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Humanized antibodies and decoy receptors have been

introduced in clinical practice to treat malignancies and

systemic autoimmune disease because they ablate specific cells

or disrupt pathogenic processes at distinct points. Reported

clinical responses offer hope to treatment-resistant patients,

particularly those with lymphomas and rheumatic diseases.

Side effects from the use of biologic agents include lymphokine

release syndrome, reactivation of tuberculosis, and

immunosuppression. Further insights are needed regarding

limitation of adverse effects, correct use in conjunction with

existing drugs, and treatment of patients in whom resistance

develops. (J Allergy Clin Immunol 2005;116:721-9.)
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Recent improvements in the understanding of cellular
and molecular pathogenesis of immune diseases have led
to the advent of novel rational therapeutics designed to
disrupt specific pathogenic processes. Advances in mo-
lecular technology have facilitated the construction and
production of biologic agents, such as humanized mAbs
and decoy receptors, which disrupt the action of cytokines
on cells, as well as cell-cell interaction, and also deplete
desired target cells.

The side effects caused by the injection of xenogeneic,
usually murine, mAbs have been significantly limited with
the development of chimeric, humanized, and finally
entirely human mAbs able to bind desired human target
molecules. The methods used to engineer humanized and
human mAbs and their industrial production are beyond
the scope of this review, but in short, an entirely antigenic
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nonhuman protein, such as a murine mAb, becomes
‘‘human friendly’’ when small parts of the initial murine
mAb are ‘‘engrafted’’ or inserted onto human immuno-
globulin molecules, creating either chimeric (only the Fc
part of the immunoglobulin molecule is human) or
humanized (only the complementarity-determining re-
gions of the novel immunoglobulin molecule are murine
and 90% to 95% of the molecule is human) mAbs.

Alternative to the engineering of humanized mAbs is
the construction of fusion proteins (FPs), the fusion of
the Fc part of human IgG1 with a natural human soluble
receptor or ligand of a target molecule. FPs are artificial
yet completely human molecules that retain the function
of the soluble receptor or ligand, but with the addition of
the Fc part of IgG1, they acquire sufficient biologic half-
life to make them clinically useful. The number of mAbs
and FPs used in the clinic is steadily increasing, and in this
report we will review the most commonly used (Table I).

TRANSPLANTATION

The murine anti-human CD3mAb (OKT3) was the first
mAb introduced in clinical medicine and was used to
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deplete T cells in patients with acute rejection of renal
allotransplants.1 Cross-linking of CD3 with OKT3 ini-
tially activates T cells before activating complement and
lysing the targeted T cells. The use of OKT3 is associated
with increased susceptibility to infections and the so-called
cytokine release syndrome. Cytokine release syndrome is
characterized by shaking chills, fever, arthralgia, diarrhea
and vomiting, hypotension, and even the development of
respiratory distress as a result of pulmonary infiltrates
caused by capillary leakage. Because OKT3 is a xenogen-
eic protein, it is recognized by the immune system as an
antigen, induces the production of anti-murine antibodies,
and is cleared rapidly from the circulation. The above side
effects limit the repeated use of OKT3 and have encour-
aged the development of HuM291, a humanized OKT3. In
a phase I trial a single dose of HuM291 rapidly depleted
circulating T cells in a dose-dependent manner and was

TABLE I. Humanized antibodies and FPs in clinical trials or

introduced into clinical practice

Name

Target

antigen-molecule Application

Antibodies

OKT3 CD3 Renal transplants

Basiliximab

(chimeric)

IL-2 receptor

a-chain

Organ transplants

Daclizumab

(humanized)

IL-2 receptor

a-chain

Organ transplants,

noninfectious uveitis

Pavilizumab Respiratory

syncytial virus

Infants with

bronchopulmonary

dysplasia

Trastuzumab Receptor tyrosine

kinase ERBB2

Cancer

Cetuximab Receptor

tyrosine kinase

EGFR

Cancer

Bevacizumab VEGFR1

and VEGFR2

Cancer (metastatic)

Rituximab CD20 B-cell lymphomas,

autoimmunity

Ibritumomab

(yttrium 90

labeled)

CD20 B-cell lymphomas

Tositumomab

(iodine 131

labeled)

CD20 B-cell lymphomas

Alemtuzumab CD52 Hematopoietic

malignancies

Epratuzumab CD22 B-cell lymphomas

Infliximab TNF-a RA, CD

Adalimumab TNF-a RA, CD

MRA IL-6 receptor RA

Anti-IL-2 IL-2 RA

Efalizumab CD11a Psoriasis

IDEC-131 CD40L SLE

Ruplizumab CD40L SLE

Omalizumab IgE Asthma

FPs

Etanercept TNF receptor (p75) RA

Abatacept CTLA4 RA, psoriasis
associated with only mild-to-moderate symptoms related
to cytokine release.2

Acute graft rejection is a T cell–mediated immune
response and depends on the presence of IL-2. IL-2 binds
to its high-affinity T-cell surface receptor (IL-2 receptor)
a-chain, which is expressed on the surface of activated
T cells. Two mAbs that do not kill T cells but block the
IL-2 receptor a-chain and are currently used in patients
receiving transplants are the chimeric mAb basiliximab
and the humanized mAb daclizumab. The clinical effec-
tiveness of both these mAbs in preventing acute renal
rejection when used in conjunction with conventional
antigraft rejection treatment has been documented.
Daclizumab decreased the incidence of rejection from
43% to 28%, and basiliximab (in 2 studies) decreased the
incidence of rejection from approximately 45% to 32%.3-6

Long-term efficacy and the retention and viability of the
allografts have not been fully evaluated.

UVEITIS

Daclizumab was recently reported to hold promise for
the treatment of noninfectious uveitis. No serious side
effects were recorded in an open and nonrandomized
feasibility study, and the need for concomitant use of
immunosuppressive therapy was diminished.7

INFECTION AND SEPSIS

TNF-a has been detected in increased amounts in
patients with sepsis, and it is considered to contribute
significantly to sepsis-associated pathology. Therefore
anti-TNF-a treatment has been studied in a trial, but this
was soon interrupted because of increased mortality.8

The humanized anti–respiratory syncytial virus mAb
pavilizumab is used in the treatment of term and preterm
infants with bronchopulmonary dysplasia for the preven-
tion of infection with respiratory syncytial virus. The use
of pavilizumab leads to a 50% reduction in the incidence
of episodes of infection with this virus.9

MALIGNANCIES

Solid tumors

Cancer cells express antigens on their surface, and if
these molecules are underexpressed or not expressed on
the surface of normal cells, then they represent candidate
targets for therapeutic mAb. Trastuzumab is the first mAb
approved by the US Food andDrugAdministration (FDA)
for the treatment of solid tumors. It is a humanized IgG1
mAb that targets the receptor tyrosine kinase ERBB2
(HER2) and blocks its action. It is expressed on the surface
membrane of tumor cells from 30% of patients with breast
cancer and signifies poor prognosis. Trastuzumab is
currently in clinical use for the treatment of HER21

metastatic breast cancer and is more effective in patients
whose cancer cells express increased amounts of
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ERBB2.10 The clinical efficacy of trastuzumab, used
either alone or in conjunction with standard chemother-
apy, has been documented in various studies. The addition
of trastuzumab might improve the response rate by 15%
and extend survival by 5 months.11-15 Although trastuzu-
mab infusion is rarely associated with significant side
effects, its use has been associated with cardiotoxicity,
which increases when administered in combination with
the cardiotoxic anthracyclines.16 Therefore cardiac func-
tion should be evaluated before and during treatment.

Cetuximab is a chimeric IgG1 mAb that binds to the
receptor tyrosine kinase epidermal growth factor receptor
(EGFR) (ERBB1, HER1), which is expressed on the
surface of various epithelial cancer cells, and interferes
with the binding of its ligand, epidermal growth factor
(EGF). Cetuximab-mediated inhibition of ligand binding
leads to arrest of cancer cell growth and apoptosis.
Cetuximab has been approved for the treatment of
EGFR1 metastatic colon cancer, and when added to
standard chemotherapy, it increases the response rate
from 11% to 23% and extends survival by 1.7 months.17

The addition of cetuximab to standard treatment protocols
in patients with non–small cell lung cancer, head and neck
cancer, and pancreatic cancer has produced encouraging
results.18-20 Cetuximab administration is associated with
an acne-like skin rash, which predicts better treatment
outcome.21

Bevacizumab is a humanized mAb directed against the
vascular endothelial growth factor (VEGF) receptors type
1 and 2 (VEGFR1 and VEGFR2). VEGF is a growth
factor that stimulates angiogenesis. Blocking VEGFR1
and VEGFR2 inhibits the formation of neoplastic capil-
laries and promotes apoptosis of vascular endothelial
cells. The use of bevacizumab in metastatic colorectal
cancer, with or without standard chemotherapeutic agents,
leads to better response rates and prolongs survival by
several months.22 Trials of bevacizumab administration in
patients with metastatic breast cancer, clear-cell renal
cancer,23 and non–small cell lung cancer have also
produced encouraging results.

Hematologic neoplasms

The chimeric IgG1 anti-human CD20 mAb rituximab
was the first mAb approved by the FDA for the treatment
of non-Hodgkin’s lymphoma (NHL). Lymphomas repre-
sent the fourth most commonly diagnosed neoplasm, and
their incidence is increasing. Rituximab targets the trans-
membrane protein CD20, which is present on the surface
of normal pre-B and mature B cells. CD20 is also
expressed on the surface membrane of malignant B cells
found in low-grade and follicular NHL and the neoplastic
B cells found in the lymphocyte-predominant subtype of
Hodgkin’s lymphoma (HL). Rituximab kills malignant
CD201 cells either through complement-dependent or
antibody-dependent (Fc receptor–mediated) cell-medi-
ated cytotoxicity. In addition, pretreatment of neoplastic
cells of B-cell origin with rituximab sensitizes them to
chemotherapy.24 The follicular type is the most common
subtype of NHL (30%), and although indolent clinically,
it represents an incurable disease. Administration of
rituximab as a single agent induces a 1-year remission in
50% of patients.25,26 The use of rituximab in conjunction
with standard chemotherapy results in an impressive 95%
response rate.27-29 In patients with high-grade lympho-
mas, administration of rituximab alone resulted in clinical
response in 32%, whereas when used in conjunction with
chemotherapy, it resulted in clinical response in 76% of
patients.30,31 In patients with lymphocyte-predominant
HL (a good-prognosis subset of patients with HL),
rituximab was used to treat relapses, and it produced
response rates of 86% to 100%.32

Rituximab has been used successfully in patients with
Waldenström’s macroglobulinemia,33 posttransplantation
lymphoma, and multiple myeloma.34,35 Unfortunately,
rituximab caused increased rates of sepsis when given
to patients with HIV-associated NHL.36 The spectrum of
diseases in which rituximab might offer a therapeutic
advantage also includes immune hemolytic anemia, re-
fractory immune thrombocytopenic purpura, and pure red
cell aplasia.37-39

Although many patients respond initially to rituximab,
they eventually become resistant or unresponsive.
Inaccessibility of malignant cells and downregulation of
surface CD20 expression might be responsible for the
development of rituximab resistance. To overcome the
problem of rituximab resistance, anti-CD20mAb has been
conjugated to radioactive elements (yttrium 90 and iodine
131) and has been used in the treatment of CD201

rituximab-refractory or relapsed follicular low-grade
NHL. This novel approach is termed radioimmunotherapy
(RIT). Two different RIT agents, ibritumomab and
tositumomab, both murine anti-human CD20 mAbs con-
jugated with yttrium 90 and iodine 131, respectively, have
been approved by the FDA for use in rituximab-resistant
lymphomas, producing impressive results.40-43 RIT agents
kill target cells, as well as both innocent and guilty
(neoplastic but mAb-inaccessible) bystander cells.
Therefore their use is limited to patients having less than
25% bone marrow infiltration and safe numbers of neu-
trophils and platelets.

Another mAb used in hematologic malignancies is the
humanized anti-CD52 mAb alemtuzumab (Campath-1H).
Alemtuzumab kills malignant and normal hematopoetic
cells bearing the cell-surface marker CD52. CD52 is
present on the surface membrane of T and B cells,
macrophages, monocytes, and natural killer cells.
Alemtuzumab has been approved for use in refractory
B-cell chronic lymphocytic leukemia, in which it induces
a clinical response in one third of patients.44 An 87%
response rate has been reported when it is used in
previously untreated patients with B-cell chronic lympho-
cytic leukemia.45 The use of alemtuzumab has been
associated with infusion reactions (a cytokine release
syndrome that is preventable with the use of steroids) and
with a significant rate of serious infections because it
causes profound immunosuppression. It has been used
successfully in patients with T-cell prolymphocytic leu-
kemia and to prevent graft-versus-host disease.46,47
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Epratuzumab, a humanized IgG1 anti-human CD22
mAb, has also been introduced in the treatment of
lymphomas.48 CD22 is a cell-surface marker of B cells
and represents an inhibitory B-cell surface receptor. One
trial using a macaque-human chimeric anti-CD80 (a
costimulatory molecule) mAb as a single agent in refrac-
tory lymphoma yielded a 15% response rate.49 The CD30
molecule expressed on the surface of Reed-Sternberg cells
in HL and on the cells of anaplastic large-cell NHL has
been targeted by a variety of anti-CD30 mAbs.50,51

MONOCLONAL ANTIBODIES AND FPs IN THE
TREATMENT OF AUTOIMMUNE DISEASES

Anti-cytokine mAbs

Anti-TNF-a. It has been proposed that the proinflam-
matory cytokine TNF-a plays a key role in certain
autoimmune diseases, such as Crohn’s disease (CD)52

and rheumatoid arthritis (RA).53-55 The approaches used
to block the action of TNF-a, as well as the activities of
other cytokines, are depicted in Fig 1.

Infliximab, a chimeric anti-TNF-a mAb, was first
approved for the treatment of CD, a disease in which
TNF-a is overexpressed at sites of intestinal mucosal
lesions. Treatment of patients with CD with infliximab
results in remarkable clinical benefit. In a placebo-
controlled study 65% of patients with CD receiving
infliximab responded compared with 17% of those treated
with placebo.56 More importantly, a significant reduction
in fistulae formation and a reduction in the ‘‘time to
response’’ were noted in patients receiving infliximab.57

Early response (ie, a clinical response after the third
infusion) predicts patients who will benefit the most by
continuing treatment for 1 year.58 Patients with ulcerative
colitis have also been treated with infliximab in clinical
trials.59 The results are favorable, and it is expected to be
approved for the treatment of this disease as well.

The therapeutic efficacy of infliximab in patients with
RA has been established in several clinical trials. Initially,

FIG 1. Biologic agents developed to disrupt lymphokine action.

Immune cells produce cytokines that modulate the function of

immune and nonimmune cells after binding to specific receptors.

Humanized anti-cytokine mAbs form complexes with the respec-

tive cytokines and prevent their interaction with cell receptors.

Decoy receptors bind circulating cytokines and prevent their

interaction with cell-surface receptors.
it was reported that the addition of infliximab to patients
receiving methotrexate and experiencing only an incom-
plete response resulted in significant clinical improvement
sustained for 1 year.60 More importantly, radiographic
progression of the disease was halted, regardless of the
clinical response to infliximab.61 The clinical response
occurs quickly, and if the patient shows poor response, the
dose or the frequency of administration can be increased.
The clinical and radiographic efficacy of infliximab in
patients with RA is retained after the completion of a
2-year treatment.62

An alternative approach to the use of humanized anti-
TNF-a antibody is the use of etanercept, an FP consisting
of the high-affinity type 2 receptor p75 fused with the
Fc fragment of the human IgG1 molecule. This entirely
human protein binds not only TNF-a but also TNF-b
(lymphotoxin), interfering thus with the binding of
both cytokines to their relevant cell-surface receptors.
Etanercept has been proved in double-blind trials to be
highly effective in the treatment of patients with RA63 and
is apparently superior to methotrexate both in terms of
clinical and radiographic response.64 Its effect is retained
for at least 2 years.65 The combination of etanercept and
methotrexate results in even higher response rates.66

Adalimumab, a fully human IgG1 mAb, has also been
approved for the treatment of patients with RA.
Adalimumab binds strongly to soluble and cell mem-
brane–bound TNF-a. The clinical efficacy of adalimumab
used in combination with methotrexate has been estab-
lished in large clinical trials,67 with a profound decrease
in the clinical and radiographic reduction of the disease.68

Anti-adalimumab antibodies are detected in patients
treated with the mAb alone (without methotrexate).

TNF-a is expressed on the surface of TNF-a–produc-
ing cells before it is cleaved and released into the
extracellular fluid. It binds onto 2 different types of
receptors, type 1 (p55) and the high-affinity type 2
(p75). Both types of TNF-a receptors are also cleaved
from the cell surface and can be found in a soluble form
presumably counteracting the effects of their soluble
ligand. Infliximab efficiently binds soluble forms of
TNF-a, diminishing its biologic actions, but similarly
binds to T cells expressing TNF-a on the surface and
might kill the target cells through complement-mediated
and antibody-dependent cytotoxicity. Killing of T cells
expressing TNF-a on the surface membrane is thought to
be responsible for the reactivation of tuberculosis and
histoplasmosis in patients receiving anti-TNF-a mAb.
Currently, patients scheduled to receive anti-TNF-a mAb
treatment are subject to tuberculosis screening to limit
reactivation.69 Another side effect of anti-TNF-a treat-
ment is the development of lymphomas.70 Currently, this
issue has not been adequately addressed, partially because
RA itself represents a risk for the development of
lymphoma.

Anti-TNF-a mAb treatment has been explored with
encouraging results in patients with seronegative spondy-
larthropathies, such as ankylosing spondylitis and psori-
atic arthritis.71-75 Etanercept is also effective in the
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treatment of psoriasis and psoriatic arthritis, with signif-
icant results at the clinical and radiographic levels.76-78

Anti-IL-6 and anti-IL-6 receptor mAbs. IL-6 is a
pleiotropic cytokine that is overproduced in patients
with RA. Circulating and synovial fluid levels of IL-6
are increased in patients with RA, with the levels corre-
lating with disease activity and extent of joint erosion.79

Interference with the action of IL-6 through its receptor
has been attempted with the use of a humanized IgG1
anti-human IL-6 receptor mAb called MRA. This mAb
blocks the binding of IL-6 to IL-6 receptor, and its
therapeutic efficacy was assessed in a randomized, double-
blind, placebo-controlled trial of patients with active and
refractory-to-treatment RA. The clinical response among
these patients was high, with an absence of important side
effects.80

Anti-IL-12. IL-12 is responsible for the induction of a
TH1 cytokine response. An mAb directed against IL-12
was tested in patients with CD, and the recorded clinical
response was as high as 75% compared with 25% in the
control group. As expected, besides IL-12, the levels
of IFN-g and TNF-a decreased significantly in the group
of patients treated with anti-IL-12 mAb.81

Immune cell–depleting mAb treatment:
Anti-CD20 mAb in the treatment of RA
and systemic lupus erythematosus

The role of B cells in RA pathogenesis has not been
fully examined. On the basis of the encouraging results of
an open-label study, the role of rutuximab-mediated
B-cell depletion was addressed in a double-blind, placebo-
controlled trial including patients with RA resistant to
treatment with methotrexate. Patients received 2 infusions
of rituximab, either alone or with methotrexate or cyclo-
phosphamide, and were followed for 1 year. The presence
of rituximab resulted in significant clinical improvement
without any notable side effects.82

B cells in systemic lupus erythematosus (SLE) display
abnormal signaling, express aberrant cell-surface markers
(eg, CD40 ligand [CD40L]), and finally produce auto-
antibody and probably present autoantigen to T cells at
increased rates.83 The potential role of rituximab-mediated
B-cell depletion in patients with SLE has been addressed
thus far in small, uncontrolled studies. Use of rituximab in
doses smaller than those used in patients with lymphomas
resulted in partial clinical response in a small group of
patients.84 Lack of response correlated best with the
expression of low-affinity FcgRIIIa,85 an observation
that has significant implications in the design and potential
patient tailoring of therapeutic mAbs. Rituximab appears
to be useful also in the treatment of patients with SLEwith
glomerulonephritis.86 The effect of B cell–depleting treat-
ment on the levels of autoantibody is not clear from these
small studies,86-88 and it is possible that the therapeutic
effect of rituximabmight depend on the ability of B cells to
present autoantigen and activate T cells.86

Rituximab treatment produced encouraging results in
a small trial of patients with treatment-resistant anti-
proteinase 3–associated vasculitis. Rituximab treatment,
combined with steroids or plasma exchange, produced
B-cell depletion and significant decrease in the levels
of circulating anti-proteinase 3 autoantibody. Clinical re-
mission correlated with B-cell depletion in all patients.
Reappearance of B cells in the peripheral blood correlated
with relapses in some patients, but retreatment with
rituximab caused B-cell depletion and induced a second
clinical remission.89

Disruption of costimulation

Abatacept (CTLA4Ig) in the treatment of patients with
RA. T cells of the memory-activated phenotype are
prominent in the rheumatoid synovium.90 Molecules
involved in T-cell costimulation, cyotoxic T lympho-
cyte–associated antigen 4 (CTLA4), CD80, and CD86, are
expressed in increased amounts in inflamedRA joints.91,92

The principles that apply to blocking the CD80/CD86-
costimulatory signal are shown in Fig 2.

CTLA4Ig and LEA29Y (a CTLA4Ig analog that differs
fromCTLA4Ig by only 2 amino acids but is 10 times more
potent than CTLA4Ig in inhibiting costimulation) have
been tested in clinical trials. Both constructs were reported
to be safe, well tolerated, and effective in the treatment
of RA, with LEA29Y producing slightly higher response
rates.93 Also, CTLA4Ig used in conjunction with metho-
trexate significantly enhanced the clinical response rate.94

Anti-CD11a mAb (efalizumab) in the treatment of
psoriasis. Efalizumab is a humanized anti-CD11a mAb
that does not deplete T cells but blocks the interaction
between the T-cell surface molecule lymphocyte func-
tion–associated antigen (LFA) 1 (composed of 2 subunits,
CD11a and CD18) and intercellular adhesion molecule 1,
which is found on the surface of antigen-presenting cells.
Efalizumab tested in a placebo-controlled trial produced
significant clinical improvement in patients with psoriasis,
with spectacular improvement of the skin lesions.95,96

LFA-3:Fc (alefacept) in the treatment of patients with
psoriasis. Another pair of molecules with a significant
role in T-cell activation-costimulation consists of CD2

FIG 2. Disruption of cognate immune cell interaction. T and B cells

interact though multiple pairs of costimulatory molecules. Human-

ized mAbs directed against these molecules might effectively

disrupt the T-B cell interaction. Alternatively, decoy receptors

can, in a similar fashion, limit the cognate interaction. Antibodies

or decoy receptors can disrupt the homing, inappropriate in the

case of inflammatory diseases, of lymphocytes to inflamed tissues.
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(a pan-T-cell marker) and LFA-3, which is found on the
surface of antigen-presenting cells. Alefacept is an FP
composed of the LFA-3 molecule fused to the Fc portion
of human IgG1. Alefacept blocks the delivery of CD2-
initiated costimulatory signals to T cells and depletes
memory-effector (CD45RO1) T cells.97 A significant
therapeutic efficacy for alefacept was recorded in patients
with psoriasis in double-blind, placebo-controlled stud-
ies.98,99

Anti-CD40L mAb in the treatment of patients with
SLE. T cells, B cells, and monocytes from patients with
SLE overexpress CD40L on their surface; CD40L over-
expression plays a role in the production of autoantibodies
in vitro.100,101 An anti-CD40L mAb infused in patients
with SLE decreased the numbers of anti-dsDNA antibody-
producing B cells, an effect that lasted for several
months.102 The humanized anti-CD40L mAb IDEC-131
was tested in patients with SLE with mild to moderately
severe SLE in a double-blind, placebo-controlled study,
and although it was found to be safe, it failed to produce
clinical improvement.103 Another humanized anti-CD40L
mAb, ruplizumab, reduced circulating anti-dsDNA anti-
body titers, increased the levels of C3, and decreased
hematuria in patients with SLE nephritis, but the trial was
discontinued because some patients experienced myocar-
dial infarction.104 Ruplizumab treatment resulted in elim-
ination of peripheral blood CD38bright antibody-secreting
plasma cells in patients with SLE, and this effect corre-
lated with decreases in serum anti-dsDNA antibody
titers.105

Anti-IgE mAb in the treatment of asthma. Omalizumab
is a recombinant humanized mAb against IgE that re-
cognizes the binding site of IgE for its high-affinity Fc
receptor. Omalizumab therefore inhibits the attachment of
free serum IgE onto mast cells and other effector cells.
Eight randomized controlled trials that had registered
2037 patients with mild-to-severe allergic asthma (chil-
dren and adults) with high serum IgE levels were recently
meta-analyzed. Treatment with omalizumab significantly
reduced serum IgE levels compared with placebo.
Omalizumab administration led to significant reduction
in inhaled steroid consumption compared with placebo
and to significant increases in the numbers of patients able
to reduce steroid dosages by greater than 50%, as well as in
those who were able to totally discontinue daily steroids.
Patients receiving omalizumab and steroids experienced
fewer disease exacerbations than those treated with
steroids alone. Omalizumab treatment was safe and well
tolerated by children and adults.106

CONSIDERATIONS AND FUTURE
DIRECTIONS

The new biologic agents have induced salutary clinical
effects and extended the therapeutic options of patients
not responding to existing treatments. B-cell depletion
treatment of patients with lymphomas has resulted in
significant clinical responses and prolonged disease-free
survival. The use of anti-TNF-a antibodies and TNF
decoy receptors in the treatment of patients with RA has
improved significantly their quality of life. The future
looks brighter than ever as the recorded success fuels
efforts to optimize the use of the biologic agents and
extend their use in other diseases.

Antibodies exert their effect either by (1) blocking cell-
cell interactions, (2) blocking lymphokine-cell interaction,
(3) stimulating action of cell membrane–bound molecules,
or (4) destroying the target cell by activating complement or
mediating antibody-dependent cell-mediated cytotoxicity
(ADCC). In some cases more than one mode of action has
been claimed. Because of the fact that complement activa-
tion and ADCC involve the Fc portion of IgG, it is obvious
that IgGs can be modified genetically to improve comple-
ment activation and therefore provide more effective target
cell killing or better binding to Fc receptors present on the
surface of immune cells involved in ADCC. Alternatively,
genetic screening of patients to identify those with high Fc
receptor binding for the candidate therapeutic antibodies
should eliminate unnecessary treatment of thosewhodonot
have high-affinity Fc receptors and therefore have low
chances of responding. If the therapeutic mAb depends on
complement activation to carry out its effect, then caution
should be exercised in treating patients with SLE, who
frequently have hypocomplementemia. It is possible that
these patients will benefit from pretreatment aimed at
correcting complement levels before the infusion of the
therapeutic biologic agent.

Anti-TNF-a mAb treatment has been reported to
increase the reactivation of tuberculosis because it might
interfere with the cellular response against mycobacte-
ria.107 In addition to taking antituberculosis precautions
to limit the exposure of high-risk patients, additional
steps are needed to bypass this serious side effect. This
is particularly relevant if anti-TNF-a treatment is to be
introduced in populations with high rates of tuberculosis.

The effect of the B cell–depleting rituximab on RA and
SLE, although impressive, harbors a number of problems
in treating patients with relapses. Repeated elimination of
B cells might lead to depletion of plasma cells and the
development of hypogammaglobulinemia.108

Progress in the treatment of human SLE has been slow,
with no apparent biologic agent ready for FDA approval.
Progress has been hampered by a number of factors,
including clinical heterogeneity. Stratification of treated
patients according to the major clinical manifestation
might reveal a significant therapeutic effect that might not
be obvious when all patients are lumped together. Clinical
outcomes are difficult to measure because reliable bio-
markers and surrogate markers are not available.109
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