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Colorectal cancer (CRC) is one of the leading causes of
cancer-related death worldwide. Surgery remains the corner-
stone for curative treatment, and operative techniques have
changed considerably over the past decades. Laparoscopic
approach has become standard for colon cancer, and several
developments including robotic-assisted surgery are evolving
for rectal cancer. The addition of targeted therapies has
prolonged life in metastatic disease to considerable extent.
The genetic understanding of the disease has led to introduc-
tion of molecular classification proposals, which exemplifies
knowledge translated from basic science to clinical care.
Furthermore, the advance of currently available diagnostic
modalities and the experimental investigation of novel tech-
nologies such as the implementation of nanoparticles brings
considerable promise for the early detection, staging, and
treatment of CRC and calls for improved stratification and
prognostication to better allocate resources and justify associ-
ated costs, while reducingmorbidity and evenmortality from
the disease.

A new wave of trial data, in the coming years, and
an evolving knowledge of relevant biomarkers may bring
us closer to new more effective screening and surveil-
lance strategies. To best apply these insights, a number of
important research questions need to be addressed, and
new decision making tools must be developed. To promote
the basic and clinical research field in CRC, we invited
investigators from around the globe to contribute original
research articles, as well as review articles that will stimulate
continuing efforts to expand the diagnosis and treatment of
CRC.

In this current special issue, we focus on recent advances
in the field of novel targets and molecular interventions,
whichmight help reveal the possiblemechanismof tumorige-
nesis, progression, metastasis, and recurrence and contribute
to emerging therapeutics of colorectal cancer.

D. Rodrigues et al. in their article titled “Predictive
Biomarkers in Colorectal Cancer: From the Single Thera-
peutic Target to a Plethora of Options” review CRC genetic
markers that could be useful in predicting the sensitiv-
ity/resistance to chemotherapy.Most recently, biologic agents
have been proven to have therapeutic benefits in metastatic
CRC alone or in association with standard chemotherapy.
However, patients present different treatment responses, in
terms of efficacy and toxicity; therefore, it is important to
identify biological markers that can predict the response to
therapy and help in selecting patients that would benefit from
specific regimens.

S. Garritano et al. analysed perioperative and oncological
outcomes of minimally invasive simultaneous resection of
primary colorectal neoplasm with synchronous liver metas-
tases. The overall morbidity and mortality rate were 18%
and 1.3%, respectively. The most common complication was
colorectal anastomotic leakage. Data concerning oncologic
outcomes were too heterogeneous in order to gather defini-
tive results. Although no prospective randomized trials are
available, one-stage minimally invasive approach seemed
to show advantages over conventional surgery in terms of
postoperative short-term course.

J.-W. Oh et al. evaluated the value of Gadoxetic acid-
enhanced liver MRI in the preoperative staging of colorectal
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cancer and estimated the clinical impact of liver MRI in
the management plan of liver metastasis. Gadoxetic acid-
enhanced liver MRI detected more metastatic nodules com-
paredwith PET/CT, especially for small (<2 cm) nodules.The
newly detected nodules induced management plan change in
43.8% (7/16) of patients.

K. Walkiewicz et al. showed that various genes, especially
ADAM17,MMP9, EphA2, TIMP1, ICAM 11, andCD4,may be
used as prognostic markers of advanced stages of colorectal
cancer, contributing to the development of new lines of
therapy focused on reducingmetastasis of the primary tumor.

Finally, this special issue includes several intriguing
achievements in the area of novel targets in treatment of
unresectable metastatic colorectal cancer as summarized by
S. Lee and S. C. Oh, as well as a cost-effectiveness assessment
study of immunochemical tests in mass colorectal cancer
screening performed by S.-R. Cai et al.
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Colorectal cancer (CRC) is one of the most frequent cancers and is a leading cause of cancer death worldwide. Treatments used
for CRC may include some combination of surgery, radiation therapy, chemotherapy, and targeted therapy. The current standard
drugs used in chemotherapy are 5-fluorouracil and leucovorin in combination with irinotecan and/or oxaliplatin. Most recently,
biologic agents have been proven to have therapeutic benefits inmetastaticCRCalone or in associationwith standard chemotherapy.
However, patients present different treatment responses, in terms of efficacy and toxicity; therefore, it is important to identify
biological markers that can predict the response to therapy and help select patients that would benefit from specific regimens. In
this paper, authors review CRC genetic markers that could be useful in predicting the sensitivity/resistance to chemotherapy.

1. Introduction

Colorectal cancer (CRC) is one of the most frequent cancers
worldwide, being the third most frequent in men (10% of the
total) and the second in women (9.2% of the total). Moreover,
themortality rate caused by CRC is the fourth highest inmen
(8% of the total) and the third in women (9% of the total) [1].

Several molecular mechanisms have been identified in
CRC carcinogenesis, such as oncogenes activation, tumor
suppressor genes inactivation [2], mutations in mismatch
repair (MMR) genes, microsatellite instability (MSI) [3], and
epigenetic alterations [4]. The accumulation of such alter-
ations ultimately leads to neoplastic transformation.

The standard drugs for CRC chemotherapy are 5-flu-
orouracil (5-FU) and leucovorin (LV) in combination with
irinotecan and/or oxaliplatin [5]. Current guidelines suggest
the use of FOLFOX (5-FU/LV with oxaliplatin) or CapeOx
(capecitabine and oxaliplatin) in stage III CRC, after surgical

resection [6].TheMOSAIC (Multicenter International Study
of Oxaliplatin/5-FU/LV in the Adjuvant Treatment of Colon
Cancer) trial showed significant improvements in disease-
free survival (DFS) and overall survival (OS) for FOLFOX
compared with FL (5-year DFS: 73.3% versus 67.4%, resp.,
(𝑝 = 0.003) and 6-year OS 78.5% versus 76.0% (𝑝 = 0.046))
in stage III CRC but not in stage II [7]. The use of CapeOx
regimen in the treatment of patients with stage III CRC
showed an increase in 7-year OS when compared with those
treated with 5-FU/LV (73% versus 67%; hazard ratio [HR]:
0.83; 95% confidence interval [CI]: 0.70–0.99; 𝑝 = 0.04) [8].
In 2009, the PETACC-3 study investigated the efficacy of
FOLFIRI (FU/LV with irinotecan) versus the 5-FU/LV reg-
imen in patients with stage III CRC, with no significant dif-
ferences in 5-year OS (73.6% versus 71.3% [𝑝 = NS]) and DFS
(56.7% versus 54.3% [𝑝=NS]).Therefore, regimens including
irinotecan are not recommended in adjuvant therapy of stage
III disease [9].
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The use of adjuvant chemotherapy has been proven to
increase OS in patients with stage III CRC but in stage II
CRC this data remain controversial. That may suggest that
the use of adjuvant chemotherapy has a greater advantage in
people with higher risk [10].Therefore, National Comprehen-
sive Cancer Network (NCCN) guidelines recommend that
treatment with 5-FU/LV, capecitabine, FOLFOX, CapeOx,
or bolus 5-FU/LV/oxaliplatin (FLOX) should be considered
in patients with stage II CRC and high risk of recurrence,
defined as those with T4 tumors (stage IIB/IIC); poorly dif-
ferentiated histology (exclusive of those cancers that areMSI-
high [MSI-H]); lymphovascular invasion; bowel obstruction;
lesions with localized perforation or close, indeterminate, or
positive margins; or inadequately sampled nodes (<12 lymph
nodes). In this setting, analyzing MSI plays a crucial role in
the decision of whether to use adjuvant therapy in patients
with stage II CRC [6]. This issue will be addressed later in
this paper.

Metastatic CRC (mCRC) has been shown to benefit
from neoadjuvant and adjuvant chemotherapy. A 2012 meta-
analysis combining data from 3 studies and 642 patients
showed an increase inDFS (pooledHR, 0.71; CI, 0.582–0.878;
𝑝 = 0.001) and progression-free survival (PFS) (pooled HR,
0.75; CI, 0.620–0.910; 𝑝 = 0.003) in CRC patients with liver
metastasis treated with surgery plus chemotherapy, when
compared to those treated with surgery alone. However, no
increase on OS was observed (pooled HR, 0.743; CI, 0.527–
1.045; 𝑝 = 0.088) [11]. More recently, another meta-analysis
showed similar results regarding perioperative chemotherapy
in patients with resectable colorectal hepatic metastasis when
compared to surgery alone.The data from 1896 patients from
10 studies showed a significant benefit in DFS in those who
received perioperative therapy (HR, 0.81; 95% CI, 0.72–0.91;
𝑝 = 0.0007) but no significant statistical difference in OS
(HR, 0.88; 95% CI, 0.77–1.01; 𝑝 = 0.07) [12].

According to current NCCN guidelines, one of the fol-
lowing regimens should be used in systemic chemotherapy
of mCRC: FOLFOX, FOLFIRI, CapeOx, infusional 5-FU/LV
or capecitabine, or FOLFOXIRI (FU/LV with oxaliplatin and
irinotecan) [6]. Over the years, several studies were per-
formed in order to evaluate the efficacy of one regimen over
the others. In 2005, theGOIM (GruppoOncologico dell’Italia
Meridionale) trial compared the efficacy of FOLFIRI versus
FOLFOX regimens in 360 patients. The results showed no
differences in OS (15 versus 14 months [𝑝 = NS]), response
rate (RR) (31% versus 34% [𝑝 =NS]), and time to progression
(TTP) (7 versus 7 months [𝑝 = NS]) [13]. Two other clinical
trials tried to compare the efficacy and toxicity of FOLFIRI
versus FOLFOXIRI regimens. Souglakos et al. found no
differences inOS (19.5 versus 21.5months [𝑝 =NS]), RR (34%
versus 43% [𝑝 = NS]), and TTP (6.9 versus 8.4 months [𝑝
= NS]) [14]. On the other hand, Falcone et al. showed an
improvement in RR (60% versus 34% [𝑝 < 0.0001]) and PFS
(9.8 versus 6.9 months [𝑝 = 0.0006]) for the FOLFOXIRI
group however at cost of increased toxicity (𝑝 < 0.001) [15].
A randomized trial compared the efficacy of CapeOx versus
FOLFOX, with results showing no significant differences
in PFS (8.0 versus 8.5 months, resp.) (HR, 1.04; 97.5% CI,

0.93–1.16) and OS (19.6 versus 19.8 months, resp.) (HR, 0.99;
97.5% CI, 0.88–1.12) [16].

Most recently, biologic agents such as cetuximab/panitu-
mumab (monoclonal antibodies directed against the EGFR
[epidermal growth factor receptor]) and bevacizumab (a
humanized monoclonal antibody that targets VEGF [vas-
cular endothelial growth factor]) have been proven to have
therapeutic benefits in mCRC alone or in association with
standard chemotherapy. In the CRYSTAL trial, Van Cutsem
et al. investigated the efficacy of cetuximab plus FOLFIRI
as first-line treatment for mCRC versus FOLFIRI alone in
a total of 599 patients. There was an increase in PFS in the
cetuximab-FOLFIRI group (HR, 0.85; 95%CI, 0.72–0.99;𝑝 =
0.048), but there was no difference in OS (HR, 0.93; 95% CI,
0.81–1.07;𝑝 = 0.31) [17]. Another study involving 813 patients
with previously untreated mCRC compared the efficacy of
bevacizumab along with irinotecan, bolus fluorouracil, and
LV (IFL) versus IFL alone. Results showed an improvement
in median survival (HR, 0.66 [𝑝 < 0.001]), PFS (HR, 0.54;
𝑝 < 0.001), overall response rate (44.8% versus 34.8% [𝑝 =
0.004]), andmedian duration of relapse (HR, 0.62;𝑝 = 0.001)
in the group treatedwith bevacizumab [18].Therefore, the use
of these targeted agents can be considered as initial therapy
for mCRC, together with one of the regimens mentioned
above [6].

Despite all the evidence and current recommendations,
patients present different responses to treatment, regarding
efficacy and toxicity. Therefore, it is important to identify
biological markers that can predict the response to therapy
and help select patients that would benefit from specific
regimens [19].

In this paper, authors review CRC genetic markers that
could be useful in predicting the sensitivity/resistance to
chemotherapy.

2. 5-Fluorouracil

5-FU is the basis of CRC chemotherapy regimens. Its anti-
tumor effect relies on the inhibition of thymidylate synthase
(TS), the rate-limiting enzyme in the formation of thymidy-
late (TMP), which is essential for DNA synthesis. 5-FU enters
cells and is converted to fluorodeoxyuridinemonophosphate,
which is the substrate to TS [20].

Studies have shown that tumors that express high levels
of TS are associated with resistance to 5-FU [21, 22]. A
study correlated the TS protein and gene expression with
response to 5-FU based therapy in patients with CRC and
gastric cancer. Patients with responsive disease had a mean
TS protein level of 0.17 ± 0.03 arbitrary units (range, 0.05
to 0.38), whereas in patients whose tumors did not respond,
the mean TS protein level was significantly higher, 0.60 ±
0.09 (range, 0.06 to 1.01; 𝑝 < 0.01). Similarly, in patients
with responsive disease, the mean TS :𝛽-actin gene ratio was
1.36 ± 0.3 (range, 0.5–3.3). On the other hand, biopsies from
patients with unresponsive disease had a mean TS :𝛽-actin
gene ratio of 15.4 ± 2.6 (range, 2.7–35.9; 𝑝 < 0.01) [21]. A
meta-analysis involving twenty studies tried to estimate the
prognostic significance of TS expression in both advanced
and localized CRC. The combined HR estimate for OS was
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1.74 (95% CI, 1.34 to 2.26) and 1.35 (95% CI, 1.07 to 1.80) in
the advanced and adjuvant settings, respectively. However,
the authors assume possible existence of heterogeneity and
publication bias [22].

The variability in TS expression seems to be related to
polymorphisms in the TS promoter enhancer region (TSER),
which determines TS expression. The two most common
polymorphisms are the 3R and 2R variants. One study
showed that mCRC with the 3R homozygous polymorphism
(3R/3R) had higher levels of TS when compared with the
2R homozygous variant (2R/2R). In this trial, 50 patients
withmCRCwere treated with 5-FU. Individuals homozygous
for the 3R variant had 3.6 times higher TS mRNA levels
compared to those homozygous for the 2R variant in tumor
tissue (𝑝 = 0.004). The authors then evaluated whether the
TS polymorphism could predict the clinical outcome. The
RR of individuals carrying the 2R/2R genotype was 50%
against 9% of the 3R/3R patients (𝑝 = 0.041). Heterozygous
individuals showed RR of 15%. Moreover, patients displaying
the 3Rhomozygous polymorphismhad less severe side effects
to 5-FU (𝑝 = 0.008) [23].

However, there are 3R/3R variants that express low levels
of TS. The cause appears to be a single nucleotide polymor-
phism (SNP) in the 3R allele, inwhich a guanine is substituted
by a cytosine, resulting in low TS expression [24]. Tumors
expressing this polymorphism could therefore benefit from
therapy with 5-FU.

Another aspect that should be taken into account is the
loss of heterozygosity (LOH) that has been observed in the
TS locus of CRC. When LOH is present, in 2R/3R variant,
it could originate either a 2R/loss or a 3R/loss tumor. This
would ultimately affect its sensitivity to fluoropyrimidine-
based regimens [25].

Thymidine phosphorylase (TP) is another enzyme in-
volved in nucleotide metabolism. Concerning fluoropyrim-
idine therapy, TP is responsible for the conversion of 5-
deoxy-5-fluorouridine (5-FUR) into 5-FU. TP has been
proven to have a dual role in CRC: it is necessary for 5-FU
prodrug activation and it has a role in promoting angiogen-
esis. Tsujitani et al. investigated the prognostic significance
of microvessel density and the relationship between the
expression of VEGF, TP, and angiogenesis in patients with
gastric carcinoma.Their results revealed that tumors positive
for VEGF and TP had high microvessel density, while VEGF
and TP negative tumors showed lowmicrovessel density.This
evidence strongly suggests an association of TP with tumor
neovascularization [26].

Even though high tumor TP expression leads to increased
angiogenesis and therefore a poor prognosis (which is linked
to increased infiltration, growth, and metastization) [27], it
has been documented that it also increases sensitivity to 5-
FU and thus its effectiveness in CRC treatment [28].

Tumor response to 5-FU therapy also depends on its
bioavailability to ultimately inhibit DNA synthesis. DPD is
the rate-limiting enzyme in 5-FU catabolism [29]; hence,
high levels of DPD are linked with reduced fluoropyrimidine
sensitivity, probably due to its decreased cytotoxic effect.
Kornmann et al. showed that, among CRC patients treated
with 5-FU, those who displayed low levels of DPD survived

longer than those with high DPD tumors. They then con-
cluded thatDPDmay have a prognostic value inCRCpatients
and those who would benefit the most from 5-FU based
chemotherapy would be the ones who express the lowest
levels of DPD [30]. Similarly, another study revealed that
tumors from CRC patients who responded to therapy with
5-FU presented low levels of DPD [31].

Kornmann et al. tried to determine the prognostic value
of TS and dihydropyrimidine dehydrogenase (DPD) in CRC
patients receiving 5-FU. Resulting data showed that, among
those treated with this drug, the ones who displayed higher
levels of TS presented a better prognosis. Additionally, in each
TS group, patients with low DPD survived longer than the
ones with high DPD levels. Furthermore, the authors con-
sider that the combination of TP and DPD is an independent
prognostic factor for survival (𝑝 = 0.030) [30].

Nevertheless, individuals with DPD deficiency experi-
ence severe toxicity to 5-FU [32, 33]. Van Kuilenburg et al.
performed a study, in which they evaluated the importance
of DPD deficiency in 5-FU toxicity. They conducted a DPD
activity, DPD gene, and clinical presentation analysis after 5-
FU administration. Results demonstrated that 55%of patients
with a decreased DPD activity suffered from grade IV
neutropenia compared with 13% of patients with a normal
DPD activity (𝑝 = 0.01). Moreover, toxicity was observed
twice as fast in patients with low DPD activity as compared
with patients with a normal DPD activity (10.0 ± 7.6 versus
19.1 ± 15.3 days; 𝑝 < 0.05) [33].

3. Irinotecan

Irinotecan is an inhibitor of DNA topoisomerase I used in
CRC treatment, usually in combination with 5-FU, as pre-
viously mentioned. It is a prodrug which is then converted
to SN-38, the active metabolite that exerts both the anti-
tumor and toxic effects [34]. SN-38 is then conjugated by
UDP-glucuronosyltransferase 1A1 (UGT1A1) to SN-38G, an
inactive metabolite [35]. UGT1A1 deficiency, caused by some
polymorphisms, results in SN-38 accumulation, causing iri-
notecan-related toxicity, which includes diarrhea, dehydra-
tion and neutropenia.

TheUGT1A1 enzyme is also involved in converting biliru-
bin into more soluble forms. Therefore, UGT1A1 deficiency
can also lead to accumulation of unconjugated bilirubin, as
seen in Crigler-Najjar and Gilbert syndromes [36, 37].

TheUGT1A1∗28 polymorphism has been linked to severe
side effects, namely, neutropenia and diarrhea. In this variant,
the UGT1A1 expression is markedly decreased which leads to
prolonged exposure to SN-38 [38]. In a 2014 meta-analysis,
sixteen studies were included in order to investigate the asso-
ciation of UGT1A1 polymorphisms and irinotecan-induced
diarrhea and neutropenia. UGT1A1∗28/∗28 genotype was
associated with more than fourfold (OR, 4.79; 95% CI, 3.28–
7.01; 𝑝 < 0.00001) and threefold (OR, 3.44; 95% CI, 2.45–
4.82; 𝑝 < 0.00001) increases in the risk of neutropenia when
compared with wild type and with at least one UGT1A1∗1
allele, respectively. Moreover, UGT1A1∗28/∗28 genotype was
associated with a twofold risk of diarrhea (OR, 1.84; 95% CI,
1.24–2.72; 𝑝 = 0.002). Additionally, the incidence of diarrhea
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was higher when irinotecan was given at higher doses (OR,
2.37; 95% CI, 1.39–4.04; 𝑝 = 0.002) [37]. In 2005, the Food
andDrug Administration (FDA) recommended that individ-
uals homozygous for UGT1A1∗28 polymorphism would start
the treatment with irinotecan with lower doses.

While UGT1A1∗28 is a common variant in both Cau-
casians and Asians, UGT1A1∗6 is another polymorphism
that is only found in Asians and has similar toxic effects of
those of the UGT1A1∗28 variant. A systematic review ana-
lyzed the association between UGT1A1∗6 polymorphisms
and irinotecan-induced neutropenia and diarrhea in Asian
patients. Patients with UGT1A1∗6/∗6 genotype displayed an
increased risk for severe neutropenia (OR, 4.44; 95% CI;
2.42–8.14; 𝑝 < 0.001). Individuals carrying the heterozygous
variant also showed a higher risk for neutropenia, although
not as high as the homozygous variant (OR, 1.98; 95% CI;
1.45–2.71; 𝑝 < 0.001). UGT1A1∗6 homozygous patients were
at higher risk for severe diarrhea (OR, 3.51; 95% CI; 1.41–
8.73; 𝑝 = 0.007), while heterozygous patients had no signif-
icant risk. Therefore, UGT1A1∗6 polymorphisms are poten-
tial biomarkers predicting irinotecan-induced severe toxicity
in Asian patients. In this context, since 2008, Japan has
been recommending the screening of patients for these two
polymorphisms [39].

Even though genotyping for the UGT1A1 polymorphisms
could be important in order to prevent severe adverse
effects such as neutropenia, it does not predict response to
chemotherapy.

4. Oxaliplatin

Oxaliplatin is a platinumanalog chemotherapeutic agentwith
a 1,2-diaminocyclohexane (DACH) carrier ligand. It forms
adducts on DNA strands, leading to DNA damage [26]. The
nucleotide excision repair (NER) pathway is responsible for
the removal of these adducts, reducing sensitivity to oxali-
platin.The twomajor genes involved in the NER pathway are
excision repair cross-complementation group 1 (ERCC1) and
xeroderma pigmentosa [27]. ERCC1 overexpression has been
associated with resistance to oxaliplatin, probably because
it induces repair of DNA strands. In 2001, Shirota et al.
revealed that intratumoral ERCC1 mRNA expression levels
are an independent predictive marker of survival for 5-FU
and oxaliplatin combination chemotherapy in 5-FU-resistant
mCRC. Patients with a low ERCC1 expression level had a
greater median survival time than those with high levels of
ERCC1 mRNA (10.2 versus 1.9 months, resp.; 𝑝 < 0.001)
[40]. Amore recent study involving 180 stage III CRCpatients
treated with FOLFOX-4 showed that ERCC1 overexpression
is an important predictor of early failure (𝑝 = 0.005), DFS
(𝑝 < 0.001), and OS (𝑝 < 0.001) [41]. However, conflicting
data have been observed about the association of ERCC1 and
clinical outcome in CRC patients treated with oxaliplatin.
Li et al. conducted a trial to investigate the relationship
between ERCC1 and DFS in Chinese CRC patients receiving
oxaliplatin plus 5-FU. Results failed to show ERCC1 mRNA
levels as a predictive factor for DFS (𝑝 = 0.638) [42].
Similar conclusions were achieved by Kim et al. in stage
II and stage III CRC patients who underwent a curative

resection followed by FOLFOX-4 adjuvant chemotherapy.
ERCC1 expression was not significantly correlated with the
5-year DFS (𝑝 = 0.396) and therefore cannot be used as a
prognostic factor [43].

Based on the inconsistent results concerning ERCC1 role
in predicting patients’ response to therapy, a meta-analysis
was performed in order to elucidate the prognostic role of
ERCC1 expression in patients with CRC. A total of 11 studies
were analyzed. Results revealed that patients with higher
ERCC1 expression showed a poorer OS (HR, 2.325; 95% CI;
1.720–3.143; 𝑝 < 0.001), PFS (HR, 1.917; 95% CI; 1.366–2.691;
𝑝 < 0.001), and response to chemotherapy (HR, 0.491; 95%
CI; 0.243–0.990; 𝑝 = 0.047), when compared to those with
low ERCC1 expression. Therefore, the authors conclude that
ERCC1 can indeed be a prognostic factor for OS, PFS, and
response to chemotherapy [44]. However, further studies
need to be addressed in order to better understand the true
prognostic value of this biomarker.

Some studies showed that ERCC1-118 polymorphism
influences response to oxaliplatin-based therapy. Further-
more, the allele ERCC1-118T induces higher levels of ERCC1
mRNA, which may explain why it is associated with shorter
PFS in patients with mCRC treated with FOLFOX-4 regimen
[45, 46]. This was also documented for XPD-751 polymor-
phism holding the C allele. Moreover, the combination of
ERCC1-118 T/T genotype with either XPD-751 A/C or XPD-
751 C/C resulted in an even shorter PFS (HR, 2.84; 95% CI,
1.47–0.45; 𝑝 = 0.002), compared to the case when only one
of these genotypes was present [46]. More recently, another
study showed that the XPG Arg1104His polymorphism vari-
ants were associated with a longer DFS in patients receiving
oxaliplatin-based chemotherapy [47]. Based on current data,
ERCC1 screening is not recommended to select patients for
oxaliplatin-based regimens.

5. Antibodies Targeting EGFR

The activation of EGFR induces cell proliferation by activat-
ing two main downstream signaling pathways, the Ras/Raf/
mitogen-activated protein kinase (MAPK) (mainly responsi-
ble for cell proliferation) and the PI3KPTEN-AKT (mainly
responsible for cell survivor) pathways.

Themonoclonal antibodies cetuximab and panitumumab
are directed against EGFR, therefore inhibiting cell prolif-
eration and tumor growth, by binding to the extracellular
domain of EGFR and blocking ligand-induced receptor phos-
phorylation and further signaling [48]. Response to EGFR-
targeted therapy varies greatly between individuals, and it is
not correlated with EGFR levels. A clinical trial conducted
by Cunningham et al. showed that the degree of EGFR
expression, either as the percentage of EGFR-positive tumor
cells or as the maximal staining intensity per cell, had no
relation to the clinical response rate (𝑝 = 0.67 and 𝑝 = 0.84,
resp.) [49]. Another study, designed to access the antitumor
activity and toxicity of cetuximab in patients whose tumors
express the EGFR, displayed similar results. Moreover, 88%
of the patients presented skin reactions, such as acne-like rash
and paronychia cracking, as well as allergic reactions, which
in two cases led to therapy cessation.The authors also verified
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a statistical correlation between the presence and severity of
the acne-like rash and survival (𝑝 = 0.02) [50]. Given the
possible adverse effects of cetuximab, it is important to be able
to select the patients that would benefit from therapy with
this agent. Once scientific evidence showed no correlation
between EGFR expression and clinical response, it was
hypothesized that gene mutations in downstream proteins
could be responsible for cetuximab/panitumumab resistance.

KRAS has been widely studied in the context of cetux-
imab/panitumumab response in mCRC. Several studies
showed that KRAS mutations are highly predictive of cetux-
imab resistance in patients with mCRC. The most common
KRASmutations occur at exon-2 (codons 12 and 13), although
those have also been found in exon-3 and exon-4 [51–53].

As previously mentioned, the CRYSTAL trial was con-
ducted to investigate the efficacy of cetuximab plus irinote-
can, 5-FU, and LV (FOLFIRI) as first-line treatment for
mCRC [17]. The results showed improvement in PFS but not
inOS in patients treatedwith cetuximab.However, in a subset
analysis of patients with wild-type KRAS, the addition of
cetuximab to FOLFIRI resulted in significant improvements
in OS (median, 23.5 versus 20.0 months; HR = 0.796; 𝑝 =
0.0093), PFS (median, 9.9 versus 8.4 months; HR = 0.696;
𝑝 = 0.0012), and RR (57.3% versus 39.7%; OR = 2.069; 𝑝 =
0.001) compared with FOLFIRI alone. No significant differ-
ence in efficacy was evident in patients with mutant KRAS
(codons 12 and 13, exon-2) [17, 54]. Most recently, a revision
of the CRYSTAL study showed that not only the mutations in
codons 12 or 13 were linked to worst response to cetuximab
plus FOLFIRI, but also the same was true to mutations in
exon-3 and exon-4. DNA samples from CRYSTAL patients
that presented a KRAS wild-type status for mutations in
codons 12 and 13 were reanalyzed for mutations in four
additional KRAS codons (exon-3 and exon-4) and six NRAS
codons (exon-2, exon-3, and exon-4). Results showed no
differences in OS and PFS between patients treated with cet-
uximab plus FOLFIRI and FOLFIRI alone [55].

Three important studieswere conducted in order to assess
the efficacy of FOLFOX plus cetuximab versus FOLFOX
alone. In the OPUS (Oxaliplatin and Cetuximab in First-
Line Treatment ofMetastatic Colorectal Cancer) study, Boke-
meyer et al. showed that the addition of cetuximab to
FOLFOX-4, as first-line therapy in patients with mCRC,
resulted in better response to chemotherapy (OR = 2.551;
𝑝 = 0.0027) and PFS (HR = 0.567; 𝑝 = 0.0064) in wild-type
KRAS individuals when compared with those treated with
FOLFOX-4 alone. Those who held the KRAS exon-2 muta-
tions showed no benefit from cetuximab, as they presented
with worse response to treatment and shorter PFS [56].
Another study called COIN also compared the efficacy of
FOLFOX plus cetuximab versus FOLFOX alone in 1630
patients. In this trial, Maughan et al. showed that FOLFOX
with cetuximab increased RR compared with FOLFOX alone
(64% versus 57%, resp.; 𝑝 = 0.049). However, no evidence of
improved PFS (8.6 versus 8.6 months, resp.; HR = 0.96, 95%
CI = 0.82–1.12, and 𝑝 = 0.60) or OS (17.0 versus 17.9 months;
HR = 1.04, 95% CI = 0.87–1.23, and 𝑝 = 0.67) was seen
among patients with wild-type KRAS. Furthermore, skin and
gastrointestinal toxic effects were more frequent in the group

treated with FOLFOX plus cetuximab compared to control
group (14 versus 114 and 67 versus 97, resp.) in patients with
KRAS wild-type tumors [57].

A multicenter phase III trial named NORDIC-VII inves-
tigated the efficacy of cetuximab plus a bolus of fluo-
rouracil/folinic acid and oxaliplatin (Nordic FLOX), admin-
istered continuously or intermittently, in 571 patients with
previously untreated mCRC. Therefore, the patients were
randomly divided into three groups, one receiving standard
Nord FLOX (armA), another receiving FLOXplus cetuximab
(arm B), and a third group treated with cetuximab plus
intermittent FLOX (arm C). OS, PFS, and RR were similar in
the 3 treatment arms (OS = 20.4, 19.7, and 20.3 months, resp.
[𝑝 = NS]; PFS = 7.9, 8.3, and 7.3 months [𝑝 = NS]; and RR:
41%, 49%, and 47% [𝑝 =NS]). In KRASwild-type tumors, the
addition of cetuximab did not bring about additional benefits.
In KRAS mutant tumors, improvement in PFS was reported
in arm B for patients treated with cetuximab when compared
with those receiving FLOX alone. However, this difference
was not statistically significant (7.8 versus 9.2 months; HR =
0.71; 𝑝 = 0.07) [58]. Based on these studies, the screening of
patients with mCRC to exon-2 KRAS mutations is currently
recommended. However, 65% of the wild-type patients for
the exon-2 mutation are resistant to cetuximab, which brings
up the importance of using new biomarkers such as exon-3
and exon-4 mutations [59].

KRAS has also been studied in the setting of panitumum-
ab use in patients with chemotherapy-refractory mCRC.
Also in this case, only the KRAS wild-type patients showed
sensitivity to monotherapy with panitumumab. Amado et
al. conducted a phase III trial, in which they compared
the efficacy of panitumumab as monotherapy for mCRC to
best supportive care (BSC). Additionally, the authors of this
study tried to evaluate whether the efficacy of panitumumab
was related to KRAS status. Results showed that, in those
treated with panitumumab, PFS was significantly increased
(HR, 0.45; 95% CI, 0.34–0.59; 𝑝 < 0.0001) in the wild-type
KRAS group compared to KRAS mutant group (HR, 0.99;
95% CI, 0.73–1.36). In patients with KRAS wild-type mCRC
tumors, treatment with panitumumab resulted in higher PFS
(HR, 0.45; 95% CI, 0.34–0.59; median PFS of 12.3 weeks
for panitumumab versus 7.3 weeks for BSC). Contrarily,
in the KRAS mutant group, no improvement in PFS was
observedwith therapywith panitumumab (HR, 0.99; 95%CI,
0.73–1.36; median PFS of 7.4 weeks for panitumumab versus
7.3 weeks for BSC) [60]. The phase III PRIME trial compared
the efficacy and safety of FOLFOX-4 versus FOLFOX-4 plus
panitumumab in mCRC patients with no previous chem-
otherapy treatment. Data from 1183 patients was collected.
Among patients with KRAS wild-type tumors, results dis-
played a significant improvement in PFS in the group treated
with FOLFOX-4 and panitumumab, when compared to the
FOLFOX-4 group (9.6 versus 8.0 months, resp.; HR, 0.80;
95% CI, 0.66–0.97; 𝑝 = 0.02). No differences in OS were
observed (23.9 versus 19.7 months, resp.; HR, 0.83; 95% CI,
0.67–1.02; 𝑝 = 0.072). On the other hand, in the mutant
KRAS stratum, there was a significant decrease in PFS in
the FOLFOX-4 plus panitumumab group (HR, 1.29; 95% CI,
1.04–1.62; 𝑝 = 0.02). Median OS was 15.5 months versus 19.3



6 BioMed Research International

months, respectively (HR, 1.24; 95% CI, 0.98–1.57; 𝑝 = 0.068)
[61]. Therefore, patients who are candidates to therapy with
panitumumab are indicated for screening for KRAS codons
12 and 13 mutations [60].

BRAF is an oncogene that encodes a downstream effector
of KRAS in the MAPK pathway. Mutations in this gene may
explain some of the cases in which KRAS wild-type patients
do not respond to cetuximab/panitumumab therapy. The
most commonmutation found on BRAF is V600E, which has
been shown to induce resistance to EGFR-targeted therapy.
In a retrospective study, Di Nicolantonio et al. analyzed
tumor responses, PFS, OS, and themutational status of KRAS
and BRAF in 113 tumors from cetuximab- or panitumumab-
treated mCRC patients [62]. Data showed decreased PFS
(𝑝 = 0.011) and OS (𝑝 < 0.0001) in patients with BRAF
mutations. Furthermore, none of the patients that displayed
the BRAF mutation responded to therapy and none of the
responders carried this mutation (𝑝 = 0.029). This evidence
suggested that the introduction of the V600E allele impaired
the therapeutic effect of cetuximab/panitumumab.Therefore,
the authors hypothesized that a BRAF inhibitor could restore
the sensitivity to these drugs. Sorafenib, a clinically approved
small-molecule kinase inhibitor, was then used to phar-
macologically target BRAF. Results showed that sorafenib
restored sensitivity to panitumumab or cetuximab of CRC
cells carrying the V600E allele [62]. Additionally, KRAS and
BRAF mutations have been shown to be mutually exclusive,
with none of the KRAS-mutated samples carrying concomi-
tant BRAF mutations, or vice versa. This evidence had been
previously displayed in other studies [62–64].

Another retrospective study evaluated the effect of KRAS
downstream mutations on the efficacy of cetuximab in 1022
patients with chemotherapy-refractory mCRC treated with
cetuximab plus chemotherapy. Regarding the BRAF status,
BRAF mutants had a significantly lower RR (8.3% [2/24]
versus 38.0 [124/326] for wild types; OR, 0.15; 95% CI, 0.02–
0.51; 𝑝 = 0.0012) and disease-control rate (37.5% [9/24]
versus 77.3% [252/326]; OR, 0.176; 0.071–0.41; 𝑝 < 0.0001)
and shorter PFS (median, 8 versus 26 weeks in wild types;
HR, 3.74; 95% CI, 2.44–5.75; 𝑝 < 0.0001) and OS (median,
26 versus 54 weeks in wild types, HR, 3.03; 1.98–4.63; 𝑝 <
0.0001), when compared to wild types [65]. Although some
retrospective studies showed a decreased response to cet-
uximab/panitumumab in patients with BRAF mutations,
some patients may have some benefit from therapy with cet-
uximab as a front-line therapy [54, 66].

Therefore, the role of BRAF mutation in predicting
response to EGFR-targeting agents is still unclear. On the
other hand, its utility as a prognostic factor is more consen-
sual [54, 67]. Van Cutsem et al. showed that BRAF V600E
mutation was linked to a worse prognosis in KRAS wild-type
patients, regardless of which treatment they were submitted
to (cetuximab plus FOLFIRI versus FOLFIRI alone) [54].
Additionally, the above-mentioned COIN trial revealed that,
irrespective of treatment received, OS was shorter in patients
whose tumors had mutations in BRAF (𝑛 = 102, 8.8 months,
IQR: 4.5–16.1) than in those with BRAF wild-type tumors.
This data confirms once again that BRAF mutation is an
indicator of poor prognosis [57].

Despite the still controversial role of this downstream
mutation as a predictive marker, the NCCN panel recom-
mends the BRAF genotyping for stage IV CRC, at the time of
diagnosis. They consider the response to cetuximab/panitu-
mumab in BRAF mutant mCRC to be highly unlikely [6].

PTEN is a member of the EGFR signaling pathway, PI3K-
PTEN-AKT. In 2007, Frattini et al. showed that loss of PTEN
expression was predictive of cetuximab resistance in mCRC
patients. In a study involving 27 patients, 11 presented loss
of PTEN activity, and none of those responded to therapy
with cetuximab (𝑝 < 0.001). Furthermore, patients who
responded to cetuximab presented with PTEN expression
and wild-type KRAS genotype [68].

PIK3CA mutations were also linked with resistance to
EGFR-targeted therapy [69, 70]. However, the role of PIEK/
PTEN on predicting response to cetuximab/panitumumab
is still controversial. A recent study showed that neither
PIK3CA mutations nor PTEN expression levels would pre-
dict mCRC patients’ response to cetuximab [71].

Besides the molecules that integrate the EGFR signaling
pathways, molecules that act in an autocrine or paracrine
way may play a role in predicting the response to cetuximab/
panitumumab [72]. Amphiregulin and epiregulin are EGFR
ligands whose increased expression has been linked to a good
response to EGFR-targeted therapy [73, 74].

6. Bevacizumab

Bevacizumab is a monoclonal antibody that targets VEGF-
A and it is used in the treatment of mCRC in addition to
chemotherapy. 18 VEGF-A is a proangiogenic ligand which
(togetherwith other proangiogenicmolecules) has been asso-
ciated with tumor vascularization, progression, and metas-
tization. Moreover, it is known to blunt the cytotoxic effect
of chemotherapy by recruiting endothelial cells, protecting
the tumor from chemotherapy. Bevacizumab blocks this
process, by “normalizing” tumor’s vascularization and allow-
ing chemotherapy and oxygen to reach tumor cells [75].
Studies have been made in order to identify biomarkers
that could predict patients’ response to bevacizumab. High
VEGF-A levels have been associated with a poor clinical
outcome. However, they do not predict patients’ response to
bevacizumab, as shown by an initial comprehensive analysis
of plasma VEGF-A as a biomarker across multiple phase III
trials, which included the AVF2107 study [76]. In another
study, Hayashi et al. showed that an early increase in VEGF-A
circulating levels, after an initial decrease (in patients treated
with bevacizumab plus FOLFIRI), was associated with a
reduced PFS (𝑝 = 0.009) [77].

A 2013 study evaluated the predictive and prognostic
value of VEGF using samples from HORIZON II and III
trials, in which CRC patients were treated with cediranib,
a VEGF receptor (VEGFR) tyrosine kinase inhibitor. The
resulting data was consistent with previous studies, with high
levels of VEGF associated with worse prognosis, independent
of treatment received (HORIZON II OS: HR, 1.35; 95% CI,
1.12–1.63; HORIZON III OS: HR, 1.32; 95% CI, 1.12–1.54).
However, baseline VEGF was not predictive of response to
cediranib [78].



BioMed Research International 7

Although several studies linked high VEGF levels to a
poor clinical outcome, most failed to demonstrate its value
as a predictive biomarker for chemotherapy response. Given
the importance of finding markers that would help select
candidates for treatment with bevacizumab, Bruhn et al.
conducted a trial, in which they determined tumor expres-
sion levels of the proangiogenic proteins (IL-6, IL-8, b-FGF,
PDGF-BB, andVEGF-A) inmCRCpatients. Individuals were
divided into two groups (high or low), according to their
levels of protein expression. Final data showed that low
VEGF-A levels were linked to a better RR for bevacizumab
(RR [low] 53% versus [high] 19%, interaction𝑝 = 0.03), while
“high” VEGF-A was prognostic for shorter PFS (unadjusted
HR: 1.34, 𝑝 = 0.06; adjusted HR: 1.55, 𝑝 = 0.008). The other
proangiogenic molecules showed neither a prognostic nor a
predictive value [79].

More recently, Tsai et al. performed a clinical trial to com-
pare pre- and posttherapeutic VEGF immunohistochemical
(IHC) expression in 57 mCRC patients treated with FOLFIRI
plus bevacizumab. Results showed that low posttherapeutic
VEGF expression (𝑝 < 0.001) and decreased peritherapeutic
VEGF expression (𝑝 < 0.001) were significantly predic-
tive factors for therapy response. Moreover, patients with
decreased peritherapeutic VEGF expression had improved 6-
month PFS than those with no peritherapeutic VEGF alter-
ations (𝑝 = 0.033) [80]. Given the inconsistent data regard-
ing the role of VEGF in response to therapy, its use as a
predictive biomarker for treatment with bevacizumab is cur-
rently not advised. Besides VEGF-A, several other molecules
play a role in angiogenesis, some of which have been the
object of clinical studies in order to identify biomarkers of
bevacizumab resistance. Although some of them have shown
a promising role as predictivemarkers, there is yet not enough
data to support their use in the clinical practice [77, 81–
83]. Further investigation is needed in the setting of mCRC
patients’ sensitivity/resistance to therapy with bevacizumab.

7. Microsatellite Instability

Microsatellites are short tandem DNA repeats that occur
throughout the genome. When mutations in microsatellites
occur in MMR genes (MSH2, MLH1, MSH6, and PMS2),
allowing DNA replication errors to occur, they give rise to a
defectiveMMR (dMMR) system.This is usually measured by
either the presence ofMSI or the absence of the protein prod-
ucts for theMMRgenes.MSI tumors can be classified asMSI-
H orMSI-low (MSI-L), depending on the extent of instability
in the marker tested. Tumors that do not present MSI are
calledmicrosatellite-stable (MSS).MSI-H occur in about 15%
of CRC (in this case, the hypermethylation of the MLH1 gene
promoter inactivates the mismatch repair), particularly in
stage II CRC. MSI-H are characterized by a proximal colon
predominance, older age, and female sex [84, 85].

MSI tumors have been linked to a good prognosis and
resistance to fluoropyrimidine-based chemotherapy alone. In
2003, Ribic et al. investigated the usefulness of MSI status
as a predictor of the benefit of adjuvant chemotherapy with
fluorouracil in stage II and stage III colon cancer. 570 patients
fromfive previous randomized trials who had been randomly

assigned to receive adjuvant 5-FU based chemotherapy after
surgical resection or no treatment were studied. Results
showed that 5-FU based therapy benefited those with MSS
or MSI-L tumors but not those who presented a MIS-H
phenotype. Patients with MSS who had MSI-L tumors and
were submitted to adjuvant therapy showed improved OS
(HR, 0.72; 95% CI, 0.53–0.99; 𝑝 = 0.04). By contrast, MSI-H
tumor patients did not benefit from adjuvant chemotherapy.
Patients who did not receive adjuvant therapy and presented
MSI-H tumors showed a better five-year rate of OS than
patients with tumors exhibiting a MSS or MSI-L status (HR,
0.31; 95% CI, 0.14–0.72; 𝑝 = 0.004) [86].

In a similar study, Sargent et al. examined the MMR
status as a predictor of adjuvant 5-FU based therapy benefit in
patients with stages II and III colon cancer. As in the previous
study, a group of 457 patients were randomly assigned to
receive either 5-FU based adjuvant therapy or no postsurgical
treatment. Patients with MSS tumors who received adjuvant
therapy showed a significantly improvement in DFS (HR,
0.67; 95% CI, 0.48–0.93; 𝑝 = 0.02). On the other hand,
defective MMR (dMMR) tumor patients showed no benefit
from 5-FU based therapy when compared with those treated
with surgery alone (HR, 1.10; 95% CI, 0.42–2.91; 𝑝 = 0.85). In
patients with stage II, dMMR CRC, treatment was associated
with reducedOS (HR, 2.95; 95%CI, 1.02–8.54; 𝑝 = 0.04) [87].

As mentioned above, MSI tumors are associated with
a good prognosis. Data from the PETACC-3 study showed
that the MSI-H profile occurs more often in stage II CRC
than in stage III (22% versus 12%, resp.; 𝑝 < 0.0001) [88].
Furthermore, evidence showed that these tumors may have a
decreased likelihood tometastasize. Koopman et al. collected
data from a phase III study in 820 advanced CRC patients, in
which dMMR was only found in 18 (3.5%) patients [85].

All these evidences suggest that stage II CRC with a MSI-
H profile may have good prognosis and would not benefit
from adjuvant 5-FU based chemotherapy. On the other hand,
in stage III disease, the benefit of adjuvant 5-FU based
chemotherapy is well documented. Flejou et al. studied the
benefit from adding oxaliplatin to a 5-FU based regimen in
stage III CRC, using data fromMOSAIC study patients.

This report had previously shown that combining oxali-
platin with 5-FU and LV improves OS andDFS, asmentioned
before [7]. After analyzing the MMR status of 986 patients,
Flejou and his colleagues displayed data that supports the
use of FOLFOX-4 regimen in stage III CRC with a MSI-H
profile. HR for stage III dMMR CRC are 0.56 (0.19–1.61) for
RFS, 0.51 (0.18–1.41) for DFS, and 0.44 (0.15–1.34) for OS,
respectively. HR for stage II dMMR tumors are 0.64 (0.11–
3.70) for RFS, 0.60 (0.17–2.09) for DFS, and 0.52 (0.13–2.10)
for OS, respectively [89].

While stage III CRC should be treated with 5-FU plus
oxaliplatin, stage II CRC treatment is more controversial, as
these patients do not benefit as much from adjuvant ther-
apy [62]. Patients with stage II disease often display good
prognosis and have been shown to be resistant to 5-FU
based regimens. Therefore, the NCCN currently recom-
mends determining MSI status for all patients with stage II
CRC, and adjuvant treatment should not be given to patients
with low-risk MSI-H tumors [6].
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Table 1: Summary of potential predictive biomarkers, available data, and current recommendations.

Drug Potential biomarkers Data available Current recommendations

5-FU

TS expression Inconsistent results None

TP expression
Inconsistent results; high
level potential indicator of
poor prognosis

None

DPD expression
Not predictive; low levels
associated with better
prognosis

None

Irinotecan UGT1A1∗28/UGT1A1∗6
polymorphisms

Not predictive; associated
with severe toxicity

Patient screening for
UGT1A1∗28 and
UGT1A1∗6 (in Japan)
polymorphisms

Oxaliplatin ERCC1 Inconsistent results None

Cetuximab/panitumumab

KRAS mutation Resistance to
cetuximab/panitumumab

Patient screening for
exon-2 KRAS mutations

BRAF V600E Inconsistent results; poor
prognosis

BRAF genotyping for stage
IV CRC

PTEN loss Not predictive None
PIK3CA mutation Not predictive None

Bevacizumab VEGF expression Not predictive;
contradictory data None

MSI-H
Resistance to
chemotherapy; good
prognosis

Determination of MSI
status for all stage II CRC
patients

5-FU: 5-fluorouracil; TS: thymidylate synthase; TP: thymidine phosphorylase; DPD: dihydropyrimidine dehydrogenase; UGT1A1: uridine diphosphate
glucuronosyltransferase 1A1; ERCC1: excision repair cross-complementation group 1; VEGF: vascular endothelial growth factor; MSI-H: microsatellite
instability-high.

Despite all these studies and NCCN recommendations, a
recent meta-analysis concluded that there are no differences
in the effect of 5-FU based chemotherapy, regarding the MSI
status.

Although there was improvement in DFS (HR, 0.62; 95%
CI, 0.54–0.71) and OS (HR, 0.65; 95% CI, 0.54–0.79) in
patients with MSS tumors treated with 5-FU compared with
those who were untreated and no improvement in the MSI
group (DFS [HR, 0.84; 95% CI, 0.53–1.32] and OS [HR, 0.66;
95% CI, 0.43–1.03]), the effect of adjuvant therapy was not
different at a statistical significant level [90].

Summary of potential predictive biomarkers, available
data, and current recommendations can be observed in
Table 1.

8. Discussion

CRC is one of the most frequent and deadliest cancers
worldwide [1]. Systemic chemotherapy in the adjuvant and
advanced setting has evolved greatly in the last decades
from basic cytotoxic agents to combination regimens and,
more recently, the advent of biological agents [5]. However,
patients often present different responses and grades of
toxicity to each regimen.Therefore, it is important to identify
biomarkers that could predict response to treatment, thus
helping us in selecting the best candidates for each drug. In
this paper, we reviewed themainmolecularmarkers that have
been studied in the setting of CRC.

Studies regarding EGFR-targeting agents cetuximab and
panitumumab have so far presented the most consistent
results. As discussed before, current guidelines recommend
screening patients for KRAS exon-2 mutations who are con-
sidered for cetuximab/panitumumab treatment. Wild-type
KRAS patients benefit from improvement in PFS, OS, and RR
with cetuximab, as shown in CRYSTAL and OPUS trials [17,
56]. In contrast, individuals who presented KRAS mutation
had shorter PFS and OS. However, COIN and NORDIC-VII
failed to show association between KRAS status and response
to therapy with cetuximab [57, 58].

In the PRIME trial, evidence showed that wild-type
individuals who received panitumumab displayed better PFS,
while those with mutant KRAS had no profit from this agent
[61].

Therefore, we hypothesized that, in those cases in which
KRAS wild-type patients appeared to be resistant to EGFR-
targeting agents, other unidentifiedmutationsmay be present
and may be the cause for the lack of response. Thus, further
studies should be addressed in order to investigate the role of
KRAS exon-3 and exon-4mutations as predictive biomarkers
for therapy with cetuximab/panitumumab.

BRAFV600Emutation has shown some prognostic value
in CRC patients. Nevertheless, its predictive value is still not
established, as current studies show inconsistent results. Still,
the NCCN recommends the screening for BRAF mutations
before initiating treatment with cetuximab/panitumumab
[6].
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Even though current data strongly supports the use of
chemotherapeutic agents in stage III and stage IV CRC, the
use of adjuvant treatment in stage II disease is still con-
troversial. In this setting, MSI status has been studied as a
predictor of the benefit of adjuvant chemotherapy. Tumors
displaying MSI-H phenotype have been shown to have better
prognosis, as demonstrated in the PETACC-3 study [88].
They also appear to have a lower likelihood to metastasize.
Moreover, scientific evidence established a predictive role for
theMSI status. In fact,MSI-H tumors seem to have no benefit
from 5-FU based chemotherapy [86, 87]. On the other hand,
in stage III CRC patients who were submitted to adjuvant
chemotherapy, MSI-H tumors have shown improvement in
DFS andOS [89]. So it seems that low-risk stage II CRC, as are
the ones that present MSI-H status, should not be submitted
to cytotoxic therapy. Conversely, high-risk stage II CRC may
have a clinical behavior closer to that of stage III disease
and sowould benefit from adjuvant chemotherapy.Therefore,
the determination of the MSI status in stage II CRC patients
is recommended to assess whether they are candidates to
receive adjuvant treatment.

Irinotecan has been linked to severe toxicity, particularly
in patients with a UGT1A1 deficiency.

The UGT1A1∗28 polymorphism seems to be responsible
for low UGT1A1 expression levels and thus a higher fre-
quency and severity of side effects. Moreover, in the Asian
population, the UGT1A1∗6 variant was also identified and
was associated with severe neutropenia and diarrhea [37].
Hence, recommendations advise the screening of all patients
for the UGT1A1∗28 andUGT1A1∗6 (in Japan) variants before
initiating treatment with irinotecan [39]. Although these
polymorphisms can help predict the occurrence of severe
toxicity, they are not predictors of therapy response.

So far, none of the othermarkers have proven a predictive
value to therapy response. Studies concerning ERCC1 have
shown contradictory results. Regarding the anti-VEGFR
agent bevacizumab, data revealed that high VEGF-A levels
are associated with poor prognosis.

However, studies addressing the role of VEGF as a
predictive biomarker have shown inconsistent results. Thus,
VEGF is not currently considered a usefulmarker of response
to bevacizumab. In the future, studies addressing the role
of other proangiogenic molecules should be conducted.
Several angiogenesis-related factors, such as IL-8, soluble
angiopoietin II (sANG-2), basic FGF (b-FGF), and stem
cell factor (SCF), have been shown to be increased in CRC
patients that did not respond to bevacizumab. However, the
available data is still insufficient [77].

9. Conclusion

In this paper, the authors reviewed the role of actual predic-
tive biomarkers in CRC. KRAS is the best studied marker
of response to cetuximab/panitumumab, with current use
in clinical practice. Similarly, patients’ genotyping for MMR
mutations is also recommended in stage II CRC. Regarding
toxicity, individuals who are candidates for therapy with
irinotecan should be tested for UGT1A1 polymorphisms.

Besides these, several other molecules have been studied
as potential biomarkers for chemotherapy sensitivity/resist-
ance. However, they are not used in practice, as they have not
yet proven their clinical value. Therefore, further investiga-
tion should be addressed in order to explore the potential role
of these promising markers.
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3HPB and Advanced Minimally Invasive Liver Surgical Unit, Department of General and Minimally Invasive Surgery,
Policlinico Abano Terme, 1 Cristoforo Colombo Square, Abano Terme, 35031 Padua, Italy

Correspondence should be addressed to Marcello Giuseppe Spampinato; marcello.spampinato@gmail.com

Received 21 November 2015; Accepted 24 March 2016

Academic Editor: Dimitrios Dimitroulis

Copyright © 2016 Stefano Garritano et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Purpose. To analyse perioperative and oncological outcomes of minimally invasive simultaneous resection of primary colorectal
neoplasm with synchronous liver metastases.Methods. A Medline revision of the current published literature on laparoscopic and
robotic-assisted combined colectomy with hepatectomy for synchronous liver metastatic colorectal neoplasm was performed until
February 2015. The specific search terms were “liver metastases”, “hepatic metastases”, “colorectal”, “colon”, “rectal”, “minimally
invasive”, “laparoscopy”, “robotic-assisted”, “robotic colorectal and liver resection”, “synchronous”, and “simultaneous”. Results.
20 clinical reports including 150 patients who underwentminimally invasive one-stage procedure were retrospectively analysed. No
randomized trials were found.The approach was laparoscopic in 139 patients (92.7%) and robotic in 11 cases (7.3%).The rectumwas
the most resected site of primary neoplasm (52.7%) and combined liver procedure was in 89% of cases a minor liver resection. One
patient (0.7%) required conversion to open surgery. The overall morbidity and mortality rate were 18% and 1.3%, respectively. The
most common complication was colorectal anastomotic leakage. Data concerning oncologic outcomes were too heterogeneous in
order to gather definitive results.Conclusion. Although no prospective randomized trials are available, one-stageminimally invasive
approach seems to show advantages over conventional surgery in terms of postoperative short-term course. On the contrary, more
studies are required to define the oncologic values of the minimally invasive combined treatment.

1. Introduction

Colorectal cancer (CRC) is the third most commonly diag-
nosed cancer in males and the second in females, with an
estimated 1.4 million cases and 693,900 deaths that occurred
in 2012 in the world [1]. The highest incidence rates are
reported in Western countries with an age-standardized rate
of 36.3 per 100,000 for male and 23.6 per 100,000 for female
in 2012 [1]. Survival is determined by tumor stage with 5-
year relative survival rates of 90.3% for Stage I and only
12.5% for stage IV [2]. The liver is the most common site of
CRC metastasis, and synchronous liver metastases (SLMs)
are found in up to 25% of CRC patients [3–7]. For these
patients, a curative resection (R0) is the only therapeutic

chance of long-term survival, although the problem of how
to optimally schedule colorectal and liver operation plus
neoadjuvant and/or adjuvant chemotherapy is still debated
[8–12].

Different surgical strategies have been proposed to treat
CRC with SLMs. Among these, the one-stage approach has
been showed to be safe and effective as the classic colon-
first approach, even when major hepatectomies are required
[13].This was confirmed by a recentmulticenter international
study that compared simultaneous versus staged approaches
showing no difference inmorbidity andmortality rates aswell
as long-term outcomes [14]. Despite opponents, the laparo-
scopic approach to CRC and SLMs has been demonstrated to
be effective by several studies [15–20]. Recently, the one-stage
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minimally invasive approach (MIA) has been showed to be as
safe and effective as the open treatment even for simultaneous
resection of CRC with SLMs [9, 21–24]. Besides, in the last
decade the use of the robotic technology has been proposed
by some authors in the field of colorectal and liver surgery
as an alternative to laparoscopy, in order to overcome some
technical limitations [25–27]. The aim of this review is to
analyse current literature concerning one-stageMIA for CRC
and SMLs patients, with particular emphasis on technical
issues and perioperative and oncologic outcomes.

2. Methods

2.1. Inclusion and Exclusion Criteria. We analysed recent
published studies that describe the clinical course of patients
who underwent one-stage resection of CRC with SLMs
totally by MIA, including laparoscopic or robotic-assisted
procedures. Case reports and case series were retrospec-
tively reviewed. An intention to treat analysis was applied
and, therefore, cases converted to open procedures were
included. On the contrary, cases treated with combined
laparoscopy/laparotomy procedure (hybrid technique) or
hand-assisted procedure were excluded. In addition, clinical
conditions in whichminimally invasive results are not clearly
reported or not distinguished from conventional surgical
outcomes were excluded. The Brisbane 2000 Terminology of
Liver Anatomy and Resections was used to define minor or
major liver resection [34]. According to this, anatomic and
nonanatomic hepatic parenchymal resections, even in asso-
ciation with radiofrequency ablation (RFA), were included.

2.2. Medline Research Criteria. A systematic search was
conducted using Medline (through PubMed) for all reports
published until February 2015 (the last search was performed
on February 28th). The search words for the literature review
were scheduled in four groups:

(i) First group: “liver metastases” and “hepatic metas-
tases”.

(ii) Second group: “colorectal”, “colon”, and “rectal”.
(iii) Third group: “minimally invasive”, “laparoscopy”,

“robotic-assisted”, and “robotic colorectal and liver
resection”.

(iv) Fourth group: “synchronous” and “simultaneous”.
The search termswere designed by combining oneword from
each group, so that all possible combinations were employed.
This process yielded 96 search terms, all of whichwere sought
in titles and/or abstracts of English written papers. Results
were enriched by 32 additional articles, manually searched or
listed in the reference. Finally, two authors (StefanoGarritano
and Federico Selvaggi) reviewed all abstracts independently
and the full text of relevant studies was considered for
inclusion.

3. Results

The research was brought to a total of 128 manuscripts of
which only 49 were suitable for inclusion in the study. Of

Table 1: Demographic and clinical characteristics.

Variable Patients n. 150 (%)
Age (years), range 60 (31–88)
ASA (n.)
Unknown 75 (50%)
ASA 1-2 52 (34.7%)
ASA 3-4 23 (15.3%)

Location of primary tumor (n.)
Right colon 35 (23.3%)
Left colon 36 (24%)
Rectum 79 (52.7%)

Number of liver metastases (n.)
Unknown 20 (13.3%)
Single 81 (54%)
Multiple 49 (32.7%)

Location of SLMs (n.)
Unilobar 131 (87.3%)
Bilobar 19 (12.7%)

Size of SLMs (n.)
Unknown 85 (56.6%)
≤2 cm 22 (14.6%)
>2 cm 43 (28.8%)

ASA: American Society of Anesthesiologists classification and SLMs: syn-
chronous liver metastases.

these, 29 papers were excluded according to the reported
criteria, and finally a total of 20 papers were analysed (Fig-
ure 1). No randomized clinical trials were found. We assessed
retrospective clinical data of 150 patients who underwent
one-step MIA for primary CRC with SLMs.

3.1. Patients andNeoplasmCharacteristics. Demographic and
clinic-pathological data are reported in Table 1.Median age of
patients was 60 years (range, 31–88). According to American
Society of Anesthesiologists (ASA) grade, the patient health
status was classified as ASA I-II in 52 (34.7%) cases, ASA III-
IV in 23 (15.3%) cases, and unknown in 75 (50%) of cases.
CRC was diagnosed in right colon in 35 (23.3%) cases, left
colon in 36 (24%) cases, and rectum in 79 (52.7%). SLMs
were single in 81 (54%) patients, multiple in 49 (32.7%),
and unknown in 20 (13.3%) cases. Location of SLMs was
unilobar in 131 (87.3%) and bilobar in 19 (12.7%), respectively.
Eleven (7.3%) patients underwent neoadjuvant chemotherapy
(Table 2).

3.2. Operative Outcomes. Operative outcomes are shown
in Tables 2 and 3. All procedures but one (0.7%) were
completed by MIA with no conversion to hybrid or open
procedures. The approach was laparoscopic in 139 (92.7%)
cases and robotic-assisted in 11 (7.3%) cases. According to
CRC location, there were 35 (23.3%) right colectomies, 36
(24%) left colectomies/sigmoidectomies, 68 (45.3%) anterior
rectal resections (ARR), 10 (6.7%) Miles procedures, and one
(0.7%) subtotal proctocolectomy. Temporary ileostomy was
reported in 8 (5.3%) patients who underwent ARR. Liver
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Additional records identified
through references and

related articles
N: 32

Records screened
N: 128

Full length article
reviewed for eligibility

N: 49

Studies included in the review

N: 20

Excluded articles: 79
(i) Not English studies
(ii) Systematic review
(iii) Meta-analysis
(iv) Two-stage procedure
(v) Not inherent studies

Excluded articles: 29
(i) Open or hybrid technique
(ii) Lack of data available

Records identified
through PubMed search

N: 96

Figure 1: Flow chart showing selection of articles.

resection was minor in 134 (89.3%) patients and major in 16
(10.7%) cases, respectively. Liver resection was nonanatomi-
cal in 90 (60%) cases and anatomical in 60 (40%) cases. The
first performed procedure was liver resection in 56 (37%)
cases and colorectal in 84 (56%), while it was unknown in
10 (7%) cases. Intermittent Pringle’s Manoeuvre (IPM) was
frequently prepared but finally used only in selected and
limited conditions. Total median operative time was 320
minutes (range, 120–749 minutes). Median estimated blood
loss was 259mL (range, 10–1500mL) (Table 3).

3.3. PerioperativeOutcomes. Overallmorbidity andmortality
rates were 18% and 1.3%, respectively (Table 4).There was one
patient who experienced uncontrolled bleeding that finally
required conversion to open surgery. Postoperative complica-
tions are reported in Table 4.Themost common complication
was colorectal anastomotic leakage (3.3%). Median length of
hospital stay was 8.5 days (range, 3–54 days). Perioperative
mortality within 30 days was reported in 2 (1.3%) cases
(Table 4).

3.4. Oncologic Short-Term Outcomes. Only 14 authors have
reported oncologic outcomes with recurrences in a cohort of
107 patients. Preoperative CRC diagnosis was confirmed by
histology in 147 cases (data not included in the table). The
SLMs diagnosis was not confirmed postoperatively in 5 cases

as reported by two authors [10, 22]. There were 101 (67.3%)
cases of R0 status and 6 (4%) cases of R1 and 43 (28.7%) were
the unknown status.

4. Discussion

Although the optimal strategy for resectable CRC with SLMs
has not been established yet, the one-stage approach for
simultaneous colectomy and hepatectomy gives the advan-
tages to avoid two surgical procedures thus reducing risk for
patient and costs for the communitywhile keeping acceptable
morbidity and good oncologic results [13, 35]. Recently, MIA
for simultaneous resection of CRC and SLMs has become
popular [10, 29, 31, 33, 36]. Modern combined MIA, by
laparoscopic and/or with robotic assistance, although being
in its preliminary phase of experiences, has been showed to be
feasible and safe even in cases requiringmajor liver resections
[21, 25, 30, 36]. In the present study perioperative outcomes
of 150 patients, affected by stage IV CRC and SLMs treated
by MIA up to February 2015, were retrospectively analysed.
The reported data confirmed the feasibility and safety of
simultaneous MIA with acceptable perioperative morbidity
and mortality. Surprisingly, despite the high rate of ARR the
number of temporary ileostomies was low [6, 10, 22, 28].This
could be explained by the high rate of minor liver resections
and the apparently infrequent use of IPM to perform it. In
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Table 3: Surgical outcomes.

Surgical procedure (n.)
Totally laparoscopic 139 (92.7%)
Laparoscopic, robotic-assisted 11 (7.3%)

First step procedure (n.)
Unknown 10 (7%)
Liver approach 56 (37%)
Colorectal approach 84 (56%)

Operation for primary tumor (n.)
Right colectomy 35 (23.3%)
Left colectomy 36 (24%)
Anterior rectal resection 68 (45.3%)
Miles procedure 10 (6.7%)
Subtotal proctocolectomy 1 (0.7%)

Temporary ileostomy (n.) 8 (5.3%)
Hepatectomy (n.)

Minor resection (<3 segments) 134 (89.3%)
Major resection (≥3 segments) 16 (10.7%)
Anatomical resection 60 (40%)
Nonanatomical resection 90 (60%)

Conversion to laparotomy (n.) 1 (0.7%)
Intermittent Pringle’s Manoeuvre (n.) 10 (6.7%)
Operative time (min) 320 (range 120–749)
Estimated blood loss (mL) 259 (range 10–1500)

Table 4: Postoperative outcomes.

Overall morbidity (n.) 27 (18%)
Postoperative medical complications (n.) 13 (8.6%)

Thrombocytopenia 1
Postoperative ileus 3
Myocardial infarction 2
Pleural effusion 2
Pneumonia 1
MOF 1
CVC infection 1
Ictus cerebri 1
Deep vein thrombosis 1

Postoperative surgical complications (n.) 14 (9.3%)
Primary anastomotic leakage 5
Bile leakage 3
Liver abscess 2
Colovaginal fistula 1
Postoperative intestinal obstruction 1
Site infection 1
Unknown 1

Hospital stay (days), range 8.5 (range 3–54)
30-day mortality (n.) 2 (1.3%)

fact, prolonged vascular clamping is responsible for transient
portal hypertension with oedema of the intestinal mucosa
that ultimately might be leading to colorectal anastomotic
failure [21, 37]. In this review, only 16 patients underwent

minimally invasive colorectal resection associated with a
major hepatectomy, confirming that this type of procedure is
performed only by few specialized centers. In addition, most
of the cases, including major and anatomical liver resection,
were performed by two different specialized teams allowing
good results in terms of conversion and perioperative out-
comes. In fact, the morbidity and mortality rate were similar
to the conventional open approach [32, 38]. In more than
50% of cases, colorectal resection was the first procedure
performed. Instead, as other authors, we believe that the
choice of carrying out the liver resection as first step of treat-
ment gives to the surgeon the opportunity to change surgical
strategy from a combined procedure to a “liver first” resection
which has been showed to be another effective treatment
for stage IV CRC [39]. Indeed, this happened in one patient
of our series, who showed intraoperatively chemotherapy
related steatohepatitis, that finally developed transient life-
threading postoperative acute liver insufficiency [21]. In this
review only five patients experienced colorectal anastomotic
failure but we could not understand if this complication was
associatedwith type of operation performed at first, or time of
vascular clamping, prolonged operative time, and blood loss.
Interestingly, only eleven patients underwent neoadjuvant
chemotherapy prior to surgical therapy. The limited use of
neoadjuvant chemotherapy along with a limited number of
performedmajor hepatectomies could explain the overall low
rate of complications found in this review. In fact, it is well
known that chemotherapy associated steatohepatitis and vol-
ume of resected liver are associated with an increased num-
ber of post-liver-resection complications, including bleeding
and liver failure [40]. Unfortunately, data regarding overall
survival and recurrence were too heterogeneous to under-
stand whether or not preoperative chemotherapy affected the
oncologic results in terms of overall survival and recurrences.
Other limits of this retrospective analysis were the difficulties
in resuming data concerning the microscopic diffusion of
the disease, such as distance of resection margins, number
of harvested lymph nodes, and tumor stage classification.
These criticisms reflect the nonhomogeneity of reported data,
concerning R0 status or local and distal recurrence of the
disease. However, two retrospectives studies have reported no
differences in terms of overall survival, while a faster surgical
recovery was observed for MIA patients [9, 32].

In order to overcome the limitations of laparoscopy, some
authors have advocated the use of the da Vinci� surgical sys-
tem for liver resection [41, 42]. Wristed instruments offering
seven degrees of freedom, tremor filtration with stereoscopic
steady view, together with optimal working ergonomics, and
avoidance of “fulcrum effect” are the main strengths of
the robotic platform. No doubt exists about the fact that
these technological improvements enhance surgical dexterity
[43]. Recently, some authors have demonstrated that an
increased number of patients can receive a laparoscopic
major hepatectomy, especially when robotic assistance was
used [41, 44]. However, in our review the majority of cases
was performed laparoscopically and the use of the robotic
platform was limited. These data might reflect the infancy of
the robotic technology and the related costs of the procedure
[45].
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5. Conclusions

One-stage MIA for CRC patients with SLMs can be per-
formed safely with an acceptablemorbidity. Reduced hospital
stay and the faster enrolment of patients to adjuvant treat-
ments represent the most relevant advantages of MIA com-
pared with conventional surgery. Indeed, MIA offers all the
benefits of laparoscopic minimally invasiveness, especially
in terms of fewer postoperative adhesions. This represents
a crucial aspect when redo liver surgery is indicated for
recurrences. With all the criticisms of a retrospective and
noncomparative analysis, this review showed that MIA for
simultaneous colectomy and hepatectomy can be performed
safely even in cases requiringmajor liver resections, when the
combined procedures are performed by specialized and well
trained teams. Prospective and randomized trials are needed
to define the oncological benefits and validate the role of one-
stage MIA for CRC patients with SLMs.
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and R. Polastri, “Major liver resections synchronous with
colorectal surgery,” Annals of Surgical Oncology, vol. 14, no. 1,
pp. 195–201, 2007.

[14] S. C. Mayo, C. Pulitano, H. Marques et al., “Surgical manage-
ment of patients with synchronous colorectal liver metastasis:
a multicenter international analysis,” Journal of the American
College of Surgeons, vol. 216, no. 4, pp. 707–718, 2013.

[15] A. M. Lacy, S. Delgado, A. Castells et al., “The long-term results
of a randomized clinical trial of laparoscopy-assisted versus
open surgery for colon cancer,” Annals of Surgery, vol. 248, no.
1, pp. 1–7, 2008.

[16] K. T. Nguyen, A. Laurent, I. Dagher et al., “Minimally inva-
sive liver resection for metastatic colorectal cancer: a multi-
institutional, international report of safety, feasibility, and early
outcomes,”Annals of Surgery, vol. 250, no. 5, pp. 842–848, 2009.

[17] K. T. Nguyen, J. W.Marsh, A. Tsung, J. J. L. Steel, T. C. Gamblin,
and D. A. Geller, “Comparative benefits of laparoscopic vs open
hepatic resection: a critical appraisal,” Archives of Surgery, vol.
146, no. 3, pp. 348–356, 2011.

[18] K. Ando, E. Oki, T. Ikeda et al., “Simultaneous resection of
colorectal cancer and liver metastases in the right lobe using
pure laparoscopic surgery,” Surgery Today, vol. 44, no. 8, pp.
1588–1592, 2014.

[19] L. Liu, Y. Zeng, W. Lai et al., “Laparoscopic anterior approach
of major hepatectomy combined with colorectal resection for
synchronous colorectal liver metastases,” Surgical Laparoscopy,
Endoscopy and Percutaneous Techniques, vol. 24, no. 6, pp. e237–
e240, 2014.

[20] M. Casaccia, F. Famiglietti, E. Andorno, S. Di Domenico, C.
Ferrari, and U. Valente, “Simultaneous laparoscopic anterior
resection and left hepatic lobectomy for stage IV rectal cancer,”
Journal of the Society of Laparoendoscopic Surgeons, vol. 14, no.
3, pp. 414–417, 2010.

[21] M.G. Spampinato, L.Mandalá, G.Quarta, P.DelMedico, andG.
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[38] E. De Santibañes, D. Fernandez, C. Vaccaro et al., “Short-
term and long-term outcomes after simultaneous resection
of colorectal malignancies and synchronous liver metastases,”
World Journal of Surgery, vol. 34, no. 9, pp. 2133–2140, 2010.

[39] G. Mentha, A. D. Roth, S. Terraz et al., “‘Liver first’ approach
in the treatment of colorectal cancer with synchronous liver
metastases,” Digestive Surgery, vol. 25, no. 6, pp. 430–435, 2009.

[40] A. Z. Khan, G. Morris-Stiff, and M. Makuuchi, “Patterns of
chemotherapy-induced hepatic injury and their implications
for patients undergoing liver resection for colorectal liver
metastases,” Journal of Hepato-Biliary-Pancreatic Surgery, vol.
16, no. 2, pp. 137–144, 2009.

[41] A. Tsung, D. A. Geller, D. C. Sukato et al., “Robotic versus
laparoscopic hepatectomy: a matched comparison,” Annals of
Surgery, vol. 259, no. 3, pp. 549–555, 2014.

[42] P. C. Giulianotti, F. Sbrana, A. Coratti et al., “Totally robotic
right hepatectomy: surgical technique and outcomes,” Archives
of Surgery, vol. 146, no. 7, pp. 844–850, 2011.

[43] K. Moorthy, Y. Munz, A. Dosis et al., “Dexterity enhancement
with robotic surgery,” Surgical Endoscopy and Other Interven-
tional Techniques, vol. 18, no. 5, pp. 790–795, 2004.

[44] U. Boggi, S. Signori, N. De Lio et al., “Feasibility of robotic
pancreaticoduodenectomy,” The British Journal of Surgery, vol.
100, no. 7, pp. 917–925, 2013.

[45] M. G. Spampinato, A. Coratti, L. Bianco et al., “Perioperative
outcomes of laparoscopic and robot-assisted major hepatec-
tomies: an Italian multi-institutional comparative study,” Sur-
gical Endoscopy, vol. 28, no. 10, pp. 2973–2979, 2014.



Research Article
Cost-Effectiveness between Double and Single Fecal
Immunochemical Test(s) in a Mass Colorectal Cancer Screening

Shan-Rong Cai,1 Hong-Hong Zhu,2 Yan-Qin Huang,1 Qi-Long Li,3

Xin-Yuan Ma,3 Su-Zhan Zhang,1 and Shu Zheng1

1Cancer Institute, Key Laboratory of Cancer Prevention and Intervention, China National Ministry of Education,
Key Laboratory of Molecular Biology in Medical Science, The Second Affiliated Hospital, School of Medicine,
Zhejiang University, Hangzhou, Zhejiang 310009, China
2Preventive Medicine Institute, Louisiana, MO 63353, USA
3Institute of Oncology Prevention and Treatment, Jiashan, Zhejiang 314100, China

Correspondence should be addressed to Shu Zheng; zhengshu@zju.edu.cn and Hong-Hong Zhu; hozhu@jhsph.edu

Received 11 November 2015; Revised 10 February 2016; Accepted 22 February 2016

Academic Editor: Markus Weber

Copyright © 2016 Shan-Rong Cai et al.This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

This study investigated the cost-effectiveness between double and single Fecal Immunochemical Test(s) (FIT) in a mass CRC
screening. A two-stage sequential screening was conducted. FIT was used as a primary screening test and recommended twice
by an interval of one week at the first screening stage. We defined the first-time FIT as FIT1 and the second-time FIT as FIT2. If
either FIT1 or FIT2 was positive (+), then a colonoscopy was recommended at the second stage. Costs were recorded and analyzed.
A total of 24,419 participants completed either FIT1 or FIT2.The detection rate of advanced neoplasmwas 19.2% among both FIT1+
and FIT2+, especially high among men with age ≥55 (27.4%). About 15.4% CRC, 18.9% advanced neoplasm, and 29.9% adenoma
missed by FIT1 were detected by FIT2 alone. Average cost was $2,935 for double FITs and $2,121 for FIT1 to detect each CRC and
$901 for double FITs and $680 for FIT1 to detect each advanced neoplasm. Double FITs are overall more cost-effective, having
significantly higher positive and detection rates with an acceptable higher cost, than single FIT. Double FITs should be encouraged
for the first screening in amass CRC screening, especially in economically andmedically underserved populations/areas/countries.

1. Introduction

Colorectal cancer (CRC) is a significant burden on global
health [1]. CRC is a leading cause of cancer death worldwide
and its incidence and mortality are increasing in China and
Japan lately [2]. In China, the overall cumulative incidence of
CRC is 28.1 per 100,000 ranking the third in cancer incidence
spectrum, 32.3 per 100,000 in urban populations ranking the
second, and 35.6 per 100,000 in Jiashan County ranking the
first during 2003–2007 [3]. Mass CRC screening is confirmed
to be effective in CRC control and prevention, showing a
significant decrease of CRC mortality by 15–33% with fecal
occult blood tests (FOBT) [4–8]. Many mass CRC screening
protocols/strategies in the world have been reported [1, 2,
9]. FOBT, flexible sigmoidoscopy (FS), and colonoscopy are
recommended by US for CRC screening [2, 10, 11]. However,
to date, there is no consistently preferred protocol/strategy

of mass CRC screening. Every method has pros and cons
[2]. Considering the cost-effectiveness and given that the
evidence to date does not suggest a significant difference in
cost-effectiveness between the three primary screening tests
(FOBT, FS, and colonoscopy) in CRC control and prevention
[12, 13], noninvasive and inexpensive FOBT is still a better
primary mass CRC screening test than FS and colonoscopy,
especially for the economically and medically underserved
populations, areas, and countries.

Among all FOBTmethods, fecal immunochemical occult
blood test (FIT) is recommended by the National Compre-
hensive Cancer Network, USA [http://www.nccn.org/], and
widely accepted in mass CRC screenings. FITs have several
improved features compared with the standard guaiac FOBT
[2, 13–16]. They are not subject to interference from animal
blood in the diet, and they are more sensitive for detection of
CRC and advanced adenomas [13–17]. Reported sensitivities
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for FIT to detect colorectal neoplasm range from 40.5% to
67% [18–20] and our previous screening result based on
natural community populations showed that 9.5% CRC cases
were missed by one RPHA-FOBT [21]. Annual FOBT has
been reported to reduce more mortality than biennial FOBT
(33% versus 18–21%) [2–7].Thus, to improve the sensitivity in
the primary screening, repeated FITs are necessary but how
much more cost-effective one additional FIT is than single
FIT in a mass screening of CRC remains unclear. This study
investigated double FITs of two stool samples collected at
different time compared to a single FIT based on cost and
effectivenessmeasures in a freemass CRC screening in a rural
population in China.

2. Methods

2.1. Study Design and Population. Permanent residents in
Jiashan County, China, were our source population. Our
inclusion criteria included all permanent residents who were
living in the three randomly selected communities in Jiashan
County and aged 40 to 74 years in Gan-Yao in 2007, Da-Yun
in 2008, and Yao-Zhuang in 2009. Based on the inclusion
criteria, 31,963 permanent residents from these three commu-
nities were our study population. All these eligible residents
were invited to attend a free CRC screening program. A
total of 24,419 study participants signed the written informed
consent and participated in this CRC screening program.
Basic characteristics of the study participants and positive
predictive value of this screening have been reported by Cai
et al. [22].

A two-stage sequential screening was designed and con-
ducted. FIT was used as a primary screening test at the
first stage of this mass CRC screening. Two stool samples
were collected with an interval of one week by community
health workers and tested in a local hospital by contracted
experienced technicians. Three different parts were taken
from each stool sample and thenmixed andwashed by special
buffer solution. Each sample was collected in a bottle, about
5mL moist stool content. All samples were tested in the
laboratory immediately after collection. The second sample
was collected in one week after the first one. FIT test using
colloidal gold assay (monoclonal antibody) could detect a
level of human hemoglobin as low as 0.05 𝜇gHb/mL and be
done in less than five minutes. FIT test kits were purchased
fromWHPM, Inc., in Beijing, China. In this study, we defined
the first-time FIT as FIT1, the second-time FIT as FIT2,
and either FIT1 or FIT2 as FITs. If any participants have
either FIT1 or FIT2 positive (FITs+), then a colonoscopy was
recommended at the second stage of screening. Polyethylene
Glycol Electrolyte Powder was used as a preparation drug
for colonoscopy. If a colonoscopy examination failed due
to inadequate bowel preparation or the cecum could not
be reached for some reason, a subsequent colonoscopy was
performed within one month.

All of the above examinations including FITs and
colonoscopy were free to participants. Histopathological
examination of CRC, adenoma, and nonadenomatous polyps
has been reported by Cai et al. [22]. This study has been

reviewed and approved by the Ethics Committee at Zhejiang
University Cancer Institute.

2.2. Statistical Analysis. SPSS 16.0 software was used to do
data analysis. Positive rate was calculated as the number
of positive FITs divided by FIT participants. Detection rate
was calculated as the number of detected cases divided by
colonoscopy participants. Positive and detection rates in per-
cent, odds ratios (ORs), and 95% confidence intervals (CIs)
and the costs in both Renminbi, CNY (¥), and US dollars
($) were estimated by FIT and colonoscopy, respectively. Chi-
squared tests were used to test the differences in positive
and detection rates, and ORs between FIT1, FIT2, and FITs.
If more than 20% expected frequencies of the events were
below 5 in fourfold (two-by-two frequency) tables, then
Fisher’s exact test was used and a rank test was used in
multiple contingency tables. Advanced adenoma was defined
as adenoma ≥10mm, or with a histology showing either a
≥20% villous component or high grade dysplasia. Advanced
neoplasm was defined as either CRC or advanced adenoma
in the analyses.

2.3. Cost Estimation. The cost of FIT1 was CNY ¥8.00
(Renminbi) per case including ¥5.00 for the purchasement
of test kits, ¥1.50 for sample collection, ¥0.50 for testing fee,
and ¥1.00 for test organization. The cost of FIT2 was ¥7.00
per case because the fee for test organization has been done
by FIT1. The total cost of colonoscopy was ¥270.00 per case.
The currency exchange rate betweenCNYYuan andUSdollar
was ¥6.357 for one USD ($1.00) on August 27, 2012. Other
costs such as CRC treatment fees were paid by participants
themselves.

3. Results

The overall compliance rate for FITs was 76.4%, with 24,419
participants completing at least one FIT (either FIT1 or
FIT2) among the total study population (𝑁 = 31,963). The
compliance rate was 76.3% (24,375/31,963) for FIT1 and 65.3%
(20,886/31,963) for FIT2. A significant lower compliance
rate was for FIT2 comparing to that for FIT1 (𝑃 < 0.01).
The overall compliance rate for colonoscopy was 81.2%
(1,430/1,762) among FITs+ participants [22], ranging from
80.7% to 83.1% in any combinations between FIT1 and
FIT2. Table 1 presents OR and 95% CI of positive FIT and
compliance to colonoscopy by gender, age group, and FIT
status in this mass CRC screening program. OR (95% CI) of
FITs for the compliance to colonoscopy was 1.03 (0.86–1.25)
using FIT1 and 0.92 (0.75–1.13) using FIT2 as reference.

Thepositive ratewas 4.7% (1,148/24,375) by FIT1 and 4.4%
(915/20,886) by FIT2. There was no statistical difference in
the positive rate between by FIT1 and FIT2 (𝑃 > 0.05). The
positive rate by either FIT1 or FIT2 was 7.2% significantly
higher than that by FIT1 and FIT2, respectively, shown in
Table 1. OR (95% CI) of the positive rate by either FIT1 or
FIT2 was 1.57 (1.46–1.70) using FIT1 as a reference and 1.70
(1.56–1.84) using FIT2 as a reference. There was no statistical
difference in positive rate by either FIT1 or FIT2 between
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men and women (7.1% (841/11,808) among men and 7.2%
(914/12,611) among women). The positive rate by either FIT1
or FIT2 was significantly higher among participants with age
≥55 than that among those with age <55 in both genders
(9.1% versus 5.5% among men and 8.0% versus 6.6% among
women).

There were 39 CRCs and 211 adenomas (88 advanced ade-
nomas and 123 nonadvanced adenomas) patients including
127 advanced neoplasms patients detected by colonoscopy
among 1,430 participants with positive FITs. ORs and 95%
CIs of detection of CRC and adenoma using colonoscopy
as a gold standard by gender, age group, and FIT status are
presented in Table 2. ORs of detection of CRC and adenoma
by either FIT1 or FIT2 were not statistically significant in all
groups whenever FIT1 or FIT2 was used as reference, respec-
tively. But the detection rates of both CRC and adenoma
by either FIT1 or FIT2 are shown to be significantly higher
among participants with age ≥55 than that among those
with age <55 in both genders (OR (95% CI) = 18.63 (2.50–
139.05) among men and 3.31 (1.06–10.36) among women).
There was no significant difference in detection rate of CRC
by either FIT1 or FIT2 between men and women. But there
was a significant difference in detection rate of adenoma
by either FIT1 or FIT2 between men and women. Men
had higher detection rates of adenoma in all groups than
women. ORs of detection of CRC by both FIT1 and FIT2were
statistically significant in the subgroups of those colonoscopy
participants who had both FIT1 and FIT2 positive results (OR
= 2.10 (1.16–3.80) using FIT1 as reference andOR= 2.36 (1.26–
4.43) using FIT2 as reference) and all menwho had both FIT1
and FIT2 positive results (OR = 2.33 (1.03–5.28) using FIT2 as
reference), but they were not significant in the subgroups of
men with age <55 and age ≥55, women with age <55 and age
≥55, and all women.

Table 3 presents OR and 95% CI of detection of advanced
neoplasm by gender, age group, and FIT status.The detection
rate of advanced neoplasm by both FIT1 and FIT2 was 19.2%,
significantly improved with an OR (95% CI) = 1.90 (1.30–
2.76) using FIT1 as reference and 2.25 (1.51–3.35) using FIT2
as reference, so were the rates among all men (1.82 (1.13–
2.96) using FIT1 as reference and 2.34 (1.41–3.96) using FIT2
as reference) and all women (1.90 (1.30–2.76) using FIT1
as reference and 2.25 (1.51–3.35) using FIT2 as reference).
There was a significant difference in detection of advanced
neoplasm by both FIT1 and FIT2 between age <55 and age
≥55 in women but not inmen.The detection rate of advanced
neoplasm by both FIT1 and FIT2 in men was significantly
higher than that in women. In addition, the detection rate of
advanced neoplasmwas significantly higher amongmenwith
age ≥55, men with age ≥55, men with age <55, and women
with age ≥55, respectively, than that among women with age
<55 in all combinations of FIT1+ and FIT2+.

The detection rates of various colorectal neoplasm by
different positive combinations of double FITs are presented
in Table 4. There was no significant difference in compliance
rate for colonoscopy between two groups with positive FIT1
and FIT2 (𝑃 > 0.05). Comparing to FIT1+, the detection
rate of CRC by FITs+ was not significantly improved; the
detection rate of advanced adenoma by FITs was marginally

significantly improved; and the detection rates of nonad-
vanced adenoma and advanced neoplasm by FITs were
significantly improved (OR (95% CI) = 1.58 (1.19–2.10) and
1.38 (1.07–1.80), resp.). The detection rates were increased
about 38% for advanced neoplasm and 58% for nonadvanced
adenoma (45% for colorectal neoplasm) by FITs compared to
FIT1 alone.Therewere 61.5% (24/39)CRCcases detected at an
early stage (T

1-2N0M0). Additional 15.4% (6/39, and among
6, 66.7% (4/6) were detected at an early stage) CRC, 20.5%
advanced adenoma, 35.8%nonadvanced adenoma, and 18.9%
advanced neoplasm cases missed by FIT1 were detected by
FIT2 alone.

Costs in both Chinese Renminbi, CNY (¥), and US dollar
($) and detected CRC and advanced neoplasm by comparing
double FITs to single FIT are presented in Table 5. Costs for
the detection of CRC and advanced neoplasm by double FITs
based on ¥8.00 ($1.22) for FIT1 and ¥7.00 ($1.07) for FIT2
per participant, respectively, were increased about 33–38%,
$2,935 for double FITs and $2,121 for FIT1 for CRC and $901
for double FITs and $680 for FIT1 for advanced neoplasm.
FIT2 found additional 6 CRC and 24 advanced neoplasm
cases with an acceptable average cost of $7,401 and $1,850,
respectively.

4. Discussion

This study investigated the performance of double FITs
comparing to single FIT in a mass CRC screening in a rural
population in China. The major findings indicated that dou-
ble FITs were overall more cost-effective than single FIT. The
positive rate was improved by double FITs comparing to FTI1
or FIT2 alone. The compliance rate for colonoscopy between
FIT1 and FIT2 was similar. The detection rate of advanced
neoplasm by double FITs was significantly improved com-
paring to FIT1. Double FITs found 18% more CRC and
38% more colorectal advanced neoplasms than single FIT1.
A total of 15.4% (6/39) CRC, 18.9% advanced neoplasm,
and 29.9% adenoma (including 20.5% advanced adenoma
and 35.8% nonadvanced adenoma) detected by FIT2 alone
would have been missed if only FIT1 had been used in
the primary screening. The cost for CRC and advanced
neoplasm detected by double FITs was increased about 33–
38% which is acceptable and inexpensive comparing to 30
(6 CRC and 24 advanced neoplasm cases) lives saved from
dying of colorectal advanced neoplasm cases and hundreds
of other colorectal lesions cases prevented from developing
CRC detected by FIT2 alone.

Some people in the community feel inconvenient and
uncomfortable to collect stool samples, but stool samples
are easily accessible and transportable, involving no painful
procedure for collection, and can be done in privacy at
home. Studies show that serum biomarkers such as M2PK
and carcinoembryonic antigen (CEA) and/or combinations
of these biomarkers could be a promising primary screening
test in mass CRC screening [1, 2] but larger prospective
studies using study populations representing a screening
population are needed to verify promising results [23]. Serum
CEA alone may not be a good screening test and it may
be a little bit more expensive than FIT though it has been
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Table 3: Odds ratio (OR) and 95% confidence interval (CI) of detection of advanced neoplasm using colonoscopy as a gold standard by
gender, age group, and fecal immunochemical test (FIT) status in the Jiashanmass colorectal cancer screening program in China, 2007–2009.

Gender Age FIT Colonoscopy participant Advanced neoplasm OR1 (95% CI) OR2 (95% CI) OR3 (95% CI )
𝑛 (%)

Men <55

FIT1 182 23 (12.6) 1.0 1.0
FIT2 162 15 (9.3) 0.71 (0.35–1.40) 1.0 1.0
Both 54 11 (20.4) 1.77 (0.80–3.91) 2.51 (1.07–5.86) 1.0
Either 294 27 (9.2) 0.70 (0.39–1.26) 0.99 (0.51–1.92) 1.0

Men ≥55

FIT1 245 42 (17.1) 1.0 1.43 (0.83–2.48)a

FIT2 196 28 (14.3) 0.81 (0.48–1.36) 1.0 1.63 (0.84–3.18)b

Both 73 20 (27.4) 1.82 (0.99–3.37) 2.26 (1.18–4.34) 1.48 (0.64–3.41)c

Either 368 50 (13.6) 0.76 (0.49–1.19) 0.94 (0.57–1.55) 1.56 (0.95–2.55)d

Women <55

FIT1 257 11 (4.3) 1.0 1.0
FIT2 198 7 (3.5) 0.82 (0.31–2.15) 1.0 1.0
Both 57 4 (7.0) 1.69 (0.52–5.51) 2.06 (0.59–7.30) 1.0
Either 398 14 (3.5) 0.82 (0.36–1.83) 1.0 (0.40–2.51) 1.0

Women ≥55

FIT1 237 27 (11.4) 1.0 2.88 (1.39–5.94)e

FIT2 198 22 (11.1) 0.97 (0.54–1.77) 1.0 3.41 (1.42–8.18)f

Both 66 13 (19.7) 1.91 (0.92–3.95) 1.96 (0.93–4.16) 3.25 (1.00–10.61)g

Either 369 36 (9.8) 0.84 (0.50–1.43) 0.87 (0.49–1.52) 2.97 (1.57–5.59)h

Men All

FIT1 432 65 (15.0) 1.0 1.0
FIT2 358 43 (12.0) 0.77 (0.51–1.17) 1.0 1.0
Both 127 31 (24.4) 1.82 (1.13–2.96) 2.34 (1.41–3.96) 1.0
Either 663 77 (11.6) 0.74 (0.52–1.06) 0.96 (0.65–1.43) 1.0

Women All

FIT1 494 38 (7.7) 1.0 0.47 (0.31–0.72)a

FIT2 396 29 (7.3) 0.95 (0.57–1.57) 1.0 0.58 (0.35–0.95)b

Both 123 17 (11.4) 1.93 (1.05–3.54) 2.03 (1.07–3.84) 0.50 (0.26–0.95)c

Either 767 56 (7.3) 0.95 (0.62–1.45) 1.00 (0.63–1.59) 0.60 (0.42–0.86)d

Both All

FIT1 926 103 (11.1) 1.0 —
FIT2 754 72 (9.5) 0.84 (0.61–1.16) 1.0 —
Both 250 48 (19.2) 1.90 (1.30–2.76) 2.25 (1.51–3.35) —
Either 1,430 127 (8.9) 0.78 (0.59–1.02) 0.92 (0.68–1.25) —

FIT1, the first FIT; FIT2, the second FIT; OR1 using FIT1 as reference and OR2 using FIT2 as reference; OR3a using men with age <55 who completed FIT1
as reference, OR3b using men with age <55 who completed FIT2 as reference, OR3c using men with age <55 who completed both FIT1 and FIT2 as reference,
OR3d using men with age <55 who completed either FIT1 or FIT2 as reference, OR3e using women with age <55 who completed FIT1 as reference, OR3f using
women with age <55 who completed FIT2 as reference, OR3g using women with age <55 who completed both FIT1 and FIT2 as reference, and OR3h using
women with age <55 who completed either FIT1 or FIT2 as reference.

widely used in the surveillance of patients following primary
surgical resection of CRC [24, 25] but it may be possible to
be used as one of primary screening tests combining with
other biomarkers such as FIT in mass screenings. Due to our
limited budget, no serum biomarkers were used as primary
screening in this mass CRC screening.

Overall, FOBT is relatively easy, safe, inexpensive, and
acceptable comparing to colonoscopy which is limited by
high cost, low participation rate, and variation in perfor-
mance according to the endoscopist and high risk of pain and
other adverse side effects [1, 2, 26–28].Therefore, FOBT is still
the first choice as a primary screening test for mass screening
in many countries [16], especially in economically and med-
ically underserved populations and areas [2, 7, 9]. Among
all FOBTs, FIT is the most popular and acceptable primary
screening test for its low cost and accessibility and a high

adherence and detection rate of colorectal neoplasm [15, 16,
29] in mass CRC screening.

Sobhani has reported that screening program using FITs
with three samples collected from three different parts of one-
time stool at the same time is cost-effective [30]. But one
sample for three FITs cost more than double FITs and may
miss colorectal lesions with intermittent bleeding. Based on
our decades’ experience of mass CRC screening programs,
the second FIT in one week after the first one is much
easier to complete than that in one or two year(s) with a
relatively lower cost without additional cost for organization
and encouragement fees when the first FIT is completed. In
addition, FITs with two stool samples collected at different
time increase the detection rate of bleeding and may help
detect those tumors with intermittent bleeding that may be
missed by single FIT. Few studies, however, have been done
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Table 4: Odds ratio (OR) and 95% confidence interval (CI) of detection of various colorectal neoplasm using colonoscopy as a gold standard
by different positive combinations of double fecal immunochemical tests (FITs) in the Jiashan mass colorectal cancer (CRC) screening
program in China, 2007–2009.

FIT1 FIT2 FITs Positive Colonoscopy Results: 𝑛, detection rate, percentagea

𝑛 𝑛 𝑛 CRC Advanced adenoma Nonadvanced adenoma Advanced neoplasm
+ − 20,842 763 619 12, 1.9, 30.1 37, 6.0, 42.0 49, 7.9, 39.8 49, 7.9, 38.6
+ + 20,842 301 250 18, 7.2, 46.2 30, 12.0, 34.1 24, 9.6, 19.5 48, 19.2, 37.8
+ Absent 3,533 84 57 3, 5.3, 7.7 3, 5.3, 3.4 5, 8.8, 4.1 6, 7.1, 4.7
− + 20,842 609 500 6, 1.2, 15.4 18, 3.6, 20.5 44, 8.8, 35.8 24, 4.8, 18.9
Absent + 44 5 4 0 0 1, 25.0, 0.5 0
FIT1+b 24375 1,148 926 33, 3.6, 84.6 70, 7.6, 79.5 78, 8.4, 63.4 103, 11.1, 81.1

FIT2+c 20886 915 754 24, 3.2, 61.5 48, 6.4, 54.5 69, 9.2, 56.1 72, 9.5, 56.7
Total 24,419 1,762 1,430 39, 2.7, 100.0 88, 6.2, 100.0 123, 8.6, 100.0 127, 8.9, 100.0
OR (95% CI) of detection rate by FIT (FIT2 versus FIT1) 0.85 (0.50–1.44) 0.80 (0.55–1.16) 1.03 (0.75–1.43) 0.82 (0.60–1.10)
OR (95% CI ) of detection rate by FIT (FITs versus FIT1) 1.18 (0.74–1.88) 1.26 (0.92–1.72) 1.58 (1.19–2.10) 1.38 (1.07–1.80)
FIT1, the first FIT; FIT2, the second FIT; FITs, combination of FIT1 and FIT2.
aDetection rate: the number of the colorectal lesions/the number of participants who completed colonoscopy in any combination of FIT1 and FIT2; percentage:
the number of the colorectal lesions/the total number of the colorectal lesions in any combination of FIT1 and FIT2.
bReferred to those who completed FIT1 regardless of the completion of FIT2.
cReferred to those who completed FIT2 regardless of the completion of FIT1.

Table 5: Costs in both Chinese Renminbi, CNY (¥), and US dollar ($) and detected colorectal cancer (CRC) and advanced neoplasm by
comparing double FITs to single FIT in the Jiashan mass CRC screening program in China, 2007–2009.

FIT Colonoscopy CRC Advanced neoplasm
Participant Total cost (¥/$)a Positive Participant Total cost (¥/$)a Number Cost (¥/$)a/case Number Cost (¥/$)a/case

FIT1 24,375 195,000/30,675 1,148 926 250,020/39,330 33 13,485/2,121 103 4,321/680
FIT2 20,886 146,202/22,999 915 754 203,580/32,025 24 14,574/2,293 72 4,858/764
Both 20,842 312,630/49,179 301 250 67,500/10,618 18 21,118/3,322 48 7,919/1,246
Either 24,419 341,510/53,722 1,762 1,430 386,100/60,736 39 18,657/2,935 127 5,729/901
FIT2 only 20,886 146,202/22,999 614 504 136,080/21,406 6 47,047/7,401 24 11,762/1,850
FIT1, the first FIT; FIT2, the second FIT; FIT2 only refers to those who completed FIT2 without the completion of FIT1.
aThe currency exchange rate was 1.000USD = 6.357 CNY at the time when the screening program was done.

about the effect of the number of FITs in mass colorectal
neoplasm screening. Our study showed that the positive rate
of FITs was significantly higher among FITs than that among
FIT1 or FIT2 alone. It indicates that double FITs could find
more high-risk participants than single FIT in the first stage
of ourmass CRC screening which reducedmissing colorectal
lesions. But additional 34.8% (614/1,762) individuals were
correspondingly required to complete colonoscopy when
comparing double FITs to single FIT. Based on this, it can
be predicted that, for every 100,000 individuals screened
with double FITs, approximately additional 3,480 individuals
will require a colonoscopy compared to single FIT and 311
colorectal advanced neoplasms will be found at the same
detection rate of 8.9% (127/1,430). Comparing to saving 311
lives dying of colorectal cancer and many lives prevented
from developing CRC, costs for additional 3,480 individuals
to have a colonoscopy are inexpensive and acceptable. Fur-
thermore, it is important and necessary for participants to
continue getting at least one FIT annually or biennially in the
future after the first screening in order to prevent and control
new and recurrent colorectal neoplasm.

The detection rate of advanced neoplasm and nonad-
vanced adenoma was significantly improved by 38–58% in
double FITs+ compared to that in FIT1+. The detection
rates of CRC and advanced adenoma were not significantly
improvedmaybe due to a small number ofCRCand advanced
adenoma cases being detected. If the mass screening is
applied among a larger population, the detection rates of
both CRC and advanced adenoma would be significantly
improved.

In our study, a total of 61.5% (24/39) CRC cases were
detected at an early stage (T

1-2N0M0) and 88 colorectal
advanced adenoma cases were detected in this screening
protocol. Thus, 88.2% (= (24 + 88)/127) colorectal advanced
neoplasm cases detected by screening were at an early stage of
colorectal lesions. That is to say, these cases’ lives were saved
from dying of CRC after they received timely treatment and
are getting more benefits from this screening for the rest of
their life. A total of 15.4% CRC, 18.9% advanced neoplasm,
and 29.9% adenoma (including 20.5% advanced adenoma
and 35.8% nonadvanced adenoma) detected by FIT2 would
have been missed if only FIT1 screening had been used.
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Double FITs found 18% more CRC and 38% more colorectal
advanced neoplasms than single FIT1. The cost for CRC and
advanced neoplasm detected by double FITs was increased
about 33–38% which is acceptable because a FIT screening
cost is about CNY ¥8.00 per person in China, equivalently
about US $1.22 per person. The average cost was $2,935 for
double FITs and $2,121 for FIT1 for CRC and $901 for double
FITs and $680 for FIT1 for 108 advanced neoplasm cases. A
total of $7,401 and $1,850 was the cost for additional six CRC
and 24 advanced neoplasm cases by FIT2 only. But our study
design of two FITs by an interval of one week saves additional
14.3% costs from FIT2 which costed ¥7.00 per participant
comparing to ¥8.00 for FIT1. It would save millions of dollars
inmass screenings if this screening protocol is used in China.
Therefore, we deduce that double FITs by an interval of
one week at the first stage is more cost-effective than single
FIT in mass colorectal screenings in China, especially in
medically and economically underserved populations, areas,
and countries.

This study has some strengths. This is a large mass
screening in a rural population in China.The compliance rate
is relatively high. Our study design of two FITs by an interval
of one week at the first screening stage can (1) help detect
some colorectal lesions with intermittent bleeding which one
FIT and two or more FITs from one sample maymiss and the
second FIT in one or two year(s) may be too late to diagnose,
(2) save additional costs such as screening organization fees,
and (3) increase compliance to the second FIT in one week.
The cost analysis is based on the actual spent dollars and
a comparative analysis between double FITs and single FIT
within this screening program. The future benefits from this
screening have not been included. Overall, results from this
screening are reliable and valid. There are some limitations
in this study. Some nonbleeding colorectal lesions may be
missed due to the default of FOBT. False negative and false
positive rates are relatively high because FITs have a relatively
low sensitivity and specificity FIT comparing to colonoscopy.

5. Conclusions

Double FITs are more cost-effective than single FIT in
our mass CRC screening based on the evidence of having
significantly higher positive and detection rates with an
acceptable higher cost by double FITs than single FIT. Double
FITs should be encouraged for the first screening in a mass
CRC screening, especially in economically and medically
underserved populations/areas/countries.
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Despite being one of the most frequently diagnosed cancers worldwide, prognosis of metastatic colorectal cancer (CRC) was poor.
Development and introduction of biologic agents in treatment of patients with metastatic CRC have brought improved outcomes.
Monoclonal antibodies directing epidermal growth factor receptors and vascular endothelial growth factor aremain biologic agents
currently used in treatment of metastatic CRC. Encouraged by results from many clinical trials demonstrating efficacy of those
monoclonal antibodies, the combination therapy with those targeted agents and conventional chemotherapeutic agents has been
established as the standard therapy for patients with metastatic CRC. However, emergency of resistance to those target agents has
limited the efficacy of treatment, and strategies to overcome the resistance are now being investigated by newly developed biological
techniques clarifying how to acquire resistance. Here, we introduce mechanisms of action of the biologic agents currently used for
treatment of metastatic CRC and several landmark historical clinical studies which have changed the main stream of treatment.
The mechanism of resistance to those agents, one of serious problems in treatment metastatic CRC, and ongoing clinical trials to
overcome the limitations and improve treatment outcomes will also be presented in this review.

1. Introduction

Colorectal cancer (CRC) is the fourth most commonly diag-
nosed cancer and the third leading cause of disease mortality
in the United States [1]. Approximately 20% of patients with
CRC present with distant metastasis at the time of diagnosis
[2]. Additional 25–35% develops metastasis metachronously
during the disease course [3]. Prognosis of patients with
metastatic CRC was dismal in the past with the median
overall survival (OS) of about 8 to 12 months when fluo-
rouracil and leucovorinwere the only therapeutic options [4].
Introduction of monoclonal antibodies, such as antiepider-
mal growth factor receptor (EGFR) antibody or antivascular
endothelial growth factor (VEGF) antibody, in combination
with the chemotherapeutic agents in treatment of metastatic
CRC have brought improvement of survival, and recent
clinical trials performed with those monoclonal antibodies
at first-line treatment showed median survival of 17.9 to 29.9
months [5–7]. Encouraged by these results, anti-EGFR or
anti-VEGF antibodies are now recommended as the standard

therapy of first-line chemotherapy in treatment of metastatic
CRC. This review is focused on targeted therapies applicable
to patients with unresectable metastatic CRC, mechanisms of
action of the biologic agents, and limitations of the targeted
therapies and solutions.

2. EGFR-Targeted Therapies

The ERBB family of receptors consist of 4 members, EGFR
and EGFR-related receptors (HER2, HER3, and HER4).
EGFR, a receptor tyrosine kinase (RTK), is ubiquitously
expressed in epithelial, mesenchymal, and neuronal cells and
play a role in development, proliferation, and differentiation
[8]. The ERBB family of RTKs are transmembrane receptors
consisting of an extracellular domain, a single hydrophobic
transmembrane segment, and an intracellular domain con-
taining a preserved tyrosine kinase residue [9]. The signaling
through the EGFR is initiated with binding of ligands to
domains I and III of extracellular domain, the binding site
of the receptor. The binding of ligands induces formation
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Figure 1: Signaling through EGFR. Signaling is initiated by interaction of ligands with EGFR.The resultant autophosphorylation of tyrosine
kinase residues binds to the growth-factor-receptor-bound protein 2 (GRB2), and SOS is recruited to the plasma membrane. Subsequent
activation of RAS activates RAS-RAF-MEK-MAPKs pathway. PI3Ks-AKT or RAS-PLC𝜀-PKC are also known to be activated by signaling
through EGFR. TM: transmembrane.

of heterodimer or homodimer between the receptor family
members leading to autophosphorylation of tyrosine kinase
residue in the carboxy-terminus of the receptor protein. The
autophosphorylated receptors subsequently activate down-
stream intracellular signaling pathways such as RAS-RAF-
mitogen-activated protein kinase kinase- (MEK-) mitogen-
activated protein kinase (MAPKs), or phosphatidylinositol 3-
kinase- (PI3K-) AKT pathway. Other than these pathways,
phospholipase C- (PLC𝛾-) protein serine/threonine kinase C
(PKC) pathway is also known to be activated by EGFR [10–13]
(Figure 1).

2.1. Cetuximab and Panitumumab. Cetuximab and panitu-
mumab aremonoclonal antibodies targeting EGFR and block
activation of downstream signaling pathways. Cetuximab is
a chimeric monoclonal antibody, whereas panitumumab is
a fully humanized monoclonal antibody [14]. A preclinical
study using the xenograft model of human colorectal carci-
noma was performed to determine the potential therapeutic
utility of the cetuximabwhen combinedwithCTP-11 [15].The
study showed synergistic activity of cetuximab with CTP-11
in inhibiting growth in a series of cell lines even in CTP-11
refractory cell lines.

For induction chemotherapy to convert unresectable
metastatic disease to resectable status, several randomized
controlled trials were performed to access efficacy of cetux-
imab combined with chemotherapy.TheCELIM randomized
controlled phase II trial assigned patients with nonresectable
liver metastases to receive cetuximab with FOLFOX6 or
FOLFIRI. Overall response rate (ORR) was not significantly
different between two groups (odds ratio (OR), 1.62, 0.74–
3.59; 𝑝 = 0.23). Retrospective analysis of response rate by

KRAS mutational status resulted in 70% of a partial or com-
plete response in KRAS wild-type cancers; meanwhile, there
was 41% of ORR in cancers with KRAS mutation (OR 3.42,
1.35–8.66;𝑝 = 0.008). Resectability changed from32% to 60%
after chemotherapy in patients with wild-type KRAS (𝑝 <
0.0001) [16]. Another randomized controlled trial compared
cetuximab plus chemotherapy (FOLFIRI or mFOLFOX6) to
chemotherapy without the targeted agent in patients with
unresectable liver metastases from CRC harboring wild-
type KRAS. Significantly different R0 resection rate was
observed between two groups with 25.7% in cetuximab plus
chemotherapy groups and 7.4% in chemotherapy only group
(𝑝 < 0.01) [17]. A meta-analysis of four randomized con-
trolled trials analyzing resectability in patients with wild-type
KRAS CRC whose metastatic lesions are limited in the liver
reported that the addition of cetuximab or panitumumab to
chemotherapy significantly increased the R0 resection rate
from 11% to 18% (relative risk (RR), 1.59; 𝑝 = 0.04) and ORR
(RR, 1.67;𝑝 = 0.0001) comparing to chemotherapy alone [18].

Therefore, to increase the resectability of liver metas-
tasis, cetuximab combination with chemotherapy could be
selected.

As expected, benefit of anti-EGFR monoclonal antibod-
ies was evaluated initially in patients with postprogression
metastatic CRC.TheBONDstudy, the first study demonstrat-
ing the clinical utility of cetuximabwith convincing evidence,
was performed in 329 patients with CRC who experienced
disease progression on treatment with irinotecan-based reg-
imen. Results of this large phase III study comparing cetux-
imab with or without irinotecan showed significant improve-
ment of ORR and median PFS in irinotecan plus cetuximab
group comparing with cetuximab monotherapy group (ORR
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Table 1: Clinical trials with anti-EGFR monoclonal antibodies in postprogression treatment.

Study No. of patients Design Treatment Primary
end point Results 𝑝

BOND
[19] 329 Phase 3, open-label, RCT C-mab versus C-mab + irinotecan ORR 10.8% versus

22.9% 0.007

CO17 [20] 572 Phase 3, RCT BSC versus C-mab OS HR, 0.77; 95%
CI, 0.64–0.92 0.005

EPIC [21] 1298 Phase 3, open-label, RCT Irinotecan versus C-mab + irinotecan OS HR, 0.975; 95%
CI, 0.85–1.11 0.71

Van
Cutsem et
al. [22]

463 Phase III, open-label, RCT BSC versus P-mab + BSC PFS HR, 0.54; 95%
CI, 0.44–0.66 <0.0001

Peeters et
al. [23] 1186 Phase III, open-label, RCT FOLFIRI versus P-mab + FOLFIRI

PFS HR, 0.73; 95%
CI, 0.59–0.9 0.004

OS HR, 0.85; 95%
CI, 0.7–1.04 0.12

PICCOLO
[26] 460 Phase III, open-label, RCT Irinotecan versus P-mab + irinotecan OS HR, 1.01; 95%

CI, 0.83–1.23 0.91

EGFR: epidermal growth factor receptor; No.: number; RCT: randomized controlled trial; pt: patient; C-mab: cetuximab; ORR: objective response rate; BSC:
best supportive care; OS: overall survival; HR: hazard ratio; P-mab: panitumumab; PFS: progression-free survival.

23% versus 11%; 𝑝 = 0.007, time to progression 4.1 versus 1.5
months; 𝑝 < 0.001). No difference in OS was observed, but
patients withmutantKRASwere included in this study [19]. A
single-agent cetuximab was also examined for its efficacy in
patients with CRC previously exposed to chemotherapeutic
agents. Cetuximab was revealed to improve OS (hazard ratio
(HR), 0.77; 95% confidence interval (CI), 0.64–0.92; 𝑝 =
0.005) and PFS (HR, 0.68; 95% CI, 0.57–0.80; 𝑝 < 0.001)
comparing with the best supportive care in this study [20].
Another phase III trial compared the efficacy of cetuximab
plus irinotecan with irinotecanmonotherapy in patients with
CRC who experienced progression to first-line therapy with
fluoropyrimidine and oxaliplatin.The study failed to improve
OS (HR, 0.975; 95% CI, 0.854–1.114; 𝑝 = 0.71), the primary
endpoint of this study. In this study, patients with immuno-
histochemical expression of EGFR were enrolled regardless
of mutational status of RAS [21]. Panitumumab has also been
studied as a single agent or in combination with FOLFIRI
in patients with CRC exposed to first-line chemotherapy.
PatientswithwildKRAS exon 2 tumorswere proven to benefit
from treatment with panitumumab in terms of improved PFS
[22–25]. On the other hand, panitumumab failed to meet the
primary endpoint of improvedOS in randomizedmulticenter
PICCOLO trial, in which the efficacy of panitumumab plus
irinotecan was compared with irinotecan alone in patients
with wild-type KRAS tumors resistant to fluoropyrimidine
treatment with or without oxaliplatin (HR, 1.01; 95%CI, 0.83–
1.23; 𝑝 = 0.91). Inclusion of patients with NRAS or BRAF
mutation in this study might have been one of causes for the
failure considering the result that patients with any mutation
among KRAS, NRAS, or BRAF who received panitumumab
plus irinotecan showed detrimental effect in OS in this study
[26] (Table 1).

Efficacy of both anti-EGFR monoclonal antibodies was
also examined in first-line treatment of patients with CRC
(Table 2). In the CRYSTAL trial, patients were randomly

assigned to receive FOLFIRI or FOLFIRI plus cetuximab as
first-line therapy. The significant improvement of PFS was
proven in patients harboring wild-type KRAS exon 2 (9.9
months versus 8.7 months; HR, 0.68; 95% CI, 0.50–0.94;
𝑝 = 0.02) who received cetuximab plus FOLFIRI [6, 27]. The
recently updated data proved the significant benefit in PFS
again as well as OS (23.5 versus 20.0 months; HR, 0.796; 𝑝 =
0.0093) with the addition of cetuximab in the combination
chemotherapy in KRAS exon 2 wild-type patients [6]. Out-
comes comparing efficacy of FOLFOXwith or without cetux-
imabwere also reported.The retrospective analysis of patients
with known KRAS exon 2 mutational status registered in the
randomized phase II OPUS trial showed significantly better
ORR (61% versus 37%; odds ratio, 2.54; 𝑝 = 0.011) in patients
treated with cetuximab in combination with FOLFOX. Statis-
tically significant improvement of PFSwas also demonstrated
in wild-type KRAS exon 2 population receiving cetuximab
plus FOLFOX, but the difference was only 15 days (7.7 versus
7.2 months; HR, 0.57; 95% CI, 0.36–0.91; 𝑝 = 0.016) [28].
However, a randomized phase III MRC COIN trial reported
no significant benefit of cetuximab combined chemotherapy
(FOLFOX or capecitabine/oxaliplatin) in terms of OS (17.9
versus 17.0 months; 𝑝 = 0.67) or PFS (8.6 versus 8.6 months;
𝑝 = 0.60) in patients with locally advanced or metastatic
CRC harboring wild-type KRAS exon 2 [29]. In addition to
this study, no benefit of PFS or OS was also reported in the
randomized phase III NORDIC VII study which investigated
the efficacy of cetuximab in combination with oxaliplatin-
containing regimens in patients with advanced or metastatic
CRC as first-line therapy [30].The common finding in COIN
and NORDIC VII study is that infusional fluorouracil (FU)
was not used in these studies suggesting combination of
chemotherapeutic agent and the targeted agent might be
important to affect outcomes. Modality of administration
is another factor to consider regardless of the addition of
cetuximab given the cell-cycle specific cytotoxic effect of FU.
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Meanwhile, recently reported results from the randomized
phase III CALGB/SWOG 80405 trial showed effectiveness
of FOLFOX combined with cetuximab in first-line treatment
[32]. The optimal combination with chemotherapy and a
targeted agent should be confirmed with further clinical
trials. Treatment with panitumumab plus either FOLFOX or
FOLFIRI has been studied in patients with metastatic CRC.
Results of the open-label, randomizedPRIME trial investigat-
ing efficacy of FOLFOX with or without panitumumab as the
first-line treatment in patients with all RAS wild-type CRC
showed significant improvement of PFS (HR, 0.72; 95% CI,
0.58–0.90; 𝑝 = 0.004) and OS (HR, 0.77; 95% CI, 0.64–0.94;
𝑝 = 0.009) in those treated with the combination of panitu-
mumab and FOLFOX [31, 33].

2.2. Significance of KRAS, NRAS, and BRAFMutation Status.
It has been reported that overexpression of EGFR is observed
in 49% to 82% of CRC [34–37]. Since EGFR is the target of
therapy with anti-EGFR monoclonal antibodies, it is easily
expected that its expression level could be a possible predic-
tive factor for outcomes of treatment with agents directing
the receptor. However, contrary to the expectation, it has
been known that assessment of EGFR expression status with
immunohistochemistry (IHC) is not helpful in the prediction
of treatment efficacy. It was reported that a 25% ORR was
achieved in CRC without expression of EGFR by IHC [38].
Other several data also showed no correlation of EGFR
expression intensity of colorectal tumor cells with response
rate to the anti-EGFR therapy. In addition, the low treatment
efficacy of anti EGFR monoclonal antibodies in patients
with CRC was reported, and these outcomes highlighted the
necessity of investigation on the potential predictive markers
for response to cetuximab [19, 39, 40].

In light of the fact that the RAS-RAF-MEK-MAPKs
pathway is the downstream signaling cascade for the EGFR,
mutations of molecular components of this pathway have
been evaluated as the predictive markers for the anti-EGFR
therapy. Investigation into the molecular basis was based on
the retrospective analyses using tumor tissue of patients who
participated in clinical trials. Mutations in codons 12 and 13
of exon 2 of KRAS gene resulting in constitutive activation of
the downstream signaling cascade have been demonstrated
to be insensitive to treatment with anti-EGFR monoclonal
antibodies, cetuximab, and panitumumab [24, 27, 28, 41, 42].
The benefit of the use of anti-EGFRmonoclonal antibodies in
patients with wild-type KRAS was proven in both treatment
with single-agent of cetuximab or panitumumab and that
with combination chemotherapy plus thosemonoclonal anti-
bodies [24, 27, 28, 41]. Patients with CRC harboring mutant
KRAS gene have been excluded from the use of cetuximab or
panitumumab based on those results.

Activating mutations in RAS other than the KRAS exon 2
mutation have also been studied to answer the heterogenous
clinical response in terms of poor response to the EGFR-
directed therapy in patients with CRC harboring the wild
KRAS exon 2. It has been turned out that additionalmutations
with resultant constitutive KRAS activation can occur at exon
3 (codons 59 and 61) and exon 4 (codons 117 and 146) ofKRAS
or NRAS gene, another member of the RAS oncogene family,

through the sequencing studies, although more than 80% of
KRAS mutations are found at codons 12 and 13 [43–45]. A
previous study which investigated the frequency of KRAS,
NRAS, and BRAFmutations in CRC reported that mutations
of theNRAS at codons 12, 13, and 61 range fromapproximately
3% to 5% [46]. The controversial role of those infrequent
RASmutations beyond the KRAS exon 2 mutations has been
recently clarified in several studies. A study which analyzed
patients from PRIME trial reported that 17% of 641 patients
originally categorized as not having KRAS exon 2 mutations
revealed having mutations in exons 3 and 4 inKRAS or exons
2, 3, and 4 in NRAS gene. The study demonstrated no benefit
of treatment with panitumumab combined with FOLFOX
in patients harboring KRAS or NARAS mutations and even
deteriorated effect in these patients [33]. A recently published
FIRE-3 study also suggested detrimental effect of all RAS
mutations on outcomes of treatment with cetuximab plus
FOLFIRI in patients with tumors harboring RAS mutations
by showing significantly worse PFS than that of patients with
RASmutations treated with bevacizumab, an agent inhibiting
angiogenesis, plus FOLFORI [7].

Despite the clarified mechanism of the lack of response
of colorectal tumors with mutated RAS gene to the EGFR-
directed therapy, certain tumors having wild-type RAS gene
are knownnot to respond to that therapy. AlthoughBRAF has
been considered one of the candidate molecules responsible
for the resistance for its role as a downstream effector of
RAS, its usefulness as a predictive marker has not been deter-
mined. A V600E mutation in BRAF gene is found in about
5% to 9% of CRC [47]. The planned subgroup analysis with
patients from the PRIME trial suggested the correlation of
BRAF mutation with poor prognosis but failed to demon-
strate its role as a predictive marker to the therapy with pani-
tumumab combined with FOFOX [33]. The BRAF gene as
a prognostic factor has also been suggested in an updated
analysis of the CRYSTAL trial by showing worse prognosis
in patients with BRAF mutation than in patients with wild
type [6]. In addition, BRAF gene mutation status was also
prognostic for OS in patients with CRC treated with cap-
ecitabine with or without bevacizumab [48]. A recent report
of systematic review and meta-analysis of 21 studies indi-
cated high-risk clinicopathologic characteristics in colorectal
tumors with BRAF mutations in terms of TMN stage (T4
tumors), differentiation (poor differentiation), and tumor
location (proximal location) [49].

On the other hand, a randomized phase II COIN trial
indicated that cetuximab may have a detrimental effect in
patients with CRC harboring BRAF mutation treated with
capecitabine and oxaliplatin or FOLFOX as the first-line
chemotherapy [29]. Several retrospective studies also sug-
gested the role ofBRAF as amarker of resistance to the EGFR-
directed therapy in patients with metastatic CRC who expe-
rienced progression on the first-line therapy [50–53]. Fur-
thermore, recent prospective data from the PICCOLO trial
consistently reported the dismal effect of panitumumab com-
bined with irinotecan on patient with BRAF mutations in
the subsequent lines setting of chemotherapy [54]. Based on
these results, BRAF mutation is now suggested as a prog-
nostic factor in patients with CRC, and current guideline
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recommends genotyping of the gene at diagnosis of stage IV
disease. And we suggest that biomarkers for targeted agents
should be developed at the early phase trials.

3. Antiangiogenesis Therapy

Vascular endothelial growth factors (VEGFs) are a large fam-
ily of growth factors involved in physiologic and pathologic
angiogenesis. The family is composed of 5 members, VEGF-
A, VEGF-B, VEGF-C, VEGF-D, and placental growth factor
(PLGF) [55]. The proangiogenic effect of VEGFs is exerted
by binding to their receptors consisting of VEGFR-1 (Flt-1),
VEGFR-2 (Flk/KDR), and VEGFR-3 (Flt-4) expressed on the
cell surface. The structure of VEGFRs, RTKs, is composed
of a ligand-binding extracellular domain, a transmembrane
domain, and an intracellular domain containing tyrosine
kinase domain [56]. VEGF-A, themost widely studied ligand,
is known to bind to both VEGFR-1 and VEGFR-2 and plays a
role in angiogenesis and vascular permeability [57]. VEGFR-
1 binds to VEGF-A with stronger affinity than VEGFR-2
does, but potency of tyrosine phosphorylation in response
to VEGF-A is weaker than VEGFR-2 [58]. Signaling through
VEGF-B is mediated by binding to VEGFR-1 and neuropilin
receptors-1 (NRP-1) [59]. VEGF-C and VEGF-D bind to
VEGFR-3 and are involved in lymphangiogenesis [60].

VEGFs secreted by tumor and stroma cells interact with
VEGFRs mainly expressed on tumor cells. Interactions of
VEGFs with their receptors stimulate angiogenesis, a process
that includes proliferation and migration of endothelial cells,
and remodeling of the extracellular matrix. It has been also
known that VEGF triggers an epithelial-mesenchymal tran-
sition phenotype and resultant promotion of tumor invasion
and survival [61].

3.1. Bevacizumab. Bevacizumab (Avastin�, Genentech Inc.)
is a humanizedmonoclonal antibody directed against VEGF-
A and thereby prevents VEGF-A from binding to VEGFR.

Several randomized phase II studies reported that
first-line FU/leucovorin (LV) combined with bevacizumab
improved treatment outcomes in patients with metastatic
CRC compared with 5-FU/LV [62, 63]. A combined analysis
of raw data from those studies reported improved survival
in patients treated with bevacizumab plus FU/LV regimen
(17.9 versus 14.6 months; HR, 0.74; 𝑝 = 0.008) comparing
with those who received FU/LV or IFL (irinotecan/fluo-
rouracil/leucovorin) without bevacizumab [5]. In a pivotal
phase III trial, metastatic CRC patients with no prior therapy
were randomly assigned to receive IFL plus bevacizumab
or IFL plus placebo. The primary end point was OS and a
longer median duration of survival was observed in those
who received IFL plus bevacizumab (20.3 versus 15.6 months;
HR, 0.66; 𝑝 < 0.001). Significantly improved median dura-
tion of PFS (10.6 versus 6.2 months; HR, 0.54; 𝑝 < 0.001)
as well as response rate (44.8% versus 34.8%, 𝑝 = 0.004)
in the bevacizumab group comparing to the placebo group
was also demonstrated [64]. Efficacy of bevacizumab in
combination with oxaliplatin-based chemotherapy was also
examined in a large, head-to-head, randomized, double-
blind, placebo-controlled, phase III study (NO 16966).

Capecitabine/oxaliplatin (CapeOx) plus bevacizumab or
placebo was compared with FOLFOX-4 combined with
bevacizumab or placebo in 1401 patients with metastatic
CRC. The addition of bevacizumab to the oxaliplatin-based
chemotherapy was significantly related to the improvement
of PFS (9.4 versus 8.0 months; HR, 0.83; 97.5% CI, 0.72–0.95;
𝑝 = 0.0023) comparing with that regimen without bevacizu-
mab. However, no difference in response rates and OS (HR,
0.89; 97.5% CI, 0.76–1.03; 𝑝 = 0.077) was observed in this
study [65]. A cohort study (ETNA) which analyzed effective-
ness of bevacizumab in combination with irinotecan-based
therapy as first-line treatment reported median OS of 25.3
months (95% CI, 23.3–27) [66]. Administration of FOLFIRI
and bevacizumab in patients with advanced CRC as first-line
treatment has also been studied. A recently reported system-
atic review with a pooled analysis including 3502 patients
from 29 prospective and retrospective studies showed a res-
ponse rate of 51.4%, a median PFS of 10.8 months (95% CI,
8.9–12.8), and a median OS of 23.7 months (95% CI, 18.1–
31.6) [67]. A meta-analysis performed with 3060 patients
from 6 randomized clinical trials to access the efficacy of
bevacizumab used as first-line treatment in patients with
metastatic CRC reported benefit of use of bevacizumab by
showing results of PFS (HR, 0.72; 95% CI, 0.66–0.78; 𝑝 <
0.00001) and OS (HR, 0.84; 95% CI, 0.77–0.91; 𝑝 < 0.00001).
Subgroup analysis, however, showed the limited benefit of
irinotecan-based chemotherapy [68]. On the other hand, Pas-
sardi et al. reported results of the phase III randomized open-
label clinical trial in which patients withmetastatic CRCwere
randomized to receive first-line chemotherapy with FOLFIRI
or FOLFOX4 plus bevacizumab or chemotherapy only. No
benefit of the addition of bevacizumab was proven by show-
ing results of OS (HR, 1.13; 95% CI, 0.89–1.43; 𝑝 = 0.317) and
PFS (HR, 0.86; 95% CI, 0.70–1.07; 𝑝 = 0.182) [69] (Table 3).

Efficacy of bevacizumab in second-line treatment was
analyzed in several studies (Table 4). A prospective observa-
tional cohort study (ARIES) analyzed 1550 metastatic CRC
patients who received bevacizumab in combination with
chemotherapy as first-line treatment and 482 patients treated
with bevacizumab in second-line therapy. The median OS
was 23.2 months (95% CI, 21.2–24.8) for the first-line therapy
population and 17.8 months (95% CI, 16.5–20.7) for the sec-
ond-line population [73]. In the phase III randomized TML
(ML 18147) trial, benefit of maintenance of bevacizumab
with a combination of different chemotherapy in second-
line treatment after progression on bevacizumab containing
first-line chemotherapy was examined. Patients with meta-
static CRC were randomly assigned to receive second-line
chemotherapy with or without bevacizumab. Statistically
significant improvement of OS was observed in bevacizumab
maintenance population (11.2 versus 9.8 months; HR, 0.81;
95% CI, 0.69–0.94; 𝑝 = 0.0062) [70]. Another phase III rand-
omized BEBYP trial also reported benefit of continuing
bevacizumab in second-line treatmentwith alternative chem-
otherapy regimen after progression on chemotherapy con-
taining bevacizumab by showing improved PFS (6.7 versus
5.2 months; HR, 0.66; 95% CI, 0.49–0.90; 𝑝 = 0.0072) of
the bevacizumab maintenance arm [71]. In the randomized
phase III ECOG E3200 study, patients who progressed to
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Table 3: Clinical trials with bevacizumab in first-line treatment.

Study No. of patients Design Treatment Primary end
point Results 𝑝

Kabbinavar et
al. [62]

104 Phase 2, randomized
FU/LV versus TTP 5.2 versus 7.4

months 0.013

Low dose bevacizumab + FU/LV
High dose bevacizumab + FU/LV

Best response
rate 17% versus 32% 0.086

Kabbinavar et
al. [63] 209 Phase 2, randomized FU/LV + placebo versus FU/LV +

bevacizumab OS
12.9 versus 16.6
months; HR,

0.79
0.16

Hurwitz et al.
[64] 813 Phase 3, double-blind, RCT IFL + placebo versus IFL +

bevacizumab OS
15.6 versus 20.3
months; HR,

0.66
<0.001

NO 16966
[65] 1401 Phase 3, double-blind, RCT

CapeOx + placebo or CapOx +
bevacizumab versus FOLFOX +

placebo or FOLFOX + bevacizumab
PFS HR, 0.83; 95%

CI, 0.72–0.95 0.0023

Passardi et al.
[69] 376 Phase 3, randomized FOLFIRI or FOLFOX + bevacizumab

versus FOLFIRI or FOLFOX PFS HR, 0.86; 95%
CI, 0.70–1.07 0.182

No.: number; TTP: time to progression; RCT: randomized controlled trial; OS: overall survival; HR: hazard ratio; PFS: progression-free survival; CI: confidence
interval.

Table 4: Clinical trials with bevacizumab as second-line treatment.

Study No. of
patients Design Treatment Primary end

point Results 𝑝

TML [70] 820
Phase 3,

open-label,
RCT

CTx versus bevacizumab +
CTx OS HR, 0.81; 95%

CI, 0.69–0.94 0.0062

BEBYP [71] 185 Phase III,
RCT

FOLFIRI or mFOLFOX6
versus FOLFIRI or
mFOLFOX6 +
bevacizumab

PFS
HR, 0.66;
95% CI,
0.49–0.90

0.0072

ECOG E3200 [72] 829
Phase III,
open-label,

RCT

FOLFOX4 + bevacizumab
versus FOLFOX4 versus

bevacizumab
OS HR, 0.75 0.0011

No.: number; PFS: progression-free survival; CI: confidence interval; RCT: randomized controlled trial; HR: hazard ratio; OS: overall survival; CTx:
chemotherapy.

a non-bevacizumab-containing first-line chemotherapy re-
ceived FOLFOXwith or without bevacizumab as second-line
therapy. Improved survival was reported in patients receiving
FOLFOX plus bevacizumab comparing with FOLFOX pop-
ulation (median OS 12.9 versus 10.8 months; 𝑝 = 0.0011)
[72]. Further studies for the mechanism of response with
continuation treatment of bevacizumab in bevacizumab-
failed patients should be investigated.

3.2. Ziv-Aflibercept. Ziv-aflibercept is a humanized recombi-
nant fusion proteinwith theVEGF binding portion of human
VEGFRs 1 and 2 joining the Fc portion of human IgG1.These
molecules bind to VEGF-A, VEGF-B, and PLGF and subse-
quently result in prevention of interaction between VEGFs
and their receptors, which leads to inhibition of angiogenesis.

Several preclinical studies were performed to investigate
the role of aflibercept in inhibiting angiogenesis. An in vitro
study has reported inhibition of VEGFR-2 mediated phos-
phorylation by aflibercept resulting in blockage of endothelial
cells proliferation and angiogenesis [74]. The role of afliber-
cept in inhibition of tumor growth and angiogenesis and

reduction of tumor vessel density in xenograft models of var-
ious tumors has also been reported in several studies [75, 76].

The double-blinded, randomized, phase III VELOUR
trial assigned 1226 patients with metastatic CRC progressed
to oxaliplatin-containing chemotherapy to FOLFIRI plus ziv-
aflibercept or FOLFIRI plus placebo in second-line treat-
ment. Improvement of OS was shown in FOLFIRI plus ziv-
aflibercept population (13.5 versus 12.1months; HR, 0.82; 95%
CI, 0.71–0.94; 𝑝 = 0.003) [77].

3.3. Ramucirumab. Ramucirumab is a human monoclonal
antibody targeting the extracellular domain of VEGFR2
and interfere with VEGF signaling. Results of a phase II
trial which analyzed efficacy of ramucirumab plus modified
FOLFOX 6 regimen in patients with metastatic CRC showed
enhanced efficacy of modified FOLFOX6 by addition of
ramucirumab in first-line treatment [78]. The multicenter,
randomized, double-blind, phase 3 RAISE trial was per-
formed with metastatic CRC patients who progressed to
chemotherapy comprising bevacizumab, oxaliplatin, and flu-
oropyrimidine by randomization to receive ramucirumab
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plus FOLFIRI or placebo plus FOLFIRI. Significantly im-
proved median OS in patients receiving ramucirumab plus
FOLFIRI (13.3 versus 11.7 months; HR, 0.84; 95% CI, 0.73–
0.98; 𝑝 = 0.02) was observed, meeting the primary endpoint
[79]. The anti-VEGF antibodies have a stringent role in treat-
ment of patients with metastatic CRC.

4. What Is Target for First Place?
EGFR versus VEGF

Three representative trials were performed to compare effi-
cacy of cetuximab or panitumumabwith that of bevacizumab
in first-line treatment. The randomized multicenter phase II
PEAK trial compared efficacy of FOLFOXplus panitumumab
with FOLFOX plus bevacizumab in patients harboring wild-
type KRAS exon 2. PFS was revealed to be superior in the
panitumumab plus FOLFOX population in the subset of 170
patients with wild-type KRAS/NRAS (13 versus 9.5 months;
HR, 0.65; 95% CI, 0.44–0.96; 𝑝 = 0.03) [80]. The open-label,
randomized, multicenter FIRE-3 trial assigned 592 patients
with KRAS exon 2 wild-type metastatic CRC to FOLFIRI
plus cetuximab or FOLFIRI plus bevacizumab in first-line
treatment. No significant difference in ORR, the primary
endpoint of this study, was observed (62.0% versus 58.0%;
𝑝 = 0.18), although OS was reported to be significantly
increased in the cetuximab group (28.7 versus 25.0 months;
HR, 0.77; 95% CI, 0.62–0.96; 𝑝 = 0.017) [7]. The phase III
CALGB/SWOG 80405 trial addressed the optimal antibody
combination with chemotherapy. Patients with wild-type
KRAS exon 2 receiving FOLFOX or FOLFIRI were randomly
assigned to have cetuximab or bevacizumab. No significantly
different OS was reported between cetuximab and beva-
cizumab population (HR, 0.92; 95% CI, 0.78–1.09, 𝑝 = 0.34).
Until now, there is no winner at first-line chemotherapy for
metastatic colon cancer. Therefore, choice of chemotherapy
should be based on side effects and tolerability.

5. Possible Chemotherapies according to
Clinical Subtypes

Because the goal of treatment is different according to clini-
cal subtypes in metastatic CRC, differentiated choice of
appropriate chemotherapeutic regimens should be taken into
consideration at the time of establishment of treatment plan.

Both cetuximab and panitumumab plus chemotherapies
such as FOLFOX or FOLFIRI are the feasible regimens as
the induction therapy for conversion to resectable status in
patientswith potentially resectablemetastaticCRCharboring
wild-type RAS [16–18]. In addition, efficacy of the addition
of bevacizumab to FOLFOXIRI (infusional 5-FU, LV, oxali-
platin, and irinotecan) reported in two randomized clinical
trials is also quite encouraging. In Gruppo Oncologico Nord
Ovest’s (GONO) phase III TRIBE trial, the ORR was 65%
in the FOLFOXIRI plus bevacizumab group and 53% in the
FOLFIRI plus bevacizumab group (𝑝 = 0.006) [81].The rand-
omized phase IIOLIVIA trial reported increasedR0 resection
rate in FOLFOXIRI plus bevacizumab group comparing with
mFOLFOX6 plus bevacizumab group (49% versus 23%; 95%
CI, 4–48%) [82]. Despite the proven efficacy, FOFOXIRI

is reported to be related to higher frequencies of grade 3
or 4 toxicities in terms of neutropenia, diarrhea, stomatitis,
and neurotoxicity in those two studies. Considering those
results collectively, anti-EGFR antibodies combined with
chemotherapy could be adopted as the induction chemother-
apy. FOLFOXIRI plus bevacizumab could also be an option
in consideration of its efficacy, but significant adverse effects
should be taken into account so that limited use of the
regimen in selected patients would be reasonable.

Patients who need palliative chemotherapies with good
performance status are required to be treated with active
chemotherapeutic regimens including targeted agents given
the aggressive biological feature. Three head-to-head trials
showed equivalent efficacy between treatments with anti-
EGFR antibodies and bevacizumab in terms of their pri-
mary endpoint [7, 32, 80]. Considering the proven efficacy
of bevacizumab in early phase of continuum of care and
effectiveness of the anti-EGFR monoclonal antibody in the
later line of treatment in patients with metastatic CRC,
use of bevacizumab in combination with chemotherapy as
the first-line therapy could be an option [19, 20, 70, 71].
Although Passardi et al. reported no benefit of bevacizumab
as the front-line treatment in combination with FOLFIRI or
FOLFOX4 in a phase III randomized trial, there is a limitation
that only a small number of patients were analyzed in this
study [69]. Currently, either one of those targeted agents, anti-
EGFRmonoclonal antibodies or bevacizumab, is regarded to
be a reasonable option to use as the initial line of treatment
in combination with FOLFOX or FOLFIRI. Because an
appropriate sequence of use of targeted agents has not been
determined, an ongoing phase III clinical study is trying to
access the optimal use and the best sequencing of the tar-
geted therapies. The randomized, open-label STRATEGIC-
1 phase III trial comparing two treatment strategies, first-
line FOLFIRI-cetuximab followed by second-line oxaliplatin-
based chemotherapy with bevacizumab (Arm A) versus
oxaliplatin-based chemotherapy plus bevacizumab as first-
line followed by irinotecan-based second-line chemotherapy
plus bevacizumab and third line anti-EGFRmonoclonal anti-
body with or without irinotecan (Arm B), is currently being
undergone [83]. On the other hand, FOFOXIRI combined
with bevacizumab is also another option as the first-line treat-
ment in selected patients for the significant adverse effects.

For patients with poor performance status with symp-
toms of tumor burden, given that goal of treatment is
prolongation of life with palliation of symptoms by reducing
tumor burden, careful selection of chemotherapeutic agents
is required based on benefit and disadvantages. Anti-EGFR
antibodies or bevacizumab in combination with chemother-
apy is also a choice for patients in this group.

6. Resistance Mechanisms to
Anti-EGFR Therapy

Encouraged by the improved outcomes of treatment with
anti-EGFR monoclonal antibodies, addition of the EGFR-
directed monoclonal antibodies to chemotherapy has been
the standard therapy in a subset of patients withKRAS/NRAS
wild-type metastatic CRC. However, patients responsive to
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the targeted therapy have been known to ultimately acquire
resistance. One of themechanisms of resistance to anti-EGFR
therapies is acquisition of mutations in EGFR.

A point mutation (S492R) at the extracellular domain
of EGFR found in a cetuximab-resistant CRC cell line was
reported to prevent the antibody from binding to EGFR in a
study.The study reported that 2 of 10 subjects who progressed
to cetuximab treatment were revealed to harbor the S492R
mutation. Despite the proven resistance to the cetuximab, the
patient with S492R mutation was shown to be responsive to
panitumumab [84].

Another reportedmechanism for resistance to anti-EGRF
antibodies is amplification of genes that encode RTKs. Both
de novo and acquired amplification of ERBB2 or MET gene
were reported in patients with metastatic CRC who showed
resistance to the anti-EGFR therapy [85, 86].

Mutations in RAS genes have also been suggested as a
mechanism for resistance to cetuximab or panitumumab.
Circulating cell-free tumor DNA from plasma of 24 patients
withCRC at recurrence and before treatmentwith anti-EGFR
antibodies was analyzed for genetic alterations in RAS genes.
In total, 70 new mutations after the EGFR blockade were
found. Half of the newly detected mutations were in codon
12 or 13 of KRAS; mutations in BRAF (V600E) were also
observed in two patients; mutations in EGFR kinase domain
were detected in two patients [87].

7. Multiple Receptors Kinases Inhibitor

Regorafenib. Regorafenib is a multikinase inhibitor that
blocks the activity of protein kinases of several receptors
(VEGFR1, VEGFR2, VEGFR3, TIE2, KIT, RET, RAF1, BRAF,
PDGFR, and FGFR) involved in various signaling pathways
regulating angiogenesis, tumor growth, and tumor microen-
vironment [88]. In the international, multicenter, random-
ized, placebo-controlled phase III CORRECT trial, patients
with metastatic CRC who progressed to the standard therapy
were assigned to receive the best supportive care plus rego-
rafenib or placebo.This trial proved the benefit of regorafenib
by showing prolonged OS in patients who received rego-
rafenib (6.4 versus 5 months; HR, 0.77; 95% CI, 0.64–0.94;
𝑝 = 0.005) [89]. Another study which evaluated efficacy of
regorafenib in Asian patients also reported benefit of this
multikinase inhibitor. A randomized, double-blind, placebo-
controlled, phase III CONCUR trial randomized Asian
patients with progressive metastatic CRC who had received
at least two previous treatment lines to have regorafenib plus
best supportive care or placebo plus best supportive care. No
prior use of target agents before enrollment was mandatory,
and around 40% of enrolled patients were not exposed to
targeted agents. Significant survival advantage was shown in
regorafenib group meeting the primary endpoint (8.8 versus
6.3 months; HR, 0.55; 95% CI, 0.40–0.77; one-sided 𝑝 =
0.00016) [90]. This study showed that exposure to targeted
agents was not prerequirement to regorafenib treatment.

8. New Targeted Therapy

We summarized the mechanism of action of biologic agents
currently used in treatment of CRC and historical studies

which evaluated the efficacy of those agents. Unfortunately,
despite the improvement of treatments outcomes in patients
with metastatic CRC by application of biologic agents to
clinical practice, their prognosis still remains dismal. Efforts
to overcome the limited efficacy of current therapy are
ongoing, and studies with new biologic agents are in progress.

8.1. EGFR Tyrosine Kinase Inhibitor. EGFR tyrosine kinase
inhibitors (TKIs) (erlotinib or gefitinib) are directed to intra-
cellular tyrosine kinase domain of the receptor. Unlike lung
cancer, treatment with TKI in combination of chemotherapy
has been reported to be ineffective in CRC. A randomized
phase II trial which examined efficacy of FOLFIRI with
or without gefitinib reported disappointing results with no
improvement in ORR or OS in gefitinib population [91].
However, the randomized phase III DREAM trial showed
that the addition of erlotinib to bevacizumab maintenance
therapy after bevacizumab-based induction therapy with
FOLFOX or XELOX or FOLFIRI resulted in significant
improvement in PFS (4.6 versus 5.8 months; HR, 0.73; 95%
CI, 0.59–0.91; 𝑝 = 0.005) [92].

Another clinical trial to see efficacy of dual EGFR block-
ade in the presence of erlotinib and panitumumab with or
without chemotherapy for advanced CRC is currently being
performed with patients harboring wild-type KRAS gene
(NCT00940316).

8.2. BRAF Inhibitors: Vemurafenib. BRAFV600E mutation,
occupying 10% of CRC, is known to be blocked by vemu-
rafenib. However, despite the proven efficacy in treatment of
advancedmelanoma, the role of vemurafenib inCRC remains
to be elusive. A preclinical study found that the antitumor
activity of vemurafenib in a V600E CRC model was poten-
tiated by combined use of EGFR inhibitors [93]. Based on
the finding, several clinical studies have been performed.
The combination of vemurafenib and panitumumab has been
examined for its efficacy in patients with BRAFV600E mutated
metastatic CRC, and tumor regression of >15% by response
evaluation criteria in solid tumors (RECIST) measurement
was observed in 8 of 15 patients [94] (NCT01791309). A
phase II trial to see efficacy of irinotecan plus cetuximab with
or without vemurafenib is currently comparing those two
groups in patients with BRAF mutation who progressed to
one or two prior lines of chemotherapies (NCT02164916).

8.3. MEK Inhibitor: Selumetinib. A multicenter open-label
phase I/II trial evaluated efficacy of the combination ther-
apy of irinotecan plus selumetinib, a small molecule kinase
inhibitor targeting MEK kinase, in patients with metastatic
CRC harboring KRAS mutation progressed on the oxalipla-
tin-based regimen with bevacizumab. The primary endpoint
was RECIST response rate. Three of 31 (9.7%) patients had
partial response, and 16 (51.6%) patients showed stable dis-
ease. These results were concluded to be promising compar-
ing with historical controls [95].

8.4. Antiangiogenic Agent: Famitinib. Famitinib is a small
molecule inhibitor that blocks multiple receptors tyrosine
kinases including VEGFR2, VEGFR3, PDGFR, c-KIT, FLT3,
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andRET.Recently reported results fromamulticenter, rando-
mized, double-blind, phase II study which analyzed efficacy
of famitinib demonstrated benefit of this agent. Patients with
metastatic CRC who failed second- or later-line treatments
were randomized to receive famitinib or placebo. Improved
PFS was shown in patients assigned to receive famitinib (2.8
versus 1.5 months; HR, 0.58; 𝑝 = 0.0034), meeting the pri-
mary endpoint [96].

8.5. Anti-Programmed Death 1 Immune Checkpoint Inhibitor:
Pembrolizumab. Pembrolizumab is an anti-programmed
death 1 (PD-1) immune checkpoint inhibitor that blocks the
PD-1 pathway, a negative feedback system repressing Th1
cytotoxic immune responses. A phase II trial to evaluate the
efficacy of pembrolizumab in patients with progressive meta-
static carcinoma refractory to previous therapies with or
without mismatch-repair (MMR) deficiency reported benefit
of this agent in patients with MMR deficiency. In patients
with CRC, the immune-related ORR and immune-related
PFS rate were 40% and 78%, respectively, for MMR-deficient
CRC and 0% and 11% for MMR-proficient CRC [97].

9. Prognostic Models in the Era of
Targeted Therapies

The Köhne and GERCOR risk classifications are two repre-
sentative prognostic models which subdivide patients with
CRC into three risk groups. The Köhne model was estab-
lished with metastatic CRC patients treated with 5-FU-based
chemotherapy. The risk group was classified according to
patient-, biology-, or tumor-related factors. Performance
status (PS), white blood cell count, alkaline phosphatase
(ALP), and number of metastatic sites or liver invasion are
factors taken into account in classification of risk groups [98].
Afterwards the GERCOR prognostic model was developed
for patients with metastatic CRC treated with oxaliplatin-
or irinotecan-based first-line chemotherapy. Based on two
clinical parameters, serum lactate dehydrogenase (LDH)
level, and PS, a more simplified prognostic model was estab-
lished [99]. The relevancy of the Köhne prognostic model to
patients treated with targeted biologic agents was addressed
in several studies. A post hoc analysis of patients involved
in the phase III trial comparing IFL plus bevacizumab to
placebo [64] and in the combined analysis of 5-FU/LV plus
bevacizumab or placebo [5] reported that the Köhnemodel is
also applicable to patients treated with bevacizumab plus FU-
based chemotherapy by showing improvedOS andPFS across
the Köhne risk classification [100]. In subgroup analyses,
however, it revealed that median OS in the intermediate-
risk group in patients receiving 5-FU/LV with or without
bevacizumab was not significantly different. In addition,
lower median PFS of intermediate-risk group compared to
that of high-risk group in patients receiving 5-FU/LV plus
bevacizumab was observed. Another study exploring validity
of the Köhne classification in patients with metastatic CRC
in whom approximately 30% received targeted biotherapies
reported the questioning relevance of the model in the era of
biotherapies [101]. For the limited reports on the relevance
of those prognostic classifications and biologic benefit of

targeted agents, further study is necessary to define the role
of those models in the era of targeted therapies.

Besides those prognosis classifications, a recently re-
ported molecular classification addressed its relevance with
clinical response to cetuximab. Sadanandam et al. subdivided
CRC into six subtypes, stem-like, inflammatory, cetuximab-
sensitive transit-amplifying (CS-TA), cetuximab-resistant
transit-amplifying (CR-TA), goblet-like, and enterocyte sub-
type, based on the gene expression profiles and differential
response to cetuximab. The authors explored responsiveness
of cetuximab on the segregation to see biological benefit of
the agent. CS-TA subtype was shown to be sensitive to the
agent in both in vitro and in vivo xenograftmodels [102]. Col-
lectively, from the results, CS-TA subtype might be success-
fully treated with cetuximab in metastatic CRC and could be
a guide in application of cetuximab in addition to RASmuta-
tions, but these outcomes should be demonstrated further by
retrospective and prospective studies.

10. Conclusion

Although enormous progress has been made in treatment
of metastatic CRC, the prognosis still remains poor. In this
review, we summarized representative studies which have
brought change of stream of therapy in patients with CRC.
The watershed of improvement of treatment outcomes has
been the introduction of biologic agents such as anti-EGFR
monoclonal antibodies or antiangiogenic agents. Application
of biologic agents to patients extended median survival up
to over 2 years, and the combination chemotherapy with
conventional chemotherapeutic and targeted agents has been
established as the standard therapy.However, resistance to the
targeted agents has emerged as a new issue to overcome in
recent years. The acquired mutations have been proposed as
one of reasons for the refractoriness of colorectal tumors to
biologic agents. Therefore, further clinical trials for targeting
these mutations should be considered. Furthermore, several
clinical trials to examine efficacy of the genomic sequencing
guided individualized therapy are being underwent currently.
A continuous effort will be devoted to improve outcomes of
treatment in CRC by clarifying mechanisms of oncogenesis
and developing new chemicals, and attention should be paid
to not only results of preclinical studies but also outcomes of
ongoing clinical studies.
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Introduction. The ability to form metastases which depends on the mechanisms of cell migration is an important element of the
progression of cancer. In the present study we analyzed the genes involved in the regulation of migration in colon cancer cells.
Materials and Methods. A total of 20 pairs of surgically removed tumoral and healthy (marginal) tissues samples from colorectal
cancer patients at clinical stages I-II and III-IVwere analyzed.The isolation of RNA fromCRCandnormal tissues and its subsequent
molecular analysis were performed according to manufacturer’s instructions. Microarray data analysis was performed using the
GeneSpring 11.5 platform and Significance Analysis of Microarrays (SAM). In SAM analysis to identify significantly differentially
expressed genes score and 𝑞-value parameters were used. Results.The largest increase in expression of genes was shown by MMP9,
ADAM17, EphA2, and TIMP. Conclusions. Presented genes, especially ADAM17, MMP9, EphA2, TIMP1, ICAM 11, and CD4, may
be used as prognostic markers of advanced stages of colorectal cancer, contributing to the development of new lines of therapy
focused on reducing metastasis of the primary tumor.

1. Introduction

The formation of metastasis is complex and dependent on,
inter alia, proteolytic activity of tumor cells, their ability of
migration, proliferative activity, and the ability of neovascu-
larization [1].The steps of this process described the “cascade
of metastasis” as follows:

(1) Detachment of cells from the primary tumor.
(2) Cell migration and penetration of blood vessels/

lymph.
(3) Cell survival in the circulation.
(4) Leaving the cells of blood vessels and organs settle-

ment.
(5) The growth of tumor cells [2].

Cancer cells are able to spread in the body using two
mechanisms, invasion and themetastasis, meaning the ability
of tumor cells to penetrate the walls of blood and lymphatic

vessels and to be transported to other often distant tissues
and create secondary tumors. Migrant cell is characterized by
a loss of intercellular connections, resulting in the absence
or low expression of E-cadherin [3, 4]. The loss of the
interaction is caused by a change of gene expression of
adhesion molecules and proteolytic enzymes and mutations
in genes regulating the migration and cell cycle [3]. Tumor
cells exceed the basal membrane due to the ability to
secrete serine and cysteine proteases, matrix metallopro-
teinases (MMPs), and plasminogen activators [4]. MMPs are
called collagenoses. Together with three other families of
proteins, astacynases, adamalizynes, and serralizynes form a
superfamily, endoproteinases (called metzyncynases), which
participate in the processes of reception of signals from the
environment, activation, proliferation, differentiation, and
apoptosis [5–9]. Metalloproteinase activity is controlled at
many levels and includes the transcription and events of post-
translational inhibition of the metalloproteinase inhibitors
stabilizing mRNA, secretion and activation proenzymes, and
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proteolysis [5].The ability to inhibit the proteolytic activity of
matrix metalloproteinases has also TIMPs (tissue inhibitors
of metalloproteinases) [10].

A disintegrin and metalloproteinase-17 (ADAM17, also
named as tumor necrosis factor-alpha-converting enzyme,
TACE) is expressed in most tissues and is upregulated
during inflammation, tumor growth, and angiogenesis [11].
ADAM17 has been initially identified as the main sheddase
responsible for releasing the soluble form of tumor necrosis
factor (TNF) from the plasma membrane and is known to
shed a variety of growth factors, receptors, and adhesion
molecules, such as epidermal growth factor receptor (EGFR)
ligands, p75 TNF receptor, interleukin-1 receptor type II,
p55 TNF receptor, transforming growth factor-alpha, L-
selectin, growth hormone receptor, MUC1, and the amyloid
precursor protein [12]. In fact, as many as 76 proteins have
been shown to be substrates for ADAM17 shedding activity,
thus regulating responses to tissue injury, inflammation,
and carcinogenesis [13]. It is indispensable regulator of
cellular events from proliferation to migration [14]. The high
expression of ADAM17 genes is poor prognostic factor in
various cancer types and correlates with tumor progression
(e.g., breast, prostate, gastric, colorectal, hepatocellular, and
ovarian cancer) [15].

Colorectal cancer is the third most common cancer. Its
development involves many steps of genetic changes such
as inactivation of tumor suppressor genes and activation of
oncogenes, often associated with the progression of prema-
lignant adenomas to invasive adenocarcinoma [16].

The research which focused on finding sensitive and spe-
cific methods to assess diagnostic and prognostic colorectal
cancer estimated that more purposeful exploration of the
individual markers of carcinogenesis is to determine the
genetic profile of colorectal cancer.

Aim of this study is to predict metastasis-related genes
differentiating colorectal cancer tissue from healthy tissue
depending on the clinical stage of the disease and identify the
potential role of ADAM17 in this process.

2. Materials and Methods

2.1. Tissue Sampling. A total of 20 pairs of surgically removed
tumoral and healthy (marginal) tissues samples from col-
orectal cancer patients at clinical stages I-II and III-IV were
collected. Healthy control tissue specimens (marked C) were
obtained from an area of 10mm outside of the histologically
negative margin. The tumor specimens were divided into
two groups according to the 7th edition of the AJCC/UICC
staging system of CRC: cases of colorectal cancer (CRC) were
divided into “low stage of cancer” (I–IIC) and “high stage of
cancer” (IIIA–IVB).

Samples were placed in RNAlater reagents and stored at
–80∘C.

The study protocol was approved by the Bioethical
Committee of the Medical University of Silesia (KNW/0022/
KB1/42/14), and informed consent was obtained from all
patients.

2.2. Method. The isolation of RNA from CRC and nor-
mal tissues (Invitrogen Life Technologies, USA) and its
subsequent molecular analysis (Gene Expression Analysis
Technical Manual procedures) were performed according
to manufacturer’s instructions. Microarray data analysis was
performed using the GeneSpring 11.5 platform (Agilent
Technologies UK Limited, South Queensferry, United King-
dom) and Significance Analysis of Microarrays (SAM). In
SAM analysis to identify significantly differentially expressed
genes score and 𝑞-value parameters were used. The array
data were shown by volcano plots, which are one of the
best mathematical representations available to compare the
expressions of multiple genes from two samples. The results
were analyzed with particular consideration to 𝑃 value and
fold change (FC) parameters. The parameter of 𝑃 value
indicates the percentage probability of accidental occurrence
of the observed differences in fluorescence signal. Its value
should be lower than 0.05. The fold change (FC) determines
the degree of variation of studied transcriptomes fluorescence
against control subjects. Its value should be higher than 1.1.

The expression patterns of the controls were compared
to differentially expressed genes identified in LSC and HSC
specimens. Differences in gene expression were evaluated
using univariate analysis of variance, ANOVA, and Tukey’s
post hoc multiple comparisons test, both with Benjamini-
Hochberg correction.

3. Results

The results were repeated two times in each subgroup.
The comparison analysis of the transcriptomes that were
identified by microarray (Affymetrix) was conducted. Out
of the collection of 22 283 ID mRNA that were located on
the HG-U133A microarray, 909 ID mRNA were selected
using the NetAffx� database. Using the Affymetrix scientific
database and available literature data, 497 genes for further
analysis of transcriptomes were typed.

3.1. Comparing Transcriptomes Derived from Colorectal Can-
cer Specimens with Healthy Tissues. Differentiation of genes
of colorectal cancer tissues versus control was presented
graphically on Figure Volcano (Figure 1) and in Tables 1 and
2. The figure illustrates the distribution of the fluorescence
signal depending on the changes in gene expression between
colorectal cancer and control cells on the basis of negative
values of log 10 (𝑃 value) versus log 2 (fold change).

3.2. Designation of Genes Differentiating Transcriptomes of
LSC Specimens versus Control. Among the 497 genes ana-
lyzed initially, fifteen genes, grey color, demonstrated signif-
icant differences in the fluorescence test compared with the
control of FC > 1.1, out of which two genes, dark color, with
FC > 1.5 were selected (Figure 1).

Table 1 illustrates statistically significant genes with FC >
1.5 and 𝑃 value < 0.05.

3.3. Designation of Genes Differentiating Transcriptomes of
HSC Specimens versus Control. Fifteen genes, dark color,
demonstrated significant differences compared with the
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Figure 1: Genes differentiating: (a) LSC versus C and (b) HCS versus C; grey color, all genes with 𝑃 < 0.05; black color, genes with FC > 1.1
and 𝑃 < 0.05.

Table 1: Genes differentiating control from a low stage of colorectal
cancer.

ID Gene FC Change (O) 𝑃 value
203499 at EphA2 2.118391 O 0.03889112
203936 s at MMP9 2.2065341 O 0.004125773
O, overexpression.

control of FC > 1.1, out of which 9 genes have FC > 1.5 and
𝑃 < 0.05 (Figure 1). Three of the nine genes represent the
expression of various isoforms (Table 2).

The largest increase in expression of genes was shown
by MMP9 and TIMP. MMP9 expression is also increased
in the HSC of the disease but this increase reaches a much
lower level, which may indicate its importance both in the
early stages of disease development and in progression. At the
same time, in HSC specimens, isoforms of the ADAM17 gene
expressionwere observed, whichmay be of particular interest
in themutual connection between themetalloproteinases and
ADAMs.

In turn, the EphA2 gene expression in advanced stage
colorectal cancer is at a lower level than in LSC tissues which
can be explained by the increased importance of this gene in
the initiation of tumor development.

4. Discussion

The above results are part of a series of ongoing researches
into the molecular ground of carcinogenesis in colorec-
tal cancer. The importance of matrix metalloproteinases,
adamalizynes, EphA2, and othermolecular factors, like TNF-
𝛼, is not fully understood. However, several observations
point to their important role in the initiation and progression
of cancer.

Table 2: Genes differentiating colorectal cancer in the high stage of
the control.

ID Symbol FC Change (O) 𝑃 value
201666 at TIMP1 3.7493954 O 1.3401924𝐸 − 8

202637 s at ICAM1 1.6801583 O 0.008369471

202638 s at ICAM1 1.6895063 O 0.02539259

203499 at EPHA2 1.9644961 O 7.333963𝐸 − 4

203936 s at MMP9 4.0100565 O 8.0960683𝐸 − 7

205746 s at ADAM17 1.5147098 O 0.0093083875

212014 x at CD44 1.5726474 O 0.023357296

213532 at ADAM17 1.5600195 O 0.0024534443

217523 at CD44 1.7528782 O 0.0015765285

O, overexpression.

Existing data on the prognostic role ofmetalloproteinases
and their inhibitors as markers of progression of colorectal
cancer are ambiguous. Increased activity of MMP2 and
MMP9 seems to play a key role in the growth and invasion
of tumor and its metastasis [17]. MMP9 is particularly
interesting, since a basic level of expression in most cells
is generally low, whereas it is highly expressed in most
human cancers and responds to growth factors and cytokines
[18]. Collins et al. demonstrate a significant increase in the
expression of MMP2 mRNA level in colon cancer cells with
an increase of clinical stage (Duke C versus B), while the
ratio of MMP2 to TIMP1 and TIMP2 did not change. The
relationship between the expression of MMP2 and MMP9
mRNA and TIMP1 and TIMP2 also was not found. Zeng
et al. estimated that the increase of MMP9 mRNA in colon
cancer tissue relative to the level in healthy tissue of colorectal
increased with progression of the disease and was negative
predictor for disease-free survival and overall survival [19].
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Other studies have shown that both protein levels of MMP2
and MMP9 were dependent on the severity scale Duke and
the locating MMP9 assessed by immunohistochemistry were
particularly active areas lying in the vicinity of the invasion
of inflammatory cells.

The role of ADAM17 is complex, in particular, because of
the direct relationship with the activity of TNF-𝛼. ADAM17 is
known asTNF-𝛼 converting enzyme (TACE); it is an essential
factor for the appearance of the active form of TNF-𝛼. This
was confirmed in an animal model where the organism
deprived of the ability to produce ADAM17 did not represent
expression of active TNF-𝛼 [20]. A Polish study between
2004 and 2006 already demonstrated the role of TNF-𝛼 and
its receptors TNFR2 and TNFR2/R7 (without exon 7) and
the expression in colon cancer tissues, depending on clinical
stage of disease. Molecular dysregulation of TNF system
was observed in cancer tissue by an increased number of
TNF-𝛼 receptors and ligand-receptor activity. It is interesting
that expression of the receptors for TNF-𝛼 was highest in
the metastatic cells (lymph nodes tissue) [21]. Furthermore,
in subsequent studies, the largest number of mRNA copies
for TNF-𝛼 and TNFR2/R7 in healthy cells surrounding
cancer tissue in patients with stage III of colorectal cancer
(compared to a group of lower degree of stage of the disease)
was observed [22]. Probably, at the higher levels of clinical
stage of the disease, molecular changes, which may have an
effect in the progression of the disease, occur in the tissues
surrounding the tumor. It is possible to draw a hypothetical
line separating the anticancer activity of TNF-𝛼 and its
influence on cancer progression and metastasis.

Observed in our study, overexpression of tumor necrosis
factor (TNF) converting enzyme (TACE/ADAM17) in III
and IV clinical stage CRC (from IIIst.) results, among
others, activation of ADAM17-TNF-alpha axis, which has an
impact on the progression of tumor growth, its invasiveness
and ability to create distant metastases, which is reflected
previously described overexpression of TNF-𝛼 in metastatic
lymph nodes.

Probably the cellular level of ADAM17 may augment
malignant potential of colon carcinoma cells by increasing
their motility and expression of proangiogenic factors, while
at the tissue level it enhances angiogenesis and affects the
cross talk between tumor cells and immune system.

In turn, EphA2 overexpression in cancer cells is associ-
ated with decreased expression of E-cadherin which leads
to loosening of the intercellular interaction [23]. The com-
pound is studied, among others, by Herath and Boyd. They
demonstrated that the tissues of colorectal cancer, an increase
in the expression of EphA correlated with the coexistence
of metastases to lymph nodes and liver [24]. In studies on
therapeutic possibilities for patients with colon cancer with
K-rasmutation, it was also found that the inhibition of EphA2
further reduces invasion and metastasis [25]. However, the
authors found no other reports documenting increasing
EphA2 gene expression primarily in the early stages of
colorectal cancer.

Presented genes, especially ADAM17, MMP9, EphA2,
TIMP1, ICAM 11, and CD4, may be used as prognostic
markers of advanced stages of colorectal cancer, contributing

to the development of new lines of therapy focused on
reducing metastasis of the primary tumor.

For further exploring TACE/TNF-𝛼 pathway in CRC
pathology, we plan to investigate the expression and localiza-
tion of TACE in human colorectal cells and some of the effects
of TNF-𝛼 release on migration process according to clinical
and histopathological stage.

Moreover, in the present study, we focused on the
analysis of genes that are overexpressed in colon cancer
tissue. Significant path but also the analysis of genes that
are silenced in the process of carcinogenesis and tumor
progression. We wish that such research was a further step
of our work. Further examination of the expression of genes
associated with the migration process may allow for better
knowledge and understanding of the processes occurring
during the development of colon cancer. Such studies could
help gene therapy allowing one to block tumor growth and its
metastasis. Also, they could constitute the essence to identify
new prognostic biomarkers in this type of cancer.
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Objectives. We evaluated the value of Gadoxetic acid-enhanced liver MRI in the preoperative staging of colorectal cancer and
estimated the clinical impact of liver MRI in the management plan of liver metastasis. Methods. We identified 108 patients who
underwent PET/CT and liver MRI as preoperative evaluation of colorectal cancer, between January 2011 and December 2013. We
evaluated the per nodule sensitivity of PET/CT and liver MRI for liver metastasis. Management plan changes were estimated for
patients with metastatic nodules newly detected on liver MRI, to assess the clinical impact. Results. We enrolled 131 metastatic
nodules (mean size 1.6 cm) in 41 patients (mean age 65 years). The per nodule sensitivities of PET/CT and liver MRI were both
100% for nodules measuring 2 cm or larger but were significantly different for nodules measuring less than 2 cm (59.8% and 95.1%,
resp., 𝑃 = 0.0001). At least one more metastatic nodule was detected on MRI in 16 patients. Among these, 7 patients indicated
changes of management plan after performing MRI. Conclusions. Gadoxetic acid-enhanced liver MRI detected more metastatic
nodules compared with PET/CT, especially for small (<2 cm) nodules. The newly detected nodules induced management plan
change in 43.8% (7/16) of patients.

1. Introduction

Colorectal cancer (CRC) is a common cancer in both men
and women [1]. Liver metastases are the major cause of
death in these patients [2]. Approximately 20–25% of patients
with colorectal cancer have liver metastases at the time of
diagnosis. Complete resection of liver metastases is the only
potentially curative treatment; however, many patients with
CRC have unresectable liver metastases [3]. Therefore, an
accurate preoperative selection of patients who may benefit
from hepatic resection is necessary [4]. The determination of
surgical eligibility relies heavily on imaging for the accurate
detection of all metastatic nodules [5, 6].

Studies have evaluated the effectiveness of ultrasonogra-
phy, computed tomography (CT), positron emission tomog-
raphy (PET), and magnetic resonance imaging (MRI) as
preoperative imaging modalities to detect liver metastasis in
CRC patient [7–11]. Although the effectiveness of Gadoxetic
acid-enhanced liver MRI is recently emphasized [12–15],
there still remains the need to set a proper recommendation
of liver MRI in preoperative evaluation of CRC.

The 2013 National Comprehensive Cancer Network
(NCCN) guideline recommends PET/CT to patients with
suspicious lesions on abdominal CT and also mentions that
liver MRI can be considered to further evaluate patients
diagnosed with potentially resectable hepatic metastasis on
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CT [16, 17]. PET/CT evaluates peritoneal nodules and other
metastatic lesions [18–21]. Liver MRI evaluates suspicious or
too small to characterize hepatic lesions detected on abdomi-
nal CT [8, 22]. Several reports have mentioned the sensitivity
and specificity of PET/CT and liver MRI separately [23, 24].
However, the interpretation of these imagingmodalities is not
independent in the clinical practice. During the preoperative
staging evaluation process, many patients undergo PET/CT
first, because liver MRI is usually performed after reviewing
the CT results, especially in advanced CRC patients. In terms
of cost-effectiveness, it is necessary to evaluate if an additional
liver MRI is still required in patients with precedent PET/CT.

To our knowledge, limited data has compared the effec-
tiveness of Gadoxetic acid-enhanced liver MRI with PET/CT
to identify liver metastases in CRC patients. This study eval-
uated the added value of liver MRI in patients with precedent
PET/CT, by comparing the detection rate of PET/CT and liver
MRI. We also estimated the clinical impact of the additional
liver MRI in the management plan of liver metastasis.

2. Materials and Methods

2.1. Patients. Institutional review board approval was
obtained, and patient informed consent was waived. We
retrospectively reviewed the imaging database of our institute
to identify patients who underwent PET/CT and Gadoxetic
acid-enhanced liver MRI as preoperative evaluation of
colorectal cancer, between January 2011 and December 2013.
A total of 140 patients were initially identified. Among them
28 patients with liver MRI performed prior to PET/CT were
excluded, because we wanted to evaluate the added value
of liver MRI at the clinical setting of already performed
PET/CT. Two patients were excluded since the pathologic
finding of colorectal lesion was neuroendocrine tumor,
and other two patients were excluded because they did not
undergo subsequent surgery or follow-up imaging. Finally, a
total of 108 patients were enrolled in this study. Patients with
at least one metastatic nodule were selected for per patient
and per nodule sensitivity analysis. In these patients, liver
metastasis was confirmed by subsequent surgery or follow-
up imaging. Patients without metastasis were included in per
patient specificity analysis. Figure 1 shows the flowchart of
the study population.

2.2. Imaging Technique

2.2.1. 18F-FDG PET/CT. All patients fasted for at least 6 h
before the PET/CT study. Scanning began 60 minutes after
the intravenous injection of 18F-FDG (370–555MBq). None
of the patients had a blood glucose level greater than
130mg/dL before the injection. No intravenous contrast
agent was administered. Studies were acquired on combined
PET/CT inline systems, either Biograph Duo or Biograph
TruePoint (SiemensMedical Solutions, Knoxville, TN, USA).
The first scan, a whole-body image from the orbitomeatal
line to the upper thigh, was performed 1 h after 18F-FDG
injection. Six to eight bed positions were used and the
acquisition time was 2min per bed position. CT began at

Target population (n = 140)

Patients who underwent PET/CT and MRI for

preoperative evaluation of colorectal cancer

Patients without liver metastasisPatients with liver metastasis

Excluded patients (n = 32)

MRI before PET/CT (n = 28)

Neuroendocrine tumor (n = 2)

Follow-up loss (n = 2)

Sensitivity analysis (n = 41) Specificity analysis (n = 67)

Figure 1: Flowchart of the study population.

the orbitomeatal line and progressed to the proximal thigh
(120 kV, 50mAs, and 5mm slice thickness; 130 kV, 80mAs,
and 5mm slice thickness) and was followed by a PET over
the same body region. CT data were used for attenuation
correction and images were reconstructed using a standard
ordered-subset expectation maximization algorithm (OSEM
two iterations, eight subsets). Axial spatial resolution was 6.5
or 4.5mm at the center field of view. All PET/CT images
were reviewed with fusion software (syngo; Siemens Medical
Solutions, Knoxville, TN, USA) that provided multiplanar
reformatted images and displayed PET images with attenu-
ation correction, CT images, and PET/CT fusion images.

2.2.2. Gd-EOB-DTPA-Enhanced LiverMRI. MR imaging was
performed using a 3.0-T MR system (MAGNETOM Verio;
Siemens Healthcare, Erlangen, Germany) with an eight-
channel body phased-array coil. The MR protocol consisted
of breath-hold transverse T1-weighted in- and out-of-phase
two-dimensional gradient-echo sequences (TR/in phase TE,
130/2.6; out-of-phase TE, 1.5; flip angle, 52∘; field of view,
400 × 300mm; matrix, 288 × 187; section thickness, 6mm),
transverse T2-weighted half Fourier acquisition single shot
turbo spin-echo sequences (TR/TE, 800/91; flip angle, 138∘;
field of view, 400× 300mm;matrix, 384× 173; slice thickness,
6mm), and transverse fat-suppressed T2-weighted turbo
spin-echo sequences (TR/TE, 4400/102; flip angle, 140∘; field
of view, 400 × 300mm; matrix, 448 × 218; slice thickness,
6mm).

A dose of 0.1mL/kg (0.025mmol/kg) Gd-EOB-DTPA
(Primovist or Eovist, Bayer Schering Pharma) was admin-
istered intravenously at 1.0mL/s for the dynamic study,
followed by a 30mL saline flush. Contrast-enhancedMRIwas
performed using an axial fat-suppressed three-dimensional
T1-weighted spoiled gradient-echo sequence (TR/TE, 3.1/1.2;
flip angle, 11.5∘; field of view, 380 × 300mm; matrix, 374
× 200; section thickness, 2mm). Gd-EOB-DTPA-enhanced
hepatocyte-phase images were obtained 20min after contrast
agent administration.
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2.3. Image Analysis. The clinical reports of PET/CT and
Gadoxetic acid-enhanced liver MRI were reviewed for all
patients. Two board-certified radiologists reviewed the MR
andPET/CT images and recorded the exact location, size, and
number of metastatic nodules to assess the accuracy of the
initial clinical reports. The maximal diameter of each nodule
was measured on the axial image of the hepatocyte-phase, on
a single slice in which the size of the lesion was the largest. All
nodules were classified as less than 1 cm, 1 cmor larger but less
than 2 cm, and 2 cm or larger.

2.4. Reference Standard. Final pathologic results were used
as the reference standard for lesions of which the operated
specimens were available. Suspected lesions on MRI not
operated on were followed by repeated imaging studies. A
liver metastasis diagnosis was made when a focal hepatic
lesion was progressive under therapy, a focal hepatic lesion
showed a partial response under therapy, or when a focal
hepatic lesion showed a complete response under therapy.

2.5. Statistical Analysis. Per patient and per nodule anal-
yses were performed, respectively. Per patient sensitivity
and specificity of PET/CT and MRI were calculated and
compared, using McNemar’s test. Per nodule sensitivities of
PET/CT and MRI were calculated and compared for all nod-
ules and among different nodule size, also using McNemar’s
test. A student 𝑡-test compared the size of PET/CT negative
metastatic nodules and PET/CT positive metastatic nodules.

2.6. Assessment of Clinical Impact of Liver MRI. Patients
with newly detected metastatic nodule after performingMRI
were selected to estimate the clinical impact of liver MRI
on the management plan. Virtual management planning was
performed for these patients by consensus of a surgeon and
a medical oncologist. The first planning was made blind to
the MRI results, and the second planning was made after
notifying the MRI results. A comparison of these two virtual
management plans evaluated significant changes of treatment
plan after performing liver MRI.

3. Results

Among the initial 108 patients, 41 patients (mean age 65
years; range 37–81) who showed at least onemetastatic nodule
were selected for per patient sensitivity analysis. Among
these, 29 patients were confirmed to have liver metastasis
by subsequent surgery and 12 patients were confirmed by
follow-up imaging. A total of 131 metastatic nodules (mean
size 1.6 cm; range 0.4–8.2) were identified from these 41
patients and included in per nodule sensitivity analysis.
Eleven patients had a solitary metastasis, and one patient had
amaximum of ninemetastases. Sixty-seven patients who had
nometastasis were included in per patient specificity analysis.

3.1. Per Patient Analysis. Among the 41 patients selected for
per patient sensitivity analysis, 27 patients had T3 stage, 14
patients had T4 stage, and no patient had T1 or T2 stage

Table 1: Per nodule sensitivity (%) of PET/CT and Gadoxetic
acid-enhanced liver MRI, at detecting metastatic liver nodules in
colorectal cancer patients.

PET/CT MRI 𝑃 value
All (𝑛 = 131) 68.7 (90/131) 96.2 (126/131) 0.0001
≥2 cm (𝑛 = 29) 100 (29/29) 100 (29/29) 1
<2 cm (𝑛 = 102) 59.8 (61/102) 95.1 (97/102) 0.0001
≥1 cm, <2 cm (𝑛 = 54) 88.9 (48/54) 98.1 (53/54) 0.125
<1 cm (𝑛 = 48) 27.1 (13/48) 91.7 (44/48) 0.0001

disease. A total of 6 patients had N0 stage, 14 patients had
N1 stage, and 21 patients had N2 stage disease.

Per patient sensitivities of PET/CT and MRI were 95.1%
(39/41) and 97.6% (40/41), respectively. And per patient
specificity of PET/CT andMRI were 100% (67/67) and 92.5%
(62/67), respectively. Per patient sensitivity and specificity did
not differ significantly (𝑃 = 1 for sensitivity, and 𝑃 = 0.063
for specificity).

PET/CT showed two false negative patients, whose
metastatic nodules were not indicated on the retrospective
review. MRI showed one false negative patient with two sub-
centimeter subcapsular metastatic nodules identified on the
retrospective review.

There were five MR false positive nodules in 5 patients.
One patient underwent hepatic resection and the final patho-
logic diagnosis was lymphoplasma cell infiltration. For other
patients, suspicious or undetermined nodules (0.4–1.6 cm)
were not operated on; however, follow-up imaging studies
revealed nonmetastatic lesions.

3.2. Per Nodule Analysis. A total of 131 nodules in 41 patients
were included in per nodule sensitivity analysis. Among
these, 48 nodules were less than 1 cm, 54 were 1 cm or larger
but less than 2 cm, and 29 were 2 cm or larger.

The per nodule sensitivities of PET/CT and MRI were
68.7% (90/131) and 96.2% (126/131), respectively. Table 1
summarizes the sensitivity of PET/CT and MRI among
different size groups. The sensitivities of PET/CT and MRI
were significantly different for small nodules measuring less
than 2 cm (𝑃 = 0.0001).

The mean diameter of PET/CT positive metastatic nod-
ules was significantly larger than PET/CT negative metastatic
nodules (1.98 cm and 0.75 cm, resp., 𝑃 = 0.0001).

3.3. Clinical Impact. Thirty-seven nodules negative on
PET/CT were newly detected by MRI in 16 patients.
Additional nodules were detected in both T3 and T4
diseases, with 10 patients having T3 and 6 patients having
T4 disease. According to the virtual management planning,
there were no changes of the management plan in 9 patients;
however, 7 patients indicated changes of the management
plan after performing MRI (Figure 2). One patient needed
a hepatic resection for a metastatic nodule only detected
by liver MRI (Figure 3). Two patients were reclassified to
unresectable liver metastasis and underwent chemotherapy.
An additional wedge resection or tumorectomy was needed
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Patients with additional nodules detected on

Gadoxetic acid-enhanced liver MRI

Change of the management plan

(n = 16) 14.8%

Yes (n = 7) 43.8%

Needed hepatic resection (n = 1)

Resectable → unresectable (n = 2)

Additional wedge resection (n = 4)

No (n = 9) 56.2%

In the same lobe (n = 2)

Anyway unresectable (n = 7)

Figure 2: Clinical impact of theGadoxetic acid-enhanced liverMRI on themanagement plan of the patients with livermetastasis of colorectal
cancer.

(a) (b)

Figure 3: A 51-year-old womanwith sigmoid colon cancer, who showed livermetastasis only onGadoxetic acid-enhanced liverMRI. (a) Axial
18F-FDG-PET/CT image shows inhomogeneous physiologic activity of liver but no definite metastatic nodule. (b) Axial image of hepatocyte-
phase on liver MRI shows a focal signal defect in segment 2 suggesting metastatic nodule (arrow).

for 4 patients because newly identified nodules were located
in different segments or lobes of liver, with known metastatic
nodules (Figure 4).

4. Discussion

Colorectal cancer is a malignant tumor in which the pres-
ence of limited liver metastasis warrants surgical resection.
Effective management depends on the appropriate selection
of patients with an accurate preoperative detection of liver
metastasis [6]. Many studies have evaluated the effectiveness
of various imaging modalities, and liver MRI is known to be
the best imaging modality at detecting liver metastasis [7–
10, 12, 13, 23–26]. However, the focus of our study was to
evaluate if liver MRI would still be helpful for patients with
precedent PET/CT in the practical management planning of
livermetastasis.These conditions are especially important for
patients with advanced CRC, who are likely to undergo both
PET/CT and liverMRI.We excluded patients who performed
MRI prior to PET/CT, in order to evaluate the additional
value of MRI in patients with precedent PET/CT.

According to our study, additional liver MRI performed
after PET/CT showed a high sensitivity to detect liver metas-
tasis in the preoperative evaluation of CRC. Subsequently,

additional metastatic nodules (not seen on PET/CT) were
newly detected in 14.8% (16/108) of all patients who per-
formed liver MRI. There was a prior study performed by
Muhi et al. that also reported a high sensitivity of liver MRI
to detect tiny metastatic nodules [9]. A high sensitivity of
liver MRI to detect metastatic nodules might be meaningless
without a significant change in the management plan after
performing liver MRI; therefore, we evaluated the clinical
impact of liver MRI regarding the change of management
planning before and after liverMRI. In our study, 43.8% (7/16)
of patients with newly detected metastatic nodules needed to
change the management plan.

Considering the size of nodules, the sensitivities of both
liverMRI and PET/CTwere 100% formetastatic nodules with
a diameter of 2 cm or larger. However, the sensitivity of the
liver MRI was significantly higher for smaller nodules due to
themarkedly decreased sensitivity of PET/CT.The sensitivity
of PET/CT for less than 1 cm sized metastatic nodules was
only 27.1% (13/48). Coenegrachts et al. reported similar
drop of PET/CT sensitivity with the decreasing size of the
hepatic nodules [24]. The reduced sensitivity of PET/CT to
detect small metastatic nodule is associated with poor spatial
resolution. Table 1 indicates that 11.1% of nodules measuring
1 cm or larger but less than 2 cm, and 72.9% of nodules less
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(a) (b)

Figure 4: A 46-year-old man with sigmoid colon cancer, who showed one metastatic nodule on PET/CT and twometastatic nodules on liver
MRI in both hepatic lobes. (a) Axial 18F-FDG-PET/CT image shows a focal increased uptake in left lateral section of the liver (curved arrow),
but there is no definite FDG uptake in right hepatic lobe. (b) Axial image of hepatocyte-phase on liver MRI shows focal signal defects in left
lateral section of the liver (curved arrow), and also in the subcapsular portion of right hepatic lobe (arrow), suggesting twometastatic nodules
in both hepatic lobes.

than 1 cm were not detected on PET/CT; consequently, we
recommend liver MRI as a decision tool, for small suspicious
nodules less than 2 cm, even after performing PET/CT. Our
study results would be helpful in the determination of the
need of liver MRI.

There are several limitations to this study. First, it was
a retrospective study, with a relatively small sample size.
Second, there was a selection bias in our patient group. Only
advanced CRC patients were included, because PET/CT was
usually performed in such patients; consequently, result of
our study may not be applicable for early stage CRC patients.
Finally, MR sensitivity might be overestimated because MR
images were interpreted after PET/CT. However, this over-
estimation may not be significant, since the sensitivity of
PET/CT is much lower than liver MRI.

5. Conclusions

In conclusion, the added Gadoxetic acid-enhanced liver MRI
in advanced stage CRC patients with precedent PET/CT
showed a significantly higher sensitivity to detect small
metastatic nodules that resulted in additional detection of
liver metastasis in 14.8% (16/108) of patients. The additional
detection of liver metastasis led to a change of management
plan in 43.8% (7/16) of patients; therefore, we conclude that
the Gadoxetic acid-enhanced liver MRI should be recom-
mended in advanced CRC patients even after performing
PET/CT, to evaluate hepatic nodules less than 2 cm.However,
a larger study with similar design that includes early stage
CRC patients is required to apply this recommendation to all
CRC patients.
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