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ABSTRACT
Cancer immunotherapy is a major branch of biological therapy that utilises living cells and their products.
Advances in molecular biology and immunology have led to the development of novel therapeutic strategies. This
paper is an introductory review of the present status of this new field, including the use of cancer cells as a source of
antigen, the use of dendritic cells (a type of antigen presenting cell) to augment the immune response, the activation
of cytotoxic T cells and memory T cells, and other targeted strategies in the cellular immunotherapy for cancer.
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INTRODUCTION
Background
Cancer immunotherapy is a major branch of biological
therapy which may be defined as the therapeutic use of
living cells and their products. During the past 2 decades,
advances in molecular and cell biology have led to the
identification of large numbers of antigens, signal
transducers, cytokines, and receptors and their ligands,
which are potential targets in cancer therapy.
Modern biotechnology has made possible the cloning of the genes that specify these molecules; and
to produce large quantities of these molecules using
recombinant DNA technology in bacteria (for example,
Escherichia coli), yeast, or mammalian cell systems,
in transgenic animals, and in the case of monoclonal
antibodies using hybridoma technology.
As a result, many new biological agents have entered
the therapeutic armamentarium with more precisely
targeted actions than the traditional drugs used in
cancer treatment. Traditional drugs are mostly empirically derived, consist of imprecise or unknown mechanisms of action, and are often toxic compounds such as
chemical dyes or heavy metals (for example, platinum).
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However, the use of these new drugs, in part because
of the precision of their actions, presents new challenges.
Generally, their precise mechanisms call for moleculeto-molecule interactions, usually across cell membranes
and within an activation cascade. These have to be
sensitively modulated and counter-modulated, so
that the response is accurate — neither too weak nor
too strong. This precision is in stark contrast to the
crudeness of conventional drug delivery systems, for
example, intravenous infusions of trillions of biologically active molecules are sometimes given in the
hope that a small fraction may land on the correct and
desired receptors.
To use these biological drugs rationally, it is necessary
to devise strategies based on a new type of delivery
vehicle, which, fortunately, has existed for millennia:
the living cell. This paper is an introductory review of
the present status of the cellular immunotherapy for
cancer.

Scientific Basis of Cancer Immunotherapy
The effector branch of the immune system comprises
cytokines, antibodies and T cells, which have been
well characterised in many studies of the immune response against bacteria, viruses, and allogeneic cells.1
These cells are all recognised by the immune system
as targets for rejection responses. For many years, the
conundrum in cancer research has been the observed
lack or relative lack of specific response against cancer
antigens, often formulated as “the lack of immunogenicity” of cancer cells.
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However, modern immunology has unveiled mechanisms in the host defence against cancer. Relatively
recently, researchers thought that the immune system
constantly patrolled for cancer cells, that is, actively
prevented cancer. According to this ‘immune surveillance’ hypothesis, cancer represented a breakdown of
the immune defence against cancer.2 This is now known
to be too simplistic.
To maintain health, the immune system must be able
to ‘tolerate’ large numbers of antigens, including many
that are not of host origin but which nevertheless
do not evoke a ‘danger signal’. According to this new
theory, called the ‘Danger Model’,3-4 the immune system only mounts a specific rejection response when it
recognises danger such as inflammation and necrotic
cell death caused by bacterial or viral infection. In most
cancers, the cancer cell is different in only small ways
from a healthy cell, and does not provoke a danger
response.
The sentinel cell, which senses the danger signal, is
usually the dendritic cell, a specialised antigenpresenting cell. Under normal circumstances, necrotic
cell death triggers the danger signal via the dendritic
cells, whereas apoptotic cell death does not evoke this
signal. One mechanism involves specialised proteins,
which ‘chaperone’ antigens to be presented to T cells.
Heat shock proteins, which are synthesised when cells
are in danger, for example, subject to heat shock, (which
may lead to necrosis) is one such class of chaperone
proteins.
An important new understanding is that, apart from
the antigen itself, a second signal called the costimulation signal, is necessary to activate T cells. In
the absence of the co-stimulation signal, tolerance may
be induced instead. Co-stimulation and its opposite,
counter co-stimulation, are highly sensitive mechanisms
modulated by cascades of activation and response,
which have major implications for cancer, autoimmunity, and transplantation.
In summary, this new knowledge of antigen presentation by dendritic cells forms the basis of the modern
approach to immunotherapy. These dendritic cells must
first mature, and then express co-stimulation molecules,
before presenting cancer antigens to T cells in a highly
precise manner. This process also involves major
histocompatibility complex (MHC) and T cell receptor
molecules.
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The Living Cell as a Delivery System
An attractive and readily available delivery system
for biotherapeutics is the living cell, often, but not
necessarily, from the patient being treated. Thus, the
treatment agent(s) could be cells mixed with biological
drugs, or simply cells themselves. These cells may
be selected according to biological characteristics,
for example, with magnetic bead systems, ex vivo
expanded, modified by activation of surface receptors
or the insertion of genes.
Cells may be given with other cells, either fused
together, for example, by the passage of an electric
current, or separately. This development introduces a
new class of therapeutic agents that are self-delivered,
although someone still has to hang the bag labelled
‘lymphocytes’ by the bedside.
Current cell therapy strategies that are promising and
within the capabilities of many teams such as those
engaged in stem cell transplantation often utilise
biopharmaceuticals, which are already available. These
include granulocyte-macrophage colony stimulating factor (GM-CSF), interleukin-2 (IL-2), anti-CD3
monoclonal antibody, and bacille Calmette-Guerin
(BCG). These biopharmaceuticals are all approved
biological drugs in the major countries of Europe,
Asia, and North America, albeit for other specific
indications, that is, they are approved in biologically massive doses given in conventional delivery
systems.
Similarly the blood cell separators and processors
that are used by cell therapy teams have been approved
by regulatory agencies, in some cases more than a
quarter of a century ago. This paper will focus on the
following strategies:
• irradiated autologous tumour cell vaccines unmodified except for the addition of BCG
• irradiated autologous tumour cells fused with dendritic
cells as vaccines, which may be used with GM-CSF
• combining the above tumour cell vaccine approach with
activation and ex vivo expansion of T lymphocytes
• autologous lymphocyte therapy based on ex vivo
activation of memory T cells
• lymphokine activated killer (LAK) cells, tumour
infiltrating lymphocytes (TILs), and related approaches
• targeted cellular therapy for Epstein-Barr virus (EBV)associated malignancies;
• the use of allogeneic T lymphocytes in a stem cell
transplantation setting.
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CANCER VACCINES
Principles of Cancer Vaccines
Vaccination is the intentional introduction of antigen(s)
to evoke an immune response. Although the familiar
model of vaccination for viral diseases, for example, is
that of prophylaxis, in oncology the term tumour
vaccine refers to therapeutic vaccines. Therapeutic
vaccines are those used to treat patients who already
have cancer, by preventing recurrence or to control
disease. Tumour vaccines and vaccine-based immunotherapy comprise a large and active field of research
and clinical practice.5-8
A notable difference between the familiar prophylactic
model for viral diseases and therapeutic tumour vaccines
is that, in the former, the individual to be vaccinated
has not been exposed to the antigens (the viruses). Once
exposed to antigens such as modified viruses, the
immune system, alerted by the ‘danger signals’, mobilises the dendritic cells. Co-stimulation and chaperone
molecules are expressed and antigen presentation to
T cells then occurs in the normal manner. In the case
of cancer, the patient has already been exposed to the
tumour antigens but the response has been inadequate
due to the lack of dendritic cell mobilisation, the absence of appropriate danger signals, and other factors.
Thus the focus is not on the tumour antigens themselves,
but on other critical secondary processes that are
prerequisites to the activation of T cells.

Autologous Tumour Cell Vaccines
The use of tumour cells from patients themselves is the
simplest way to produce a vaccine, although this approach is limited to patients who have biopsy accessible lesions or, better still, have tissue stored at the
time of primary surgery. The use of autologous tumour
overcomes most of the difficulties associated with MHC
restriction during the process of antigen-presentation
and a large number of preclinical and clinical studies
have been reported using such cells.9-12
For the sake of brevity, this paper will first focus on
the use of autologous vaccines in early stage colon
cancer, in which there is substantial evidence for clinical efficacy. A subsequent section will discuss the use
of dendritic cell vaccines for renal cell cancer.
Early stage colon cancer has been the subject of at least
2 phase III randomised controlled clinical trials, with
long periods of follow up. In the American study,
Hoover et al randomised 94 patients with Duke’s stage
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B2 to C3 colorectal cancer to surgery alone or surgery
followed by autologous tumour cell vaccination.13 For
patients with rectal cancer, radiation therapy was also
given. The results for 6.5 years of follow-up showed
that, for colon cancer, the recurrence rate for vaccinated
patients was 25% compared with 56.5% for the control
group. The number of deaths among vaccinated patients
was 16.7% compared with 47.8% in the control group.
The study of Hoover et al, however, has been criticised
for technical as well as statistical flaws.13 Only a proportion of patients had adequate vaccination as judged
by the delayed type hypersensitivity response. There was
a relatively small number of patients and the results
did not reach statistical significance. Patients with
rectal cancer did not enjoy clinical benefit, a result the
authors attributed to the use of radiation soon after
vaccination. These observations were therefore regarded
as preliminary and only suggestive of clinical benefit.
More definitive results were obtained in another phase
III prospective randomised controlled trial conducted
by the Netherlands National Cancer Institute, with a
median follow up of 5.3 years. 14 This study used a
booster dose of vaccine, for a total of 4 doses, and patients with rectal cancer were excluded. 254 patients
were randomised to treatment with surgery only or surgery followed by autologous tumour cell vaccination.
For the whole group (patients with stage II and III
disease), there was a 41% risk reduction in tumour recurrence in favour of vaccination (p < 0.023). However,
this benefit appears to be restricted to patients with
stage II disease in this study. In this subset of patients,
the risk reduction for recurrence was 61% (p < 0.011),
a very notable outcome.
Both these studies utilised autologous tumour cells
obtained at the time of surgery, made into single cell
suspensions, and then irradiated. The production of a
vaccine utilises enzyme digestion to process the tumour
tissue. This is a skilled technique as excessive enzyme
may damage cell surface antigens. Alternatively, a
mechanical processor can be used to produce the cell
suspension. The irradiated cells may be stored frozen.
When required for use, the cell suspension is thawed
and then mixed with BCG before injection. BCG
recruits antigen-presenting cells to the injection sites
but has the disadvantage of causing local reactions,
including small superficial ulcers, which usually heal
spontaneously. All groups using this simple technique
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report no other significant side effects. It is possible to
use GM-CSF instead of BCG and this substitution
has the advantage of avoiding the skin ulcerations.

Dendritic Cell Vaccines
The relatively straightforward approach described
above showed efficacy in early stage colon cancer, and
a similar vaccine is reported to be efficacious for early
stage renal cell cancer.15 However, for many clinical
situations, a more powerful vaccine is desirable. The
pivotal role of dendritic cells in the presentation of
tumour antigens has already been discussed. Much
has now been learned about these specialised cells that
account for less than 0.2% of human mononuclear cells
in the peripheral blood.
Although the first successful culture of human dendritic
cells was reported in 1992,16 it was not until 1994 that a
breakthrough occurred.17,18 This was the development
of a relatively simple method to generate large numbers of dendritic cells from blood monocytes by culture
with GM-CSF and IL-4. Further research on the use of
pro-inflammatory cytokines (IL-1, IL-6, and tumour
necrosis factor [TNF]-α) as maturation stimuli in 199719
led to reliable methods of producing ex vivo generated
and matured dendritic cells, which have become widely
used in the design of immunotherapeutic strategies.
Dendritic cell-based immunotherapy was successfully
tested in preclinical studies.19,20 More recently, regression of established metastatic tumour was achieved —
a first for vaccine therapy in human cancer. This
was reported in 2000 by Kugler et al who used allogeneic dendritic cells fused with autologous tumour cells
from 17 patients with metastatic renal cell cancer.21
There were 4 complete responses (CRs) and 2 partial
responses.
The dendritic cells and tumour cells can be fused by
aligning them in a cuvette and passing an electric current,
which enlarges the pores on the cell membrane, allowing the smaller cells to enter. Frequently the resulting
hybrid cell has 2 or more tumour cells within a larger
dendritic cell (Figure 1). As with the standard autologous tumour vaccine described above for colon cancer,
the dendritic cell fusion vaccine can also be injected
intradermally and mixed with GM-CSF. The dendritic
cell fusion vaccine also produces delayed type hypersensitivity (DTH) responses in the majority of patients.
Side effects are also mild and are mainly the side
effects of GM-CSF in the vaccines.
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Figure 1. A dendritic cell containing 2 tumour cells.

CELL TRANSFER THERAPY
Historical Perspectives
Lymphokine activated killer (LAK) cells were discovered by Rosenberg’s group at the National Cancer
Institute in the USA in the 1970s.22 Following preclinical studies that showed tumour response in animals,
a number of pilot trials as well as randomised trials comparing LAK cells plus IL-2 with IL-2 alone, totalling
more than 600 patients, were reported, mostly during
the 1980s.22-24
In a recent summary of 679 patients with metastatic
renal cell cancer treated with LAK cells plus IL-2
during this period, there were 169 overall responses
(25%) with 55 CRs (8%), although the use of LAK cells
plus IL-2 was not found to be statistically superior to
high-dose IL-2 alone.25
Rosenberg’s group went on to study tumourinfiltrating lymphocytes (TILs) that were prepared from
tumour obtained at the time of surgery.22 In a recent
summary of 115 patients from various cooperative
groups treated with TILs, there were 26 (23.2%) overall responses with 7 CRs (6%),25 that is, no better than
LAK cells or even high-dose IL-2 alone.
These studies, however, established that reproducible
results, with many of the CRs being durable, could be
obtained for metastatic human cancer using an immunotherapeutic strategy.
From the perspective of the year 2002, the studies of
IL-2, LAK cells, and TILs in the 1980s had a number of
defects. The molecular structure of IL-2 receptors
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was not yet known, leading to the use of relatively high
doses of IL-2 in infusions and in cultures. Thus, cells
with low- and intermediate-affinity receptors were
activated as well as cells with high-affinity receptors.
The culture methodology was complex and the time of
culture quite long, making the production process
highly intensive. The LAK cells were mostly polyclonal
T cells, with only a small percentage of cells with the
natural killer (NK) cell phenotype.
However, interest in NK cells has recently been revived,
with new understanding of their receptor biology and
their possible role in mediating the graft versus tumour
response.26 With the newly developed technologies for
cell purification and ex vivo expansion, NK cell-based
therapies hold much promise. There are 2 potential
advantages. First, unlike cytotoxic T cells they are not
subject to the requirement of MHC restriction in order
to produce cytotoxicity against tumour cells. Second,
they can provide a source of Fc-γ receptors (CD16). This
may be important especially in conjunction with
monoclonal antibodies such as those already approved
for clinical use, for example, anti-Heu for breast
cancer and anti-CD20 for malignant lymphoma, which
may require interaction between the Fc portion of the
antibody and Fc-γ receptors to accomplish antibodydependent cellular cytotoxicity (ADCC). Recently the
allogeneic cell line NK-92 has entered phase I trials in
Europe and the USA.
The autolymphocyte therapy (ALT) approach described
below may also provide a supply of Fc-γ receptors, as
the cell culture product using the ALT method is relatively rich in NK cells, which can be selected and expanded in an ex vivo system. Thus, although LAK cells
are no longer used, many important lessons were learned
that are likely to find applications in the future.

Vaccines Primed Ex Vivo Expanded T Cells
Another approach to developing a more powerful
response to vaccination is to collect lymphocytes after
in vivo activation by vaccine and to culture the
lymphocytes using the mitogenic monoclonal antibody
to CD3. CD3 forms a complex with the T cell receptor,
and the antibody in the complement-free laboratory
system activates the T cell receptor, but without cell
lysis. It is then possible to use IL-2 to stimulate T cell
proliferation. This ex vivo expansion procedure can
generate large numbers of T cells that can be re-infused
into patients for antitumour cytotoxicity and to enhance
endogenous immune responses.
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Preclinical studies showed that this combination of
vaccine priming and the ex vivo expansion of lymphocytes from draining lymph nodes27 and blood 28 is a
feasible strategy, resulting in immune tumour rejection in the majority of treated animals. In phase I/II
studies this strategy has been used to treat patients
with end-stage refractory malignant glioma, with 2/9
durable long-term complete remissions reported.29,30
The treatments were well tolerated with no long-term
side effects.

Autolymphocyte Therapy
The term ALT refers to an adoptive cellular transfer
strategy based on the ex vivo activation of memory T
cells. The assumption is that because patients with metastatic cancer have been previously exposed to tumour
antigens, memory T cells exist which can be collected
and activated ex vivo. This results in autologous
cytokines that can be used to activate other T cells. The
method is simpler than it sounds and basically consists
of 2 cell collections using a cell separator and 2 cell
cultures. The supernatant from the first culture, which
contains the desired cytokines, is used to activate the
second cohort of T cells.
ALT has been studied extensively in renal cell carcinoma. In a phase II clinical trial, Krane et al showed a
delayed progression of disease in 33% of patients with
metastatic renal cell carcinoma.31 The 1-year survival
was 56% and 2-year survival 36% in a group of
patients with a poor prognosis. In a multicentre phase
III study, ALT plus cimetidine (which decreases suppressor T cell activity) was compared with cimetidine
alone.32 Initial results showed a survival of 21 months
for patients receiving ALT plus cimetidine compared
with 8.5 months for cimetidine alone. Updated results
continued to show a survival advantage for the patients
who received ALT plus cimetidine. These results led to
the use of ALT in the clinical practice setting in Boston,
Atlanta, and Orange County, California, USA, with
continued reports of favourable results.33,34 Patients
tolerated the treatment well with virtually no side
effects apart from fever at the time of re-infusion of
activated T cells.

Epstein-Barr Virus-associated Malignancies
EBV plays an important role in a number of human
cancers, including Burkitt lymphoma, Hodgkin’s disease,
nasopharyngeal carcinoma, and others. EBV-associated
lymphoproliferative disease (EBV-LPD) can be particularly devastating for immunocompromised patients.
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Successful prevention and treatment of EBV-LPD,
particularly in the post-transplant setting, is a major triumph of cellular immunotherapy.

EBV-LPD compared with 6 of 52 controls or 11% (p <
0.03).36 This is the first report of successful cellular
prophylaxis of a human malignancy.

The incidence of EBV-LPD following stem cell transplants is correlated with the degree of immunosuppression.
The highest incidence is found in patients receiving
partially mismatched related transplants, and those
receiving matched unrelated donor transplants. This
is particularly evident when T cell depletion is used,
and the lowest incidence is among autotransplant
recipients.

Brenner et al also treated 4 patients with established
EBV-LPD using virus specific CTLs.36 Three of the
patients attained complete remission. The cause of
failure in the fourth patient due to a mutation in the
virus was also elucidated.40 These pioneering studies
brought forward many insights and showed new
directions in developmental cellular therapeutics,
with possible future applications for other types of EBVassociated malignancies.

Conventional therapy for EBV-LPD is generally
ineffective. In 1994, Papadopoulos et al from the
Memorial Sloan Kettering Cancer Center in the USA,
reported on the use of unmanipulated donor T cells to
treat 5 patients with EBV-LPD.35 These researchers
based their treatment on the assumption that the donor
T cell population would contain EBV specific T cells,
although the number of such cells would be very small.
All 5 patients responded but 3 of the patients developed
graft-versus-host disease (GVHD) and 2 patients died
from respiratory failure. This report demonstrated that
even a small number of specific T cells could undergo
large-scale in vivo expansion in a suitable setting.
However, the price to be paid in terms of GVHDrelated morbidity and mortality is too high for the
use of non-selected donor T cells to be recommended.
This remains a concern for applications involving
allogeneic T cells in general.
Brenner et al, Heslop et al, and Rooney et al undertook
an extensive programme of targeted adoptive cellular
immunotherapy using virus specific cytotoxic T
lymphocytes (CTLs).36-39 These researchers established
EBV-specific CTL cell lines from more than 120 healthy
donors. The CTLs were infused into patients poststem cell transplant for the prevention of EBV-LPD.
An interesting feature of this phase I study was that,
instead of the originally planned dose escalation, dose
modification with progressively decreasing cell dose
was eventually performed due to the discovery that a
single dose of 2 x 107 cells was effective. This again
showed that a minute dose of T cells could be expanded
in vivo for a major increase in host immunity, and
that the maximum tolerated dose (MTD) paradigm may
not necessarily apply to cancer immunotherapy. None
of the 54 patients who received the CTLs developed
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Allogeneic T Cells as Cancer Immunotherapy
The use of allogeneic T cells to evoke a powerful graftversus-tumour response has now become a routine
practice for most stem cell transplant teams. This
can take the form of non-myeloablative transplants
(‘mini transplants’) or as donor lymphocyte infusions
(DLI) in patients who relapse after conventional
bone marrow transplantation for haematological
malignancies.41-43
These graft-versus-tumour responses led to the
development of mini transplants for solid tumours. In
an update of 47 patients with renal cell carcinoma, the
group at the US National Institutes of Health reported
18 partial and 4 complete responses for a total response
rate of 47%.44 Many of the responses occur late, usually
after withdrawal of cyclosporin or other treatment for
GVHD; and typically only after T cell chimerism has
transitioned from mixed to predominantly donor (usually
6 months or longer).

CONCLUSIONS
This paper is an introductory review of a large field. To
the busy clinical oncologist, cancer immunotherapy may
at first appear unfamiliar. However, just as the main
body of biology, having focused for half a century on
the gene has gradually moved on from genomics to
proteomics, so recently a new term ‘cellomics’ was
coined to describe a renewed focus on the living cell.
The key to the understanding of cancer immunotherapy
may be stated simply: “Which cell?”
Despite an apparently complex nomenclature, essentially only 2 types of cells are involved: cancer cells
and lymphocytes. Cancer cells are the invader cells and
lymphocytes are the defender cells. These 2 cell types
are the protagonists in the drama of cancer therapy.
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By utilising the invader cells as the source of antigens,
and by developing different sub-populations of the
defender cells, normal in vivo constraints may be
circumvented. The engineering of these immune cells
may be achieved through innovation in the collection,
selection, and culture in precisely regulated laboratory
systems. Desirable characteristics may be enhanced in
the laboratory and such enhanced cells may be returned
to the patient, not only as a passive treatment, but also
as an active immunisation strategy.
The old paradigm of the MTD and defining dose by
toxicity is increasingly being questioned in the new
era of cancer treatment, which is based on the precise
understanding of cellular mechanisms. Similarly,
the classical developmental therapeutic model of incremental ‘cell kill’ is being supplemented by new models
based on the host defence repertoire of immune cells.
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