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Review Series: Bench to Bedside

INTRODUCTION
Therapeutically, cancer is one of the most challenging diseases.
This is due to the inherent heterogeneity of malignant cells. The
degree of plasticity of response stemming from genotypic and
phenotypic diversity among the cancer cells allows their dynamic
evolution into non-responsive or resistant variants.1 This
phenomenon necessitates the simultaneous or sequential use of
multiple therapeutic agents. The use of immunotherapeutic
modalities as adjuvants is gaining increasing importance not
only due to their highly specific therapeutic potential but also for
their vaccine-like effects which could yield long term benefits.2

Increasing efforts are therefore ongoing to evolve and incorporate
immunological approaches into effective clinical treatments.

A simple search for ongoing/closed clinical trials involving
various immunological approaches on the US National Cancer
Institute website (www.cancer.gov) yields 1246 results. While
some of these studies have successfully translated the results of
preclinical studies into meaningful clinical treatments, many have
failed to do so. The reasons for these failures are manifold, the two
most important being technological difficulties and adverse effects.
Handling autologous tumour cells, dendritic cells (DC) or T cells
for effective vaccine development is a very delicate and demanding
technology, which is not easily reproducible. Easier among these
technologies is monoclonal antibody (MAb) technology, which is
why it remains one of the most widely successful torchbearers of
translational research.3 Non-targeted activation of unrelated
immune pathways, uncontrolled tumour lysis4 or disruption of the
delicate immunological balance are the common reasons for the
numerous adverse effects associated with this therapy, which
have been a major hindrance in the passage of immunotherapeutic
approaches from phase I to phase III of clinical trials.

This review addresses the scientific rationale behind the various
approaches. To maximize focus on the direct clinical impact of
this field, we restrict ourselves to the discussion of completed

phase II/III trials that have treatment implications, and exclude
studies with as yet unproven clinical efficacy. We conclude the
review with a brief discussion on the future direction that the field
of cancer immunotherapeutics is likely to proceed in.

THE SCIENCE BEHIND
Immune responses to transformed cells typically involve
elements of the innate as well as adaptive immune system
(Fig. 1). Cell-mediated cytotoxicity appears to be the most
effective and protective form of antitumour immunity. A
hallmark of virally infected and transformed cells which makes
them susceptible to natural killer (NK) cell-mediated lysis is
the downregulation of human leukocyte antigen (HLA) class I
surface antigens (products of major histocompatibility complex
[MHC] genes, referred to as HLA in the human context).
Therefore, constitutively activated NK cells and NK-like T
cells probably represent the first line of defence against cancer
by virtue of their ability to detect qualitative as well as
quantitative changes in the expression of HLA class I antigens
or stress-related proteins. In addition to their lytic potential,
activated NK cells are also a major source of interferon gamma
(IFN-γ), a cytokine that can enhance the functions of monocytes,
DC as well as T lymphocytes. Early events involving NK and
NK-like T cells can thus set the stage for initiation of adaptive
immune responses by enhancing the antigen presenting function
of monocytes and DC. The initiation of T cell responses is a
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FIG 1. Innate and adaptive components of the immune system in
relation to a tumour cell
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tightly controlled process requiring recognition of antigenic
peptide in association with the ‘self’ HLA molecules as well as
co-stimulatory signals. Generation of peptides in antigen
presenting cells (APC), followed by loading of the peptides on
HLA class I or class II molecules (antigen presentation),
represents a functional dichotomy. Peptides generated from
endogenous proteins are directed to HLA class I molecules
whereas those generated from exogenous antigens are directed
to molecules of HLA class II system. The former HLA–peptide
complexes are recognized by CD8-positive cytotoxic T cells
whereas the latter are recognized by CD4-positive T helper
(TH) cells. The primary signals generated by weak interaction
between the tri-molecular complex of T cell antigen receptor
and peptide–HLA complex are stabilized and complemented
by the additional signals provided by activation via co-
stimulatory CD28 and accessory CD4 and CD8 molecules on
the T lymphocytes with their ligands exposed on the APC.

Depending on the microenvironment, activated TH lymphocytes
can acquire one of two different types of functional profiles,
namely TH1 or TH2 subtypes. The TH1 subset is characterized by
the ability to produce interleukin-2 (IL-2), IFN-γ and tumour
necrosis factor-β (TNF-β), whereas the TH2 subset produces
cytokines such as IL-4, IL-5 and IL-10. While IFN-γ promotes
TH1 responses, IL-4 and IL-5 suppress the induction of TH1
responses. Secretion of IL-12 by IFN-γ activated macrophages
and DC can also promote TH1 responses. Since the TH1 subset
supports cell-mediated immunity through functions such as
generation and expansion of cytotoxic cells, therapeutic modalities
are directed at enhancing these responses and countering the
generation and activity of the TH2 cell type.

Cancer can be considered as an age-related disease
accompanying cumulative damage due to inflammatory insults.
The role of inflammation in creation of a microenvironment that
can promote and support the growth of malignant cells has been
extensively described.5–7 In addition, increased expression of
cyclooxygenase-2 (cox-2, an inhibitor of apoptosis) seen in cells
with DNA damage can also serve as an initial step in malignant
transformation with its ability to promote prostaglandin synthesis,
angiogenesis and invasiveness.8 These inflammatory insults can
lead to immune suppression which adversely affects the efficiency
of the immune system in eliminating transformed cells.

Besides, as summarized in Fig. 2, tumour-derived cytokines
such as transforming growth factor-β (TGF-β) as well as soluble
factors such as vascular endothelial growth factor (VEGF) and
gangliosides can affect immune responses at various levels leading
to poor or impaired antitumour immunity.9–11 In addition, increased
levels of IL-10, another immunosuppressive cytokine, have been
reported in the sera of patients with malignancies of lymphoid
origin.12,13 Apoptosis (programmed cell death) inducing Fas–Fas
ligand (Fas–FasL) interaction-mediated destruction of tumour
infiltrating T lymphocytes has also been demonstrated.14 Production
of prostaglandin E2, TGF-β, IL-10 by the cells of the immune
system itself (monocytes and T regulatory cells15), further impair
antitumour responses.

Eliciting antitumour immunity
A variety of preparations with different antigenic moieties
and delivery vehicles have been used to stimulate antitumour
responses,16 and are described below. These generally include
tumour antigen preparations alone or in combination with
biological response modifiers that have immunopotentiating
effects. Use of MAbs directed against functionally important

surface markers to inhibit growth of transformed cells has also
yielded promising results.17

Bacille–Calmette Guerin (BCG), genetically altered
tuberculosis bacteria used as an established adjuvant, represents
a non-specific immune potentiator of bacterial origin currently
used in cancer therapy. Intravesical instillation of BCG along with
mitomycin after surgery in patients with superficial bladder
cancer has been successful in reducing disease recurrence,
progression and mortality.18 Induction of local inflammation and
immune response leading to an anti-angiogenic effect and increased
permeability of the bladder mucosa (to drugs) may explain the
success of this modality. The evolution of major components of
current immunotherapeutic preparations is discussed below.

Tumour-specific/tumour-associated antigens or their peptide
derivatives
It is now accepted that cancer results from multiple genetic
lesions. These lesions often involve a variety of mutations in the
genes coding for proteins that are critical for control of cell growth
and differentiation. Such mutant proteins, when overexpressed in
a strict sense of tumour-specific expression, represent tumour-
specific antigens (TSAs). They often belong to the oncogenic or
tumour suppressor class of molecules such as Ras-p21 and p53
proteins, respectively. In addition, abnormal gene fusions can
give rise to expression of fusion proteins which also represent
TSAs. The most widely studied protein of this class is bcr–abl,
typically encountered in chronic myeloid leukaemia (CML).
Clonal antigens, encountered primarily in haematological
malignancies, also serve as TSAs which can be used in diagnosis
and therapy, by virtue of their very restricted and tumour-related
expression. Advantage is also taken of what are termed as tumour-
associated antigens (TAAs), represented by various aberrantly
modified and/or expressed surface molecules. These may be
specific to a certain cell lineage/type such as a group of melanocyte
differentiation antigens, or cancer/testis (oncospermatogonal)
antigens.19 Amplification of genes commonly seen in many cancers
can also result in overexpression of their protein products, typically
represented by the Her2/neu receptor tyrosine kinase,20 which can
be exploited as tumour-specific targets. Except for the clonal
antigens, most of the TSAs or TAAs are encountered in more than
one type of malignancy, enhancing their application potential.

Tumour cells (as a source of antigens) carrying a gene for an
immunopotentiating entity such as granulocyte–macrophage
colony-stimulating factor (GM-CSF) have been employed by
some workers in phase I trials (reviewed by Rosenberg et al.21),
which circumvents the need to identify or purify the specific
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FIG 2. Summary of nature of immune suppression in cancer patients



142 THE NATIONAL MEDICAL JOURNAL OF INDIA VOL. 19, NO. 3, 2006

antigens and generates a polyvalent antigenic preparation.
However, these approaches may have limitations for monitoring
specific responses wherein cutaneous delayed hypersensitivity
reactions are assessed along with clinical responses.

Use of recombinant proteins as well as peptides offers the
advantage of efficient monitoring of antigen-specific responses
in the recipients. As mentioned above, T lymphocytes recognize
specific peptide fragments in association with HLA class I or
class II molecules on the APC. The specificity of T cell antigen
recognition permits detection of even a single amino acid change
characteristic of the peptides derived from intracellular mutant
proteins. While various in silico methods are available to predict
the sequence of potential antigenic peptides, it is difficult to
predict precisely all potentially antigenic sequences in a given
protein with respect to their binding capacities for various members
of the extensively polymorphic HLA class I and class II molecules.
Therefore, the use of whole proteins for immunization may be
preferred to the use of antigenic peptides. Isolation of tumour-
specific cytotoxic T lymphocytes from tumour infiltrating
lymphocytes has facilitated identification of antigenic peptides
for several tumour antigens.2,22 Although the use of such peptides
along with various adjuvants can result in efficient immunization,
their success in induction of response would be restricted to
patients who express appropriate HLA molecules. Due to an
important contribution of HLA polymorphism towards the success
of peptide therapy, knowledge of the distribution of HLA alleles
in a given population may be important.23 Peptides that can
associate with multiple HLA class I or class II alleles would be
desirable to cover a wider range of the population.24 Further,
mutant protein peptides are often poorly immunogenic due to their
similarity with the normal counterpart to which the immune
system may be tolerant, as the latter will be recognized as a ‘self’
entity. Data demonstrating increased immunogenicity following
modification of specific amino acid residues of a peptide that
enhances the stability of HLA–peptide complexes may provide
the means to deal with these problems.25

Direct administration of DNA encoding a specific antigen
or via a viral vector has also shown promising results in animal
studies.26–28 These approaches are based on the fact that
DNA vaccines and virally delivered antigens can induce
both cytotoxic T cell (HLA class I) and helper T cell (class II
restricted) responses. Cytosine–Guanine oligonucleotide
repeats (Oligo-CpG) sequences present in the bacterial genome
can stimulate the innate immune system. Hence, these sequences
can replace cytokine genes in recombinant DNA vaccines as
immunological adjuvants.29

In the context of a recent study showing dominance of
T cell responses to mutated neoantigens in melanoma patients30

and a report demonstrating cytotoxic T cell responses to mutant
proteins,22 it has been suggested that individual tumours may
be characterized by a unique antigenic repertoire of mutant
proteins which could serve as excellent targets for generation
of tumour-specific immunity without the need for breaking
self-tolerance.2 These considerations may also explain the
ability of autologous tumour-derived heat shock protein
(HSP) gp96 preparations in generating antitumour responses
in experimental and clinical settings.31,32 HSPs serve as
molecular chaperones for intracellular peptides and are thought
to play an important role in the transfer of peptides to the
endoplasmic reticulum (ER) where they are loaded on to
HLA class I molecules. Therefore, HSPs extracted from tumours
are a rich source of potentially antigenic peptides and would

contain a repertoire of tumour-specific peptides in significant
proportion.

Cytokines and interleukins
Cytokines are small molecular weight glycoproteins of various
cellular origins that modulate the function of different cell types
including immune cells, whereas ILs, which have similar properties,
are primarily of haematopoietic cell origin. The autocrine and
paracrine effects of these molecules help establish a complex
network of regulatory interactions, not only between the cells of
the immune system but also with the cellular microenvironment.
Interaction of these molecules with specific receptors on the
responder cells triggers a cascade of intracellular signals
culminating in diverse effects on gene expression. IFN-α ,
GM-CSF, IL-2 and IL-12 are the most commonly used
immunotherapeutic agents in cancer. The properties that qualify
these molecules for use in the immunotherapy of cancers are
summarized below.

Interferon alpha. IFN-α  is actually a family of glycosylated
proteins secreted mainly by cells of the monocyte and
macrophage lineages. Traditionally known for its antiviral
activity, IFN-α  was also found to possess antitumour and
immunomodulatory activities. The antitumour activity is
manifested by its ability to inhibit growth of solid tumours as
well as haematological malignancies.33 IFN-α  mediated
inhibition of a specific family of protein—tyrosine kinases that
are elevated in transformed cells and critical for their
proliferation as well as neoplastic potential34—may represent
one of the important mechanisms for the antitumour activity of
IFN-α . Immunomodulatory properties of IFN-α  proteins
include their ability to potentiate the cytotoxic function of
NK cells.35 Recombinant IFN-α  has been found to improve the
effectiveness of intravesical instillation of BCG in patients
with bladder cancer. This observation could be explained
by the ability of the cytokine to potentiate the production of
IFN-γ, TNF-α  and IL-12 by BCG-stimulated lymphocytes
from patients, and downregulation of IL-10 production in these
cells.36 Thus, IFN-α  can act as an enhancer of inflammatory,
TH1-type responses that favour the generation of effective
antitumour responses.

More important, IFN-α has been found to promote generation
of antigen-specific cytotoxic cell responses.37 Similar findings
were reported in a study where the ability of an IFN-α- or IL-12-
transfected colorectal cancer (CRC) cell line was compared for
generation of antigen-specific cytotoxic T cell responses in vivo.
Induction of long lasting antigen-specific response was seen only
in the IFN-α-transfected cell line, further substantiating earlier
data on the ability of this cytokine to potentiate both initial as well
as memory cell responses to tumour antigens.38

Interleukin-2. Discovered as a T cell growth factor, IL-2 is
not only one of the earliest known ILs but also one of the first
and most attractive choices for immunotherapy in cancer
patients.39 The unequivocal role of T lymphocytes as one the
prime effectors of antitumour immunity was probably the
reason for using IL-2 in cancer patients. Besides inducing
antigen-specific T lymphocytes, IL-2 also helps amplify the
function of other effectors such as NK cells, macrophages and
neutrophils. These latter cells can synergize the inactivation or
elimination of tumour cells via a variety of mechanisms
involving reactive oxygen species, death-inducing receptor–
ligand interactions (such as Fas–FasL) and cytolytic granules
containing perforin and granzymes (proteolytic enzymes).
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Spontaneous regression of tumours is often interpreted as an
indicator of tumour immunogenicity. In this regard, renal cell
carcinomas which show spontaneous regression at a frequency of
<1% appear to top the list (reviewed by Nakajima et al.40).
Melanomas are also considered immunogenic as substantiated by
a recent report demonstrating a high frequency of antitumour-
specific T cells before vaccination in these patients.41 The use of
IL-2 has been most successful in metastatic renal cell carcinomas
and melanomas.42 Reactivation of pre-existing antitumour T cells
by IL-2 may explain the positive clinical response in these
patients. IL-2 has also been used with adoptive transfer of antigen-
specific or non-specific cytotoxic cells.20,41,43

GM-CSF. This is an important cytokine in the development
of cells of the myeloid lineage and is used in bone marrow
transplantation to help reconstitution of myeloid cells. Interest
in the use of this cytokine in cancer may be linked to its ability
to support viability, proliferation and maturation of DC.44 GM-
CSF, along with other immunologically active entities such as
IL-2 or TSAs, is therefore being explored in clinical trials21 as
it could help in the initiation of immune responses through
activation of DC.

Interleukin-12. This was discovered as an NK cell stimulating
factor (NKSF)45 and can potentiate cytotoxic T cell as well as
macrophage function. The ability of IL-12 to shift the balance of
immune responses to the inflammatory type may also aid in its
antitumour activity.46,47

Dendritic cell vaccines
The use of DC offers several advantages for potentiation of
antitumour immunity. These cells are referred to as professional
APC as they express both HLA class I and class II antigens, as
well as the co-stimulatory molecules required for complete
activation of T lymphocytes. The ability of DC to initiate
cytotoxic T cell responses critical for antitumour immunity is
well recognized. Interestingly, antigen uptake by DC is often
associated with triggering of the maturation process of these
cells, which enhances surface expression of HLA class II and
co-stimulatory molecules in these cells. Mature DC also express
chemokines and chemokine receptors, which help them migrate
to lymph nodes that aid in the initiation of antigen-specific
immune responses. Secretion of IL-12 by mature DC48 is an
important added feature that is critical for enhancement of
antitumour immune response.

Commensurate with the recognized ability of DC to initiate
CD8-positive T cell responses, it has recently been discovered
that these professional APC can ‘cross-present’ exogenously
picked up antigens through an HLA class I mediated pathway.49

This unique feature of DC is of great importance in the induction
of antitumour immune responses. A fraction of cells in tumours
are known to undergo necrotic death. DC would be expected to
phagocytose debris from such cells, which could then be directed
towards initiating cytotoxic T cell responses. HSPs also carry
intracellular antigenic peptides and hence can serve as a good
source of tumour-specific antigens.31 Further, uptake of HSP
induces maturation of DC and induction of pro-inflammatory
cytokines, enhancing their ability to activate antigen-specific T
cells.50 Thus, DC would be expected to efficiently present
exogenously picked up HSP associated peptides giving rise to
cytotoxic and helper T cell responses, respectively.51 Promising
trends observed in a clinical trial using tumour derived HSP gp96-
pulsed DC in melanoma patients may be explained on the basis of
these phenomena.2

Blocking monoclonal antibodies
The use of MAbs to inhibit growth of transformed cells
constitutes a passive form of immunotherapy. These antibodies
are generated by immunizing mice with human tumour cells or
tumour cell-derived antigen/proteins. Thereafter, antibody
producing B cells from immunized mice are fused in vitro with
cells of a mouse myeloma cell line to obtain an immortalized
antibody producing hybrid cell clone termed as ‘hybridoma’.
When these hybridoma-derived MAbs of murine origin are
used as such, they are recognized as foreign in human subjects,
leading to the generation of antibodies and reducing the efficacy
of subsequent passive immunizations. Therefore, using
recombinant DNA technology, the majority of sequences of
murine origin, except for the parts of heavy and light chain
sequences required for antigen binding, are replaced with
those of human origin. The recombinant chimeric or humanized
MAb thus generated has over 95% sequences of human origin,
reducing the probability and level of anti-antibody responses
in the recipients. These antibodies can also be coupled with a
toxin or radioisotope for specifically targeting tumour cells,
and are among the most common form of immunotherapeutics
currently being used in various clinical trials.

A number of different mechanisms contribute to the success
of therapy with MAbs.52 As a direct effect, cross-linking of the
target molecules on the surface of tumour cells can lead to
generation of intracellular signals that culminate in the induction
of apoptosis. On the other hand, interference with interaction
between the target receptor and its activator ligand can block
growth promoting signals. Indirectly, elimination of antibody-
coated target cells could occur via an immunological mechanism
of antibody dependent cell-mediated cytotoxicity (ADCC) by
monocytes/macrophages and NK cells. Treatment with MAbs
also lowers the expression of functionally important target
molecules on tumour cells, which may retard their growth.52

Recent trends involve additional antibody engineering steps
to improve the ability of such MAbs to promote ADCC and
complement fixation, thereby enhancing their ability to kill
target cells by recruiting components of the innate immune
system such as NK cells and complement proteins.53

Rituximab, a chimeric MAb specific for CD20 antigen
expressed on B lymphocytes, is the first and one of the most
successful of its kind to be therapeutically approved. It is
used mainly for the treatment of non-Hodgkin lymphomas.
CD20 is expressed in high amounts by pre-B and mature
B cells. The success of rituximab can be attributed to the
important role of CD20 antigen in activation, proliferation and
maturation of B lymphocytes,54 as well as its ability to trigger
an influx of calcium ions.55 Based on these observations,
rituximab is thought to induce apoptosis in target cells.
Radioisotope-conjugated forms of an anti-CD20-specific
MAb have also been successfully used in clinical settings53

(described later).
Many other such antibody reagents are being developed for

haematological malignancies. Campath-1H/alemtuzumab is
another FDA approved humanized MAb, which is directed
against the CD52 antigen expressed by normal T and B
lymphocytes. This antibody is used for the treatment of B cell
chronic lymphocytic leukaemia (CLL).56 Immunotoxin BL22,
a CD22 directed MAb, has shown clinical potential in the
treatment of chemotherapy resistant hairy cell leukaemia.57

Gemtuzumab ozogamicin, a conjugated MAb that releases the
cytotoxic drug calicheamicin on internalization, targets CD33
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antigen expressed on the blasts of patients with acute myeloid
leukaemia (AML).58

In contrast to haematological malignancies, the number of
MAbs available for the treatment of solid tumours appears to
be limited. Of the two notable antibodies, Herceptin/trastuzumab
which targets the HER2/neu antigen, has been extensively
studied. HER2/neu antigen is a growth factor receptor tyrosine
kinase which is overexpressed in about 20%–30% of breast
cancers.59 Originally, when murine antibodies (such as 4D5)
were developed for diagnostic purposes; it was noted that in
vitro, they inhibited cell growth proportional to the level of
HER2 on the cells, with cells expressing low levels being
unaffected. Applying antibody engineering to 4D5, the residues
critical for binding to the HER2 epitopes have been grafted to
human IgG1. In l998, the US FDA approved trastuzumab
(Herceptin)  for the treatment of women with HER2 over-
expressing breast cancers. The cytotoxic effect of Herceptin60

is thought to contribute to reduction of tumour burden when
used along with chemotherapeutic drugs, while its cytostatic
action61 may contribute to stabilization of disease and its long
term effects.

Additional immunopotentiating effects of treatment with
this antibody were seen in a study that found increased levels
of chemokines in the sera of patients who responded favourably
to treatment with Herceptin and IL-12.62 These observations
are explained on the basis of the ability of Herceptin-coated
breast cancer cells, in the presence of IL-12, to activate NK
cells to secrete an array of chemokines in vitro that enhance
T lymphocyte migration. Edrecolomab is another humanized
MAb with a potential for use in patients with colon or rectal
cancer. It recognizes a surface protein termed as the 17-1A
antigen, expressed in these cancers.63

Immunotherapy directed at suppressor T cells
Based on the expression of CD25 antigen and a few other
markers, a novel subset of T lymphocytes with immuno-
suppressive potential (T regulatory cells or T-regs) has been
described (reviewed by Whiteside and Rabinowich14). Not
only is the number of T-regs elevated in cancer patients, the
presence of tumour antigen-specific T-regs has also been
demonstrated. Concordant with these observations, depletion
of T-regs was seen to enhance antitumour immunity. Therefore,
approaches to control generation of this subset of T cells and
modulation of its function during or following immunotherapy,64

especially involving induction of immune responses against
TSAs, represents an interesting challenge for future
immunotherapeutic modalities. Another approach targeting a
molecule on T lymphocytes involved in negative regulation of
their responses may be compatible with the principle of control
of the suppressor function of a subset of T cells. Cytotoxic
T cell antigen-4 (CTLA-4, also known as CD152) is a ligand
for B-7 expressed on DC and APC, and is expressed at a late
stage following T cell activation. Cross-linking of CTLA-4 to
form disulphide linked homodimers leads to downregulation
of the T lymphocyte responses. Chronically stimulated T cells
arising in tumour bearing individuals would be expected
to express CTLA-4. Blocking antibodies to CTLA-4 has been
shown to enhance antitumour responses presumably by
reduction of the negative signals generated via CTLA-4 in
T cells. Clinical trials in patients with renal carcinoma and
melanoma using this approach have yielded promising results.65

THE CLINICAL REALITY: CURRENT STATUS OF
IMMUNOLOGICAL CANCER THERAPIES
Whole-cell tumour vaccines (WCTV)
Whole tumour cell can provide all the necessary antigens for
evoking an immune response. This potential of autologous WCTV
has been explored in few clinical trials.65–70 When administration
of tumour cell lysates was tested in patients with melanoma, it
yielded ambiguous results, with positive effects seen only in those
with HLA class I antigens that presumably supported the
presentation of the putative tumour antigen derived peptides from
the lysates, thereby inducing a protective antitumour response.71

It has been proposed that immunotherapy with autologous tumour
cells may be more effective as an adjuvant, when the ratio of
effectors to targets would be favourable for efficient elimination
of tumour cells.16 Adequately powered trials with a larger number
of inoculations (>3) show significant survival benefit. While the
serious adverse event rate has been negligible, limitations with
regard to the logistics of production of such vaccines have
marred efforts to introduce it as a standard of care in specific
clinical situations.

In renal cell cancer. A randomized trial66 involving 379
patients with non-metastatic renal cell carcinoma used
6 intradermal injections of non-irradiated autologous WCTV
postoperatively. The 5-year progression-free survival (PFS) rates
were 77.4% and 67.8% in the vaccine and control groups,
respectively. These results are more promising than any available
adjuvant treatment.

In CRC. In another study,67 254 patients with colon cancer
were randomly assigned to postoperative irradiated autologous
tumour cell–BCG vaccine (ASI) or no adjuvant treatment. ASI
reduced the risk of recurrence by 44% with the major impact of
ASI seen in patients with stage II disease. This may fill the void
in the adjuvant systemic treatment of stage II CRC.

Tumour lysate vaccines
Though adjuvant tumour lysate vaccine did not improve survival
in a phase III trial,72 the subgroup of patients with a better response
to vaccination had significantly better disease-free survival
(5-year DFS 83% v. 59% for patients with an unfavourable HLA
pattern, p=0.0002).71

Tumour-specific antigens, tumour associated antigens and
tumour peptide vaccines
Small non-randomized studies in various cancers (e.g. colon
cancer73) have shown improved responses with the use of these
strategies. However, only large randomized trials will be able
to confirm or refute the efficacy of these approaches.

Dendritic cell vaccines
DC vaccines have shown very strong evidence for preclinical
efficacy. However, this has not yet translated into robust
clinical evidence of survival benefit. Preparation of these
vaccines is a time-consuming and labour-intensive process,
which has limited their wider availability and wider clinical
testing. Also, there are certain other issues which require
clearer understanding. Though it is now believed that mature
DC elicit a better clinical response than immature DC, the
optimum mode for DC maturation is not yet established. The
route of administration is also a matter of debate, where the
ultimate aim is to get DC to reach the T cell zone. Intravascular,
intradermal, subcutaneous, intralymphatic and intranodal routes
have been suggested. It has been shown in mice that intravenous
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injection of DC is essential for immune responses against lung
melanoma metastases, whereas subcutaneous vaccination is
essential for response against non-visceral metastases.74

A randomized controlled trial75 using autologous DC engineered
to express prostatic acid phosphatase (PAP, a protein synthesized
by prostatic epithelial cells) in patients with hormone-refractory
prostatic adenocarcinoma accrued 127 patients. DC vaccine treated
patients survived for a median of 25.9 months compared with 21.4
months for those receiving placebo. At 3 years follow up, 34% of
patients treated with the vaccine were still alive, compared with
11% of patients receiving placebo.

Heat-shock protein (HSP) vaccines
A recent multicentre randomized trial76 in patients with stage IV
melanoma accrued 300 patients; randomized 2:1 in favour of
vacci-treatment. Vacci-treatment consisted of HSP gp96–peptide
complexes derived from autologous cancers whereas controls
received treatment of the physician’s choice. Though overall
survival was similar in both the groups, a pre-planned subgroup
analysis showed superior survival in M1, a subgroup with an
estimated median survival of 626 days in the vacci-treatment arm,
and 383 days in the control arm. Another post-hoc exploratory
subgroup analysis suggested a survival benefit in patients receiving
more than 10 injections of the vaccine.

BCG
Bacillus Calmette–Guerin is not only a vaccine used for the
prevention of tuberculosis but is also an important immuno-
therapeutic, especially for uro-oncologists. Intravesical BCG
forms the mainstay of treatment of superficial bladder cancer
based on robust clinical evidence. In carcinoma in situ (CIS)
bladder cancer, BCG has a >70% complete response rate compared
with only 50% using chemotherapy.77 Most head-to-head
comparisons between BCG and chemotherapeutic drugs have
favoured BCG, with the exception of some trials with mitomycin
(MMC) enrolling low risk patients. Some recent meta-analyses of
such comparative trials conclude that the relative benefit of BCG
is greatest for high risk groups,78 the best results being obtained
with at least 1 year of maintenance therapy.79 It is especially more
effective in cases of prior chemotherapy failure.80 Additionally, 2
separate meta-analyses have shown that BCG also reduces the risk
of progression. Comparison of BCG versus non-BCG therapy
shows 27% reduction81 in progression (9.8% for BCG v. 13.8% for
non-BCG) and comparison with MMC shows 23% reduction
(7.7% for BCG v. 9.4% for MMC).82 No chemotherapy trials have
ever shown a reduction in progression.

Interferon-alpha
IFN-α is a very widely used cytokine in the treatment of many
cancers, especially in the advanced stages. No other
immunotherapeutic drug has been as widely tested clinically.
Adverse effects of interferons are numerous and mostly in the
form of generalized symptoms. These adverse effects can be
managed with symptomatic treatment and dose adjustments, and
rarely require discontinuation of treatment.

In renal cell cancer. In a study,83 160 patients with advanced
renal cell cancer were randomized to receive IFN-α-2a and
vinblastine versus vinblastine alone. Median survival was 67.6
weeks in the IFN-α-2a and vinblastine arm compared with 37.8
weeks in the vinblastine arm (p=0.0049).

In melanoma. Two sequential Eastern Cooperative Oncology
Group (ECOG) trials (E1684 and E1690) tested the efficacy of

adjuvant IFN-α-2b in high risk melanoma. E168484 enrolled 287
patients and revealed an increment in median DFS from 1 to 1.7
years (p=0.0023) and overall survival from 2.8 to 3.8 years
(p=0.0237) with the use of IFN-α-2b compared with observation
alone. The subsequent 3-arm E1690 trial comparing high dose
IFN, low dose IFN with observation alone85 showed higher
relapse-free survival with high dose IFN.

In chronic myeloid leukaemia. The role of IFN in the
treatment of CML was evaluated in 2 important randomized
trials; UK MRC trial and Italian Cooperative Study Group
trial. The UK MRC trial86 accrued 587 chronic phase CML
patients randomized to IFN-α or chemotherapy (busulphan or
hydroxyurea for maintenance) after induction cytotoxic
chemotherapy. The median survival was 61 months in the
IFN-α arm and 41 months in the chemotherapy arm (p=0.0009).
The ICSG87 trial randomized 322 patients with previously
untreated or minimally treated Philadelphia chromosome-
positive CML to treatment with either IFN-α-2a or conventional
chemotherapy. IFN therapy had superior median survival (72
v. 52 months) and 6-year survival (50% v. 29%; p=0.002 for
both comparisons).

In multiple myeloma. In a meta-analysis88 for the efficacy of
IFN in multiple myeloma, 24 trials involving 4012 patients were
deemed eligible—12 induction trials and 12 maintenance trials.
PFS was better with IFN (33% v. 24% at 3 years, p<0.00001), and
median time to progression was increased by about 6 months.
Overall survival was better with IFN (53% v. 49% at 3 years,
p=0.01) and the median survival increased by about 4 months.

Interleukins
Various recombinant interleukins (IL-2, IL-3, IL-11 and IL-12)
have been tested in clinical trials and currently, IL-2 is approved
for use in cancer therapy.

In renal cell cancer. The updated results89 of phase II studies
of high dose IL-2 (based on which IL-2 was approved) in patients
with metastatic renal cell carcinoma report complete response in
7% with a median response duration in complete responders of at
least 80 months. The 8% partial responders (of 255 patients) had
a median response duration of 20 months. A 3-arm study90

comparing different doses (2 low dose regimens, 1 high dose
regimen) of IL-2 in metastatic renal cancer patients enrolled 400
subjects and found no significant survival benefit of one dosage
schedule over the other.

In melanoma. In a clinical trial, IL-12 alone was not found to
be very effective.46 However, as an adjuvant, it was found to help
responses to peptide vaccine.47 In phase II trials using IL-2,91 6%
of 270 patients with metastatic melanoma had complete response
with a median response duration of at least 59 months. However,
another study92 in patients with advanced metastatic melanoma
evaluating the addition of IL-2 to chemotherapy with IFN therapy
failed to show any benefit of such addition.

In lung cancer. In a randomized trial93 of incompletely
resected lung cancer patients (n=105), one group received
immunotherapy with IL-2 and lymphokine-activated killer (LAK)
cells. The 7-year survival rate was higher in the immunotherapy
group than in controls (39.1% v. 12.7%, p<0.01), with only the
adenocarcinoma subgroup and non-macroscopic residual disease
subgroup showing survival benefit. However, inadequate power
of the study and unplanned subgroup analysis raise serious
doubts regarding these conclusions.

IL-2 was approved for use in metastatic renal carcinoma and
later for use in metastatic melanoma in 1998. However, subsequent
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studies showed clinical response with IL in only a small number
of patients. It is also associated with severe adverse effects such
as capillary leak syndrome, spontaneous bowel perforation,
immune hypersensitivity reactions manifesting as myositis,
hypothyroidism and anaphylaxis. These factors have restricted its
clinical use in all except those patients who have advanced
metastatic disease. Numerous studies have evaluated a combination
of IL-2 and IFN but none of them has shown a significant survival
benefit of the combination over single agent therapy.

IL-3 and IL-11 are the other ILs that have been evaluated for
the treatment of thrombocytopenia and leucopenia. The benefits
of such treatment have been equivocal compared with the more
effective colony-stimulating factors, which also have fewer
adverse effects.

Monoclonal antibodies
MAbs represent one of the most successful immunological
approaches in cancer treatment. Many MAbs now form the
first-line therapy in cancer either in the adjuvant or palliative
setting (Table I), while many more are in the development and
clinical trial phases. In 1997, US FDA approved rituximab for
clinical use. The commonest adverse effects of MAbs are rash,
diarrhoea and constitutional symptoms. Serious adverse events
such as anaphylaxis are rare.

Rituximab. Rituximab is a chimeric IgG1 MAb against the
CD20 antigen. A large randomized French trial94 of 399 patients
compared chemotherapy with chemotherapy and rituximab in
previously untreated diffuse large B cell lymphoma. The rituximab
arm had significantly superior response rates (76% v. 63%,
p=0.005) and 2-year survival rates (70% v. 57%, p=0.007).
Another similar trial (MINT)95 was stopped at interim analysis
because of the superior response rates in the rituximab arm. Two
other trials96,97 in follicular lymphoma suggest that a longer
duration of rituximab therapy prolongs the duration of response.

Most side-effects associated with rituximab are infusion
related and include fever, chills, hypotension and nausea; these
decrease with subsequent infusions. More severe infusional
toxicity includes bronchospasm, angioedema and acute lung
injury often associated with high circulating cell counts and
overwhelming cytokine release; these are, well manageable with
steroid premedication.98

Alemtuzumab. Alemtuzumab or Campath-1H is a humanized
rat IgG1 antibody binding to CD52. A phase III trial99 in CLL
patients in first remission after treatment with fludarabine or
fludarabine/cyclophosphamide was stopped early. Though there
was no progression in the alemtuzumab arm, the incidence of
grade III/IV infections was very high.

Gemtuzumab-ozogamicin. Gemtuzumab-ozogamicin (GO) is
a humanized antibody to CD33 conjugated with calicheamycin.
The adverse effect profile of this drug is better than that of
standard chemotherapy for AML, which older patients cannot
tolerate. Second, the treatment can be administered on an outpatient
basis in many of them. For these reasons, FDA approved this drug
for patients with AML who are >60 years old. Hepatic veno-
occlusive disease (also called ‘sinusoidal obstructive syndrome’)
has been reported in up to 12% of patients receiving GO.98

Ibritumomab–tiuxetan. Low grade non-Hodgkin lymphomas
are exceptionally radiosensitive tumours. Ibritumomab–tiuxetan
is a combination of the CD20 antibody ibritumomab (the murine
parent molecule of rituximab) linked to tiuxetan, a chelating agent
providing a high affinity binding site for radionuclides. It is
administered with 90Y—a beta radiator with a half-life of 64 hours
and a 1–5 mm range in soft tissue.

One hundred forty-three patients with relapsed or refractory
low grade lymphoma were randomized to 90Y-ibritumomab or
rituximab.100 Response rates were much higher (80% v. 56%)
in the 90Y-ibritumomab arm, though survival was similar in
both the arms.

131I-tositumomab. It is another radioimmunotherapeutic (RIT)
agent targeting the CD20 antigen. In a retrospective study101 in
125 patients undergoing autologous stem cell transplants after
either myeloablative RIT or a combination of total body irradiation
and high dose chemotherapy, the RIT group had significantly
higher 5-year overall survival (67% v. 53%).

Trastuzumab. This is a humanized IgG1 against the
HER2/neu receptor. After trials demonstrating its efficacy
in metastatic breast cancers102–105 expressing the HER2/neu receptor,
recent studies (HERA, NSABP-B-31 with N-9831 and BCIRG
006)106–108 have established it as an important drug in the adjuvant
treatment of patients with breast cancer expressing the HER2/neu
receptor. This has in fact been termed as one of the most remarkable
successes of translational research.3 These studies showed
remarkable improvement in DFS, of a magnitude not seen with
other adjuvant treatments. While HERA106 and NSABP-B-31
with N-9831107 showed 46% and 52% reduction in the risk of
recurrence, respectively, BCIRG 006108 showed 51% and 39%
reduction in the trastuzumab arms with or without anthracyclines,
respectively. However, trastuzumab has significant
cardiotoxicity,109 which necessitates careful case selection.110

Bevacizumab. This MAb against the VEGF receptor (VEGFR)
has been evaluated in various cancers including CRC. In a
randomized trial111 of 813 patients with previously untreated
metastatic CRC, the median survival was 20.3 months in those
given irinotecan, bolus fluorouracil and leucovorin (IFL) and

TABLE I. Monoclonal antibodies approved for cancer treatment

Antibody Target Type Indication FDA approval

Haematological malignancies
Rituximab (Rituxan®) CD20 Chimeric IgG1 B cell lymphoma 1997
Gemtuzumab (Mylotarg®) CD33 Humanized IgG4-toxin conjugate Acute myeloid leukaemia 2000
Alemtuzumab (MabCampath®) CD52 Humanized IgG1 Chronic lymphoid leukaemia 2001
90Y-ibritumomab (Zevalin®) CD20 Murine IgG1-radionuclide conjugate B cell lymphoma 2002
131I-tositumomab (Bexxar®) CD20 Murine IgG1-radionuclide conjugate B cell lymphoma 2003
Solid tumours
Trastuzumab (Herceptin®) HER2/neu Humanized IgG1 Breast cancer 1998
Bevacizumab (Avastin®) VEGFR Humanized IgG1 Colorectal cancer 2004
Cetuximab (Erbitux®) EGFR Chimeric IgG1 Colorectal cancer 2004
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bevacizumab compared with 15.6 months in the group given IFL
and placebo (hazard ratio [HR] for death=0.66, p<0.001). A
pooled analysis of 3 trials112 in patients with untreated metastatic
CRC also showed a similar survival benefit. Two other trials have
also shown it to be efficacious as first-line therapy in metastatic
CRC.113,114 In a trial using capecitabine-based chemotherapy,
bevacizumab failed to show any survival benefit in metastatic
breast cancer.115 However, early results of another trial (n=722)116

comparing paclitaxel alone with paclitaxel and bevacizumab
showed improved PFS from 6.11 months to 10.97 months
(p<0.001). In a trial117 of 99 patients with advanced or recurrent
non-small cell lung cancer, treatment with carboplatin, paclitaxel
and bevacizumab resulted in a longer median time to progression
(7.4 v. 4.2 months) and a modest increase in survival (17.7 v. 14.9
months). Patients with tumours that had a non-squamous cell
histology appeared to be a subpopulation with improved outcome.
A randomized trial118 comparing placebo with bevacizumab in 2
different doses (high dose 10 mg/kg and low dose 3 mg/kg) in
metastatic renal cell carcinoma was stopped after enrolling 116
patients as there was significant prolongation of the time to
progression of disease in the high dose group compared with the
placebo (HR: 2.55; p<0.001). The low dose group also showed
some benefit (HR: 1.26; p=0.053).

Cetuximab. This is a chimeric IgG1 against epidermal growth
factor receptor approved for use in CRC. It has also been shown
to have very good efficacy in head and neck squamous cell cancer.
In a randomized trial119 of 329 patients with metastatic CRC
resistant to irinotecan monotherapy, addition of cetuximab led to
a response in 22.9% of patients. The US FDA approved cetuximab
for metastatic CRC in 2004 based on these results. A randomized
trial120 of cetuximab and radiotherapy versus radiotherapy alone
in locoregionally advanced squamous cell carcinoma of the head
and neck (n=424) showed that the median duration of locoregional
control was 24.4 months in the combined arm compared with 14.9
months in the radiotherapy alone arm. The median overall survival
was 49 months in the combined arm and 29.3 months in the
radiotherapy alone arm (HR for death: 0.74; p=0.03). With the
exception of acneiform rash and infusion reactions, the incidence
of grade 3 or higher toxic effects did not differ significantly
between the two groups. This is a significant development since
concomitant chemoradiotherapy (current standard of care) that
gives similar survival benefit has more grade 3 or 4 toxicity in a
larger number of patients.

CHALLENGES FOR THE FUTURE
The immunotherapeutic approach is by no means free of adverse
effects or possible failures. Besides the possibility of emergence
of variants with antigen loss in the context of use of tumour
antigen-specific therapy, induction of autoimmunity is a major
concern since TSAs may be expressed at very low levels even in
normal tissues, or the responses against a tumour-derived mutant
protein antigen may cross-react with normal cellular protein
under certain conditions or in certain individuals, triggering tissue
damage.121 Modulation of regulatory cell function to enhance
antitumour responses may also increase the risk of autoimmunity.122

Cardiac dysfunction in Herceptin-treated breast cancer patients123

is an example of unexpected adverse effects due to expression of
a putative TSA at very low levels in normal tissues. To avoid the
emergence of antigen-escape variants following immunotherapy,
the use of polyvalent antigenic preparations such as tumour cell
lysates, tumour cell-derived HSP or multiple peptide vaccines
may be preferred over single antigen derived vaccine preparations.

In practical terms, since multiple transfusions of these regimens
would be required to generate effective and long term responses,
the costs involved in the generation of large batches of cellular
vehicles (typically DC) and tumour-derived or -specific antigen
preparations would be an important consideration. Regimens that
induce good memory cell responses with minimal doses would be
desirable; ironically, these may also be associated with a higher
risk of autoimmunity. Finally, different immunological approaches
require monitoring for different immune response parameters.
Identifying the most appropriate mechanism for the best correlation
with clinical outcome remains a challenging task. Rapid
technological developments and improved understanding of TSA
responses2,22,30 may provide clinically applicable immuno-
therapeutic modalities in the coming decade.
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