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Abstract The development of cancer vaccines has been
one of the several false dawns in which initial promising
Phase I and Phase II clinical data have not been fol-
lowed up with conclusive Phase III trials. In this review,
we describe some of the successes and failures, and re-
view the most likely reasons for Phase III failure, such as
protocol changes, which are common between Phase 11
and III, and poorly defined patient groups. Nevertheless,
significant survival results have been reported with
autologous vaccines for colorectal, renal and, more re-
cently, prostate cancer. In addition, it is becoming evi-
dent that immunotherapy is potentially synergistic with
other treatment modalities, such as chemotherapy,
which can reduce T-regulatory activity that inhibits the
immune response to cancer vaccines. This potential for
synergy should allow cancer vaccines to become part
of the standard treatment regimen for many common
tumours.
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Introduction

The concept that the immune system can be harnessed to
reject cancer cells has been speculated upon throughout
history. The first scientific documentation of an attempt
to induce tumour regression was performed by William
Coley, a New York surgeon, at the turn of the last
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century (1900s) who noticed regression of a cheek sar-
coma which recurred following excision and which only
regressed when the wound became infected with ery-
sipelas (Streptococus pyogenes) [1]. Every time the pa-
tient expressed a severe fever the tumour regressed until
it disappeared completely. The patient was still in com-
plete remission 7 years later. Suspecting the cause of the
regression to be infection he deliberately infected tu-
mours, which eventually proved fatal, with the patient
dying of septicaemia. He produced a ‘vaccine’ contain-
ing two killed bacteria, namely S. pyogenes and Serrelia
marcescens, with which he was able to induce a fever
without a live infection. His first case was a success; an
inoperable abdominal sarcoma involving the bladder
and pelvis completely regressed and remained clear for
26 years when the patient died of a heart attack. Coley
went on to treat hundreds of patients and was to doc-
ument crucial characteristics of the response to vaccine
and survival. He noted that a ‘fever’ in response to the
vaccine was essential, injections had to be given daily
and doses had to be escalated to prevent tolerance.
Furthermore, he suggested that the effect was most
pronounced when injected into the tumour or metastatic
tissue whenever possible.

Beyond Coley’s toxins

Although these guidelines were quite specific, other
groups claimed that the ‘toxin’, or Coley’s toxin as it
became known, was ineffective. Consequently, these
findings fell into disrepute and it is only in recent years
that a renaissance in immunology has once again
brought these studies to the fore. Most particularly, the
discovery of the pathogen-associated molecular pattern
(PAMP) families [2], typified by Toll-like receptors
(TLRs), has shown that interaction of the innate im-
mune system with pathogens can lead to stimulation of
the adaptive immune system. Indeed, it is widely be-
lieved that such interactions can explain the immuno-
logical activity of many modern adjuvants commonly
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used in immunotherapy. It is believed that their mech-
anism of action is to induce a cytokine cascade after
ligation of a TLR. This is exemplified by Bacille Cal-
mette-Guerin (BCG), which is used in the treatment of
bladder cancer directly as a live organism and also has
been used as an adjuvant.

Vaccines were first used to induce an adaptive im-
mune response at the turn of the last century when large
numbers of autologous and allogeneic tumour cells were
administered at 14-day intervals. Clinical benefit from
this approach was first reported by Coca et al. [3, 4].
Progress from 1970s onwards has been rapid and many
tumour vaccines have been developed for cancer, most
of them using tumour antigens derived from melanoma
(either from cell lines or cell lysate) combined with an
immune stimulant, such as BCG.

Correlations between clinical responses, survival and
immune responses have been reported using a number of
approaches. These include gangliosides supplemented
with BCG [5] and allogeneic whole cell vaccines [6], both
of which strongly suggest that an effective immune re-
sponse can target tumour-specific antigens (TSAs). This
was first demonstrated in animal models by Globerson
and Feldman [7] and Robert Baldwin [§].

However, it is becoming clear that adaptive immune
responses to single TSAs may not be completely effective
and thus raises the issue of single antigens versus poly-
valent vaccines. There is substantial evidence to suggest
that an effective immune response can result in down-
regulation of the antigen by the tumour. The most likely
explanation for this is “immune-editing”, as described
by Dunn et al. [9], which proposes that the genetic
instability of tumours may lead to mutations that can
avoid immune surveillance. Consequently, in spite of a
trend towards reductionism of important dominant
single epitopes, most recent trials use several such epi-
topes simultaneously.

Why do Phase Il trials go wrong?

The history of cancer vaccines is one of the encouraging
Phase II trials followed by poor Phase III studies. There
may be several explanations for the differences between
Phase II and Phase III, including differences in manu-
facture, scale up and lack of control in administration.
Phase II trials are often “open label” and have a tight
control of patient selection. Phase III tend to be double
blinded and have a wide patient population, which is less
tightly regulated. Thus, it is common that Phase II pa-
tients have been serendipitously selected for a popula-
tion most likely to respond, without actually knowing
the reason. Therefore, in Phase II trials it would be
sensible to identify markers which may help in the pa-
tient selection of the optimal group in which Phase III
studies could be carried out.

The ganglioside vaccine developed by Livingston
et al. [5] showed a prolonged disease-free survival when
given with BCG versus BCG alone. However, this was

only significant when patients with elevated anti-GM2
antibody levels pre-study were excluded. A large
randomised study of this vaccine against high-dose
interferon failed to show any benefit. Furthermore,
analysis of these trials reveals two major changes, the
first being that low-dose Cyclophosphamide was used
prior to vaccination in the first trial but not in the second
and that, perhaps more importantly, the adjuvant had
been changed from BCG to QS-21. It is likely that this
fundamental change of protocol had direct impact on
the function of the vaccine. BCG boosts cell-mediated
Tyl immune responses, characterised by I1L-2 and IFNy,
whereas QS-21 induces both a Tyl and a strong Ty2
response, characterised by IL-4, IL-6 and IL-10. A
dominant Ty2 response is usually associated with dis-
ease progression.

There are many such examples in a number of clinical
settings where Phase III failure following Phase II suc-
cess has occurred, for instance, pemtumomab antibody
for ovarian cancer [10] and Stn-KLH vaccine for breast
cancer [11, 12], both failed to show response in Phase II1
trials. A more recent example is that of the polyvalent
whole cell-based vaccine developed by Donald Morton,
which demonstrated remarkable 5-year survival figures
in resected stage IV melanoma patients in a large single
institution study [6]. However, a multi-centre, worldwide
randomised study was stopped because the monitoring
committee could see no likelihood of a significant
divergence of the two arms. Possible reasons for this
unexpected failure include the fact that the placebo arm
still received non-specific stimulation with BCG. An-
other possibility is that the single institution study
treated a selected population, whereas the multi-centre
study had over 80 centres in four continents and may
have recruited a more heterogeneous population. It may
be important to consider variables, such as life style,
diets and supplement, etc., when conducting these
studies at major cancer centres are more likely to give
advice regarding this aspect of management.

If the Phase II data is real, and not artificially se-
lected, then it is likely that the population does need to
be selected, whether for pre-existing immune responses
[5] or for having an immune response to treatment be-
fore beginning Phase III trials. The importance of such
selection has been highlighted by the rapid success and
approval of Herceptin, which enhances survival in 30%
of breast cancer patients with Her-2/neu expression. If
patients are not selected by marker expression then the
activity would not have achieved significance across all
metastatic patients. A similar scenario will surely need to
be considered in the development of novel cancer vac-
cines.

As discussed previously, the innate immune response
has been shown to be important determining the nature
of T-helper responses, in particular, Ty1 cell-mediated
responses or T2 humoral responses. Dogma dictates
that the former is most likely to be beneficial in the
control of solid tumours. However, it is of great interest
that many cancers actively suppress Tyl responses. This



was clearly demonstrated by the reversal of this sup-
pression upon surgical removal of Duke’s A, B and C
colon cancers [13]. This suppression is present in many
other tumour types and poses a major problem in un-
resectable disease in that the immune response to a
cancer is subject to such immune suppression.

We have previously shown that a heat killed Myco-
bacterium vaccae (SRL-172) can induce a Tyl response
in approximately 30% of advanced melanoma patients
and that this appears to correlate with increased survival
[14]. More recently we showed that the addition of low-
dose 1L-2 to SRL-172 can enhance the number of pa-
tients who switched to a Ty1 response and that this also
correlates with clinical responses [15].

Interestingly, during the Phase I/II trial of M. vaccae
one of the ‘melanoma’ patients turned out to be a pri-
mary lung cancer case with cervical and supraclavicular
secondary metastases. After commencement with M.
vaccae she had her lymph nodes irradiated because of
local discomfort. Even though the primary was not
irradiated, there was regression in the primary tumour,
suggesting that radiotherapy (RT) had induced an im-
mune response in the presence of M. vaccae. Conse-
quently, M. vaccae was tested in lung cancer (both small
cell and non-small cell) in the hope that there may be
synergy with standard chemotherapy regimens. A 29%
increase in survival was seen in patients given SRL-172
with chemotherapy, as opposed to chemotherapy alone
in patients with non-small cell lung carcinoma [16]. A
large multi-centre randomised trial failed to confirm this
benefit, although it did detect a significant improvement
in quality of life and chemotherapy side effects on the
SRL-172 arm [17, 18].

This is, therefore, another example of a Phase III trial
not replicating earlier results. However, there were
important differences in the conduct of the studies. Only
46% of patients randomised to SRL-172 received the
scheduled number of doses in the treatment phase and
63% did not receive any in the follow-up phase. More-
over, less than half the injections were given intrader-
mally, as per protocol, and were more usually given
subcutaneously. This fundamental difference may ex-
plain why there was no significant immune exposure and
hence response.

The lessons from these trials raise two main issues;
can protocols be designed in such a way as to minimise
variability and can biomarkers be used to identify
potentially responding patients?

Proof of principle

In spite of the depressing Phase III results to date it
should not be forgotten that there are two significantly
positive Phase III randomised cancer vaccine trials; one
for renal cancer, and the other for colorectal. Both of
these employed autologous vaccines and, hence, are la-
bour intensive procedures as opposed to pharmaceutical
vaccine products. However, it is certainly encouraging
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that such clinical data exists and is highly supportive of
continued effort in the development of therapeutic can-
cer vaccines.

The renal vaccine trial [19] randomised 558 patients
at 55 institutions before nephrectomy. A 5-year hazard
ratio for progression was 1.58 (95% [11.05-2.37]) in
favour of the vaccine group. The colorectal trial [20]
consisted of 254 patients with colon cancer prior to
surgery being randomised to adjuvant vaccine or no
treatment. The 5.3-year median follow-up showed a
44% risk reduction in recurrence in all vaccinated pa-
tients. The data was most significant in stage II patients.
A review of the major areas of cancer vaccine research is
presented in Table 1.

The ideal indication

One method to improve the success of Phase III trials is
to ensure that the target patient group is extremely well
defined. As we have discussed, even slight variations in
clinical presentation can have a devastating effect on
trial outcome. Vaccines as adjuvant therapy are most

Table 1 Major cancer vaccine groups with associated clinical
experience

Type of therapy Example Reference
Non-specific
Adjuvant therapy BCG [15, 34, 35]
1L2
Mycobacterium vaccae
Immune modulation Anti-CTLA4 [36]
Specific
Antibodies Trastuzumab (Herceptin) [37-39]
Cetuximab (Erbitux)
Rituximab (Rituxan)
Anti-idiotype 105AD7 [40]
Recombinant protein CEA [41-44]
MAGE-3
NY-ESO-1
HPV-fusion
Recombinant GM2 ganglioside [5]
ganglioside
Peptide vaccine MART-1 [45-49]
Tyrosinase
NY-ESO-1
K-ras and p53
WTI
Nucleic acids Gp100 plasmid [50-52]
PSMA
Allovectin
Recombinant virus DISC [52-54]
MVA
Adenovirus
Dendritic cells Protein loaded [55-59]

Peptide loaded
Lysate loaded

Virus infected
Transfected
Syngeneic colon
Syngeneic renal
Allogeneic melanoma
Allogeneic prostate

Whole cell vaccines [19, 20, 26, 60]
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likely to be effective in conditions where there is a high
risk of relapse over a given period of time, and, when
this does occur, the rate of disease progression should
not be too rapid. Most cancer vaccines do not usually
induce dramatic tumour reductions. The most likely
patients to benefit are those with totally resected disease
with a high risk of relapse, such as stage III melanoma
or in slowly progressive diseases with minimal tumour
volume. The presence of a good surrogate marker would
be an additional advantage. Given these constraints,
resected renal and colorectal cancers make good candi-
dates. However, as colorectal appears to be more suit-
able in early disease (Duke’s A, B—stage II), these trials,
in the absence of good tumour markers will take longer
than most pharmaceutical companies, let alone small
biotechs, are willing to fund. Although melanoma has
been a favourite tumour for cancer vaccine develop-
ment, there is a strong argument that stage IV disease is
an inappropriate indication due to the unpredictable and
rapid nature of disease progression.

Prostate cancer vaccines

Perhaps a better example is prostate cancer. This has a
more predictable disease progression than most solid
tumours, as well as having an excellent biomarker in the
form of prostate-specific antigen (PSA) [21]. It should be
noted, however, that PSA is not acceptable as a clinical
trial endpoint for regulatory approvals [22], most likely
because of the lack of prospective or retrospective trials
correlating PSA with overall survival. Leaving this aside,
treatment can be commenced on the basis of three or
more successive rises in PSA levels, the logarithm of
which may be used to calculate the PSA velocity
(PSAYV). Treatment may be commenced when hormone-
resistant patients present with a rising PSA as the only
evidence of relapse. This group is now eligible for Taxol-
based chemotherapy; however, most clinicians agree
that a non-toxic approach is more preferable in
asymptomatic patients. Indeed, there is even a strong
argument that treatment of rising PSA before hormonal
therapy could be effective in some patients, thus sparing
them months of hormonal therapy and the resultant
medical castration.

A number of vaccines are in trial in prostate cancer.
Dendreon, which uses autologous dendritic cells (DC),
expanded ex vivo and then pulsed with a prostatic acid
phosphatase (PAP) fusion protein, has been used as a
vaccine. Early studies correlated clinical outcome with
immune response [23] and, very recent results, have
claimed a survival advantage in a placebo controlled,
double blind, randomised study (http://www.dendr-
eon.com). Cellgenesys have employed an allogeneic
whole tumour cell transfected with GM-CSF for the
same indication in two randomised studies. No results
are available at the time of writing.

Onyvax, a private UK company, has developed an
allogeneic whole cell vaccine with no genetic modifica-

tion. After pre-clinical proof of concept [24] and a Phase
I/II study of several cell combinations [25], a candidate
was selected for Phase II studies. The results have re-
cently been published [26] and show that 40% of pa-
tients had a prolonged reduction in the rate of rise of
PSA as well as a median time to progression of
58 weeks. This is considerably longer than other studies
in the same population and randomised studies are now
being planned.

A virus vector-based vaccine by Therion has recently
demonstrated that patients may benefit from vaccine
prior to the development of hormonal resistant disease.
Arlen et al. [27] have reported in a randomised study
that patients who commenced vaccine 6 months prior to
anti-androgen (AA) therapy (which was added in if PSA
progression had occurred by 6 months) had a median
time to treatment failure of 25.9 months compared to
15.9 months for patients who commenced AA before
vaccine was administered [27].

Vaccine plus other modalities

The study of Arlen et al. highlights the potential for
vaccines, and other immunotherapies, to be at least
additive, if not synergistic, with other modalities, such as
RT or chemotherapy. There is a considerable literature
on the potential synergy between RT and different im-
munotherapies including recent reports of synergy with
TLR agonists.

Chemotherapy is often thought to be potentially
detrimental because of its immunosuppressive proper-
ties. However, it is becoming apparent that chemother-
apy may actually have some beneficial properties caused
by the suppression of regulatory T-cell activity, which in
turn depresses the immune response directed against the
“self”” antigens expressed by the cancer. Interestingly, if
these cells are specifically targeted with monoclonal
antibodies against CD25 or CTLA-4, significant au-
toimmunity, such as colitis, has been reported. It is
possible that an optimised optimal chemotherapy regi-
men may be able to suppress this activity without overt
toxicity. Furthermore, the cytotoxic activities of many
chemotherapeutic agents may enhance vaccination
strategies by releasing TSAs from cancer cells and
making them more available to DC for antigen presen-
tation.

Biomarkers as predictors of outcome

The second major method that can be employed to im-
prove Phase III outcomes is the increased use of bio-
markers. The term ‘biomarker’ refers to any biological
marker that reflects disease status but may not neces-
sarily be involved in the disease process itself. These vary
from being highly disease and stage specific, for exam-
ple, PSA, to non-specific parameters of inflammation
that may correlate with an increased risk of a number of



diseases. Examples of these include ischaemic heart
disease and cancer which may employ C-reactive protein
(CRP) [28] as a marker and is associated with increased
coronary artery disease when continually elevated.
Furthermore, there are many good cancer biomarker
candidates which are regularly used by clinicians but
which have not necessarily been validated for clinical
trial use. Well-known examples include a-feto protein
(2FP) and human chorionic gonadotropin (HCG) in
chorionic and testicular cancers [29], CA125 in ovarian
cancers [30], CA19.9 in pancreatic cancer [31], carci-
noma embryonic antigen (CEA) in colorectal cancer [32]
and PSA in prostate cancers [21]. Perhaps the most
indicative of all of the cancer biomarkers is when tu-
mours are caused by translations or fused genes, such as
those seen in chronic myeloid leukaemia. Polymerase
chain reaction (PCR) can be used to identify highly
specific biomarkers, with PCR transcript negativity
confirming total disease elimination [33].

Numbers of potential biomarkers are increasing
exponentially, particularly in the post-genomic or pro-
teomic era. The situation has become further compli-
cated by recent trends to use immune response
biomarkers which may have utility in identifying pa-
tients who are mounting a meaningful clinical response
at an early stage. Clearly, it would be advantageous to
pick out these patients as early as possible and also, to
move non-responding patients onto alternative treat-
ment modalities. Furthermore, accurate biomarkers
could greatly reduce the time needed to assess if a drug
has significant clinical activity in Phase II trials before
progressing to larger, and more costly, Phase III trials.
Current clinical endpoints, as we have discussed, can
lead to the development of long, and prohibitively
expensive, trials. The benefit to patients is obvious, since
clinically efficacious therapies could be identified at an
early stage, thus greatly improving survival since the
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immune suppression that accompanies advanced disease
would be avoided.

Summary: the long trek

Having commenced at least over a century ago, the
quest for a registered cancer vaccine has indeed been a
“long trek”. However, the success of randomized
autologous studies, together with very encouraging
Phase II studies in a variety of tumour types, has given
new grounds for optimism. Defined patient groups and
the ability to combine with other treatment modalities
will lead to greater clinical effectiveness. The use of bi-
omarkers will greatly help to achieve this goal, if used
correctly.

Historically, most biomarkers in clinical use are de-
fined as either being related to the disease process, for
example PSA, or as being involved in the putative
mechanism of vaccine efficacy. Particularly in the latter
case, the evidence for one particular immunological
mechanism being the sole effector function is variable.
Clearly, T-cell immunity is important, however, it re-
mains unclear if this is the only mechanism at play. In-
deed, it seems unlikely that this is so given the variable
MHC expression of tumours and their varying degrees
of immunogenicity.

Therefore, we propose a more empirical approach, in
which no predictions are made as to the nature of the
immune response generated and multiple parameters are
recorded. In this way, “immunological profiles” can be
built up and then correlated with either clinical outcome
or more conventional biomarkers. Hence, the use of large
numbers of biomarkers becomes one of quantity rather
than quality. It is still likely that many of these analytes
are indeed involved in the immune response, but by
removing the relatively narrow range of parameters

Table 2 Over 40 different parameters were recorded at each clinical visit for patients on the Onyvax phase II trial. When combined, these
produced a database which contained 20,000 variables which was then subjected to artificial neural network analysis to identify patterns

associated with clinical responses

Rank Sensitivity analysis
Cohort 1 Cohort 2
1 IFNy (PCR transcript) IL10 (protein)
2 IFNy (protein) IL2 (protein)
3 CD4 Proliferation to LnCaP IL10 (protein)
4 CD8" CD38" (FACS) CD3" CD28™ (FACS)
5 Time in days CD62L" CD28™ (FACS)
6 IL10 (protein) CD4 proliferation to LnCaP
7 CD8 proliferation to PHA CD8™ CD38 (FACS)
8 CD62L" CD28™ (FACS) CDS8 proliferation to PHA
9 CD4 Proliferation to PHA TNFa (protein)
10 CD4™ CD38" (FACS) CDS proliferation to LnCaP
11 IL10 (PCR transcript) IFNy (PCR transcript)

Variables were then ranked in order of importance using sensitivity analysis for Cohort 1 (non-metastatic) and Cohort 2 (metastatic).
Clear differences in the nature of the immune response mounted by both groups can be seen, with cohort 1 being more “TH1-like” and
cohort 2 showing a “Ty2-like” profile. These data demonstrate that, despite the fact that both groups contained clinical responders, the

nature of the immunological response was different between them
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normally collected, we ensure that almost all immuno-
logical mechanisms are measured. It is unlikely that any
one single analyte will show perfect correlation with
clinical response, but, when used in combination with a
large number of variables, patterns begin to emerge.

A good example of how immunological parameters
may be employed as biomarkers comes from the Onyvax
whole cell vaccine Phase II trial. A large amount of data
was collected using a variety of multi-parametric tech-
niques. Both PSA and time to disease progression are
useful clinical indicators, and both of these were corre-
lated with each recorded variable in turn. No significant
trends could be discovered. Therefore, artificial neural
network (ANN) analysis was employed and clear dis-
crimination between responding and non-responding
patients was achieved (Table 2). These patterns were not
immediately apparent using classical statistical analysis
[26]. A further advantage of this approach is that ANNs
may be used predictively by assessing the patient’s
“immune profile” to conduct a risk assessment for the
patient before any treatment is administered. This may
be precisely what is required to increase the efficiency of
patient group selection before the onset of advanced
clinical trials.

Future chances of success will be enhanced by having
an optimal vaccine candidate, in the optimal patient
population, which has been screened with the optimal
set of biomarkers. Antigen presentation can be enhanced
by a number of new approaches including adjuvants and
TLR agonists. The immune response can be increased
using treatments known to reduce regulatory T-cell
activity. These include some chemotherapeutic agents
and antibodies to CTLA-4 and IL2. Most importantly,
immunotherapies, including cancer vaccines, would ap-
pear to work better, or in synergy with, other treat-
ments. It is thus now more likely that a cancer vaccine
will become part of the standard treatment for cancer.
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