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Monoclonal antibodies have been used in clinical
diagnosis for many years but it is only now that these
agents are being licensed for clinical treatments. This
review will focus on UK licensed monoclonal antibodies
highlighting their clinical benefits, limitations, and side
effects.
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The term monoclonal antibody refers to a sin-

gle specificity antibody derived from a single

B cell clone and initially these were created by

fusing B cells (from immunised mice) with

lymphoma cells. In clinical practice, however, the

administration of murine antibodies induces

human antimouse antibodies that may lead to

allergic reactions and reduced efficacy. These dif-

ficulties have been partially overcome by recom-

binant technology to develop less immunogenic

monoclonal antibodies. Chimaeric antibodies

contain only a murine variable fragment whereas

humanised antibodies only have a murine com-

plementarity determining region (fig 1).

“The administration of murine antibodies
induces human antimouse antibodies that
may lead to allergic reactions and reduced
efficacy”

GASTROENTEROLOGY
Crohn’s disease is a relapsing condition character-

ised by transmural inflammation in the gastro-

intestinal tract. The cytokine tumour necrosis

factor α (TNF-α) appears to be central to the

immunopathogenesis, and during active disease

the intestinal mucosa contains increased

amounts of TNF-α.1 Conventional treatment

options such as azathioprine are limited both by

their inability to sustain a clinical remission and

their side effects.

Infliximab (Remicade), a human–mouse chi-

maeric IgG1 antibody that binds to free and

membrane bound TNF-α,2 is licensed for use in

both resistant and fistularising Crohn’s disease. A

multicentre, double blind, placebo controlled trial

of a single intravenous infusion of Infliximab has

shown that 81% of patients given 5 mg/kg of Inf-

liximab had a clinical response at four weeks

compared to only 20% of patients on the placebo

(p < 0.001). Thirty three per cent of patients

given a single dose of Infliximab also achieved

clinical remission at four weeks compared with

4% of those on placebo (p = 0.005).3 Eligibility

criteria for this study required patients to be on

stable doses of drugs, including steroids and aza-

thioprine. An extension of this study giving four

doses of 10 mg/kg Infliximab at eight weekly

intervals to patients who had initially responded

to single dose Infliximab showed that the clinical

benefits of Infliximab may be maintained during

and eight weeks after repeated doses.4 These

clinical improvements were accompanied by con-

siderable healing of endoscopic lesions,5 although

healing with stricture formation remains a

concern. Histological disease activity was also

dramatically reduced, with a decrease in inflam-

matory cell infiltrate and downregulation of acti-

vation markers and adhesion molecules occurring

after treatment.5 6

Crohn’s disease may be complicated by prob-

lematical internal or enterocutaneous fistulae,

and a study of 94 patients with draining abdomi-

nal or perianal fistulas has shown that 68% of

patients receiving three 5 mg/kg Infliximab infu-

sions had a reduction of 50% or more in the

number of draining fistulae, compared with 26%

on placebo.7 The maximal benefit of Infliximab

was in the subgroup of patients who were not

taking concurrent immunosuppressant drugs

(p = 0.001).

Human anti-chimaeric antibodies occur in

about 3–15% of patients treated with

Infliximab,4 7 and acute allergic reactions are seen

in approximately 5% of infusions.8 Delayed

hypersensitivity reactions with myalgia, polyar-

thralgia, rash, and fever have been reported in

25% of patients after re-exposure to Infliximab

after a two to four year interval.9 Anti-double

stranded DNA (dsDNA) antibodies have been

observed during treatment, although this has

only rarely been associated with clinical lupus.4

There have been several cases of lymphoprolifera-

tive disease (B cell non-Hodgkins lymphoma and

nodular sclerosing Hodgkin’s disease) occurring

in the nine months after Infliximab infusions. It

is unclear whether this is a drug or disease related

phenomenon.10 The chief medical officer has

recently warned of a possible association between

Infliximab and extrapulmonary tuberculosis.

Trials with other agents are also in progress.

CDP571, a humanised IgG4 anti-TNF monoclonal

antibody, also appears to be effective in moderate

to severe Crohn’s disease.11

RHEUMATOLOGY
TNF-α is produced in the rheumatoid synovium

and through its numerous proinflammatory

actions is central to the pathological process. Inf-

liximab (in combination with methotrexate) is

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Abbreviations: CHOP, cyclophosphamide, doxorubicin,
vincristine, and prednisone; dsDNA, double stranded
DNA; IL, interleukin; PTCA, percutaneous transluminal
coronary angioplasty; RA, rheumatoid arthritis; RSV,
respiratory syncitial virus; TNF-α; tumour necrosis factor α

See end of article for
authors’ affiliations
. . . . . . . . . . . . . . . . . . . . . . .

Correspondence to:
Dr E Drewe, Clinical
Immunology Unit, Queens
Medical Centre,
Nottingham NG7 2UH,
UK; Liz.Drewe@
Nottingham.AC.UK

Accepted for publication
6 July 2001
. . . . . . . . . . . . . . . . . . . . . . .

81

www.jclinpath.com

 group.bmj.com on February 10, 2012 - Published by jcp.bmj.comDownloaded from 

http://jcp.bmj.com/
http://group.bmj.com/


licensed in the UK for treating refractory rheumatoid arthritis

(RA).
In 1994, a double blind, placebo controlled trial demon-

strated the benefits of intravenous infusions of Infliximab in
active RA.12 Study patients had their disease modifying drugs
discontinued for at least four weeks before receiving a single
infusion of Infliximab (1 or 10 mg/kg) and were assessed at
four weeks using a clinical scoring system including the
erythrocyte sedimentation rate (Paulus scale). At four weeks,
significantly more patients on Infliximab reached a 20% Pau-
lus response compared with those on placebo (p < 0.0001 and
p = 0.0083 for high and low dose Infliximab, respectively).
Over half the patients on high dose Infliximab also reached
the more stringent 50% Paulus criteria.

“In 1994, a double blind, placebo controlled trial
demonstrated the benefits of intravenous infusions of
infliximab in active rheumatoid arthritis”

A subsequent double blind, placebo controlled trial of 428

patients investigated repeat Infliximab infusions in combina-

tion with methrotrexte versus methotrexate alone in patients

with active disease despite treatment with methotrexate.13 In

this study, 61% of patients were also concurrently taking up to

10 mg/kg prednisone or equivalent. Treatment with Infliximab

together with methotrexate resulted in significantly more

patients reaching both the American College of Rheumatolo-

gy’s 20% and 50% improvement criteria at 30 weeks

(p < 0.001 for both criteria, compared with methotrexate

alone). Higher dose Infliximab regimens were associated with

significantly higher rates of infection, although serious infec-

tions were not more frequent. Sixteen per cent of patients on

Infliximab developed detectable anti-dsDNA antibodies, with

a single patient developing drug induced lupus (anti-nuclear

antibody positive, anti-dsDNA negative). Four malignancies

were also reported in three patients on Infliximab.
Etanercept is another anti-TNF agent licensed and effective

for the treatment of refractory RA.14 Etanercept is a
recombinant IgG1 Fc fragment fused to two p75 TNF
receptors, as opposed to a monoclonal antibody. Etanercept
has also been used as monotherapy in early RA, where it has
comparable efficacy to methotrexate alone.15 It is given as a
twice weekly subcutaneous injection.

Both Etanercept and Infliximab appear to reduce radio-

graphical joint disease progression.15 16 The role of these

biological agents in the treatment hierarchy still needs to be

established, and currently they are likely to be used only for

patients who have active disease despite previous use of at

least two conventional disease modifying drugs. Etanercept

has also been studied in psoriatic arthritis, where improve-

ments in both joint pain and swelling and skin lesions have

been demonstrated.17

Monoclonal antibodies to interleukin 12 (IL-12), and

antagonists to IL-1 and costimulatory molecules are under

development for arthritis.18–20

INFECTION
Anti-endotoxin and anti-TNF-α monoclonal antibodies

proved disappointing in sepsis trials, 21 22 but monoclonal anti-

bodies are currently being developed against certain infectious

agents, including cytomegalovirus and human immuno-

deficiency virus.

Palivizumab (Synagis) is licensed for respiratory syncitial

virus (RSV) prophylaxis. RSV is the most important respira-

tory pathogen in infants and approximately 1% of infections

require hospitalisation. Prematurity, chronic heart and lung

disease, and immunodeficiency all predispose to more severe

infection. Treatment is mainly supportive, often with assisted

ventilation. The role of antiviral drugs such as ribavarin

remains controversial.23 Palivizumab is a humanised IgG1

monoclonal antibody that binds to the F protein of RSV sub-

types A and B. A single intravenous infusion of Palivizumab

significantly reduces the RSV concentration in tracheal secre-

tions for two days in children mechanically ventilated for

RSV.24 However, this reduction was not translated into clinical/

cost benefit because no reductions in days in hospital or days

of mechanical ventilation were noted.

Subsequent investigations have indicated that the main role

of Palivizumab is in the prophylaxis of RSV infection

(presently no vaccination is available for RSV). Intravenous

polyclonal RSV specific immunoglobulin (RSV IgG) does,

however, reduce RSV hospitalisation when given prophylacti-

cally to premature infants and infants with bronchopulmo-

nary dysplasia.25 26

A large placebo controlled study has demonstrated benefit

with five monthly injections of intramuscular Palivizumab

given prophylactically during the RSV season to children less

than 6 months of age born < 35 weeks gestation, and children

under 2 years with bronchopulmonary dysplasia.27 Hospitali-

sation with RSV during 150 days follow up from first dose was

decreased from 8.1% to 1.8% (p < 0.001) for the premature

birth group and from 12.8% to 7.9% (p = 0.038) for those with

bronchopulmonary dysplasia. Palivizumab also produced a

decrease in the number of days hospitalised and supplemen-

tary oxygen administration, and a reduction in the frequency

of intensive care admissions as a result of RSV. Pavilizumab

was well tolerated with infrequent mild injection site

reactions.

Prophylactic Pavilizumab has not been compared directly

with RSV IgG. Intramuscular Pavilizumab has the potential to

be administered out of hospital and avoids intravenous

cannulation and potential fluid load. Pavilizumab may also be

more advantageous than RSV IgG in terms of cost

effectiveness.28

CARDIOLOGY
Platelet activation at the site of damaged coronary vessels pro-

duces a prothrombotic state during acute coronary syndromes

and after percutaneous coronary revascularisation. Abciximab

(ReoPro) is a Fab human murine chimaeric monoclonal anti-

body, which blocks the platelet membrane glycoprotein

IIb/IIIa receptor. This interaction antagonises receptor binding

Figure 1 Diagram to show different types of monoclonal antibody
molecules being developed for treatment.

Murine variable
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Human constant region 

Chimaeric monoclonal antibody,
such as Infliximab
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Humanised monoclonal
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to circulating fibrinogen/VonWillebrand factor, inhibiting

platelet crosslinking and aggregation.

The EPILOG trial demonstrated the benefit of Abciximab

for patients undergoing elective or urgent percutaneous

transluminal coronary angioplasty (PTCA) who had not had

acute infarction or unstable angina within the preceding 24

hours. The 30 day composite endpoint of death, infarction, or

myocardial ischaemia resulting in urgent revascularisation

was significantly decreased in the Abciximab group

(p < 0.0001 compared with PTCA and placebo).29 This was

maintained during the one year follow up, although there was

no overall reduction in the need for surgical or repeat percuta-

neous revascularisation procedures.30

Abciximab may also be beneficial in the treatment of

refractory unstable angina, where plaque rupture and

subsequent platelet aggregation and intracoronary thrombo-

sis may result in infarction. The CAPTURE study demon-

strated that in patients with refractory unstable angina

undergoing PTCA, Abciximab significantly reduced the

combined rate of death, infarction, and urgent intervention

for recurrent ischaemia at 30 days (p = 0.012).31 Much of this

benefit could be attributed to the reduction of myocardial inf-

arction before and within 24 hours after PTCA (p values, 0.029

and 0.009, respectively). However, follow up at six months

showed Abciximab to have no significant benefit in terms of

death or myocardial infarction.

“Abciximab may also be beneficial in the treatment of
refractory unstable angina”

The current UK licence for Abciximab is restricted to a sin-

gle infusion before or during high risk percutaneous interven-

tion. Abciximab appears to be generally well tolerated. The

initial problems with major haemorrhage have been limited by

diligent heparin administration. Thrombocytopenia can occur

with Abciximab but is usually transient and often

asymptomatic.31 The relative merits of Abciximab versus non-

antibody glycoprotein IIb/IIIa inhibitors, such as Tirofiban,

also need to be established.

HAEMATOLOGY/ONCOLOGY
Appropriately selected monoclonal antibodies may have anti-

tumour effects via direct antibody mediated cell death or inhi-

bition of cell growth. The conjugation of drugs, toxins, or

radioisotopes to tumour specific monoclonal antibodies can

also be of therapeutic benefit .

Rituximab is licensed for use in chemotherapy resistant

advanced B cell follicular lymphoma. Most patients with low

grade or follicular lymphoma relapse with current

treatments.32 Rituximab is a mouse human chimaeric IgG1

antibody that recognises the transmembrane phosphoprotein

CD20 expressed by B cells and their related lymphomas. An

infusion of Rituximab dramatically reduces circulating B cell

numbers,33 through antibody dependent cellular cytoxicity or

apoptosis.34 35 Normal CD20 positive B cells are regenerated

from early pre-B or stem cells (CD20 negative) in contradis-

tinction to tumour cells, which have no equivalent counter-

part.

In 1998, a multicentre study examined the use of four

weekly infusions of Rituximab in 166 adults with low grade or

follicular CD20 positive B cell lymphoma, who had relapsed or

not responded to primary treatment.36 Six per cent of patients

achieved a complete response, defined as the resolution of all

signs and symptoms of lymphoma with a clear bone marrow

for at least 28 days. Furthermore, 42% of patients had a partial

response with a greater than 50% reduction in the sum of

measurable lesions. These response rates are comparable with

those of standard single chemotherapy agents. The projected

median time to progression was 13 months.

Adverse events were common with more than 60% of

patients having a reaction to the first infusion characterised by

fever, nausea, angio-oedema, and bronchospasm; however,

prophylactic antihistamines and analgesics can reduce the

impact of this. Cytopenias occurred in 14% of patients during

treatment and a single case of red cell aplasia occurred within

the one year follow up.

Rituximab plus CHOP (cyclophosphamide, doxorubicin,

vincristine, and prednisone) in patients with newly diag-

nosed, or relapsed low grade or follicular B cell lymphoma, has

revealed that this combined regimen may be superior to

standard CHOP.37 Rituximab is also emerging as a potential

treatment for B lymphoproliferative post-transplant disorder,

which can follow both solid organ and bone marrow

transplantation.38 39 Such uses are presently outwith its

licence.

Targeting protooncogene products offers an alternative

antiproliferative strategy, and potential targets include the

HER2 gene, the overexpression of which predicts a worse

prognosis in breast cancer.40 Trastuzumab (Herceptin) is a

humanised IgG1 antibody that targets the extracellular

domain of the HER2 growth receptor that has intrinsic

tyrosine kinase activity. Trastuzumab has recently been

licensed in the UK for patients with relapsed HER2 highly

expressing breast malignancies. A non-placebo designed study

of 222 patients with HER2 positive breast cancer who had

progressed after chemotherapy examined the use of weekly

infusions of Trastuzumab.41 Four per cent of patients achieved

a complete response (disappearance of radiographical, palpa-

ble, and/or visually apparent tumour for at least four weeks)

and 11% a partial response, with a greater than 50% reduction

in measurable lesions. In responding patients, the median

time to treatment failure was 11 months, compared with a

median of 5.4 months after their earlier cytotoxic chemo-

therapy. However, treatment related cardiac dysfunction is a

concern.41

TRANSPLANTATION
Successful solid organ transplantation requires selective

immunosuppression to prevent organ rejection while avoiding

infection. The past two decades have seen the introduction of

selective immunosuppressants including cyclosporine, tac-

rolimus, and mycophenolate mofetil, which have contributed

to reduced rates of early rejection.42–44 Early rejection may still

occur in 35% of renal transplants,45 and although this rejection

is frequently steroid responsive, early rejection appears to be a

risk factor for chronic rejection.46 Both monoclonal and

polyclonal antibody (OKT3 and antithymocyte globulin,

respectively) treatments have been used in transplantation for

many years.

OKT3 is a murine monoclonal antibody used particularly in

renal transplantation, which binds to the pan-T cell marker

CD3, and therefore exerts its action on both resting and acti-

vated T cells. Disadvantages of OKT3 include the cytokine

release syndrome comprising fever, bronchospasm, and

pulmonary oedema and an increased susceptibility to

infections and malignancy.47

Two new monoclonal antibodies have recently been licensed

in the UK for the prophylaxis of acute rejection in allogeneic

renal transplantation in conjunction with steroids and

cyclosporine. Basiliximab (Simulect) is an IgG1κ chimaeric

antibody given as two infusions and Daclizumab (Zenapex) is

a humanised IgG1 construct administered in five doses over

eight weeks. Both these antibodies target CD25 (IL-2 receptor

α chain), the expression of which increases in early T cell acti-

vation. Interference with the association of the α chain with

the β and γ chains of the IL-2 receptor prevents assembly of

the functional receptor.

In 1997, a double blind, placebo controlled trial assessed the

use of Basiliximab, plus steroids and cyclosporine, in primary
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cadaveric renal transplantation.48 Basiliximab treated patients

had a significantly lower incidence of biopsy confirmed acute

rejection at six months (29.8%) compared with the placebo

group (44%; p = 0.012). A further study involving 348

patients, receiving cadaveric or living transplants, confirmed

this benefit by demonstrating reduced rejection rates on Basi-

liximab at both six and 12 months.49

A further study demonstrated a significantly better one year

patient survival rate with Daclizumab (99%) compared with

placebo (95%), plus cyclosporin and steroids (p = 0.01).50

However, this may reflect significantly more patients in the

placebo group developing steroid resistant rejection requiring

rescue with OKT3 or polyclonal antilymphocyte globulin, with

their attendant mortality. Daclizumab may also have benefi-

cial effects in cardiac transplantation and liver transplanta-

tion, but the drug combinations have yet to be resolved.51–53

Daclizumab and Basiliximab appear to have favourable

safety profiles and do not induce cytokine release syndromes.

Rates of infection and early malignancy appear to be similar to

conventional drug regimens, although careful analysis of con-

current drug use is required.

Campath is a monoclonal antibody recognising CD52, a

highly glycosylated molecule on lymphocytes and monocytes.

Although initially explored in RA and multiple sclerosis,54 55

Campath now appears to be emerging as a successful

treatment for some B cell chronic lymphatic leukaemias, in

addition having to a role in haemopoietic transplantation.56–58

Campath has been shown to reduce dramatically graft versus

host disease after bone marrow and stem cell transplantation.

Furthermore, this benefit may not occur at the expense of an

increased relapse of leukaemia.57 Campath currently remains

unlicensed in the UK.

CONCLUSION
The clinical benefits of monoclonal antibodies have been

demonstrated, in particular, in patients with more severe dis-

ease, and often as an adjunct to standard treatments. In many

instances, the regimens for these licensed monoclonal

antibodies still need to be refined. The costs of monoclonal

antibody treatment remain high but must be weighed against

the potential gains in reducing disability, hospitalisation, and

mortality.

“Anti-IgE and anti-IL-5 monoclonal antibodies have
potential for the treatment of allergic asthma and other
allergic diseases”

We have focused on licensed monoclonal antibodies (table

1); however, many other agents are emerging for use in a wide

range of medical settings. For example anti-IgE and anti-IL-5

monoclonal antibodies have potential for the treatment of

allergic asthma and other allergic diseases.59 60 Monoclonal

antibody treatment may also extend into novel areas, such as

xenotransplantation and masking major histocompatibility

complex–peptide complexes involved in the initiation of auto-

immune disease.61 62 Crucial insight into the immunopatho-

genesis of many diseases may also be gleaned from these

treatments.

Genetic engineering will allow further manipulation of

monoclonal antibodies and, because antibodies can penetrate

living cells, the scope of potential targets is considerable. Trials

with monoclonal antibodies derived entirely from human

DNA, such as the anti-TNF agent D2E7, are in progress.63 Fur-

thermore, the place of monoclonal antibodies in medicine will

be challenged by other recombinant immunotherapies, such

as chemokine receptors and anti-apoptotic, adhesion, and

angiogenic constructs.
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