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Abstract

Colorectal cancer (CRC) represents one of the most
commonly diagnosed cancers worldwide. It is the sec-
ond leading cause of cancer death in Western Coun-
tries. In the last decade the survival of patients with
metastatic CRC has improved dramatically. Due to the
advent of new drugs (irinotecan and oxaliplatin) and
target therapies (/.e., bevacizumab, cetuximab and
panitumab), the median overall survival has risen from
about 12 mo in the mid nineties to 30 mo recently.
Many questions needing of right collocations and more
clearness still exist regarding the prognostic factors and
the predictive factors of response to therapy. Despite
advances in dosing and scheduling of chemotherapy
in both adjuvant and advanced settings, and a greater
emphasis on early detection, the outlook still remains
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poor for most patients. Molecular analyses have shown
that the natural history of all CRCs is not the same.
Individual patients with same stage tumours may have
different long term prognosis and response to therapy.
In addition, some prognostic variables are likely to be
more important than others. Here we review the role of
prognostic factors and predictive factors according to
the recently published English literature.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Colorectal cancer (CRC) represents one of the
most commonly diagnosed cancers worldwide. It is the
second leading cause of cancer death in Western Coun-
tries. In the last decade the survival of patients with
metastatic CRC has improved dramatically. Due to the
advent of new drugs and target therapies the median
overall survival has risen from about 12 mo in the mid
nineties to 30 mo recently. Many questions still exist
regarding the prognostic factors and the predictive fac-
tors of response to therapy needing of right colloca-
tions and more clearness.
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INTRODUCTION

Over the past 30 years, there has been a great interest in
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clinical and molecular prognostic factors in metastatic (m)
colorectal cancer (CRC).

This interest is even greater today with the advent of
moleculatly targeted agents that have changed dramatical-
ly the treatment algorithms and the survival for patients
with mCRC.

CRC is one of the most commonly diagnosed cancers
in the world and remains the second leading cause of
cancer death in Western countties.

Approximately 50% of patients with CRC present,
at diagnosis, distant metastases. From the late 1990s the
median overall survival (OS) for patients with mCRC
has increased from about 12 mo, for those treated with a
5-fluorouracil (5-FU)-based chemotherapeutic regimens,
to approximately 18 mo with the addition of irinotecan
and oxaliplatin“"ﬂ

The availability of targeted biologics, in fact, next to
the results obtained with chemotherapy alone, has in-
creased the OS of mCRC to more than 24 mo, median.

The use of monoclonal antibodies such as cetux-
imab, panitumumab and bevacizumab has improved the
treatment options ant the OS, but, on the other hand,
has made the planning of treatment strategies increas-
ingly articulated and complex. Furthermore, it is under-
stood that the natural history of mCRC is not always the
same; patients with mCRC may have various long term
prognosis and respond differently to the same treat-
ment. All this justifies the frantic search for biological,
prognostic and predictive markers able to implement the
knowledge on the biology of the tumour and drive the
clinician in an increasingly personalized decision-making
process.

Therefore the information on the biology of CRC,
together with the identification of markers with prog-
nostic and predictive value play today a crucial role in the
management of advanced disease and in the treatment of
early-stage forms, offering new tools to estimate the pos-
sibility of cure and, more generally, the overall outcome
of patient.

It seems clear that the promise of personalized medi-
cine in the treatment of mCRC is becoming a reality
thanks to new knowledge of genetics that have allowed,
at times, to change clinical practice.

CLINICAL PROGNOSTIC FACTORS

The extreme heterogeneity in survival rate!”) that often

emerges from the results of clinical trials probably stems
from the differences in the characteristics of patients and
from the prognostic factors.

In addition to the Eastern Cooperative Oncology
Group (ECOG) performance status (PS), patients in
clinical trials are also stratified according to several prog-
nostic factors that are likely to have a significant role in
influencing their survival.

Although the analysis of several studies, most of
which have not included more than 400 patients, have
stressed the importance of several clinical parameters

Baishidenge ~ WJG | www.wjgnet.com

such as PS". or elevated levels of lactate dehydrogenase,
white blood cell (\X/BC)W, serum albumin', liver trans-
aminases'”, haemoglobinm, platelets, tumour markers like
CEA"™ and CA 19-9 and the pathological gradingm or
tor; today there
is no general consensus in considering each of these pa-

various localization of the primary tumour

rameters as valid and reliable prognostic factors.

Kéhne’s prognostic classification is based on ECOG
PS, alkaline phosphatase (ALP) level, number of metastat-
ic sites and WBC cells count. However, the validity and
applicability of this score is not universally recognized.

In fact, while Diaz ¢ a/'"" demonstrated the validity of
Kéhne’s classification in a small number of patients treat-
ed with irinotecan- or oxaliplatin-based first-line chemo-
therapy, Sanoff e# al'? on the other hand, subsequently
confirmed the validity of the score.

Also the values of ALP may have prognostic signifi-
cance. In the GERCOR OPTIMOX 1 study'”, patients
with increased levels of ALP (3-5 times the upper limit
value) showed a median progression-free (PFS) and OS
significantly reduced compared to patients with less el-
evated ALP values.

Regarding the prognostic value of CEA levels, while
in the adjuvant setting CEA remains the best tumour
marker available to be used as an independent prognostic
factor and as a monitor for recurrence of disease after
primary tumour resection'
in mCRC is unclear.

High levels of serum CEA on diagnosis has been as-

, its role as prognostic factor

sociated with a worse prognosis in some studies, while
others have found no significant correlation between
CEA and prognosis.

In the mCRC, the role of CEA in relation to the ex-
pression of other molecules seems to be more interesting,

Back ef al'"™ assessed the relationship between serpin
B5 and CEA expression in CRC.

They showed that the expression of serpin B5 in 377
patients with CRC is associated with CEA levels, histol-
ogy, stage, lymph node metastasis, lymphatic and peri-
neural invasion, and especially with a reduced DFS (P =
0.001) and OS (P = 0.017 ). These results indicate that in
patients with mCRC, increased levels of serpin B5 could
represent a negative prognostic marker correlated with
the levels of CEA.

Selcukbiricik ¢ /' aimed to determine the prog-
nostic role of initial CEA and CA 19-9 values in mCRC
patients according to the status of KRAS. In particular,
they have questioned whether the high initial CEA and
CA 19-9 levels could be associated with the presence of
KRAS mutation in patients with mCRC.

Between 2000 and 2010, a total of 215 patients with
mCRC treated and followed up in Turkey, have been ana-
lyzed. Smokers have been excluded from the study. The
clinic-pathological findings and initial CEA and CA 19-9
values have been determined.

KRAS mutation analysis has been performed using
quantitative PCR evaluation of the DNA from the tu-

. 1
mour tlssues[ 7].
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KRAS mutations have been detected in 99 of the
patients (46%). KRAS has been found to be wild type in
116 patients (54%). Significant differences have been de-
tected between the KRAS wild-type and mutant groups
with respect to age and the initial serum CEA levels. The
median OS time and 3-year OS rate for patients with a
high initial CEA level (> 5 ng/mL) have been signifi-
cantly shorter than those of patients with a low initial
CEA level (< 5 ng/mL) (50.5 mo and 61.8% »s 78.6 mo
and 79.1%, P = 0.014). Multivariate analysis has indicated
stage at the time of diagnosis (P < 0.001) and low initial
serum CEA level (P = 0.037) as independent prognostic
factors of OS. For KRAS mutant patients, the stage at
diagnosis (P = 0.017), low initial serum CEA level (P =
0.001), and low initial serum CA 19-9 level have been
found to be independent prognostic indicators of OS.
Thus, they have demonstrated for the first time that the
presence of a KRAS mutation correlates with high initial
CEA and CA 19-9 levels in patients with mCRC.

They concluded that the patients with high initial
CEA and CA 19-9 levels may potentially predict the pres-
ence of a KRAS mutation, and this prediction may guide
targeted therapies in these patients.

CA 19-9, which is called sialyl Lewis a (sLa), is an-
other alternative marker for CRC"™",

The increase of CA 19-9 has demonstrated a signifi-
cantly higher frequency of metastasis and distinctly lower
survival rate, making it an adverse prognostic factor for
CRC patients'”.

It is commonly accepted that CA 19-9 is used as a
marker of hematogenous metastasis and a predictor of
prognosis in CRC™. However, the significance of elevat-
ed CA 19-9 in CRC remains to be clarified. For example,
the increase of CA 19-9 has been reported as a risk fac-
tor for extra hepatic metastasis in CRC patients with liver
metastasis (LM)[Z”. For CRC patients with normal CEA,
CA 19-9 has been a valuable prognostic factor and might
help predict lung metastasis” . Elevated CA 19-9 has also
been reported to be related with the peritoneal metastasis
of CRC™,

Furthermore, both CEA and CA19-9 have been
found to be independent and significant predictors for
OS in unresectable CRC LM™.

Dong ez al” aimed to explore the value of CA 19-9,
CEA and some biochemical enzymes in indicating LM of
CRC.

A total of 493 patients with metastatic cancers have
been retrospectively evaluated. Three groups of eligible
patients have been identified: CRC patients with LM
(CRC-LM) or without LM (CRCNLM), and non-CRC
patients with LM (NCRC-LM). All metastatic lesions
have been identified by CT or MRI. Data on characteris-
tics of the patients, the primary site, the locations of me-
tastasis, CA 19-9, CEA, and biochemical parameters have
been collected for analysis.

Some biochemical enzymes have been found to be
significantly higher in groups with LM than without CRC-
LM or NCRC-LM »s CRC-NLM. Both CEA and CA
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19-9 resulted much higher in CRC-LM than CRC-NLM
or NCRC-LM. For CRC patients, CA 19-9, y-glutamyl
transpeptidase, CEA and alcohol consumption have been
identified as independent factors associated with LM.

This analysis has suggested that CA 19-9 might be a
potential valuable indicator for LM of CRC in the clinic.

Recently some authors have reported that the con-
comitant diagnosis of HIV-infection and CRC represents
an independent and poor prognostic factor in this pat-
ticular setting of patientsng].

Conversely old age does not represent, after accurate
evaluation (Comprehensive Geriatric Assessment) of eld-
erly CRC patient, a poor prognostic factor™ ™,

HISTOLOGY

Regarding the histology, the majority of CRC is repre-
sented by adenocarcinomas.

The variants “Mucinous” and “signet ring”” adenocar-

. . 130
cinoma, have a poor pngI’lOSlS[ ]

, and constitute approxi-
mately 10%, with signet ring cell carcinoma comprising
1%-2.4%. Mucinous cancets are characterized by the
presence of abundant extracellular mucin (more than
50% of the tumour mass).

Not only patients with mucinous mCRC have a poor
prognosis, but they also have reduced response to che-
motherapy and targeted agentsm.

Therefore, this pathological feature can be considered
as prognostic markers and used as a stratification factor

for clinical trials in mCRC.

PERITONEAL INVOLVEMENT

The peritoneal involvement is an important independent
pathological prognostic parameter and may supersede
other parameters in current usage in CRC prognosis.

The prognosis of these patients is poor with reduced
survival from 18.1 mo to 6.7 mo from™. Often they
present at diagnosis with PS expired, ascites and weight
loss. The goal of treatment in this case is therefore pal-
liation, reserving the systemic chemotherapy when the
diagnosis is made before surgery.

In fact, surgery or chemotherapy alone do not im-
prove the patients’ survival and results in a median
survival of 5-7 mo. In recent years, a new therapeutic al-
ternative approach based on the combination of surgery
with chemotherapy has been developed as a treatment
for peritoneal disease.

Some studies”*” indicated that the only real treat-
ment options to improve the survival of patients with
peritoneal disease at the time seem to be represented by
the cytoreductive surgery and hyperthermic intraperi-
toneal chemotherapy"”. But it must be considered that
these procedures are burdened with significant morbidity
and mortality. It is therefore essential a careful selection
of the patients that can actually tolerate and benefit from
these types of treatments rather aggressive. In any case
the prognosis in these patients is conditioned by the ex-
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tents of carcinomatosis, by Sugarbaker’s peritoneal cancer
index, by the possibility of obtaining a complete cytore-
duction and by the opportunity to perform a postopera-
tive systemic chemotherapy.

MOLECULAR PROGNOSTIC AND
PREDICTIVE MARKERS

In order to accurately treat the molecular markers (prog-
nostic and predictive) it must be remembered that the
development of CRC is a multistep and complex process.
It occuts as a result of the accumulation of different and

many genetic and epigenetic alterations that negatively
affect the process of regulation, control of cell prolifera-
tion and differentiation, apoptosis, and angiogenesis.

KRAS-NRAS-BRAF

While the expression of EGFR and the presence of
EGFR gene mutations do not appear related to therapeu-
tic response, the determination of the status of KRAS
gene plays a crucial role. The presence of mutations
allows the protein of the KRAS to meet a constitu-
tive activation and therefore to be active also when it is
blocked the activity of EGFR. In CRC, KRAS mutations
are found in 35%-45% of cases, and usually (> 90% of
cases) are borne by the codons 12 and 13, more rarely
codon 6",

The role of KRAS mutations as a prognostic factor
independent of treatment seems unlikely but it is still
controversial.

Approximately 35% CRC tissues carry a mutation
at codon 12 (25%) or 13 (10%) of KR.AS that leads to
the constitutive activation of EGFR downstream path-
ways!

Information on the KRAS/BRAF genotype is also
extremely useful when selecting systemic chemotherapy
for advanced and recurrent patients with CRC, because
it can help identify patients with poor prognoses. KRAS
and BRAF are currently under focus as potential prog-
nostic and predictive biomarkers in patients with meta-
static diseases treated with anti-EGFR monoclonal anti-
bodies (mAb), such as cetuximab and panitumumab[w’m.

Several retrospective analyses revealed that cetuximab
treatment is ineffective in patients with KRAS mutations,
thereby suggesting that the KRAS genotype is a useful
predictive biomarker for cetuximab or panitumumab
therapy in CRC. It has also been suggested that wild-type
BRAF is required for a successful response to panitu-
mumab or cetuximab therapies in patients with mCRC.
However, the prognostic relevance of the KRAS geno-
type in CRC remains controversial despite several multi-
institutional investigations since the 199057,

The activation of EGFR signalling, such as Ras/
Raf/MAP/MEK/ERK and/or phosphatase and tensin
homologue deleted on chromosome 10/phosphoinosit-
ide-3-kinase/protein kinase B (PTEN/PI3K/Akt)
pathways, constitutes a key step in tumourigenesis and
the tumour progression of CRC™. Two predominant
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EGFR inhibitors have been developed including mono-
clonal antibodies that target the extracellular domain of
EGFR and small molecule TKIs that target the recep-
tor catalytic domain of EGFR. Although both classes
of agents show clear anti-tumour activity, only the anti-
EGFR mAb has been approved for clinical use in the
treatment of patients with mCRC. Because the predic-
tive value of alterations in EGFR expression level is un-
clear in the use of anti-EGFR mAb, the focus has shift-
ed to alterations of key signalling pathways downstream
of EGFR. In particular, KRAS and BRAF mutations
have been studied as the activating mechanisms of the
EGFR signalling pathway. Screening for KRAS/BRAF
genotype is extremely important for identifying patients
with shorter survival in response to systemic chemo-
therapy, regardless of the use of anti-EGFR mAb, and
for predicting patients who would benefit from anti-
EGFR mADbD therapy. Therefore, the significance of
KRAS/BRAF mutations as prognostic and/or predic-
tive biomarkers in patients with CRC should be consid-
ered while selecting a method for KRAS genotyping.
The KRAS genotype is a useful predictive biomarker for
patients with metastatic CRC being treated with anti-
EGFR mADb. Several studies have showed the possibility
that KRAS73 may have a specific phenotype different
from other KRAS genotypes. Therefore, differences
in KRAS mutations at codons 12 and 13 may result in
different biological, biochemical, and functional conse-
quences and clinical features, which may also influence
the prognosis of CRC. In fact, a lot of retrospective
analyses have suggested that KRAS mutations at codon
13, particularly KRAS p.G13D, as well as BRAF muta-
tions are prognostic factors.

In particular, Tejpar ¢ al””,in pooled data from 1378
evaluable patients from the CRYSTAL and OPUS stud-
ies, have investigated the associations between tumour
KRAS mutation status (wild-type, G13D, G12V, or other
mutations) and PFS, OS, and response. Significant varia-
tions in treatment effects have been found for tumour
response (P = 0.005) and PFS (P =0.046) in patients
with G13D-mutant tumours versus all other mutations
(including G12V). Within KRAS mutation subgroups, ce-
tuximab plus chemotherapy versus chemotherapy alone
have significantly improved PFS [median, 7.4 mo »s 6.0
mo; hazard ratio (HR) = 0.47; P =0.039] and tumour re-
sponse (40.5% vs 22.0%; OR = 3.38; P = 0.042) but not
OS (median, 15.4 mo »s 14.7 mo; HR = 0.89; P = 0.68) in
patients with G13D-mutant tumours. Patients with G12V
and other mutations did not benefit from this treatment
combination. Patients with KRAS G13D-wilde tumours
receiving chemotherapy alone experienced worse out-
comes (response, 22.0% »s 43.2%; OR = 0.40; P = 0.032)
than those with other mutations. Effects were similar in
the separate CRYSTAL and OPUS studies. The authors
concluded that the addition of cetuximab to first-line
chemotherapy confers a benefit to patients with KRAS
G13D-mutant tumours. These findings also suggested
that patients with CRC having KRAS mutations consti-
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tute a heterogeneous population. Since the prognostic
and/or predictive role of KRAS73 mutations continues
to remain controversial, further prospective clinical inves-
tigations are warranted. Also, KRAS wild-type status is an
imperfect predictor of sensitivity to anti-EGFR mono-
clonal antibodies in CRC, motivating efforts to identify
novel molecular aberrations driving RAS. The identifi-
cation of KRAS mutations as markers of resistance to
EGFR inhibitors has paved the way to the interrogation
of numerous other markers of resistance to anti-EGFR
therapy, such as NRAS, BRAF, and PI3KCA mutations.
Other genomic and protein expression alterations have
been recently identified as potential targets of treatment
or as markers of chemotherapy or targeted-therapy
resistance, including ERCC1 expression, c-Met expres-
sion, PTEN expression, HER2 amplification, HER3
expression, and rare KRAS mutations. As the number of
distinct validated intra-tumour genomic assays increases,
numerous molecular assays will need to be compiled into
one multigene panel assay.

Mutations in KRAS account for about 85% of all
RAS mutations in human tumours, NRAS for about
15%, and HRAS for less than 1%"”. Which particular
RAS gene is mutated seems to be tumour specific; co-
lonic, pancreatic and lung cancers have high frequencies
of KRAS mutations. Nevertheless, there are only a few
reports on NRAS mutations in CRC and none of these
studies correlated RAS mutations with other molecular
events. Trahara ez a/”™” developed and validated a Pyrose-
gencing assay to detect NRAS mutations at codons 12,
13 and 61 and, utilizing a collection of 225 CRCs from
two prospective cohort studies, the authors examined
the relationship between NRAS mutations, clinical out-
come, and other molecular features, including mutation
of KRAS, BRAF, and PIK3CA, microsatellite instability
(MSI), and the CpG island methylator phenotype (CIMP).
Finally, they examined whether NRAS mutation was as-
sociated with patient survival or prognosis. NRAS mu-
tations were detected in 5 (2.2%) of the 225 CRCs and
tended to occur in left-sided cancers arising in women,
but did not appear to be associated with any of the mo-
lecular features that were examined”™.

Several researches have suggested that tumours har-
bouring BRAF mutations have distinct clinic-pathological
features compared with tumours harbouring KRAS mu-
tations. Souglakos ez al*™ demonstrated that BRAF muta-
tions in primary CRC mark patients with poor prognosis
regardless of specific treatment regimen. Patients with
BRAF mutation had significantly higher likelihood of
disease progression (P < 0.0001) or death (P < 0.0001)
with any treatment regimen. The BRAF V600E mutation
predicted independently early relapse on first-line therapy
and death. It was deduced that BRAF mutation does not
simply substitute for KRAS activation in a linear signal-
ling pathway but probably confers distinct impact on
prognosis. It also suggests that KRAS mutation may by-
pass aberrant EGFR signalling. In the PETACC-3 study
which included stage II and stage Il cancers, BRAF
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tumour mutation was found in 7.9% of cases and there
was no significant variability with tumour stage. In a mul-
tivariate analysis, BRAF mutation was significantly associ-
ated with female, and highly significantly associated with
right-sided tumours, older age, high grade, and MSI-high
tumours. In univariate and multivariate analysis BRAF
mutation was not prognostic for relapse free survival
but was prognostic for OS, particularly in patients with
MSI-L. MSS tumouts.

As a predictive marker, patients with BRAF mutant
tumours treated with cetuximab had also lower PFS com-
pared with those with BRAF wild type (0% »s 17%). In
the study by Souglakos ez al™ in 2009, a finding which
could partly explain resistance to anti EGFR targeted
therapy in a subset of patients with tumours harbour-
ing KRAS wild type. This is in keeping with an earlier
study by Di Nicolantonio ez /™, where the response to
panitumumab or cetuximab was found to be impeded
by the presence of BRAF V600E mutation and restored
(in a cellular model of CRC cells) by BRAF inhibitor
sorafenib!"™*". They suggested that this experimental
observation should encourage conceiving clinical trials
using multiple therapies with EGFR and BRAF/MAPK
inhibitors, considering that cetuximab, panitumumab, and
sorafenib are already approved for clinical use.

Furthermore, BRAF mutations are significant nega-
tive prognostic biomarkers in patients with recurrent
CRC across all disease stages. Besides, the prognostic
value of BRAF mutations has been confirmed in patients
with CRC treated with specific chemotherapy regimens
in clinical trials evaluating a combination of cetuximab
with chemotherapy. However, whether BRAF mutations
are negative predictive biomatkers for anti-EGFR mAb
has not been ascertained, because the controlled study,
which directly compared the efficacy of adding anti-
EGFR mAb to chemotherapy with that of chemotherapy
alone, is lacking in a small population with BRAF muta-
tions. The application of novel strategies targeting BRAF
kinase is assured for the treatment of patients with CRC
with BRAF mutations to improve their poor survival.
However, clinical data suggest that the Ras/Raf/ERK
pathway is insufficient for completely predicting the re-
sponse to anti-EGFR mAbs. Thus, other factors, such
as PIK3CA/PTEN deregulation and/or the expression
status of epiregulin or amphiregulin, should also be stud-
ied on as possible predictive biomarkers for anti-EGFR
mAb.

In line with these new evidence, Douillard ez a/™"
have suggested that mutations in exons 3 and 4 KRAS
and exons 2, 3 and 4 of NRAS represent factors of pos-
sible resistance to panitumumab. In particular, the popu-
lation of patients with mCRC defined as “all ras wild
type”, presented in the study PRIME a significant advan-
tage in survival [(OS was 26.0 mo in the panitumumab-
FOLFOX4 group »s 20.2 mo in the FOLFOX4-alone
group (HR = 0.78; 95%CI: 0.62-0.99; P = 0.04)] with
the use of panitumumab in combination with FOLFOX
compared to chemotherapy alone. Also, the analysis of
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the survival data showed a detrimental effect of this
combination in the population of patients “all mutated
RAS”. Finally, the PRIME study confirmed the strong
negative prognostic role of BRAF mutations, although
these have not shown a clear predictive effect related to
antit EGRF therapies.

PTEN

PTEN negatively regulate the PI3K signalling pathway.

PIBKCA mutation and PTEN deletion could explain
the resistance to anti EGFR therapy (for example to ce-
tuximab or panitumumab).

Atreya et al®”) analysed the frequency with which
PTEN was lost, the degree of agreement by which
PTEN was expressed in the primary tumour (70 human
CRC) and metastatic sites (in particular LMs) and the
possible prognostic significance of the expression of
PTEN in the cases of CRC.

The results of this analysis showed a loss of PTEN
expression in 12.3% of primary CRC and in 10.3% of
liver metastases, with 98% of correlation between the ex-
pression of PTEN in primary tumour and in LMs.

In addition, the authors found a significant relation-
ship between the lack of expression of PTEN and an in-
creased risk of death, thus highlighting the possible role
of PTEN loss as a marker of poor outcome in patients
with CRC.

Currently, conflicting information exists regarding

Her-2 over-expression and its clinic-pathological implica-
tions in CRC. Lim e# 2/*”, determined Her-2 over-expres-
sion in both serum and tumour tissue of ninety five CRC
patients by chemiluminescent immunoassay and immune-
histochemical staining. The results were confirmed using
fluorescent in situ hybridization. Clinico-pathological
parameters were analyzed according to Her-2 expression
status. They founded that serum Her-2 levels were not
significantly associated with prognostic parameters. They
concluded that Her-2 expression analysis of CRC tissue,
but not in serum, acts as a significant independent worse
prognostic factor. Then, the assessment of Her-2 expres-
sion status may be valuable for the targeted therapeutic
management of CRC.

Karagkounis ¢/ a/*", studied the frequency and prog-
nostic value of KRAS and BRAF mutations in subjects
with CRC and LMs undergoing surgery for LMs. There-
fore, the results that emerge from their analysis indicate
that molecular markers such as KRAS may have a role in
prognostic evaluation of patients undergoing surgery of

LMs from CRC.

PREDICTIVE VALUE OF EARLY
METABOLIC PET/CT RESPONSE

With the availability of many new drugs and molecular

targeted becomes stronger and stronger the need for the
medical oncologist to obtain information that can some-
how predict the effectiveness of a treatment or giving
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information on a possible response to the same.

Today, more than by the methods of traditional ra-
diology, the nuclear medicine techniques such as 18 F -
FDG seem meet part of these new needs of oncologist.
Especially Lastoria ef al® showed as early changes in tu-
mour metabolism measured by positron emission tomog-
raphy/computed tomography (PET/CT) with 18 F-FDG
could serve as prognostic indicators of a response to
chemotherapy in an eatlier and more accurate assessment
can be obtained with the classical RECIST criteria.

In their expetience, the authors analyzed 33 patients
with resectable LM from CRC, within a phase 2 trials of
preoperative FOLFIRI plus bevacizumab. A PET/CT
evaluation was performed before and after one cycle
of FOLFIRI plus bevacizumab. They concluded that,
in patients with resectable LMs from CRC underwent
preoperative chemotherapy, a good metabolic response
obtained with PET/CT was predictive of improved long-
term survival. Clearly, larger studies are needed to con-
firm these results.

Recently, Celik e# al* showed that in proteomics
models of mCRC patients treated with bevacizumab,
sTRAIL (TNF-related apoptosis-inducing ligand-) and
CXCLS8 could indicate tumour response and survival ac-
cording to the metabolic responses obtained with FDG-
PET/CT.

CONCLUSION

This report of prognostic and predictive factors of
mCRC is by no means exhaustive, but wants to provide
an overview of the topic to help guide the management
of these patients.

In fact, at the current state of knowledge, it does not
seem possible to precisely identify any bio - molecular
- prognostic or predictive factor, with a clinical validity
established and standardized. Despite this, the identifica-
tion of several molecular factors that have prognostic
significance in CRC will be essential in improving the
treatment and outcome of the disease. It is possible to
envisage that, rather than a single marker, identification a
“molecular profile of risk,” resulting from the analysis of
several molecular markers, should be developed and may
have a mote precisely clinical, prognostic and therapeutic
value.

From the foregoing, it is clear how ongoing stud-
ies and strategies to identify prognostic and predictive
markers of outcome of patients with CRC are always
the most intriguing and the object of interest by many
researchers.

Molecular techniques, studies and pharmacogenom-
ics'”™ are helping develop a considerable number of
new therapeutic strategies. This new knowledge will
enrich and clarify the valuable information arising histo-
logical examination. Moreover, to better understand the
interpretation of prognostic factors and predictive factors
response to therapy, these results have been summatized
and reported in Tables 1 and 2.
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Table 1 Synopsis of major biomarkers derived from clinical studies for use with epidermal growth-factor receptor-targeted therapies

in colorectal cancer, chemotherapy

Biomarkers Prognostic  Predictive Predictive efficacy Methodology used Clinical status
EGER copy Yes Yes Raised EGFR GCN and chromosome 7 polysomy Fluorescence in situ Awaiting further
number”! associated with response rate (RR) of 30% vs 0% hybridization clinical validation
(PAN)
EGEFR ligand Yes Yes Higher gene-expression profile of ligands in patients Gene-expression Awaiting further
expression with disease control compared to non-responders to profiles using RNA and  clinical validation
(epiregulin and CET; OR for response 1.90 for epiregulin and 1.86 for FFPE tumors
amphiregulin)”>” amphiregulin
Activating KRAS Yes Predictive  RR of 12%-17% for KRAS WT patients vs 0%-1% for PCR on DNA extracted FDA-approved clinical
mutations in codon for lack of KRAS mutations (PAN and CET) from FFPE samples biomarker
12 and 137 response
KRAS G13D Yes Predictive ~ No difference in response rates between G13D and PCR on DNA extracted Small patient numbers;
mutations®™””! for lack of activating KRAS mutations but, 3.6- and 2.1-mo from FFPE samples awaiting results of
response improvement in OS and PFS” improved RR, OR  from multiple studies prospective study
3.38, 40.5% vs 22%"™ (CET + chemo) (ICECREAM)
NRAS and BRAF Yes Predictive Lower RR for NRAS and BRAF mutations vs Mutation-frequency  Evidence for significant
mutations””*” for lack of WT (7.7% and 0%-8.3% vs 38% and 17%-47%, analysis using PCR  negative association,
response respectively) (all KRAS WT patients treated with ~ and mass spectrometry  but further clinical
CET and PAN) (FFPE and fresh-frozen  validation required
samples)
PIK3CA exon 20 No Predictive 0% vs 36.8% RR for exon 20 mutations vs WT Mutation-frequency  Conflicting evidence
mutations”” for lack of analysis using PCR when compared to
response and mass spectrometry other studies, further
(FFPE and fresh-frozen  validation required
samples)
Serpin B5 Yes No No HE Awaiting further
clinical validation
Mucinous histology Yes Yes No HE Confirmed data

All figures shown are statistically significant (P < 0.05). PAN: Panitumumab; CET: Cetuximab; CRC: Colorectal cancer; Chemo: Chemotherapy; EGFR:
Epidermal growth-factor receptor; GCN: Gene copy number; RR: Response rate; RNA: Ribonucleic acid; FFPE: Formalin-fixed paraffin-embedded; WT:

Wild type; OS: Overall survival; PFS: Progression-free survival; PCR: Polymerase chain reaction; HE: Histology exam.

Table 2 Synopsis of major prognostic clinical factors derived from clinical studies on colorectal cancer, chemotherapy

Prognostic clinical factors Positive Negative Methodology used Predictive of response to therapy
Age: CE
Young No Yes No
Elderly (according to CGA): Some limitations to choose the T
Fit Yes No
Unfit No Yes
Frail No Yes
PS-WHO: CE No
<1 Yes No
=2 No Yes
HIV+ No Yes LT, CE Poor
Advanced clinical state No Yes TNM, CE No
Elevated CEA levels: LT No
Adjuvant No Yes
Metastatic No Yes
Elevated Ca19.9 levels No Yes LT No
Elevated ALP levels No Yes LT Poor
Skin rash”*") Yes Yes HE Further clinical validation required
Hypomagnesaemia'™"*” Conflicting evidence ~ Conflicting evidence ~ Plasma magnesium levels Further clinical validation required
Co-morbidities No Yes ACE-27"1/CE Some limitation to choose the T

CE: Clinical evaluation; LT: Laboratory test; HE: Histology exam; T: Treatment (including surgery, chemotherapy, radiation therapy); TNM: Tumor node

metastasis.
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Obviously, further studies are needed to better define

the prognostic information allowing them to become
important criteria to select patients who will benefit from
the several drugs available.
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