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Novel Strategy for Colorectal Liver Metastases
-Estimated by the Concept for Hepatocyte
Growth Factor

Colorectal cancer is the third most common epithelial malignancy worldwide.
At some point in the natural course of patients with this disease, up to 50% will
develop metastasis to the liver, i.e., colorectal liver metastasis (CLM), which
represents one of the most common threats to life. A variety of therapeutic
approaches to treat this problematic disease have been attempted that have now
resulted in the acceptance of an aggressive strategy even for advanced cases.
However, the surgical indications for resection of synchronous metastases and
the optimal timing of hepatectomy are still controversial and widely debated. In
the present review, chemotherapeutic strategies involving recently developed

regimes and/or hepatectomy are proposed based not only on the clinical data
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but also on biological concepts in which chemotherapy causes hepatocyte growth

factor (HGF)-related epithelial mesenchymal transition (EMT).
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Introduction

Colorectal cancer is the third most common epithelial malignancy
worldwide [1], accounting for over 130,000 new cases and
almost 50,000 deaths in 2015 [2]. At some point in the natural
course of patients with this disease, up to 50% will develop
metastasis to the liver [3], i.e., colorectal liver metastasis (CLM),
which represents one of the most common threats to life. A
variety of therapeutic approaches have been attempted for this
problematic disease that have now resulted in the acceptance
of an aggressive strategy even for advanced cases [4]. However,
the surgical indications for resection of synchronous metastases
and the optimal timing of hepatectomy (simultaneous or
staged) are still controversial and widely debated [5]. Because
simultaneous major hepatectomy is associated with severe rates
of morbidity (36.1% vs. 17.6%) and mortality (8.3% vs. 1.4%) [6]
in comparison with staged hepatectomy, a staged operation has
been recommended. However, based on the results of similar
operative times, intraoperative blood loss and complication rates
[4], simultaneous resection appear to offer enhanced safety [7,8].
Thus, simultaneous treatments have been evaluated as grade
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C under the recommended guidelines [9], but no randomized
trials have been undertaken to confirm this. Except these safety
concepts for such surgical procedures, oncological approach
should be critical.

Recently developed chemotherapy of 5-fluorouracil (5FU)/
folinic acid with irinotecan (FOLFIRI) or oxaliplatin (FOLFOX) has
been found to be beneficial not only for initially unresectable
but also even resectable synchronous metastases [10]. Because
a prospective phase Il study of these treatment regimens
demonstrated a response rate of 66% [11] and a maximum
resection rate of 82% [12], the past data indicate that traditional
chemotherapeutic regimens are decreasingly being used. When
arguing the timing of hepatectomy and whether it should be
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performedfirstorbestaged, the contentsand resultsfromthe most
recent chemotherapeutic developments should be considered
[13]. In the condition in which only 15-20% of patients are initial
candidates for resection [14], the goals of chemotherapy might
include conversion of cases from unresectable and identification
of the best candidates for a curative treatment. In the present
review, chemotherapeutic strategies involving FOLFOX or FOLFIRI
and/or hepatectomy will be proposed based not only on the
available clinical data but also on biological concepts.

Determination of Resectability

The median survival time (MST) of patients undergoing
chemotherapy for the treatment of CLM was reported to
increase from 22.2 months to 49.8 months with the addition
of hepatectomy [15], indicating that its combination is very
important. The survival rate of patients with unresectable CLM
is quite poor, under 2% at 5 years, but in patients converted
to resection, it is clearly improved, 33% at 5 years and 27% at
10 years [16]. Conversion is one of the most important factors
arguing for prognosis in patient with CLM. From observations
of unresectable CLM, the usual response rate to FOLFOX or
FOLFIRI was reported to be around 50% [17]. Despite the risk
of worse liver function [18], chemotherapy itself is focused
not only on improving patient prognosis [19] but also on
converting inoperable cases to resectable cases [20]. The
resection rate also correlates with the chemotherapy-induced
response rate [17]. Actually, for patients with inoperable CLM,
40% [21] or 25.7% [22] were converted to resectable cases by
these recent chemotherapeutic regimes. Among these studies,
surgical indications were decided by oncological factors, such
as tumor number or size and distance of the free margin, or for
clinical reasons such as remnant liver volume.

Non-optimal resection is defined when patients have a number
of liver tumors, maximal diameter tumors, synchronous
metastases, the presence of positive lymph node metastases,
tumor marker levels and tumors located near blood vessels
[23]. Another report described tumor diameter and the
number of tumors in CLM as critical determinates of non-
resection [24]. In our previous study [13], the 3-year survival
rate and MST were significantly better (p=0.0127) for patients
with two or fewer tumors than for patients with three or
more tumors. Furthermore, in patients in whom synchronous
liver tumors were detected, the 3-year survival rate and MST
after staged hepatectomy were significantly better than those
after simultaneous hepatectomy (p=0.0467), and the MST for
patients with two or fewer tumors was significantly longer than
that for patients with three or more tumors. It appears that
tumor number might be important for patient survival, and a
cut-off point set at two tumors may be reasonable for accepting
primary hepatectomy. In contrast, although the surgical margin
is associated with long-term prognosis [25], current reports
demonstrate a negative margin to have no effect on survival,
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risk of recurrence or site of recurrence in the era of modern
chemotherapy [26,27].

Correlation of C-MET with Colorectal
Liver Metastases

Hepatocyte growth factor (HGF) and its receptor, c-Met, have
been studied in the progression of colorectal cancer [28], and
the c-Met pathway is indicated to play a critical role in colorectal
carcinogenesis. Although liver metastasis was significantly
higher in a patient group with high expression of c-Met, in the
patients with CLM, immunodetection of high-grade c-Met
activity in the primary tumor changed to low-grade activity in the
metastatic sites [29]. An experimental mouse study also showed
that expression of c-Met decreased from culture conditions to
metastasis in atime- and tumor size-dependent manner [28]. Even
within single tumors, there was a difference in c-Met expression
whereby it was increased in the growing invasive periphery but
decreased in the established central regions, indicating that its
volume decreases with the increase in cell density as described
previously [29]. To explain the evidence for this c-Met reduction,
one concept for cancer growth and invasion has focused on
epithelial mesenchymal transition (EMT), in which a cancer cell
changes from being a localized type to one with invasive and/
or metastatic ability as a step in its evolution [30]. Substantial
activation of the HGF/c-Met pathway also leads to scattering and
invasion of cancer cells through activation of the cell signaling
pathway, and it may regulate EMT [31]. Further, a high serum
circulating level of HGF is related to poor prognosis of patients
with small cell lung cancer through a high rate of metastasis to
several organs [32]. In observations of hepatocellular carcinoma,
HGF was found to directly promote not only carcinogenesis [33]
but also EMT [34]. After hepatectomy as a treatment for liver
metastasis, activation of the HGF/c-Met pathway occurs as liver
regeneration progresses, indicating that the increased level
of serum HGF might prompt the growth of c-Met-expressed
colorectal cancer cells. However, it is not necessary to clarify
this because c-Met expression in tumor tissue decreases at the
metastatic site, as described above.

From the observation that the inhibition of c-Met expression
reduces the number and size of liver metastases as shown in
Figure 1 [35], cancer cells with high expression of c-Met gain
motility for progression to the vessels and/or distant organs
(Figure 2). The HGF/c-Met system mediates cancer progression
from local expansion to sites of distant metastasis via the process
of EMT.

A novel concept based on C-MET
expression

The EMT-related cell signaling includes not only stem cell-like
properties but also resistance to chemo/radiation therapy under
the self-renewal process [36]. Namely, there is a possibility for
cancer therapy through inhibition of EMT not only to reduce
metastasis but also to improve drug sensitivity [37]. Long-term
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Figure 1 Effect of c-Met on liver metastasis. The protein and mRNA
of c-Met were knocked down to about 30% of the control
value by siRNA. On the 21st day after injection of cancer
cells in the spleen, numerous metastatic tumors were
detected in the liver, but cancer cells in which c-Met
expression was knocked down clearly resulted in fewer
tumors.
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Figure 2 Cancer invasion according to the expression of c-Met.
Highly expressed c-Met cancer cells gain motility for
progression to the vessels and/or distant organs.
At metastatic sites, there was a difference in c-Met
expression whereby it was increased in the growing
invasive periphery but decreased in the established
central regions.

use of chemotherapeutic agents induces drug-resistant and
distant metastases, and its mechanism might be correlated to
activation of the signaling pathway with EMT [38,39]. In fact,
paclitaxel-resistant ovarian cancer cells showed phenotypic
changes consistent with EMT, with decreased expression of the
factor for cell-cell contact [40]. In gefitinib-resistant lung cancer
cells as well, the presence of EMT is suggested by phenotypic
changes such as a spindle-cell shape and increased formation of
pseudopodia [41]. Loss or low expression of cell-cell adhesion-
related factors leads to a poor patient prognosis because liver
metastasis occurs more frequently [42], whereas high expression
of these factors relates to higher chemosensitivity [43]. Actually,
however, the early response, but not the long-term reaction, to
these agents remains unclear and controversial.

5FU, which has held a central position in chemotherapy for
several solid types of cancer, is a critical component in the
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FOLFOX or FOLFILI regimens. It is the first rationally designed
anti-metabolite to achieve its therapeutic efficacy through
inhibition of DNA repair [44]. Its metabolism is regulated mainly
by enzymes such as thymidylate synthase (TS) in the process of
DNA synthesis [45]. Colorectal cancer patients with low levels of
TS were reported to have better prognosis than those with high
levels [46], indicating that the expression of TS appears to be a
more useful indicator for the prediction of chemosensitivity. Our
recent study showed that pretreatment with HGF induced EMT-
mediated higher sensitivity to 5FU through the reduction of TS
by the down-regulation of cell cycle-related factors [47]. The
increased expression of the 5FU-induced cellular death signal
was also detected during HGF-mediated EMT. Taken together,
HGF-induced cell scattering accelerates migration to distal
organs but increases the chemosensitivity to 5FU. Then, staged
hepatectomy could be performed as a radical step by removing
the visible solid mass after extermination of the EMT-cancer cells
by neoadjuvant chemotherapy (Figure 3). In addition, observation
of the HGF-related biological process may lead to a novel concept
in which a hepatectomy-induced high serum level of HGF for
liver regeneration allows drug-resistant cancer cells to become
chemosensitive again through the process of EMT. To support
this concept by another approach, the presence of cancer cell
networks is expected. Recently, cancer cell-induced interleukin-6,
CXCL-8 (interleukin-8) as a member of the chemokine family,
or C-C chemokine motif ligand 2/5 was found to inhibit drug-
induced apoptosis and stimulate cancer cell proliferation [48].
Hepatectomy mediates not only the reduction of tumor mass but
also blockage of the cancer growth network related to these types
of cytokines. However, further investigation into the concept of
EMT is still necessary to determine the therapeutic strategy with
the use of anticancer agents.

Timing of Surgery and the approach

Determining the favorable timing of hepatectomy during
chemotherapy is another critical problem. The most preferable
time for surgery depends not only on its effect to impair cancer
invasion but also on the negative influences caused by anticancer
drugs [49]. Indeed, the complication rate of hepatectomy after
certain neoadjuvant chemotherapies was suggested to increase
if therapy includes more than six cycles [50]. In contrast,
the most favorable outcomes with FOLFOX or FOLFIRI were
detected at 9 weeks [51] or 8 weeks [52], respectively, and the
chemotherapeutic effect disappears after 4 months or more [53].
The tumor shrinkage rate by chemotherapy in our patients [54]
was shown to be highest at the start of therapy, but it decreased
gradually after 100 days (14 or 15 weeks). Using tumor size as
a response to chemotherapy, Adam et al. [55] classified the
individual efficacy of chemotherapy in cases of colorectal cancer
with liver metastasis into three groups: response type (>50%
decrease in tumor size), stabilization type (<25% increase or <50%
decrease), and progression type (>25% increase). The 5-year
survival was much lower in the patients with progression type
compared with the response and stabilization types (8% vs. 37%
and 30%, respectively; p<0.0001), and disease-free survival was
3% compared with 21% and 20%, respectively (p=0.02), indicating
that tumor progression before surgery is associated with a poor
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Figure 3 The effect of surgery after chemotherapy. The most
favorable strategy might be a staged hepatectomy in
which chemotherapy first conquers cancer cells with
high expression of c-Met and then hepatectomy leads to
radical therapy.

outcome, even after potentially curative hepatectomy. Because
the 5-year overall survival rate for neoadjuvant chemotherapy
was 71% in responders and 15% in non-responders, response
to chemotherapy was suggested to be a significant prognostic
factor after radical hepatectomy [56]. In our study [54], even
if chemotherapy was effective but was temporary in the initial
short-term period, the prognosis was found to be worse. In
contrast, if the shrinkage rate remained continuous at a certain
level for 12 weeks after the start of chemotherapy, a planned
hepatectomy was suggested to lead to significantly favorable
outcomes in terms of disease-free survival. Clinical studies such
as the EORTC (European Organization for Research and Treatment
of Cancer)-40983 study [10] also demonstrated optimal timing of
surgery to be at 12 weeks. To reduce postoperative complications,
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4 weeks are necessary to wash out anticancer drugs [28]. Taken
together, the optimal timing of hepatectomy might be based on
the shrinkage rate at 12 weeks plus an additional 4-week rest
period.

Critical factors in the determination of resection are not only
number or size of the tumors but also their location. Namely, the
distance of the tumor from major blood vessels is also important
to predict the liver resection volume. In our study to evaluate
the effect of neo-adjuvant chemotherapy with relation to vessels
[57], preoperative chemotherapy achieved a tumor distance
from the vessels of 10.9+7.0 mm, and a shrinkage rate for tumor
detachment from the vessels was calculated as 63.6112.4%.
An adequate surgical margin in CLM is 5 mm for an acceptable
prognosis [27], indicating that chemotherapy could increase
the rate of radical operations performed. In the CELIM trial, the
objective response rate with the single use of FOLFOX or FOLFIRI
was 41%, but it increased to 70% with the addition of a molecular
targeting drug [58], indicating that the combination plays a critical
role in achieving tumor separation from vessels.

Novel Proposal for the Future as a
Conclusion

Management of patients with CLM is complex, and the
optimal approach for timing of resection is also controversial.
Chemotherapy, especially that delivered by favorable
combination with molecular targeting agents, even for resectable
CLM, appears to be acceptable [59]. Clinical studies have
shown that neoadjuvant chemotherapy improves the prognosis
even for patients with synchronous liver metastases. From
the experimental approach, the presence of HGF was found
to increase 5FU-induced cell death by an EMT-related cellular
condition. As described here, the most favorable strategy might
be a staged hepatectomy in which chemotherapy first conquers
cancer cells with high expression of c-Met and then hepatectomy
leads to radical therapy. The best procedure in terms of concrete
timing is to plan a hepatectomy after 12 weeks of chemotherapy
plus rest for 4 weeks. Clinical trials performed to understand
the biological concepts will lead to the possibility of increased
excellent performance of surgical resection.
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