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Abstract
Over the last two decades, lymphoma idiotype vaccines 
have been the first human cancer vaccines to show 
striking evidence of biological and clinical efficacy on the 
one hand, as well as clinical benefit on the other. More 
recently, however, three large-scale, independent, ran-
domized clinical trials on idiotypic vaccination have failed 
to achieve their main clinical endpoints for reasons 
likely to depend more on flaws in each clinical trial’s  
study design than on each vaccination strategy per se . 
Independently of these considerations, a major hurdle 
for the development of this substantially innocuous and 
yet potentially very effective type of treatment has been 
the fact that, even to date, no factors ascertainable be-
fore vaccination have been prospectively singled out as 
predictors of subsequently vaccine-induced, idiotype-
specific immune as well as clinical responses. The aim 
of this review article is precisely to analyze what has 

been and what could be done in this respect in order to 
give a greater chance of success to future trials aimed 
at regulatory approval of idiotype vaccines.

© 2011 Baishideng. All rights reserved.

Key words: Clinical outcome; Clinical trial; Idiotype; Im-
mune response; Lymphoma; Vaccine

Peer reviewer: Charles H Lawrie, DPhil, University Research 
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9DU, United Kingdom

Inoges S, Lopez-Diaz de Cerio A, Villanueva H, Pastor F, Soria 
E, Bendandi M. Idiotype vaccines for lymphoma: Potential fac-
tors predicting the induction of immune responses. World J Clin 
Oncol 2011; 2(6): 237-244  Available from: URL: http://www.
wjgnet.com/2218-4333/full/v2/i6/237.htm  DOI: http://dx.doi.
org/10.5306/wjco.v2.i6.237

THE IDIOTYPE
The term idiotype refers to the entire collection of  anti-
genic determinants called idiotopes, which are displayed 
on an individual immunoglobulin molecule. Idiotopes can 
be found solely in the hypervariable regions of  the im-
munoglobulin variable domain, are somatically generated 
and are recognized as foreign because the limited amount 
of  them normally present in an individual is intrinsically 
insufficient to elicit the activation of  any self-tolerance 
mechanism[1]. Although it seems plausible that most 
immunologically relevant idiotopes should structurally 
encompass, completely or in part, the complementarity-
determining regions of  the immunoglobulin’s variable 
regions[2], it is important to stress that the two terms are 
not synonymous, insofar as the former are involved in 
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the definition of  the antigenic properties of  the immu-
noglobulin, while the latter take part in the definition of  
its specificity as an antibody (Figure 1). In this respect, 
idiotopes are more thoroughly classified in two catego-
ries, that is, public and private idiotopes. The former are 
largely derived from the immunoglobulin’s framework 
region sequences, whereas the latter mostly arise from the 
unique immunoglobulin’s complementarity-determining 
region sequences. The implications of  this different lo-
calization are extremely important, particularly when we 
consider the whole immunoglobulin no longer in func-
tional terms, that is as an antibody, but rather as an im-
munological target itself, that is as a collection of  antigens 
in the context of  a cancer vaccine-induced, anti-idiotypic 
immune activation. In particular, only humoral responses 
against the private idiotopes will have value for tumor 
suppression, since other antibodies, if  at all raised, will be 
absorbed by the serum immunoglobulins. Similarly, only 
private idiotopes will ultimately function as a collection 
of  clonal markers for each tumor[3]. Since each immuno-
globulin features its own idiotype and identical idiotypes 
define identical immunoglobulins, the clonal idiotype of  a 
B-cell malignancy can serve as a complete, tumor-specific 
antigen for vaccine therapy, as long as the tumor cells 
express it intact as their functional B-cell receptor on the 
cell membrane and in the form of  idiotopes associated 
with the HLA molecules for epitope presentation[4].

IDIOTYPE PRODUCTION METHODS
Although a number of  different procedures are currently 
employed to reproduce the clonal, patient- and tumor-
specific idiotype in the lab, most of  them are based on 
one of  the following general methods: large scale culture 
of  hybridomas, recombinant technology and DNA vac-
cines. While this last option aims at generating a vaccine 
based on the idiotype-encoding DNA sequence, and has 
so far found little application in human clinical trials[5], 
the first two methods aim at reproducing the soluble 
protein idiotype, which is subsequently integrated in 
the vaccine formulation, as has been the case in several 
phase-Ⅰ, -Ⅱ and -Ⅲ clinical studies[6]. It goes without 
saying that DNA vaccines imply the generation of  the 
idiotype by the patient himself, as some of  his somatic 
cells are transfected through the administration of  the 
DNA sequences encoding only for the idiotype. In con-
trast, the ultimate product of  hybridoma methodology or 
recombinant technology applications is a whole, idiotype-
containing immunoglobulin. Given the specific topic of  
this review, only studies conducted with soluble protein, 
whole-immunoglobulin idiotype vaccines will be ana-
lyzed, as no clinical trial on idiotype DNA vaccines or on 
soluble idiotype fragments would allow any conclusions 
to be drawn on the role of  potential factors predicting 
the induction of  specific immune responses because of  
the very limited number of  patients enrolled[7,8].

Most, if  not all idiotype vaccine-related achievements 
in terms of  proofs of  principle have been achieved using 

idiotype-containing, clonal immunoglobulins obtained 
through hybridoma-based methodology[9,10]. Among the 
growing hybridomas, one is ultimately selected according 
to a number of  morphological, genetic, immunological 
and quantitative features. In particular, this hybridoma 
should grow relatively rapidly, possess an idiotype mo-
lecular fingerprint fully overlapping with that of  the 
corresponding tumor cell[11], and also secrete a sufficient 
amount of  the tumor-specific immunoglobulin to guar-
antee enough material for all vaccine doses, as well as for 
the post-vaccine immunological tests[12]. It is intuitive that 
this methodology, as valuable as it has been from a scien-
tific point of  view, can often be time-consuming, logisti-
cally demanding, and overall very expensive[6].

A viable methodological alternative to hybridomas is 
represented by recombinant technology aiming at a mo-
lecular rescue of  the idiotype, which involves polymerase 
chain reaction-based amplification and cloning of  the 
genes encoding for the tumor-specific immunoglobulin 
variable regions, followed by their ligation into plasmid 
or viral vectors for protein expression in mammalian (e.g. 
murine lymphoma), insect (e.g. sf9), bacterial (e.g. Esch-
erichia coli) or plant (e.g. tobacco) cells[13]. Depending on 
the specific method utilized, the ultimate recombinant, 
custom-made idiotype can still be embedded into a full-
length tetrameric immunoglobulin in which a common 
heavy chain backbone may consist of  either a human 
IgG3 or IgG1 scaffold. All in all, it is important to note 
that when hybridoma methodology is employed, the 
whole immunoglobulin obtained is virtually identical, at 
least in terms of  amino acid sequence, to that featured by 
the original tumor, while when recombinant technology 
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Figure 1  Schematic representation of a monomeric immunoglobulin. Idio-
topes are scattered throughout the heavy and light chains’ variable regions. Fw: 
Framework region; CDR: Complementarity-determining region.



is utilized this can be said only for the idiotype itself, as 
the heavy chains differ quite substantially.

THE MAIN IDIOTYPE VACCINE 
FORMULATION
Independently of  the method used to reproduce the 
tumor-specific, soluble protein idiotype in the lab, the 
most widely used vaccine formulations employ chemical 
conjugation with the powerful immunogenic carrier key-
hole Limpet Hemocyanin (KLH)[14]. The function of  this 
molecule is indeed that of  enhancing idiotype immuno-
genicity, which despite the specificity of  the private idio-
tope collection remains substantially low. Furthermore, 
clinical grade granulocyte-monocyte colony-stimulating 
factor (GM-CSF) is used as an immunologic adjuvant 
to be added to the ultimate vaccine formulation[15]. The 
typical dose of  both idiotype and KLH has been 0.5 mg 
of  each per vaccination since the inception of  the use of  
this experimental approach in humans[16], while the dose 
of  GM-CSF has ranged from 100 to 500 mcg per vac-
cination in different clinical trials, but with no evidence 
of  substantially different outcome among them[17]. So far, 
the most impressive clinical results with idiotypic vac-
cination have been obtained in patients with follicular 
lymphoma[18]. However, given the peculiar focus of  this 
review, some inferences will also be made based on the 
sole idiotype vaccine clinical trial ever conducted in pa-
tients with mantle cell lymphoma[19].

POTENTIAL FACTORS PREDICTING 
RESPONSE TO IDIOTYPIC VACCINATION
In principle, potential factors predicting whether idiotypic 
vaccination may induce clinically-relevant immune re-
sponses could independently depend on several biologi-
cal aspects involving each patient per se, the type of  lym-
phoma, the tumor-specific immunoglobulin as a whole, 
each idiotype, the pre-vaccine treatment administered to 
patients, the number of  vaccine doses administered and 
the duration of  the vaccination program in which pa-
tients are enrolled. Moreover, it has to be underlined that 
any of  these factors which may be retrospectively singled 
out from closed clinical trials should also undergo further 
subsequent verification in a prospective manner, as it is 
not unusual that the latter ends up disproving the validity 
of  the former’s conclusions. Finally, it has to be borne 
in mind that each patient’s tumor-specific idiotype is a 
weak antigen that normally does not elicit any immune 
response in the autologous setting.

Factors directly related to the patient himself  or herself  
may play a role before, during and even after the vaccine 
administration program takes place. For instance, age could 
be a crucial factor insofar as elderly patients may fea-
ture a lymphoma-harboring immune system that is per se  
weaker than that of  younger patients, or might become 
weaker due to the pre-vaccine therapy. Yet, no study has 

ever focused on ascertaining whether an age threshold 
might or should be established, above which vaccination 
may be meaningless and even detrimental to the success 
of  clinical trials, particularly in follicular lymphoma[20], a 
disease affecting and recruiting in clinical trials many el-
derly patients. Another factor depending on each patient 
and virtually impossible to both assess and chart is his 
or her immune function status at the time of  each vac-
cination, as most if  not all clinical trials allow postpon-
ing vaccine dose administration by 1 wk or so in case of  
concomitant disease (e.g. bacterial or viral infections), 
but it is not known whether either the acute illness or the 
vaccination schedule modification might affect idiotype 
vaccine effectiveness.

The type of  lymphoma may also affect idiotype vac-
cine efficacy, although too few attempts other than against 
follicular lymphoma have been made to draw firm conclu-
sions. For instance, it is possible that small lymphocytic 
lymphoma, with its lower expression of  tumor surface im-
munoglobulin than that of  other B-cell malignancies, may 
be less amenable to this vaccination strategy. It suffices to 
say that, in principle, any B-cell lymphoma[21] whose cells 
express a full immunoglobulin on their surface may po-
tentially benefit from the otherwise innocuous[22] idiotypic 
vaccination. However, further studies would be required 
to convert this speculation into a factual statement, par-
ticularly in relapsed/refractory large B-cell as well as in 
mantle cell lymphoma.

A recent report[23], not yet fully published, has focused 
on the idiotype-containing, whole tumor immunoglobulin 
as the source of  a potentially very important factor pre-
dicting the ultimate clinical outcome of  patients undergo-
ing idiotypic vaccination, that is the original heavy chain 
isotype of  the immunoglobulin. In particular, as discussed 
in depth below, retrospective data from an incomplete 
randomized clinical trial seem to indicate that follicular 
lymphoma patients, whose tumors featured an idiotype-
containing IgM, experienced a better post-vaccine clinical 
outcome than their peers whose tumor featured an idio-
type-containing IgG. However, it has to be remembered 
that similar results originated from retrospective studies, 
namely those focusing on the prognostic role played by 
different Fc γ receptor genotypes featured by follicular 
lymphoma immunoglobulins (Table 1) on the outcome 
of  patients receiving idiotypic vaccination[24,25] have previ-
ously generated the same understandable excitement, but 
were not confirmed in subsequent prospective trials[26].

Being a weak antigen, each tumor-specific idiotype 
may also be more or less prone to function as a valu-
able vaccine core product. Moreover, depending on 
the type of  lymphoma, each idiotype may or may not 
contain acquired potential glycosylation sites[27], which 
are indeed present in most, if  not all, cases of  follicular 
lymphoma[28,29] but may be lacking in many cases of  the 
other B-cell malignancies still expressing a tumor-specific 
immunoglobulin on the surface of  the tumor clone[30]. It 
goes without saying that, when present, these acquired 
potential glycosylation sites may or may not actually be 
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glycosylated on the original tumor cell, and when they 
are, it is virtually impossible that the idiotype contained in 
the vaccine formulation, however obtained in the lab, will 
feature the same glycosylation pattern. In fact, no matter 
the idiotype production method utilized, the glycosylation 
machinery involved is not derived from human cells, but 
rather from other mammalian, insect, or plant cells[18]. 
Whether all these features depending on each single id-
iotype and on its production technique, if  thoroughly 
studied, may ultimately allow researchers to predict which 
idiotype vaccine could and could not be employed in pa-
tient after patient for clinically-successful immunization 
remains to be determined.

As briefly mentioned above, the overall idiotype vac-
cine formulation utilized in most large clinical trials has 
remained unchanged over the years. The only component 
that has been subjected to substantial dose changes is 
the adjuvant, that is, GM-CSF. However, even when em-
ployed within the same trial[17] at different doses, such dif-
ferences have not emerged as a potential factor predicting 
better or worse clinical and immunological outcomes.

Pre-vaccine treatment and its enhancing or detrimen-
tal role towards successful immunization by means of  id-
iotype vaccines has been the subject of  much speculation, 
but no trial has actually been conducted to confirm and 
quantify, for instance, the alleged negative role of  pre-
vaccine rituximab, which causes a complete and relatively 
long-lasting normal B-cell depletion, and is thought to 
prevent the immune system from fully or partly respond-
ing to idiotypic vaccination[20]. Similarly, it is thought to be 
desirable that patients receiving pre-vaccine chemothera-
py should be allowed to recover, at least from a quantita-
tive standpoint, their normal immune function status[26]. 
Yet, most past trials have been designed to include a pre-
determined duration of  the off-therapy period between 
the end of  chemotherapy and the administration of  the 
first idiotype vaccine dose[6]. Therefore, it is not known 

whether patients who responded to vaccination from an 
immunological and clinical response may have simply 
been those with a fully recovered immune function be-
fore vaccination start, or whether this is a detail of  no 
importance.

Finally, another potential factor predicting the clini-
cal outcome of  patients undergoing idiotypic vaccination 
might be the length of  the vaccination program. How-
ever, no clinical trial has ever been designed to assess 
whether prolonged idiotypic vaccination is intrinsically 
more or less efficacious than a program relying on the 
administration of  only a few vaccine doses. In the former 
case, this could be theoretically true either because some 
patients start responding to the vaccine later than oth-
ers[22] or because long-term boost may prevent the loss of  
the immune response elicited against the tumor-specific 
idiotype. In the latter scenario, this might be hypothesized 
as the result of  a potential induction of  immunologic 
tolerance against the same weak antigen through an ex-
tended vaccination schedule[22].

MAJOR CLINICAL TRIALS AND 
POTENTIAL RESPONSE PREDICTING 
FACTORS
Over the last decade, four independent clinical trials have 
attempted to formally prove the clinical benefit of  idiot-
ypic vaccination: a phase-Ⅱ, non-randomized proof-of-
principle study not aimed at regulatory approval, which 
achieved its main clinical endpoint, and three large-
scale, phase-Ⅲ randomized studies (Table 2) designed to 
achieve such a goal, although, as predicted well before 
their conclusion[31], they ultimately failed to achieve their 
main clinical endpoint[6]. All these studies have been de-
signed based on the assumption that a vaccine-induced, 
idiotype-specific immune response is crucial to improve 

240 June 10, 2011|Volume 2|Issue 6|WJCO|www.wjgnet.com

Table 1  Relevance of potential factors predicting idiotype vaccine-induced clinical outcome in major clinical trials

No. of patients Comparison Type of study Results              Ref.

136 FcγRIIIa 158 Retrospective analysis Better outcome for V/V                          [24,25]

289 FcγRIIIa 158 Prospective analysis No outcome difference                           [38]

117 Idiotype/Isotype Retrospective analysis Better outcome for IgM                           [23]

FcγRIIIa: Fc γ receptor IIIa; V/V: Valine/valine.

Table 2  Overview of randomized clinical trials addressing the clinical benefit of idiotypic vaccination in patients 
with follicular lymphoma

Pre-treatment Pre-vax status Random Endpoint Results Ref.

6-8 × PACE q 3w CR 2:01 DFS Better outcome if vaccinated [34,35]

8 × CVP q 3w CR, PR 2:01 PFS No difference [38]

4 × rituximab q 1w CR, PR, SD 1:01 TTP No difference [39]

PACE: Cyclophosphamide, doxorubicin, etoposide and prednisone; q 3w: 1 cycle every 3 wk; CR: Complete response; DFS: Disease-
free survival; CVP: Cyclophosphamide, vincristine, prednisone; PR: Partial response; PFS: Progression-free survival; q 1w: 1 dose 
weekly; SD: Stable disease; TTP: Time to progression.
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disease-free survival in lymphoma patients. However, it 
is still theoretically possible that the simple capacity of  
responding to an idiotype vaccine is sufficient to achieve 
that clinical goal, irrespective of  whether the elicited im-
mune response is idiotype-specific or not[32]. Moreover, 
the only way to formally prove that the idiotype specifici-
ty of  a vaccine-induced immune response is the key to an 
improved clinical outcome would consist of  randomizing 
lymphoma patients to receive either their own, tumor-
specific idiotype vaccine or a control vaccine formulation 
containing an irrelevant idiotype produced in the same 
way[6].

The first study reported the outcome of  25 patients 
with follicular lymphoma after induction of  a second 
complete response with standard chemotherapy with-
out rituximab and subsequent extensive idiotypic vac-
cination[26]. In this case, the tumor-specific idiotype was 
reproduced in the lab through hybridoma methodology. 
A vaccine-induced, humoral and/or cellular, idiotype- 
and/or tumor-specific immune response was elicited 
in 20/25 patients. The median duration of  the second 
complete response among these patients was statistically 
significantly longer than the median duration of  their 
first complete response. Moreover, in all cases it was also 
conspicuously longer than 13 mo, which is the unchanged 
median duration of  a second complete response induced 
by standard chemotherapy without rituximab over the 
last three decades. On the contrary, the five patients who 
did not respond to vaccination from an immunological 
standpoint had a second complete response shorter than 
both 13 mo and their first complete response. All these 
findings, both combined and in isolation, were unprec-
edented in follicular lymphoma treatment[33], and even 
in a non-randomized context, clearly proved for the first 
time the clinical benefit associated with the use of  a hu-
man therapeutic cancer vaccine[32]. Besides allowing vac-
cine administration only to patients in second complete 
clinical response after uniform salvage chemotherapy not 
including rituximab, this study’s design prevented initia-
tion of  vaccination until a documented quantitative re-
covery of  each patient’s immune status was documented 
in terms of  normal numbers of  circulating CD19-, CD3-, 
CD4- and CD8-positive cells, independently of  the time 
required to achieve such recovery in each case. However, 
given the single-arm nature of  the study, it is not possible 
to conclude whether this detail may in the future predict 
or explain a greater chance of  favorable immune and 
clinical outcome.

The only phase-Ⅲ, randomized clinical trial based 
on hybridoma-rescued idiotype vaccines was launched at 
the National Cancer Institute 10 years ago[34]. Based on 
a previous phase-Ⅱ study[17] that had succeeded in prov-
ing clinical efficacy[6] of  idiotypic vaccination in patients 
with follicular lymphoma, this trial was also designed 
to provide actual immunizations with the idiotype vac-
cine or the control only to patients achieving a clinical 
complete response following pre-vaccine chemotherapy. 
However, the cyclophosphamide, doxorubicin, etoposide 

and prednisone (PACE) regimen was not widely used for 
follicular lymphoma treatment even before the advent 
of  rituximab, and as soon as it became evident that the 
addition of  rituximab to any chemotherapy regimen dra-
matically improved response rates in follicular lymphoma 
patients[20], the absence of  this monoclonal antibody in 
the pre-vaccine treatment schema made patient enroll-
ment in this trial virtually unethical. In any case, while the 
study was open, it randomized newly-diagnosed follicular 
lymphoma patients achieving chemotherapy-induced first 
complete response to receive the vaccine formulation 
either with or without the customized, tumor-specific 
idiotype component. While waiting for the full report of  
this largely incomplete trial to be published, it is worth 
underlining that this study has shown for the second time 
evidence of  clinical benefit associated with the adminis-
tration of  the bona fide customized vaccine. In particular, 
only one hundred and seventeen patients have received 
either vaccine formulation instead of  the three hundred 
and seventy-five patients that were supposed to be effec-
tively randomized[35]. Moreover, the statistically significant 
(P = 0.045) advantage in disease-free survival achieved by 
the patients receiving the bona fide vaccine (44.2 mo vs 
30.6 mo for the control arm) falls decisively short of  the 
threshold (P < 0.01) originally stipulated by the company 
with the Food and Drug Administration as the main 
clinical endpoint for regulatory approval[6]. 

In this study, patients were vaccinated after post-che-
motherapy off  therapy of  preset duration. Therefore, it 
is not clear whether the immune status of  each patient at 
the time of  vaccination was somehow assessed. However, 
as briefly mentioned above, an unexpected, retrospective 
finding has been preliminarily reported from this study[23]. 
Of  the seventy-six patients actually receiving their bona 
fide idiotype vaccine, thirty-six featured an IgM, while 
forty featured an IgG tumor immunoglobulin isotype. 
Of  the forty-one patients in the control arm, twenty-five 
featured an IgM, while fifteen featured an IgG tumor 
immunoglobulin isotype and one had a mixed IgM/IgG 
isotype. No difference in disease-free survival was ob-
served when comparing vaccinated and control patients 
whose tumor idiotype displayed an IgG. The IgM sub-
group of  patients receiving the bona fide vaccine fared 
significantly better than those in the control arm (me-
dian time to relapse: 50.6 mo vs 27.1 mo, P = 0.002). All 
these subgroups of  patients presented with numbers too 
small, and the study design ensured that this statistical 
difference could be confirmed in a prospective, random-
ized study adequately powered to address this issue. Of  
course, it will be important to assess the existence or lack 
of  possible correlation between tumor-associated immu-
noglobulin isotype on the one hand, and both outcome 
results and specific immune responses elicited by vac-
cination on the other. Similarly, it could be of  interest to 
retrospectively try to confirm or disproof  these findings 
in all concluded, large-scale trials featuring a common 
pre-vaccine treatment for all enrolled patients. In any 
case, should this outcome difference between patients 
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with idiotype-bearing IgM or IgG isotype be confirmed 
in more sizeable studies, hybridoma-derived idiotype vac-
cines may once again regain scientific supremacy over 
recombinant idiotype vaccines, even if  patients with an 
IgG-borne tumor-specific idiotype are excluded from 
vaccination protocols. In fact, nowadays the production 
of  recombinant idiotype vaccines reproduces an idiotype 
systematically mounted on a shared IgG scaffold, and this 
might be seen as detrimental with respect to the ultimate 
idiotype immunogenicity.

As mentioned above, previous studies have tentatively 
singled out factors that seemed to predict, with the con-
fidence derived from highly statistically significant differ-
ences in clinical outcome, which patients are more likely 
to respond to idiotypic vaccination[24,25]. However, no 
confirmatory evidence has subsequently emerged from 
prospective trials meant to put such preliminary findings 
to the test. In particular, the extensive experience in id-
iotypic vaccination at Stanford University[36,37] had led to 
the retrospective conclusion that immunoglobulin G Fc 
receptor (FcγR) polymorphisms might accurately predict 
the clinical response of  lymphoma patients to idiotypic 
vaccination. In particular, in a group of  136 patients, it 
was found that those with FcγRIIIa 158 valine/valine 
(V/V) genotype had a longer progression-free survival 
[16] than those with valine/phenylalanine (V/F) or phe-
nylalanine/phenylalanine (F/F) genotypes (V/V, 8.21 
years vs V/F, 3.38 years, P = 0.004; V/V 8.21 years vs F/F,  
4.47 years, P = 0.035). When the researchers analyzed 
whether such a statistically significant correlation could 
be related to the pre-vaccine response to chemotherapy 
[36], they also found that in patients with pre-vaccine 
complete response, the 5-year progression-free survival 
was 69% for those with a subsequent idiotype-specific 
humoral response and/or V/V genotype, but only 40% 
for patients with neither. The median time to progres-
sion was 10.47 years vs 3.46 years (P = 0.012). In patients 
with pre-vaccine, chemotherapy-induced partial response, 
the 5-year progression-free survival was 57% for patients 
with the specific humoral response and/or V/V geno-
type, but only 17% for patients with neither. The median 
time to progression had not been reached in the former 
vs 1.31 years (P = 0.001) in the latter group.

However, these strong and consistent retrospective 
results were not prospectively confirmed by the same sci-
entists in their large, randomized, phase-Ⅲ clinical trials 
employing a recombinant idiotype vaccine[37]. Even more 
disappointingly, this study showed no statistically sig-
nificant differences in progression-free survival between 
vaccinated patients and those in the control arm, possibly 
because vaccination was administered not only to patients 
who had achieved a pre-vaccine, chemotherapy-induced 
complete response, but also to those with pre-vaccine, 
post-chemotherapy partial response.

Finally, another independent study based on a novel 
recombinant idiotype vaccine also failed to show sta-
tistically significant differences in time to progression 
between vaccinated patients and those in the control 

arm[38]. As rituximab had meanwhile become part of  the 
standard of  care for patients with follicular lymphoma, 
the goal of  this trial was to assess whether idiotypic vac-
cination could further improve survival of  follicular lym-
phoma patients solely pre-treated with four weekly doses 
of  rituximab. As such, most patients were ultimately vac-
cinated with both active disease and severe B-cell deple-
tion, and this potentially double-negative status at the 
time of  vaccination is likely to have influenced the disap-
pointing outcome of  the trial far more than the quality of  
the recombinant vaccine per se[6]. In particular, patients in 
the control arm seemed to have experienced a statistically 
significant better outcome than those in the experimental 
arm, a difference that disappeared when standard fol-
licular lymphoma prognostic factors were retrospectively 
applied to both groups and factored in the analysis[38].

As inferred above, despite lacking comparative data 
to make a stronger case, the use of  rituximab without 
allowing conspicuous B-cell recovery prior to initiation 
of  idiotypic vaccination is likely to diminish and per-
haps even abolish the likelihood of  a vaccine-induced, 
idiotype-specific immune response. We do not know for 
sure whether idiotype specificity is crucial for the vaccine 
to exert a clinical effect, but it seems quite established 
that patients with no vaccine-induced immune response 
at all are less likely to experience any clinical benefit[26]. In 
a study of  idiotypic vaccination for patients with mantle 
cell lymphoma, it was concluded that pre-vaccine chemo-
immunotherapy containing rituximab delays humoral 
responses, but does not affect cellular responses[19]. How-
ever, it should be underlined that the delayed humoral 
responses observed in that study were all directed against 
the highly-immunogenic carrier 14] contained in the vac-
cine formulation, not against the idiotype, which is a far 
weaker and yet the sole vaccine formulation antigen that 
matters[39]. 

CONCLUSION
There are many questions still unanswered regarding id-
iotypic vaccination. We do not know whether there may 
be substantial outcome differences when using the whole 
immunoglobulin or the sole Fab[7], when reproducing the 
idiotype through hybridoma or recombinant methodol-
ogy, when vaccinating newly-diagnosed or relapsed pa-
tients, when treating patients with follicular or other types 
of  lymphoma. Similarly, many potentially crucial details 
concerning this immunotherapeutic approach remain to 
be determined, such as the number of  doses, the pre-
vaccine treatment, and the type of  indispensable immune 
response that it should be induced via vaccination. Finally, 
it is now paramount to verify whether patients with IgM- 
and IgG-borne idiotypes undergoing vaccination have 
indeed a critically different outcome, particularly taking 
into account that, outside of  idiotype vaccine trials, most 
standard diagnostic protocols for surface immunoglob-
ulin-positive B-cell lymphomas do not include a routine 
determination of  the immunoglobulin isotype.
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All in all, the quest for one or more reliable factors 
both assessable prior to starting the production of  an 
idiotype vaccine and capable of  predicting its clinical 
usefulness remains a crucial element in the continuing 
development of  this active immunotherapy strategy. It 
is desirable that new trials, including those currently on-
going and based on recombinant idiotype vaccines pro-
duced in tobacco plants[40,41], are able to close the current 
knowledge gap in this field.
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Abstract
Colorectal cancer is characterized by a low survival 
rate even though the basis for colon cancer develop-
ment, which involves the evolution of adenomas to 
carcinoma, is known. Moreover, the mortality rates 
continue to rise in economically transitioning coun-
tries although there is the opportunity to intervene in 
the natural history of the adenoma–cancer sequence 
through risk factors, screening, and treatment. Screen-
ing in particular accounted for most of the decline in 
colorectal cancer mortality achieved in the USA during 

the period 1975-2000. Patients show a better prog-
nosis when the neoplasm is diagnosed early. Among 
the variety of screening strategies, the methods range 
from invasive and costly procedures such as colonos-
copy to more low-cost and non-invasive tests such as 
the fecal occult blood test (guaiac and immunochemi-
cal).�������������������������������������������������        ������������������������������������������������      As a non-invasive biological serum marker would 
be of great benefit because of the performance of 
the test, several biomarkers, including cytologic as-
says, DNA and mRNA, and soluble proteins, have been 
studied. We found that the soluble CD26 (sCD26) con-
centration is diminished in serum of colorectal cancer 
patients compared to healthy donors, suggesting the 
potential utility of a sCD26 immunochemical detection 
test for early diagnosis. sCD26 originates from plasma 
membrane CD26 lacking its transmembrane and cyto-
plasmic domains. Some 90%–95% of sCD26 has been 
associated with serum dipeptidyl peptidase IV (DPP-
IV) activity. DPP-IV, assigned to the CD26 cluster, is a 
pleiotropic enzyme expressed mainly on epithelial cells 
and lymphocytes. ���������������������������������������       ��������������������������������������     Our studies intended to validate this 
test for population screening to detect colorectal can-
cer and advanced adenomas are reviewed here. 
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EARLY DIAGNOSIS AND POPULATION 
SCREENING FOR COLORECTAL CANCER
Colorectal cancer (CRC) clearly meets all the required 
conditions for the adoption of  a screening policy. 

First, because it is an important issue for public health 
since it is one of  the most common cancers (ranking 
third both in men and women) worldwide and because 
it is characterized by a low survival rate due to diagnosis 
in advanced stages, which leads to high mortality rates. 
For example, in the United States the American Cancer 
Society estimated that in 2010 there were 142 570 new 
cases and 51 370 related deaths from colon cancer[1] and 
more than 1 million new cases and about 530 000 deaths 
worldwide[2]. Moreover, globally, while in all developed 
countries CRC rates have stabilized or are declining[3], 
CRC incidence in economically transitioning countries 
continues to rise both in its incidence and in mortality 
because of  increased exposure to risk factors[2, 3].

The second condition is that the basis of  colon cancer 
development is well known and involves the evolution 
of  adenomas to carcinoma[4,5], therefore, individuals with 
a history of  adenomas have a higher risk of  cancer[6] 

and removal of  polyps results in a reduction in colon 
cancer incidence[7]. However, we have the opportunity to 
intervene in the natural history of  the adenoma–cancer 
sequence[8].

Third, there are precise and feasible diagnostic 
methods that allow detection of  the disease in early 
stages (non-metastatic tumors), which could be surgically 
cured by removal (reduction in the mortality rate of  
CRC), as well as the identification and removal of  polyps 
(reduction in the incidence rate of  CRC)[9-11]. Moreover, 
treatment is more effective and patients show a better 
prognosis when the neoplasm is diagnosed early[12]. 

Interestingly, it has recently been reported that 
screening accounted for 53% of  the decline in CRC 
mortality observed between 1975-2000 in the USA (26% 
less mortality); the other two facts being changes in risk 
factors (35%) and treatment regimes (12%)[8]. Moreover, 
the decline in CRC mortality in the USA can be enhanced 
if  current trends, including screening, against cancer are 
accelerated; for example, only approximately 50% of  
its population older than 50 years have been screened[8]. 
Needless to say that in most countries, including many 
developed countries, no screening strategy has been 
proposed.

There are a great variety of  screening strategies available 
for the average risk population, that is, individuals of, or 
over, 50 years with no other known risk factors for the 
development of  CRC. These methods range from invasive 
and costly procedures such as flexible sigmoidoscopy, 
double contrast barium enema, and colonoscopy to more 

low-cost and non-invasive tests such as the fecal occult 
blood test (FOBT). All these methods have advantages and 
disadvantages regarding their sensitivity, specificity, risk, 
availability and cost but they have been shown to decrease 
CRC incidence and mortality[8, 13-15].

Colonoscopy is the gold standard[15] and multiple 
studies have provided indirect evidence regarding the 
higher benefits of  colonoscopy compared with other 
methods[16]. However, the costs and risk of  complications, 
besides discomfort, have made this and other invasive 
tests such as flexible sigmoidoscopy[17], poorly accepted 
for screening in an asymptomatic population[18- 23].

The benefit of  CRC screening using a non-invasive test 
for blood in stool (Hemoccult) was established in 1993[13]. 
Subsequently, this result was corroborated in two other 
randomized controlled trials, leading to recommendations 
in many countries for CRC screening[24, 25]. The FOBT is the 
simplest and least expensive non-invasive approach to CRC 
screening available, however, it has several disadvantages. 
The most common method is the non-rehydrated guaiac 
FOBT[26], based on the detection of  peroxidase activity 
in the stool sample. Consequently, reagents also bind to 
nonhuman hemoglobin-like substances in feces, such as 
animal myoglobin and plant peroxidases. As the presence 
of  these substances in the colon and rectum are related to 
diet, important dietary restrictions are required to minimize 
false negative results[13, 27]. Notwithstanding, its sensitivity 
and specificity are 30%-40% and 96%-98%, respectively[28], 
with lower percentages for the detection of  adenomas[29, 30]. 

In the United States, the current recommendations 
include a number of  screening tests in addition to Hem
occult. Immunochemical tests (iFOBT), which have not 
been evaluated in a randomized controlled trial, have 
performed similarly or even better in some studies, with 
generally higher compliance rates compared to Hemoccult 
or other guaiac-based tests[27, 31-34], involving no dietary 
restriction, and resulting in fewer false positives[35]. The 
use of  an immunochemical test in patients scheduled for 
colonoscopy[36] showed the advantages of  a quantitative 
test to determine the cutoff  for positivity to adjust the 
screening program according to the resources available. 
Moreover, this test can be automated and two instead of  
three samples can be used for quantification[37].

In Japan, more than 6 million people have been 
screened with immunochemical tests, with a positivity rate 
of  7.1%[35, 38-40]. With 60% of  positive tests complying with 
the diagnostic protocol, the CRC detection rate was 1.6 
per 1000. More than 70% of  the cancers were classified as 
Duke’s A or Duke’s B, suggesting that the program worked 
well in detecting early stage cancer; CRC mortality and 
incidence were reduced by 72% and 59%, respectively[41]. 
Somewhat puzzling is the fact that guaiac is more sensitive 
than immunochemical for advanced adenomas (41.3% vs 
29.5%)[42], this may be because peroxidase sensitivity of  
the guaiac test detects lower levels of  bleeding as some 
authors speculate. However, other explanations must also 
be considered. 

This last study does illustrate the utility of  comparing 
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different tests rather than conducting long-term and 
expensive randomized controlled trials to evaluate each 
new FOBT. There are considerable data on Hemoccult, 
therefore comparing performance, outcome, compliance, 
and cost with new blood or fecal occult tests, as was done 
in this study[42], should be enough for the acceptance of  
new tests. 

As blood could be present in the stool for other 
reasons, such as hemorrhoidal bleeding, iFOBT was also 
tested in combination with protein stool markers like 
hemoglobin-haptoglobin, calprotectin, carcinoembryogenic 
antigen, and the novel fecal markers S100A12 and tissue 
inhibitor of  metalloproteinase-1 (TIMP-1), the latter 
allowing the detection of  CRC at significantly higher 
rates than can be obtained with iFOBT alone[43]. Genetic 
markers are also promising tools, such as the DNA-based 
stool test PreGen-Plus from EXACT Sciences, which shows 
a sensitivity of  51%-91% for CRC, with an average of  
65%, and specificity between 93%-98%[30,44]. 

However, non-invasive biological serum markers 
would be of  great benefit for screening, because blood-
based diagnostics can additionally classify tumors into 
distinct molecular subtypes and monitor disease relapse 
and response to treatment. Increasingly, biomarker 
strategies are becoming critical to identify a specific patient 
subpopulation that is likely to respond to a new therapeutic 
agent. The improved understanding of  the underlying 
molecular features of  common cancers and the availability 
of  a multitude of  recently developed technologies to 
interrogate the genome, transcriptome, proteome and 
metabolome of  tumors and biological fluids have made it 
possible to develop clinically applicable and cost-effective 
tests for many common cancers[45,46].

S E R U M B I O M A R K E R S  I N  C R C 
SCREENING
Other advantages over stool testing are: sampling may 
be more convenient and acceptable for the patient, there 
is no microflora which could degrade the biomarker or 
hamper analysis, and sample processing may be easier. 
In addition, as it will be commented later, information 
on the very early pathways of  carcinogenesis, such as 
immune system cross-talk, can only be found in serum.

A meta-analysis evaluating blood markers for early 
detection of  CRC reported in 2007 summarizing the 
performance characteristics of  various approaches[47] 
found that seventy different markers fulfilled the inclusion 
criteria with an overall sensitivity that ranged from 18% 
to 65%. The markers included cytologic assays, DNA and 
mRNA markers, and soluble proteins.

Three studies investigated cytologic assays, an 
inhibition of  in vitro leukocyte adherence by incubation 
with tumor antigens, and the detection of  circulating 
tumor cells by a membrane array[48-50]. Sensitivity was 
above 70% for early stages and specificity ranged from 
94% to 98%, however, the number of  cases by tumor 

stage was very small. Notwithstanding, cellular mechanical 
properties have recently received increasing attention as a 
potential biophysical marker for cancer cells[51].

Four studies[52-55] with DNA markers for the early 
detection of  CRC were reported in that review[47]. Free 
DNA, as well as mRNA, was isolated from circulating 
cells. Blood samples were analyzed for both genetic and 
epigenetic alterations of  genes involved in the adenoma-
carcinoma sequence, such as K-ras, tumor suppressor 
protein p53, APC (adenomatous polyposis of  the colon), 
hMLH1 (human MutL homologue 1) or HLTF (helicase-
like transcription factor). Sensitivity reported for this 
group of  markers was about 60% and lower, whereas 
specificity ranged from 73% to 100%. The potential of  
detecting adenomas was investigated only for mutations 
in the K-ras gene in one study which showed a sensitivity 
of  35% for adenomas[54]. A recent review evaluated four 
commercialized biomarker tests based on that information 
(K-ras and B-raf  mutation analyses, mismatch repair 
protein testing, and the Oncotype DX Colon Cancer 
Assay) for inclusion in the NCCN Guidelines Panel 
for Colon Cancer. In two cases, the available evidence 
was inconsistent to be included in the specific NCCN 
Guidelines[56].

Novel data on genetic and epigenetic mechanisms 
of  CRC and how these alterations relate to emerging 
biomarkers for early detection, risk stratification, prognosis 
and prediction of  treatment responses, are reviewed in[57-60]. 
Potential markers waiting to undergo clinical validation for 
response to therapies are hypermethylation of  septin-9 and 
DPYD (dihydropyrimidine dehydrogenase) genes. 

Many relevant studies[47] applied reverse transcription-
PCR to detect mRNA expressed in circulating tumor 
cells. Blood samples were analyzed for mRNA molecules 
coding for CEA, cytokeratins (CK) 8, 9, and 20, human 
telomerase reverse transcriptase (hTERT), guanylyl cyclase 
C (GCC), carcinoembryonic gene member 2 (CGM2), 
melanoma-associated antigen family A (uMAGE-A), 
tumor-associated antigen L6, mucins (MUC) 1 and 2, 
protease M (ProtM), and thymidylate synthase. The most 
promising performance characteristics in this group of  
markers were reported for GCC mRNA[61], showing 
above 80% sensitivity for early stages.

Recent research has shed light on the biological 
importance of  microRNAs(miRNAs). Their association 
with formation, angiogenesis, metastasis, and chemo
therapy resistance of  tumors has become one of  the 
core issues in epigenetics of  cancer, including CRC. 
miRNAs serve as micromanagers, negatively regulating 
gene expression. The potential utility of  miRNAs in the 
preclinical stage has been explored, since manipulation of  
miRNAs may offer an alternative therapy for chemo- and 
radio-resistant CRCs[62-64].

The discovery that aberrantly expressed miRNAs 
vary among different tumor types and some of  them are 
secreted in highly stable, cell-free form into blood[65] led to 
the hypothesis that circulating (and fecal) miRNAs might 
potentially serve as non-invasive markers for early diagnosis 
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of  CRC[63]. For example, 69 miRNAs were detected in 
CRC but not in control group sera; of  these, 12 were not 
found in the serum of  lung cancer patients[64]. Circulating 
miRNAs are packed in complexes, either called exosomes 
or microvesicles, and emerging evidence has indicated that 
such external miRNAs are involved in cell-to-cell signal 
transduction and genetic information exchange[64,66]. Two 
miRNAs significantly elevated in plasma and CRC tissues, 
but reduced in postoperative samples when compared with 
preoperative samples are miR-17-3p and miR-92a, both 
belonging to the miR-17-92 cluster. At a cut-off  value of  
3.6 for miR-17-3p (relative expression in comparison with 
RNU6B), the sensitivity was 64% and the specificity was 
70%; at a cut-off  value of  240 for miR-92a, the sensitivity 
was 89% and the specificity was 70%. In addition, miR-92a 
can distinguish CRC from other gastrointestinal cancers 
and inflammatory bowel diseases as well as advanced 
adenoma from normal controls, with a sensitivity of  64.9% 
and a specificity of  81.4%, whereas its expression levels 
were not correlated with tumor-node-metastasis (TNM) 
stages[66,67].

Fifty two protein markers in the meta-analysis of  
2007[47] were analyzed by common standard procedures, 
still more easy-to-use and quicker than the nucleic acid 
methods, like ELISA, RIA, or activity assays, or by 
chromatographic and mass spectrometric (MS) assays 
based on surface-enhanced laser desorption/ionization 
time-of-flight (SELDI-TOF) MS, and matrix assisted 
laser desorption/ionization time-of-flight (MALDI-TOF) 
MS. This group of  markers can be further subdivided 
into carbohydrate antigens, carcinoembryonic antigens, 
other antigens, antibodies, cytokines, and other proteins. 
Sometimes, different markers were analyzed in parallel. For 
example, combinations including carbohydrate antigens 
and carcinoembryonic antigens were very common.

Carcinoembryonic antigen (CEA) was the first blood 
marker proposed in connection with CRC[47, 68]. Although 
overall sensitivity ranged between 43% and 69%, there 
was a clear increase in sensitivity by tumor stage, ranging 
from 8% for Duke’s A up to 89% for Duke’s D. Specificity 
was above 90% in nineteen studies. 

Carbohydrate antigens (defined by monoclonal 
antibodies against colon carcinoma cell lines) include CA 
19-9, CA 195, CA M26, CA M29, CA 50, CA 72-4, CA 
M43 and CA 242. Many studies evaluated CA 19-9, with 
an overall sensitivity from 18% to 65%, and specificity 
above 90% in most studies. Sensitivities greater than 50% 
were only observed for nonlocalized disease. For other 
carbohydrate antigens, the observed sensitivity, its stage 
dependency, and specificity were comparable.

Early approaches for other antigens investigated 
sialylated Lewis X antigen (sLeX) and CO 29.11, another 
sialylated Lewis antigen. sLeX was originally found on 
tumor tissues by immunohistochemistry and CO 29.11 is 
expressed and shed by carcinoma cells of  colon and other 
cancer types[69-77]. Later studies investigated the potential 
of  PSA, PA 8-15 (another tumor-associated antigen that 
was originally observed in a pancreatic cancer cell line), 

small intestinal mucin antigen (SIMA), and urokinase-type 
plasminogen activator (u-PA). For the latter, a sensitivity of  
76% (82% for non-mestatasized disease) and a specificity 
of  96% have been reported[69, 70].

Among various circulating autoantibodies against 
antigens such as DEADbox protein 48 (DDX-48), p53, 
sFasL (the death receptor ligand of  CD95), or NCC-
ST 439 (a tumor-related carbohydrate)[78-83], sensitivities 
for the detection of  CRC hardly reached 30%, although 
specificity was 100% in all studies.

In studies[84-89] evaluating cytokine markers such as 
vascular endothelial growth factor (VEGF), insulin-
like growth factor II (IGF-Ⅱ), IGF-binding proteins 
(IGFBP-2), stem-cell factor (SCF), and interleukin-3 
(IL-3) which can reflect several immune system-related 
pathways of  carcinogenesis[90], if  specificity was high 
(between 90% and 100%), sensitivity was low (37% for 
VEGF in TNM Ⅰstage patients), or vice versa.

Among the other proteins, subgroup examples are the 
α-defensins[91], the nicotinamide N-methyltransferase[92], 
the α-L-fucosidase[93] and the tumor M2-pyruvate kinase 
(M2-PK), an isoform of  the glycolytic enzyme pyruvate 
kinase[94]. Recent works also studied other potential 
markers in relation to polyp characteristics: for serum 
sulfatase activity, differences regarding the number of  
adenomas (single or multiple) were significant[95]; serum 
leptin, adiponectin and resistin also differed between 
controls and patients with adenomas or CRC, although 
there was no relationship with dysplasia, histopathology 
or polyp localization[96].

One of  the signatures of  a cancer cell is the change 
in the nuclear structure and architecture, and alterations 
in the composition of  nuclear structural proteins are 
associated with various types of  cancer such as breast, 
prostate, bladder, lung and ovarian, as well as squamous 
cell carcinoma of  the neck[97, 98]. Nuclear proteins, colon 
cancer–specific antigen (CCSA)-2, CCSA-3, and CCSA-4 
were recently identified as serum biomarkers that are 
specific for colon cancer[99,100].

As a summary of  these and more recent studies, the 
more promising results, for both sensitivity and specificity, 
were observed with u-PA (76% and 96% respectively[61], 
M2-PK[101] (69% and 90%), TPA-M (70% and 96%), CP 
(cancer procoagulant; 86% and 82%)[102], sCD26 (soluble 
cluster of  differentiation 26) (90% and 90%[103], fibrin 
degradation (DR-70) (80% and 93%)[104], prolactin (77% 
and 98%)[105], laminin (89% and 88%)[106], BSP (bone 
sialoprotein; 88% and 100%, although similar results were 
found in breast and prostate cancers)[107] and CCSA-2 
(78% and 97%), but sCD26 has been the most studied, as 
commented in later subheadings[108-111].

SOLUBLE CD26
Dipeptidyl peptidase Ⅳ (DPP-Ⅳ), assigned to the 
CD26 cluster, is a multifunctional or pleiotropic protein 
expressed particularly on epithelial cells and lymphocytes. 
CD26/DPP-IV has been consistently associated with 
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cancer since it was known as ADCP, or the ADA-2 / 
Large isoform[112,113]. Many reviews have discussed the 
non-enzymatic role of  CD26/DPP-IV as an extracellular 
anchorage for ADA in cancer and the potential usefulness 
of  this protein in therapeutics and diagnostics[114-119]. The 
ADA-CD26 complexes may participate in cell-to-cell 
contacts[120-122] or, more probably in this context, through 
the catalysis of  adenosine to inosine[121,123,124]. Proliferating 
cells accumulate high extracellular concentrations of  
adenosine, a purine nucleoside found within the interstitial 
fluid of  solid tumors, which may be toxic or influence 
the proliferative potential of  a cell, depending on the 
relative expression and type of  adenosine receptor 
(AR). Therefore, the different levels of  the cell-surface 
CD26-ADA complex and relative expression of  ARs 
on a tumor cell may lead to the generation of  tumor 
subclones, as well as its participation in the well-known 
adenosine inhibition of  cell-mediated immune responses 
to tumor cells[115,116,119,124-127]. Other pro-oncogenic activities 
may be related to the recently described CD26-ADA-
plasminogen ternary complex. Binding of  plasminogen to 
cell-surface receptors promotes its conversion to plasmin, 
which is required for proteolysis of  the ECM in several 
physiological and pathological processes, including cell 
migration, tumor cell invasion and metastasis[127]. 

CD26, also present at the invadopodia, together with 
other ectoproteases and metalloproteases (MMPs)[128-130], 
can participate in malignant transformation and cancer 
progression through its ability to bind collagen and 
fibronectin[81,116,117,128,129,131,132]. MMPs and FAPα(a CD26 
homologous protein expressed in tumor cells) digestion 
of  ECM components will allow passage of  the malignant 
cells through basement membranes and stromal barriers. 
This pro-oncogenic behaviour is thus consistent with the 
non-enzymatic interactions with cell-surface ADA and 
plasminogen mentioned above, and the formation of  
FAP-CD26 heterodimers[129, 133].

However, there is a fundamental difference between 
CD26 and the other proteases involved in cancer deve
lopment and progression as executors of  ECM degradation: 
CD26 is constitutively expressed in the tissues mentioned 
at the beginning of  this heading, and its enzymatic activity 
regulates the biological activity of  regulatory peptides, such 
as incretins secreted by the enteroendocrine system (DPP-
IV has therefore become a novel therapeutic target for 
inhibitors that extend the endogenously-produced insulin 
half-life in diabetics [114,115,134-141], and similarly the half-life of  
growth factors and chemokines[142]).

In addition, glypican-3 has recently been reported as 
the first natural inhibitor of  CD26/DPP-IV enzymatic 
activity, in in vitro experiments[143]. Glypicans are basically 
absent in adult tissues, but up-regulated in many tumor 
tissues[144]. If  glypican-3-dependent local DPP-IV 
inhibition can be confirmed in a physiological context, 
this indicates a natural protective role for the enzyme 
that should be blocked in the tumorigenic process. 

This anti-oncogenic role, first contrasted in 1999 
by Houghton’s group[145-148], together with many data 

-differences in the cellular staining pattern with respect 
to the normal tissue, significant intratumor heterogeneity 
and changes in CD26 expression linked to the transition 
of  tumor stages- already reviewed[115], indicate a quite 
complex situation in the physiological microenvironment 
of  cancer niches. The possibility that the tumorigenic 
process may manipulate the functions of  CD26/DPP-Ⅳ, 
for example evading the immune system by modifying 
local chemokine gradients (and therefore, immune cell 
homing), and by modulating cytokines and angiogenic or 
immunosuppressive factors[90,149-153] deserve to be studied 
in more detail[142].

In this context, the role of  serum DPP-IV activity, first 
discovered in 1968 by Nagatsu’s group in Japan[154], is not 
known. Within normal plasma/serum, some 90%–95% 
of  DPP-IV activity has been associated with a relatively 
high concentration of  serum (or soluble, in contrast to 
transmembrane) CD26 (sCD26) in human serum (570 
μg L-1)[115,118,155-157]. Since sCD26 is heavily glycosylated, 
its molecular weight is similar to that of  transmembrane 
CD26[156,158] although it lacks transmembrane and 
cytoplasmic domains (the sequence starting at the 39th 
position)[156]. 

There is no direct correlation between serum CD26 
protein concentrations and serum enzymatic activity 
assays, for three reasons: (1) There are some circulating 
proteins other than CD26 with DPP-IV activity (DPP-Ⅱ, 
FAPα,...); (2) sialylation (a type of  glycosylation) of  sCD26
[114,118,135-137,158] is strongly enhanced in elderly individuals[159], 
and certain type of  hypersialylation can inhibit DPP-IV 
activity[160], consistent with the fact that serum/plasma 
DPP-IV enzymatic activity tends to decrease with age[118]; 
(3) it has recently been suggested that the serum protein 
attractin, which enhances the enzymatic activity of  tolloid 
proteases[161,162], may regulate the DPP-IV activity of  
CD26/sCD26 in the same way [115]. Serum attractin is 
actually frequently co-purified with sCD26[163-166]. 

Iwaki-Egawa et al[156,167,168] suggested that sCD26 must 
be shed from any plasma membrane on CD26 expressing 
cells that are in contact with blood, by proteolytic 
cleavage. The fact that only one CD26 mRNA form is 
usually reported[169-171], and that it is transported from its 
site of  synthesis in the rough endoplasmic reticulum to 
the microvillar membrane of  enterocytes, and in some 
cell lines in a membrane-bound state[135,136,172-174], also 
suggest that it is not secreted. It must be pointed out 
that the shedding of  most integral membrane proteins is 
often regulated by a PKC-dependent mechanism[175-177].

However, CD26 has been found to be soluble in the 
lumen of  secretory granules, undergoing exocytosis to the 
interstitial space of  endocrine pancreatic A cells, where 
sCD26 may act on secretory products of  neighbouring 
islet cells[178,179]. Autolysis of  the protein by the acidic 
pH conditions inside the granules has been observed in 
vitro[179,180]. In addition, another possibility related to the 
intracellular sorting is the secretion of  soluble proteins 
through MMP-dependent shedding from exosomes. 
Exosomes are small membrane vesicles derived from 
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intracellular multivesicular bodies that can undergo 
constitutive and regulated secretion from cells upon fusion 
with the PM[181-183]. Exosomes with CD26/DPP-IV have 
been found in human saliva, released at the basolateral 
surface of  enterocytes, and in ram epididymal fluid[184-186].

In addition, the origin of  sCD26 is also unknown. 
The hepatobiliary system was the first to be suggested[187]. 
Liver epithelium is often cited as the most l ikely 
potential source[113, 116, 137, 188-192] and at least in some con
ditions, sCD26 originates from the brush border of  he
patocytes[190]. However, CD26 is predominantly located in 
the bile canaliculi[190, 193, 194], and a recent study found that 
in chronic hepatitis C and other liver viral infections, DPP-
IV activity levels were not correlated with several markers 
of  bile duct injury or hepatocyte injury[195]. These authors 
suggested that the increased activity in these diseases may 
originate directly from its shedding from the peripheral 
blood T cells involved in the control of  viral infections 
or, indirectly, by stimulating other cells such as hepatic 
stellate cells. The involvement of  T cells had already been 
suggested in studies of  liver regeneration[137,196]. In fact, 
Kasahara et al[197] suggested a possible origin of  sCD26 
from the immune system, although they also identified 
serum isoforms from liver, spleen or kidney. Kidney, an 
obvious potential source because it contains large amounts 
of  CD26, was rejected early on[156] because anephric 
individuals have normal amounts of  sCD26, and because 
sCD26 contains approximately twice as much sialic acid as 
kidney CD26. However, several data suggest that serum 
CD26 is at least partly shed from T cells[142, 158, 161, 194, 198-204], 
although these data do not preclude the possibility of  
sCD26 also being shed from the endothelium of  venules 
or the capillary bed of  several organs such as lung, 
myocardium and striated muscles, spleen and pancreas[134, 

194, 199, 205-210]. Moreover, this fraction of  serum CD26 which 
originated from immune system cells can be regulated[158, 

211-213] and causes an imbalance among specific sCD26 
isoforms in the serum of  patients. 

 As it is not known to which CD26 functions regulation 
of  this proteolytic or secretory process is related, the 
physiological role of  soluble CD26 in biological fluids 
with respect to the transmembrane CD26 can only 
be hypothesized. Current data support three potential 
biological functions, which may be partly responsible for 
the different roles of  CD26 in various clinical settings. 
(1) Involvement in the activation–deactivation of  some 
chemokines, and therefore in inflammatory processes. 
Extracellular proteases, many shed (or ripped, from a 
process called “ripping”[175]), which alter the chemokine 
gradients, participate in this crucial early step of  the 
immune response. For CD26, the modulation of  SDF-1 
and the CXCR4 axis of  cell homing has been particularly 
well studied[214, 215]; (2) Circulating sCD26 may also 
participate in the clipping or inactivation of  the biologically 
still active blood substrates such as vascular regulatory 
peptides (substance P or bradykinin)[216-224], growth factors 
or hormones (e.g. only 20% of  incretins GLP-1 and GIP, 
which originated in the gastrointestinal duct, are still active 
in the blood pool)[139,140] and (3) In the case of  oncogenic 

processes, in addition to possible involvement in both im
munosuppressor[122,136] and angiogenic mechanisms[122,136], 
the process of  shedding may init iate or dampen 
CD26 involvement in cell-adhesion processes through 
fibronectin, ADA or collagen binding[121,123-126,144,154,225-227].

sCD26 PATHOPHYSIOLOGY AND CRC 
DIAGNOSIS
Many studies have demonstrated altered serum levels of  
enzymatic DPP-IV activity (see review[142]) and soluble 
CD26 protein in several diseases. Some studies show 
contradictory results, probably related to the stage of  
the disease considered (or in which a particular patient 
has been recruited)[103,110,111,158, 228-230]. However, other 
discrepancies between enzymatic activity and protein 
concentration measurements can be explained by putative 
changes in the glycosylation pattern (leading to a lack of  
immunorecognition of  sCD26), the putative presence 
of  the DPP-IV activator attractin, inhibitor glypican-3 
or the secretion of  other dipeptidyl peptidases such 
as DPP-II or soluble FAPα (DASH). For example, in 
myocardial infarction patients treated with streptokinase, 
the enzyme concentration is reduced to more than 50% 
after 90 d of  therapy, while measurements of  DPP-IV 
enzymatic activity did not change during that period[211]. 
On the contrary, the same authors found that there was 
no change in sCD26 concentrations between healthy 
donors and patients with rheumatoid arthritis and lupus 
erythematosus, although a lower enzymatic activity was 
detected[158]. 

Reference values of  DPP-IV specific activity show 
no differences in serum and plasma[118,142,187], but most 
reports do not use the same assay conditions or the same 
definition of  specific activity -the same applies to the 
units of  catalytic activity-, making it difficult to compare 
results even from the same authors. However, the amount 
of  sCD26 antigen found in normal serum with the 
most commonly used commercial ELISA kit (Bender 
MedSystems), corresponds well with the expected values 
based on the specific activity of  purified serum DPP-
Ⅳ[118,142]. Together, these findings support the use of  
immunodetection techniques for the quantification of  
these molecules because they are more specific.

DPP-IV enzymatic activity is high in patients with 
hepatic cancer, hepatitis, osteoporosis, cholestasis and 
other liver diseases. On the other hand, the mean DPP-
Ⅳ activity remains unchanged in metastatic bone disease, 
esophagus, gall bladder, chronic myelocytic leukemia 
or leiomyosarcoma cancers, in allergic asthma, celiac 
disease,and adult T-cell leukemia, although serum DPP-
IV in the latter is strongly correlated with the percentage 
of  CD26+ T cells. However, decreased levels of  DPP-
Ⅳ were observed in patients with acute lymphocytic 
leukemia, thyroid and oral cancer, advanced gastric 
carcinoma, HCV infections, inflammatory bowel diseases, 
type II diabetes, in healthy smokers, in pregnancy, and in 
alcoholics and patients suffering from major depression. 
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A reduction in DPP-Ⅳ activity has been related to 
symptoms of  depression and anxiety under certain 
circumstances. Contradictory results were reported for 
psychologically-related eating disorders such as anorexia or 
bulimia, CRC, rheumatoid arthritis, lupus erythematosus 
and Sjögren syndrome.

Many studies have used sCD26 as a soluble marker 
of  Th1 cellular immune activation, together with 
sCD30 and sometimes sCD23 as markers of  Th2 
(humoral response)[231-234]. The concentration of  sCD26 
increases in HIV-1 patients, leishmaniasis, myocardial 
infarction and atopic dermatitis. It does not change in 
asthmatics, osteoarthritis and gastric cancers. In many, 
but not all studies, it decreases in rheumatoid arthritis 
and particularly in lupus erythematosus and Sjögren 
syndrome, while results from hepatitis C virus (HCV) 
are not consistent. In summary, low levels of  DPP-
Ⅳ/sCD26 occur concurrently with impaired immune 
status -some hematological and solid malignancies can be 
included-, whereas increased levels occur in inflammatory 
and infectious diseases (enhanced immune status), other 
hematological tumors, and liver diseases[142].

We were the first to report reduced levels of  sCD26, 
using immunodetection, in the serum of  CRC patients, 
compared with healthy donors[103]. Reduced levels of  
enzymatic activity were reported for a small group 
of  patients in 1987[235], although other authors found 
increased DPP-Ⅳ activity in a cohort of  CRC patients 
comparable to ours[229]. We have already made some 
putative explanations to clarify this lack of  correlation. 
From a biological point of  view, further research studies 
are needed, but this issue does not affect the focus of  
this article. Our most important finding was that lower 
concentrations were found particularly in the early stages 
of  the disease. Sensitivities higher than 80% (Table 1) 
were found for Dukes’ stages A, B and C, whereas it was 
impaired in Dukes’ stage D, in which CEA levels diagnosed 
better. Interestingly, it was in stage D where the DPP-Ⅳ 
activity actually increased in the study mentioned[229]. In 

this first study, we also found that sCD26 as a variable is 
not related with Dukes’ stage classification, age, gender, 
tumor location or degree of  differentiation, which also 
suggested the potential usefulness of  this molecule for 
early diagnosis of  CRC. We also showed preliminary data 
on the potential prognostic value with a follow-up of  2 
years until recurrence; additional data has not yet been 
published. Moreover, we did not find changes in related 
diseases such as gastric-tract carcinomas, and in two of  
four blood cell cancers the concentration was raised (n = 
4); impaired levels of  sCD26 were observed only in some 
cases with gastric tract benign pathology and with Crohn’s 
disease[103, 228]. 

These last results on specificity agreed with published 
works, and Crohn’s disease data may be irrelevant for 
screening since these patients should have been detected 
years before the CRC screening procedure. To establish 
the feasibility of  the sCD26 test for the diagnosis of  
CRC, we decided to perform a first pilot case-finding 
study that tested 170 persons of  both genders at average 
risk for CRC (older than 50 years and asymptomatic for 
bowel disease),  excluding individuals with a family history 
of  CRC, or colorectal polyps, or personal history of  
CRC. From 29 individuals positive for the marker (with 
serum levels below or at the cut-off  of  410 ng/mL), as 
previously studied[113], 21 underwent the colonoscopic 
procedure with colorectal findings in ten individuals 
(47.6%) against 3 out of  ten individuals negative for the 
marker (30%)[113], showing an additional value of  sCD26 
for the detection of  premalignant lesions (Table 1).

The aim of  a later case-finding study in a large cohort 
(2754 presumably healthy individuals) was to evaluate its 
association with epidemiologic parameters as well as certain 
common digestive-related symptoms or pathologies[109]. 
Personal questionnaires were completed for data such as 
personal and familial history of  colorectal polyps or cancer, 
bowel diseases (non-inflammatory benign pathologies: anal 
fissure, hemorrhoids, diverticula, irritable bowel syndrome 
and spastic colon; and inflammatory bowel diseases: colitis 
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Table 1  Performance characteristics of the sCD26 test

Cohort
    
   n

    CRC risk sCD26 
 cut-off 
(ng/mL)

CRC 
in 

sCD26+
 patients

Advanced 
adenomas 

in sCD26+ 
patients

Polyps in 
sCD26+ 
patients

Other findings in sCD26+ 
patients

Sensitivity Specificity
     
      (%)

      
    (%)

1st Case-control 
study[89]

175 Diagnosed with 
CRC

410 99/110 - - 6/110 Crohn´s
1/110 GC

90% (CRC) 90% (CRC)

1st Case-finding
 study[97]

170 Average-risk 410 - -ª 8/21 2/21 diverticula - -

2nd Case-finding
 study[95]

2673 A v e r a g e-   a n d 
increased-risk

410 2/140 4/1402 46/1402 12/140 diverticula 100% (CRC)1 89.9% (CRC)1

2nd Case-control 
study [94]

299 Increased-risk 460 27/110 20/110 13/110 18/110 IBD; 18/110 non-IBD; 
14/110 anemia, diarrhea, 

rectal bleeding

81.8% (CRC)
58% (CN)

72.3% (CRC)
75.5 (CN)

n: Number of individuals; CR: Colorectal; CRC: Colorectal cancer; CN: Colorectal neoplasms including CRC and advanced adenomas; GC: Gastric cancer; 
IBD (inflammatory bowel diseases, includes colitis and Crohn’s); non-IBD (includes hemorrhoids and diverticula). ªNo data on polyps´ pathology could 
be obtained; 1 : Data obtained after one-year follow-up for the detection of interval cancers. 2: Pathological anatomy information obtained only for 16 of 46 
polyps. The four advanced adenomas are also included in the polyps’ column.
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or Crohn’s disease), symptoms (rectal bleeding or fecal 
blood and changes in bowel habits), and smoking status. 
Individuals with a personal history of  CRC, personal 
history of  a cancer other than CRC, personal history of  
colorectal polyps, and familial history of  cancer and/or 
colorectal polyps were excluded.

The mean sCD26 concentration in this cohort cor
responded to 555.9 ± 181.7 ng/mL, similar to that 
previously reported for 52 healthy donors (559.7 ± 125.5 
ng/mL). However, the range in this large cohort was 
considerably broad compared to that of  the healthy donors 
(118–3062 ng/mL and 273–863 ng/mL, respectively)[109]. 
Information concerning the smoking status was also 
obtained. 63.8% of  the individuals were non-smokers, 
27.8% were current smokers, while 8.4% were former 
smokers. Former smokers showed statistically significant 
higher values of  sCD26, and current smokers lower than 
non-smokers, the latter fact correlating with data on 
enzymatic activity[236-240], however, this small difference (20 
and 10 ng/mL, respectively) was not statistically significant 
when grouped by the number of  cigarettes per day. 

According to the cut-off  point 410 ng/mL, 273 
individuals (10.2%) were sCD26+[109]. To extend the 
validation of  sCD26 as an early biomarker for CRC, a 
colonoscopic procedure was recommended to these 
individuals. Among the 140 individuals that underwent 
colonoscopy, one case of  CRC was diagnosed, resulting in 
a very high prevalence (0.7%) for this cohort. In addition, 
there were 46 cases of  colorectal polyps (32.9%), 12 cases 
of  colorectal diverticula (8.6%) and 81 individuals without 
apparent colorectal pathology (Table 1). The PPV for the 
sCD26 test considering all the findings was 42.1%[111]. 
The sCD26+ individual diagnosed with CRC after 
colonoscopy received surgery after three months, finding 
a tumor in Dukes’ stage B. Interestingly this patient had 
a negative FOBT two weeks before the measurement of  
sCD26. Another case was a sCD26+ individual who had 
a second positive test three months afterwards, and later 
was diagnosed by colonoscopy with a 1-cm villous polyp 
in the transverse colon, which was not extirpated. After 
seven months, the patient was diagnosed and operated 
on for a moderately differentiated adenocarcinoma at 
Dukes’ stage A (data not published). The 46 individuals 
diagnosed with colorectal polyps represent a percentage 
similar to those diagnosed in the first case-finding study, 
also elevated considering the average risk[30]. Information 
regarding the pathological anatomy of  polyps was 
obtained only for 16 cases. Of  these, 75% presented 
neoplasic histology (adenomas). Trying to explain the high 
number of  colorectal polyps diagnosed, no differences 
were found between the mean age of  the individuals with 
and without polyps (data not published). 

Although the most accurate means of  measuring 
sensitivity and specificity is to perform colonoscopies in 
all the screened patients regardless of  the test result, when 
this is not possible, several authors use a follow-up period 
to detect interval cancers[24,214,241]. Therefore, it is assumed 
that a false negative becomes clinically apparent through 

subsequent screening or the appearance of  symptoms. 
According to this approach, with a one year follow-up of  
our individuals, a sensitivity of  100% and a specificity of  
89.9% for CRC were obtained (Table 1)[111]. 

These results, with special interest on the absence of  
correlation among all the parameters analyzed, particularly 
the personal and familial history of  CRC and polyps 
together with rectal bleeding and changes in bowel 
habits, proved that the sCD26 test can be easily offered 
and evaluated in a large population cohort. Additional 
data also support the usefulness of  serum sCD26 levels 
for patient monitoring because four of  the patients 
diagnosed with polyps requested a second sCD26 test 
after polypectomy, which showed normalized values ( > 
410 ng/mL) in the new measurement in all patients[111].

However, accurate clinical values suggesting that 
a serum CD26 test is an improvement on the current 
non-invasive screening tests recommended was lacking. 
Therefore a case-control study with 299 symptomatic and 
asymptomatic patients, who were to undergo colonoscopy, 
was performed[108]. Colonoscopy indication was mostly 
due to symptoms such as rectal bleeding, abdominal 
pain, diarrhea, constipation, anemia, colorectal polyp or 
cancer surveillance, and CRC screening. Patients were 
classified into groups as follows: no colorectal pathology 
(symptomatic with rectal bleeding, abdominal pain, 
diarrhea, anemia, constipation, or asymptomatic with 
personal history of  polyps or CRC, and family history 
of  polyps); non-IBD (hemorrhoids and diverticula); IBD 
(colitis or Crohn’s disease); colorectal polyps (hyperplastic 
polyps, non-advanced adenomas and advanced adenomas); 
and CRC.

The average sCD26 level for the group of  patients 
with no colorectal pathology or benign colorectal 
pathology was 641.2 ± 241.2 ng/mL, higher than the 
cut-off  point obtained with healthy donors as the 
control cohort. Therefore, we chose to calculate a new 
cut-off, 460 ng/mL. According to this, the sCD26 test 
has a sensitivity and specificity of  81.8% and 72.3%, 
respectively, for CRC (Table 1), (a specificity of  79.3% 
when the group of  symptomatic patients with no 
colorectal pathology was considered). The mean sCD26 
concentration decreased, although non-significantly, 
as the pathology diagnosed was more severe, that is, 
from no colorectal pathology to CRC, with a noticeable 
decrease in the group with IBD and anemia. Interestingly, 
individuals with anemia showed a substantially elevated 
sCD26 positivity rate (71.4%), as well as the IBD group 
(69.2%), both responsible for the specificity value. IBD 
is associated with at least a 5-fold increased risk for CRC, 
representing one of  the highest risk groups based on the 
inflammation-dysplasia-carcinoma sequence[242]. However, 
these individuals are usually diagnosed at the age of  the 
potential CRC screening procedure, as commented, and 
its impact on the specificity data can be avoided. When 
considering only asymptomatic individuals, specificity 
increases to 90%, which agrees with our previously 
published results[103,104,113]. 
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On the other hand, as no carcinomas in situ were 
detected in the patients included in the study, the decrease 
in sensitivity in this context is probably related to altered 
frequencies in CRC stages (sCD26 is a poorer marker in 
Duke’s A than in B or C stages)[103].

In this study, we also analyzed the relationship of  
this biomarker with advanced adenomas. Defining 
advanced adenomas as those larger than 10 mm, with 
tubulovillous or villous histology, or with high-grade 
dysplasia, and classifying patients with more than one 
polyp according to the most advanced lesion, sensitivity 
for the detection of  CRC and advanced adenomas 
was 58.0%, with a specificity of  75.5% (Table 1). We 
found no statistical differences, according to the sCD26 
positivity rate, with regard to the number of  polyps, their 
size, location, morphology or histology, but differences 
closely significant were observed with the grade of  
dysplasia, a morphological marker of  neoplastic lesions. 
The positivity rate increased gradually with the degree 
of  dysplasia: 22.2% for non-dysplastic polyps, 32.5% 
for low-grade dysplastic adenomas and almost double 
(60.0%) for high-grade dysplastic adenomas. Concerning 
advanced adenomas, a term commonly used to group 
adenomas that have an increased likelihood of  malignant 
transformation, the sCD26 positivity rate was statistically 
significant.

As commented, iFOBT is now preferentially offered 
for average-risk screening. A highly sensitive FOBT 
(guaiac-based) test (Hemoccult SENSA®) reached 71-79% 
sensitivity with single testing, and 85% with multiple testing, 
with corresponding specificities of  86% and 95%[241-243], 
although these parameters are probably overestimated 
as these studies lacked colonoscopic examination of  
the negative cases. For both pathologies together (CRC 
and advanced adenomas) in an asymptomatic high-risk 
cohort, however, higher sensitivity, 65.3% (and 87.5% 
for specificity), resulted with Hemoccult SENSA®[244] 
compared to iFOGT (33.1% sensitivity and specificity of  
97.5%, parameters obtained with flexible sigmoidoscopy). 
For other experimental serum biomarkers, the CCSA-2 has 
shown 97.3% sensitivity and 78.4% specificity, although 
hyperplastic polyps and non-advanced adenomas were 
considered as findings, while IBD patients were absent 
in their cohort[100]. Therefore, sCD26 seems to perform 
adequately as a blood biomarker for CRC and advanced 
adenomas, and is independent of  the frequent but 
intermittent bleeding, unlike guaiac FOBT or iFOBT. 

In hepatocarcinoma, a loss of  membrane CD26 is 
correlated with higher DPP-IV levels. This fact is not 
seen in CRC, as almost all CRC patients show reduced 
serum levels of  sCD26[103,111], but loss of  membrane 
CD26 expression only occurs in 11% of  colorectal 
tumor[181]. In conclusion, for CRC, sCD26 is not correlated 
with cell proliferation, or with the alteration of  CD26 
expression in CRC tumor cells. Nor is there any direct 
correlation between sCD26 levels and tumor location, 
degree of  histological differentiation, type of  metastasis 
or Dukes’ stages of  CRC[245], which may affect the 

hepatic production of  sCD26. Therefore, sCD26 is 
also independent, if  not of  the tumorigenic locus, at 
least of  the tumorigenic tissue. In addition, as it seems 
immune-related[142], the sCD26 decrease in the plasma of  
patients should appear sooner in the adenoma-carcinoma 
development compared to the presence of  fecal blood. 

CONCLUSION
As commented previously, it has recently been reported 
that screening accounted for 53% of  the decline in CRC 
mortality observed during 1975-2000 in the USA (26% 
less mortality). Moreover, decline in CRC mortality in the 
USA could be enhanced if  current trends against cancer 
were accelerated[2]. Therefore, any kind of  screening 
strategy should be proposed in advanced and developing 
countries. For FOBT Hemoccult, which is a non-invasive 
and relatively cheap test, there are considerable data from 
many prospective studies in different countries of  the 
world; however, not many countries include this screening 
method in their public health systems.

In the context of  this review, dealing with an ex
perimental CRC screening test that is easier to monitor in 
the health system, or with a better clinical value, the idea 
of  comparing different tests rather than conducting long-
term and expensive randomized controlled trials to evaluate 
each new test is very important, as suggested by Mandel[37] 
in the commentary on the Allison study that compared 
performance, outcome, compliance, and cost of  guaiac 
FOBT and iFOBT[42] fecal occult blood tests.  In this way, 
it will be much easier to study and promote new fecal 
or blood tests. With this aim, we are currently initiating 
a multicentric, prospective, double-blinded study in an 
average-risk population, where the performance of  the 
quantitive iFOBT and the sCD26 assay will be assessed 
and compared with the gold standard colonoscopy.

Another important idea, as we have previously 
proposed[110], is the combination of  biomarkers for the 
management of  cancer, since it is difficult to achieve a 
simple test to detect early-stage tumors that is useful for 
screening purposes. For example, we have tested sCD26 
levels, α-L-fucosidase activity and CEA in the same 
patients[109], and while, at a specificity of  100%, α-L-
fucosidase activity did not enhance the sensitivity value 
obtained with sCD26 alone in TNM stage II patients, the 
sensitivity obtained from the combination of  both markers 
was 65% versus 33% for sCD26 alone in TNM stage I 
patients. In the same way, a very recent work assessed 
the combination of  CEA with three other biomarkers, 
sCD26, DR-70 and MMP-9, previously selected from 
26 candidates, for the detection of  CRC[246]. This study 
confirmed that sCD26 and DR-70 (fibrin and fibrinogen 
degradation products[104]) are the more promising of  
the available serum markers, although DR-70 showed a 
significant correlation with age. Values of  the area under 
the ROC curve, and sensitivity and specificity for sCD26 
were similar to our latest study mentioned above[108] using 
a similar cohort of  case-control patients who attended 
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colonoscopy. The same study[246] also showed that a 
combination of  sCD26, DR-70 and CEA detected CRC, 
particularly at the early stage of  disease, significantly better 
than CEA alone or other biomarker combinations at 
certain specificities[246]. Nevertheless, our data on sCD26 
for the detection of  the earliest stages were much better 
(and data of  CEA worst)[103,109]. This discrepancy perhaps 
may be due to the differences in the cohort composition 
in each study, to the statistical method employed for the 
combination of  biomarkers, or to a development of  the 
ELISA for the measurement of  CEA levels (the kits used 
for CEA, but not for sCD26, were different in each study).

Therefore, the approach tries to increase the clinical 
value of  each biomarker or yield a test more able to 
distinguish between patients and healthy individuals, 
and ideally also among different kinds of  tumors, in the 
way we have tested for head and neck cancer versus non-
small cell lung cancer[247] at a low scale, and others for the 
screening of  Alzheimer disease[248], or to identify lymph 
node metastases in non-small cell lung cancer patients[249]. 
In this case, a panel of  six serum biomarkers classified the 
patients better than conventional clinical methods.    

To measure several biomarkers at a time, ELISAs for 
key serum markers are being arrayed or multiplexed based 
on immunoblot technology or flow cytometric beads[110,247, 

249]. 
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These techniques, in relation with other genomic or 
proteomic techniques, are more transferable to practical 
application in clinical decision-making. In this sense, it is 
interesting to note that the multiplexed diagnostics market 
has grown rapidly and generated sales of  approximately 
$2.4 billon in 2009, and is expected to tip in favor of  
continued rapid growth, reaching almost $5.8 billion in 
2015. Moreover, the multivariate data obtained from 
such a test can easily be managed with new statistical 
methods already developed for the fields of  genomics and 
proteomics in general.

However, as multiple cancer screening tests are been 
advocated for the general population, clinicians and 
patients are not always well-informed of  screening burdens. 
For example, in the ongoing Prostate, Lung, Colorectal, 
and Ovarian (PLCO) Cancer Screening Trial, a randomized 
controlled trial to determine the effects of  prostate, lung, 
colorectal, and ovarian cancer screening on disease-specific 
mortality, an individual has an approximately 50% or 
greater risk of  a false-positive finding by the 14th test[250]. 
Physicians should educate patients about the likelihood of  
false positives and resulting diagnostic interventions when 
counseling on cancer screening. 
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Abstract
In recent years, as we have a better knowledge and 
understanding of the biology of non small cell lung car-
cinoma (NSCLC), which leads us to targeting biomark-
ers driving the NSCLC carcinogenesis and metastatic 
potential, we now have an increased number of options 
to offer our patients with NSCLC. We also realize the 
importance of distinguishing squamous and non squa-
mous histology to guide our treatment decisions of 
NSCLC. The palliative care concomitant with therapies 
from the very start of the treatment also showed an 
impact on survival. This review examines the treatment 
options in all lines of therapy for metastatic NSCLC that 
have been approved in Canada, the United States, or 
Europe. 
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INTRODUCTION
Lung cancer remains one of  the most common cancers 
worldwide and a leading cause of  mortality, with an esti-
mated 1.6 million new cases and nearly 1.4 million deaths 
annually. The majority of  patients with non small cell 
lung carcinoma (NSCLC) present with advanced stage 
disease at diagnosis. A large number of  patients who are 
diagnosed at an early stage will eventually experience dis-
ease relapse and will also need treatment for a metastatic 
disease. The 5-year survival rate of  lung cancer patients 
remains only about 15%. Furthermore, advanced lung 
cancer causes debilitating symptoms which can seriously 
affect the quality of  life (QOL) and survival. 

Historically, the treatment of  NSCLC has involved a 
finite number of  cycles of  first-line chemotherapy, the 
most commonly-used regimens being platinum doublets[1] 
for patients with a good performance status (PS) and no 
significant comorbidities, after which patients with tumour 
response or stable disease were observed for evidence of  
disease progression; at this point, suitable patients would 
start second-line therapy. We learned that the introduc-
tion of  a third chemotherapeutic agent only increased 
toxicity, but not efficacy. We also realized that only about 
50%-60% of  patients go on to receive second-line therapy 
and of  those, only 50%-60% will receive third-line thera-
py. It is therefore important to ensure that patients receive 
the best therapeutic option in each line of  therapy[2].

In recent years, two new concepts have been intro-
duced in the treatment of  metastatic NSCLC: mainte-
nance therapy and targeted biologic agents. Maintenance 
therapy after first-line therapy can be with either chemo-
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therapeutic or biologic agents, it may include drugs given 
in the induction regimen, or different agents (i.e. “early” 
second-line treatment) with the aim of  preventing pro-
gression and prolonging progression-free survival (PFS). 
Targeted agents, when compared with chemotherapeutic 
agents in this setting, show fewer toxicities, especially 
cumulative toxicities such as myelosuppression; thus the 
possibility of  a longer duration of  therapy[3]. 

Two main groups of  targeted agents for NSCLC, which 
are presently approved in the United States, Canada, and 
Europe, based on the results of  clinical trials, including 
their efficacy and safety profiles, are the inhibitors of  epi-
dermal growth factor receptor (EGFR) and vascular en-
dothelial growth factor (VEGF). Erlotinib or gefinitib and 
bevacizumab are the respective representatives of  these 
groups. Another EGFR inhibitor, cetuximab, is not cur-
rently approved in Canada and the United States. Gefitinib 
was granted marketing authorization for the treatment of  
EGFR mutation-positive metastatic NSCLC.

The options and lines of  treatments in metastatic 
NSCLC are increasing. The understanding of  the devel-
opment of  resistance to different therapeutic agents will 
help us to decide on the sequence of  therapies i.e. the 
choices for first, second, third, and further lines of  treat-
ment. Our decisions will not only depend on age, gender, 
comorbidities, smoking history, racial origin, and PS of  
patients, but also on the tumour characteristics and the 
toxicity profile of  the therapies. 

The goal of  the treatments of  advanced NSCLC is 
only palliative for now, thus QOL remains a very impor-
tant factor. Early control of  symptoms such as nausea, di-
arrhoea, constipation, pain, or prevention of  cytopaenias 
and bone metastases enables patients to maintain good 
PS and QOL, enabling them to receive now available 
numerous lines of  treatments. We now better understand 
various prognostic and predictive factors which can guide 
our decisions regarding the different treatment options 
and help us to deliver a personalized, individualized treat-
ment for our NSCLC patients, leading to increased treat-
ment efficacy, decreased toxicity and improved QOL. 

FIRST-LINE TREATMENT OF METASTATIC 
NSCLC
Chemotherapy in first-line
The third-generation chemotherapy agents such as pacli-
taxel, docetaxel, gemcitabine, vinorelbine, irinotecan, and 
pemetrexed in platinum-based doublets are more effec-
tive in terms of  response rates and survival and are better 
tolerated than the older platinum-based combinations[4,5]. 
The overall benefit obtained by modifying chemotherapy 
regimens has been small and has yielded no tangible im-
provement in overall survival (OS)[6]. Median OS reached 
with chemotherapy plateaus at 8-10 mo, even with peme-
trexed, as demonstrated in per protocol population in a 
phase Ⅲ trial[7] comparing first-line cisplatin-pemetrexed 
to cisplatin-gemcitabine, showed a median OS of  10.3 mo 
for each treatment arm. 

In a pre-specified analysis, the median OS was signifi-
cantly longer for cisplatin-pemetrexed than for cisplatin-
gemcitabine in patients with adenocarcinoma histology 
[n = 847, 12.6 mo vs 10.9 mo, hazard ratio (HR) = 0.84, 
P = 0.03] and large-cell carcinoma histology (n = 153, 
10.4 mo vs 6.7 mo, HR = 0.67, P = 0.03). The median 
survival of  patients with squamous histology assigned to 
cisplatin-pemetrexed (n = 244) was only 9.4 mo; and was 
10.8 mo on cisplatin-gemcitabine (n = 229, HR = 1.23, P 
= 0.05). For patients with NSCLC without further sub-
type classification (n = 252), no significant differences 
were observed between the two arms[7]. Thus, cisplatin-
pemetrexed should not be given for squamous tumours. 
Carboplatin-pemetrexed demonstrated efficacy similar 
to that of  carboplatin-gemcitabine in first-line treatment 
of  metastatic NSCLC[8]. No comparison is yet available 
of  the platinum-taxane regimens with the platinum-
pemetrexed regimens. Carboplatin is favoured in certain 
centres and countries, especially in the more frail patients 
with different comorbidities, due to less toxicity.

Targeted therapies in first-line
The first targeted agent which when added to a platinum 
doublet in first-line metastatic NSCLC resulted in an 
improved efficacy, was the anti-VEGF monoclonal anti-
body, bevacizumab. VEGF has multiple roles in tumour 
angiogenesis. It has been shown to promote survival[9] 
and to increase permeability of  existing tumour vascula-
ture[10], while stimulating the growth of  new tumour ves-
sels[9]. In addition, VEGF is known to have a direct effect 
on tumour cells, including survival, migration, and inva-
sion[10]. Two early effects of  anti-VEGF therapy include 
regression of  existing tumour microvasculature, and nor-
malization of  the remaining microvasculature, helping to 
better deliver chemotherapy to the tumour[11]. A third ef-
fect is the continued inhibition of  the formation of  new 
tumour vasculature[12].

Bevacizumab was tried in a phase Ⅱ trial (Figure 1), 
where it was added to carboplatin/paclitaxel. It signifi-
cantly improved response rate and PFS in patients with 
advanced NSCLC[13]. 

The ECOG 4599 (Eastern Cooperative Oncology 
Group) phase Ⅲ trial demonstrated significant improve-
ment in median OS (12.3 mo vs 10.3 mo, HR = 0.79, P 
= 0.003), median PFS (6.2 mo vs 4.5 mo, HR = 0.66, P < 
0.001), and response rates (35% vs 15%, P < 0.001) for 
bevacizumab in combination with carboplatin-paclitaxel 
as compared with chemotherapy alone[14]. Bevacizumab is 
the first agent combined with chemotherapy to improve 
survival beyond 1 year for patients with non-squamous 
pathology of  NSCLC. In the same trial in patients with 
adenocarcinoma, median OS was 14.2 mo vs 10.3 mo for 
control.

The AVAIL (AVASTIN in lung) trial was the second, 
randomized phase Ⅲ trial with cisplatin-gemcitabine 
and bevacizumab 7.5 mg/kg or 15 mg/kg vs cisplatin-
gemcitabine only, in a three-arm study design. This study 
was conducted 4-5 years later than the ECOG study, 
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when more lines of  treatments were available and they 
could confound OS, and crossover to bevacizumab was 
possible, thus median PFS was a primary endpoint. PFS 
was significantly prolonged with bevacizumab 7.5 mg/kg 
plus chemotherapy compared with chemotherapy alone 
(6.7 mo vs 6.1 mo; HR = 0.75, P = 0.003) and an objec-
tive response rate of  34.1% compared to 20.1% for che-
motherapy alone (P < 0.0001). PFS was also significantly 
improved in patients receiving bevacizumab 15 mg/kg 
plus chemotherapy as compared with placebo (6.5 mo vs 
6.1 mo; HR = 0.82, P = 0.03). 

The SAIL (Safety of  Avastin in Lung) trial examined 
the safety of  bevacizumab in a broad patient popula-
tion[15,16]. More than 2000 patients demonstrated a clinical 
benefit with bevacizumab, not only with different cisplatin, 
but also carboplatin doublets - regimens according to the 
investigators’ choice. In this trial, median PFS was 7.8 mo 
and median OS was 15.3 mo[15].

A 2000 patient registry trial in the United States AR-
IES, (Avastin Registry: Investigation of  Effectiveness 
and Safety), showed similar results as the SAIL trial even 
though 647 patients were elderly > 70 years old. Some 
had hypertension, central tumour location, central ner-
vous system (CNS) metastases, or receiving anticoagula-
tion therapy. Median PFS was over 6 mo, and median 
OS was 13.3 mo[17]. A meta-analysis of  more than 13 000 
bevacizumab-treated patients provided reassurance that 
the risk of  CNS bleeding in patients with brain metasta-
ses is not increased[18].

In contrast, phase Ⅲ trials with cetuximab plus taxane-
carboplatin (BMS - 099) and cetuximab plus cisplatin-
vinorelbine in the FLEX (First line Erbitux) trial, failed 
to demonstrate a PFS benefit in patients with NSCLC  

(4.4 mo vs 4.2 mo and 4.8 mo, respectively)[19,20]. A marginal 
OS benefit was observed in FLEX (11.3 mo vs 10 mo), 
which raises the question of  the benefit of  subsequent 
post-induction therapies. 

A large, phase Ⅲ trial ESCAPE, (Evaluation of  
Sorafenib, Carboplatin And Paclitaxel Efficacy in NSCLC) 
of  sorafenib, a multikinase inhibitor in combination with 
carboplatin-paclitaxel, showed no benefit in patients with 
NSCLC. Moreover, the addition of  sorafenib had a det-
rimental effect in patients with squamous cell histology. 
The trial was stopped prematurely and did not meet its 
primary OS endpoint[21]. 

The NCIC, (National Cancer Institute of  Canada) 
BR.24 phase Ⅱ/Ⅲ study of  cediranib in first-line NSCLC 
was also discontinued because of  unacceptable toxicity. 
A follow-up, randomized phase Ⅲ trial (NCIC BR.29) 
is currently ongoing, testing cediranib at the lower dose 
of  only 20 mg orally daily with carboplatin-paclitaxel 
compared to carboplatin-paclitaxel alone in patients with 
metastatic NSCLC. Many other randomized trials of  tar-
geted therapies combined with chemotherapy have failed 
to demonstrate clinical benefit.

Evidence-based medicine: a practical approach in first-
line
A number of  factors will affect the choice of  first-line 
therapy in metastatic NSCLC, including available clini-
cal data, patient characteristics (age, smoking history, 
histology, racial origin, tumour mutation status, patient 
preference, and physician’s experience with certain agents. 
Although pemetrexed has demonstrated an OS benefit in 
patients with non-squamous NSCLC, that benefit was re-
stricted to the sub-analysis of  a subgroup of  patients who 
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Figure 1  First-line bevacizumab data in non small cell lung carcinoma. CP: Carboplatin, paclitaxel; CG: Cisplatin, gemcitabine. 1Investigator assessment.
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received cisplatin. No comparison of  platinum-taxanes 
with platinum-pemetrexed is available. Thus, patients not 
eligible for bevacizumab should receive platinum-contain-
ing doublet chemotherapy, of  which cisplatin-pemetrexed 
is the most promising for non-squamous histology. Re-
sults from phase Ⅲ trials will help to determine the role 
of  pemetrexed-platinum with bevacizumab in the first-
line setting. A summary of  OS with the most frequently 
used regimens in first-line treatment of  NSCLC is shown 
in Figure 2.

The evidence suggests that EGFR tyrosine kinase 
inhibitors (TKIs) are particularly effective agents in pa-
tients with EGFR mutation-positive tumours. A phase 
Ⅲ trial, open-label study (the IRESSA Pan-Asia Study -  
IPASS)[22] examined the efficacy of  gefitinib in first-line 
as compared with carboplatin-paclitaxel in clinically se-
lected patients with NSCLC. The results revealed signifi-
cantly longer PFS, increased objective response rates (P 
< 0.0001), and improved QOL among EGFR mutation-
positive patients who received gefitinib than among those 
who received carboplatin-paclitaxel, but median OS was 
not statistically different. The difference in the rates of  
objective response with gefitinib was remarkable at 71.2% 
and 1.1% for EGFR mutation-positive and negative pa-
tients, respectively, median PFS was 9.5 mo on gefitinib 
compared to 6.3 mo on chemotherapy (HR = 0.48, P < 
0.0001), and median OS was 21.6 mo vs 21.9 mo, respec-
tively, in mutation-positive patients (HR = 1.00, P = 0.99).

IPASS was the first study to demonstrate the high 
incidence of  EGFR mutation-positive tumours in female 
Asian patients who were never or light ex-smokers, with 
adenocarcinomas.

The presence of  an EGFR mutation can be both a 
predictive and prognostic factor of  improved efficacy and 
outcomes. We now have similar results from Korean[23] 

and Japanese trials[24], which also showed very positive 
results in patients with EGFR mutation-positive tumours 
who received gefitinib. The same results were recently 
presented with erlotinib vs carboplatin-gemcitabine in 
the OPTIMAL trial, (previously known as CTONG 
0802)[25,26], where EGFR mutation-positive patients had 

median PFS on erlotinib of  13.1 mo vs 4.6 mo on che-
motherapy (HR = 0.16, P < 0.0001). The Spanish Lung 
Cancer group demonstrated similar results in a phase Ⅱ 
trial[27].

In mutation-positive patients (exon 19 deletion and 
21 point mutation), EGFR-TKIs are the treatment of  
choice in the first-line for metastatic NSCLC. Oral ad-
ministration is more convenient and less toxic contribut-
ing to a better QOL and excellent efficacy in many pa-
tients. In the case of  unknown mutation status, patients 
should receive chemotherapy treatment. Education on 
the necessity of  an adequate tumour biopsy is of  utmost 
importance for optimal patient management. Currently, 
there are no predictive markers for anti-VEGF therapy.

Maintenance therapy
A number of  studies have evaluated regimens using ei-
ther sequential or maintenance chemotherapy as post 
first-line treatment for NSCLC patients who have not ex-
perienced disease progression. A review of  those studies 
suggests that the optimal regimen remains unclear[2,28].

Chemotherapy in maintenance
A phase Ⅲ trial[29] compared the efficacy and safety for 
docetaxel administered to patients either immediately 
after first-line gemcitabine-carboplatin or only at the time 
of  disease progression. The study showed a statistically 
significant improvement in PFS of  3 mo for patients 
receiving immediate docetaxel therapy and a non-signif-
icant trend toward an improved OS. Ninety-five percent 
of  patients in the immediate arm received docetaxel, but 
only 63% of  patients in the delayed-therapy arm received 
docetaxel. When OS was compared only for patients who 
received docetaxel, median OS was 12.5 mo in both arms.

The JMEN trial evaluated maintenance pemetrexed 
plus best supportive care (BSC) against placebo plus BSC. 
With maintenance pemetrexed, the PFS in the overall 
patient population was 4.0 mo as compared with 2.0 mo 
for placebo (HR = 0.60, P < 0.0001)[30]; however, patients 
with squamous histology did not benefit from pemetrexed 
therapy. The trial excluded patients who had previously 
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received pemetrexed with cisplatin. The lack of  a delayed 
pemetrexed arm means that it is difficult to ascertain the 
true benefit of  immediate compared to second-line peme-
trexed. Only 19% of  patients in the placebo arm received 
pemetrexed in the second-line, raising the question of  
whether the observed survival benefit would have been 
maintained if  more patients had received second-line 
pemetrexed. Patients on pemetrexed require folic acid and 
vitamin B12 to reduce treatment-related toxicities. The 
most frequent adverse events related to pemetrexed are 
neutropenia and fatigue.

Targeted therapies in maintenance
In all bevacizumab trials, bevacizumab was administered 
as a maintenance therapy, followed by first-line che-
motherapy with bevacizumab, if  there was no disease 
progression or unacceptable toxicity. In the maintenance 
phase of  AVAIL, (Avastin in Lungs), there was a signifi-
cant increase in PFS in the bevacizumab arm as compared 
with the placebo arm (4.6 mo vs 3.2 mo, Table 1)[31]. The 
Atlas trial demonstrated that the benefit is further im-
proved with the addition of  erlotinib (4.76 mo vs 3.75 mo, 
HR = 0.722)[32], but OS was not improved and the toxicity 
was more severe on the two-drug arm. In the SATURN 
trial, a 41% improvement in PFS was observed for erlo-
tinib as compared with placebo[33]. In addition, mainte-
nance with erlotinib demonstrated a survival benefit in all 
subgroups of  patients, including those with squamous tu-
mour pathology. This benefit was independent of  EGFR 
mutation status[34]. For the mutation-positive patients, a 
HR = 0.1 for median PFS was unprecedented. 

Future directions
A phase Ⅱ trial reported by Patel et al[35] demonstrated 
excellent results with first-line pemetrexed plus carbo-
platin and bevacizumab followed by maintenance with 
pemetrexed and bevacizumab in non-squamous NSCLC 
patients. The overall response rate was 55%, median PFS 
was 7.8 mo and OS was 14.1 mo. Another phase Ⅱ trial 
demonstrated that bevacizumab plus pemetrexed and ox-
aliplatin followed by bevacizumab maintenance achieved 
a median PFS of  7.8 mo and a median OS of  16.7 mo[36]. 

These trials suggest an improved efficacy when bevaci-
zumab and pemetrexed are combined in different regi-
mens. Phase Ⅲ trials are ongoing.

Clinical trial data in colorectal cancer patients suggest 
an advantage in maintaining clinical benefit by continuing 
bevacizumab beyond progression to keep VEGF levels 
down[37], in bevacizumab eligible patients. 

Patients who are not eligible for bevacizumab and/or 
want a more convenient, oral treatment, causing mainly 
rash or diarrhoea, can be maintained by erlotinib, which is 
also effective in squamous histology, unlike pemetrexed. 
For non-squamous histology, depending on patient pref-
erence or ineligibility for bevacizumab, pemetrexed also 
remains an option.

Palliative therapies, especially early prevention of  
skeletal-related events, such as fractures, spinal cord com-
pression, radiotherapy, and surgery to bone should be an 
integral component of  active treatments[38,39]. 

SECOND-LINE THERAPY
Chemotherapy in second-line
Several chemotherapy agents, including docetaxel and 
pemetrexed, have demonstrated efficacy in the second-
line treatment of  NSCLC patients[40-43]. Pemetrexed is 
approved for non-squamous histology only. Both drugs 
offer similar efficacy in randomized, phase Ⅲ trials[42], 
with median OS of  8.3 mo for docetaxel and 7.9 mo for 
pemetrexed, however, pemetrexed has a milder toxicity 
profile than docetaxel[41].

Targeted therapies in second-line
Erlotinib is an EGFR-TKI that suppresses intracellu-
lar signalling pathways, which promote cell growth and 
proliferation[44,45]. Unlike chemotherapy, it causes no 
cumulative hematologic toxicities, allowing for a longer 
treatment duration. The toxicities associated with chemo-
therapy allow for only a limited number of  cycles, median 
of  approximately 4 cycles. Table 2 compares clinical data 
for erlotinib, docetaxel, and pemetrexed. 

In a randomized, placebo-controlled study (NCIC 
BR.21), erlotinib demonstrated improvement in median 
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Table 1  Efficacy (progression-free survival) outcomes of 
trials in the maintenance setting in patients with non small 
cell lung carcinoma

Trial Treatment n Median 
PFS (mo)

HR

AVAiL[31] Placebo   41 3.2 NR
Bevacizumab 7.5 mg/kg 174 4.6
Bevacizumab 15 mg/kg 162 4.6

ATLAS[32] Bevacizumab + erlotinib 370   4.76      0.722
Bevacizumab + placebo 373   3.75 P = 0.0012

SATURN[33] Erlotinib 437 NR    0.71
Placebo 447 NR P < 0.0001

JMEN[30] Pemetrexed 441 4.0  0.5
Placebo 222 2.0 P < 0.0001

PFS: Progression-free survival; HR: Hazard ratio.

Table 2  Efficacy data in the second-line setting

Outcome Erlotinib[41] 
(150 mg 

daily)

Docetaxel[38-40,46] 
(75 mg/m2 
every 3 wk)

Pemetrexed[40] 

(500 mg/m2 
every 3 wk)

RR (%)      8.9    6.7-8.8      9.1
Median duration of 
response (mo)

     7.9    5.3-9.1      4.6

Median PFS (mo)      2.2 2.7-6      2.9
Median OS (mo)      6.7    5.7-7.9      8.3
1-year survival (%) 31    30-37 30
2-year survival (%) 13 0   0
Median OS (mo) in PS 
0/1 patients with one 
prior regimen

     9.4    9.1      9.4

PFS: Progression-free survival; OS: Overall survival; PS: Performance status.
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OS (6.7 mo vs 4.7 mo) and QOL across all subgroups[43,46]. 
Fifty percent of  patients were treated in second-line, and 
50% in third-line; some patients even had PS of  3.

The safety and efficacy of  erlotinib were confirmed 
in the phase Ⅳ trial, TRUST (TaRceva LUng Cancer Sur-
vival Treatment), in a broad patient population[47], where 
median OS was 8.1 mo, and 1-year survival was 38.6%.

Gefitinib, another EGFR-TKI, failed to demonstrate 
a survival advantage in the overall population of  the 
phase Ⅲ trial, ISEL (Iressa Survival Evaluation in Lung 
Cancer), where patients had to be refractory to previ-
ous chemotherapy. A phase Ⅱ study of  a single-agent, 
sorafenib (targeting mainly angiogenesis), in second-line 
suggests only modest benefits and some specific toxicity, 
such as hand-foot syndrome[48]. Vandetanib (ZACTIMA), 
targeting VEGF receptor and EGFR, has demonstrated 
only a modest benefit[49-51] in phase Ⅲ second-line trials 
alone or in combination with pemetrexed or docetaxel; 
and was withdrawn from the market for NSCLC treat-
ment. 

A practical approach in second-line
A good response to first-line chemotherapy may warrant 
further chemotherapy in second-line. A meta-analysis 
of  single agents vs doublet chemotherapy demonstrated 
improvement in response rate, but it did not translate 
into a PFS or OS benefit, only being associated with an 
increased toxicity[52]. If  patients tolerated first-line chemo-
therapy poorly, an EGFR inhibitor may be the preferred 
choice for second-line. 

Non-inferiority in terms of  OS for gefitinib com-
pared with docetaxel, was demonstrated in the phase Ⅲ 
trial INTEREST (Iressa NSCLC Trial Evaluating Re-
sponse and Survival versus Taxotere)[53]. Non-inferiority 
was shown regardless of  a patient’s EGFR protein ex-
pression, EGFR gene mutation, or K-RAS gene mutation 
status. The only advantage for OS was for patients who 
received docetaxel in third-line treatment. Given the lack 
of  difference in clinical benefit relating to the sequence 
of  chemotherapy vs EGFR-TKI in the second and third 
lines (INTEREST), as well as reduced toxicity and easy, 
convenient oral administration (sometimes for longer 
periods of  time), EGFR-TKIs are preferred second-line 
agents for NSCLC. Obtaining EGFR (exon 19 and 21) 
mutation status of  the tumour for second-line treatment 
of  NSCLC is not a necessity. Numerous randomized 
trials for second-line treatments of  NSCLC are ongo-
ing with different targeted agents. Patients who received 
EGFR-TKIs in first-line as their tumours were positive 
for EGFR mutations, could receive a platinum doublet in 
second-line, if  their PS and comorbidities permit. More 
data are needed for this patient population. We now have 
data from many trials with bevacizumab and EGFR-
TKIs, see Table 3.

THIRD-LINE TREATMENT
A number of  trials are investigating the role of  anticancer 

therapies in the third or fourth-line setting. The phase Ⅲ 
Zephyr trial (Zactima Efficacy trial for NSCLC Patients 
with HistorY of  EGFR and chemo-Resistance), investi-
gated the role of  Vandetanib in the third and fourth-line 
setting. Median PFS was significantly prolonged - 1.9 mo 
on Vandetanib vs 1.8 mo on placebo (P < 0.0001, HR = 
0.63)[54].

BIBW 2992 (Afatinib), a dual irreversible inhibitor of  
EGFR and Her-2 demonstrated encouraging results in a 
randomized, phase Ⅲ trial (Lux Lung 1), involving 585 
patients who had progressed after 1-2 chemotherapy regi-
mens (one had to be platinum-based) and who had to be 
at least 3 mo on EGFR-TKI without disease progression. 
The patients received afatinib 50 mg po daily plus BSC or 
BSC plus placebo (randomization was 2:1). Median time 
on EGFR-TKI was 10.2 mo, 81% patients were receiving 
EGFR-TKIs for more than 24 wk. Complete or partial 
response on prior EGFR-TKI treatment was 45% sug-
gesting a very high tumour EGFR mutation rate. Afatinib 
extended median PFS, tripling it over PFS with placebo 
(3.3 mo vs 1.1 mo, P < 0.001, HR = 0.38)[55], however, 
median OS, the primary endpoint, was not significantly 
different, 10.78 mo with BSC plus afatinib vs 11.96 mo 
with BSC plus placebo (HR = 1.077, P = 0.7428). The 
disease control rate was higher on afatinib (58% vs 18%, 
P < 0.0001). Moreover, afatinib significantly improved 
cough, dyspnea and pain, and delayed the time of  dete-
rioration of  these symptoms[54]. The main side effects as 
expected were diarrhoea and rash, which were manage-
able. OS was confounded by further lines of  treatment 
and their imbalance. Seventy nine percent of  patients in 
the placebo arm received further chemotherapies or tar-
geted agents. One hundred and forty four patients in the 
afatinib arm and 43 patients in the placebo arm did not 
receive further lines as no treatment was available in these 
centres, and here OS favoured the afatinib arm (P = 0.02, 
HR = 0.65). Patients who clinically benefited from prior 
EGFR-TKI (i.e. response rate, DCR > 6 mo) had PFS 4x 
longer on afatinib vs placebo (4.4 mo vs 1.1 mo) and there 
was a trend for better OS (HR = 0.9).

A phase Ⅲ trial of  sorafenib (a multikinase inhibitor) 
vs placebo, the MISSION trial (Monotherapy Administra-
tion of  Sorafenib in patientS with non-small cell Lung 
cancer), in third or fourth-line therapy has finished accru-
al and results are expected soon. Combining an insulin-
like growth factor (and receptor) inhibitor with erlotinib 
to try to prevent development of  resistance to erlotinib is 
also under investigation.

Practical approach in third-line
Erlotinib is a viable third-line treatment option for pa-
tients who have not yet received it. In spite of  an exqui-
site sensitivity of  EGFR mutation-positive tumours to 
EGFR-TKIs such as erlotinib or gefitinib, eventually all 
patients progress, as they develop resistance to EGFR-
TKIs. The most frequent mutation is T790M on exon 
20, and is found in about 50% of  such patients. Afatinib 
showed preclinical evidence of  activity for this mutation 
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and Lux Lung 1 showed significant activity of  afatinib, 
especially in patients with a high possibility of  EGFR 
mutations on the basis of  clinical criteria. Thus, afatinib 
is likely to be a possible option for third or fourth line 
treatment of  metastatic NSCLC patients. Lux Lung 2 (60 
patients in first line, and 60 patients in second-line, only 
EGFR mutation-positive NSCLC) showed very exciting 
results, median PFS of  15 mo, median OS of  24 mo for 
patients with EGFR exon 19 and 21 mutations. 

Two phase Ⅲ trials in EGFR mutation-positive pa-
tients with adenocarcinoma treated in first-line, compar-
ing afatinib to cisplatin-pemetrexed, are ongoing.

Only 3%-5% of  patients with NSCLC have the ALK 
fusion gene. Crizotinib is an oral, potent and selective 
small-molecule ATP-competitive inhibitor of  ALK and 
MET kinases and their oncogenic variants. Overall re-
sponse rate was 56%, DCR at 8 wk was 88% and median 
PFS was 9.0 mo in heavily pre-treated NSCLC patients[56].

Trials are now ongoing in first-line treatment, com-
paring crizotinib to pemetrexed/cisplatin or carboplatin 
in a phase Ⅲ study of  non-squamous NSCLC and in sec-

ond-line comparing crizotinib to pemetrexed or docetaxel 
again in a phase Ⅲ study[6].

CONCLUSION
The main goal should be to provide the best possible 
treatment in terms of  both efficacy and safety in each line 
of  therapy. As compared with chemotherapeutic agents, 
targeted agents may offer reduced toxicity, especially with 
prolonged use. By increasing the agent’s specificity, and 
possibly combining different agents in order to target dif-
ferent pathways, we will increase the treatment efficacy[57]. 
New agents, such as PARP inhibitors for squamous can-
cers, and IGFR, HDAC, HSP 90 and C-MET inhibitors 
are being tested in clinical trials, especially in combination 
with the already established targeted agents or with che-
motherapy.

Predictors of  response may help to guide individual 
treatment decisions. We need to identify the biomarkers 
of  response and resistance (old and newly developed) at 
every step, and every line of  treatment. A personalized, 

Table 3  Selected trials of erlotinib and bevacizumab

Study Phase n Eligibility Regimen Line of therapy Primary endpoint

PASSPORT 
(AVF3752g)

II   110 Previously treated or untreated 
non-squamous NSCLC with 
treated CNS metastases

Chemo or erlotinib 
followed by bev

First/second Grade ≥ 2 symptomatic CNS 
haemorrhage

BRAIN 
(AVF21823)

II   115 Stage Ⅳ non-squamous NSCLC 
with asymptomatic brain 
metastases in first and second line

First line: bev + carbo/pac First/second PFS

Second line: bev + erlotinib
EAGLES II     78 Patients aged > 70 yr without 

important comorbidities
Bev + gem or bev + 
gem/cis

First PFS at 6 mo

ML21896 II ~250 Patients aged ≥ 65 yr with 
advanced metastatic or recurrent 
non-squamous NSCLC

Bev + pem or bev + 
pem/carbo

First Proof of non-inferiority of bev + 
pem

BRIDGE 
(AVF2744g)

I/II     40 Previously untreated squamous 
NSCLC

Bev + carbo/pac First Grade ≥ 3 pulmonary 
haemorrhage

ABIGAIL 
(BO21015)

II ~300 Locally advanced, metastatic or 
recurrent non-squamous NSCLC

Bev + carbo/gem or 
carbo/pac

First Correlation of biomarkers with 
response

MIMEB 
(ML21803)

II     40 Histologically confirmed advanced 
non-squamous NSCLC stage 
ⅢB/Ⅳ

Bev + erlotinib First Evaluate accuracy of FDG-/FLT-
PET and DCE-MRI for early 
prediction of non-progression

EURTAC III   146 EGFR mutation-positive NSCLC Erlotinib First PFS in patients with
SATURN 
(BO18192)

III 1949 Previously untreated advanced 
NSCLC

Erlotinib First PFS in all patients and in patients 
with EGFR IHC+ tumours

RADIANT   945 Advanced NSCLC Erlotinib vs placebo Adjuvant DFS
FASTACT-2 III   450 Asian patients with previously 

untreated advanced NSCLC
Erlotinib + chemo vs 
placebo + chemo 

First line PFS

ATLAS 
(AVF3671f)

III 1150 Previously untreated advanced 
NSCLC

Bev + carbo/pac, gem/cis 
or carbo/doc)

First line 
maintenance

PFS

Non-progressing patients 
randomized (1:1) to bev + 
erlotinib or bev + placebo

TARGET II   428 EGFR mutation-positive NSCLC Erlotinib First PFS
TORCH III   900 Previously untreated advanced 

NSCLC
First-line erlotinib second-
line gem/cis vs first-line 
gem/cis second-line erlotinib

First/second OS

NSCLC: Non-small cell lung cancer; CNS: Central nervous system; bev: Bevacizumab; carbo: Carboplatin; pac: Paclitaxel; PFS: Progression-free survival; 
gem: Gemcitabine; cis: Cisplatin; pem: Pemetrexed; FDG: [18F]-2-fluoro-deoxy-D-glucose; FLT: F-fluorodeoxythymidine; PET: Positron emission 
tomography; DCE-MRI: Dynamic contrast-enhanced magnetic resonance imaging; EGFR: Epidermal growth factor receptor; IHC: Immunohistochemistry; 
DFS: Disease-free survival; chemo: Chemotherapy; doc: Docetaxel; OS: Overall survival. 
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targeted approach is the future of  treatment in all lines, 
and a re-biopsy of  tumours will be required for analysis 
of  biomarkers, including newly developed markers of  
resistance to EGFR-TKIs, but also sensitivity to other 
agents, such as afatinib. Analysis of  circulating tumour 
cells and blood biomarkers to define predictors of  tumour 
response and treatment benefit is needed for the future.

ACKNOWLEDGMENTS
The author wishes to thank Ms. Stavroula Kalantzis for 
her assistance in the preparation/development of  the 
manuscript.

REFERENCES
1	 Schiller JH. Small cell lung cancer: defining a role for emerg�

ing platinum drugs. Oncology 2002; 63: 105-114
2	 Stinchcombe TE, Socinski MA. Treatment paradigms for 

advanced stage non-small cell lung cancer in the era of mul�
tiple lines of therapy. J Thorac Oncol 2009; 4: 243-250

3	 Ramalingam S, Belani CP. Recent advances in targeted ther�
apy for non-small cell lung cancer. Expert Opin Ther Targets 
2007; 11: 245-257

4	 Schiller JH, Harrington D, Belani CP, Langer C, Sandler A, 
Krook J, Zhu J, Johnson DH. Comparison of four chemo�
therapy regimens for advanced non-small-cell lung cancer. 
N Engl J Med 2002; 346: 92-98

5	 Baggstrom MQ, Stinchcombe TE, Fried DB, Poole C, Hens�
ing TA, Socinski MA. Third-generation chemotherapy agents 
in the treatment of advanced non-small cell lung cancer: a 
meta-analysis. J Thorac Oncol 2007; 2: 845-853

6	 Abratt RP, Hart GJ. 10-year update on chemotherapy for non-
small cell lung cancer. Ann Oncol 2006; 17 Suppl 5: v33-v36

7	 Scagliotti GV, Parikh P, von Pawel J, Biesma B, Vansteen�
kiste J, Manegold C, Serwatowski P, Gatzemeier U, 
Digumarti R, Zukin M, Lee JS, Mellemgaard A, Park K, Patil 
S, Rolski J, Goksel T, de Marinis F, Simms L, Sugarman KP, 
Gandara D. Phase III study comparing cisplatin plus gem�
citabine with cisplatin plus pemetrexed in chemotherapy-
naive patients with advanced-stage non-small-cell lung can�
cer. J Clin Oncol 2008; 26: 3543-3551

8	 Grønberg BH, Bremnes RM, Fløtten O, Amundsen T, 
Brunsvig PF, Hjelde HH, Kaasa S, von Plessen C, Stornes 
F, Tollåli T, Wammer F, Aasebø U, Sundstrøm S. Phase III 
study by the Norwegian lung cancer study group: peme�
trexed plus carboplatin compared with gemcitabine plus car�
boplatin as first-line chemotherapy in advanced non-small-
cell lung cancer. J Clin Oncol 2009; 27: 3217-3224

9	 Bergers G, Benjamin LE. Tumorigenesis and the angiogenic 
switch. Nat Rev Cancer 2003; 3: 401-410

10	 Ellis LM, Hicklin DJ. VEGF-targeted therapy: mechanisms 
of anti-tumour activity. Nat Rev Cancer 2008; 8: 579-591

11	 Jain RK. Normalization of tumor vasculature: an emerging 
concept in antiangiogenic therapy. Science 2005; 307: 58-62

12	 Inai T, Mancuso M, Hashizume H, Baffert F, Haskell A, 
Baluk P, Hu-Lowe DD, Shalinsky DR, Thurston G, Yanco�
poulos GD, McDonald DM. Inhibition of vascular endothe�
lial growth factor (VEGF) signaling in cancer causes loss of 
endothelial fenestrations, regression of tumor vessels, and 
appearance of basement membrane ghosts. Am J Pathol 2004; 
165: 35-52

13	 Johnson DH, Fehrenbacher L, Novotny WF, Herbst RS, Ne�
munaitis JJ, Jablons DM, Langer CJ, DeVore RF, Gaudreault J, 
Damico LA, Holmgren E, Kabbinavar F. Randomized phase 
II trial comparing bevacizumab plus carboplatin and pa�
clitaxel with carboplatin and paclitaxel alone in previously 

untreated locally advanced or metastatic non-small-cell lung 
cancer. J Clin Oncol 2004; 22: 2184-2191

14	 Sandler A, Gray R, Perry MC, Brahmer J, Schiller JH, Dowla�
ti A, Lilenbaum R, Johnson DH. Paclitaxel-carboplatin alone 
or with bevacizumab for non-small-cell lung cancer. N Engl J 
Med 2006; 355: 2542-2550

15	 Laskin J, Crinò L, Tsai C. MO19390 (sail): first-line beva�
cizumab-based therapy in advanced non-small cell lung 
cancer (nsclc)-outcome by chemotherapy regimen [abstract 
C2.5]. J Thorac Oncol 2009; 4: S359

16	 Crino L, Mezger J, Griesinger F, Zhou C, Reck MM. MO19390 
(SAiL): Safety and efficacy of first-line bevacizumab (Bv)-
based therapy in advanced non-small cell lung cancer 
(NSCLC) [abstract 8043]. J Clin Oncol 2009; 27: 417s

17	 Wozniak AJ, Garst J, Jahanzeb M, Kosty MP, Vidaver R, Be�
atty S, Teng S, Flick ED, Sing A, Lynch TJ. Clinical outcomes 
(CO) for special populations of patients (pts) with advanced 
non-small cell lung cancer (NSCLC): Results from ARIES, a 
bevacizumab (BV) observational cohort study (OCS). J Clin 
Oncol 2010; 28: [abstract 7618]

18	 Rohr UP, Augustus S, Lasserre SF, Compton P, Huang J. 
Safety of bevacizumab in patients with metastases to the 
central nervous system [abstract 2007]. J Clin Oncol 2009; 27: 
88s

19	 Lynch TJ, Patel T, Dreisbach L, McCleod M, Heim WJ, 
Robert H, Eugene P, Virginie P, Weber MR, Woytowitz D. 
A randomized multicenter phase III study of cetuximab 
(Erbitux(R)) in combination with Taxane/Carboplatin ver�
sus Taxane/Carboplatin alone as first-line treatment for pa�
tients with advanced/metastatic Non-small cell lung cancer 
(NSCLC): B3-03. J Thorac Oncol 2007; 2: S340-S341

20	 Pirker R, Pereira JR, Szczesna A, von Pawel J, Krzakowski M, 
Ramlau R, Vynnychenko I, Park K, Yu CT, Ganul V, Roh JK, 
Bajetta E, O’Byrne K, de Marinis F, Eberhardt W, Goddemei�
er T, Emig M, Gatzemeier U. Cetuximab plus chemotherapy 
in patients with advanced non-small-cell lung cancer (FLEX): 
an open-label randomised phase III trial. Lancet 2009; 373: 
1525-1531

21	 Scagliotti G, von Pawel J, Reck M, Cupit L, Cihon F, DiMat�
teo S, O'Leary J, Hanna N. Sorafenib plus carboplatin/pa�
clitaxel in chemonaive patients with stage IIIB-IV non-small 
cell lung cancer (NSCLC): interim analysis (IA) results from 
the phase III, randomized, double-blind, placebo-controlled, 
ESCAPE (Evaluation of Sorafenib, Carboplatin, and Pacli�
taxel Efficacy in NSCLC) trial. J Thorac Oncol 2008; 3: S97-S98

22	 Mok TS, Wu YL, Thongprasert S, Yang CH, Chu DT, Saijo 
N, Sunpaweravong P, Han B, Margono B, Ichinose Y, Nishi�
waki Y, Ohe Y, Yang JJ, Chewaskulyong B, Jiang H, Duff�
ield EL, Watkins CL, Armour AA, Fukuoka M. Gefitinib or 
carboplatin-paclitaxel in pulmonary adenocarcinoma. N Engl 
J Med 2009; 361: 947-957

23	 Lee JS, Park K, Kim SW, Lee DH, Kim HT, Han JY, Yun T, 
Ahn MJ, Ahn JS, Suh CW. A randomized phase III study of 
gefitinib versus standard chemotherapy (gemcitabine plus 
cisplatin) as first-line treatment for never-smokers with ad�
vanced or metastatic adenocarcinoma of the lung. J Thorac 
Oncol 2009; 4: S283

24	 Kobayashi K, Inoue A, Maemondo M, Sugawara S, Isobe H, 
Oizumi S, Saijo Y, Gemma A, Morita S, Hagiwara K, Nukiwa 
T. First-line gefitinib versus first-line chemotherapy by car�
boplatin (CBDCA) plus paclitaxel (TXL) in non-small cell 
lung cancer (NSCLC) patients (pts) with EGFR mutations: 
A phase III study (002) by North East Japan Gefitinib Study 
Group. J Clin Oncol 2009; 27:  [abstract 8016]

25	 Wu YL, Zhou C, Chen G. First biomarker analyses from a 
phase iii, randomised, open-label, first-line study of erlotinib 
versus carboplatin (CBDCA) plus gemcitabine (GEM) in 
Chinese patients (PTS) with advanced non-small-cell lung 
cancer (NSCLC) with EGFR activating mutations (OPTIMAL, 
CTONG 0802) [abstract LBA 14]. Ann Oncol 2010; 21: viii6

Hirsh V. Metastatic NSCLC: Practical approach



270 June 10, 2011|Volume 2|Issue 6|WJCO|www.wjgnet.com

26	 Zhou C, Wu YL, Chen G, Feng J, Liu X, Wang C, Zhang S, 
Wang J, Zhou S, Ren S. Efficacy results from the randomised 
phase III OPTIMAL (CTONG 0802) study comparing first-
line erlotinib versus carboplatin (CBDCA) plus gemcitabine 
(GEM), in Chinese advanced non-small-cell lung cancer 
(NSCLC) patients (pts) with EGFR activating mutations [ab�
stract LBA 13]. Ann Oncol 2010; 21: viii6

27	 Rosell R, Moran T, Queralt C, Porta R, Cardenal F, Camps 
C, Majem M, Lopez-Vivanco G, Isla D, Provencio M, Insa 
A, Massuti B, Gonzalez-Larriba JL, Paz-Ares L, Bover I, 
Garcia-Campelo R, Moreno MA, Catot S, Rolfo C, Reguart N, 
Palmero R, Sánchez JM, Bastus R, Mayo C, Bertran-Alamillo 
J, Molina MA, Sanchez JJ, Taron M. Screening for epidermal 
growth factor receptor mutations in lung cancer. N Engl J 
Med 2009; 361: 958-967

28	 Gridelli C, Maione P, Rossi A, Ferrara ML, Bareschino MA, 
Schettino C, Sacco PC, Ciardiello F. Potential treatment op�
tions after first-line chemotherapy for advanced NSCLC: 
maintenance treatment or early second-line? Oncologist 2009; 
14: 137-147

29	 Fidias PM, Dakhil SR, Lyss AP, Loesch DM, Waterhouse 
DM, Bromund JL, Chen R, Hristova-Kazmierski M, Treat J, 
Obasaju CK, Marciniak M, Gill J, Schiller JH. Phase III study 
of immediate compared with delayed docetaxel after front-
line therapy with gemcitabine plus carboplatin in advanced 
non-small-cell lung cancer. J Clin Oncol 2009; 27: 591-598

30	 Belani CP, Brodowicz T, Ciuleanu T, Kim JH, Krzakowski 
M, Laack E, Wu YL, Peterson P, Krejcy K, Zielinski C. Main�
tenance pemetrexed (Pem) plus best supportive care (BSC) 
versus placebo (Plac) plus BSC: A randomized phase III 
study in advanced non-small cell lung cancer (NSCLC) [ab�
stract CRA8000]. J Clin Oncol 2009; 27: 806s

31	 Mezger J, von Pawel J, Reck M. Bevacizumab (Bv) single-
agent maintenance following Bv-based chemotherapy in 
patients with advanced non-small cell lung cancer (NSCLC): 
Results from an exploratory analysis of the AVAiL study. J 
Clin Oncol 2009; 27: [abstract e19001]

32	 Miller VA, O'Connor P, Soh C, Kabbinavar F. A random�
ized, double-blind, placebo-controlled, phase IIIb trial 
(ATLAS) comparing bevacizumab (B) therapy with or with�
out erlotinib (E) after completion of chemotherapy with B 
for first-line treatment of locally advanced, recurrent, or 
metastatic non-small cell lung cancer (NSCLC) [abstract 
LBA8002]. J Clin Oncol 2009; 27: 799s

33	 Cappuzzo F, Ciuleanu T, Stelmakh L, Cicenas S, Szczesna A, 
Juhasz E, Esteban Gonzalez E, Molinier O, Klingelschmitt G, 
Giaccone G. SATURN: A double-blind, randomized, phase 
III study of maintenance erlotinib versus placebo following 
nonprogression with first-line platinum-based chemothera�
py in patients with advanced NSCLC [abstract 8001]. J Clin 
Oncol 2009; 27: 407s

34	 Cappuzzo F, Coudert B, Wierzbicki R. Efficacy and safety of 
erlotinib as first-line maintenance in NSCLC following non-
progression with chemotherapy: results from the phase iii 
saturn study [abstract # a2.1]. J Thorac Oncol 2009; 4: S289

35	 Patel JD, Bonomi P, Socinski MA, Govindan R, Hong S, 
Obasaju C, Pennella EJ, Girvan AC, Guba SC. Treatment ra�
tionale and study design for the pointbreak study: a random�
ized, open-label phase III study of pemetrexed/carboplatin/
bevacizumab followed by maintenance pemetrexed/bevaci�
zumab versus paclitaxel/carboplatin/bevacizumab followed 
by maintenance bevacizumab in patients with stage IIIB or 
IV nonsquamous non-small-cell lung cancer. Clin Lung Can-
cer 2009; 10: 252-256

36	 Waples JM, Auerbach M, Steis R, Boccia RV, Wiggans RG. 
A phase II study of oxaliplatin and pemetrexed plus bevaci�
zumab in advanced non-squamous non-small cell lung can�
cer (An International Oncology Network study, #I-04-015) 
[abstract 19018]. J Clin Oncol 2008; 26: 707s

37	 Grothey A, Sugrue MM, Purdie DM, Dong W, Sargent D, 

Hedrick E, Kozloff M. Bevacizumab beyond first progression 
is associated with prolonged overall survival in metastatic 
colorectal cancer: results from a large observational cohort 
study (BRiTE). J Clin Oncol 2008; 26: 5326-5334

38	 Rosen LS, Gordon D, Tchekmedyian S, Yanagihara R, Hirsh 
V, Krzakowski M, Pawlicki M, de Souza P, Zheng M, Ur�
banowitz G, Reitsma D, Seaman JJ. Zoledronic acid versus 
placebo in the treatment of skeletal metastases in patients 
with lung cancer and other solid tumors: a phase III, double-
blind, randomized trial--the Zoledronic Acid Lung Cancer 
and Other Solid Tumors Study Group. J Clin Oncol 2003; 21: 
3150-3157

39	 Henry D, von Moos R, Vadhan-Raj S, Hungria V, Spencer A, 
Hirsh V, Wang J, Jun S, Yeh H, Dansey R. A double-blind, 
randomized study of denosumab versus zoledronic acid for 
the treatment of bone metastases in patients with advanced 
cancer (excluding breast and prostate cancer) or multiple 
myeloma. Eur J Can Suppl 2009; 7: 11

40	 Shepherd FA, Dancey J, Ramlau R, Mattson K, Gralla R, 
O’Rourke M, Levitan N, Gressot L, Vincent M, Burkes R, 
Coughlin S, Kim Y, Berille J. Prospective randomized trial of 
docetaxel versus best supportive care in patients with non-
small-cell lung cancer previously treated with platinum-
based chemotherapy. J Clin Oncol 2000; 18: 2095-2103

41	 Fossella FV. Second-line chemotherapy for non-small-cell 
lung cancer. Curr Oncol Rep 2000; 2: 96-101

42	 Hanna N, Shepherd FA, Fossella FV, Pereira JR, De Marinis 
F, von Pawel J, Gatzemeier U, Tsao TC, Pless M, Muller T, 
Lim HL, Desch C, Szondy K, Gervais R, Shaharyar C, Paul S, 
Paoletti P, Einhorn L, Bunn PA. Randomized phase III trial 
of pemetrexed versus docetaxel in patients with non-small-
cell lung cancer previously treated with chemotherapy. J Clin 
Oncol 2004; 22: 1589-1597

43	 Shepherd FA, Rodrigues Pereira J, Ciuleanu T, Tan EH, 
Hirsh V, Thongprasert S, Campos D, Maoleekoonpiroj S, 
Smylie M, Martins R, van Kooten M, Dediu M, Findlay B, Tu 
D, Johnston D, Bezjak A, Clark G, Santabárbara P, Seymour L. 
Erlotinib in previously treated non-small-cell lung cancer. N 
Engl J Med 2005; 353: 123-132

44	 Moyer JD, Barbacci EG, Iwata KK, Arnold L, Boman B, 
Cunningham A, DiOrio C, Doty J, Morin MJ, Moyer MP, 
Neveu M, Pollack VA, Pustilnik LR, Reynolds MM, Sloan D, 
Theleman A, Miller P. Induction of apoptosis and cell cycle 
arrest by CP-358,774, an inhibitor of epidermal growth factor 
receptor tyrosine kinase. Cancer Res 1997; 57: 4838-4848

45	 Pollack VA, Savage DM, Baker DA, Tsaparikos KE, Sloan 
DE, Moyer JD, Barbacci EG, Pustilnik LR, Smolarek TA, 
Davis JA, Vaidya MP, Arnold LD, Doty JL, Iwata KK, Mo�
rin MJ. Inhibition of epidermal growth factor receptor-
associated tyrosine phosphorylation in human carcinomas 
with CP-358,774: dynamics of receptor inhibition in situ and 
antitumor effects in athymic mice. J Pharmacol Exp Ther 1999; 
291: 739-748

46	 Bezjak A, Tu D, Seymour L, Clark G, Trajkovic A, Zukin M, 
Ayoub J, Lago S, de Albuquerque Ribeiro R, Gerogianni A, 
Cyjon A, Noble J, Laberge F, Chan RT, Fenton D, von Pawel 
J, Reck M, Shepherd FA. Symptom improvement in lung 
cancer patients treated with erlotinib: quality of life analysis 
of the National Cancer Institute of Canada Clinical Trials 
Group Study BR.21. J Clin Oncol 2006; 24: 3831-3837

47	 Reck M, Mali P, Arrieta O, Gottfried M, Van Meerbeeck J. 
Global efficacy and safety results from the trust study of er�
lotinib monotherapy in > 7,000 patients with non-small-cell 
lung cancer (nsclc) [abstract 262P]. Ann Oncol 2008; 19 (Suppl 
8): viii100

48	 Gutierrez M, Kummar S, Allen D, Turkbey B, Choyke P, 
Wright JJ, Kurkjian C, Giaccone G, Doroshow JH, Murgo 
AJ. A phase II study of multikinase inhibitor sorafenib in 
patients with relapsed non-small cell lung cancer (NSCLC) 
[abstract 19084]. J Clin Oncol 2008; 26: 712s

Hirsh V. Metastatic NSCLC:  Practical Approach



271 June 10, 2011|Volume 2|Issue 6|WJCO|www.wjgnet.com

49	 De Boer R, Arrieta Ó, Gottfried M, Blackhall FH, Raats J, 
Yang CH, Langmuir P, Milenkova T, Read J, Vansteenkiste J. 
Vandetanib plus pemetrexed versus pemetrexed as second-
line therapy in patients with advanced non-small cell lung 
cancer (NSCLC): A randomized, double-blind phase III trial 
(ZEAL) [abstract 8010]. J Clin Oncol 2009; 27: 409s

50	 Natale RB, Thongprasert S, Greco FA, Thomas M, Tsai CM, 
Sunpaweravong P, Ferry D, Langmuir P, Rowbottom JA, 
Goss GD. Vandetanib versus erlotinib in patients with ad�
vanced non-small cell lung cancer (NSCLC) after failure of 
at least one prior cytotoxic chemotherapy: A randomized, 
double-blind phase III trial (ZEST) [abstract 8009]. J Clin On-
col 2009; 27: 409s

51	 Herbst RS, Sun Y, Korfee S, Germonpre P, Saijo N, Zhou C, 
Wang J, Langmuir P, Kennedy SJ, Johnson BE. Vandetanib 
plus docetaxel versus docetaxel as second-line treatment for 
patients with advanced non-small cell lung cancer (NSCLC): 
A randomized, double-blind phase III trial (ZODIAC) [ab�
stract CRA8003]. J Clin Oncol 2009; 27: 807s

52	 Di Maio M, Chiodini P, Georgoulias V, Hatzidaki D, Takeda 
K, Wachters FM, Gebbia V, Morabito A, Perrone F, Gridelli 
C. Single agent vs combination chemotherapy (CT) as sec�
ond-line treatment of advanced non-small-cell lung cancer 
(NSCLC): A meta-analysis of individual data of five random�
ized trials [abstract 8052]. J Clin Oncol 2008; 26: 436s

53	 Kim ES, Hirsh V, Mok T, Socinski MA, Gervais R, Wu YL, Li 
LY, Watkins CL, Sellers MV, Lowe ES, Sun Y, Liao ML, Os�
terlind K, Reck M, Armour AA, Shepherd FA, Lippman SM, 
Douillard JY. Gefitinib versus docetaxel in previously treated 
non-small-cell lung cancer (INTEREST): a randomised phase 
III trial. Lancet 2008; 372: 1809-1818

54	 Lee J, Hirsh V, Park K, Qin S, Blajman CR, Perng R, Emerson 
L, Langmuir PB, Manegold C. Vandetanib versus placebo in 
patients with advanced non-small cell lung cancer (NSCLC) 
after prior therapy with an EGFR tyrosine kinase inhibitor 
(TKI): A randomized, double-blind phase III trial (ZEPHYR). 
J Clin Oncol (Meeting Abstracts) 2010; 28: 7525

55	 Miller VA, Hirsh V, Cadranel J, Chen Y-M, Park K, Kim SW, 
Caicun Z, Oberdick M, Shahidi M, Yang CH. Phase IIB/ III 
double-blind randomized trial of afatinib (BIBW 2992, an 
irreversible inhibitor of the EGFR/HER1 and HER2) + best 
supportive care (BSC) versus placebo + BSC in patients with 
NSCLC failing 1-2 lines of chemotherapy and erlotinib or 
gefitinib (LUX-LUNG 1) [abstract LBA1]. Annals Oncol 2010; 
21 (Suppl 8): viii122-viii161

56	 Kwak EL, Bang YJ, Camidge DR, Shaw AT, Solomon B, 
Maki RG, Ou SH, Dezube BJ, Jänne PA, Costa DB, Varella-
Garcia M, Kim WH, Lynch TJ, Fidias P, Stubbs H, Engelman 
JA, Sequist LV, Tan W, Gandhi L, Mino-Kenudson M, Wei 
GC, Shreeve SM, Ratain MJ, Settleman J, Christensen JG, 
Haber DA, Wilner K, Salgia R, Shapiro GI, Clark JW, Iafrate 
AJ. Anaplastic lymphoma kinase inhibition in non-small-cell 
lung cancer. N Engl J Med 2010; 363: 1693-1703

57	 Herbst RS, Johnson DH, Mininberg E, Carbone DP, Hen�
derson T, Kim ES, Blumenschein G, Lee JJ, Liu DD, Truong 
MT, Hong WK, Tran H, Tsao A, Xie D, Ramies DA, Mass R, 
Seshagiri S, Eberhard DA, Kelley SK, Sandler A. Phase I/II 
trial evaluating the anti-vascular endothelial growth factor 
monoclonal antibody bevacizumab in combination with the 
HER-1/epidermal growth factor receptor tyrosine kinase 
inhibitor erlotinib for patients with recurrent non-small-cell 
lung cancer. J Clin Oncol 2005; 23: 2544-2555

S- Editor  Tian L    L- Editor  Webster JR    E- Editor  Zheng XM

Hirsh V. Metastatic NSCLC:  Practical Approach



Role of endoglin and VEGF family expression in colorectal 
cancer prognosis and anti-angiogenic therapies

Sandra F Martins, Rui M Reis, Antonio Mesquita Rodrigues, Fátima Baltazar, Adhemar Longatto Filho

Sandra F Martins���������������������������������������      , �������������������������������������     Rui M Reis���������������������������   , �������������������������  Fátima Baltazar���������� , ��������Adhemar 
Longatto Filho�, Life and Health Sciences Research Institute,  
School of Health Sciences,University of Minho, Portugal, Cam-
pos of Gualtar, 4710-057 Braga, Portugal
Sandra F Martins������������������������������   , ����������������������������  Antonio Mesquita Rodrigues, Coloproc-
tology Unit, Hospital Braga, Portugal
Rui M Reis��, Molecular Oncology Research Center, Barretos 
Cancer Hospital, CEP 14784-400, Barretos, S. Paulo, Brazil
Adhemar Longatto Filho,  Laboratory of Medical Investigation 
(LIM) 14, Faculty of Medicine, University of São Paulo, Brazil
Author contributions: Martins SF, Reis RM, Baltazar F, 
Mesquita Rodrigues A, Longatto-Filho A designed the structure 
of the review. Martins FS and Longatto-Filho A wrote the ini-
tial draft of the manuscript. Martins SF, Reis RM, Baltazar F, 
Mesquita Rodrigues A, Longatto-Filho A wrote the final version 
of the manuscript. 
Correspondence to: Adhemar Longatto Filho, Professor, 
Laboratory of Medical Investigation (LIM) 14, Faculty of Med-
icine, University of São Paulo, 
Brazil. longatto@ecsaude.uminho.pt
Telephone: + 351-969690729     Fax: + 351-253-604847
Received: February 9, 2011      Revised: March 2, 2011
Accepted: April 5, 2011
Published online: June 10, 2011 

Abstract
Colorectal cancer (CRC) is one of the cancer models 
and most of the carcinogenic steps are presently well 
understood. Therefore, successful preventive measures 
are currently used in medical practice. However, CRC is 
still an important public health problem as it is the third 
most common cancer and the fourth most frequent 
cause of cancer death worldwide. Nowadays, pathologic 
stage is a unique and well-recognized prognostic indica-
tor, however, more accurate indicators of the biologic 
behavior of CRC are expected to improve the specificity 
of medical treatment.  Angiogenesis plays an important 
role in the growth and progression of cancer but its role 
as a prognostic factor is still controversial. Probably the 
most important clinical implication of tumor angiogen-
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esis is the development of anti-angiogenic therapy.  The 
goal of this review is to critically evaluate the role of 
angiogenic markers, assessed by either endoglin-related 
microvessel density or expression of vascular endothelial 
growth factor family members in the CRC setting and 
discuss the role of these angiogenic markers in anti-
angiogenic therapies. 
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COLORECTAL CANCER EPIDEMIOLOGY
Colorectal cancer (CRC) is the third most common cancer 
and the fourth most frequent cause of  cancer death world-
wide[1-3]. Globally, CRC incidence varies widely, with higher 
rates in North America, Australia and Western Europe and 
lower rates in developing countries [4], although, in recent 
years, high CRC rates have also been reported in these 
countries[5]. In terms of  mortality, geographic disparities 
have also been observed[6]. In Western countries, CRC is 



sults were reported by Abdalla et al and Choti et al, with 
a 5-year overall survival rate of  58% following resec-
tion[21] and a rate of  67% described by de Haas et al[22]..  

These higher survival rates likely reflect improvements 
in patient selection, perioperative and postoperative care, 
multidisciplinary treatment, and an appropriately ag-
gressive approach to safe hepatic resection[21]. Therefore, 
early diagnosis is critical to improve survival rates in 
CRC[23] and owing to its typically slow growth, there is a 
large potential for reducing the burden of  the disease by 
early detection and removal of  precancerous lesions or 
early cancer stages[24].

On the other hand, the pathologic clinical stage is 
currently the single most well-established prognostic 
indicator, but it does not fully predict individual clinical 
outcome[7, 25, 26]; also, the response of  clinically-identical tu-
mors to the same treatment may be vastly different[1]. This 
is particularly contentious for those tumors with interme-
diate stage disease (Stage Ⅱ, T3-T4N0M0)[7], where one 
third of  patients with tumor-free lymph nodes have recur-
rences, and therefore, adjuvant chemotherapy may be ben-
eficial[27]. In this group, carcinoma cells are not detected 
in lymph nodes by conventional staging methods in 24% 
of  patients. Surgical technique and specific pathological 
staining may improve staging accuracy and the appropriate 
selection of  patients for chemotherapy[27]. Furthermore, 
the identification of  cancer penetration or perforation is 
particularly important in defining CRC aggressiveness[14]. 

Accordingly, identification of  prognostic molecular mark-
ers capable of  categorizing those patients at high-risk, 
would be very helpful for improving treatment strategies 
mainly in lymph node negative patients, determining the 
characteristics of  patients’ outcome, predicting cancer dis-
semination and recognizing which patients might benefit 
most from adjuvant chemotherapy and those unlikely to 
benefit thus sparing them the toxicities of  treatment[14, 

27-29]. 
Molecular markers may improve clinicopathologic 

staging and provide a basis to guide novel therapeutic 
strategies which target specific tumor-associated molecules 
according to individual tumor biology[1, 2, 7, 14], however, so 
far, no ideal molecular marker has been found to predict 
disease progression[29]. 

HIGHLIGHTS OF THE ANGIOGENESIS 
PHENOMENON
Angiogenesis plays a key role in tumorigenesis and meta-
static processes[1, 28, 30]. It consists of  the formation of  new 
blood vessels from the endothelium of  pre-existing vas-
culature[2, 30]. Sprouting from existing blood vessels is the 
principal process of  angiogenesis and involves prolifera-
tion of  activated endothelial cells, migration of  endothelial 
cells to reach remote targets, assembly of  endothelial cells 
into new capillary tubes, followed by synthesis of  a new 
basement membrane and maturation of  vessels with for-
mation of  a vascular lumen[30]. However, recruitment and 
in situ differentiation of  bone marrow-derived endothelial 
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the second most common cause of  death from malignant 
disease, and despite improvements in treatment mortality 
remains high with metastatic spread to the liver occurring 
in about 50% of  patients[7]. 

European countries rank highest in the global statis-
tics, both in terms of  CRC incidence and mortality. From 
1998 to 2002, the incidence of  CRC in Europe for men 
and women was 38.5 and 24.6 (world age standardization 
(ASR-W)) per 100 000 inhabitants and mortality over the 
same period was 18.5 and 10.7 (ASR-W) per 100 000 in-
habitants, respectively[8]. However, over the past twenty-
five years, mortality rates among Caucasians have steadily 
declined[9]. Data from the World Health Organization 
(WHO), between 1997 and 2007 have revealed that mor-
tality from CRC declined by around 2% per year from 
19.7 to 17.4/100 000 for men (world standardized rates), 
and from 12.5 to 10.5/100 000 for women, and these re-
cent decreases in CRC mortality rates in several European 
countries are likely due to improvement in earlier diagno-
sis and treatment, with a consequent higher survival[10]. 

CRC incidence is generally higher in men, and the 
risk increases with age, as the majority of  cases are diag-
nosed in patients older than 50 years[1, 3, 8], with only 5% 
of  cases recorded in patients younger than 40 years[1]. 
A large nationwide study identified CRC as one of  the 
10 most commonly diagnosed cancers among men and 
women aged 20-49 years[11].  The prevalence of  advanced 
CRC also increases with age and is higher among men 
than women[12]. 

COLORECTAL CANCER PROGNOSIS AND 
DISEASE PROGRESSION
The main prognostic factors in CRC are tumor size (T), 
lymph node involvement (N), grade of  differentiation (G) 
and distant disease spread (M)[1-3,9,13,14]. Other important 
factors include invasion of  blood and/or lymphatic ves-
sels and penetration or perforation of  the bowel wall[14]. 

Long-term survival correlates with stage of  the dis-
ease[9, 15-17], and this is the most important predictor of  
mortality. The five-year survival rate for localized disease 
is 90.4%, but only 39% of  CRC is diagnosed at this 
early stage[9, 16]. Approximately 15-20% of  patients die 
as a consequence of  CRC in early stages compared with 
40-80% in advanced stages[15]. The overall 5-year survival 
rate varies among studies but is approximately 60%[9, 15, 

16]. Stage-specific survival rates are 96%, 87%, 55%, and 
5% for TNM stage Ⅰ, Ⅱ, Ⅲ, and Ⅳ, respectively[9,17,18]. 

One third of  the patients submitted to curative intent 
surgery die of  local and/or distant tumoral recurrence 
[15]. Among the sites of  metastasis, liver is the organ 
most frequently involved (38%-60% of  cases), followed 
by abdominal lymph nodes (38%), lung (38%) and peri-
toneum (28%)[14]. Of  those diagnosed with metastatic 
disease, less than 10% are still alive after 5 years[16]. The 
5-year overall survival rates for patients in whom hepatic 
resection was technically feasible and who had metastasis 
confined to the liver was only 25%-40%[7,19,20]. Better re-



progenitor cells are also involved[30]. 
Tumor angiogenesis is essential to allow neoplastic 

mass development favoring access to the blood com
ponents, and also strengthening the vascular routes in the 
metastatic process[25, 31-33]. Neovascularization as a whole 
promotes tumor growth by supplying nutrients, oxygen 
and releasing growth factors that promote tumor cell 
proliferation[25, 30, 34-36]. Hypoxia in solid tumors occurs at a 
distance of  ≥ 70 μm from functional blood vessels and it 
is generally accepted that tumors do not exceed a volume 
of  1-2 mm3 without induction of  angiogenesis[36]. Intra-
tumoral vasculature density is believed to be associated 
directly with cancer cell entrance into the systemic blood 
circulation, with the ability of  cancer cells to invade locally 
normal anatomic structures, and the establishment of  
blood-borne metastases in distant organs[32, 37]. Regulation 
of  tumor angiogenesis is the result of  a complex balance 
between many stimulatory and inhibitory factors, which 
are secreted by both tumor cells and host-infiltrating cells 
as well as by tumoral stroma-cells activity[2, 30, 34]. Malignant 
neoplastic cells promote angiogenesis by secreting growth 
factors such as vascular endothelial growth factor (VEGF), 
hepatocyte growth factor (HGF) and platelet-derived 
growth factor (PDGF), among others that stimulate endo-
thelial migration and proliferation[2,25,31,33,37,38]. 

The role of  angiogenesis as a prognostic factor, how-
ever, is still controversial[13, 39]. Weidner et al first reported a 
direct correlation between the incidence of  metastasis and 
the number and density of  blood vessels in invasive breast 
cancers. Similar studies have endorsed this correlation in 
gastrointestinal cancers[33] and in a variety of  malignancies[2, 

7, 13, 25, 35, 37]. An association between increased angiogenesis 
and an increased incidence of  metastases and a subsequent 
decrease in survival curve rates was observed for the vast 
majority of  solid tumors[2, 7, 3, 25, 35, 37]. 

Several studies revealed high angiogenic activity in 
CRC, which was more likely correlated with aggressive 
histopathological features that included parietal invasion, 
tumor stage, grade of  tumor differentiation, metastatic 
potential and poor patient survival[1, 13, 32]. Tanigawa[35] et al  
confirmed this premise, although a significant variation in 
patient populations and techniques was used, which can 
explain, in part, the inverse relationship between tumor 
vascularity and patient survival observed by these authors. 
Gurzu[13] et al added that augmented angiogenesis in CRC 
was higher in early-stages of  tumoral proliferation but was 
not a progressively increasing process, having rather an 
oscillating character. 

However, other studies revealed that angiogenesis 
does not provide any significant information[13, 28, 30]. 
These controversial statements may be credited to the 
lack of  standardization of  the different methods of  
counting tumoral blood vessels and to the different cut-
offs used to define relevant parameters to consolidate 
the results and, lastly, to the different antibodies used to 
highlight the blood vasculature[13, 28, 30]. 

Despite the debates, assessment of  tumor angiogen-
esis may be particularly useful in prognostic classification 

of  patients with apparent early cancer by conventional tu-
mor staging, some of  which may still develop early recur-
rence or metastasis (despite being staged as having early 
cancers by conventional parameters such as tumor size)[30]. 

De Vita[37] et al  observed that highly angiogenic tumors 
were associated with the presence of  lymph node invasion 
. Nevertheless, a higher percentage of  patients with node-
positive colon cancer than those without will experience 
recurrence and might benefit from anti-angiogenic adju-
vant therapy. Thus, angiogenesis can be used to identify a 
subset of  patients at high risk for recurrence regardless of  
their lymph node involvement[35]. 

There is evidence that blood vessel density is also im-
portant in predicting cancer response to chemotherapy or 
radiotherapy[20]. Angiogenic tumors have a more aggressive 
phenotype and the degree of  intra-tumoral microvessels is 
significantly predictive of  poor response to platinum-based 
chemotherapy in terms of  complete response, as seen in 
two studies, one in squamous cell carcinoma patients[40] and 
the other in patients with epithelial ovarian cancers[41]. In 
addition, Takagi[42] et al observed that blood vessel density 
was a valid predictor of  the effects of  intra-arterial targeted 
carboplatin chemotherapy and concurrent radiotherapy 
for treating human oral and oropharyngeal squamous cell 
carcinomas. Zhang[43] et al, trying to identify reliable predic-
tive factors for local control of  hypopharyngeal cancer 
(HPC) treated by radiotherapy, observed that microvessel 
density (MVD) in biopsy specimens was closely correlated 
with local control of  HPC treated by radiotherapy. In one 
study of  28 patients with advanced gastric cancer treated 
by paclitaxel and carboplatin, tumors with medium MVD 
showed a significantly higher response rate compared with 
those with either a high or low MVD[44]. Long course of  
radiotherapy significantly decreased angiogenesis in rectal 
cancer tissue. MVD have been found to be a favorable 
marker for tumor behavior during radiotherapy and a pre-
dictor of  overall survival after a long course of  radiothera-
py. Further investigations are now needed to determine the 
changes in angiogenesis during a shorter course of  radio-
therapy[1]. However, the most important clinical implication 
of  tumor angiogenesis is probably the development of  
anti-angiogenic therapy, targeting tumor vessels instead of  
cancer cells[30]. 

ENDOGLIN AND ASSESSMENT OF MI-
CROVESSEL DENSITY AS ANGIOGENIC 
MARKERS
Microvessel density (MVD) assessment is the most com-
mon technique used to quantify intratumoral and peritu-
moral angiogenesis in cancer[2, 7, 28, 30, 39]. It was first devel-
oped by Weidner et al in 1991 who used pan-endothelial 
immunohistochemical staining of  blood microvessels, 
mainly with Factor VIII related antigen (F. VIII Ag or 
von Willebrand’s factor), CD31 or CD34, and rarely 
CD105[2]. 

Measurement of  angiogenesis is complicated by the 
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fact that it is a dynamic process. Intra-tumoral micro
vessels can be identified by immunostaining of  endothelial 
cells by two categories of  human endothelial cell-specific 
antibodies: the pan-endothelial cell markers and specific 
antibodies that bind selectively to proliferating endotheli-
um[44, 45]. CD31 is utilized as the pan-endothelial marker of  
choice; it is characterized by equal intensity of  staining for 
small and large vessels. The disadvantages associated with 
staining for CD31 antigen include co-staining of  inflam-
matory cells. The selective antibodies, such as endoglin, 
distinguish quantitatively between tumor neovasculariza-
tion and pre-existing vessels with no or poor staining of  
lymphatics and normal quiescent blood vessels[46]. Most 
studies revealed that high MVD predicts occurrence of  
metastatic disease[2, 7, 13, 25, 32, 35, 37], and although tumor an-
giogenesis is unlikely to be the only factor responsible, it 
provides large numbers of  leaking blood vessels for vas-
cular invasion[25]. 

Endoglin (CD105) is a receptor for the TGF-β1 mol-
ecule that is up-regulated in tumor angiogenesis [13, 25, 29]. 

Its secretion is induced by hypoxia[29] and, as it is present 
mainly in new vessels, it is very useful in the assessment 
of  newly formed vessels in malignant neoplasms[13, 25, 29]. 
It is also currently accepted as a potential target for anti-
angiogenic therapy, especially in cancer patients at risk of  
developing metastases[29]. The endoglin antibody binds 
preferentially to the activated endothelial cells that partici-
pate in tumor angiogenesis, however, endoglin expression 
is weak/or negative in vascular endothelium of  normal 
tissues; accordingly, it is a more specific and sensitive 
marker of  tumor angiogenesis than the others commonly 
used such as pan-endothelial markers[25, 29]. Intra-tumoral 
MVD determined by immunohistochemical staining for 
endoglin has been reported to be an indicator of  poor 
prognosis in many types of  solid neoplasia such as breast 
carcinoma, cervical cancer, endometrial carcinoma, gastric 
carcinoma, melanoma, some testicular tumors, non-small 
cell lung cancer, prostate cancer, renal cell carcinoma and 
squamous cell carcinoma[29]. 

In CRC, many reports indicate that endoglin assessed 
immunohistochemically correlates not only with MVD, 
but also with survival curves, and it has also been identi-
fied as a valuable parameter for predicting increased risk 
of  developing metastatic disease[25, 29,42]. Yan[47] et al report-
ed that MVD was higher in CRC patients with metastases 
than in those without and observed that the specificity 
and sensitivity of  MVD in predicting metastatization in 
CRC was 66.22% and 51.72%, respectively. In other stud-
ies, the presence of  endoglin also had a prognostic mean-
ing, showing a positive correlation with the presence of  
angio-lymphatic invasion, lymph node metastases, tumor 
stage and hepatic metastases, reinforcing the premise that 
endoglin might be considered for further therapeutic trials 
as anti-angiogenic therapy[25, 29]. 

Endoglin is not only expressed on the cell surface 
but its soluble form can also be detected in the blood[29, 

48]. Myśliwiec[29]et al demonstrated an apparent continu-
ous endoglin rise in plasma from patients with metastatic 

colorectal cancer, and Li[48] et al reported that circulating 
endoglin levels positively correlated with CRC Dukes’ 
stage and survival; patients with a high MVD, above the 
median 3.10 × 250, showed the worst prognosis. Taka-
hashi[49] et al observed that increased serum endoglin was 
associated with metastasis in patients with solid tumors 
including colorectal and breast carcinomas; and, in CRC 
patients, the difference in endoglin levels between the 
metastasis-negative patients and the metastasis-positive 
patients was statistically significant. Conversely, it was 
recently demonstrated that assessment of  endoglin in 
plasma is not a useful maker of  CRC, but might be help-
ful in selecting patients with metastatic diseas[29]. 

VASCULAR ENDOTHELIAL GROWTH 
FACTOR FAMILY AND CRC  
Quantification of  angiogenic factors in solid malignant 
tumors provides an alternative to MVD evaluation in as-
sessing tumor angiogenic activity[28, 30]. Numerous studies 
have demonstrated that tumor overexpression of  vas-
cular endothelial growth factor (VEGF) correlates with 
high tumor MVD and is associated with advanced tumor 
stage or tumor invasiveness in various common human 
cancers[30, 37, 50, 51] and, its overexpression in colon cancer 
tissue indicates poor prognosis[51]; although paradoxically, 
some data showed that MVD might have a significant 
prognostic value in colon cancer tissue, whilst VEGF 
has not[52]. 

VEGF is the most widely studied angiogenic factor; 
it increases vascular permeability and is the most potent, 
direct acting, angiogenic protein known[28, 29, 36, 37, 52]. Nor-
mally, VEGF is weakly expressed in a wide variety of  hu-
man and animal tissues;  however, high levels of  VEGF 
expression can be detected at sites where physiologic 
angiogenesis is required, such as fetal tissue or placenta, or 
in the vast majority of  human tumors and other diseases 
i.e., chronic inflammatory disorders, diabetes mellitus, and 
ischemic heart disease[37]. Furthermore, both VEGF and 
its receptors are expressed at high levels in metastatic hu-
man colon carcinomas and in tumor-associated endotheli-
al cells, respectively[37]. Consequently, VEGF is recognized 
as a prominent angiogenic factor in colon carcinoma and 
the assessment of  VEGF expression may be useful for 
predicting metastasis from CRC[37]. In fact, VEGF expres-
sion was found to be higher in patients with metastatic 
tumors than in those with non-metastatic tumors[37,38], 
and high levels of  VEGF expression were associated with 
advanced cancer stage and related with unfavorable prog-
nosis[51-53].  

De Vita et al [37] reported that preoperative serum 
VEGF levels might be useful for predicting the outcome 
of  colon cancer patients following surgery. After surgery, 
VEGF levels tend to decrease compared with preopera-
tive concentrations[30, 37]. Conversely, elevated VEGF levels 
after surgery may indicate significant residual disease, even 
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if  it is not evident macroscopically[37]. 
Other studies have shown that VEGF is also a use-

ful marker for prognosis by significantly correlating with 
angio-lymphatic invasion, lymph node status and depth 
of  invasion, notwithstanding it was not an independent 
prognostic factor[25, 29]. 

Although numerous publications dealing with the 
measurement of  circulating VEGF for diagnostic and 
therapeutic monitoring have been published, the relation-
ship between the production of  tissue VEGF and its con-
centration in blood is still unclear[31]. Some of  the contro-
versies regarding the clinical value of  VEGF serum level 
measurement are related to the well-known fact that cir-
culating VEGF is largely found in platelets, and as a con-
sequence an open debate is ongoing to clarify if  VEGF 
serum levels truly reflect tumor expression of  VEGF 
or whether there are other potential sources of  circulat-
ing VEGF, such as blood cells[30]. Cressey[31] et al  noted 
that the cell-associated isoform (VEGF189), but not the 
soluble isoforms (VEGF121 and VEGF165) appear to 
play an important role in tumor progression. In addition, 
Serum VEGF protein levels are a prognostic parameter 
for progression-free and overall survival in CRC. Patients 
with high soluble VEGF levels might have a more aggres-
sive disease, and the improved outcome observed in their 
series might be a reflection of  the disease biology[54,55]. 

The effect of  VEGF depends not only on tumor 
cell expression of  VEGF, but also on the VEGF recep-
tors in the endothelial cells[30]. The ligands of  the VEGF 
family include VEGF-A, VEGF-B, VEGF-C, VEGF-D 
and VEGF-E; and the receptors are VEGFR-1, R-2 and 
R-3[56]. 

VEGF-A is commonly overexpressed by a wide variety 
of  human tumors, and this overexpression has been corre-
lated with progression, invasion and metastasis, MVD, and 
poorer survival and prognosis[56]. In CRC, VEGF-A is the 
ligand of  the VEGF family most abundantly expressed[29]. 
VEGF-A promotes angiogenesis through enhancement of  
permeability, activation, survival, migration, invasion, and 
proliferation of  endothelial cells[57]. VEGF-A and VEGF-B 
play a role in early tumor development at the stage of  ad-
enoma formation[7, 58]. 

Myśliwiec[29] et al found a strong positive association 
with VEGF-A plasma concentrations assessed post
operatively and the presence of  distant metastases. Zlo-
bec[59] et al also correlated high VEGF expression with re-
sponse to preoperative radiotherapy in patients with rectal 
tumors. 

VEGF-C and -D are glycoproteins structurally similar 
and sharing areas of  sequence homology with VEGF-A. 
In CRC, augmented VEGF-C expression has been found 
to correlate with lymphatic invasion and lymph node 
metastasis[60]. Elevated levels of  serum VEGF-C have 
been found in patients with breast cancer, lung cancer 
and cervical cancer and it appears to be an independent 
marker for early diagnosis of  cancer metastasis. Moreover, 
increased VEGF-C mRNA expression in tumor tissues 

correlates positively with lymphatic metastasis and poor 
prognosis[61]. A correlation between VEGF-D expression 
levels in the primary tumor and lymph node metastasis is 
still disputable, with controversial data reported[62]. 

Another important fact is that through the deve
lopment of  anti-angiogenic therapy, CRC prognosis is 
improving[30, 63-65]. Median survival of  patients with meta-
static CRC (mCRC) treated with best supportive care is 
approximately 6 mo. Palliative chemotherapy considerably 
improves treatment outcome, with fluorouracil (FU) plus 
irinotecan and/or oxaliplatin extending median overall 
survival to approximately 20 mo[66]. Thus, in the past de-
cade, the median overall survival of  patients with mCRC 
has increased from 12 mo to approximately 20 mo, mainly 
due to the development of  new combinations with stan-
dard chemotherapy[67]. Currently, anti-angiogenic treat-
ment can prolong the survival time by some months, how-
ever, the results are not reproducible for all cases[13]. There 
have been clinical trials which show as many as 94% of  
invasive carcinomas and 88% of  in situ carcinomas having 
a complete response[68]. Unfortunately, there are no tumor 
characteristics or molecular markers at present that help 
to identify patients who are likely to benefit from anti-
angiogenic treatment[69]. 

 Bevacizumab (BV) is a monoclonal antibody against 
VEGF with anti-angiogenic properties, and several clini-
cal trials supported the use of  BV in the first-line treat-
ment of  mCRC[70]. BV is typically used in combination 
with other chemotherapeutic agents such as oxaliplatin, 
irinotecan, leucovorin, and 5-fluorouracil (5-FU) for treat-
ment of  patients with mCRC[70, 71]. In addition to its direct 
anti-angiogenic effects, BV may also improve the delivery 
of  chemotherapy by changing tumor vasculature and 
decreasing the elevated interstitial pressure in tumors[69]. 

When combined with standard chemotherapy regimens, 
it has been associated with significant improvements, 
compared with chemotherapy alone, in the efficacy end 
points of  overall survival, progression-free survival, and 
response rates in patients with mCRC, and for some fa-
cilitates secondary resections[72]. Jubb[73] et al demonstrated 
that in patients with mCRC, the addition of  BV to irinote-
can, 5-FU/leucovorin (IFL) improves survival regardless 
of  the level of  VEGF expression, or MVD. In a review 
by Tappenden[74]et al, the addition of  BV to IFL resulted 
in a statistically significant increase in median overall sur-
vival (OS) of  4.7 mo, and in a median progression-free 
survival (PFS) of  4.4 mo. An overall tumor response rate 
of  44.8% was reported for BV plus IFL compared with 
34.8% for IFL plus placebo within one study. In a pivotal, 
placebo-controlled, phase III trial in patients with mCRC 
(Genentech Study 2107), the addition of  BV to IFL re-
sulted in a significantly longer survival time (20.3 vs 15.6 
mo) and progression-free survival time (10.6 vs 6.2 mo) 
than with IFL plus placebo[73, 75-78]. In a placebo-controlled, 
phase II trial (Genentech Study 2192), adding BV to 5-FU 
plus LV resulted in a significantly longer progression-
free survival time than with 5-FU and LV plus placebo in 
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patients with mCRC who were unsuitable candidates for 
first-line therapy with irinotecan (9.2 vs 5.5 mo). There 
was also a trend towards a longer survival time in patients 
receiving 5-FU, LV, and BV (16.6 vs 12.9 mo)[77]. BV was 
also tested in mCRC combined with an oxaliplatin-based 
regimen in the second-line setting. In this randomized 
phase Ⅲ trial (E3200), patients with previously treated 
CRC were randomized into 3 arms: FOLFOX4 plus BV, 
FOLFOX4 and BV only. Results showed superior sur-
vival and progression-free survival in the FOLFOX4 plus 
BV arm. In this study, BV was equally effective with the 
oxaliplatin-based regimen[78]. 

BV ultimately achieved FDA approval in 2004 as a 
first-line treatment for mCRC in combination with che-
motherapy, based on its statistically and clinically meaning-
ful benefits on progression-free survival and OS and has 
since garnered additional approval[79]. BV is the most used 
VEGF inhibitor with clear proof  of  efficacy in CRC, how-
ever, optimal use of  this agent at various stages of  the dis-
ease is still under investigation. Additionally, there are nu-
merous other angiogenic agents targeting VEGF and other 
pro-angiogenic systems in clinical development[80]. These 
novel targeted agents inhibit the VEGF pathway by target-
ing the VEGF ligand, its receptors or by blocking down-
stream signaling pathway components. Anti-angiogenic 
agents include antibodies, small molecule tyrosine kinase 
(TK) inhibitors, antisense oligonucleotides and aptamers[81]. 

Table 1 summarized the main results of  CD105 and 
VEGF studies.

CONCLUSION 
Despite major advances, in terms of  knowledge and 
treatment of  CRC in recent years, the single most well-
documented prognostic marker of  pathologic stage 
remains the gold standard for disease stage at diagnosis. 
Angiogenesis plays an important role in the growth and 
progression of  cancer but its role as a prognostic factor 

is still controversial. Most studies report that endoglin 

and vascular endothelial growth factor family expres-
sion are indicators of  poor prognosis in CRC patients. 
Beyond these controversies, the ultimate clinical implica-
tion of  tumor angiogenesis is the development of  anti-
angiogenic therapy, targeting tumor vasculature. 
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Statement of human and animal rights
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in accordance with the above standards, the authors must explain the 
rationale for their approach and demonstrate that the institutional 
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to the author(s) and the editors will not be responsible for loss or 
damage to photographs and illustrations sustained during mailing.
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Manuscripts should be submitted through the Online Submission 
System at: http://www.wjgnet.com/2218-4333office. Authors are 
highly recommended to consult the ONLINE INSTRUCTIONS 
TO AUTHORS (http://www.wjgnet.com/2218-4333/g_info_ 
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wjgnet.com, or by telephone: +86-10-85381892. If  you submit your 
manuscript online, do not make a postal contribution. Repeated 
online submission for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION
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submitted using word-processing software. All submissions must be 
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample margins. 
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Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJCO, reviewers 
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structured abstracts (no more than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no more than 480 words 
should accompany each manuscript. Abstracts for original contri-
butions should be structured into the following sections. AIM (no 
more than 20 words): Only the purpose should be included. Please 
write the aim as the form of  “To investigate/study/…; MATERI-
ALS AND METHODS (no more than 140 words); RESULTS (no 
more than 294 words): You should present P values where appropri-
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tained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; CONCLUSION (no 
more than 26 words).

Key words
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Text
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main text should be structured into the following sections: INTRO-

DUCTION, MATERIALS AND METHODS, RESULTS and 
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topic highlight, case report, letters to the editors, can be found at: 
http://www.wjgnet.com/2218-4333/g_info_list.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a sepa-
rate page. Detailed legends should not be provided under the 
figures. This part should be added into the text where the figures 
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples 
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Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. Detailed 
legends should not be included under tables, but rather added into 
the text where applicable. The information should complement, 
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Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
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