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Biological response modifiers in cancer therapy

SHALINI GUPTA, AVINASH K. KANODIA

ABSTRACT
Biological response modifiers improve the body's ability to fight
cancer by immunostimulation. Although a century has passed
since the first attempt was made to stimulate the host immune
system against cancer, only the past decade has witnessed the
scientific use of biological response modifiers. Recent advances
in tumour immunology have enabled the development of specific
agents targeted against cancer cells. Various biological response
modifiers include monoclonal antibodies, interferons, interleukins,
tumour necrosis factor, colony stimulating factors and anticancer
vaccines. Monoclonal antibodies directed against tumour-
specific agents have been approved for the treatment of breast
cancer (trastuzumab), non-Hodgkin's lymphoma (rituximab)
and for the diagnosis of certain cancers (oncoscint). Interferons
are indicated for the treatment of certain leukaemias and Kaposi's
sarcoma to inhibit tumour proliferation and angiogenesis.
lnterleukin-Z is the most widely studied interleukin, and is used
for immunostimulation in metastatic renal cell carcinoma and
malignant melanoma. Haematopoietic growth factors are often
combined with chemotherapy and radiotherapy to restore bone
marrow function and treat complications such as infection and
bleeding. Thalidomide, which suppresses tumour necrosis factor-a
production and has antiangiogenic properties, is currently under
evaluation in several cancers. Various anticancer vaccines are
being developed using tumour cells, carbohydrates, peptides and
heat-shock proteins as antigens. DNA-based vaccinations and the
use of recombinant bacteria and viruses to deliver antigens or the
DNA coding for them are also being investigated. However, the
optimum choice of antigen, delivery vector and adjuvant, and
administration regimen for some of these biological response
modifiers are still being investigated.
Natl Med J India 2002; 15:202-7

INTRODUCTION
Cancer is a major cause of morbidity and mortality throughout the
world. At present, about 50% of patients with cancer can be cured
with treatment modalities such as chemotherapy, radiotherapy
and surgery. Chemotherapy contributes to cure in only about 17%
of patients.' Until recently, cytotoxic agents remained the main
pharmacotherapeutic strategy against human cancers. However,
these agents are associated with toxicity to healthy tissues as well.
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The past decade has witnessed the development of several new
antitumour agents including biological response modifiers (BRMs).
BRMs are agents which modify the relationship between the
tumour and the patient by strengthening the patient's biological
response to tumour cells. These agents restore, augment or modu-
late the patient's normal immunological mechanisms.' The his-
tory of BRMs can be traced back to 1893, when a New York
surgeon, William B. Coley noticed from hospital charts that
cancer patients improved or even went into complete remission if
they developed postoperative infection.' Coley gathered several
pathogens and injected them into a few cancer patients. He found
that if the patient survived the feverish infection period, he or she
emerged cancer free. He concluded that something associated
with fever and infection upregulated or recharged the immune
system to recognize and destroy the invading tumour cells. At that
time, Coley's 'cocktail' was branded as quackery but now scien-
tists recognize him as the 'Father of BRM'. 4 In the 1960s,
scientists began studying BRMs in cancer therapy, labelling this
treatment modality immunotherapy. After promising results in
animal studies, many large clinical trials were conducted to
stimulate the immune system of cancer patients using the bacteria
Bacillus Calmette Guerin (BCG) and Corynebacterium parvum. 5

The results of these trials were discouraging; thus immunotherapy
as a possible modality for cancer treatment lost momentum.
Recent advances have prompted a renewed interest in BRMs, and
today biological response modification has emerged as an impor-
tant area in cancer research and treatment.

Various types ofBRMs include monoclonal antibodies (mAbs),
interferons (IFNs), interleukins (ILs), haematopoietic growth
factors, tumour necrosis factor (TNF) and anticancer vaccines.
The primary aim of all these modalities is passive or active
immunization, though some of these agents may also have
antiproliferative, anti angiogenic and cytotoxic activity.

MONOCLONAL ANTIBODIES
The use of mAbs involves the development of specific antibodies
directed against antigens located on the surface of tumour cells.
Samples of the patient's tumour cells are processed to develop
specific antibodies against the tumour-associated antigens. For
this, a sufficient quantity of antigens unique to the tumour cells
must be present. In addition, tumour antigens must be sufficiently
different from the antigens elaborated by normal cells. The anti-
bodies can be used either alone to kill cancer cells or as carriers of
other substances used for therapeutic or diagnostic purposes. The
naked mAbs bind to tumour cells and cause lysis while the
conjugated mAbs deliver cytotoxic agents or radioactive sub-
stances to the tumour Cells. When used for diagnostic purposes,
mAbs carry radioactive substances to cancer cells, thus pinpoint-
ing the location of metastases previously undetected by other
methods, e.g. oncoscint" is approved by the US Food and Drug
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Administration (FDA) for the diagnosis of colonic and ovarian
cancer. Antibodies have been raised to several epitopes on the
epidermal growth factor receptor (EGFR) including HER-2. mAbs
to EGFR compete with ligand binding resulting in a decrease in
receptor kinase activity. This in turn leads to reduced cell prolif-
eration and cell cycle arrest. 7,8 Trastuzumab, a recombinant DNA-
derived, humanized mAb, binds to the extracellular domain of
membrane-anchored HER-2 with nanomolar affinity,
downregulating the kinase signalling of this receptor leading to
reduced cell proliferation." There is also an unexplained increase
in cell sensitivity to TNF-a,1Oand cisplatin, II paclitaxel and
doxorubicin." In clinical trials of patients with metastatic breast
carcinoma, a prominent adverse effect of trastuzumab was
cardiotoxicity despite a minimal level of HER-2 expression on
cardiac myocytes." There are also bispecific antibodies which
have two domains, one bivalent Fv (variable region-containing
fragment) targeting an epitope on the tumour surface, and the other
targeting an immune effector cell to recruit them against the
tumour target and produce an increased host-generated cytotoxic
effect. 14

Immunotoxin conjugates involve mAbs conjugated to various
toxins. These toxins could be of plant (ricin), bacterial (Pseudomo-
nas exotoxin) or fungal origin and are effective cytotoxic agents.
mAbs ensure better tumour accessibility and penetration." Anti-
bodies coupled to ricin have yielded response rates of 40%-50%
in leukaemias and lymphomas, AR-209, an mAb against HER-2,
is undergoing Phase I clinical trials in carcinoma breast, prostatic,
ovarian and non-small cell lung cancer. 15,16Drug conjugates,
which involve linking of a chemotherapeutic agent such as doxo-
rubicin or vincristine to the antibody, are also being investigated.
One such mAb is BR96, which binds strongly to Lewis-y, a
carbohydrate antigen found in large quantities on a number of
tumours, including carcinomas of the colon, breast, pancreas and
lung." The conjugate ofBR96 and doxorubicin, once bound to the
tumour cell, internalizes to produce a selective cytotoxic effect.
Various isotopes of high radioactivity have been coupled to
antibodies for use as radioimmunotherapy for cancer. Although
these conjugates have yielded response rates as high as 70% in
human lymphomas, they have been less effective in other solid
tumours, mainly because the radioactivity needed to achieve the
desired therapeutic effect cannot be used as it is toxic to the bone
marrow. Research is on to refine radioconjugates that could
deliver a higher radiation to tumour sites while sparing the healthy
organs."

Despite these uses, mAbs have limitations. Antibodies are
commonly raised in mice by antigenic stimulation, These mAbs,
when administered to human beings, often stimulate the produc-
tion of antimouse antibodies (HAMA) which form immune com-
plexes that are neutralized and cleared rapidly by the liver, thus
deactivating the conjugate before any therapeutic effect occurs.
Using recombinant molecular techniques it is now possible to
prepare humanized or chimeric (part mouse, part human) antibod-
ies that can overcome or minimize the problem of immunogenic-
ity." In addition, mAbs may lack specificity for tumour antigens,
When tumour cell antigens are not sufficiently different from those
on normal cells, antibodies interact with antigens on both normal
and cancer cells, leading to the destruction of normal cells.
Another problem associated with antibody conjugates relates to
the linkers employed to connect the antibody to the drug or toxins,
reducing the potency of the antibody, the drug or both.

In the clinical setting, therapeutic mAbs are usually given over
4-6 hours by continuous intravenous infusion. Because of the risk

of serious allergic reactions (particularly with mouse antibodies),
patients are premedicated with acetaminophen and antihistaminics.
The side-effects of mAbs include dyspnoea and wheezing, fever,
chills, headache, rash, nausea, vomiting and tachycardia (Table I).
Many humanized mAbs have been approved by the FDA and
many others are in various stages of clinical trials. They have
proven useful in the treatment of haematological malignancies
such as acute and chronic lymphocytic leukaemias, lymphomas,
melanomas, colorectal cancer and neuroblastomas. Trastuzumab
is approved for the treatment of metastatic breast cancer in patients
whose tumour expresses HER-2.19 Rituximab is a chimeric mu-
rine-human mAb that binds to the CD20 molecule on B-Iympho-
cytes and is approved for the therapy of non-Hodgkin's B cell
lymphoma." The CD33 antigen is expressed on blast cells in
80%-90% of acute myeloid leukaemia (AML) cases but is not
expressed on pluripotent haematopoietic stem cells or on non-
haematological cells. Gemtuzumab is an FDA-approved recom-
binant humanized anti-CD33 mAb that delivers the potent cyto-
toxin calicheamicin into cells. 21Table II gives the efficacy of some
of the FDA-approved mAbs in the treatment of various cancers.

INTERFERONS
Interferons are small proteins that inhibit viral replication and
promote cellular (T cell) immune response. They also have direct
antiproliferative activity because they inhibit ornithine decar-
boxylase production, which results in cell cycle slowing. They
also inhibit new blood vessel formation and certain oncogenes."
Interferon use for cancer treatment started in the late 1970s when
technical advances enabled mass production of IFNs.

There are three major types of IFNs (alpha, beta and gamma),
each with similar yet distinctive capabilities for altering biological
responses. Both IFN-a and IFN-~ are type-I IFNs, i.e. acid-stable
proteins that act on the same receptor on target cells. IFN-y,a type-
2 IFN, is acid-labile and acts on a separate receptor on target cells.
Leucocytes produceIFN-a, fibroblasts and epithelial cells produce
IFN-~, while activated T lymphocytes produce IFN_y.30IFN-a was
the first BRM approved by the FDA in 1986 for the treatment of
hepatitis C. It is also approved for use in hairy cell leukaemia,
chronic myelogenous leukaemia and AIDS-associated Kaposi's
sarcoma, 1,31and has therapeutic effectiveness in cutaneous T-cell
lymphoma, melanoma and multiple myeloma.t':"

The recommended dosage varies according to the condition,
ranging from 3 million units thrice weekly to 36 million units

TABLE 1. Important adverse effects of various biological response
modifiers

Agent Adverse effects

Monoclonal antibodies Allergic reactions, dyspnoea, wheezing, fever,
chills, headache, rash, tachycardia, nausea,
vomiting

Interferons Flu-like syndrome, fever, chills, rnyalgias,
decreased blood counts, nausea, diarrhoea,
anorexia, confusion, drowsiness, seizures,
acute renal failure, alopecia, injection site
reactions

Interleukins Hypotension, ascites, pulmonary oedema, flu-
like syndrome, fever, chills, skin rash, liver
dysfunction, anaemia, thrombocytopenia

Colony stimulating factor Bone pain mainly in lower back, sternum or
pelvis; systemic toxicity such as fatigue, fever,
muscle ache, rash (more with granulocyte-
macrophage colony stimulating factor)
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daily. IFNs can be administered by the intravenous (bolus or
infusion), intramuscular, subcutaneous or intrathecal route. They
can also be given intranasally and recently, the oral use ofIFN-a
has also been recommended." IFNs may produce side-effects of
varying frequency and intensity and a 'once weekly' formulation
ofIFN used in recent clinical trials reduces the overall side-effects
(Table I) experienced by patients. The side-effects are common
during a patient's first exposure to IFN, but usually decrease in
intensity with continued therapy."

INTERLEUKINS
These are cytokines that occur naturally in the body and can also
be produced in the laboratory. They mediate their antiproliferative
and antitumour effects through cell surface receptors in relevant
target cells. Many ILs have been identified and numbered in the
order of their discovery (IL-I through IL-23). IL-2 has been the
most widely studied in cancer treatment and is a cytokine pro-
duced by lymphocytes. In addition to being an essential factor for
the growth ofT cells, IL-2 augments various T cell functions and
enhances natural killer (NK) cell function."

Lymphocytes stimulated by IL-2, called lymphokine-activated
killer (LAK) cells, have proven to be effective in destroying
tumours. LAK cells have non-specific lytic abilities and can kill
across the major histocompatiblility complex (MHC) barriers.
Lymphocytes are removed from a cancer patient's blood, stimu-
lated with high doses of IL-2 in the laboratory, and returned to the
patient as LAK cells, with the aim of improving the patient's
anticancer immune response. However, randomized trials have
not shown significant improvement in response rates with LAK
cells." Current studies in adaptive cellular therapy are using
expanded populations oflymphocytes obtained from tumour biop-
sies and expanded in vitro, the so-called tumour infiltrating
lymphocytes (TIL cells)."

The half-life of IL-2 in humans is short (tI/2a=13 minutes;
tll2~=85 minutes)." Therefore, most clinical schedules have used
continuous infusion, multiple intermittent dosing, liposome en-
capsulated IL-2 and a conjugation of IL-2 with polyethylene
glycol to extend the half-life and to enhance its delivery to immune
cells in tumours." The most important antitumour activity has
been demonstrated with the most intense dosing schedules: con-
tinuous intravenous infusion for 5 days on alternate weeks for 2
cycles, or intravenous bolus doses every 8 hours daily for 5 days
on alternate weeks.

The adverse effects of IL-2 therapy are listed in Table I. The
severest ofthese result from the ability ofIL-2 to increase capillary
permeability. This may cause hypotension, ascites and pulmonary
oedema. Chills, fever and flu-like symptoms occur within a few
hours after the administration of IL-2. Liver dysfunction is com-
mon during therapy but resolves once treatment is stopped.
Anaemia, thrombocytopenia and skin rashes are more likely with
higher or cumulative doses. Although many studies with IL-2
require acute care settings, other current treatment regimens can
be given on an outpatient basis."

Patients with renal cell carcinoma, non-Hodgkin's lymphoma
and melanoma have the best response to IL-2 therapy. IL-2 has
been approved for the treatment of advanced metastatic renal cell
carcinoma and malignant melanoma." Table II gives the response
rates and survival in patients receiving high doses of IL-2 as a
single agent in these conditions. IL-2, alone or in combination, in
colorectal, ovarian and small cell lung cancer is under clinical
trials. It has been found to induce remission in patients with acute
myeloid leukemia." It is believed that IL-2 therapy may help stop
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TABLEII. Clinical efficacy of FDA approved biological response
modifiers

Agent Indication Response rate Survival rate

Monoclonal antibodies
Trastuzumab Breastcancer 50%* Median

of25.1 (20.3)
months'?

Rituximab Non-Hodgkin's 72% 77%
lymphoma progression-

free at 1year"
Gemtuzumab Acute myeloid 30% 31 % at 1 year;

leukaemia median
5.9months21

Interferon-a Chronic myeloid 38% 79% at 5
leukaemia years"
Hairy cell 88.9% 83% disease-
leukaemia free at 31

months"
Multiple myeloma 6.6%t 7.9 months

over standard
chemotherapy"

Interleukin-Z Renal cell 23% 9% at5
carcinoma years"
Malignant 15% 6% at3
melanoma years"

*50% response rate seen with trastuzumab and standard chemotherapy
compared to 32% response rate with chemotherapy alone
t 6.6% increase in response rate compared to chemotherapy alone

certain cancers from growing, which can improve the length and
quality of life of some patients. It also prolongs the duration of
remission after bone marrow transplantation in haematological
malignancies." The other interleukins currently under evaluation
are IL-3, IL-4, IL-6, IL-12, IL-15 and IL_18.43,44

COLONY STIMULATING FACTORS
Colony stimulating factors (CSF) are growth factors that mediate
the proliferation, maturation, regulation and activation of granu-
locytes, macrophages, lymphocytes, monocytes, erythrocytes and
platelets." Studies have shown that CSFs have the potential to:

I. protect or restore bone marrow function in combination with
chemotherapy or radiotherapy, thus permitting the patient to
tolerate higher and more effective doses;"

2. stimulate immune system components, thus enhancing
antitumour activity;" and

3. help treat fever, infections and bleeding that may occur in
patients who have received chemotherapy."

The major clinical activity of growth factors is through direct
stimulation of haematopoietic progenitor cell proliferation. How-
ever, when the therapy is suddenly withdrawn, the cells enter the
quiescent phase of the cycle, which may protect them from the
cytotoxic effects of chemotherapy. Thus, CSFs may be alternated
with chemotherapy. CSFs have been produced in sufficient quan-
tities for clinical use by recombinant DNA technology. Some have
been approved for use and others are in various stages of clinical
trials.49-51 Generally, CSFs have been named for the major cell
lineage they affect; granulocyte-macrophage CSF (GM-CSF)
affects both granulocyte and macrophage lineage; granulocyte
CSF (G-CSF) targets only granulocytes. Recombinant human G-
CSF (filgrastim) is a non-glycosylated peptide of 175 amino acids
while recombinant human GM-CSF (sargramostim) is a partially
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glycosylated peptide of 127 amino acids. These two are approved
by the FDA for the management of neutropenic fever secondary to
cytotoxic chemotherapy. GM-CSF and G-CSF are administered
as intravenous bolus, continuous infusion or subcutaneously by
daily injection. Their serum half-lives are 2-7 hours after i.v. or
s.c. administration. In the treatment of chemotherapy-induced
neutropenia, G-CSF 5 ug/kg/day, or GM-CSF 250 ug/mvday, is
usually started within 24-72 hours after completing chemo-
therapy. According to the 1997 guidelines issued by American
Society of Clinical Oncology (ASCO), this therapy should con-
tinue until the absolute neutrophil count is >10 000 cells/ul.?
However, the current clinical practice is to stop CSF therapy once
the neutrophil count has reached a range of 2500-5000 cells/ill.
There is a wide variation in the manner in which CSFs are used by
oncologists as reported by an ASCO survey on prescribing.
G-CSF therapy is associated with minimal toxicity, though GM-
CSF produces more systemic toxicity (Table I). The bone pain
associated with CSF therapy is possibly due to expansion of cells
and increased blood flow in the medullary space; blood levels of
alkaline phosphatase and aminotransferases may also be in-
creased.>'

Some other CSFs include pleuripotent IL-3, or multi-CSF,
which affects all early cell lineages and macrophage CSF (M-
CSF) which targets macrophage production. IL-ll induces mega-
karyocytic proliferation and is FDA-approved for use in patients
with a reduced platelet count. Opervekin is the recombinant form
of IL-ll and is approved for clinical use.55The half-life of IL-ll
is 7-8 hours when injected subcutaneously and may limit the
amounts of platelet transfusion required. IL-ll causes fluid reten-
tion by increasing renal resorption of sodium. Its other side-effects
include fatigue, headache, dizziness and hypokalaemia. Recom-
binant thrombopoietin is also being investigated but there have
been reports of patients developing neutralizing antibodies to it.56
The FDA-approved erythropoietin, which targets erythrocyte pro-
duction, has been in use since 1989 for anaemia of end-stage renal
disease and anaemia related to cancer and cancer therapy.?

TUMOUR NECROSIS FACTOR
This substance is naturally secreted by macrophages activated by
endotoxins. TNF binds to receptors on cell membranes, initiates
cellular activity and is cytotoxic to that cell. TNF also directly
affects tumour cells, damaging them and the blood vessels within
the tumour." Although TNF has shown promising antitumour
activity in laboratory studies, the dose needed for clinical efficacy
is extremely toxic. TNF therapy is most effective and least toxic
when directed at a specific tumour site, rather than administered
systemically. TNF, alone or in combination with other BRMs, is
in the early phases of clinical trials. TNF has also been implicated
in the development of acute graft-versus-host disease (GVHD)
after allogenic bone marrow transplantation. TNF blockade using
antibodies (infliximab) or an antagonist (etanercept) is currently
under evaluation but the exact role of these is yet to be defined."
The side-effects of TNF are similar to those with interferon
therapy, including a flu-like syndrome which is generally mild and
disappears with subsequent doses of TNF.60

Thalidomide, which is a sedative drug that was withdrawn
because of its teratogenic effects, has been shown to suppress
TNF-a production. Orally administered thalidomide is an inhibi-
tor of angiogenesis in a rabbit model." The effects on angiogenesis
in tumours have made it an attractive potential anticancer agent.
Thalidomide has been shown to have important activity in refrac-
tory multiple myeloma where its use has shown a 6% 2-year

survival. The virtual lack of myelosuppression makes it an ideal
agent for combination with cytotoxic chemotherapy. Newer, more
potent and less toxic derivatives of thalidomide are being evalu-
ated.P It is also being investigated for its activity in glioblastoma
multiforme, renal cell cancer and against cancers of the breast,
ovary and prostate.30,63,64Thalidomide is immunosuppressive and
active in the treatment of chronic GVHD. A high incidence of
reversible side-effects and limited dose intensity restrict the num-
ber of patients who could benefit from treatment. 65

ANTICANCER VACCINES
Recent advances in tumour immunology have paved the way for
the development of a variety of novel and specific vaccine ap-
proaches. Some activated T and B cells become memory cells. The
next time the same antigen enters the body, the immune system
remembers how to destroy it. The various strategies include
vaccines based on tumour cells, carbohydrates, peptides and heat-
shock proteins. Recombinant bacteria and viruses are used to
deliver antigens or the DNAs coding for them."

Tumour cell vaccines
The immunogenicity of tumour cells is enhanced by physical or
genetic manipulations such as gamma-irradiation, viral oncolysates
or the insertion of genes encoding cytokines or costimulatory
molecules, e.g. IL-2 and TNF-a.67 The major advantage is that it
allows immunization against all tumour proteins, and obviates the
need for identification of individual tumour antigens. It is highly
effective in inducing protective immunity and thus preventing
recurrence, but its efficacy in the treatment of established tumours
is poor. Most current clinical trials using tumour cell vaccines
have been limited to patients with malignant melanoma.f

Carbohydrate vaccines
Antibody responses against carbohydrate antigens on the surface
of encapsulated organisms such as Neisseria meningitides, Strep-
tococcus pneumoniae and Haemophilus influenzae can provide
protective immunity, as similar antigens on human cancers are
also potential targets for immune recognition." Early clinical
trials are on in patients with melanoma and carcinoma prostate.

Peptide vaccines
These permit specific targeting of the immune response against
one or two unique antigens, thus limiting potential autoimmune
cross-reactivity. Native peptides are less immunogenic, so syn-
thetic peptides are made by amino acid deletions or substitutions
to enhance the immunogenicity. Clinical trials are on in patients
with melanoma and carcinomas of the cervix, pancreas, breast and
ovaries.v?' Heat-shock protein-peptide vaccination circumvents
the need to specifically identify immunogenic determinants by
immunizing against the entire repertoire of antigens expressed by
a tumour. This approach is being evaluated in several animal
studies and clinical trials as an adjuvant therapy in carcinoma
pancreas."

Plasmid DNA
DNA-based vaccination is accomplished either by direct inocula-
tion of plasmid DNA encoding the antigen of interest or by the use
of a hand-held helium-powered 'gene gun' which can deliver
DNA-coated gold particles directly." These vaccines are safe,
easily purified and permit immunization against a known anti-
genic determinant without inducing a host immune response to the
vaccinating vector.
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Recombinant bacteria and viruses
Many viruses elicit strong, specific and lifelong immunity. Vac-
cinia virus, fowlpox virus and adenovirus possess a number of
sites within their genome where large amounts of foreign DNA
can be stably inserted without affecting viral replication or pack-
aging." Several viral vaccines are being tested in clinical trials of
patients with cancers of the colon, prostate and cervix, and
melanoma."

There are several obstacles to vaccine development. The vector
itself must be stable in vivo and a suitable route of administration
must be defined. Most vaccines are delivered by the intramuscu-
lar, intravenous or subcutaneous routes or by scarification."
Independent host factors such as prior chemotherapy, radiation
therapy or immunodeficiency of the host because of tumour
burden affect the generation of the immune response to the
vaccine. The choice of adjuvant is another important factor in
successful immunization. Although cytokines such as IL-2, TNF-a
and IL-12 remain attractive agents for co-administration with
vaccines, non-cytokine adjuvants exhibiting non-specific
immunostimulatory capacity are used more frequently." These
agents include BCG, Corynebacterium parvum, alum, saponins
and oil emulsions, and others. BCG is a viable attenuated strain of
Mycobacterium bovis and muramyl dipeptide is the active com-
pound that stimulates T and NK cells. Although BCG has been
used in many neoplasms, its main effect has been seen in bladder
cancer, where it is given intravesically." The adverse effects
include hypersensitivity and shock, chills, fever, malaise and
immune complex disease.

The immunotherapeutic response needed for regression of an
established tumour is likely to require repetitive rather than single
immunization. Heterologous boosting strategies in which differ-
ent vectors are used to prime and then boost, result in a greater
cytotoxic response and enhanced immunotherapeutic effect. The
poor results observed with homologous boosting may be due to the
induction of a strong antibody response to the vaccinating vector. 79

CONCLUSION
The past decade has witnessed the development of several BRMs
such as mAbs, IFNs, ILs, CSFs, TNF in the treatment of cancers
and anticancer vaccines. The success of these agents has been
established in some malignancies (melanoma, breast cancer, cer-
tain leukemias, Kaposi's sarcoma and renal cell carcinoma). How-
ever, the results ofBRMs in other tumours remain elusive. Cost is
a major prohibitive factor in the widespread use of these agents. A
single vial of 3 million IU of IFN-a costs more than Rs 1000.
Treatment with other agents is also extremely expensive. Immuno-
therapy (IFN-aJIL- 2) of metastatic renal cell carcinoma costs more
than US$ 20000 per patient as compared to chemotherapy
(tamoxifen), which costs around US$ 360.80 Most of these agents
are currently not marketed in India. The route of administration is
also a problem as many of these agents are given intravenously.
However, IFN-a can be administered subcutaneously and orally,
making self-administration possible." CSFs may also be given
subcutaneously. Thalidomide, currently under trial as an antican-
cer agent, has the advantage of oral administration.

A major obstacle in developing immunotherapy against cancer
is that cancer cells arise from healthy host cells and the antigens
expressed by them are similar. Thus the success ofBRMs depends
largely on the identification of selective cancer antigens. The next
few years will yield results from a number of clinical trials on
BRMs, either alone or in combination. It is hoped that with these
newer strategies, cancer would no longer be incurable.
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