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Abstract: The treatment of solid malignancies includes various target drugs, such as monoclonal antibodies and tyrosine kinase inhibi-
tors, which exert their effect alone or in combination with chemotherapy. The main part of these molecules have a target on proteins of 

EGFR and VEGF pathways. The particular toxicity profile and the financial impact, deriving from the application of these agents in can-
cer treatment, prompted a lot of researches to define predictive factors of their efficacy. Various biomarker were identified among the 

components of the targeted pathways. However just few studies allowed to identify specific factors to predict the toxicity of these drugs. 
In this review EGFR and VEGF-related pathways are described, most relevant clinical findings about target therapy applications are ex-

posed and the clinical impact of predictive factors of efficacy and toxicity are discussed. 
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1. INTRODUCTION 

 The treatment of the most prevalent solid tumors is now based 
on the combination of chemotherapy with biological drugs. EGFR 
and VEGF showed to exert a relevant role in the development and 
drug sensitivity of these malignancies. Various molecules were 
produced to target the EGFR- and VEGF-related pathways. 

 The efficacy of these molecules seems dependent on biomark-
ers, which could be detected through various techniques of molecu-
lar biology. Besides, for these agents we know a toxicity profile, 
which is different from that we have long managed with chemo-
therapy. 

1.1. EGFR Pathway 

 The family of epidermal growth factor receptor (EGFR) is in-
volved in various pathways of cell function including development, 
metabolism and other biological phenomena. 

 The binding of specific cognate ligands (EGF, transforming 
growth factor- , amphiregulin) triggers the homodimerization of 
two EGFRs or the heterodimerization of EGFR with other family 
members [1]. The tyrosine kinase (TK) activition is exploited by the 
intracellular domain of EGFR by its autophosphorylation. The 
phosphotyrosine residues act as a docking site for various adapter 
molecules. Various intracellular pathways, including RAS/RAF/ 
MAPK and PI3K/Akt are subsequently activated [2]. RAS protein 
function is normally regulated by cycling between inactive GDP-
bound and active GTP-bound forms. Signaling is terminated when 
RAS-GTP is hydrolyzed to the RAS-GDP inactive complex by 
GTPase-activating proteins (GAPs) [3]. Activated RAS recruits Raf 
protein to the cell membrane and phosphorylates it, triggering ser-
ine-threonine kinase activity of various proteins. Finally active 
mitogen-activated protein kinases (MAPKs) can translocate to the 
nucleus, where they regulate the activity of several transcription 
factors for the expression of multiple genes of survival and prolif-
eration [4-6] (Fig. 1). 
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1.2. VEGF Pathway 

 The VEGF pathway plays critical roles in tumor growth by 
diverse mechanisms. Although VEGF is actually a family of at least 
7 members [VEGF-A, -B, -C, -D, and -E, and placental growth 
factor, (PlGF) -1 and -2], the term EGF typically refers to the 
VEGF-A isoform, one of the most studied members and a major 
mediator of tumor angiogenesis. VEGF-A is a proangiogenic factor 
that plays important roles in cell migration, proliferation, and sur-
vival. Alternative splicing yields at least six isoforms of VEGF-A, 
existing of 121, 145, 165, 183, 189 and 206 amino acid residues [7-
9], which differ in their incorporation of exons that determine the 
degree of cell surface and extracellular matrix association. The 
VEGF165 is the most predominant form. Among VEGF family 
members, VEGF and PlGF have been well characterized as modu-
lators of angiogenesis in many tumors [10,11]. These growth fac-
tors bind to VEGF receptors on endothelial cells and promote their 
proliferation, survival, migration, and tube formation. VEGF binds 
to VEGFR1, VEGFR2, and neuropilins (NRP), whereas PlGF only 
binds VEGFR1 and NRP-1 and NRP-2 [12]. A third receptor, 
VEGFR-3, is involved in lymphangiogenesis and does not bind 
VEGF-A. Knockout of VEGF, VEGFR1, VEGFR2, or both NRP-1 
and NRP-2 induces embryonic lethality, whereas PlGF deficiency 
impairs pathologic angiogenesis by attenuating the response to 
VEGF [10-13]. VEGF binds with higher affinity to VEGFR1 than 
to VEGFR2, but the latter has stronger tyrosine kinase activity and 
is widely assumed as the mediator of the pro-angiogenic activities 
of VEGF [10,11]. Surprisingly, unlike VEGFR1 deficiency, dele-
tion of the tyrosine kinase domain of VEGFR1 (in flt1

TK–/–
 mice) 

does not lead to embryonic lethality or vascular phenotypes, sug-
gesting that VEGFR1 acts as a “decoy” for pro-angiogenic factors 
during development [14]. Nevertheless, VEGFR1 and VEGFR2 
could crosstalk inter- and intramolecularly [15]. VEGF binds to the 
VEGFR, that is a Receptor Tyrosine Kinase, leading to receptor 
dimerization and subsequent auto phosphorylation of the receptor 
complex. The phosphorylated receptor then interacts with a variety 
of cytoplasmic signaling molecules, leading to signal transduction 
and eventually angiogenesis [16]. The classical ras Erk and 
PI3K Akt-depednent pathways are involved in the signalling acti-
vated by VEGF-VEGFR network thus leading to the proliferation 
and survival of endothelial progenitors (Figs. 2 and 3). 

 

    1875-5453/11 $58.00+.00           2011 Bentham Science Publishers  



Predicting Efficacy and Toxicity in the Era of Targeted Therapy Current Drug Metabolism, 2011, Vol. 12, No. 10    945 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). EGFR-related pathways 

EGFR activation, by ligand binding or mutation in the TK domain, triggers two main pathways, which regulate survival and proliferation in the cell function. 

The RAS/RAF/MAPK pathway induces transcription factors in the nucleus. The expression of proliferation genes is enhanced. The PI3K/Akt pathway modu-

lates the function of apoptosis regulators. The cell survival results prolonged. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). VEGF, PlGF and their receptors 

VEGF A-E bind prevalently to VEGFR1 and with less affinity to VEGFR2, but the latter has hifìgher tyrosine kinase acticity and is prevalently involved in 

tunmour neo-angiogenesis. However, the two receptors strongly cross talk through heterodimerization. VEGFA-E bind also NRP-1 and NRP-2 while PlGF-1 

and 2 bind VEGFR1 and NRP-1 and 2. NRP-1 is involved in angiogenesis while NRP-2 also in lymphogenesis. VEGF A, C and D bind also VEGFR3 that is, 

in turn, involved exclusively in lymphogenesis. 
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Fig. (3). VEGF-induced signalling 

VEGF binds its receptors that, in turn, heterodimerize or homodimerize. After the dimerization the cytoplasmic tails of the receptors are phosphorylated in 

Tyrosine residues that, in turn, recruit cytoplasmic factors including nucleotide exchanging factors such as Sos that once placed on the inner side of the plasma 

membrane activate for co-localization ras that can trigger the mitogen activated protein kinase (MAPK) cascade leading to survival and proliferation signals. 

Alternatively, ras can also activate the PI3K Akt signalling leading to survival signals through the activation of anti-apoptotic proteins such as Bcl-2. 

 

2. ANTI-EGFR AND ANTI-VEGF MOLECULES 

2.1. Anti-EGFR Monoclonal Antibodies 

 Two anti-EGFR monoclonal antibodies are currently available 
for the treatment of mCRC. Cetuximab is a chimeric immunoglobu-
lin G1 antibody, and panitumumab is a fully human immunoglobu-
lin G2 antibody. First cetuximab was studied for the treatment of 
patients with chemo-refractory advanced colorectal cancer. In par-
ticular cetuximab combined with irinotecan achieved higher re-
sponse rate rather than cetuximab alone in a randomized phase II 
trial in patients resistant to irinotecan (22.9% versus 10.8%, 
p=0.007) [17]. Median PFS and response rate were also improved 
by the same combination of cetuximab and irinotecan when com-
pared to irinotecan alone (PFS: 4.0 vs 2.6 months, p 0.0001; RR: 
16.4% vs 4.2%, p<0.0001), even if not statistically significant dif-
ference was observed for the median OS (10.7 versus 10.0 months, 
p=0.71), which was the primary endpoint of this study [18]. How-
ever this result may be a consequence of the crossover to cetuxi-
mab, which a large number of patients in the control arm experi-
enced. Cetuximab showed benefit also when it was administered 
alone as compared to best supportive care in chemotherapy refrac-
tory patients. In this study the median OS was 6.1 months for 
cetuximab and 4.6 months for best supportive care (p=0.005) [19]. 
More recently an advantage for the use of cetuximab in the first-line 
treatment was demonstrated. The addition of cetuximab to 
FOLFIRI versus FOLFIRI alone in the CRYSTAL trial resulted in 
a modest but statistically significant increase in the median PFS 
(8.9 vs 8.0 months, p=0.048) [20]. In the large randomized phase II 
study for chemonaïve patients with metastatic colorectal cancer, 
they were treated with either FOLFOX plus cetuximab or FOLFOX 
alone. No statistically significant differences in median PFS (7.2 
months in both arms) and response rate (46% vs 36%, p=0.064) 

were observed [21]. Anyway a significantly wider difference for 
RR was achieved in subjects with good performance status (49% vs 
37%, p=0.032). A phase III trial evaluated single agent panitumu-
mab versus best supportive care (BSC) in the patients with 
chemorefractory (100% and 37% of the patients had received 2 and 
3 lines of previous treatment, respectively) advanced colorectal 
cancer, which expressed EGFR regardless the KRAS mutational 
status. Panitumumab reduced the risk of disease progression with 
respect to BSC alone by almost half (hazard ratio = 0.54, 95%CI: 
0.44–0.66, p < 0.0001) [22]. The group of patients bearing a KRAS 
mutation achieved no clinical responses when treated with panitu-
mumab, whereas those with wild-type KRAS achieved a 17% ORR, 
because of the treatment with panitumumab [23]. It is interesting 
that among patients in the control arm who crossed over to receive 
panitumumab after progression, RR was 11% with an additional 
33% of patients achieving SD [24]. 

2.2. Anti-EGFR Tyrosin Kinase Inhibitors 

 Gefitinib (ZD1839, Iressa) and erlotinib (OSI-774, Tarceva) are 
two small molecules approved for the treatment of non-small-cell 
lung cancer (NSCLC). These two drugs disrupt EGFR signaling by 
competing with adenosine triphosphate (ATP) for the binding sites 
at tyrosine kinase domain. So they inhibit the phosphorylation and 
activation of EGFRs and the downstream signaling network. Both 
agents can induce dramatic clinical response in patients who fail 
chemotherapy. The first is indicated in patients affected by ad-
vanced or metastatic NSCLC with activating mutations on the tyro-
sine Kinase domain of EGFR. Those mutations occurr in 10-15% of 
NSCLC in European countries and 30-40% in Asian population 
[25, 26]. The IPASS study evaluated gefitinib oral monotherapy vs 
doublet chemotherapy (carboplatin/paclitaxel) as first line treatment 
of Asian patients with NSCLC, which were highly selected for 
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adenocarcinoma histology, good performance status, non-smoker or 
light smoker status. The primary end point was progression-free 
survival (PFS) and the secondary were objective response rate, 
overall survival, quality of life, disease-related symptoms, safety 
and tolerability. 1217 treatment-naïve patients with adenocarcinoma 
were involved. The first analysis in 2008 showed that gefitinib was 
superior to chemotherapy in terms of PFS in the overall population 
(HR 0.74, 95% CI 0.65-0.85, p<0.001) [27]. Subsequently this su-
periority of gefitinib vs chemotherapy in the overall population was 
showed to be restricted to the subgroup of EGFR mutation-positive 
patients. In these patients the risk for progression halved with gefit-
inib compared with carboplatin/paclitaxel, (HR=0.48, 95% CI 0.36-
0.64, p<0.001) and median progression-free survival increased from 
6.3 to 9.5 months. Gefitinib also achieved significant benefits in 
objective response rate, quality of life and symptom improvement 
compared with carboplatin/paclitaxel in EGFR mutation-positive 
patients [28]. In the overall population, unselected for clinical or 
molecular factors, gefitinib and chemotherapy showed no signifi-
cant differences in OS (HR=0.90, 95% CI 0.79-1.02, p=0.11, me-
dian OS 18.8 vs. 17.4 months). Neither was there a significant dif-
ference between treatment arms for OS in the subgroups defined by 
EGFR mutation status: EGFR mutation-positive patients (HR=1.00, 
95% CI 0.76-1.33, median OS 21.6 vs. 21.9 months); EGFR muta-
tion-negative patients (HR=1.18, 95% CI 0.86-1.63, median OS 
11.2 vs.12.7 months); and patients whose EGFR mutation status 
was unknown (HR=0.82,95% CI 0.70-0.96, median OS 18.9 vs. 
17.2 months) [29]. Erlotinib has been approved for the treatment of 
locally advanced or metastatic non-small cell lung cancer that is 
refractory to at least one prior chemotherapy regimen and in com-
bination with gemcitabine for the first-line treatment of locally 
advanced, unresectable or metastatic pancreatic cancer. Erlotinib 
was evaluated in the large phase III BR.21 trial for second and 
third-line therapy of advanced NSCLC. It showed a significant 
advantage in terms of OS, TTP and quality of life (QoL). These 
findings led to FDA approval [30]. The use of erlotinib versus pla-
cebo as maintenance treatment in advanced non-small-cell lung 
cancer has been evaluated in the double-blind, randomized, phase 
III SATURN trial. Patients, without disease progression after 4 
cycles of chemotherapy, showed benefit in response rates and dis-
ease control rates. Median PFS was significantly longer with er-
lotinib than with placebo (HR for progression 0.71, 95% CI 0.62-
0.82; p<0.0001) [31].  

2.3. Anti-VEGF Molecules 

 Results obtained from preclinical studies indicated that anti-
angiogenic agents induced tumor stabilization or even regression in 
subcutaneous tumor models. As the suboptimal character of subcu-
taneous tumors for the purpose of studying anti-angiogenic therapy 
was not recognized at that time, these findings led to the assump-
tion that also in the clinic anti-angiogenic therapy could turn cancer 
into a chronic disease. This resulted in numerous clinical trials 
evaluating the beneficial effects of different anti-angiogenic agents. 
As stated above angiogenesis is tightly regulated through a complex 
interplay of pro- and anti-angiogenic factors. Apart from targeting 
pathways that promote angiogenesis, increasing the amount of anti-
angiogenic factors is another approach to inhibit tumor growth by 
blocking angiogenesis. 

2.3.1. Bevacizumab 

 Bevacizumab is a humanized monoclonal antibody that binds to 
VEGF-A, preventing it from binding to receptors and activating 
signaling cascades that lead to angiogenesis. Initial proof of the 
concept that targeting VEGF-A could inhibit the growth of tumors 
(despite its having no effect on the growth rate of the tumor cells in 
vitro) was demonstrated in a mouse model in 1993 using a mono-
clonal antibody against VEGF-A, [32] leading to the clinical devel-
opment of bevacizumab. Initial clinical trials in patients with colo-
rectal cancer tested irinotecan, fluorouracil (5-FU), and leucovorin 

with or without bevacizumab [33]. The addition of bevacizumab 
significantly increased the progression-free survival (PFS), as well 
as the median overall survival (OS) leading to FDA approval of 
bevacizumab as the first drug developed solely for antiangiogenesis 
anticancer use in humans. The anticancer activity of bevacizumab 
across all tumor types has demonstrated some mixed results. 
Bevacizumab did not provide any benefit with regard to PFS or OS 
for patients with metastatic breast cancer when used in combination 
with capecitabine [34]. Further studies in a phase 3 trial of patients 
with previously untreated metastatic breast cancer using paclitaxel 
with or without bevacizumab demonstrated that the addition of 
bevacizumab increased PFS (11.8 months vs 5.9 months without 
bevacizumab) and increased the overall response rates (36.9% vs 
21.2% without bevacizumab) [35]. However, there was still no 
significant increase noted in OS, as had been observed previously 
with colorectal cancer and NSCLC [33, 36, 37]. A beneficial re-
sponse may be masked by the lack of biomarker screening in pa-
tients in many of the clinical trials, because bevacizumab is specific 
for VEGF. By screening for tumors that overexpress VEGF and/or 
are highly dependent on VEGF signaling, the likelihood of a posi-
tive response to bevacizumab would most likely be increased. Tar-
geted therapies may prove more effective when patients are 
screened for markers, ensuring that the proper subset of the popula-
tion is treated with a particular targeted drug. Bevacizumab is cur-
rently being tested in several hundred clinical trials in a variety of 
different tumor types and as of 2009, bevacizumab was approved 
for various indications in colorectal cancer, NSCLC, breast cancer, 
renal cell carcinoma (RCC), and glioblastoma (see the Database of 
Current Clinical Trials at www.clinicaltrials.gov).  

2.3.2. Aflibercept (VEGF-Trap) 

 Aflibercept (VEGF-Trap, AVE0005) is a soluble fusion protein 
of the human extracellular domains of VEGFR-1 and VEGFR-2 
and the Fc portion of human immunoglobulin (Ig) G. Aflibercept 
binds to both VEGF-A and PlGF with a higher affinity than mono-
clonal antibodies and essentially renders the VEGF-A and PlGF 
ligands unable to bind and activate cell receptors [38]. Aflibercept 
was engineered to optimize pharmacokinetic properties while still 
maintaining the potent VEGF blocking activity compared with that 
demonstrated by other anti-VEGF antibodies. In vitro, aflibercept 
demonstrated significant antiproliferative activity and completely 
blocked VEGF-induced VEGFR-2 phosphorylation when added in 
a 1.5-M excess of VEGF. Aflibercept inhibited tumor growth in 
xenograft models and blocked nearly all tumor-associated angio-
genesis, resulting in tumors that appeared nearly avascular. Afliber-
cept is currently in clinical trials, with some early results reported. 
In phase 2 trials in which it was used as a single agent in patients 
with ovarian cancer, 41% of patients had stable disease at 14 weeks. 
In addition, a reduction of 30% or more in tumor size was noted in 
8% of patients [39]. Another phase 2 trial of aflibercept in 33 pa-
tients with NSCLC demonstrated 2 partial responses; to our knowl-
edge, interim analysis results are not yet available [40]. In contrast, 
a phase 2 trial of aflibercept in patients with metastatic breast can-
cer demonstrated a response rate of 5% and the PFS rate at 6 
months was 10%, rates that did not meet efficacy goals and were 
determined to be too low to continue [41]. Additional clinical trials 
of aflibercept are currently ongoing in a variety of malignancies 
including prostate cancer, colorectal cancer, ovarian cancer, thyroid 
cancer, RCC, and brain cancer. 

3. PREDICTIVE FACTORS OF EFFICACY 

3.1. EGFR-Related Predictive Factors 

3.1.1. EGFR Overexpression 

 Several studies investigated the expression levels of EGFR 
protein and its link with cancer prognosis, in many types of cancers. 
Despite conflicting results were reported, those malignant tumors 
which overexpress EGFR protein are associated with a poor prog-
nosis. EGFR is estimated to be overexpressed in 60-85% of colo-
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rectal cancers (CRC), and it seems to be correlated with a higher 
stage, aggressiveness, presence of metastases and poorer prognosis 
[42]. The relationship between the levels of EGFR protein expres-
sion, as determined by immunohistochemistry, and sensitivity to 
anti-EGFR antibodies, has been evaluated in many clinical trials, 
but the results showed a lack of association between EGFR detec-
tion and response to EGFR-targeted treatment. In fact, objective 
responses have been observed in patients with low or high EGFR 
level expression: it cannot be considered as an inclusion criterion 
for patients undergoing treatment with anti-EGFR mAbs [43].  

3.1.2. EGFR TK Domain Mutations 

 Activating mutations in the catalytic tyrosine kinase domain of 
EGFR, have been found to render tumor cells more sensitive to the 
TKIs (erlotinib and gefitinib) in lung cancer. These mutations led to 
gain-of-function and confer dependence of the tumor cell on the 
mutated kinase. The structural alterations associated with the muta-
tional status favor an activated state of EGFR. In the absence of 
ligand binding the conformation is normally auto-inhibited [44]. 
EGFR activating mutations destabilize this conformation. An in-
crease in kinase activity results. Tumor cells will show addiction to 
EGFR oncogene, with subsequent advantage in growth and sur-
vival. The mutated receptor presents higher sensitivity to erlotinib 
and gefitinib [45]. The most prevalent EGFR mutations of TK do-
main occur between exons 18 and 21. They consist in deletions in 
exon 19 (over 20 variant types) and a point mutation at codon 858 
(L858R) in exon 21 [46]. As minor EGFR mutations, those at 
codon 719 (exon 18), 765 and 783 (exon 20) and in-frame insertion 
mutations in exon 20 have also been reported. These genomic al-
terations, differently to what was observed in NSCLC, are rare or 
absent in CRC and no significant association with clinical response 
of metastatic CRC to anti-EGFR mAbs has been found [47]. In 
addition this finding could support the observation that gefitinib is 
unlikely to be effective in patients with CRC. Almost all NSCLC 
patients, who are initially responders to TKIs, develop acquired 
resistance. This phenomenon was explained by the occurrence of a 
second point mutation [48]. The threonine-790 to methionine 
(T790M) point mutation was found in about a half of patients who 
experience progression during anti-EGFR TKIs therapy. It is rarely 
detected in tumors from untreated patients, since it is present at low 
levels. The selective pressure during treatment on those cells har-
bouring this mutation seems to lead to drug resistance. The T790M 
prevents the binding of reversible EGFR TKIs by steric hindrance 
or by enhanced affinity of the kinase domain for ATP [49, 50]. 

3.1.3. Copy Number of EGFR Gene 

 Many human malignant tumors have been found to have an 
elevated number of EGFR gene copies and various studies showed 
different results. In two trials it was established that probably only 
10-15% of CRC show an increased EGFR copy number [51]. Even 
though the proportion of CRCs with EGFR gene amplification is 
relatively small, this genomic alteration seems to be an interesting 
predictor of response to anti-EGFR TKIs. Lenz et al. demonstrated 
a positive relationship between increased EGFR gene copy number 
(determined by quantitative PCR) and OS of patients, but not with 
PFS or response to cetuximab [52]. No correlations were found by 
Khambata-Ford S et al., between increased EGFR copy number and 
response to cetuximab [53]. Further studies are needed to establish 
the real value of this marker in clinical practice. 

 In NSCLC, the copy number of EGFR gene, seems to predict a 
real survival benefit with EGFR-TKI therapy [54]. In a systematic 
review and meta-analysis. Dahabreh et al. investgated EGFR gene 
copy number by fluorescent or chromogenic in situ hybridization in 
patients with advanced or recurrent NSCLC treated with the TKIs 
erlotinib or gefitinib [55]. They identified 255 studies, and among 
them, 20 for OS, 10 for PFS and 5 for TTP. The increase of EGFR 
gene copy number was associated with increased OS (HR = 0.77; 
95% CI 0.66–0.89; P = 0.001), PFS (HR = 0.60; 95% CI 0.46–0.79; 

P<0.001) and TTP (HR = 0.50; 95% CI 0.28–0.91; P = 0.02). The 
positive effects on overall survival were found only in Caucasians 
patients but not in the Asian population. This findings lead us to 
believe that there may be different mechanisms in the activation of 
the EGFR pathway in Asian populations, compared to Caucasians. 

 In the EXTREME study, the combination of chemotherapy (5-
FU/platinum) with cetuximab, in the first-line treatment of patients 
affected by recurrent and/or metastatic squamous cell carcinoma of 
the head and neck (SCCHN), determined an improvement in OS 
compared with CT alone. The purpose of the authors was to evalu-
ate if the increase of EGFR copy number could be considered a 
marker of prediction. In those patients EGFR copy number was not 
associated with overall survival, progression-free survival or best 
overall response. EGFR copy number in tumor tissue doesn’t seem 
a predictive biomarker for the efficacy of cetuximab plus 5-
FU/platinum as first-line therapy in patients with recurrent or me-
tastatic SCCHN [56]. 

3.1.4. Overexpression of New EGFR Ligands 

 Amphiregulin (AREG) and epiregulin (EREG) belong to the 
epidermal growth factor (EGF) family, and work as endocrine mi-
togenic stimulators binding the EGF receptor (EGFR).The overex-
pression of these alternative EGFR ligands, has been evaluated by 
several studies and it has been associated with response to cetuxi-
mab treatment in CRC. Jacobs et al. established that the expression 
of EREG and AREG in primary tumors significantly predicts out-
come in KRAS wild-type chemorefractory metastatic CRC treated 
with cetuximab and irinotecan. In particular, when these ligands are 
overexpressed, KRAS WT patients show a higher probability of 
response to anti-EGFR monoclonal antibodies. Instead low ligand 
expression in KRAS wild-type patients induce resistance to anti-
EGFR similar to that observed in patients with KRAS mutation. 
Thus these ligands together with the KRAS mutational status help to 
predict the outcomes of anti-EGFR therapy in CRC. Occasional 
ligand-independent responses were still observed, suggesting that 
additional markers are needed to improve response prediction [57]. 

3.2. KRAS Mutational Status 

3.2.1. KRAS in Colorectal Cancer 

 KRAS is a proto-oncogene, whose relative protein is involved 
in the cellular response to many proliferation signals. The acquisi-
tion of mutations in KRAS leads to a state of permanent activity 
that allows the cell to obtain a proliferative advantage and to avoid 
apoptosis. Various human cancers, including pancreatic carcinoma, 
NSCLC and CRC, show KRAS activating mutations [58]. Kras 
results mutated in almost 40-45% of all colorectal adenocarcinomas 
and the most of its mutations are located on codon 12 (70%) and 
codon 13 (30%) and less in codon 61 [59]. These mutations result 
in an exchange of different amino acids at the catalytic sites which 
induce the glicine-to-valine substitution associated with a more 
aggressive tumor growth [60]. The predictive negative role of Kras’ 
mutations, for the treatment with monoclonal antibodies (mAbs) vs 
Epidermal Growth Factor Receptor (EGFR) (Panitumumab and 
Cetuximab), is now a consolidated data and it has been demon-
strated by several clinical studies. Kras wild type status is required 
for clinical application of mAbs in metastatic colorectal cancer 
(mCRC) but the prognostic role of the 12 possible Kras gene muta-
tions on codons 12 and 13, has not yet been demonstrated. Further 
studies are needed to clarify the real impact of Kras mutations on 
the outcome of patients affected of CRC. The current international 
guidelines available, indicate as the unique possibility of using 
EGFR drugs, the assessment of wild type Kras status. Although 
Patients with 12 or 13 codon mutations in Kras are excluded from 
cetuximab treatment, Wendy De Roock et al., coducted a study [61] 
to assess how p.G13D-mutated CRCs responded to cetuximab ther-
apy, in comparison with other KRAS mutations. 579 patients af-
fected by chemorefractory CRC treated with cetuximab between 
2001 and 2008 were studied. The primary endpoint was OS and 



Predicting Efficacy and Toxicity in the Era of Targeted Therapy Current Drug Metabolism, 2011, Vol. 12, No. 10    949 

secondary ORR, PFS. Patients affected by p.G13D-mutated CRC (n 
= 32) treated with cetuximab showed a longer OS (median, 7.6 
[95% confidence interval [23], 5.7-20.5] months vs 5.7 [95% CI, 
4.9-6.8] months; adjusted hazard ratio [HR], 0.50; 95% CI, 0.31-
0.81; P = .005) and longer progression-free survival (median, 4.0 
[95% CI, 1.9-6.2] months vs 1.9 [95% CI, 1.8-2.8] months; adjusted 
HR, 0.51; 95% CI, 0.32-0.81; P = .004). The use of cetuximab for 
the treatment of patients with p.G13D mutation of Kras, is associ-
ated with a better outcome then other KRAS-mutated tumors. 

3.2.2. KRAS in NSCLC 

 KRAS mutations have been identified also in NSCLC but the 
utility of determining KRAS mutational status to predict clinical 
benefit to anti-EGFR therapies remains unclear 

62
. Although an 

association between KRAS mutations and a lack of response to 
TKIs has been found, it is not clear how it can modify whether 
there is an association between KRAS mutation and EGFR TKI 
progression-free and overall survival. Neither the benefit from anti-
EGFR monoclonal antibodies seems to be correlated with KRAS 
mutational status in NSCLC [63]. 

3.2.3 Detection Methods for KRAS Mutational Status. 

 Several methods are now avalaible for the identification of 
KRAS mutations, and the most common are represented by direct 
sequencing analysis and real-time PCR. Direct sequencing is able to 
detect all Kras mutations in exons 2 and 3 of KRAS gene, but it has 
a poor sensitivity when compared with other methods. Real-time 
PCR uses primers binding the most common mutations in codon 12 
and 13 and it has a sufficient level of sensitivity. The detection limit 
of these two tecniques is around 20% of the mutation rate. Pyrose-
quencing-based assay represents another effective method to iden-
tify Kras mutations. It is a DNA sequencing technique based on the 
detection of released pyrophosphate (PPi) during DNA synthesis 
[64] and it is more sensitive than traditional sequncing methods or 
real time PCR being able to detect mutation rate represented less 
than 20% of the analysed sample. An experience conduced by San-
tini’s group has been built up to evaluate the real difference be-
tween pyrosequencing and the other routine techniques [65]. They 
selected 29 Formalin-fixed paraffin-embedded tumor samples from 
patients with primary CRC previously assessed by Real Time PCR 
and resulted wild type for codon 12/13 Kras mutations. These sam-
ples have been reanalyzed with both Real Time PCR and pyrose-
quencing assay at the same time: all of them resulted wild type after 
Real time but Kras mutation in codon 12 G for 12D has been identi-
fied in three of the 29 samples. Mutations rate was between 18.2 
and 20%. Despite of the major sensitivity of pyrosequencing anali-
sys and the lower limit rate for detection, these three mutated sam-
ples belonged to patients who had received a cetuximab-based 
chemotherapy, and showed partial response. Thus the identification 
of such allelic mutations’ rate in Kras, lower than the 20% now 
avalaible with the current tecniques, seems not to lead to any more 
negative influence on patients’ outcome. Thus, at the moment, py-
rosequencing results have to be evaluated critically as a routine 
diagnostic test. Further evaluations on the real impact of such low 
frequencies of allelic mutations in Kras will be needed in a larger 
number of patients, to determine how they can induce changes in 
the clinical approach to patients with CRC and how they can influ-
ence the choose of an anti EGFR therapy. 

3.3.BRAF, PTEN and PIK3CA 

3.3.1. The Role of BRAF 

 B-raf is a protoncogene which codificates for a Serine/threo-
nine-protein kinase that plays an important role in the regulation of 
MAP kinase / ERKs signaling pathway and it is involved in a lot of 
cells functions like mitosis, differentiation and secretion. Activating 
mutations in B-raf have been recently described as an alternative 
oncogenic event in patients affected with mCRC without Kras mu-
tations. The most common mutation is represented by a DNA mis-

sense which lead to a valine to glutamic acid sobstitution (V600E). 
These mutations have been found in a relatively low number of 
CRC (approximately 10 %) and they are mutually exclusive with 
Kras mutations. Several studies have been conducted to evaluate 
the prognostic and predictive significance of B-raf mutations in WT 
KRAS CRC and a lot of them have confirmed the negative prognos-
tic role of BRAF mutations. In K-RAS wild-type patients, BRAF-
mutated patients have shown a worse outcome in terms of PFS and 
OS. Loupakis et al. studied 87 patients affected by Kras codons 12 
and 13 wild-type refractory mCRC treated with the assocaition of 
cetuximab and irinotecan, evaluated for the B-raf V600E and 
KRAS codon 61 and 146 mutations [66]. KRAS codons 61, 146 
and BRAF V600E mutations were mutually exclusive. KRAS was 
mutated respectively in 7 (8%) patients in codon 61 and in 1 (1%) 
patient in codon 146 and none of these patients responded to the 
treatment. A shorter progression free survival (PFS) was associated 
with codon 61 and 146 mutations (median PFS: 3.8 vs 5.1 months 
in KRAS 61 and 146 wild type; HR: 0.46 (0.11–0.88), P=0.028;) but 
OS was not different in this two groups (median OS: 9.7 vs 14.7 
months in KRAS 61 and 146 wild-type; HR: 0.69 (0.24–1.75), 
P=0.390). B-raf V600E mutation was present in 13 (15%) patients 
and none of them responded to therapy (0% vs 32% in BRAF wild-
type p .016). The presence of this mutation was also associated with 
a shorter OS (4.1 months versus 13.9 months in BRAF wild-type 
HR 0.51 (0.18–0.95) p .037). In another analysis by Di Nicolanto-
nio et al.113 patients with mCRC treated with anti EGFR mAbs, 
were evaluated for RR, TTP (time to progression), OS and muta-
tional status of K-RAS and BRAF. BRAF V600E mutation was 
detected in 11 of 79 patients (14%) who had wild-type KRAS and 
no response to treatment has been observed in this group of pa-
tients. BRAF mutated patients had also a shorter PFS (p = 0.011) 
and OS (p < .0001) than WT BRAF cases [67]. In the analysis of 
CRC cells in which the BRAF V600E mutated allele was intro-
duced, the mutation impaired the effect of mAbs cetuximab or pani-
tumumab in a similar way and the response to these drugs was re-
stored with the introduction of sorafenib, a multikinase inhibitor. 

3.3.2. PTEN - PIK3CA - AKT - mTOR Pathway 

 Phosphoinositide 3-kinase (PI3K) belongs to a family of en-
zymes which regulate many important cellular mechanisms, like 
cell’s cycle progression and growth, apoptosis, migration, metabo-
lism and vesicular trafficking. This enzymatic protein and its path-
ways are activated, in addition to KRAS and BRAF, also by the 
HER family receptors. PI3K function has been found to be deregu-
lated in human cancers by activating mutations in the PIK3CA gene 
encoding p110 or by the genetic inactivation of phosphatase and 
tensin homologue (PTEN) gene, which normally functions as a 
tumor suppressor in the PI3K pathway that acts as a negative regu-
lator of PI3K. PIK3CA/PTEN signaling deregulation has been 
found to condition the response to targeted therapy in diverse can-
cers by the activating mutations of PIK3, localized in exon 9 
(E542K, E545K) and in exon 20 (H1047R) or by PTEN mutations 
or PTEN promoter methylation. These mutations occurs in almost 
30% of colorectal cancers. 

 In a recent retrospective analysis the effects of PIK3CA gene 
mutations have been evaluated, together with KRAS, BRAF and 
NRAS mutations, to determine how they could influence the effi-
cacy of the therapy with cetuximab plus chemotherapy in chemo-
therapy-refractory metastatic colorectal cancer [68]. In this study 
773 primary tumour samples belonging patients with metastatic 
colorectal cancer and treated with cetuximab between 2001 and 
2008, have been evaluated. The tumour samples were centrally 
analyzed with mass spectrometry genotyping, for KRAS, BRAF, 
NRAS, and PIK3CA mutations. The authors correlated these muta-
tions with objective response, progression-free survival (PFS), and 
overall survival (OS), in 649 chemotherapy-refractory patients 
treated with cetuximab plus chemotherapy. The 14.5% (108/743) 
showed a PIK3CA mutation (68.5% in exon 9 and 20.4% in exon 
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20). No effect on the patients’ outcome has been assessed in those 
with exon 9 PIK3CA mutations whereas exon 20 mutations were 
associated with a worse outcome compared with wild types: re-
sponse rate 0% vs 36.8% (OR 0.00, 0.00-0.89; p=0.029) median 
PFS of 11.5 weeks versus 24 weeks (HR 2.52, 1.33-4.78; p=0.013), 
and a median overall survival of 34 weeks versus 51 weeks (3.29, 
1.60-6.74; p=0.0057). 

 PTEN alterations are common in many tumour types including 
glioblastoma, prostate endometrial cancers and it occurs in almost 
the 18% in colorectal tumours with microsatellite instability (MSI+) 
[69]. PTEN loss in colorectal tumors is associated with lack of re-
sponse to anti-EGFR monoclonal antibodies. Some authors found 
out that normal PTEN protein expression was associated with a 
higher response rate and longer time to progression in patients 
treated with cetuximab-based therapy, despite a 50% response rate 
was observed in patients who had lost PTEN protein expression. A 
retrospective analysis was performed by Loupakis et al. [70] on the 
status of PTEN in metastases from patients with irinotecan-
refractatory colorectal cancer treated with irinotecan and cetuxi-
mab. 12 (36%) of 33 patients with PTEN-positive metastases were 
responders compared with one (5%) of 22 who had PTEN-negative 
metastases. Patients with PTEN-positive metastases and KRAS 
wild type had longer PFS compared with other patients. 

3.4. VEGF-related Predictive Factors 

3.4.1. Circulating Markers 

 Recently attempted to determine predictive factors of response 
to Bevacizumab have been made above all in metastastic colo-rectal 
cancer (mCRC). In this view, CEA and CA19.9 are biomarkers 
routinely measured for monitoring treatment response in mCRC 
patients. Recently, out of 243 evaluated mCRC patients, 87 had 
biomarkers available as per inclusion criteria. Among all evaluated 
factors only type of treatment (chemotherapy-alone vs chemother-
apy+bevacizumab) and baseline CA19.9 (> vs < normal) were in-
dependently associated with PFS, whilst neither baseline CEA nor 
biomarker reduction during therapy reached statistical significance. 
When patients with different baseline CA19.9 levels were analysed 
separately, only patients with abnormal CA19.9 benefited signifi-
cantly from the administration of bevacizumab. This study demon-
strated a significant predictive value of CA19.9, but not of CEA and 
biomarker reduction, for mCRC patients treated with bevacizumab-
based chemotherapy. Moreover, only patients with abnormal base-
line CA19.9 levels benefited significantly from bevacizumab [71]. 
Moreover, it was reported a sporadic correlation between the clini-
cal response to FOLFOX/bevacizumab administration to a mCRC 
patient and the appearance of a skin rash even if no explanation of 
this effect was given [72]. 

3.4.2. Circulating Tumour or Endothelial Progenitor Cells 

 In mCRC patients enrolled in a randomised phase III study on 
capecitabine, oxaliplatin and bevacizumab with or without cetuxi-
mab (CAIRO 2 trial) the relevance of the changes in circulating 
tumor cells (CTCs) in predicting the response to treatment. CTC 
were determined at baseline and at different time points during 
treatment. Patients were stratified into low (less than three CTC per 
7.5 ml of blood) or high CTC (three or more CTC per 7.5 ml of 
blood). A total of 467 patients were assessable for CTC analysis. 
Among them, 129 patients (29%) with high baseline CTC had a 
significantly decreased progression-free survival [PFS; hazard ratio 
(HR) 1.5] and overall survival (OS; HR 2.2) compared with 322 
patients with low baseline CTC. The sensitivity and specificity of 
high CTC at baseline for the prediction of progressive disease on 
CT imaging were 16.7% and 70.1%, respectively, and of high CTC 
at 1-2 weeks after the start of treatment 20.0% and 95.1%, respec-
tively [73]. 

 Circulating endothelial cells (CECs) and haematopoietic pro-
genitor cells (HPCs) might have a role in tumour angiogenesis and 

in tumour growth. Measurement of CECs and HPCs in the blood of 
patients could be a simple, non-invasive way to monitor or predict 
responses to treatment. In a recent study, CECs and HPCs were 
measured in blood from 25 non-small cell lung cancer (NSCLC) 
patients before and during treatment with sorafenib plus erlotinib 
(SO/ER). In order to assess the drug specificity of changes in CECs 
and HPCs, 18 patients treated with bevacizumab plus erlotinib 
(BV/ER) and 10 patients with erlotinib (ER) monotherapy were 
studied. Response was measured in all patient groups by RECIST. 
At day 7, SO/ER-treated patients showed a three-fold increase in 
CECs (P<0.0001) comparable to BV/ER-treated patients (P<0.01), 
and the CECs did not change with erlotinib treatment (P=0.8). At 
day 7, CD133(+)/HPCs decreased with SO/ER treatment 
(P<0.0001). HPC numbers did not change with either BV/ER or 
erlotinib. In SO/ER-treated patients pre-treatment CD133(+)/HPCs 
were significantly lower in responders (P=0.01) and pre-treatment 
CD133(+)/HPC numbers lower than the median correlated with a 
longer time-to-progression (TTP) (P=0.037). Pre-treatment 
CD133(+)/HPCs are a promising candidate biomarker to further 
explore for use in selecting NSCLC patients who might benefit 
from SO/ER treatmen, but not in BV/ER. 

3.4.3. Single Nucleotide Polymorphisms 

 Another important issue in the prediction of response to bevaci-
zumab is the study of genetic polymorphisms in VEGF genes. Till 
date, five functional SNPs in the 50 and 30 regions of the VEGF 
gene have been described [74-76]. The variant alleles of the -
1154G>A and +936C>T SNPs are associated with lower VEGF 
production [75, 

77
-
79], whereas the variant allele of the -460C>T 

SNP results in increased promoter activity [80]. There is less 
agreement on the functionality of the -2578C>A and +405G>C 
SNPs, as both increased and decreased VEGF production have been 
reported [76, 77, 79, 81]. It must be noted though that the above-
mentioned SNPs are inherited in clusters in so-called haplotype 
blocks (see glossary box) [76, 79, 80, 82-85]. It is likely that only 
one SNP is truly functional with regard to VEGF expression, 
whereas the others are merely proxies for this one. This truly causal 
SNP, however, has so far not been identified. There are several 
nonsynonymous SNPs in the coding region of the KDR gene (see 
http://www.ncbi.nlm.nih.gov/projects/SNP). Nonetheless, only 
functionality of a CA-repeat polymorphism in intron 2 of the KDR 
gene (+4422(AC)11–14) has been determined. The 11-repeat poly-
morphism results in higher promoter activity in vitro [86]. Even 
though the 11- and 12-repeat alleles were most common in the 
Japanese population, the allele frequencies in other populations are 
unknown. 

 In this view, a selection of 17 polymorphisms in genes encod-
ing drug targets, pathway molecules and detoxification enzymes 
was analyzed in 279 previously untreated mCRC patients treated 
with capecitabine, oxaliplatin and bevacizumab (CAPOX-B). Mul-
tifactor dimensionality reduction analysis was used to identify a 
genetic interaction profile for PFS. Median PFS was 10.9 [95% 
confidence interval (CI) 9.4-12.4] months. A genetic interaction 
profile consisting of the TYMS enhancer region and VEGF 
+405G>C polymorphisms was significantly associated with PFS. 
Median PFS was 13.3 (95% CI 11.4-15.3) and 9.7 (95% CI 7.6-
11.8) months for the beneficial and unfavorable genetic profiles, 
respectively, corresponding to a hazards ratio for PFS of 1.58 (95% 
CI 1.14-2.19). None of the studied polymorphisms were individu-
ally associated with PFS [87]. In the BOND-2 trial, mCRC patients 
progressing after irinotecan-based chemotherapy were randomized 
to receive irinotecan plus bevacizumab plus cetuximab (CBI) or 
bevacizumab and cetuximab (CB). In this trial, germline polymor-
phisms involved in angiogenesis (vascular endothelial growth factor 
[VEGF], interleukin-8 [IL-8], transforming growth factor [TGF]- 

), the epidermal growth factor receptor (EGFR) pathway (EGFR, 
cyclooxygenase-2, Ecadherin), DNA repair (ERCC1, ERCC2, 
XRCC1, xeroderma pigmentosum group D [XPD]), and drug me-
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tabolism pathway (GSTP1, UGT1A1) were investigated. No corre-
lation with VEGF gene polymorphisms was however found [88]. 
Recently two studies evaluated the relationship of VEGF plasma 
levels or somatic VEGF and VEGFR-2 SNPs with treatment effi-
cacy or toxicity in breast cancer. One of them compared the effect 
of paclitaxel with paclitaxel and bevacizumab combination in me-
tastatic breast cancer by enrolling 183 patients in each arm [89]. 
The VEGF-2578AA had longer median overall survival (HR 0.58) 
compared with the -2578CA+CC genotype in the combination arm. 
Similarly -1154A allele had longer overall survival (HR 0.62) in the 
combination arm, which increased additively with increase in num-
ber of A alleles. VEGF -634CC and -1498TT had significantly less 
likelihood of developing grade 3 or 4 hypertension in the combina-
tion arm compared with -634 GC+GG and -1498 CT+CC, respec-
tively. The VEGF 936C > T, VEGFR-2 889G > A, and VEGFR-2 
1416A > T had no significant relationship with either the efficacy 
or toxicity. Another study enrolled 56 breast cancer patients to ex-
amine the role of plasma VEGF levels as a predictor of treatment 
outcome with bevacizumab and vinorelbine therapy [90]. Lower 
levels of baseline VEGF predicted longer progression free survival. 

4. PREDICTIVE FACTORS OF TOXICITY 

 During cancer therapy with EGFR inhibitors, rash is the most 
common side effect. The face, trunk, and upper extremities are the 
most common sites of its onset, which occurs within 1 week of 
starting treatment. This phenomenon resulted severe in 5–10% of 
patients [91]. Patients' quality of life is then compromised by cuta-
neous pain and hypersensitivity, worries about appearance, and 
frustration from having to contend with this side effect [92]. Up till 
now we lack preventive and palliative options. Predictive factors of 
skin toxicity would enable healthcare providers to counsel patients 
about the prospect of a severe rash, thereby allowing patients to 
prepare themselves emotionally for this disfiguring, uncomfortable 
side effect [93, 94]. Few studies have focused on factors associated 
with rash development. Pharmacokinetic and pharmacogenomic 
models are starting to be explored. 

 EGFR inhibitors may have less cutaneous toxicity in older pa-
tients, because they express fewer cutaneous targets. Infact, in ad-
vanced age, cultured fibroblasts express fewer EGFR protein [95]. 

 Besides, because androgens and estrogens also appear to inter-
act with EGFR, these hormonal interactions could support the dif-
ferent rates of rash developed based on gender [96]. 

 Lai et al. preliminarily reported on 42 patients and observed 
that lighter skin pigmentation was associated with higher rates of 
rash from erlotinib [97]. 

 Wacker et al. observed a lose association between performance 
score and rash development in 444 cancer patients treated with anti-
EGFR TKIs in two large phase III studies [98]. 

 The toxicities experienced by patients taking erlotinib are multi-
factorial and determined by distinct parameters in different tissues. 
Erlotinib pharmacokinetics has an interindividual variability, which 
correlates with skin toxicity. It also correlated with erlotinib expo-
sure levels, together with the observed association between skin 
toxicity and survival. Alternative determinants of interindividual 
susceptibility to rash and diarrhea are likely, but remain to be iden-
tified. Just a full understanding variable toxicity to anti-EGFR 
agents could allow a better management of the currently available 
agents, with definition of the optimal doses and in patients most 
likely to benefit [99]. 

 In an adjuvant chemotherapy trial for colon cancer, 933 cetuxi-
mab-treated patients were evaluated for clinical risk factors of se-
vere rash. Severe rash among cetuximab-treated patients was more 
commonly observed in men and younger patients. More men com-
pared to women developed a grade 3 rash: 34 (7%) versus 16 (3%) 
(multivariate odds ratio = 2.10; 95% confidence interval: 1.14–3.88; 
p = 0.017). Similarly, a greater number of younger patients (<70 

years of age) developed a grade 3 rash: 48 (6%) versus 2 (1%) 
(multivariate odds ratio = 0.21; 95% confidence interval: 0.05–0.88; 
p = 0.032) [100]. 

5. CONCLUSIONS 

 EGFR-related pathway has long been considered one of the 
most relevant molecular machinery for cancer development and 
progression. VEGF has been identified as the main responsible of 
tumor growth, since its overproduction by tumor cells induces the 
formation of new vessels. The researchers argued that the blockade 
of these molecular mechanisms could be a valid chance to inhibit 
tumor progression and subsequently to manage cancer patients. 
Various clinical trials showed that some of these molecules need 
the combination with chemotherapy to yield a significant benefit, as 
was found for bevacizumab and cetuximab. Other drugs, such as 
the tyrosine kinase inhibitors and the anti-EGFR monoclonal anti-
body panitumumab, were recognized to function as monotherapy. 

 The definition of clinical characteristics and biomarkers to se-
lect those patients, who really benefit as consequence of these 
agents, was prompted by the great concern to spend eager financial 
resources to obtain benefit just in a few subgroups of patients. For 
the anti-EGFR TKIs the search of EGFR gene activating mutations 
seems a valid opportunity to detect those patients who have high 
probability of response and survival benefit. However, up till now it 
is not fully clear whether a small part of the patients without those 
mutations could receive benefit from treatment with TKIs. 

 More clear is the role of KRAS gene activating mutations for 
the decision of treatment with anti-EGFR monoclonal antibodies in 
colorectal cancer patients. The presence of those mutations is able 
to predict resistance to cetuximab and panitumumab, regardless the 
combination with chemotherapy. In fact no responses to these drugs 
were observed, when delivered to the patients with activating muta-
tions. Other biomarkers, which belong to the EGFR pathway, are 
under evaluation to restrict the treatment to KRAS wild-type pa-
tients who have very high probability of response. 

 To date we cannot select patients for treatment with anti-VEGF 
molecules, because predictive factors for their efficacy were not yet 
identified. Various circulating markers and cancer cells or endothe-
lial cells, together with single nucleotide polymorphism are under 
evaluation. Interesting results suggested that the researchers should 
focus on these predictive factors. Anyway these findings could not 
yet be translated into clinical practice applications. 

 Just few we know about predictive factors of toxicity. Skin rash 
favoured a great limitation of treatment with anti-EGFR agents. 
However the prevention or correction of these phenomenon is more 
useful than its prediction. So all our efforts should allow the accu-
rate management of toxicity to continue the treatment in those pa-
tients who show clear benefit. 
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