC-544 caused a potent in鄄

munophenotype, and subpopulations of normal bone

hibition of growth of small but established BCL
xenografts leading to cures. CMC -544 prevented the

marrow (BM) mononuclear cells (MNCs). Shin YK et
al. demonstrated that the proliferation of cultured hu鄄

establishment of BCL xenografts and also caused regres鄄

man leukemia cells was dramatically inhibited in vitro

sion of large BCLs .

by anti-JL1 mAb conjugated with the polypeptide tox鄄

[55]

pressed in most leukemias, irrespective of their im鄄

The malignant cells in 80% of HCL cases express

in, gelonin, but not by gelonin alone. They also investi鄄

high surface levels of the subunit-a of the IL-2 recep鄄

gated the reactivity of the anti-JL1 mAb against normal

tor (IL -206 T. ROBAK 2Ra). This receptor is also

human tissues to evaluate possible side effects. The re鄄

known as CD25 or p55 . A recombinant single-chain

sults showed the cytotoxic effects of anti -JL1 -based

immunotoxin composed of the variable domains of the

immunotoxin against JL1-positive leukemic cells, spar鄄

anti-Tac (CD25) monoclonal antibody fused to a trun鄄

ing most normal tissues other than thymocytes and

[56]
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some BM MNCs. Gelonin -conjugated anti -JL1 mAb
immunotoxin may be developed as a potential im鄄
munotherapeutic agent in the treatment of various types

within these cells. Furthermore, because

茁-emitter, large doses can be given safely in the outpa鄄
tient setting with fewer consequences for medical per鄄

of JL1-positive acute leukemias .

sonnel or patients' families[63](Table 2).

Radiolabaled monoclonal antibody

Anti-CD20 (Bexxar and Zevalin)

[62]

Y is a pure

90

There are two kinds of radionuclides used for im鄄

Treatment of lymphoma with unconjugated anti -

munoradiotherapy: isotopes emitting alpha particles and

CD20 mAb (Rituximab) has shown efficacy in clinical

isotopes emitting beta particles. Alpha particles have

trials and have gained approval from the Food and Drug

short ranges and high energy and it can selectively kill

Administration (FDA). Although Rituximab produces

the tumor cells targeted by the mAb, without nonspecif鄄

responses in approximately 50% of cases of relapsed, low

ic toxicity. Monoclonal antibodies conjugated with al鄄

grade NHL. Most of these responses are partial remis鄄

pha particles are suited for the treatment of low -vol鄄

sions, and cure remains elusive. However, the use of ra鄄

ume tumor and residual disease. Beta particles have long

dionuclides to exploit the specific targeting properties

ranges and relatively low energy, and it can deliver a

has been a major development in mAb therapeutics.

substantial radioation dose to the bone marrow, but it
also increase nonspecific toxicity and produces pro鄄

Two radionuclide -bearing mAbs have recently been
approved by the FDA: in February 2002, 90Y -labeled

longed

dose

anti -CD20 mAb (Zevalin) became the first radioim鄄

hematopoietic stem cell transplantation. Monoclonal

munoconjugate to be approved by the FDA for the

combined with beta particles are usually used for high

treatment of cancer.

burden tumor and BMT preparative regimens. The beta

(Bexxar) was approved in June 2003[64].

emitters studied most commonly for immunoradiother鄄
apy of malignant hematological diseases are 90Y and 131I.

with 90Y and was approved in 2002 for the treatment of

Bi and

213

myelosuppression

requiring

high

Ac are alpha emitters.

Zevalin is a murine anti-CD20 antibody combined
patients with relapsed or refractory low-grade follicular

225

Compared with other 茁 -particle emitters,

I -labeled anti -CD20 mAb

131

I has

131

several disadvantages. First, because of long-ranged 酌-

emissions, patients must be hospitalized and isolated.

or transformed B-cell NHL, including patients with fol鄄
licular lymphoma refractory to rituximab. Yttrium -90

I (8.1 days) de鄄

provides advantages over iodine-131 because it delivers
higher beta energy [65]. Zevalin has a higher overall re鄄

lays the time from treatment to stem cell infusion in pa鄄

sponse rate (OR) than rituximab, as demonstrated in

tients undergoing transplantation. Third, when IgG is

two separate clinical trials. The first trial randomized

I, the ability of the anti鄄

143 rituximab-naive patients with relapsed NHL to re鄄

Second, the long physical half-life of

labeled with high doses of

131

131

body to bind to the target antigen is dramatically re鄄
duced. However Y offers several advantages over

ceive rituximab or Zevalin. The OR for Zevalin was
I

80% compared with 56% for rituximab. The second tri鄄

for myeloablation. After internalization of antigen-anti鄄

al tested the efficacy of Zevalin in patients who were

body complexes into target cells, Y are better retained

rituximab-refractory; the OR was 74%. The main tox鄄

90

131

90

Table 2 Characteristics of several isotopes used for hematological radioimmunotherapy
Isotopes
Iodine-131
Rhenium-188
Yttrium-90
Bismuth-213
Actinium-225

Particles emitted

Half-life

Particle energy (Mev)

Mean range (mm)

茁, 酌

8.0d

970

0.8

茁, 酌

17h

2120

2.4

茁

64h

2280

2.7

琢

46min

5982

0.05-0.08

10d

5935

0.05-0.08

琢
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icity of Zevalin was reversible myelosuppression. These

emitters can selectively kill individual cancer cells with a

indicate that Zevalin can produce a higher OR than rit鄄

single atomic decay. To enhance the potency of native

uximab, and single -dose Zevalin is another treatment

HuM195 yet avoid the nonspecific cytotoxicity of be 鄄

alternative for patients with relapsed low grade NHL. It

ta-emitting constructs, the alpha-emitting isotope

is well tolerated even by older adults. The exact role of

was conjugated to HuM195. Targeted alpha (alpha) par鄄

Zevalin in the therapy of NHL is undetermined. New

ticle therapy with

studies are underway to explore whether patients can

sibility of more selective tumor cell kill

safely receive a second dose of Zevalin and to combine

called Memorial Sloan -Kettering Cancer Center in

Zevalin with high -dose chemotherapy and stem cell
rescue[66].

New York, began to research on the radioimmunother鄄

Bexxar [B1, Iodine-131 tositumomab, iodine-131

many papers and in 2002 the results was declared in

Bi

213

Bi-labeled HuM195 offers the pos鄄

213

. An institute,

[70]

apy for acute leukemia since 1991. They published

anti-B1 antibody] is also a murine antibody conjugated

ASH meeting. At first, they labeled M195 (mouse anti鄄

to iodine 131 that recognizes and binds to the CD20

body) with iodine-131, the data of the phase I clinical

(B1) antigen which is found specifically on B lympho鄄
cytes. 131I emits both therapeutic beta radiation and

trial showed that iodine-131 labeled CD33 had definite

highly penetrating gamma emissions. The lower energy

the patients developed human anti -mouse antibody,

I is used to treat tu鄄

preventing retreatment. Then the humanized CD33

mors. The gamma radiation allows both dosimetry and

(HuM195) was adopted, and results showed specific

biodistribution studies to be performed. Patients who

bone marrow targeting without an immunogenic re鄄

of the beta particles emitted by

131

receive bexxar therapy are usually hospitalized in radio鄄

effect on myeloid leukemia therapy, however, 37% of

sponse. But iodine -131, which emits 茁 particles, pro鄄

protection wards, and are treated by specially trained
hospital staff [67]. In clinical trials of Bexxar, objective re鄄

duced

sponse rates ranged from 54%耀71% in heavily pretreated

To avoid nonspecific cytotoxicity of beta-emitting, the
琢 -emitting isotope 213Bi was conjugated to HuM195.

patients. In 76 newly diagnosed patients, the objective
response rate was 97% , and 63% of patients achieved
complete responses .

prolonged

myelosuppression

requiring

hematopoietic stem cell transplantation at high doses.

Eighteen patients with relapsed and refractory acute
myelogenous leukemia or chronic myelomonocytic

[68]

Anti -CD20 was also conjugated with

Bi for the

213

leukemia were treated with

Bi-HuM195. No signifi鄄

213

treatment of B-cell CLL, and in vitro it killed B cells

cant extramedullary toxicity was seen. All 17 evaluable

more effectively than equivalent doses of external gam鄄

patients developed myelosuppression, with a median

ma irradiation . No in vivo experiment reported.

time to recovery of 22 days. Nearly all the

[69]

Bi -

213

HuM195 rapidly localized to and was retained in areas
Anti-CD33 (labeled with

I, Y,

131

90

Ac or

225

Bi)

213

of leukemic involvement, including the bone marrow,

Besides conjugated with calicheamicin, CD33 was

liver, and spleen. Absorbed dose ratios between these

also conjugated with some radioisotope, either emitting

sites and the whole body were 1000-fold greater than

beta particles or alpha particles. Radioimmunotherapy
with beta (beta) particle -emitting isotopes (131I or

those seen with 茁 -emitting constructs in this antigen
system and patient population. Fourteen (93%) of 15 e鄄

90Y) has produced significant responses while minimiz鄄

valuable patients had reductions in circulating blasts, and

ing radiation exposure to normal tissues in both non鄄

14 (78%) of 18 patients had reductions in the percent鄄

myeloablative and myeloablative regimens. When la鄄
beled with the beta -emitters 131I and 90Y, CD33

age of bone marrow blasts. This study demonstrated the
safety, feasibility, and antileukemic effects of 213Bi -

(HuM195) can eliminate large leukemic burdens in pa鄄

HuM195(2002, ASH meeting). The short path length of

tients, but it produces prolonged myelosuppression re鄄

this alpha -emitter could theoretically allow killing of

quiring hematopoietic stem cell transplantation at high

the targeted leukemic cell without damage to normal

doses. Unlike beta particle -emitting isotopes, alpha

neighbors and are better suited for the treatment of
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Bi-HuM195 is

CD45 antibody has been combined with traditional

undergoing the phase II clinical trial. Recently (2003)

preparative regimens for patients receiving bone marrow

low-volume or residual disease. Now
they also studied

213

I -labeled HuM195 combined with

131

transplantation for acute leukemia

. When combined

[83]

I-anti-CD45 can safely

busulfan and cyclophosphamide (BuCy) as conditioning

with conventional CY/TBI,

for allogeneic BMT in advanced myeloid leukemia, the

deliver substantial supplemental doses of radiation to

I -labeled

bone marrow (approximately 24 Gy) and spleen (ap鄄

data confirmed the feasibility of adding

131

CD33 to a standard BMT preparative regimen

.

[71~80]

proximately 50 Gy)

Y-HuM195 is also undergoing trials. In a phase I

131

.

[84]

Another study was undertaken by Vallera DA

90

.

trial at MSKCC, Y -HuM195 was studied in patients

to investigate the suitability of using anti-CD45 mono鄄

with relapsed or refractory AML. Nineteen patients

clonal antibody for delivering the high -energy beta -

were treated with escalating doses of Y-HuM195 (0.1

particle emitting isotope

to 0.3 mCi/kg). Myelosuppression lasted 9 to 62 days,

target cells

and the maximum tolerated dose without stem cell res鄄

antigen expressed on the surface of both normal and

cue was 0.275 mCi/kg. Thirteen patients had reduc鄄

malignant hematopoietic cells and the results showed

tions in bone marrow blasts, and 1 patient achieved a

that it reacted with both CD45-expressing normal pe鄄

complete remission lasting 5 months. All patients treated

ripheral blood cells and leukemia cells from patients.
The antibody was readily labeled with 90Y using the

90

90

with 0.3 mCi/kg had hypocellular bone marrow biop鄄

Y to lymphohematopoietic

90

. The antibody recognized the CD45

sies performed 2 or 4 weeks after treatment, without
evidence of leukemia. These results suggest that 90Y -

highly stable chelate 1B4M -DTPA and the radioim鄄

HuM195 will be useful as conditioning before stem cell

gent selectively bound to CD45 (+) B cell line Daudi,

transplantation . Clinical trials investigating this agent as

but not CD45(-) control cells. These mice treated with

part of preparative regimens for autologous and non鄄

90

myeloablative allogeneic stem cell transplantation are

mor effect than a control antibody labeled with 90Y and

now underway.

survived over 135 days with no evidence of tumor. Be鄄

[81]

munoconjugate was designated 90Y-anti-CD45. The a鄄

Y -anti-CD45 displayed a significantly better anti-tu鄄

Ac has been conjugated to
More recently,
225
HuM195. Ac has a 10-day half-life and decays by 琢

cause radiolabeled anti-CD45 antibody can be used to

a 琢 -particle. In vitro,

improve treatment of lymphocytic leukemia and lym鄄

225

emission through three atoms, each of which also emits

Ac coupled to internalizing

225

Mabs specifically killed leukemia, lymphoma, breast, o鄄
varian, neuroblastoma, and prostate cancer cells at doses
1,000 times less than

deliver radiation selectively to lymphohematopoietic tis鄄
sue, these data indicate that this agent may be used to
phoma, when combined with hematopoietic stem cell
transplantation in the future[85].

Bi-containing radioimmunocon鄄

213

jugates. In xenograft models of disseminated human

Anti-CD25 (90Y labeled)

lymphoma, single doses at nanocurie levels of tumor -

CD25 (IL-2R alpha) is an ideal choice for a target

specific constructs prolonged survival and cured a sub鄄

antigen as it is over -expressed by a number of tumor

stantial fraction of animals without toxicity. A phase I
trial of 225Ac -HuM195 in advanced myeloid leukemias

cells. Anti-Tac is a murine MAb that binds to IL-2R.
90
Y labeled anti-Tac (which targets the interleukin-2

is planned[82].

receptor -alpha

[IL -2R alpha]) provide a useful ap鄄

proach for treatment of adult T -cell leukemia (ATL).
Anti-CD45 ( I labeled, Y labeled)
131

90

In a phase I/II trial, 18 patients with adult T -cell

The vast majority of leukemias and normal stem cells

leukemia were treated with 90Y-anti-Tac. Nine patients

express the cell surface antigen CD45, so radiolabeled

were treated in a phase I dose escalation trial (5 to 15

anti-CD45 (BC8) allows the delivery of myeloablative

mCi), and the remaining 9 patients were treated with a

radiation to bone marrow, spleen and common sites of
leukemic involvement. Consequently, 131I-labeled anti-

uniform dose of 10 mCi. Patients who had a remission
were eligible for additional cycles of treatment. Of 16
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evaluable patients, 7 had partial remissions (mean dura鄄

cant amounts of radiation delivered to the marrow [90]. In

tion, 9.2 months), and 2 had complete remissions. Six

a subsequent trial, 36 patients with high -risk AML or

patients developed human antimouse antibodies .

myelodysplastic syndrome were treated with

[86]

Re-BW

188

250/183 prior to hematopoietic cell transplantation. Af鄄
Anti-CD19 ( Y labeled)

ter treatment with radiolabeled antibody, patients re鄄

90

In studies performed in the B cell lymphoma murine

ceived one of three preparative regimens: total body ir鄄

model, anti -tumor activity of Y labeled Anti -CD19

radiation (12 Gy) plus cyclophosphamide (120 mg/kg),

was dose dependent and the best results were observed

busulfan (12.8 mg/kg) plus cyclophosphamide (120 mg/

in mice receiving a single dose of approximately 300

kg), or total body irradiation (12 Gy) plus thiotepa (10

uCi. The anti -CD19 antibody had significantly better

mg/kg) and cyclophosphamide (120 mg/kg). Thirty -

Y -la鄄

one patients received allogeneic grafts (mostly T-cell–

beled antibody and most mice survived over 119 days
with no evidence of tumor (p<0.003). Histology studies

depleted), 1 received a syngeneic graft, and 4 received
autologous grafts. Favorable biodistribution of 188Re -

showed no significant injury to the kidney, liver, or

BW 250/183 occurred in all patients. Besides the toxic鄄

small intestine. Because radiolabeled anti -CD19 anti鄄

ity normally associated with the conventional prepara鄄

body can be used to deliver radiation selectively to lym鄄

tive regimens, no additional toxicity attributable to the

phohematopoietic tissue, these data support the use of
90
Y anti-CD19 antibodies in treating B-cell malignan鄄

radiolabeled antibody occurred. Engraftment occurred

90

anti -tumor activity as compared to a control

in all patients and was not delayed. Disease- free sur鄄

. compared the efficacy of the Y-

vival was 45% at the median follow-up of 18 months.

labeled anti -CD19 to reduce lymphoma in a nude
mouse xenograft solid tumor model, after measurable

Nine of 35 evaluable patients relapsed. This study sug鄄
gests that 188Re-BW 250/183, similar to 90Y-HuM195

lymphoma appeared. Reduction in tumor size began at

and

day 3 in Y-treated group, but tumor began to recur

to the marrow without excessive toxicity[91].

cies

. D Ma

90

[87]

90

90

I-BC8, may deliver significant doses of radiation

131

in many animals 9 days after the treatments. In contrast,
the tumor in the control group showed no regression.
There was a significant prolongation of median survival
time from xenograft in the 90Y -labeled antibody con鄄
struct -treated group in comparison to the control
group. Specificity of the radioimmunotherapy was also
shown. At the same time, the results showed Y labeled
90

anti-CD19 antibody has efficacy comparable to Y-la鄄
90

beled anti-CD20 antibody (Zevalin) in the treatment of
mice bearing human lymphoma xenografts. These data
suggest that CD19-targeted RIT merits further study .
[88]

Anti-CD66c ( Re labeled)
CD66c known as nonspecific cross -reacting anti鄄
gen (NCA), is a glycoprotein expressed on myeloid cells
but not on leukemia cells. BW 250/183 is a murine
.

[89]

Re

188

is a radiometal with a 17-hour half-life. It emits both

茁 and 酌 radiation. A phase I dosimetry trial showed that
administration of

geted therapy against malignant disease by the use of
monoclonal antibodies (MAbs) has begun to be realized.
Hematological malignancies, because of the relative ac鄄
cessibility of the malignant cell in blood and bone mar鄄
row and the understanding of hemopoietic lineage-spe鄄
cific antigens, have provided a successful testing ground
for this therapy. There have been many technical devel鄄
opments that have allowed the safe delivery of more
potent antibody constructs. The development of human

188

monoclonal IgG1 antibody directed at CD66c

Over the past decade the potential for delivering tar鄄

Re -BW 250/183 resulted in a fa鄄

188

vorable biodistribution in 11 of 12 patients, with signifi鄄

or chimeric antibodies has largely overcome the prob鄄
lems associated with host immune responses to murinederived MAbs. Protein engineering to combine MAbs
with radioisotopes and toxins has made available a new
range of agents with clinical activity [92]. This review gave
most of all therapeutic antibodies for malignant hemato鄄
logical diseases. The trials of the next decade will ex鄄
plore issues such as: whether these drugs can improve
survival; the optimal strategies and timing for clinical
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use; whether increasing potency of MAbs (as in im鄄
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