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Summary Advanced colorectal cancer is a common disease
with an high mortality rate. For four decades, pharmacolog-
ical treatment of the advanced disease was based on the use
of 5-fluorouracil alone or in combination with biomodula-
tors such as folinic acid and intereferon alpha. In the last 5
years, response to therapy has been considerably ameliorated
thanks to the discovery of new drugs such as oxaliplatin and
CPT-11. These agents, in combination with 5-fluorouracil,
according to various schedules of treatment, have reached a
significant improvement of palliation, response rate and sur-
vival. Immunotherapy is an uprising modality of treatment
for human cancer including colorectal carcinoma. Its ratio-
nale is based on the knowledge that tumour cells are geneti-
cally unstable and produce molecular structures which allow
their recognition and destruction by the immune-surveillance
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system. Therefore, humoral as well as cellular compartments
of the immune system can be utilized according to a “pas-
sive” strategy (e.g. monoclonal antibody administration and
adoptive immunotherapy) or an “active” approach, by us-
ing different modalities of vaccine therapy. In this context,
monoclonal antibodies (mAbs) and cancer vaccines are be-
ing tested for the treatment of advanced colorectal cancer.
Due to their genetic instability and extraordinary adaptative
potential, tumour cells may acquire resistance to the immune
effectors and mAbs exactly as they do for cytotoxic drugs.
To improve the results of both immunological and chem-
ical modality of cancer treatment, an increasing number
of authors is starting to combine chemo and immunother-
apy in the attempt to circumvent the limitations of both
strategies.
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This report tries to review the possible rationale of
the chemo-immunotherapy combination, illustrating prelim-
inary results of preclinical and clinical studies.

Key words: immunotherapy . chemo-immunotherapy .

colorectal carcinoma

Conventional treatment of colorectal carcinoma

Colorectal carcinoma is the second most frequent cause of
cancer-related deaths in Western countries. It affects about
one million people every year throughout the world, 500,000
of whom die as a result of its complications. Although the
disease is diagnosed in a stage formally classified as loco-
regional phase (stage II–III) in 70–80% of cases, many of
these patients are already affected by micrometastases. This
means that, even after radical surgery, more than one-third of
patients experiences tumor recurrence that leads to a wors-
ening in their clinical condition and to a highly compromised
prognostic picture [1].

During the last 15 years, a large number of controlled
clinical trials have attempted to reduce relapse rate by
using post-surgical (adjuvant) chemotherapy to eradicate
the minimal residual disease. The majority of these studies
used 5-fluorouracil (5-FU), alone or in combination with
bio-modulators such as folinic acid (FA) or levamisole, in
patients with stage II–III colorectal carcinoma. The results
have clearly demonstrated that the adjuvant chemotherapy
leads to a statistically significant 33% reduction in mortality
only in the high-risk populations of patients with stage III
disease, also showing that 5-FU/FA combination for six
consecutive months is the best drug treatment choice in the
adjuvant setting [2–6]. The mean 5-year survival of stage II
patients was in fact 75%, whereas that of stage III patients
was 25–50%, depending on the number of lymph nodes
involved. The results of more recent studies suggest that
adjuvant chemotherapy may also be useful as a means of
extending the survival of stage II patients with negative
prognostic factors at the time of diagnosis such as: (a) T4
stage; (b) intestinal obstruction or perforation; (c) a poorly
differentiated neoplasm; (d) vascular, lymphatic or neuronal
invasion; (e) microscopic lymph node invasion [2–10].

Until a few years ago, 5-FU (alone or in combination with
bio-modulators) was the only recognised systemic palliative
treatment for patients with metastases, whose mean survival
rarely reached 12 months even in the most optimistic clin-
ical trials [2–6]. However, the efficacy of the treatment of
metastatic colorectal carcinoma has significantly improved
since the advent of poly-chemotherapeutic regimens contain-
ing one of the latest third-generation cytotoxic drugs [2–9].
Both the CPT-11 topoisomerase inhibitor and the platinum
derivative oxaliplatin have been tested along with 5-FU (in

bolus or continuous infusions, or in oral pro-drug form). In
a large number of different administration schedules, these
drug combinations have been found to have a good toxico-
logical profile and extraordinary anti-tumour activity. The
patients undergoing poly-chemotherapy showed a high ob-
jective response rate (35–50%) and a real increase in survival
[2–10]. According to a recent study sponsored by the Na-
tional Cancer Institute, the combination of oxaliplatin with
5-FU and FA administered according to the regimen pro-
posed by de Gramont et al. (FOLFOX-4) proved to have the
best toxicological and efficacy profile. Therefore, this regi-
men is now the first-line reference treatment for metastatic
colorectal carcinoma [9]. In any case, although the efficacy
of these combinations has been confirmed in a large num-
ber of clinical trials, the prognosis of metastatic colorectal
carcinoma is still poor. In fact, a mean patient survival is
of less than 20 months, with very few patients with a sin-
gle metastasis removed by radical surgery (metastasectomy),
alive after 5-year [2–9]. These observations justify the con-
tinuous search for new drugs and, above all, new therapeutic
strategies capable of overcoming drug resistance of tumor
cells.

Immunotherapy and immune responses

It has long been known that the human body is equipped with
an immune-surveillance system that possesses a number of
different tasks, including that of host defence against over-
growth of transformed cells. To this end, the immune system
makes use of a humoral component (antibody production)
and a cellular component which may be antigen specific
(cytotoxic T lymphocytes and delayed hypersensitivity), or
antigen-independent natural immunity (natural killer cells
and macrophages) [11].

Because of their genetic instability, tumour cells undergo
gradual genotypic and phenotypic alterations during disease
progression. This biochemical pattern, that is specifically as-
sociated with malignant phenotype, allows neoplastic cells
to survive in the hostile environment of the host organism,
and resist both chemo- and radiotherapies. However, this oc-
currence that has been always considered an adverse event,
could offer unexpected opportunities. In fact, it is possible
that altered protein structures generated spontaneously or un-
der treatment with antitumor agents, would behave as actual
neo-antigens. If this is the case, these altered molecules could
represent ideal targets for cancer vaccine-activated antigen
specific cytotoxic effector cells of host’s immune system
[12].

In line with this hypothesis, it must be pointed out
that tumour cells synthesise fetal antigens such as carcino-
embryonal antigen (CEA) [13] and mutated functional struc-
tures such as p53 and K-ras. In addition, malignant cells
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could simply overexpress functional structures, such as
growth factor receptors (EGFR), adhesion molecules (EP-
CAM-17.A), enzymes (including thymidylate synthases)
and/or the proteins responsible for pleiotropic drug resis-
tance (PgP, MRPs and LRP), whose levels are extremely low
in their normal counterparts [12, 13]. Under such conditions,
these molecular structures can be considered actual tumour-
associated antigens (TAAs) insofar as they are mainly or
exclusively produced by tumour cells and recognised as non-
self by the immune system [14].

The first attempts to treat colon carcinoma by means of
immunotherapy were made in the early 1980s by infus-
ing monoclonal antibodies against tumour antigens [15–24].
Moreover, non-specific stimulation of host’s immune system
was performed with levamisole, Bacillum Calmette Guerine
(BCG) or inflammatory cytokines such as interferons and
IL-2 with dismaying results [24].

More recently, novel and much more promising ap-
proaches have been introduced in passive and active
immuno-therapies of colorectal carcinoma, as illustrated in
the next paragraphs concerning a brief historical overview
of these therapeutic modalities.

Passive immunotherapy

Immunotherapy is based on the host administration of mon-
oclonal antibodies (mAbs) against membrane antigens ex-
pressed by tumour cells. These mAbs are lethal for target
cells by means of complement activation and/or antibody-
dependent cellular cytotoxicity (ADCC). Additionally, they
may have a direct anti-tumor effect by binding to, and conse-
quently functionally inhibiting, membrane receptors that are
important for the proliferation and survival of tumour cells.

The 20-year history of passive immunotherapeutic ap-
proaches to colon carcinoma began with the use of murine
antibodies that rapidly led to the formation of human anti-
mouse immunoglobulin antibody response (HAMA). These
HAMA were then responsible of interfering severely with
subsequent administration of mouse mAbs.

Despite this, the 17-1A murine mAbs against the epithelial
cellular-adhesion molecule (Ep-CAM) adhesion molecule
(Edrecolomab/Panorex r©) has been successfully used in the
adjuvant treatment of colorectal carcinoma. Various stud-
ies have demonstrated that edrecolomab reduces the risk of
relapse and increases patient survival at the price of an ex-
tremely low level of toxicity [25]. The cytotoxic mechanism
of this mAb is still unknown, although it is suspected that it is
mediated by ADCC along with activation of an anti-idiotypic
network. One particularly interesting observation in these
patients was that edrecolomab is capable of preventing re-
mote metastases but does not protect against the appearance
of loco-regional relapses. This suggested that edrecolomab

may bind and opsonize only circulating tumour cells, thus
facilitating phagocytosis in activated macrophages, granulo-
cytes and, probably, dendritic cells. Two large international
trials explored the role of edrecolomab in stage III colorectal
cancer. The first study (157-001) was conducted on 1839 pa-
tients in North and South America adopting the Mayo Clinic
treatment schedule with or without edrecolomab [26]. The
second trial (157-002) was conducted on 2761 patients in
Europe, New Zeeland, South Africa and Asia and explored
the same schedule of chemotherapy, with or without edre-
colomab, but with a control arm treated with the monoclonal
antibody only [15]. In the first study a modest survival ben-
efit was registered by the addition of edrecolomab, without
differences in DFS [26]. In the 157-002 study no additional
benefit in term of disease free survival (DFS) and overall
survival (OS) was seen in edrecolomab/LV/FU arm. More-
over, OS in the arm treated with edrecolomab alone was
significantly lower than that found in the chemotherapy arm
[15].

Several hypotheses were considered to explain the con-
flicting results. It is recognised that the level of expression of
target antigen on individual tumor cells, the antibody affinity
and the presence of a minimal threshold number of antibod-
ies bound to the target cells, which was dependent on anti-
body affinity, were of major importance for effective lysis
through ADCC [16]. In colon carcinoma, Ep-CAM expres-
sion is found in a high proportion of cases, but the extent of
expression varies substantially in intensity and homogeneity
[17]. The activity of edrecolomab is higher against cells ex-
pressing higher amounts of Ep-CAM [17]. Probably, the low
affinity of edrecolomab together with the high variability
in Ep-CAM expression in colon cancer may partially ex-
plain the conflicting results reported [18]. Alternatively, the
different outcomes in these studies may reflect a different
patient population. Actually, the studies were conducted in
different geographic regions, and population differences in
regulation of immune responses may influence overall re-
sults [18]. Furthermore, differences in OS between the two
studies are probably related to the effect of an imbalance
in treatment for recurrence disease (post-study treatment ef-
fect) [19]. Another phase III study is conducting in North
America and Europe (157-003) with the aim to compare the
overall survival rates for patients treated with edrecolomab vs
surgery alone after curative surgery for stage II colon cancer
[20]. The results are expected in the near future.

Cetuximab (C225) is another mAb, currently being
tested in colorectal carcinoma. It is a humanised chimeric
G1 immunoglobulin recognizing the extracellular binding
domain of the epidermal growth factor (EGF) receptor
(EGFR/HERB-1). This receptor is a trans-membrane gly-
coprotein that is involved in signalling pathways affecting
cellular growth, differentiation, proliferation and apoptosis
[21]. EGFR/HERB-1 is overexpressed on the plasma mem-
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brane of numerous epithelial neoplasms, including colorectal
cancers. Furthermore, EGFR/HERB-1 seems to have an im-
portant role in the pathogenesis of CRC and its expression
appears to be associated with poor survival and increased risk
of invasion and metastasis [22]. It has been demonstrated that
cetuximab inhibits the growth of CRC cell lines both in vitro
and in vivo [23]. Binding of cetuximab to EGFR/HERB-
1 inhibits the activation of receptor-associated intracellular
thyrosine-kinase activity and consequently the proliferation
of neoplastic cells. It is believed that the cellular mechanism
of action of cetuximab is related to the inhibition of cell cycle
progression, increased apoptosis, inhibition of angiogenesis,
and a possibly amplification of the antineoplastic cytotoxic
effects of chemotherapy [24].

Moreover, this antibody was found to enhance the
antitumor effect of irinotecan in CRC cell lines in vitro and
in mice xenograft models [27, 28]. In Phase I/II studies,
cetuximab showed a good toxicity profile since the most
frequent side effects were limited to skin rash, asthenia,
fever, nausea, elevation in aminotranferases. Anaphylactoid
or anaphylactic reactions occurred in about 2% of patients.
The optimal biologic dose was determined by saturation
of antibody clearance, and confirmed by blocking EGFR
activation and downstream signalling in biopsy specimens
from patients. This dose is reached with 400 mg/m2 (initial
“loading dose”) followed by a weekly maintenance dose of
250 mg/m2 [29]. In 120 patients with metastatic colorectal
cancer (CRC) pretreated with irinotecan-containing regi-
mens, cetuximab in combination with irinotecan showed a
response rate and a disease control rate of 19% and 46%,
respectively [30]. Three different small phase I/II studies
reported preliminary but highly encouraging results with a
response rate between 48% and 74%, and a disease control
rate between 90% and 95% [31–33]. In the BOND trial,
329 patients affected by metastatic CRC overexpressing
EGFR and with progressive disease after irinotecan-based
chemotherapy, were randomised to receive either cetuximab
plus irinotecan at the same dose and schedule on which
they had been progressing or cetuximab as a single agent
[34]. The results of this trial demonstrated a significant
superiority of the combination schedule in terms of response
rate (23% vs 11%), disease control (56% vs 32%), and
median time to progression (TTP) (4.1 vs 1.5 months). In
this study the median overall survival curves (8.6 vs 6.9
months) demonstrated only a trend in favour of combination
schedule, without a real statistical significance. It was proba-
bly because OS was a secondary endpoint and the study was
underpowered for it; furthermore cross-over was accepted.
Both response and survival were higher in patients who
presented skin rash, but there was no correlation between the
percentage of EGFR-expressing cells or staining intensity
and outcome. All these data indicate that cetuximab is
able to overcome irinotecan resistance. Furthermore, the

combination of cetuximab and the FOLFOX-4 schedule
is currently being evaluated in the first-line setting and
adjuvant chemo-immunotherapy studies using monoclonal
antibodies are under investigation [35].

In recent years, another class of mAbs directed against
components of tumor-associated neo-angiogenesis [36] pro-
cess entered the antitumor armamentarium. Among them,
the humanized mAb bevacizumab (AvastinTM ) has been uti-
lized in clinical trials on the basis of its suppressive activity
on vascular endothelial growth factor (VEGF) [37]. Beva-
cizumab is a humanized variant of a murine anti-human
monoclonal antibody that in preclinical study showed the
ability to block VEGF. The rational bases of the use of this
antibody stem from the biological role of VEGF, a diffusible
glycoprotein produced by normal and neoplastic cells, which
is a key agent for tumor associated neo-angiogenesis [36].
Bevacizumab has shown the ability to inhibit the growth
of human tumor xenografts and has been tested alone or
combined with different cytotoxic drugs in several Phase I–
II clinical trials in colorectal carcinoma patients [38]. The
results of these trials have been conflicting and sometime
disappointing [39]. Nevertheless, a small trial involving pa-
tients who had received no treatment for advanced colorectal
carcinoma, showed that the addition of bevacizumab to 5-
FU + leucovorin (FL) increased the response rate from 17
to 40% [40]. As expected, this finding promoted the clin-
ical experimentation of the antibody in combination with
cytotoxic drugs. Recently, Hurwitz and colleagues [41] con-
ducted a large multicenter randomized trial which involved
813 patients with metastatic colorectal carcinoma with no
prior chemotherapy, aimed to compare the effects of combi-
nation of bevacizumab with irinotecan (I) + 5-fluorouracil
(F) + leucovorin (L) (IFL) chemotherapy with placebo +
IFL. The authors reported in the chemoimmunotherapy arm
a significant increase in response rate (44.8 vs 34.8%, P =
0.004), median progression free survival (10.6 vs 6.2 months,
P = 0.001) and above all survival (20.3 vs 15.6 months, P <

0.001). All of the patients who progressed were allowed to
switch the treatment to FOLFOX and continue the treatment
with the mAb. Toxic effects of bevacizumab + IFL were
more pronounced respect to those of chemotherapy alone.
However, they were mainly limited to grade 3 hypertension
(11% of patients) and increased thrombophilia risk. The re-
sults of this study demonstrated the clear superiority of the
combined chemoimmunotherapy treatment over chemother-
apy alone.

The results of this study were so impressive that they
recalled the media attention and promoted a controversial
registration by the Food and Drug Administration of beva-
cizumab. The antibody was indicated in the treatment of
metastatic CRC in combination with the two currently rec-
ommended treatment schedules, i.e. FOLFIRI and FOLFOX.
This is a very controversial point for several reasons: (a) the
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authors of the trial did not produce any direct or indirect
demonstration of biological effects in vivo of bevacizumab;
(b) it was hypothesized that the mAb could increase tu-
mor vessel permeability to the drugs (i.e. 5-FU, FA, and
irinotecan), thus enhancing their bioavailability at the tumor
site. Nowadays, the FL schedule has been substituted by the
two new treatment regimens named FOLFIRI and FOLFOX,
where 5-FU is given as continuous infusion instead of short-
term or bolus infusion. The two treatment schedules have
shown different pharmacokinetics which leads to reduced
side effects and improved anti-tumor activity [42].

Other anti-EGFR antibodies, such as ABX-EGF, EMD
72000, h-R3, bi-specific antibodies, such as M 26.1, MDX-
447, and H 22-EGF, showed a good safety profile and are
now under early clinical investigation [29].

As the number of monoclonal antibodies under clinical
development keeps growing, it is becoming evident that it
will be far more complex to demonstrate clinical benefit with
these agents than with conventional cytotoxic drugs. There
are several obstacles to the use of molecular-targeting agents
in clinical trials. They include patient’s selection, identifi-
cation of appropriate biologically active doses from phase
I studies, treatment schedules, optimal combinations with
chemotherapy, radiotherapy or other molecular targeted ther-
apies. Another difficulty in translating preclinical results to
clinical setting is the limited predictive value of preclinical
models, so that the dose and schedule tested may be sub-
optimal and bulky disease may not be responsive. In this
context, cetuximab may be considered like as a paradigm.
Preliminary data revealed a relationship between intratumor
EGFR expression and drug efficacy. However, several other
studies failed to demonstrate this assumption, because other
factors, i.e. activation of downstream signaling pathways,
presence of other activating growth factors and/or EGFR
mutations, could influence target cell response. In this re-
gard, the development and validation of immunohistochem-
ical methods measuring the activation of EGFR-pathways
with phosphorylation-specific antibodies could be relevant
[29]. Besides, dose selection has been based on toxicity as
well as pharmacokinetic parameters, such as plasma concen-
trations above a biologically relevant level or saturation of
clearance, which suggests a complete occupancy of drug-
binding sites. Preclinical studies showed a linear relation-
ship between inhibition of the receptor mediated signaling
pathways and antitumor activity [29]. To determine the bio-
logically relevant dose, tumor could be sampled with biopsy
before and after treatment, but generally it is very difficult to
obtain sequential tumor tissues specimens. With the aim to
overcome this problem, investigators have used normal skin
to develop pharmacodynamic surrogate markers of EGFR
inhibition. This approach has two relevant limits: there is not
necessarily a similar relationship between EGFR inhibition
in epidermis and cancer tissues, and the downstream effects

of EGFR inhibition could be molecularly different in the
tumor [43]. Furthermore, it is important to establish the ac-
tivity of these cytostatic compounds in phase II/III trials, also
including functional imaging techniques, such as MRI and
PET, and/or surrogate biomarkers, such as EGFR inhibition
in the skin, which are all under investigation.

Active immunotherapy

Specific active immunotherapy or vaccine-therapy is
founded on Jensen’s principle that the administration of par-
ticular biological agents (vaccines) stimulates an immune
response in the host. This antigen-elicited immunity may
be non-specific, or specifically directed against particular
molecular structure(s) [target antigen(s)],

The hypothesis underlying active immunotherapy in can-
cer treatment is that an efficient immune response against
neoplastic cells cannot be initiated by malignant cells alone.
In fact, the response must be properly strengthened by one
of the various vaccination strategies currently available, so
that target cells could be recognised and killed by effec-
tor lymphocytes (cytotoxic T lymphocytes). Thereafter, the
consequent release of antigens from dying tumour cells, al-
lows the anti-tumour immune reaction to become sufficiently
self-sustaining and self-potentiating as to provide prolonged
systemic anti-tumour protection.

Unlike antibodies, which recognise epitopic segments
inside whole antigenic molecules, activated effector lym-
phocytes and their precursors use membrane receptors (T
cell receptors: TCRs) to recognise antigenic structures, such
as small peptide epitopes. These peptides, generated from
proteasome-dependent intracellular proteolysis, are bound
to class I (8–9 aminoacids recognized mainly by CD8+ ef-
fector lymphocytes) or to class II (higher and more variable
number of aminoacids, mainly recognized by CD4+ effec-
tor lymphocytes) molecules of the major histocompatibil-
ity complex (MHC) present on target cell membrane and
antigen-presenting cells [44, 46]. The surfaces of the ma-
jority of human cells express a number of peptide epitopes
that are bound to human MHC (i.e. HLA) molecules. In case
of malignant cells, HLA-bound non-self peptides derived
from “tumor-associated antigens” (TAA), can be recognised
by activated antigen-specific cytotoxic effector lymphocytes.
This can be demonstrated even though neoplastic cells are
incapable per se to initiate de novo immune responses.

Once the TCR has bound the antigen-specific epitope pre-
sented by MHC, an intracellular signal activates the cytotoxic
capacity of lymphocytes. However, this biochemical event is
not sufficient to start immunocompetent cell proliferation
required for clonal expansion of antigen-specific lympho-
cytes. In order to activate adequate lymphocyte prolifera-
tion processes, a correct TCR/epitope/HLA interaction is not
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sufficient. Actually, a correct lymphocyte/target cell interac-
tion must take place between co-accessory molecules [B7.1
(CD80), B7.2 (CD86), CD40, LFA, ICAM)] present on stim-
ulator cell membrane, and specific counter-receptors (CD28,
CD40L, LFA, etc.) expressed on lymphocyte membranes.
In the absence of this latter interaction, immune lympho-
cytes enter apoptosis, which leads to the progressive exhaus-
tion of the specific clone and consequent antigen-selective
immuno-depression [47]. Tumour cells do not express co-
accessory molecules and are therefore incapable of initi-
ating or amplifying an antigen-specific immune response.
However, co-accessory molecules are present in the hetero-
geneous class of so-called professional antigen-presenting
cells (APCs), which are the only cells capable of initiating
an antigen-specific immune response. These include den-
dritic cells (DCs), B lymphocytes and macrophages, and are
present in lymph nodes, medullary and peripheral blood, in
dermis and sub-mucosa [48–50]. APCs have the unique ca-
pacity of up-taking, incorporating and processing antigens
released by virus-infected cells or tumour cells, and cor-
rectly presenting the HLA/epitope complex to precursors of
effector lymphocytes [47–49].

Various methods can now be used to initiate an in vivo
immune response, some of which are currently being tested
in patients with colorectal carcinoma. The strategically sim-
plest method is the parenteral administration of irradiated
(autologous or allogenic) tumour cells, especially if they are
administered together with immuno-adjuvants such as BCG,
which attract a large number of APCs to the injection site
[51].

The anti-tumour activity of the re-injection of autologous
tumour cells dissolved in OncoVAXTM (a preparation con-
taining tumour cells + BCG), and the toxicity of the vacci-
nation, has already been studied in patients with colorectal
carcinoma by various authors. These studies have shown that
such injections have limited activity in controlling metastatic
disease, but have led to much more interesting results in the
context of adjuvant treatment [52]. Randomised trials (some
carried out in the 1980s) demonstrated an advantage in terms
of 5-year disease-free survival in stage II-III patients given
multiple vaccinations of irradiated autologous tumour cells
+ BCG after surgery, in comparison with survival of patients
treated with surgery alone [52].

Unfortunately, a multi-centre trial sponsored the Eastern
Co-operative Oncology Group (ECOG) failed to confirm
these data and found no difference between its vaccine and
support therapy groups, thus inducing a certain scepticism
towards this therapeutic approach [35]. However, a subse-
quent quality control study of the reagents used in the ECOG
trial showed that a reagent used in about 12% of the patients
failed to pass the quality controls: 15% of these were in the
experimental arm and showed no signs of specific immuni-
sation as revealed by means of delayed skin hypersensitivity

reaction testing (DTH) [52]. Finally, a new meta-analysis
of four prospective randomised trials (immunotherapy vs
control) involving 723 patients in stage II–III after surgery
definitively demonstrated a significant advantage in terms of
recurrence-free intervals and recurrence-free survival (and,
in one study, also overall survival) in stage II patients, who
showed a clear delayed hypersensitivity reaction after treat-
ment (DTH >5 mm) [53].

The main lesson learned from these studies is that, un-
like chemotherapy (which acts directly on neoplastic cells),
specific active immunotherapy provides anti-tumour effects
mediated by the host’s immune system. Consequently, before
evaluating the clinical response, it is necessary to produce
clear and detailed data concerning the characterisation of the
immune response specifically induced by the vaccine at both
cellular and humoral level.

Another point confirmed by these studies is that im-
munotherapy seems to work best under conditions of mini-
mal disease: i.e. when the highly immunosuppressive tumour
mass has been reduced to a minimum and can be more easily
eliminated by an immune reaction. This strategy can cer-
tainly take advantage of the new genetic engineering tech-
niques that can induce tumour cells used for sensitization
to produce cytokines and co-accessory molecules [54, 55].
The same techniques are also utilized for preparing new vac-
cine generations utilizing virosomes or immunogenic viral
infection [56, 57].

A number of studies have already shown that, in order to
obtain an immune response, the antigens contained in, or re-
leased by, tumour cells must be incorporated and processed
by APCs. These “professional” cells committed for antigen
presentation are capable of presenting peptide epitopes or
CD1-restricted non-peptide lipid antigens [58] to lympho-
cyte precursors and thus initiating an immune reaction. This
process is known as cross-priming and is mainly mediated
by the DCs present in peripheral blood [59].

The discovery of this mechanism has induced many re-
searchers to change their approach by replacing the admin-
istration of lysed or irradiated tumour cells with the admin-
istration of ex vivo cultured autologous DCs loaded with tu-
mour antigens. In this case, the source of antigenic material
is represented by tumor-associated proteins, viral or com-
plementary DNA, m-RNA, heat shock proteins, or whole
tumour cell lysates [60].

Heat shock proteins (HSPs) are a heterogeneous family
of proteins that share the common characteristic of being
expressed in situations of cell stress (such as that induced
by heat). The most immunogenic are known as gp96, hsp70,
hsp90 and calreticulin [61]. The HSPs in tumour cells are
loaded with epitopic peptides. If dying or decaying tumour
cells release them, the HSPs can be incorporated into DCs
by means of a receptor-mediated mechanism, and thus give
rise to an immune response [62]. The advantage of adminis-
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tering HSPs therefore resides in the fact that these antigenic
peptides are directly delivered to the DCs, thus allowing
poly-epitopic and poly-antigenic immunisation [60].

Immunotherapy for advanced colorectal carcinoma

An even more recent immunotherapeutic approach is re-
lated to the generation of antitumor vaccines against specific
tumour-related or tumour-specific antigens. As mentioned
above, it is now widely accepted that lymphocytes recognise
antigens bound to HLA molecules on the membrane of target
cells. However, this binding is not random but determined by
specific amino acid sequences in the epitopic peptides known
as amino acid consensus motifs. Many of the sequences spe-
cific for the more common HLA haplotypes have already
been published [63]. It is therefore possible to identify and
predict the number of epitopic sequences present in a specific
antigen with a known amino acid sequence [64], and this has
allowed the use of DC exposed to these epitopes ex vivo
in order to stimulate a mono-antigenic lymphocyte response
with both in vitro and in vivo anti-tumour activity [65, 66].

Various immunotherapeutic approaches to colorectal
carcinoma are currently being tested in clinical trials using
CEA-derived immunogenic peptides with or without DCs
[67–71]. Preliminary results have shown that it is possible
to induce an antigen-specific cellular or humoral response,
even if it has not yet been demonstrated that successful
immunisation leads to a clinical benefit or an advantage in
terms of survival.

In line with this approach, a number of experimental pro-
tocols have been developed for the ex vivo generation of
antigen-specific cytotoxic T-lymphocyte (CTL) cell lines di-
rected against the most common tumor-associated antigens
(TAAs, e.g.CEA, PSA, PTH-rP, etc). These CTL lines, that
can be produced from the peripheral blood mononuclear cells
(PBMCs) of both normal and cancer patients, can be rein-
fused in patients with immuno-therapeutic intent [44, 64,
72–74].

The possible clinical applications of
chemo-immunotherapy

As in the case of pharmacological treatments, one of the main
causes of the failure of immunotherapy is the appearance of
effector-resistant tumour cells. Tumour cells can escape a
vaccine-activated immune system because of their reduced
expression of the MHC/peptide complex or of a defect in
antigen processing due to the secretion of APC suppres-
sive factors [75, 76]. Another possibility is that, even if they
are recognised by the immune system, tumour cells can re-
sist the cytotoxic attack by effector lymphocytes [75, 76].

Like drug and radio-resistance, the appearance of immuno-
resistant neoplastic cells depends on their heterogeneity and
the tumour burden [75, 76].

Various preclinical and clinical studies are attempting to
circumvent this problem by combining immunotherapy with
cytoreductive strategies (chemotherapy, radiotherapy and
surgery). The rationale underlying this combination is based
on the fact that, in addition to rapid debulking, chemotherapy
also cause phenotypic alterations in tumour cells that make
them more susceptible to the cytotoxic activity of effector
cells. This phenomenon can be due, at least in part, to changes
of the antigenic/immunogenic profile of malignant cells (i.e.
“drug-induced antigen remodelling”, DIAR). This includes
changes of the expression of antigens already present in can-
cer cells (see below), or induction of novel antigenic speci-
ficities, as demonstrated in the case of triazene compounds
[77]. A number of empirically designed trials involving pa-
tients with colorectal, kidney, pancreas and liver cancers have
already been carried out with the aim of evaluating cytotoxic
treatment combined with biological agents and cytokines
(e.g. IL-2 and IFN-α). However, the results of these stud-
ies appear to be heterogeneous and scarcely reproducible in
terms of objective responses and clinical benefit [78–81].

Over the last ten years, a number of researchers have ex-
amined the possibility of using drugs and biological agents
(Table 1) in order to increase at least the in vitro susceptibil-
ity of tumour cells to the cytotoxic effectors of the immune
system [i.e. CTL, tumor infiltrating lymphocytes (TIL) or
lymphokine-activated killer (LAK) cells] by means of vari-
ous mechanisms of action [82].

For example, our group has reported that briostatin 1 (a bi-
ological agent derived from the bungula neritina sea sponge)
can sensitise breast and colon cancer cells to the cytotoxic
effect of LAK cells by modulating the expression of the ad-
hesion molecules involved in target effector adhesion [83].
It has also been demonstrated that the calcium depletion in-
duced by the calcium antagonist verapamil can sensitise the
same tumour cells to the cytotoxic effect of LAK cells in
vitro by potentiating the lymphocyte-activated cytotoxic hit
[84]. The findings of this last study led to the design of a
phase I clinical trial in which verapamil was administered in
combination with IL-2 (subcutaneously and intravenously)
to patients with various neoplasms including metastatic col-
orectal carcinoma. The results of this investigation provided
evidence that the treatment afforded noticeable effects in
terms of clinical benefit and limited toxicity [85].

Other more recently published studies have demonstrated
the possibility of using sub-lethal doses of cytotoxic drugs
in order to increase the sensitivity of tumour cells to the
lethal effects of TILs, of non-HLA-restricted LAK cells, as
well as of antigen-dependent effector CTL. A first study
showed that cisplatin and VP16 made prostate carcinoma
cells more sensitive to the lytic effects induced by CTLs,
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Table 1. History of The Pharmacological Treatment of Advanced
Colorectal Cancer

Drug Biomodulator or
Drug

Monochemotherapy era (1950–1999):
(Thymidylate synthase inhibition)

5-fluorouracil Alone
Levamisole
Intereferon alpha
Folinic acid

Raltitrexed

Poly-chemotherapy era (2000–2004):
Bolus 5-fluorouracil (IFL) Folinic acid, CPT-11
Infusional 5-fluorouracil (FOLFIRI) Folinic acid, CPT-11
Oral fluoropyrimidines (XELIRI)
5-fluorouracil (FOLFOX) Folinic acid,

Oxaliplatin
Oral fluoropyrimidines (XELOX)

Passive immunotherapy (1999–2002):
Edrecolomab (anti Ep-CAM moAb)
Cetuximab (anti EGF receptor moAb)
Bevacizumab

Active specific immunotherapy (1995–2004):
CEA directed vaccines
Mucine directed vaccines
Co-accessory molecules based vaccine
Autologous cancer cell vaccination

Chemoimmunotherapy (2002–2005):
CPT-11 and 5-fluorouracil/folinic acid Cetuximab
CPT-11 and 5-fluorouracil/folinic acid Bevacizumab
Gemcitabine, oxaliplatin,

5-fluorouracil,
Granulocyte

Folinic acid Macrophage Colony
Stimulating Factor
(GM-CSF)
Interleukin 2

TILs and LAK cells [84]. A second study described similar
results in colon carcinoma cells that become more sensitive to
antigen-specific CTLs after a pharmacological pretreatment
5-FU, CPT-11 and cisplatin [with or without interferon-alpha
(INFα)] [85]. The results of both studies suggested that these
drugs might be able to amplify the intracellular death sig-
nal (FAS/FASL, TRAIL- BCL2/BAX-pathway) activated in
the tumor target cells by the killing machinery (cytokines,
FASL, perphorins extracellular ATP, etc) used by the effector
lymphocytes.

A further example of 5-FU-induced immunosensitisation
comes from an in vitro model of colon and breast cancer
in which both CEA and thymidilate synthase (TS) were se-
lected as CTL target antigens. In this model, 5-FU-based
chemotherapy simultaneously increased the expression of
both antigens and the sensitivity of the tumour cells to the
cytotoxic effects of the CEA- and TS-specific lymphocytes.

This immunosensitising effect was certainly related to the
increased antigen expression insofar as the cytotoxicity was
restricted by HLA molecules and inhibited in antigen compe-
tition assays [88, 89]. This finding was particularly important
because TS is the enzymatic target of 5-FU (the basic drug
for the treatment of colon carcinoma), and its increased ex-
pression in tumour cells leads to resistance to chemotherapy.
One of these studies also demonstrated that activated lym-
phocytes were resistant to 5-FU, which is much more toxic
for target immunocompetent cells during the proliferation
phase of clonal expansion [88]. These results justify the use
of combined chemo- and immunotherapy in the treatment of
colon carcinoma.

It has been hypothesised that the immune system cannot
eradicate tumours since compromised APCs are not capable
of presenting TAA epitopes to CTL precursors, thus suggest-
ing that TAAs may not be immunogenic in vivo [49, 57, 89].
However, it is necessary to point out that, in order to activate
an antigen-specific immune response, any immunotherapeu-
tic agent or approach must take into consideration the role
of APCs (particularly DCs) [47–49, 57, 90]. Tumour tissues
contain necrotic and apoptotic cells for a number of different
reasons [89, 90] especially after the exposure to an effective
chemotherapy treatment. The material of decaying cells and
the apoptotic bodies contain antigens and CTL epitopes. This
material can give rise to an antigen specific immune-response
only if : (a) it is released into lymphatic vessels and the blood
stream, and (b) it is subsequently incorporated into APCs like
DCs. These cells are in fact, able to process these antigens,
and present the derived epitopes to the CTL precursors.

A rationale use of cytokines able to increase the num-
ber and the activity of peripheral DCs in vivo after poly-
chemotherapeutic treatment, could give rise to an antigen-
specific immune reaction with anti-tumour activity. This
mechanism would generate a sort of tumour-specific self-
vaccination with the antigens released by drug-damaged can-
cer cells [47–49, 57, 90].

On the basis of such precise immunobiological and phar-
macological factors, it has therefore been hypothesised that
the combination of “traditional” chemotherapy with im-
munotherapy may be worth exploring in order to improve
the results of both. We have recently designed a phase II trial
to test anti-tumour and immunological activity and toxicity
of a chemo-immunotherapy with gemcitabine, oxaliplatin,
leucovorin and fluorouracil (GOLF) followed by subcuta-
neous GM-CSF and IL-2 in patients with advanced colorectal
carcinoma. Preliminary studies have shown that the GOLF
chemotherapy regimen is well tolerated and active in the
treatment of colon carcinoma. It also induces phenotypical
alterations in tumour cells, with the appearance and/or over-
expression of TAAs that can be recognised by the immune
system. The results of various preclinical studies demon-
strate that it can sensitise tumour cells to the cytolytic effect
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of cytotoxic T-lymphocytes by: (a) increasing the expres-
sion of TAAs such as CEA and TS; (b) interfering with the
anti-apoptotic defence mechanisms of tumour cells. It is also
capable of inducing processes of programmed cell death in
tumour tissues, with the consequent formation of apoptotic
bodies. These bodies are incorporated by APCs such DCs,
monocytes, macrophages and B-lymphocytes, and activate
immunological processes similar to those elicited by the use
of the latest techniques of anti-cancer vaccination. Sequen-
tial combination with GM-CSF (molgramostim) and IL-2
has been proposed in order to potentiate chemotherapy on
the bases of DIAR strategy. It is well known that GM-CSF
plays a role in activating DCs and macrophages, and that IL-
2 is involved in the stimulation of both T- and B-lymphocytes
[93, 94]. Furthermore, the results of a recent study show that
the sequential combination of GM-CSF and IL-2 is active
and well tolerated in cancer patients, even with advanced
disease, including colon carcinoma. Moreover, the biologi-
cal activity of this cytokine combination seems to be an ideal
support for vaccine-therapy protocols. In fact, after only one
treatment cycle, the peripheral blood of the patients showed:
(a) an increased concentration and function of activated DCs
and monocytes; (b) an increased level of memory-T lympho-
cytes and CD4 cells with a cytotoxic phenotype (TH1) [95].

In conclusion, the combination of chemo- and im-
munotherapy may have a dual function. Chemotherapy can
initially cause cytoreduction, over-expression (DIAR) and
release of TAAs, formation of apoptotic bodies, and sen-
sitisation of tumour cells to the cytolytic activity of effec-
tor lymphocytes. Subsequent treatment with cytokines (e.g.
with GM-CSF and IL-2) could stimulate antigen presen-
tation, and expand tumor-specific CTL clones, thus origi-
nating and supporting an immune response with potential
anti-tumour activity. Our GOLF + GM-CSF + IL-2 proto-
col can be considered a good example of this type of ap-
proach. In fact, aims of the trial were: (a) to evaluate the
treatment’s anti-tumour activity in terms of the percentage
of responses and time to disease progression; (b) to evalu-
ate its toxicity on the basis of the onset of adverse events;
and (c) to evaluate its immunobiological activity. The pre-
liminary results in the first 15 patients pointed out that this
regimen provides considerable anti-tumour activity (i.e. a
70% objective response rate) with a time to progression of
more than eight months. Furthermore, the responding pa-
tients showed self-immunisation against CEA, TS and colon
carcinoma cell lysates, demonstrated by means of prolifera-
tive responses of patient’s lymphocytes challenged with these
tumor antigens. Finally, seven patients with an HLA-A2 hap-
lotype showed an increase in lymphocyte precursors spe-
cific for known epitopes of CEA and TS with high receptor
affinity [96].

On the basis of these considerations, we believe that com-
bined chemo- and immunotherapy certainly warrants further

investigation as a means of maximising the anti-tumour ef-
fect of both treatment modalities.
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