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EDITORIAL

Optimizing outcomes for patients with gastric cancer
peritoneal carcinomatosis
Jennifer L Leiting, Travis E Grotz
traditionally been considered a terminal progression of
the disease and is associated with poor survival out
comes. Positive peritoneal cytology similarly worsens the
survival of patients with gastric cancer and treatment
options for these patients have been limited. Recent ad
vances in multimodality treatment regimens have led to
innovative ways to care for and treat patients with this
disease burden. One of these advances has been to use
neoadjuvant therapy to try and convert patients with
positive cytology or low-volume PC to negative cytolo
gy with no evidence of active peritoneal disease. The
se strategies include the use of neoadjuvant systemic
chemotherapy alone, using neoadjuvant laparoscopic
heated intraperitoneal chemotherapy (NLHIPEC) after
systemic chemotherapy, or using neoadjuvant intra
peritoneal and systemic chemotherapy (NIPS) in a bi
directional manner. For patients with higher volume PC,
cytoreductive surgery (CRS) and hyperthermic intrape
ritoneal chemotherapy (HIPEC) have been mainstays
of treatment. When used together, CRS and HIPEC can
improve overall outcomes in properly selected patients,
but overall survival outcomes remain unacceptably low.
The extent of peritoneal disease, commonly measured by
the peritoneal carcinomatosis index (PCI), and the com
pleteness of cytoreduction, has been shown to greatly
impact outcomes in patients undergoing CRS and HIPEC.
The uses of NLHIPEC and NLHIPEC plus NIPS have both
been shown to decrease the PCI and thus increase the
opportunity for complete cytoreduction. Newer therapies
like pressurized intraperitoneal aerosol chemotherapy
and immunotherapy, such as catumaxomab, along with
improved systemic chemotherapeutic regimens, are being
explored with great interest. There is exciting progress
being made in the management of PC from gastric can
cer and its’ treatment is no longer futile.
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Abstract
Peritoneal carcinomatosis (PC) from gastric cancer has
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rapy reported 1 year survivals of 24%, 57% and 84%
for patients with radiographic PC, PC identified on dia
gnostic laparoscopy only and positive cytology only,
[13]
respectively . A similar report from Memorial SloanKettering confirmed a poor overall survival (OS) for
patients with gastric cancer and peritoneal cytology
with a median OS of 1.3 years compared to 0.8 years
for patients with radiographic evidence of peritoneal
[7]
disease .

Core tip: Peritoneal carcinomatosis (PC) from gastric
cancer, along with positive peritoneal cytology, are
associated with poor overall outcomes. The treatment
of patients with this disease burden has greatly improv
ed and new multimodality treatment regimens have
been introduced. Some of these include neoadjuvant
laparoscopic heated intraperitoneal chemotherapy and
bidirectional therapies like neoadjuvant intraperitoneal
and systemic therapy. Appropriate patient selection
remains crucial for optimal outcomes but we can be
optimistic about the prospects for carefully selected
patients with PC from gastric cancer.

PERITONEAL CYTOLOGY
The management of patients with positive peritoneal
cytology is an evolving field. The role for gastrectomy
in patients with limited primary disease and positive
cytology without any other peritoneal disease has been
debated. Some small studies have shown a survival be
[14,15]
nefit with a gastrectomy in this subset of patients
.
However, gastrectomy in the setting of untreated po
sitive peritoneal cytology invariably leads to recurren
ce. National Comprehensive Cancer Network (NCCN)
guidelines recommend peritoneal cytology be managed
similar to other patients with metastatic gastric cancer
[16]
with systemic chemotherapy and no surgery .
The need to overcome this seemingly small volume
and yet unfavorable disease burden has led investi
gators to seek ways to convert patients with positive
cytology to negative cytology so they can proceed to
a curative intent gastrectomy (Table 1). The use of
neoadjuvant chemotherapy is one of these methods.
[17]
Aizawa et al
found that 23 of 47 patients (48.9%)
with positive cytology converted to negative cytology af
ter neoadjuvant systemic chemotherapy. R0 resections
were able to be performed on all patients. The patients
who had a conversion to negative cytology and under
went salvage gastrectomy had a survival benefit of 30.4
mo vs 15.0 mo (P = 0.03) when compared to those
who had persistently positive cytology treated with gas
[17]
trectomy . Similarly, a study from Memorial SloanKettering demonstrated that 21 of 48 (44%) patients
with initially positive peritoneal cytology treated with
systemic chemotherapy achieved negative cytology on
[7]
[17]
repeat laparoscopy . Unfortunately, the Aizawa et al
study reported that 19% of patients progressed on sys
temic chemotherapy and the MSKCC study reported that
56% had disease progression while receiving systemic
chemotherapy. Therefore, better induction treatments
[7,17]
are needed
.
One potential induction treatment is neoadjuvant la
paroscopic hyperthermic intraperitoneal chemotherapy
[18]
(NLHIPEC). In a small phase 2 study, Badgwell et al
found that 7 of 19 patients (36.8%) with positive pe
ritoneal cytology or low volume PC had resolution in
their peritoneal disease and 5 were able to proceed to
gastrectomy. Of note, all patients had undergone sys
temic chemotherapy before being enrolled in the study.
Median OS from the time of diagnosis for the entire co
hort was 30.2 mo and median OS for the patients who
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INTRODUCTION
Gastric cancer, more than any other malignancy, has
a particular predilection for peritoneal dissemination.
The incidence of peritoneal carcinomatosis (PC) at
diagnosis ranges anywhere from 5%-30% depending
[1,2]
on the staging modality used . Furthermore, PC is
the most common form of relapse after undergoing
curative resection as 30% of all recurrences are in the
peritoneum and up to 60% of patients have PC at their
[3,4]
time of death . Imaging is inadequate with computed
tomography (CT) scans having a sensitivity of only 33%
and specificity of 99% for detecting PC and 2-[18F]Fluoro-2-Deoxy-D-Glucose ([18F]FDG) and positron
emission tomography (PET) scans having a senstivity
[5]
of 28% and specificity of 97% . Therefore, diagnos
tic laparoscopy and peritoneal cytology is indicated for
clinical stage T1b or higher gastric cancer as a vital
step to detect radiologically occult PC in nearly 40% of
[6,7]
patients . The presence of microscopic cancer cells
within the peritoneal cavity can be identified in up to
6% of patients with no other evidence of metastatic dis
[8]
ease . Patients without visible peritoneal metastases
but with positive cytology are considered to have stage
M1 disease according to the most recent American Joint
Committee on Cancer (AJCC) staging as the outcomes
are more similar to patients with gross peritoneal meta
[9-11]
stasis than those with local disease only
.
PC from gastric cancer has generally been consi
dered a terminal progression of disease and has wor
se outcomes than PC from other malignancies such as
[9,10,12]
ovarian cancer or appendiceal cancer
. Survival
for patients with PC is limited but varies based on the
burden of disease. A recent series from MD Anderson
of patients treated with modern systemic chemothe
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Table 1 Studies with positive cytology or low volume peritoneal carcinomatosis
Ref.

Patient No.

Treatment group(s)

Aizawa et al[17], 2015

47

NA systemic chemo

Intraperitoneal regimen Systemic regimen
--

Variable

48.9% converted to negative cytology
Negative cytology
Positive cytology
Median OS: 30.4 mo Median OS: 15.0 mo

Badgwell et al[18], 2017

19

MMC and cisplatin

Variable

36.8% converted to negative cytology or had
clearance of PC
Entire cohort median OS: 30.2 mo

Fujiwara et al[19], 2011

25

NA systemic chemo,
then NLHIPEC, then
gastrectomy if peritoneal
disease cleared
NA systemic and IP
chemo → gastrectomy if
peritoneal disease cleared

Ishigami et al[20], 2009

40

NA systemic and IP
chemo

Paclitaxel

MMC and cisplatin

Outcomes

IV docetaxel, 5-fu, 56% converted to negative cytology or had
cisplatin
clearance of PC
Negative
Positive
Median OS: 27.1 mo Median OS: 9.6 mo
IV paclitaxel and Median OS: 22.5 mo
oral S-1

NA: Neoadjuvant; chemo: Chemotherapy; OS: Overall survival; NLHIPEC: Neoadjuvant laparoscopic hyperthermic intraperitoneal chemotherapy; MMC:
Mitomycin C; PC: Peritoneal carcinomatosis; IP: Intraperitoneal; IV: Intravenous; 5-FU: 5-fluorouracil.

proceeded to gastrectomy was 29 mo from the time
[18]
of their resection . This approach utilized systemic
chemotherapy first, followed by direct intraperitoneal
therapy, with encouraging results. Unfortunately, 63.2%
of patients had persistently positive cytology or residual
PC and did not go onto salvage gastrectomy.
Neoadjuvant intraperitoneal and systemic chemo
therapy (NIPS) is another method that utilizes systemic
chemotherapy and intraperitoneal chemotherapy, but
performs this at the same time in a bidirectional design.
[19]
Fujiwara et al
reported 14 of 25 patients (56%) had
resolution of their peritoneal disease with either nega
tive cytology or complete regression of PC. Median OS
rate for the group with resolution of peritoneal disease
was 27.1 mo vs 9.6 mo (P < 0.0001) in patients with per
[19]
sistently positive cytology or residual PC . Ishigami
[20]
et al looked at the safety and efficacy of bidirectional
treatment for patients with positive cytology or PC. They
showed a median OS of 22.5 mo and 1-year survival
rates of 78%.

from the peritoneal cavity, followed by the instillation
[22]
of HIPEC . For the past 30 years, CRS combined with
HIPEC has remained the only potentially curative trea
[25,26]
tment for this advanced stage of gastric cancer
.
A recent meta-analysis that included 11 randomized
controlled trials and 21 high quality prospective studies
demonstrated an increased median survival of 4 mo
[27]
in patients with gastric cancer PC treated with HIPEC ,
however, the HIPEC group did experience a higher risk
of severe complications. Similarly, CRS and HIPEC have
shown a significant improvement in survival for patien
ts with PC from other primaries like appendiceal and
[28,29]
ovarian cancer
.
Furthermore, the recent CYTO-CHIP study investi
gated whether CRS alone was beneficial compared to
[30]
CRS with HIPEC . They found a significantly improv
ed OS in the CRS with HIPEC group (18.8 mo vs 12.1
mo), suggesting that it is the combination of CRS and
[30]
[31]
HIPEC that improves survival . Yang et al
reported
similar results with improved survival for CRS and HIPEC
when compared to CRS alone. Median OS for patien
ts undergoing CRS and HIPEC was 11.0 mo compared
to 6.5 mo (P = 0.046) for CRS alone. Lastly, in a large
[32]
retrospective study, Glehen et al
reported a 9.2 mo
median OS for 159 patients undergoing CRS with HIPEC
or EPIC, with improvement to 15 mo if the cytoreduction
was complete.
The benefit of CRS and HIPEC over systemic che
[33]
motherapy alone was shown by Rudloff et al . In a
small cohort of 16 patients, those that underwent CRS,
HIPEC, and systemic chemotherapy had an overall me
dian survival rate of 11.3 mo compared to 4.3 mo in the
[33]
systemic chemotherapy alone group .
Unfortunately, although these studies all demons
trated a modest benefit to CRS and HIPEC, OSs remain
unacceptably low. It appears that not all patients be
nefit from CRS and HIPEC and that appropriate patient
selection is vital in to order to optimize outcomes. The
two most commonly found prognostic factors for survival
are consistently the extent of disease, most commonly

PC
The role of gastrectomy in patients with peritoneal dis
[21]
ease was addressed in the REGATTA trial . This phase
3 trial enrolled 175 patients with a single incurable factor
and randomized them to systemic chemotherapy alone
or gastrectomy plus systemic chemotherapy. PC was
the incurable factor in three-quarters of the patients
enrolled. The authors reported no survival benefit to pa
tients undergoing gastrectomy in addition to systemic
[21]
chemotherapy . This confirmed that removing the pri
mary tumor without addressing the metastases is not
beneficial to the patient.
Cytoreductive surgery (CRS) and hyperthermic in
traperitoneal chemotherapy (HIPEC) attempt to add
ress both the primary and the peritoneal metastases
simultaneously (Table 2). This aggressive approach
has been investigated for gastric cancer since the late
[22-24]
1980’s
. It includes resection of all visible tumor
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Table 2 Studies for peritoneal carcinomatosis with cytoreductive surgery
Ref.

Patient
No.

Treatment group(s)

277

CRS alone vs CRS +
HIPEC

1

1

CRS Alone
Median OS: 12.1 mo

CRS + HIPEC
Median OS: 12.1 mo

68

CRS alone vs CRS +
HIPEC

Cisplatin and MMC

-

CRS Alone
Median OS: 6.5 mo

CRS + HIPEC
Median OS: 11.0 mo

Glehen et al[32], 2010

159

CRS with PIC (HIPEC or
EPIC)

Variable

-

Median OS: 9.2 mo

Rudloff et al[33], 2014

16

CRS/HIPEC/SC vs SC
alone

Oxaliplatin

FOLFOXIRI

Canbay et al[34], 2014

194

NA systemic and IP
chemo, then CRS and
HIPEC if responsive

Docetaxel and cisplatin

Oral S-1

Yonemura et al[38], 2017

105

NLHIPEC → CRS or
NLHIPEC → NIPS →
CRS

Docetaxel and cisplatin

Oral S-1, IV
docetaxel and
cisplatin

Bonnot et al[30], 2018
Yang et al[31], 2011

Intraperitoneal regimen Systemic regimen

Outcomes

SC Alone
4.3 mo

CRS/HIPEC/SC
Median OS: 11.3 mo

78.3% had negative cytology and underwent
CRS and HIPEC
No response (no CRS Response (CRS with
or HIPEC)
HIPEC)
Median OS: 7.5 mo Median OS: 15.8 mo
NLHIPEC + CRS
NLHIPEC + NIPS + CRS
Median OS: 14.1 mo Median OS: 19.2 mo
PCI: 14.2 → 11.8
PCI: 14.8 → 9.9

1

Abstract only, agents used not included. CRS: Cytoreductive surgery; HIPEC: Hyperthermic intraperitoneal chemotherapy; OS: Overall survival; MMC:
Mitomycin C; PIC: Perioperative chemotherapy; EPIC: Early postoperative intraperitoneal chemotherapy; SC: Systemic chemotherapy; NA: Neoadjuvant;
IP: Intraperitoneal; NLHIPEC: Neoadjuvant laparoscopic HIPEC; NIPS: Neoadjuvant intraperitoneal and systemic chemotherapy; PCI: Peritoneal
carcinomatosis index.

measured by the peritoneal carcinomatosis index (PCI),
[32]
and the completeness of cytoreduction. Glehen et al
showed that the PCI was the only independent progno
stic factor in patients with a complete cytoreduction. No
patient survived more than 3 years if their PCI was >
[32]
12 . A meta-analysis confirmed this with no patients
[4]
being alive after 3 years if their PCI was > 12 . A lower
threshold of PCI ≤ 6 was an independent prognostic
factor for patients undergoing CRS and HIPEC after bidirectional chemotherapy (HR 2.16, 95%CI: 1.17-3.98,
[34]
P = 0.013) in a recent Japanese study . Similarly,
[35]
Chia et al
found that a PCI of < 7 was a significant
predictor of survival. Those with PCI < 7 had a median
OS of 26.4 mo compared to 10.9 mo in those who had
a PCI ≥ 7 (HR 2.67, 95%CI: 1.54-4.64, P < 0.001). All
the patients who were considered cured as defined by
being disease-free at 5 years had a PCI < 7. This same
[36]
PCI cut-off was seen in a study by Yonemura et al
who found that a PCI < 7 was associated with improved
survival (median survival 2.8 years vs 1.1 years, P =
0.0001).
With a lower volume of disease, there is a high
er probabilty of being able to completely remove all
the metastatic disease. This is the only population
that can be expected to have a chance at long-term
survival. A meta-analysis showed that cytoreductive
scores of 0 or 1 significantly improved survivals in pa
[4]
[37]
tients with gastric PC . Glehen et al
showed that
patients undergoing a complete cytoreduction with a
CC score of 0 or 1 achieved a median OS of 21.3 mo
compared to only 6 mo for those with an incomplete
cytoreduction. The 5-year OS was 29.4% for those who
attained a complete cytoreduction with no survivors in
[37]
[34]
the incomplete cytoreduction group . Canbay et al
used bidirectional therapy (neoadjuvant systemic and

WJGO|www.wjgnet.com

intraperitoneal therapy) to reduce the volume of disease
before CRS and HIPEC for patients that responded
to treatment. They found better OS in patients who
responded to the neoadjuvant treatment and were
[34]
able to undergo CRS and HIPEC (15.8 mo vs 7.5 mo) .
There is substantial interest in novel and innovative
ways to reduce the PCI prior to cytoreduction. This is
crucial because PCI is a determinant in achieving a com
plete cytoreduction and only patients with a low volu
me of disease who undergo a complete cytoreduction
have a long-term survival benefit from the procedure.
[38]
Yonemura et al
used NLHIPEC and NLHIPEC plus
NIPS to try and reduce PCI levels before CRS. They fou
nd that while NLHIPEC alone reduced PCI levels (14.2
± 10.7 to 11.8 ± 11.0, P = 0.023), NLHIPC plus NIPS
doubled the PCI reduction (14.8 ± 11.4 to 9.9 ± 11.3,
P < 0.0001). This may provide more patients with the
opportunity for a complete cytoreduction when this would
have otherwise not been possible due to a high PCI.

UNRESECTABLE PC
Even with all the advances in therapy for patients with
PC from gastric cancer, there are still a large number of
patients who are not eligible for these therapies given
their high tumor burden or conditional status. Palliative
treatment for these patients includes chemotherapy,
chemoradiation, or supportive care. None of these regi
mens treat the peritoneal disease burden and patients
generally have very limited survivals.
A new experimental therapy that has emerged
to treat these patients is pressurized intraperitoneal
[39]
aerosol chemotherapy, or PIPAC . This method de
livers aerosolized chemotherapy to the peritoneum.
The benefit of this method is that the pressure allows
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Table 3 Immunotherapy studies
Ref.

Patient No.

Treatment group(s)

Intraperitoneal regimen

Systemic regimen

Heiss et al[45], 2010

66

Paracentesis +
catumaxomab vs
Paracentesis alone

Catumaxomab

-

Bokemeyer et al[46], 2015

54

NA chemotherapy,
surgery, intra- and postop catumaxomab

Catumaxomab

Variable

Outcomes
Paracentesis Alone
Median OS: 44 d

Paracentesis +
Catumaxomab
Median OS: 71 d

4 yr DFS: 38%
4 yr OS: 50%

OS: Overall survival; NA: Neoadjuvant; DFS: Disease free survival.

PC on
diagnostic
laparoscopy

Radiographic
PC

Systemic
chemotherapy

Positive
peritoneal
cytology

Systemic
chemotherapy

1

Lap HIPEC

PCI < 12

PCI ≥ 12

Persistent
(+) Cytology

CRS and
HIPEC

Repeat Lap
HIPEC

PIPAC or
Clinical Trial

PCI < 12

1

Lap HIPEC

(-) Cytology

Gastrectomy

Persistent
PCI ≥ 12

1

Lap HIPEC is typically done following systemic therapy but has been described
using bidirectional single agent systemic chemotherapy simultaneously

Figure 1 Treatment algorithm for gastric cancer peritoneal carcinomatosis. PC: Peritoneal carcinomatosis; CRS: Cytoreductive surgery; HIPEC: Hyperthermic
intraperitoneal chemotherapy; PCI: Peritoneal carcinomatosis index.

for greater lesion penetration as well as allowing for
[40]
diffuse and even coverage throughout the abdomen .
This deeper penetration is likely more critical in these
patients with advanced bulky peritoneal metastases.
[39]
Nadiradze et al recently published data on 24 patients
with end stage gastric cancer with PC. These patients
underwent 1 or more rounds of PIPAC with doxorubicin
and cisplatin. The median OS for these patients was
[39]
15.4 mo with 52% alive at one year . A multi-center
study of PIPAC for advanced PC from a variety of his
tologies including gastric cancer demonstrated that
[41]
63.5% of patients achieved resolution of symptoms .
This therapy may prove to be beneficial for more than
just end stage gastric cancer patients but additional
research is needed.

ed to be effective in patients with limited metastatic
[42]
disease . The AIO-FLOT3 trial reported a median OS
of 31.3 mo and a 60% radiographic response rate for
patients who were treated with perioperative FLOT sys
temic chemotherapy and surgical resection of all me
[42]
tastatic disease .
Another innovative approach is the use of immu
notherapy, like catumaxomab, as an intraperitoneal
treatment (Table 3). Catumaxomab is an antibody that
binds to both epithelial cells through epithelial cell ad
[43]
hesion molecule (EpCAM) and T-cells through CD3 .
Gastric cancer expresses high levels of EpCAM so the
intraperitoneal administration of EpCAM provides targe
[44]
ted therapy to peritoneal implants . In patients with
malignant ascites from PC of gastric origin, it was found
[45]
to significantly prolong OS from 44 to 71 d . Bokemeyer
[46]
et al
conducted a phase 2 study where patients un
derwent intra- and post-operative intraperitoneal ca
tumaxomab administration after undergoing neoadjuvant
chemotherapy and resection. These patients had fouryear disease-free survival rates of 38% and four-year OS
rates as high as 50%. Though catumaxomab is no lon

FUTURE EFFORTS
Innovative discoveries and continued efforts to optimize
treatment for patients with PC from gastric cancer are
needed. This includes improved systemic chemothera
py options such as FLOT, which has been demonstrat
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ger available, the use of intraperitoneal immunotherapy
[47]
remains promising and is under continued investigation .
There remain many areas related to the management
of PC from gastric cancer that can be improved. Better
detection of early occult peritoneal metastases would
allow the clinician to select more appropriate patients
for these multidisciplinary treatments. This may be in
the form of improved imaging modalities like fluorescen
[48]
ce and antibody-labelled imaging
or the use of RTPCR with cytology to improve the sensitivity of detect
[49]
ing cancer cells in peritoneal washings . The optimal
chemotherapeutic agent, or agents, to use is unclear,
both systemically and in the peritoneal cavity. Many of
the studies discussed here used different treatment regi
mens with some varying even within the same study, so
it is difficult to compare outcomes from one study to
the next. Also, the ideal sequence, route, and duration
of treatment for these patients that will deliver the grea
test long-term benefit with manageable side-effects is
unknown, though there are many promising options.
Appropriate patient selection remains crucial for
optimal outcomes in patients with gastric cancer, but
patients with PC or positive cytology should no longer
be immediately excluded from potentially curative mul
timodality treatment regimens. There are treatment
options that can be offered to suitable patients with PC
from gastric cancer that have the possibility of exten
ded survival (Figure 1). We are finally seeing progress
in the management of a disease that has traditionally
been thought of as terminal and it is time to change
our approach. We are not yet at a point where we can
offer these patients a cure, but the treatment of PC from
gastric cancer is no longer a futile endeavor and can be
approached with careful optimism.
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EDITORIAL

Inhibiting focal adhesion kinase: A potential target for
enhancing therapeutic efficacy in colorectal cancer therapy
Keun-Yeong Jeong
endent tyrosine phosphorylated protein, recently, FAK
association with colorectal cancer (CRC) has gained at
tention. The various cancer-promoting mechanisms that
associated with FAK can be implicated in the progression
of CRC. The interactions between structural features
of FAK and various kinases could be closely related to
growth, survival, and metastasis in CRC cells. These
interactions include human epithelial growth factor re
ceptor, c-Met, platelet-derived growth factor receptor,
vascular endothelial growth factor receptor, and Src.
Such interactions can trigger the survival signaling of
CRC cells and are also involved signaling downstream of
phosphatidylinositol 3-kinase, AKT, and the extracellular
regulated kinase. Based on this scientific background,
many pharmaceutical companies are taking efforts to
develop FAK inhibitors to treat solid cancer including CRC.
Although the anti-cancer efficacies have been noted in
many studies, the commercial drugs have not been deve
loped yet. Therefore, the FAK research on CRC is expec
ted to gain momentum and be highly appreciated as a
potential field for developing the new drugs. Therefore,
the studies on FAK that effect on the progression of
human CRC s would be possible to suggest various app
roaches to CRC treatment, and FAK could be a potential
target as an anticancer candidate for CRC therapies.
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Core tip: Despite ongoing development in treatment for
colorectal cancer (CRC), effective markers for treatment
of CRC have not been elucidated. FAK association with
various kinases for progression and invasion of CRC has
recently gained attention. The possibility for this associa
tion is accounted that FAK is interactions with integrins,
growth factor receptors, and adjacent kinase domain.
Targeting FAK is possible to explain the mechanism at

Abstract
Focal adhesion kinase (FAK) is a major integrin-dep
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the upstream level by which can mediate the expres
sion of various survival signaling and inhibition of oncosuppressor genes as well as inducing migration and
invasion of the CRC cells. Therefore, FAK could be a pro
gnostic marker and a potential candidate target for CRC
therapies.

that is mediated by p53 activation. Therefore, FAK can
enhance cell survival through both kinase-dependent
[7]
and-independent mechanisms . Further, the expres
sion of an active mutant of ERK has indicated a direct
role of FAK in promoting cancer growth. It is suggested
that FAK signaling through the ERK pathway is needed
[8]
to maintain cancer cell development . Furthermore,
the kinase activity of FAK is estimated to be significant
for the invasive phenotype and for cancer metastasis.
FAK reportedly promotes cancer cell invasion through
[1,9]
the regulation of matrix metalloproteinases (MMPs) .
In v-Src transformed cells, the Rac1 and JNK is activated
in FAK/Src complex and is induced the MMP2 and MMP9
expression. Thus, FAK promotes increased invasiveness
[10]
of cancer cells .
Of course, the various cancer-promoting mechani
sms associated with FAK described above could also
be implicated in the progression of CRC. Colon cells
including epithelial and fibrous cells increases the FAK
expression at early stages of carcinogenesis, even be
[1,11]
fore the cancer has formed
. The up-regulation of FAK
promotes the adhesive properties of CRC cells and their
[11]
survival . FAK signaling is associated with the binding
of the Rho guanine nucleotide exchange factor, and this
signaling complex promotes the local invasion of colon
carcinoma. The increase in FAK activation is thus relat
ed to elevated tyrosine phosphorylation and an adaptor
protein, such as paxillin, involved in the growth of the
[1,2,12]
CRC cells
. Further, FAK signaling contributes to epi
thelial-mesenchymal transition (EMT) profile change
in CRC cells. FAK scaffolding increases, thus leading
to alterations in EMT markers, including MMP-induced
motility of CRC cells. Therefore, FAK acts to affect the
[2,13]
dynamic internalization of E-cadherin in CRC cells
.
Furthermore, FAK FERM overexpression can reduce stea
dy-state p53 levels in CRC cells, particularly HCT-116
cells. As increased FAK expression is often found in
early-stage CRCs, the FAK FERM-mediated cell survival
pathway is expected to have an important function in
[7,14]
the survival of CRC cells
. During cancer progression
and metastasis, an anchorage-independent pathway can
facilitate the spread of cells from the primary cancer site.
Under these conditions, the cancer cells that show higher
levels of FAK may be more resistant to apoptosis by nonintegrin-associated FAK to translocate to the nucleus and
[2,7,15]
prevent excessive p53 activation
. It is associated
with that alternative-spliced transcripts encompassing
the N-terminal FERM domain without the FAK kinase or
C-terminal regions would be related to the progression
[2,7]
of CRC .
Based on this scientific background, many pharma
ceutical companies are taking efforts to develop FAK
inhibitors. TAE-226 by Novartis exhibits nanomolar inhi
bitory activity toward FAK and protein tyrosine kinases
and has anti-cancer activity. It particularly blocks cell pro
liferation and invasion and showed increased apoptosis
[7]
in many xenograft animal models . Further, TAE-226
in combination with docetaxel, a microtubule stabili
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Focal adhesion kinase (FAK) is a major integrin-de
pendent tyrosine phosphorylated protein and a nonreceptor tyrosine kinase that is localized to cellular focal
[1]
adhesions . Although there have been many studies
on the role of FAK in breast cancer, its association with
colorectal cancer (CRC) has recently gained attention.
FAK, known as protein tyrosine kinase 2, is related to
[2]
other tyrosine kinases, such as Src kinase . FAK com
prises a central kinase domain between an N-terminal
FERM domain and a C-terminal domain that includes
the focal adhesion sequence. The construction of the
N-terminal FERM domain is similar to that of cytoskeletal
proteins and several tyrosine phosphatases and tyro
sine kinases. This domain mediates FAK interactions
with integrins and growth factor receptors and interacts
with the adjacent kinase domain in FAK. The C-terminal
domain contains proline-rich sequences for SH3 domaincontaining proteins and acts to recruit additional signaling
[3,4]
proteins .
The interactions between structural features of FAK
and various kinases could be closely related to cancer
growth, survival, and metastasis. FAK is activated
by the direct interaction of the Src kinase with the
[4]
integrin β cytoplasmic domain . Integrin can trigger
the survival signaling of cancer cells at locations further
downstream of phosphatidylinositol 3-kinase (PI3K),
[1,5]
AKT, and the extracellular regulated kinase (ERK) .
The kinase complex with Src is reportedly affected in
the activation of these survival pathways. In addition,
FAK interacts with several receptor tyrosine kinases,
including human epithelial growth factor receptor, c-Met,
platelet-derived growth factor receptor, and vascular
endothelial growth factor receptor (VEGFR), which
[2,6]
also mediates the survival pathway of cancer cells .
The detailed mechanism of PI3K signaling is as fol
lows. The PI3K/AKT pathway induces the expression
of apoptosis inhibitory proteins through nuclear factor
kappa (NF-κ) B and protects the cells from stress-indu
ced apoptosis. It is also associated with expression of
[5,6]
cancer suppressor genes . FAK promotes cell survival
via suppression of p53 activation. This is mediated by
the kinase-independent FAK FERM domain, and it sup
presses the transcriptional activation of target genes

WJGO|www.wjgnet.com

291

October 15, 2018|Volume 10|Issue 10|

Jeong KY. Targeting FAK in CRC therapy
5

zer, significantly decreases angiogenesis and cancer
[15]
cell invasion . Pfizer has developed PF-228 that shows
more specific FAK inhibitory activity. It inhibits cancer
cell migration in vitro. Pfizer has also developed PF-573,
228 compound, and the results indicated cancer grow
[16]
th inhibition in the colon xenograft cancer model . In
addition, several other FAK inhibitors have been deve
loped, including GSK2256098 by GlaxoSmithKline as a
formulation for oral intake and VS-4718 by Poniard as an
[17,18]
improved version of the previous product, PND-1186
.
Although efficacy has been noted in non-clinical and
early-stage clinical trials, the drugs have not been com
mercialized yet. Therefore, the FAK research on CRC is
expected to gain momentum and be highly appreciated
as a potential field for developing the new drugs.
The kinase-dependent function and kinase-inde
pendent ability of FAK are essential for cancer deve
[19]
lopment . Multifunctional characteristics of FAK have
been highlighted has modulators of numerous signal
transductions in CRC cells. The established role of FAK
in cancer progression and metastasis has obviously
proposed that increase in FAK expression contributes
a very important part in CRC development. Various
inhibitors by small-molecules for targeting inhibition of
FAK kinase and autophosphorylation have been pro
duced by many pharmaceutical companies. Although
some clinical trials have already been undergoing and
potential efficacy has been noted, further studies must
be needed to confirm if FAK expression has important
role in a progression of human CRC and elaborates on
the clear mechanisms and downstream effectors in the
context of carcinogenicity. Taken together, based on the
clinical observations, the over-expression of FAK at both
transcriptional and translational levels in human CRCs
would imply that targeting FAK could be a prognostic
marker and a potential anticancer candidate for CRC
therapy.
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Abstract
Synchronous colorectal carcinoma (SCRC) indicates
more than one primary colorectal carcinoma (CRC) dis
covered at the time of initial presentation, accounts for
3.1%-3.9% of CRC, and may occur either in the same
or in different colorectal segments. The accurate pre
operative diagnosis of SCRC is difficult and diagnostic
failures may lead to inappropriate treatment and poorer
prognosis. SCRC requires colorectal resections tailored to
individual patients, based on the number, location, and
stage of the tumours, from conventional or extended
hemicolectomies to total colectomy or proctocolectomy,
when established predisposing conditions exist. The
overall perioperative risks of surgery for SCRC seem to
be higher than for solitary CRC. Simultaneous colorectal
and liver resection represents an appealing surgical
strategy in selected patients with CRC and synchronous
liver metastases (CRLM), even though the cumulative
risks of the two procedures need to be adequately eva
luated. Simultaneous resections have the noticeable
advantage of avoiding a second laparotomy, give the
opportunity of an earlier initiation of adjuvant therapy,
and may significantly reduce the hospital costs. Because
an increasing number of recent studies have shown good
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[3,4]

results, with morbidity, perioperative hospitalization,
and mortality rates comparable to staged resections,
simultaneous procedures can be selectively proposed
even in case of complex colorectal resections, including
those for SCRC and rectal cancer. However, in patients
with multiple bilobar CRLM, major hepatectomies per
formed simultaneously with colorectal resection have
been associated with significant perioperative risks.
Conservative or parenchymal-sparing hepatectomies
reduce the extent of hepatectomy while preserving on
cological radicality, and may represent the best option
for selected patients with multiple CRLM involving both
liver lobes. Parenchymal-sparing liver resection, instead
of major or two-stage hepatectomy for bilobar disease,
seemingly reduces the overall operative risk of candi
dates to simultaneous colorectal and liver resection, and
may represent the most appropriate surgical strategy
whenever possible, also for patients with advanced SCRC
and multiple bilobar liver metastases.

represents 5% to 10% of all CRCs . Synchronous co
lorectal carcinoma (SCRC) indicates more than one pr
imary CRC discovered in a single patient at the time of
initial presentation, while neoplasms diagnosed some
time after the resection and/or diagnosis of the first lesion
[3,4]
are called metachronous CRC . Compared with soli
tary CRC, SCRC possess distinctive features that need to
be extensively investigated in preoperative evaluation
[5]
to ensure adequate diagnosis and treatment . SCRC
[3,6]
account for 3.1% to 3.9% of CRCs , and may occur
either in the same segment of the large intestine or sep
[3,5]
arately in different colon segments . Multiple factors,
including inflammatory bowel diseases, hereditary nonpolyposis colorectal cancer (HNPCC) or Lynch syndrome,
[3,7]
and familial adenomatous polyposis (FAP) , predispo
se to CRC and have also been associated with a higher
risk of SCRC, though predisposing factors only account
[8]
for a minority of cases . Patients with SCRC have in
most cases an overall oncological prognosis similar to
those with solitary CRC, at least when the pathological
stages of tumours are comparable and the resections
[4-6,8-13]
are curative
. Nonetheless, the accurate preopera
tive diagnosis of SCRC remains difficult and diagnos
tic failures may lead to inappropriate treatment and
[5]
poorer prognosis . The presence of SCRC or multiple
neoplasms requires operative techniques tailored to
individual patients, based on the number, location, and
stage of the tumours. Patients with SCRC and establi
shed predisposing conditions such as HNPCC, FAP, and
ulcerative colitis require extensive surgery, usually total
colectomy or proctocolectomy. In the other cases the
optimal surgical strategy is still debated. Conventional
hemicolectomies or extended hemicolectomies can be
indicated if multiple tumours are located in adjacent
[12]
segments . When SCRC are located in distant colonic
segments, some authors suggest total or subtotal
[14,15]
colectomy
, while others suggest more conserva
tive surgical strategies with resection of two intestinal
[13,16-18]
segments, either open or laparoscopic-assisted
,
seemingly resulting in a higher risk of anastomotic de
[6]
hiscence . However, overall perioperative results of
colorectal resections for SCRC seem to be worse than
those of solitary CRC with more postoperative compli
[6]
cations and reinterventions and longer hospital stays .
As a consequence, an accurate preoperative workup
and adequate surgical strategies are required for SCRC
especially when adjunctive simultaneous surgical pro
cedures are needed to obtain potential cure.
Synchronous liver metastases (CRLM) are evident
in nearly 15% to 25% of patients with CRC at the
[1]
time of diagnosis . Radical liver resection (LR) is pre
sently considered the only curative therapy capable of
achieving long-term survival with more recent series
describing 5-year overall survival (OS) rates of 37%
[19,20]
to 58% after hepatectomy
. Nonetheless, the
management of patients who present with CRC and
synchronous metastases is more complex because they
are considered to have less favourable cancer biology

Key words: Colorectal surgery; Synchronous colorectal
liver metastases; Major hepatectomy; Parenchymalsparing hepatectomy; Intraoperative ultrasonography;
Simultaneous colorectal and liver surgery; Synchronous
colorectal carcinoma; Ablative therapies
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Simultaneous colorectal and liver resection
represents an appealing surgical strategy in selected
patients with colorectal cancer and resectable synch
ronous liver metastases (CRLM). Synchronous colorectal
carcinoma may represent an adequate indication to
simultaneous resections, even though it may require
more complex colorectal resections. In patients with mul
tiple bilobar synchronous CRLM, major hepatectomies
performed simultaneously with colorectal surgery have
been associated with increased perioperative risks com
pared to major hepatectomies alone. Conservative or
parenchymal-sparing hepatectomies reduce the extent of
hepatectomy while preserving oncological radicality, and
may represent the best option to reduce the periopera
tive risks of simultaneous colorectal and liver resection.
De Raffele E, Mirarchi M, Cuicchi D, Lecce F, Ricci C, Casadei
R, Cola B, Minni F. Simultaneous curative resection of double
colorectal carcinoma with synchronous bilobar liver metastases.
World J Gastrointest Oncol 2018; 10(10): 293-316 Available from:
URL: http://www.wjgnet.com/1948-5204/full/v10/i10/293.htm
DOI: http://dx.doi.org/10.4251/wjgo.v10.i10.293

INTRODUCTION
Colorectal cancer (CRC) is one of the most frequent
[1,2]
causes of cancer-related death in Western countries .
The development of at least two different neoplasms
is defined as multiple primary CRC (MPCRC), which
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and expected long-term results than those with meta
[2,21]
chronous liver disease
. The optimal timing for surgi
cal resection in case of synchronous presentation of CRC
and liver metastases is still controversial. Most surgeons
usually prefer a staged approach with initial resection
[19]
of the colorectal primary followed by hepatectomy ,
presuming that this strategy avoids increased perio
perative complications associated with simultaneous
[20,22]
procedures
, and avoids also inappropriate hepatic
surgery in patients with progression of the liver disease
after colectomy especially if occurred during interval
[22]
chemotherapy (CHT) . More recently an increasing
number of studies have shown satisfactory perioperative
outcomes for simultaneous procedures comparable to
[19,23-30]
those of staged strategies
. Simultaneous colore
ctal and liver procedures have the obvious advantage
of avoiding a second surgical procedure, along with
the chance of an earlier initiation of adjuvant CHT. How
ever, an adequate evaluation of the cumulative risks of
the two procedures is mandatory. In the last decade,
the paradigm of surgical strategies for synchronous
presentation of primary CRC and liver metastases is
progressively changing, even though a consensus is far
from being reached. Simultaneous colorectal resection
and minor hepatectomy have perioperative results si
milar to minor hepatectomy alone, and are at present
considered the treatment of choice in most patients
[19,23-30]
with limited liver disease
. In patients requiring
simultaneous colorectal and major LR the perioperative
results are much more conflicting. Most investigators
have reported worse perioperative outcomes than for
[20]
major LR alone , while others remark that simultaneous
colorectal and major hepatic resection can be perfor
med safely in selected cases, with perioperative risks
[31-33]
comparable to major LR alone
. Also simultaneous
resection of rectal primaries and major hepatic resections
have been considered reasonable in carefully selected
[33,34]
patients
.
Major hepatectomies have been traditionally pre
ferred in the past to obtain radical resection of CRLM,
especially in the case of large and/or multiple nodules.
However, extensive hepatectomies have been associat
ed with significant morbidity and mortality rates, usually
[35,36]
related to posthepatectomy liver failure
. Several
strategies have been developed to improve the feasibility
of LR without increasing the risk of postoperative liver
failure. Different systemic and locoregional chemotherapy
protocols may significantly reduce the neoplastic burden
in the liver with the aim of converting initially unresectable
[37]
to resectable CRLM , but also of limiting the extension
[38]
of LR . Some technical innovations have permitted an
increase in the amount of the future remnant liver (FRL)
in candidates for major hepatectomy at increased risk of
posthepatectomy liver failure based on the preoperative
hyperplasia of the estimated remnant liver parenchyma,
including preoperative portal vein embolization (PVE)
[39]
and two-stage hepatectomy (TSH) . An alternative
strategy is to remove liver tumours with the minimum
sufficient oncological margin to preserve as much non-
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tumourous liver parenchyma as possible, to limit the
risk of liver failure in the perioperative period even for
[35]
patients with advanced neoplastic liver disease , but
also to preserve the major intrahepatic vessels whenever
possible in order to increase the chance of reresec
[40,41]
tion in case of hepatic recurrence (salvageability)
.
In fact, reresection of relapsed CRLM has been widely
demonstrated to have the potential for cure in selected
[20,42]
patients with recurrent disease
, with comparable
morbidity and mortality rates than those of initial
[43,44]
resection
. An accurate preoperative planning and
an expert use of intraoperative ultrasonography (IOUS)
are of paramount importance to achieve adequate on
cological and surgical results. This strategy has been
termed “conservative” or “parenchymal-sparing” liver
[40,41]
resection (PSLR)
. A progressive shift toward more
conservative hepatectomies has been observed in the
last decade also for multiple and/or bilobar CRLM, and
has been correlated with decreased morbidity and
mortality rates and similar oncological results compared
[45-47]
to major hepatectomies
.
There is growing evidence, at least in numerous
experimental studies, that surgical procedures for pri
mary and metastatic CRC can activate multiple local
and systemic events, such as hypoxia, inflammation,
immune depression, release of multiple factors after the
resection of the primary tumour and/or the CRLM, and
[48]
release of tumour cells during surgical manipulation .
These events can exert local tumour-promoting effects,
such as favouring the implantation and the proliferation
of the residual neoplastic cells (predisposing the patient
to local recurrences), activating dormant tumour cells
in distant organs, and/or establishing a pre-metasta
tic niche (predisposing the patient to the occurrence
[48]
of distant metastases) . The real impact of these
events in the clinical setting is still uncertain. On the
other hand, LR activates within few hours multiple
molecular changes (upregulation of several cytokines
and growth factors) with subsequent activation and
proliferation of mature hepatocytes, hepatic progenitor
cells, and non-parenchymal liver cells to restore the
optimal liver volume. These specific regenerative fac
tors determine a complex microenvironment, which has
been demonstrated to promote either the proliferation
of residual cancer cells or tumour propagation in the
remnant liver and also at distant sites, at least in various
[48-52]
experimental models
. In patients with multiple bi
lobar CRLM, extended hepatectomies are traditionally
considered to achieve potentially curative LR. In selected
patients, PVE with or without TSH is proposed to induce
preoperative hyperplasia of the FRL and increase the
resectability rate. As for liver regeneration, several
experimental and clinical studies have demonstrated
that also PVE promotes tumour progression, either
through an upregulation of cytokines and growth factors
or by haemodynamic changes in the blood supply to
the liver, which may adversely influence the subsequent
[49,53-55]
management of the neoplastic disease
. Taken
together, these experimental and clinical observations

295

October 15, 2018|Volume 10|Issue 10|

De Raffele E et al . Double CRC with synchronous CRLM
support the theoretical advantages of simultaneous
colorectal and liver resection, to prevent the drawbacks
of multiple surgical procedures, and of conservative
hepatectomies, to limit the impact of liver regeneration
on tumour growth and metastatization.
The aim of the present review is to critically analyse
the available data to determine whether complex colo
rectal resections for synchronous CRC are compatible
with the simultaneous resection of CRLM, even in the
case of multiple and/or bilobar CRLM.

Metachronous CRC can also occur after resection of
SCRC, especially in patients with inflammatory bowel
[59]
disease .

Mechanisms of carcinogenesis and molecular biology

MPCRC usually develop on a common etiologic substrate,
either hereditary or environmental. Multiple recent stu
dies on molecular carcinogenesis have demonstrated
that chromosomal instability, microsatellite instability,
and gene methylation are all mechanisms implicated
in multiple lesions or events predisposing to SCRC.
This may be due either to familial predisposition or
more frequently to individual factors (mainly environ
mental exposure). Factors involved in the develop
[3-5,62]
ment of MPCRC have been recently reviewed
. CRC
[63]
has a substantial heritable component . Based on
multicentric data derived from almost 45000 pairs of
twins, the estimated effect of heritability on CRC is up
[64]
to 35% , even though involved genetic factors are
still incompletely understood. Well-known hereditary
CRC syndromes, including HNPCC and FAP (which ac
[65]
count for 3% to 5% of all CRC ), present germline
mutations and promote the development of several
[8]
neoplasms over time . Other diseases and conditions,
such as inflammatory bowel diseases, may extensively
involve colorectal mucosa, thus promoting the formation
[57]
of multiple foci of dysplasia and cancer . In most
cases however, the origin of SCRC is unknown, likely
due to the coexistence of genetic predisposition and
[4]
environmental factors . As for other neoplasms, also for
SCRC the concept of a field defect has been proposed to
explain tumour multiplicity through a generalized cellular
[66]
or molecular disorder in the entire colorectal mucosa .
Because only a minority of all SCRC are related to he
reditary diseases, an important proportion of SCRC lack
[4,9]
a clear basis of inheritance , being possibly related
to individual predisposition to MPCRC. As for sporadic
[9,10]
CRC, the prevalence of SCRC increases with age
,
indicating the possible role of cumulative environmental
damage, even though this point has not been confirmed
[8,11]
in other studies
. Alcohol intake and tobacco smoke,
which consists of different genotoxic substances, have
[4,5]
been related to an augmented risk of MPCRC .
Molecular biology and mechanisms of development
of SCRC are heterogeneous. The majority of CRC follows
the classical adenoma-carcinoma sequence of tumour
progression, and dysplastic adenomas are the most
[63,67]
common form of premalignant precursor lesions
.
However, more than 15% of sporadic CRC develop th
rough alternative pathways of molecular events, including
[63,68]
cancers originating from serrated precursor lesions
.
Molecular pathways of development of SCRC have been
[3,5,9,66,68-70]
recently reviewed
and are out of scope for
this review. Nonetheless, the complex mechanism of
carcinogenesis involved in the development of SCRC is
still largely unknown and only partially related to known
genetic mutations commonly found in CRC.

SYNCHRONOUS COLORECTAL
CARCINOMA
Epidemiology and predisposing conditions

The overall prevalence of SCRC ranges from 1% to 8%
[3,6]
in different studies . In four large multicentric studies
including a study population between 13000 and 25000
patients with CRC, the prevalence ranged from 3.1% to
[6,10,11,56]
3.9%
, while a recent systematic review pooling
data from 39 series reported an overall prevalence of
[3]
3.5% . In these series, SCRC had a higher male to
female ratio when compared to solitary carcinoma,
[3,6,10,11,56]
ranging between 1.5 and 2.2
. The mean age
at presentation was 63 years in a systematic review
[3]
pooling data from 32 series , usually higher than in
[3,6]
patients with solitary CRC , even though this point is
[5,11]
somewhat controversial
. Preferred locations of SCRC
are still debated. Some authors have reported that
many SCRC occur in the same segment of the large
intestine, while others believe that most SCRC occur
[3,5]
separately in different colon segments . Moreover,
SCRC are located in the ascending colon probably more
[3,5,6]
often than described for solitary CRC
, but also this
[5]
point is controversial . A minority of patients develop
[7,16]
more than two SCRC
, with a maximum of seven
simultaneous colorectal lesions described in a single
[56]
patient .
Possible predisposing factors, including inflamma
tory bowel diseases, HNPCC or Lynch syndrome, and
FAP, to CRC have also been associated with a higher
[3,7]
risk of SCRC . SCRC has been diagnosed in up to
20% of patients with CRC associated with inflammatory
[57,58]
bowel disease
(more frequently ulcerative colitis
[59]
than Crohn’s disease ), and in 21% of patients with
[57]
CRC associated with FAP . Patients with known pre
disposing factors might account for about 12% of
[8]
SCRC . Dysplasia induced by chronic inflammation and
adenomas are involved in the development of SCRC in
[8,60]
these patients
. Colorectal serrated polyps have more
than a two-fold increase risk of detection of advanced
CRC, with proximal and large serrated polyps having
[61]
the highest risk . Also the serrated neoplastic pathway
[62]
may predispose to MPCRC . Higher incidence rates of
associated benign neoplasms have been described for
[5,11,13]
SCRC than for single cancers
. The higher incidence
[3,7]
of mucinous carcinoma in SCRC is still controversial .
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Prognosis

chniques tailored to individual patients based on the
number, location, and stage of the tumours. Patients
with SCRC and established predisposing conditions such
as HNPCC, FAP, and ulcerative colitis require extensive
surgery, usually total colectomy or proctocolectomy.
In the other cases, the optimal surgical strategy is still
debated. Early-stage lesions can be removed during
colonoscopy with endoscopic mucosal or submucosal
resection. Hemicolectomy or extended hemicolectomy
can be indicated if multiple tumours are located in
[12]
adjacent segments . When SCRC are located in dis
tant colonic segments, some authors suggest total or
subtotal colectomy to remove synchronous tumours or
polyps eventually undetected at preoperative imaging
and to prevent the development of metachronous neo
[14,15]
plasms
. In the same circumstances, other authors
suggest more conservative surgical strategies, with
resection of two intestinal segments (either open or
[13,16-18]
laparoscopic-assisted)
and two anastomoses,
seemingly resulting in a higher risk of anastomotic
[6]
dehiscence .
Perioperative results of colorectal resections for
SCRC are also debated. In a multicentric study of 884
patients who were operated for SCRC between January
2009 and December 2011 and were registered in the
[6]
Dutch Surgical Colorectal Audit , extended surgery
(e.g., subtotal colectomy, proctocolectomy, or combin
ed resection) was performed in more than 35% of
cases. The application of neoadjuvant chemoradiation
for rectal tumours was lower for synchronous than for
solitary CRC (20% vs 38%), laparoscopic resections
were less frequent, and more (permanent and devia
ting) stomas were constructed during surgery than for
solitary tumours. Overall, the perioperative outcomes
of SCRC were worse than for solitary CRC: postopera
tive complications, reinterventions, 30-day mortality,
and time of hospital stay were significantly increased
in patients with SCRC. After adjustment for patientand tumour-related factors, having SCRC was still
associated with a higher risk of severe postoperative
complications and reinterventions, but not with higher
30-d mortality. The authors concluded that the higher
risk of unfavourable perioperative outcomes could be
explained by the more extended surgical resection
[17]
often required for SCRC. Holubar et al
reported 69
patients who underwent multiple colonic anastomoses,
laparoscopic-assisted in ten (17%) cases, with a 44%
conversion rate. Length of stay was seven (5-10) days,
overall 30-day morbidity was 36% without anastomotic
leaks or fistulas, and 30-day mortality was 3%. Li et
[18]
al
examined a personal series of 11 patients and 52
adjunctive patients collected from six previous reports
of the literature who underwent laparoscopic-assisted
combined bowel anastomoses for SCRC, and concluded
that combined bowel anastomoses are potentially fea
sible and safe procedures for SCRC when performed by
experienced surgeons.

The prognosis of patients with SCRC compared to so
litary CRC is still debated. Even though the first pro
spective study on the outcome of SCRC reported worse
[15,69]
long-term results than solitary CRC
, most recent
studies could not demonstrate different survival rates
between SCRCs and CRCs when the pathological stages
of tumours were matched and the resections were cu
rative. However, some authors have reported marginal
[3,5,6,8-13]
survival benefits of patients with SCRC
.

Diagnosis

The preoperative diagnosis of multiple SCRC remains
difficult (Table 1). Additional tumours may be ignored or
missed at the time of diagnosis of the first cancer, with
diagnostic failure leading to inappropriate treatment and
[5]
poorer prognosis . Routine preoperative colonoscopy
[71]
is mandatory to identify synchronous neoplasms . Be
cause preoperative evaluation of the colon during colo
noscopy is often incomplete due to bowel obstruction,
poor bowel preparation, or technical reasons, doublecontrast barium enema and computed tomographic (CT)
colonography, magnetic resonance (MR) colonography,
and/or positron emission tomography/computer tomo
[5,63,72-74]
graphy (PET/CT) colonography are advisable
.
Also the use of intraoperative colonoscopy has been
[5,16,75]
recommended in selected cases
. At the time of
operation, it is also important to palpate the entire colon
[5,16]
and check pathological specimens thoroughly
. An
adequate combination of these imaging techniques
with the traditional colonoscopy usually permits an accu
rate definition of number and location of synchronous
colorectal neoplasms and an appropriate plan of the
[6]
optimal surgical procedures . Patients with mid and
low rectal adenocarcinoma should routinely receive
endorectal ultrasound and pelvic magnetic resonance
imaging because the quality of preoperative imaging
for local staging is essential to pursue an appropriate
[76-78]
therapeutic strategy
, which includes perioperative
chemoradiotherapy and surgical resection for locally
[77,78]
advanced extraperitoneal tumours
.

Surgical treatment strategies

The standard surgical procedure for the treatment of
rectal cancer is total mesorectal excision consisting of the
removal of the rectum together with the mesorectum,
which contains most of the involved lymph nodes and
[76]
tumour deposits, and the mesorectal fascia along with
[77]
clear circumferential margins . The appropriate remo
val of the rectal cancer reduces the risk of local recur
[77,78]
rence and the development of distant metastases
.
Surgical procedures for colon cancer entail resection of
the tumour with the corresponding lymph nodes. The
extent of colonic resection is determined by the tumour
location and the supplying blood vessels. The presence
of SCRC or multiple neoplasms requires operative te
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Table 1 Diagnostic evaluation of synchronous colorectal cancer
Local tumour staging
Preoperative colonoscopy with histological assessment of all colorectal lesions
CT of the abdomen and pelvis
In case of rectal cancer include
Endorectal ultrasound
Pelvic magnetic resonance imaging
If preoperative evaluation during colonoscopy is incomplete (bowel obstruction, poor bowel preparation, technical reasons, etc.)
Double-contrast barium enema
CT colonography, if available
MRI colonography, if available
PET–CT colonography, if available
Intraoperative assessment
Intraoperative colonoscopy
Palpation of the entire colon
Thorough examination of pathological specimens
Evaluation of metastatic disease
CT of the chest, abdomen, and pelvis
MRI of the chest, abdomen, and pelvis, in selected cases
18FDG-PET–CT, in selected cases
Patient performance status
Thorough evaluation of coexisting morbidities
Pulmonary function tests, in selected cases
Echocardiography, in selected cases
CT: Computer tomography; MRI: Magnetic resonance imaging; PET-CT: Positron emission tomography/computer tomography.

care, radiological imaging, and techniques of hepatobiliary surgery favouring the expansion of resectability
[40]
criteria . Simultaneous resections have clear ad
vantages because the patient experience is improved
and psychological stress is limited by decreasing the
time to removal of the disease, the total number of
surgical procedures, the duration of perioperative
[19,29]
CHT
. Also the cumulative costs of hospitalization
[86]
are substantially decreased in selected cases . None
theless, the real impact on the oncological outcome and
[2,20]
on the perioperative results are still debated
.

SURGICAL STRATEGIES FOR
SYNCHRONOUS CRLM
Surgical strategies in patients with resectable CRC and
upfront resectable synchronous metastases limited
to the liver have been widely debated in the last de
cades. The traditional “staged” or “classic” approach
with resection of the colorectal tumour followed by
hepatectomy is probably still favoured in most cases
because the risks of the colorectal and the liver surgery
[20,22,79,80]
are not cumulated
, and CHT can be selectively
[22]
administered between the two procedures . In the
case of large synchronous CRLM and uncomplicated
primary tumour, a reversed therapeutic strategy with
LR followed by colorectal resection has been proposed,
to minimize the risk of progression of the metastatic
liver disease to unresectability. This strategy is termed
[22,81,82]
“reverse” or “liver-first” approach
and has become
more widely used, either in patients with borderline
resectable liver involvment and uncomplicated primary
tumour or in patients with resectable CRLM and locally
advanced rectal cancer that can be treated with neo
adjuvant chemoradiotherapy and subsequent rectal
[22,81,83-85]
surgery
. Moreover, in a small proportion of pa
tients, a complete clinical, endoscopic, and radiological
response of the primary tumour to chemoradiotherapy
subsequent to initial radical LR has been reported, thus
[85]
delaying or even avoiding bowel surgery . However,
simultaneous colorectal and liver resection remains the
most appealing approach and is obtaining a growing
consensus due to the advances in oncological concepts
and continued development of anaesthesia, critical
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Preoperative assessment

The accurate preoperative staging of advanced CRC is
of paramount importance (Table 2) and can be obtained
[1,2,87,88]
with cross-sectional imaging by CT or MRI
. The
current guidelines of the North American National
Comprehensive Cancer Network (NCCN) suggest the
use of CT or MRI of the chest, abdomen, and pelvis.
18FDG-PET–CT imaging is reserved for patients who
[2]
may undergo potentially curative surgical resection .
Preoperative liver imaging should be accurately eva
luated to define the number and the site of CRLM, the
tumour-vessels relationship, the pattern of intrahepatic
vasculature, the presence of anatomical variations, and
[35,89-91]
the FRL volumes
. Recent studies underline the
favourable impact of preoperative MRI on the overall
[92]
oncological outcome of patients with multiple CRLM .
The accurate assessment of patient performance status
is mandatory to determine suitability for more complex
therapies, especially those including liver surgery.
Coexisting morbidities and liver steatosis should be
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Table 2 Diagnostic evaluation of synchronous colorectal liver metastases
Local tumour staging
CT and/or MRI of the liver, to evaluate
Number and location of CRLM
Tumour-vessels relationship
Pattern of the hepatic vasculature
Presence of anatomical variations
Future remnant liver volumes
Intraoperative assessment
Intraoperative ultrasonography
Evaluation of metastatic disease
CT of the chest, abdomen, and pelvis
MRI of the chest, abdomen, and pelvis, in selected cases
18FDG-PET–CT
Patient performance status
Thorough evaluation of coexisting morbidities
Pulmonary function tests
Echocardiography
In the case of suspected liver disease/steatosis include (elderly patients, metabolic syndrome, previous systemic CHT, etc.)
Liver function tests
Evaluation of the grade of steatosis, in selected cases
CT: Computer tomography; CRLM: Colorectal cancer and synchronous liver metastases; CHT: Chemotherapy; MRI: Magnetic resonance imaging; PET-CT:
Positron emission tomography/computer tomography.

adequately assessed. Accurate stratification of the
perioperative risks should include liver function tests
with evaluation of the grade of steatosis in selected
cases, and pneumological and cardiological evaluation
[88]
with pulmonary function tests and echocardiography .
Even though up to 70% of the normal adult human liver
can be removed, previous systemic CHT may seriously
alter liver function and the consequent ability to tolerate
[93-96]
extended resections
. Oxaliplatin-based regimens
are associated with augmented risks of vascular lesions,
including the sinusoidal obstruction syndrome (SOS),
which has been reported to increase morbidity after
major LR, especially after administration of more than
[97]
six cycles . Irinotecan-based regimens are associat
ed with the occurrence of various degrees of steatosis
up to the chemotherapy-associated steatohepatitis
(CASH), which may worsen perioperative morbidity
[97]
and mortality rates after LR . The impact of adding
targeted molecular therapies, including cetuximab or
bevacizumab, to conventional systemic chemotherapy
on perioperative morbidity or mortality rates after he
[97]
patectomy is still controversial .

staged approach, and five-year survival rates seemed
to be similar in the two groups. The authors underlined
that all studies were retrospective and had a general bias
because staged procedures were significantly preferred
in patients with left-sided primary CRC and larger, more
numerous and bilobar metastases. They concluded that
simultaneous resections might be selectively underta
ken. In a meta-analysis evaluating 14 comparative
[24]
studies comprising 2204 patients , those undergoing
simultaneous resection had similar operative time and
intraoperative blood loss, shorter hospital stay, and lower
morbidity rate. One-, three- and five-year survival rates
were similar between groups. The authors concluded
that simultaneous resection is a safe and effective trea
tment for patients with synchronous CRLM and might be
considered as the preferred treatment in appropriately
selected patients. Another systematic review and metaanalysis of 19 non-randomized controlled trials includ
[25]
ing 2724 patients came to similar conclusions . Yin et
[26]
al conducted a systematic review and meta-analysis
of 17 retrospective studies including 2880 patients, of
whom 1015 with simultaneous resection and 1865 with
delayed resection. The simultaneous group had lower
postoperative complications, whereas postoperative
mortality within 60 d and overall and recurrence-free
survival (RFS) were similar between groups. Moreover,
the authors proposed precise selection criteria for pa
tients suitable for a simultaneous resection, including
LR of no more than three segments, colon resection
(especially the right-sided colectomy), age < 70 years,
and exclusion of severe comorbidities.
Somewhat different conclusions were drawn in a
wider meta-analysis including 24 studies published be
tween 1991 and 2010, which comprised 3159 patients,
of whom 1381 had simultaneous resections and 1778

Simultaneous vs staged colorectal and liver resection

Many recent systematic reviews and meta-analyses
have compared the perioperative and long-term out
comes of simultaneous versus delayed hepatectomy
for synchronous CRLM. In a systematic review of the
literature including 16 controlled trials comparing si
multaneous resection of synchronous CRLM and of the
primary cancer with a staged approach, where the
metastases were resected at a later stage, there was
a tendency towards shorter hospital stays and lower
[23]
perioperative morbidity after simultaneous resection .
Perioperative mortality seemed to be lower with the
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[27]

had delayed resections . Significantly fewer patients
received neoadjuvant CHT in the simultaneous resection
group. The bilobar distribution (P = 0.01), the size of
CRLM (P < 0.001), and the proportion of major LR (P <
0.001) were found to be higher in the delayed resection
group. Operative blood loss and length of surgery were
similar between groups, and length of hospital stay was
significantly reduced in simultaneous resections (P =
0.007). Post-operative complications, OS, and diseasefree survival (DFS) were similar between groups. The
authors concluded that delayed resections may result in
better outcomes because patients undergoing delayed
resection had intraoperative parameters, postoperative
complications, and survival rates comparable to those
of patients undergoing simultaneous resection, des
pite more extensive metastatic liver disease. A sub
sequent meta-analysis evaluating 4494 patients from
22 studies published between January 2000 and April
[28]
2013
questioned the reliability of some previously
published meta-analyses because important biases of
the examined retrospective studies, mainly the fact
that significantly more patients with mild conditions un
derwent simultaneous procedures, were not corrected.
Summarized baseline analyses to find imbalanced fac
tors between simultaneous and staged groups showed
that patients were more likely to undergo simultane
ous resection when they had less CRLM (single nodule,
P = 0.002; ≤ 3 nodules, P < 0.0001), of smaller size
(diameter ≤ 5 cm, P = 0.04; smaller mean diameter,
P < 0.00001), with unilobar distribution (P = 0.0002),
requiring minor LR rather than major LR for curative
resection (P < 0.00001), and a right-sided CRC rather
than left-sided (P = 0.0006). After correction of baseline
imbalance, simultaneous and staged resections had com
parable safety and efficacy, with similar postoperative
morbidity and mortality, and overall and disease-free
survivals. Similar results were found in another recent
systematic review and meta-analysis of 30 studies in
cluding 5300 patients, of whom 2235 patients received
simultaneous resections and 3065 patients received
[26]
staged resections . Patients undergoing delayed sur
gery were more likely to have received neoadjuvant
treatment, have bilobar disease, or undergo major LR.
Parameters relating to safety and efficacy were similar
between the two groups. The average length of hos
pital stay was six days shorter with the simultaneous
approach (P < 0.001). Long-term survival was similar
for the two approaches.
The discordant results of the numerous meta-analyses
published in recent years is due to the limitations intrin
sic to meta-analysis of retrospective studies, mainly due
to the fact that compared to RCTs retrospective studies
are not randomized. As a consequence, experimental
and control groups are often poorly comparable, and the
baseline imbalances may significantly compromise the
accuracy of the results. Without adequate correction of
baseline imbalances before pooled analyses, ideally using
methods based on the individual patient data analysis
(which however is not always available), meta-analyses
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can only improve the precision, not the accuracy, of the
pooled results, which should be interpreted and applied
[28]
with great prudence . The copious studies comparing
simultaneous and classical staged resections, where the
colorectal resection is followed by hepatectomy usually
with interval CHT, must be interpreted cautiously becau
se at least two major confounding factors are usually
present. Candidates to simultaneous resection were
usually younger, in better clinical conditions, with rightsided primary cancer, and more limited liver involvement
[23,26-30]
usually necessitating minor hepatectomies
. On
the other hand, patients enrolled in the staged groups
included significantly more patients who received pre
[27-29]
operative CHT
, and only those who had received
successful staged resections, while patients who de
veloped progressive liver disease during the interval
were excluded. For these reasons, the overall survival
of patients selected for staged approaches could be
overestimated by including only patients with more
favourable cancer biology or responsive to periopera
tive (neoadjuvant and/or interval) CHT. Future studies
should avoid this selection bias by including patients with
progressive metastatic disease after colorectal resection
[28]
that missed the subsequent hepatectomy .
More recent studies have compared all the available
surgical strategies, the staged primary-first vs the sta
ged liver-first vs the simultaneous resection. In a small
series of 57 patients with rectal cancer and synchronous
CRLM, the authors compared the traditional staged rese
ctions with the simultaneous resections and the liver[98]
first approach . The overall morbidity rate was 24.6%,
without in-hospital mortality. The median in-hospital stay
was significantly shorter for the simultaneous approach.
The five-year OS rate was 38%, with an estimated me
dian survival of 47 mo. The authors concluded that longterm survival can be achieved using an individualized
approach in patients with rectal cancer and synchronous
CRLM and that simultaneous procedures as well as
the liver-first approach are attractive alternatives to
traditional staged procedures. In another series of 156
consecutive patients with synchronous CRLM, Brouquet
[81]
et al
compared the results of the three different
surgical strategies, and found comparable three- and
five-year OS rates. The only factors independently ass
ociated with the OS were a liver tumour size > 3 cm
and the cumulative perioperative morbidity. Similar
conclusions have been drawn in a multi-institutional
study including over 1000 patients from four major
[82]
hepatobiliary centres . The median OS was 50.9 mo
and the cumulative one-, three- and five-year survivals
were 89%, 60%, and 44%, respectively, without signi
ficant differences between simultaneous and staged
surgical procedures. The cumulative recurrence rate
was 57%, and was similar between patients undergo
ing simultaneous and staged procedures. Independent
factors of worse long-term prognosis were being male,
a rectal primary, and combined LR plus ablation. The
authors concluded that tumour biology rather than sur
gical strategy was the main effector of the oncological

300

October 15, 2018|Volume 10|Issue 10|

De Raffele E et al . Double CRC with synchronous CRLM
outcome. A systematic literature review of 18 studies
comparing the different surgical approaches in patients
with synchronous CRLM concluded that none of the three
[99]
surgical strategies appeared inferior to the others .
Similarly, a network meta-analysis review of 3605 pa
tients comparing classic staged, simultaneous, and
liver-first surgical strategies could not demonstrate sig
nificant differences of 30-day mortality, postoperative
[100]
complications, and five-year OS rates . In a systema
tic review of three cohort studies comprising a pooled
population of 1203 patients who underwent surgical
treatment of CRC with synchronous CRLM between 1982
and 2011 and where the different treatment modalities
[101]
were reported separately , 62.2% of patients received
bowel-first surgery, 6.2% of patients received liver-first
surgery, and 31.6% of patients received simultaneous
surgery. Perioperative outcomes were similar between
the three methods with low overall treatment-related
mortality and similar survival rates.

neoadjuvant CHT prior to liver surgery with 608 patients
treated by surgery alone, and could not find any survival
[105]
advantage between the groups . Discouraging results
were also obtained associating the targeted molecular
agent cetuximab with conventional neoadjuvant CHT
[106]
protocols .

CONSERVATIVE OR PARENCHYMALSPARING LIVER SURGERY
Resectability of CRLM has significantly improved over
the last decades. The traditional criteria related to
the features of liver tumours to evaluate resectability
have been replaced by an accurate preoperative esti
mation of what remains after LR. Tumours should be
considered resectable if complete liver tumour excision
can be obtained with curative intent (macroscopically
uninvolved surgical margins), in the absence of unre
sectable extrahepatic disease, and the estimated FRL
[107]
parenchyma is sufficient to prevent liver failure
.
Major liver resections, including conventional major
hepatectomies and more recently described two-sta
ge procedures, with or without PVE, are traditionally
preferred by most surgeons to obtain radical resection
of CRLM, especially in the case of large and/or multiple
nodules. However, extensive hepatectomies have been
associated with significant morbidity and mortality rates,
[35,36]
usually related to posthepatectomy liver failure
.
“Conservative” or “parenchymal-sparing” hepatecto
mies are based on the expert use of IOUS, which
permits removal of liver tumours with the minimum
sufficient oncological margin to preserve as much nontumourous liver parenchyma as possible, to limit the
[35]
risk of perioperative liver failure , but also to preserve
the major intrahepatic vessels whenever possible with
the aim of increasing salvageability in case of hepatic
[40,41]
recurrence
. The progressive diffusion of conservative
strategies of LR is related to at least three factors: The
increasing evidence that CRLM have different intra
hepatic diffusion patterns than hepatocellular carcinoma,
so that anatomical resections per se have no impact on
the oncological outcome; the evolution of the concept
of adequate surgical resection margin (RM), where
[108]
the “1-cm rule” proposed by Ekberg et al
has been
progressively abandoned in favour of the concept of
“negative margin” without considering margin width;
and the increasing evidence that also patients with large
numbers of CRLM are potential candidates for curative
liver surgery in the context of multimodal treatment
strategies of advanced CRC.

Neoadjuvant CHT in resectable liver disease

Strategies including different CHT protocols to augment
resectability in the case of initially unresectable syn
chronous CRLM are out of scope for this review. The
role of neoadjuvant CHT in patients with resectable
CRLM is still controversial. The EORTC Intergroup trial
4098386 was a randomized comparison of perioperative
oxaliplatin-based CHT administered either before or
after LR vs LR alone in patients with limited CRLM (≤
[102]
4) classified as resectable at baseline assessment .
Thirty-five percent of patients had synchronous disease.
The overall results revealed an absolute increase in the
rate of progression-free survival at three years in the
patients randomized to receive perioperative CHT, but
significantly more frequent reversible postoperative
complications in the same group. However, the absolute
differences in outcomes observed between groups
[28,30]
were small and the study received much criticism
.
Moreover, a long-term follow-up report of this trial
could not find any difference in survival between the
[103]
groups . A systematic review of 23 trials evaluating
the clinical response and outcomes of neoadjuvant
systemic CHT for resectable CRLM suggested that pre
operative CHT may achieve objective response with
[104]
improvement in DFS . However, also this study was
considered to have enough limitations to affect the final
[30]
conclusions . Another systematic literature review
concluded that, while combination regimens resulted in
enhanced tumour response and resectability rates in up
to 30% for unresectable CRLM, studies on neoadjuvant
CHT failed to convincingly demonstrate a survival bene
fit for resectable lesions, with most reports describing
increased postoperative complications in a subset of
patients due to parenchymal alterations associated
[97]
with CHT . A recent analysis of a multi-centric cohort
from the LiverMetSurvey International Registry, which
included patients who had received curative LR for syn
chronous CRLM, compared 693 patients who received
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Anatomic vs non-anatomic resection

Adequate resection of liver tumours should involve
resection of the tumour with enough margin to prevent
recurrence and to achieve potentially curative treatment.
Hepatocellular carcinoma has a high propensity for
vascular invasion and metastatic spread through the
portal venous system. As a consequence, anatomic
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resection (AR) is considered the optimal surgical st
rategy because it eradicates portal tributaries close to
the tumour, possibly reduces the risk of local tumour
spread, and may ultimately determine a survival bene
[35,109]
fit compared to non-anatomic resection (NAR)
.
Multiple surgical strategies which limit the extension
of LR while respecting the segmental or subsegmental
distribution of intrahepatic vessels have been described
over the last 30 years and successfully performed due
to the expert use of IOUS, either for primary or for me
[40,110-114]
tastatic liver tumours
. Metastatic tumours can
spread within the liver by different pathways. Neoplas
tic cells might disseminate within and outside the liver
through portal and hepatic veins, lymphatic vessels,
[115]
[116]
bile ducts, and perineural spaces
. Sasaki et al
defined portal vein, hepatic vein, and bile duct invasion
as the growth of cancer cells into blood vessels or bile
duct branches in the liver parenchyma, and defined
intrahepatic lymphatic invasion as the growth of cancer
cells in luminal structures located in the portal spaces
[117]
and lined by endothelial cells. Korita et al
described
intrahepatic lymphatic invasion as the presence of iso
lated cancer cells or cell clusters within vessels with
[117,118]
immunoreactivity for D2-40 antibody
. Other
studies about the prognostic role of different patterns
of intrahepatic diffusion of CRLM did not describe
the method used to define vascular invasion, so that
differentiation between invasion of blood vessels and
[115]
of lymphatic vessels was uncertain
. With these
limitations, the prognostic role of the portal vein and
[115,118]
the hepatic vein invasion is still uncertain
, while
migration of tumour cells from CRLM through intrahe
patic lymphatic vessels has a documented adverse
[116-119]
impact on survival
. For these reasons, AR inclu
ding portal tributaries close to the tumour and the
corresponding liver parenchyma should not be theore
tically justified for CRLM, and NAR with adequate surgical
margin is presently considered an appropriate surgical
[35,90,120-125]
strategy
. A recent meta-analysis of seven nonrandomized controlled studies including 1662 patients
with CRLM, compared 989 patients who underwent
[121]
AR and 673 who underwent NAR . NAR reduced the
operation time and blood transfusion requirements
whereas postoperative morbidity and mortality were
similar between groups. Also oncological outcomes,
including surgical margins, OS, and DFS survival were
similar between the groups. Another systematic review
of 12 studies included 2005 patients, who underwent
either PSLR (1087 patients) or AR (1418 patients)
[122]
for CRLM
. Most studies included a large subset of
patients with solitary tumours and a reported median
tumour number of one to two regardless of surgical
strategy. While there was considerable inter-study va
riability regarding RM status, there was no difference in
the incidence of R0 resection between groups. Median
postoperative length-of-stay was similar; also OS was
similar after PSLR (five-year OS: mean 44.7%, range
29%-62%) and AR (five-year OS: mean 44.6%, range
27%-64%). The authors concluded that PSLR had
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comparable safety and efficacy profiles compared with
AR without compromising oncological outcomes.
Since the early 2000s, the systematic use of con
servative procedures of LR, either for primary or for
metastatic liver tumours, has been considered of pa
ramount importance in some Japanese studies to achie
ve zero mortality and low morbidity rates. Meticulous
attention to the balance between the hepatic functional
reserve and the hepatic volume to be removed, the
routine use of NAR with adequate surgical margin for
resection of liver metastases whenever possible, and
the attitude to perform simultaneous colorectal and
liver resections for synchronous CRLM were among the
most important criteria to perform safe hepatectom
[35]
[123]
ies without perioperative mortality . Kokudo et al
retrospectively evaluated 115 patients with unilobar
single or double tumours undergoing major AR (64
patients) or limited NAR (51 patients) and found
that survival rates were similar between the groups.
Anatomical major hepatectomy was unnecessary in
80.4% of the cases if the tumours were resectable by
limited NAR, and 90% of the ipsilateral recurrence,
which could have been avoided if the first operation
was anatomical hemihepatectomy, could undergo a
second hepatectomy with a five-year survival rate of
58.3%. The authors concluded that limited NAR should
be a basic surgical procedure for CRLM to minimize
[124]
surgical stress and operative risks. Mise et al
have
recently evaluated a series of 300 patients with a solitary
CRLM ≤ 30 mm undergoing PSLR (156 patients) or
more extended hepatectomy (144 patient), including
right hepatectomy, left hepatectomy, or left lateral
sectionectomy. The rate of PSLR increased during the
20-year study period. PSLR did not negatively impact OS,
RFS, and liver-only recurrence-free survival compared to
non-PSLR. Repeat LR was more frequently performed
in the PSLR group (68% vs 24%, P < 0.01). Subanalysis
of patients with recurrence limited to the liver revealed
better five-year OS from initial LR (72.4% vs 47.2%;
P = 0.047) and from hepatic recurrence (73.6% vs
30.1%; P = 0.018) in the PSLR group. Upon multivariate
analysis, non-PSLR was an independent significant risk
of non-candidacy for repeat hepatectomy. The authors
concluded that conservative resections did not increase
recurrence in the liver remnant while increasing the
opportunity of salvage reresection and the five-year
survival rate in case of recurrence. These results have
been subsequently confirmed in a multicentric cohort of
1720 patients from the LiverMetSurvey registry, with a
[125]
single CRLM ≤ 30 mm located in the right hemiliver .
Eight-six percent of patients underwent PSLR and four
teen percent underwent right hepatectomy. PSLR was
associated with lower major complication rates (3% vs
10%; P < 0.001) and 90-day mortality rates (1% vs
3%; P = 0.008). Hepatic recurrence was similar between
groups (20% vs 22%; P = 0.39), as well as the five-year
OS and RFS rates. However, in patients with liver-only
recurrence, repeat LR was more frequently performed
after PSLR than after right hepatectomy (67% vs 31%;
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P < 0.001), and the five-year OS rate was significantly
higher after PSLR than after right hepatectomy (55% vs
23%; P < 0.001). Taken together, these results indicate
that a combination of conservative NAR followed by liver
reresection in the case of recurrence limited to the liver
offers superior oncological benefits than major LR in
most patients with limited hepatic disease, and should
be considered at present the most appropriate surgical
[123-125]
strategy
.
Similar results have been recently reported in
[126]
patients with two or more CRLM. Karanjia et al
ev
aluated 283 consecutive patients who underwent su
ccessful LR for CRLM over ten years and compared 128
patients who had right and extended right hepatectomy
with 155 patients who had other types of LR. Operative
mortality was 3.9% and 0.7% after right hepatectomy
and after other types of LR, respectively (P = 0.04).
Morbidity was 31.3% and 18% after right hepatectomy
and after other types of LR, respectively. The one-,
three- and five-year OS rates were 84.1%, 54.3%, and
38.9% after right hepatectomy and 95.4%, 65.9%,
and 53.3% after other types of LR, respectively (P =
0.03). The one-, three- and five-year DFS rates were
69.5%, 34.4%, and 25.5% after right hepatectomy
and 68.4%, 34.91%, and 34.91% after other types
of LR, respectively (P = 0.46). The authors concluded
that in patients with CRLM, right and extended right
hepatectomy have greater operative morbidity and
mortality and significantly worse OS compared to all
other types of LR. In a more recent series of 917 con
secutive patients who received LR for CRLM from 2000
[127]
to 2010, Lordan et al
compared 238 patients who
underwent PSLR case-matched with 238 patients who
had major hepatectomy using a propensity scoring
system. Fewer PSLR patients received perioperative
blood transfusions (P < 0.0001). PSLR patients had a
lower incidence of complications (P = 0.04), grade Ⅲ/Ⅳ
complications (P = 0.01), 90-day mortality (P = 0.03),
and a shorter hospital stay (P = 0.04). OS and DFS rates
were similar. The authors concluded that patients with
resectable CRLM should be offered PSLR if technically
feasible because PSLR is safer than major hepatectomy
without compromising long-term survival. Parenchymalsparing hepatectomies are effective also for CRLM
deeply placed where major hepatectomies have been
[128]
traditionally preferred. Matsuki et al
evaluated 63
patients who received first curative LR for deeply pla
ced CRLM whose centre was located > 30 mm from
the liver surface. PSLR and major hepatectomy were
performed in 63% and 37% of patients, respectively.
Resected volume was smaller after PSLR than after
major hepatectomy (251 g vs 560 g) (P < 0.01). Total
operation time, amount of blood loss, rate of major
complications, and positive operative margins were
similar. OS, RFS, and liver recurrence-free survivals
did not differ between the two groups. The authors un
derlined that direct major hepatectomy without PVE was
unfeasible in 40% of the PSLR group because of the
small FLR and concluded that PSLR for deeply placed
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CRLM can be performed safely without compromising
oncologic radicality and can also increase the number
of patients eligible for a direct surgical treatment by
limiting the resection volume.

Resection margin

There has long been controversy over the impact of the
width of the resection margin on the oncological outcome
of LR candidates for CRLM. Since the 1980s surgeons
have advocated for R0 resection margins of 10 mm or
greater, the so-called “1-cm rule”, in order to prevent
[38,108,129]
local recurrence and optimize overall survival
. The
presence of residual microscopic deposits of neoplastic
cells after removal of metastatic nodules is considered an
important source of remetastasis and a significant factor
[115,129]
of adverse prognosis
. As for the primary tumour,
micrometastases may occur in CRLM. Intrahepatic mi
crometastases are defined as detectable microscopic
tumour nests within the liver parenchyma or portal tracts
surrounding the dominant tumour, but separated by a
rim of non-tumourous parenchyma, are predominant
within 4 mm to 10 mm of the tumour margin, and are
considered the morphological expression of remetas
[40,119,130,131]
tasis from existing liver metastases
. Their
role as a prognostic factor in the oncological outcome
of patients with CRLM is however still controversial.
One study reported that patients with intrahepatic
micrometastases had higher incidence of intrahepatic
recurrence and worse survival, with ten-year survival
rates of 21.9% compared to 64.3% for patients without
[132]
micrometastases
. In another study, intrahepatic
micrometastases were less frequently detected in
patients treated with neoadjuvant CHT than in those
[133]
untreated . A 2 mm RM is however considered ac
ceptable to significantly reduce the incidence of local
recurrence in the series where the role of intrahepatic
[119,130]
micrometastases has been evaluated
. In a small
series based on the detection of tumour-specific mutant
DNA in liver tissue surrounding metastases, mutant
DNA was detectable in surrounding liver tissue within
4 mm of the tumour border, while biopsies at 8 mm,
12 mm, and 16 mm from the macroscopically visible
margin were free from microscopically visible tumour
cells and detectable mutant DNA, even in patients
[131]
whose tumours were larger before CHT
. Also the
presence of fibrotic tissue between the tumour and the
surrounding hepatic parenchyma has been recognized
as a favourable prognostic factor in CRLM and may be
[134]
relevant in the evaluation of the RM. Yamamoto et al
reported that the five-year survival rate was 71% in
patients with a thick pseudocapsule, 63% in those with
a thin pseudocapsule, and only 19% in the absence of
a pseudocapsule. Similar results were reported in the
[135]
study by Okano et al , where five-year survival rates
were 88% in patients with a thick pseudocapsule, 64%
in patients with a thin pseudocapsule, and 31% in those
without a pseudocapsule. Taken together, these data
show that CRLM are usually well circumscribed, with
very low incidences of satellite nodules or micrometasta
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ses, so that limited negative resection margins may
have a limited impact on recurrence and survival rates,
even though RM width of 10 mm should be achieved
[38]
whenever possible .

(five-year OS: 46% vs 0%; P = 0.002) than in those
with a major response (five-year OS: 63% vs 67%; P
= 0.587). The authors concluded that with the current
neoadjuvant CHT protocols, negative resection margins
still represent a crucial prognostic factor and should
remain the principal purpose of LR, and that the adverse
influence of positive RM is most evident in the presen
ce of suboptimal response to neoadjuvant CHT. In a
similar study of 227 patients who received neoadjuvant
oxaliplatin and/or irinotecan and 5-FU and subsequent
[148]
curative LR , positive margins (tumour-free RM < 1
mm) significantly increased the risk of death without
postoperative CHT (P = 0.0077), but not with pos
toperative CHT. Negative RM sizes of ≥ 1– < 5, ≥ 5–
< 10, and ≥ 10 mm were not significant predictors of
OS. The authors concluded that patients undergoing LR
for CRLM should receive postoperative CHT if negative
margins cannot be achieved, and that negative margins
wider than 1 mm do not improve OS for patients re
ceiving neoadjuvant CHT. It should be noted however
that when neoadjuvant CHT is interrupted, regardless
of previous response, regrowth may occur at the pe
riphery rather than in the centre of the metastasis,
with clustering of viable cancer cells infiltrating the liver
tissue for several millimetres at the periphery of the
metastasis, irrespective of any signs of response in its
[136]
centre, a phenomenon called “dangerous halo”
.
Similarly, it has been found that neoadjuvant CHT may
determine irregular borders of CRLM, particularly evident
in lesions with significant contraction, and sometimes
discrete islands of viable tumour cells outside of the
main tumour, but all close to the peripheral margin
[149]
of the tumour mass
. The possible progression of
the dangerous halo is particularly worrying, and the
planned surgical margin should be wide enough to
limit the risk of local recurrence, especially if CHT has
been interrupted for a relatively long time. It has been
suggested that the argon-beam coagulation of the cut
surface of the liver might reduce the risk of recurrence
[136]
by providing a layer of necrosis of 2 mm to 5 mm .
Also submillimetric clear margins have been con
sidered adequate for resection of CRLM. A total of 2368
patients undergoing LR for CRLM at Memorial Sloan
Kettering Cancer Center between 1992 and 2012 were
examined to evaluate the impact of margin width on
[144]
OS . The median OS of the R1, 0.1-0.9 mm, 1-9 mm,
and ≥ 10 mm groups was 32 mo, 40 mo, 53 mo, and
56 mo, respectively (P < 0.001). Compared with R1 LR,
all RM widths, together with submillimetric margins,
were associated with increased OS (P < 0.05). The
significant association of RM width and OS remained
when adjusted for all the other pathological and clinical
factors of prognosis. The authors concluded that RM
width is independently predictive of better survival
rates, so that adequate margins should be obtained
whenever possible. However, LR should be performed
also in patients where narrow RM are anticipated be
cause submillimetric margin clearance may improve

R1 resection

The presence of residual macroscopic or microscopic
tumour on RM after surgery for CRLM is traditionally
[108]
considered a significant factor of adverse prognosis
due to increased local and intrahepatic recurrence as
well as decreased OS and DFS. As a consequence,
the adequate evaluation of the RM is of paramount
importance to define the postoperative oncological pro
gnosis. However, the accurate assessment of margin
status depends on multiple factors. Different techniques
of liver transection create different extensions of tissue
[38]
loss . The thermal effects of energy devices and of
the argon-beam coagulation on the cut surface of the
liver causes extensive cell killing within 2-5 mm of the
[130,136]
RM
. Also pathologic assessment of the exact
distance between the excised tumour and the end of
[137]
the liver parenchyma has multiple limitations . With
these limitations, there is strong evidence that micro
scopically positive RM (R1) negatively impacts overall
oncological results. R1 resection has been associated
with an increased risk of recurrence at the surgical
[119,131,138-140]
[139,141]
margin
and of intrahepatic recurrence
.
[142]
Tranchart et al
found that R1 resection was an inde
pendent adverse predictor of OS and DFS, and the use
of postoperative CHT was the only independent predic
tor of improved DFS in patients with R1 resection. The
adverse effect of R1 LR on survival has been confirmed
[138,143,144]
by other studies
. However also the protective
effect of postoperative CHT after R1 resection has been
[141,145]
recently confirmed
.
The role of neoadjuvant CHT on the oncological out
[146]
come of R1 resection is controversial. Ayez et al
found that R1 resection remained an adverse prognostic
factor in OS and DFS in patients receiving LR for CRLM
not treated with neoadjuvant CHT, but not in those
who had undergone neoadjuvant CHT. Different results
were obtained in a study of 378 patients treated with
neoadjuvant CHT and subsequent LR, where the effect
of positive margins on OS was analysed in relation to
[147]
response to CHT
. Fourteen percent of resections
were R1 (tumour-free RM < 1 mm). The five-year
overall survival rates were 55% for patients with R0
resection (tumour-free RM ≥ 1 mm) and 26% for
those with R1 resection (P = 0.017). R1 resection and
a minor pathologic response to CHT at histology were
independently correlated with worsened survival upon
multivariate analysis. The survival advantage correlated
with negative resection margins (R0 vs R1 LR) was
higher in patients with suboptimal morphologic response
at CT scans after CHT (five-year OS: 62% vs 11%; P =
0.007) than in those with optimal response (three-year
OS: 92% vs 88%; P = 0.917), and higher in patients
with a minor pathologic response at histologic evaluation
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survival. The authors also suggested that the favourable
outcome observed with submillimetric margins could
be the expression of the biological behaviour of the
tumour rather than the result of the surgical technique.
Detachment of CRLM from intrahepatic vessels has
[113,150]
been proposed as part of IOUS-guided PSLR
.
Even though this kind of resection implies formally R1
resection margins, oncological outcomes seem to be
similar to those described for R0 resections. In a recent
series of 627 resection areas in 226 consecutive patients
[151]
with CRLM, Viganò et al
compared the outcomes of
R1 surgery (RM < 1 mm), distinguishing standard R1
resection and R1 resection with detachment of CLM from
major intrahepatic vessels (R1 vascular). Five percent
of recurrences at surgical RM occurred in 12.4% of
patients. Local recurrence risk was similar between the
R0 and R1 vascular groups but increased in the standard
R1 resection group (P < 0.05 for both). Standard R1
resection had a higher rate of hepatic-only recurrences
(P = 0.042) and was an independent negative prognos
tic factor of OS on multivariate analysis (P = 0.034).
Conversely, R1 vascular resections had oncological
outcomes similar to those of R0 resections suggesting
that CRLM detachment from intrahepatic vessels can be
safely pursued to increase resectability. Similar strategies
of conservative IOUS-guided LR sparing intrahepatic
vessels have been used in simultaneous colorectal and
liver resection of advanced CRC with synchronous CRLM
to limit the extension of LR with the aim of reducing the
[91]
overall risk of the simultaneous procedures .
The data on whether R1 margin status is an inde
pendent predictor of survival have been conflicting
because some authors have found that R1 margin status
was not associated with survival after controlling for
[138,139,141]
competing risk factors on multivariate analyses
.
Tumour biology might play a determinant role in the
impact of RM status on oncological outcome, where R1
resections could not have a prognostic value per se but
[38,40,129,138,141,145]
reflect a more severe disease
. Recent
changes in the prognostic value of R1 resections could
reflect in part the beneficial effect of perioperative
[142,145-148]
CHT
. In a recent series of 1784 hepatectomies
analysed from a multicentric retrospective cohort of he
patectomies performed for CRLM in 32 French centres
[152]
from January 2006 to December 2013
, positive
primary tumour lymph nodes at colorectal resection
(P = 0.02), operative time > 240 minutes (P = 0.05),
synchronous CRLM (P = 0.02), clamping of the hepatic
pedicle > 40 min (P = 0.001), tumour size > 50 mm
(P = 0.001), recurrent hepatectomy (P = 0.001), > 3
nodules (P=0.0001), and bilateral nodules (P = 0.0001)
were recognized as risk factors for R1 resection upon
multivariate analysis. After a propensity score matching
according to Fong criteria, however, R1 resection still
maintained an adverse impact on OS and DFS, with
one-, three-, and five-year OS of 94%, 81%, and 70%
in R0 LR vs 92%, 75%, and 58% in R1 LR, respectively
(P = 0.008), and with one-, three-, and five-year DFS
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of 64%, 41%, and 28%in R0 LR versus 51%, 28%, and
18% in R1 LR, respectively (P = 0.0002).

R0 resection: the optimal free resection margin

Determining the optimal free RM in surgery of CRLM
is much more controversial, since the traditional 1-cm
rule to consider oncologically adequate the RM has
[138]
been widely debated in the last decades. Pawlik et al
in 2005 demonstrated that OS, DFS, recurrence risk,
and site of recurrence were not significantly different
among patients undergoing resection of CRLM with
RM of 1-4 mm, 5-9 mm, and ≥ 10 mm, and suggest
ed that predicted margin of < 1 cm after LR should
not contraindicate LR. A similar study including 1019
patients from the Memorial Sloan Kettering Cancer
Center showed that patients undergoing LR with RM
> 10 mm had better survival than those with RM <
10 mm. However, within the latter group there was
no significant difference in survival when stratified ac
cording to RM width, and patients with subcentimetric
RM had an overall survival of 42 months (significantly
better than similar patients treated with systemic CHT
[153]
or ablative therapies) . In another multicentric study
of 2715 patients who received primary resection of
CRLM, a 1-mm tumour-free RM was sufficient to obtain
33% five-year overall DFS, while extra RM width did not
further increase DFS. After the propensity case-match
analysis, the authors did not find a statistical difference
in DFS between patients with negative narrow RM and
[143]
wider RM clearance
. Recent meta-analyses how
ever support the need of achieving adequate resection
[154]
margins whenever possible. Dhir et al
examined
4821 patients with negative RM from 18 studies and
found that the five-year OS for the ≥ 1 cm negative
RM subgroup was 46% when compared with 38% for
< 1 cm negative RM subgroup (P = 0.009). In another
meta-analysis based on 18 studies including 6790 pa
[155]
tients
, R1 resection had a negative impact on OS
and DFS rates and was associated with more frequent
recurrences. The use of current protocols of CHT did not
alter the adverse oncological outcome of R1 resection.
Notably, ≥ 1 cm negative RM obtained the best overall
[156]
survival rates. Margonis et al
evaluated 34 studies
including a cohort of 11147 LR. Wider RM (> 1 cm vs <
1 cm) was significantly associated with improved OS
and DFS at three years, five years, and ten years. Also
> 1 mm vs < 1 mm RM was significantly associated with
improved OS. Meta-regression analyses did not reveal
any significant impact of perioperative CHT. The authors
concluded that even though a > 1 mm RM determines
better prognosis than a submillimetric RM, obtaining a
RM > 1 cm may determine even better oncologic results
and should be attempted whenever possible. Taken
together, these data suggest that the 1-cm rule still
has prognostic importance in the oncological outcome
of resection of CRLM and should be pursued whenever
possible. However, the likelihood of local and intrahepa
tic recurrences seem to be frequently independent
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of margin width, where tumour biology seems to be
a more decisive predictive factor of both intrahepatic
recurrence and poorer long-term survival. Even though
R1 resections should be avoided, the actual margin
width of R0 resections seems to have a limited impact
on the postoperative oncological outcome. For all these
reasons, failure to comply with the 1-cm rule should
no longer contraindicate liver resection of colorectal
metastases.

strategies combining TSH and neoadjuvant CHT were
described by the surgeons from the Paul Brousse
[162-164]
Hospital
. In selected patients with multiple CRLM
not eligible for a curative one-stage resection, even
when downstaged by CHT, after PVE, or combined
[162]
with local ablation techniques, Adam et al
proposed
a TSH strategy, where the highest possible number of
nodules was resected in a first non-curative procedure,
and the remaining tumours were resected after an
adequate period of hepatic regeneration. The threeyear survival rate of the 16 patients who completed the
procedure was 35%, with four patients (31%) diseasefree at 7 mo, 22 mo, 36 mo, and 54 mo. The same
group subsequently examined a series of 33 patients
with bilobar CRLM where a right or extended right LR
was planned. The first-stage hepatectomy consisted of
a clearance of tumours of the left FRL by resection or
radiofrequency ablation (RFTA) to prevent the growth
of metastatic nodules in the estimated FRL after PVE,
followed by a right PVE to induce atrophy of the right
hemiliver and hyperplasia of the left hemiliver. The
second-stage hepatectomy, a right or extended right
hepatectomy, was performed in patients with adequate
left FRL hyperplasia and without disease progression.
The one- and three-year survival rates were 70.0% and
54.4%, respectively, in the 25 patients in whom the
[164]
procedure was completed .
In all these Western studies, patients with mul
tiple CRLM were candidates for major or extended
hepatectomies in most cases. In the same period the
surgeons from the Cancer Institute and the University
of Tokyo were following a different approach to multiple
[35,89,130]
[89]
CRLM
. Kokudo et al
reported a series of 183
patients who received LR with curative intent for CRLM
from 1980 to 2000 with five-year OS of 41.9%. The
overall outcome of 21 patients who had ≥ 4 tumours
in the liver was not significantly different from that
of patients with ≤ 3 tumours. In the same study the
authors delineated the principles of conservative LR
strategy for multiple CRLM: Accurate preoperative eva
luation of the tumour number and their proximity to the
major intrahepatic vasculature, careful intraoperative
inspection and palpation of the liver and use of IOUS,
multiple partial resections whenever possible instead
of extended hepatectomies, with resection of large in
trahepatic vessels only if tumour invasion was present,
non-anatomical resection even with a minimum surgi
cal margin, and preoperative PVE when the estimated
volume of the remnant liver was under 40% in case of
major hepatectomy. In the overall series the remnant
liver was the most common site of recurrence, and
repeated liver resection was carried out in approximately
half of the patients after recurrence, with a five-year
survival rate of 44.7% starting from the first hepatectomy.
With these diagnostic and therapeutic strategies the
same group performed over 1000 hepatectomies without
[35]
mortality . A similar approach to multiple bilobar CRLM
[165]
was reported by Torzilli et al
in a series of 29 patients

Surgical strategies for multiple bilobar metastases
[157]

In 1984 Adson et al
reported a study of 141 patients
who had resection of CRLM between 1948 and 1982
and found similar five-year survival rates between pati
ents with single metastases and those with multiple
lesions. They concluded that removal of multiple hepatic
metastases was advisable in selected cases. This study
[108]
was contradicted by Ekberg et al
in a series of 72
LR for CRLM between 1971 and 1984, where poor
prognostic factors contraindicating surgical resection
of CRLM included more than four lesions, impossibility
to achieve a RM ≥ 1 cm, and evidence of extrahepatic
[158]
disease. These data were confirmed by Hughes et al
in a series of 100 patients who survived for more than
five years after resection, where patients with ≥ 4 me
tastases were considered to be contraindicated for LR.
The considerable improvements achieved in the 1990s
in the knowledge and treatment of colorectal metastases
led to substantial changes in the surgical strategies
[89]
[159]
for multiple CRLM . In 1995 Scheele et al
reported
their experience with 32 patients undergoing LR of ≥ 4
CRLM. According to their study, five or more independ
ent metastases had an adverse effect on resectability.
However, if a radical excision of all detectable disease
could be obtained, the number of metastases (1-3 vs
≥ 4) was not significantly predictive of either OS or
[160]
DFS. Subsequently Weber et al
reported a study of
155 patients who received LR for ≥ 4 CRLM with a fiveyear OS of 23%. As the number of tumours increased,
the five-year survival rate diminished from 33% to
14%. However, in this study there were twelve fiveyear survivors, including two patients with nine or more
nodules. Also the potential benefits of neoadjuvant CHT
[161]
were delineated. Tanaka et al
reported 71 patients
who had received LR for ≥ 5 bilobar CRLM and compared
the outcome of 48 patients who received neoadjuvant
CHT followed by LR with that of 23 patients treated by
LR alone. Patients with neoadjuvant CHT experienced
better three- and five-year survival rates from the time
of diagnosis than those without CHT (67.0% and 38.9%
vs 51.8% and 20.7% respectively; P = 0.039), and
required fewer extended LR (four segments or more)
(81.3% vs 100.0%; P = 0.027) Multivariate analysis
demonstrated that neoadjuvant CHT independently
predicted survival. The authors concluded that in patients
with bilateral multiple CRLM, neoadjuvant CHT before LR
was associated with improved survival.
For patients with extensive bilobar disease, multiple
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with multiple (≥ 4) bilobar CRLM where the surgical
strategy was based on tumour-vessel relationships at
IOUS and on findings at colour-Doppler IOUS. Tumour
removal was feasible in 89.7% of patients. There was no
in-hospital mortality and the overall morbidity rate was
23%. After a median follow-up of 14 mo (range 6-54),
three patients had died from systemic recurrence, twelve
were alive without disease, and eleven were alive with
recurrence. However, no local relapses were observed
at the surgical RM. The authors concluded that IOUSguided resection based on strict criteria allows one-stage
LR in selected patients with multiple bilobar CRLM, and
thus decreasing the need for a TSH.
In the past decade, ablative techniques, including
RFTA and microwave ablation (MWA), have emerged as
an appealing option for the local treatment of primary
and metastatic liver tumours, including CRLM, alone or
in combination with LR. The role of ablation in patients
with CRLM is unclear since ablative techniques have
usually shown significantly lower rates of complications,
but also lower survival rates and higher rates of recu
[166-168]
rrence as compared to LR
, even though RFTA
might have a role equivalent to liver surgery in the
[167]
treatment of small (≤ 2 cm) CRLM
. Recent stud
ies have shown that LR combined with intraoperative
ablation techniques is effective in the treatment of
multiple bilateral CRLM, with adequate perioperative
outcomes and without compromising overall oncologi
cal results compared with bilateral resection or with
TSH. It may represent an excellent option to pursue
effective parenchymal-sparing treatments for extensive
[169-172]
CRLM
.
A progressive shift toward more conservative he
patectomies for bilobar CRLM has been reported also
by surgeons traditionally inclined to more extensive
LR. In a series of 443 LR in 440 patients who received
resection of bilateral CRLM at the Memorial Sloan-Ketter
[45]
ing Cancer Center , a major hepatectomy including
three segments, hemihepatectomy or more extended
resection in most cases, was performed as part of 380
operations. Major complications were 29% and 90-day
mortality was 5.4%. Estimated five-year disease-spe
cific and recurrence-free survivals were 30% and 18%,
respectively. However, the surgical technique changed
over time toward parenchymal-sparing techniques
based on the wider use of multiple simultaneous liver
resections, wedge resections, and local ablations, which
correlated with decreased mortality rates without ch
anges in disease-specific survival or liver recurrence.
The authors concluded that resection of bilateral CRLM
can be achieved with reasonable morbidity, mortality,
and oncologic results, and that increased use of paren
chymal-sparing approaches is associated with decreased
mortality without compromising oncological outcomes.
The favourable results of PSLR have been recently
confirmed in a multicentric retrospective series of pa
tients who had received LR for multiple (> 3) bilobar
CRLM, comparing 331 patients who had received PSLR
with 360 who had received non-PSLR, defined as the
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resection of three or more consecutive liver segments,
[46]
excluding TSH . PSLR was associated with lower com
plications (25% vs 34%; P = 0.04) and fewer DindoClavien grade Ⅲ and Ⅳ complications (10% vs 16%; P
= 0.03). Liver failure was less frequent after PSLR (2%
vs 7%; P = 0.006), with a shorter ICU stay (0 days vs 1
day, P = 0.004). OS and DFS were similar between the
two groups. The authors concluded that PSLR for multiple
bilobar CRLM represents an appropriate alternative to
non-PSLR in selected patients, with lower morbidity
and comparable oncological outcomes. Recent studies
have further demonstrated the positive impact of PSLR
in the treatment of multiple bilobar CRLM, bringing into
question also the consolidated role of the TSH in these
[47]
cases . A bi-institutional study compared the outcome
of patients with multiple bilobar CRLM who had received
TSH or PSLR. The inclusion criteria were ≥ 6 CRLM, ≥
3 CRLM in the left liver, and ≥ 1 lesion with vascular co
ntact. A total of 74 TSH and 35 PSLR were compared.
Drop-out rate of TSH was 40.5%. PSLR had significantly
lower blood loss, overall morbidity, severe morbidity, and
liver-specific morbidity than TSH. R0 resection rate was
similar between groups. PSLR and completed TSH had
similar five-year OS (38.2% vs 31.8%), three-year RFS
(17.6% vs 17.7%), and recurrence sites. The authors
concluded that parenchymal-sparing hepatectomies are
a safe alternative to TSH for multiple, bilobar, deeply
located CRLM, and that PSLR should be preferred when
ever achievable because of better safety and oncological
results comparable to completed TSH without the dropout risk.
Recent reports have demonstrated that also patients
with large numbers of CRLM are potential candidates
for liver surgery. In a bi-institutional Japanese study
of 736 patients who underwent LR for CRLM over a
[173]
16-year period , the authors compared 493 patients
with 1-3 tumours, 141 with 4-7 tumours, and 102 with
≥ 8 tumours. Major hepatectomies had been perform
ed in a minority of patients (21.6%). The five-year OS
and DFS rates were 51% and 21%, respectively, for the
entire patient cohort, 56% and 29% for patients with 1-3
tumours, 41% and 12% for those with 4-7 tumours,
and 33% and 1.7% for those with ≥ 8 tumours. Positive
lymph node metastasis of the primary CRC, the presence
of extrahepatic metastases, a maximum tumour size >
5 cm, and tumour exposure during LR were associated
with decreased survival upon multivariate analysis.
The authors concluded that in patients with multiple
CRLM, the number of CRLM has less prognostic impact
than other factors, and that complete LR may offer a
chance of cure even in patients with numerous CRLM,
including those with eight or more nodules. In another
bi-institutional study of 849 patients undergoing LR
[174]
for CRLM
, 743 patients with 1-7 metastases were
compared to 106 with ≥ 8 metastases. The overall
perioperative mortality rate was 0.4%. Patients with
1-7 metastases had higher five-year OS (44.2% vs
20.1%; P < 0.001) and DFS (28.7% vs 13.6%; P <
0.001) rates. In patients with ≥ 8 metastases, OS and
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[19,22,26]

DFS were similar for patients with 8-10, 11–15, or > 15
metastases. In this group, multivariate analysis iden
tified three preoperative factors of adverse prognosis,
including extrahepatic disease (P = 0.010), no response
to preoperative CHT (P = 0.023), and primary rectal
cancer (P = 0.039). Patients with two or more risk fa
ctors had very poor outcomes, while those with no risk
factors had survival rates similar to patients with 1-7
metastases (five-year OS rate 44.0% vs 44.2%). The
authors concluded that LR is safe in selected patients
with ≥ 8 metastases, and offers reasonable five-year
survival independent of the number of metastases. A
recent French multicentric study examined the outco
me of 529 patients undergoing liver surgery for ≥ 10
CRLM from 2005 to 2013, prospectively collected in the
[92]
LiverMetSurvey registry . The five-year OS was 30%.
A macroscopically complete (R0/R1) resection was achi
eved in 72.8% of patients and was associated with a
three- and five-year OS of 61% and 39%, compared to
29% and 5% for R2/no resection patients (P < 0.0001).
Upon multivariate analysis, R0/R1 resection resulted
as the strongest favourable factor of OS (P < 0.0001).
Other independent favourable factors were maximal
tumour size < 40 mm (P = 0.02), age < 60 years (P =
0.005), preoperative MRI (P = 0.007), and adjuvant
CHT (P = 0.04). Of the 346 patients who underwent R0/
R1 resection, 74.6% had developed a recurrence at last
follow-up, with three- and five-year primary DFS rates
of 23% and 7%, respectively. When hepatic recurrence
and extrahepatic recurrence were surgically treated, the
secondary DFS rates (taking into account the impact of
repeat surgery) at three years and five years were 42%
and 31%, respectively. The authors concluded that,
even though the oncological outcome of patients with
≥ 10 CRLM is obviously worse compared to patients
exhibiting fewer lesions, surgery remains the only hope
of prolonged survival, especially if complete resection
can be performed, and that the number of CRLM should
not be considered per se as contraindication to surgery.

discordant outcomes
. At present, most authors
suggest combined resections in the case of easily ac
cessible, uncomplicated colorectal tumours with CRLM
[26,27,176]
requiring minor hepatectomies
, while these cri
teria could be selectively extended in units experienc
[23]
ed in both hepatobiliary and colorectal surgery .
In a recent survey reporting the opinion of colorectal
and liver surgeons about simultaneous resection of
[177]
CRC and liver metastases
, most surgeons of both
groups perceived that simultaneous procedures were
appropriate in adequately selected patients, especially
in candidates to any type of colorectal surgery with minor
LR. Restorative rectal resections coupled with a major LR
were considered inappropriate due to the risk of leakage
of the colorectal anastomosis. Some concern did exist
as well, especially among liver surgeons, about the risk
of leakage also for colo-colic anastomoses if combined
with major LR.
As a matter of fact, even though surgeons experi
enced in colorectal and hepatobiliary surgery should
carefully select candidates to simultaneous resection to
minimize perioperative complications, the planned extent
of LR seem to represent the most important determin
ant of whether simultaneous procedures are individually
[19,24,178,179]
appropriate for CRC with synchronous CRLM
.
As previously discussed, IOUS-based conservative te
chniques of liver surgery substantially decrease the
need for major hepatectomies also for multiple bilobar
CRLM, with a substantial reduction of perioperative
related risks and may represent an appropriate solution
even for potential candidates to simultaneous colorectal
and liver resection for bilobar synchronous CRLM. In
a small retrospective series of 39 consecutive patients
with synchronous CRLM, who underwent curative si
multaneous ‘‘one-stage’’ hepatectomy and resection of
[178]
the colorectal primary, Tanaka et al
observed that
only the volume of the resected liver was a significant
risk factor for postoperative complications (350 g mean
resected liver volume in patients with postoperative
complications vs 150 g in those without complications;
P < 0.05). The systematic application of the criteria of
conservative liver surgery have been associated with
higher rates of feasibility of simultaneous colorectal and
liver resections also in patients with multiple hepatic
[180]
nodules. Minagawa et al
in 2006 reported 148 pati
ents admitted with CRC and synchronous CRLM since
January 1989, evaluated for simultaneous resection
regardless of the location of the primary cancer and
the extent of CRLM. A simultaneous resection was per
formed in 142 cases (feasibility rate 96%), without per
ioperative mortality. Fifty-one percent of patients had
the primary tumour located in the rectum. With the
systematic application of their principles of conservative
[89]
IOUS-based liver surgery , only 11.3% of patients
required a hemihepatectomy, while the others received
limited resections (74.6%) or the resection of one or
two segments (14.1%). In a more recent study of
150 patients who underwent resection of primary CRC

The impact of PSLR on simultaneous colorectal and
liver surgery

Simultaneous colorectal resection and minor hepatec
tomy have perioperative results similar to minor hepate
ctomy alone, and are at present considered the treatment
of choice in most patients with limited liver disease suitable
[1,19,24]
for minor LR
. The results are much more conflicting
in patients requiring simultaneous colorectal and major
LR because most investigators have reported worse
perioperative outcomes than for major LR alone also
[20,79,80,82,175]
in experienced hepatobiliary centres
, while
others remark that simultaneous colorectal resection and
major hepatectomy can be performed safely in select
ed cases with perioperative risks comparable to major
[31-33]
LR alone
. Most studies comparing simultaneous
and staged procedures are retrospective, with patients
undergoing simultaneous procedures having more li
mited hepatic involvement, which could explain these
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[181]

and synchronous CRLM between 1993 and 2011
,
the proportion of simultaneous resections was 84.7%.
Among the 127 patients who had received a simultan
eous colorectal and hepatic resection, there was no
postoperative mortality, postoperative complications
were 61.4%, major complications were 18.2%, and
anastomotic failure occurred in 1.6% of patients. The
three-, five- and ten-year OS was 74%, 64%, and
52%, respectively. In a small series of 45 patients who
underwent elective resection of primary CRC and syn
chronous CRLM, a simultaneous colorectal resection with
anastomosis and conservative one-stage LR was feasible
in 75.6% of patients. It was possible to avoid a right
hepatectomy in all the patients undergoing simultaneous
[91]
restorative colorectal resection . Seven patients had
synchronous CRC at presentation (unpublished data), and
two of them had rectal cancer within diffuse colorectal
poliposis and received restorative proctocolectomy with
ileoanal J-pouch and temporary diverting loop ileostomy.
One patient with multiple CRLM of the right hemiliver
underwent the restorative proctocolectomy after neoa
djuvant CHT, with a subsequent resection of liver seg
ments S6–S7–S8. The other had a single metastasis in
segment S8 and underwent simultaneous restorative
proctocolectomy and liver segmentectomy. Two patients
had a simultaneous cancer proximal to a rectal cancer,
with multiple bilobar CRLM. One received neoadjuvant
chemoradiotherapy and subsequent resection of the
sigmoid colon and of the rectum with simultaneous onestage PSLR. In the other patient a TSH was planned
to treat the hepatic disease. The patient received neoa
djuvant chemoradiotherapy and a subsequent rectal
resection with a first-stage LR consisting of multiple
wedge resection in the left hemiliver with right portal
vein ligation. At re-exploration for the second-stage
LR a massive diffusion of the cancer at the hepatic
hilum was found and the planned right hepatectomy
was not performed. Finally, three patients had SCRC in
distant colonic segments, and we opted for a restorative
subtotal colectomy. One patient underwent simultane
ous liver bisegmentectomy of S2-S3 with splenectomy
and interaortocaval lymphadenectomy because of sple
nic and interaortocaval lymph node metastases. The
other two underwent PSLR for multiple bilobar CRLM,
associated with intraoperative RFTA in one patient.
Therefore, five patients received simultaneous potentially
curative colorectal and one-stage liver resection without
postoperative mortality and complications requiring
reoperation.

CRC requiring urgent colorectal resection. In all other
cases, simultaneous resections should be theoretically
considered whenever possible, including patients with
SCRC. In these cases, if the synchronous tumours are
located in distant colorectal segments, an extended
restorative colectomy should be considered to prevent
the risks related to multiple colorectal anastomoses,
especially if prolonged hepatic pedicle clamping is plan
ned for extensive PSLR and/or CRLM adjacent to major
intrahepatic vessels. When rectal cancer is diagnosed,
the indication to preoperative chemoradiotherapy and
its potential benefits should be adequately considered. A
systematic approach to liver resection that focuses on
the need of reducing the extent of hepatectomy while
preserving oncological radicality may represent the best
strategy to limit the perioperative risks in candidates to
simultaneous colorectal and liver resection.
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Abstract
Pancreatic cancer is a lethal malignancy, whose pre
cursor lesions are pancreatic intraepithelial neoplasm,
intraductal papillary mucinous neoplasm, intraductal
tubulopapillary neoplasm, and mucinous cystic neoplasm.
To better understand the biology of pancreatic cancer, it
is fundamental to know its precursors and to study the
mechanisms of carcinogenesis. Each of these precursors
displays peculiar histological features, as well as specific
molecular alterations. Starting from such pre-invasive
lesions, this review aims at summarizing the most im
portant aspects of carcinogenesis of pancreatic cancer,
with a specific focus on the recent advances and the
future perspectives of the research on this lethal tumor
type.
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[1,6]

carcinoma , and by a reported multifocality in patients
[7,8]
with PDAC familial history . Usually, due to their small
size (by definition < 0.5 cm), these lesions are classically
found incidentally during histological examination and are
not associated with clinical symptoms or specific signs.
From the radiological point of view, PanINs are more often
associated with acinar atrophy and/or fibrosis, but this
[9,10]
correlation is not specific
.

Core tip: Pancreatic intraepithelial neoplasm, intraductal
papillary mucinous neoplasm, intraductal tubulopapillary
neoplasm, and mucinous cystic neoplasm are precur
sor lesions of invasive pancreatic cancer. Each of these
precursors displays peculiar histological and molecular
features, which have been summarized in this review
along with the most important aspects of pancreatic
carcinogenesis. The most recent advances and the future
perspectives of the research on this topic have also been
highlighted.

IPMN

IPMNs are grossly visible lesions with intraductal grow
th, papillary architecture, and mucous producing cells.
[11]
The first definition of IPMNs was reported in 1994 .
The median age of IPMN patients ranges from 60 to 66
years. They are more common in men than in women
(ratio: 3/1.3 in Europe, 3/2.1 in United States, and 3/1.8
in Asia) and arise most frequently in the proximal pan
[12]
creatic head and the “uncinatus” process . Although
rare, IPMN involving more than a pancreatic segment
or even the entire pancreas have been described (Figure
[12]
1) . It is estimated that IPMNs may require up to six
years to become invasive, although such estimation may
be affected by multiple biases, including the specific
[13-15]
IPMN histotype
. Similarly to PanINs, IPMNs are
found more frequently in patients with PDAC familial
history, thus highlighting the importance of a genetic
predisposition to carcinogenesis of IPMN patients. In
fact, such precursors have been found also in the con
text of multi-organ syndromes such as Peutz-Jeghers,
familial adenomatous polyposis, Lynch, and McCune[16-18]
Albright syndromes
. Moreover, patients with IPMNs
have an increased risk of developing other extrapan
[19]
creatic cancers .
One of the most important distinctions between
IPMNs and PanINs is the possibility that IPMNs may be
detected with imaging techniques. Patients with IPMNs
should be followed-up according to specific protocols
[20]
based on radiological examination . The typical in
traductal growth of IPMNs leads to cystic dilation of
[21]
the pancreatic tree ducts . Based on their location,
IPMNs may be classified from the topographic point
of view in: (1) main duct IPMNs where Wirsung’s duct
is involved; (2) branch duct IPMNs in the case of the
involvement of secondary ducts; or (3) mixed IPMNs in
the case of contemporaneous involvement of the main
[1,20,21]
and the branch ducts
. Although this distinction
cannot always be confirmed by histopathological exa
mination due to some branch duct IPMNs displaying
[22]
some degree of Wirsung’s duct involvement , this to
pographic definition has an important clinical impact.
Indeed, main duct IPMNs are more often associated with
PDAC development and patients with this type of lesion
[20]
must follow stringent surveillance protocols . IPMNassociated carcinomas usually display a better prognosis
[1]
than conventional PDACs .
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INTRODUCTION
Precursor lesions of pancreatic cancer

Precursor lesions of pancreatic ductal adenocarcinoma
(PDAC) are non-invasive lesions, which can progress
[1]
to infiltrating carcinoma . Following the 2010 World
Health Organization classification, different consensus
conferences and international meetings have provided
the basis for the current view of the definition and cla
[2-4]
ssification of pancreatic precursor lesions .
One major issue in classification is in regards to
the grading of dysplasia of pre-invasive lesions, which
should be restricted to the two categories of “lowgrade” and “high-grade” with the elimination of the
poorly reproducible intermediate entity of “moderate
[5]
dysplasia” . Furthermore, small intraductal papillary
mucinous lesions (PanIN) ranging from 0.5 to 1.0 cm wou
ld be better defined as “incipient intraductal papillary
[5]
mucinous neoplasm (IPMN)” .
Three PDAC precursors have been recognized: Pan
IN, IPMN, and mucinous cystic neoplasm (MCN). In
addition, intratubular papillary neoplasms (ITPNs) dis
play the features of pre-invasive lesion. Each of these
entities has distinct clinical, histological, and molecular
profiles. Through a multi-step carcinogenesis, with the
accumulation of cellular and molecular alterations, each
of these precursors may lead to the development of
invasive ductal adenocarcinoma.

CLINICAL FEATURES OF PRECURSOR
LESIONS OF PANCREATIC CANCER
PanIN

PanIN represents the most common PDAC precursor,
affecting both men and women equally. Its incidence
[5]
increases directly with age . The strict correlation with
PDAC is suggested first of all by the fact that these lesions
can be found in more than 80% of pancreas with invasive
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MCN

MCNs are typically reported in perimenopausal women,
[4]
with few cases described in men . They usually arise
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[1,3]

*

*

architectural atypia . In the vast majority of cases,
[21]
PanINs show gastric/foveolar differentiation . Hruban
[4]
et al classified PanINs into a three-tiered scale, based
on the degree of dysplasia. In this scheme, PanIN-1
shows low-grade dysplasia, PanIN-2 shows intermediate
dysplasia and PanIN-3 shows high-grade dysplasia ch
aracterized by marked cell atypia, presence of mitotic
figures, loss of polarity, and complex architecture. To
improve inter-observer agreement and in order to report
only the most important histological information, a re
cent consensus suggested a new classification system,
distinguishing low-grade PanINs, which includes the
previously called PanIN-1 and PanIN-2, and high-grade
[5]
PanINs that includes PanIN-3 (Figure 2) . In high-grade
PanINs, cribriform structures, atypical mitosis, tufting
of epithelial cells in the lumen, and even necrosis may
be present, but in case these features are concomitant
with a PDAC, the most important differential diagnosis
of high-grade PanINs is with non-dysplastic ducts, which
[27]
have been colonized by PDAC cells . Notably, highgrade PanINs have been reported almost exclusively
[1,21]
in association with an infiltrating PDAC
. However,
a recent report pointed out that high-grade dysplasia
PanINs may be found without concomitant infiltrating
PDAC, and, when they involve the main duct, they may
[28]
cause stenosis with extensive upstream duct dilation .
At the immunohistochemical level, PanINs show an in
creased expression of mucin 1 and mucin 5AC (MUC1
and MUC5AC) and a decreased expression of mucin 6
[29-32]
(MUC6)
.

*
*

*

Figure 1 Extensive involvement of the pancreas by an intraductal papillary
mucinous neoplasm. This neoplasm involves almost all the pancreatic ductal
tree. The asterisks indicate Wirsung's duct along its course.

in the distal part of the pancreas (body and/or tail), and
by definition do not communicate with the pancreatic
[1]
ductal tree . It has been hypothesized that the females
may be predisposed to MCNs due to embryogenesis
or by a carcinogenetic process stimulated by female
[23,24]
hormones
. This theory is also corroborated by their
histological aspect because under the mucinous, non[1]
papillary epithelium is a classic ovarian-like stroma .
The mean age of patients with MCNs is about 44 years.
The mean age of patients with MCNs with an associated
[20]
adenocarcinoma is about 55 years . This observation
is in line with the status of MCN as a PDAC precursor
lesion. The association with PDAC is present in up to one
[25,26]
third of MCNs
. In contrast to PanINs, but similar
to IPMNs, MCNs can be detected by imaging. MCN pa
tients must undergo strict follow-up or pancreatic re
section because there is a non-negligible risk of PDAC
[21]
development .

IPMN

IPMNs are non-infiltrating neoplasms > 1.0 cm with
intraductal growth composed of mucinous cells with a
[1,5]
papillary architecture . Lesions with such features but
with a size > 0.5 cm but < 1.0 cm should be classified
[5]
as “incipient IPMN” . Similarly to PanINs, a recent con
sensus suggested grading IPMNs into low-grade and highgrade and to avoid the intermediate-grade dysplasia,
[5]
which should be included into the low-grade category .
IPMNs can be classified not only basing on topography
(main duct, branch duct, or mixed type), but also from
the histological point of view, based on the histotype of
the predominant epithelium, which also influences their
biological behavior: Gastric, pancreatobiliary, intestinal,
[1,33-41]
and oncocytic
(Figure 3).
Gastric-type IPMNs usually do not involve the Wir
sung’s duct. They are composed of cells with the features
of the gastric foveolar epithelium. There is a single
layer of mucinous cells with polarized nuclei located at
the basis of the cells. Usually this epithelium is associat
ed with low-grade dysplasia. It can show a mixture of
[1]
papillary, pseudopapillary, and flat structures . When
high-grade dysplasia is present in a gastric-type IPMN,
with complex structure and atypical cells, the lesion
becomes histologically very similar to a pancreatobiliary[33]
type IPMN . Questions are still open if these aspects
represent different degrees of gastric-epithelial dyspla

ITPN

ITPNs are rare intraductal neoplasms of the pancreas
composed of mucinous cells displaying a tubule-papillary
[1,5]
architecture . The incidence is similar in women and
[1]
men . These lesions are more commonly located in the
[1]
head of the pancreas , and their symptoms are uns
pecific, including undefined abdominal pain and vomi
ting. Notably, about 40% of ITPNs harbor an associat
[21]
ed invasive carcinoma . PDACs arising in association
with ITPNs usually have a better prognosis than that of
conventional PDACs with a 5-year survival rate of more
[21]
than 30% .

HISTOPATHOLOGY OF PRECURSOR
LESIONS OF PANCREATIC CANCER
PanIN

PanINs are non-infiltrating microscopic intraductal les
[1,3]
ions with a diameter < 0.5 cm . From the histological
point of view, they are composed of cuboid to colum
nar mucinous cells with varying degrees of dysplasia,
reflecting the different degrees of cytologic and/or
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A

B

Figure 2 Pancreatic intraepithelial neoplasm precursor lesions. A: High-grade pancreatic intraepithelial neoplasm (PanIN); B: Low-grade PanIN. Original
magnification: × 10. Black arrows indicate ducts involved by PanINs.

A

B

C

D

Figure 3 The four different types of intraductal papillary mucinous neoplasm. A: Gastric; B: Pancreatobiliary; C: Intestinal; D: Oncocytic. Original magnification:
A and C: × 10; B and D: × 20. Black arrowheads indicate the fibro-vascular axis of the papillary structures.

sia, or could represent intratumor heterogeneity of
IPMNs with low-grade gastric epithelium and high-gra
de pancreatobiliary epithelium coexisting in the same
[33-36]
lesion
.
Pancreatobiliary IPMNs usually involve the Wirsung’s
duct. They are composed of irregular cells usually with
enlarged nuclei and prominent nucleoli. Typically, the
dysplasia in this type of lesion is high-grade. Among
the different IPMN subtypes, they have the highest risk
[21,33-41]
to progress into PDAC
. Indeed, a recent metaanalysis including 14 studies for a total of 1617 patients,
showed that pancreatobiliary IPMNs are associated with
the most aggressive behavior, while gastric IPMNs dis
[37]
play the lowest risk of cancer progression .
Intestinal IPMNs usually involve Wirsung’s duct. They
are histologically similar to villous adenoma of the lar
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ge bowel. Their most evident morphological feature is
represented by the presence of goblet cells, the papillae
are long and sometimes branching, and the nuclei of the
cells are hyperchromatic, elongated, and show different
[1,21]
degrees of pseudostratification
. Although their risk
is lower than pancreaticobiliary type, intestinal IPMNs
can progress into invasive adenocarcinoma as well.
Interestingly, the latter is not usually represented by a
conventional adenocarcinoma but by a colloid carcino
ma (Figure 4), which displays a better prognosis than
[1]
conventional PDAC .
Oncocytic IPMNs are rare lesions, which may involve
both main and branch ducts, or even the entire pan
creatic ductal tree. They are composed of cells with a
typical eosinophilic and granular cytoplasm due to the
[32]
abundance of accumulated mitochondria . Not only
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A

B

C

Figure 4 Colloid carcinoma with perineural invasion (A, black arrow) and nodal metastasis (B: low magnification; C: higher magnification of the same
metastasis). Original magnification: A: × 10; B: × 4; C: × 20.

is the cytological appearance peculiar, but so is the
architecture. Oncocytic IPMN form arborizing papillae,
lined by one to five layers of cuboidal cells. A specific
feature is represented by punched-out spaces in the
[1,21,32]
epithelium
.
The best strategy for pathologists to classify IPMN
histotypes is coupling morphology with immunohistoche
mistry, particularly in the case of high-grade dysplasia.
Immunohistochemistry based on mucin staining app
[1,33-41]
ears of great importance in this setting (Table 1)
.
However, even with this integrated approach about
25% of cases are difficult to classify, mainly due to the
presence of phenotypic heterogeneity or dedifferentiated
[42]
areas .

be lacking or very focal with less common cyst forma
tion as a direct consequence. An intestinal-type necro
[46]
sis may also be present . ITPNs are typically negative
for MUC5AC, while MUC6 is often strongly positive
[1,46]
(Table 1)
. Because of their potential progression to
invasiveness as well as for their non-negligible asso
ciation with PDAC, ITPNs are also considered a PDAC
[1,21]
precursor lesion
.

MOLECULAR PROFILES OF PRECURSOR
LESIONS OF PANCREATIC CANCER
The study of the molecular landscape of PDAC precur
sor lesions has generated a growing body of knowledge,
very useful not only to the comprehension of its on
cogenesis but also to plan future strategies for their
early detection. From the molecular point of view, KRAS,
TP53, CDKN2A, and SMAD4 represent the four major
[1,27]
driver genes of PDAC
, and it is of great interest the
timing in which its precursors acquire alterations in such
genes during their specific carcinogenesis. The most
important aspect in this process, which is common to
each precursor, is that a KRAS mutation is a fundamental
and early event.

MCN

MCNs are composed of columnar cells with abundant
mucin located in the luminal part of the cells. The dys
plasia of MCNs should be classified with a two-tiered
scale (MCNs with low-grade including the previously
called intermediate dysplasia, vs MCNs with highgrade dysplasia), following the recommendation of the
[5]
latest consensus conference . MCNs with low-grade
dysplasia show mild cell atypia and lack of architectu
ral complexity. MCNs with high-grade dysplasia are
composed of atypical cells often with enlarged nuclei
and multi-layer stratification (Figure 5). The diagnostic
clues for the diagnosis of MCNs are represented by
the lack of communication with the pancreatic ductal
tree (always present in IPMNs), and the presence of
an ovarian-like stroma located under the mucinous
[1,5,43]
epithelium (Figure 5)
. These stromal cells usually
exhibit immunostaining for progesterone and estrogen
[44,45]
receptors as well as for alfa-inhibin
. In the case of
an associated invasive adenocarcinoma, the latter is
[21]
usually represented by a conventional PDAC .

PanIN

The generally accepted definition of PanIN as a true
precursor lesion of PDAC has been necessarily confir
med through their molecular characterization. Seminal
research on this topic has showed that there is mo
lecular evidence of the progression of PanIN towards
PDAC. Early lesions (low-grade PanINs) display KRAS
somatic mutations, and high-grade PanINs harbor CD
[47-53]
KN2A, TP53, and SMAD4 mutations
. In PanIN car
cinogenesis, TP53 and SMAD4 inactivation appear as
[53]
the latest events .

ITPN

IPMN

ITPNs are composed of relatively uniform and cuboidal
cells, without a significant amount of mucin, arranged in
densely packed tubules and back-to-back glands, with a
[1]
typical intraductal, tubulopapillary growth (Figure 6) .
In this type of lesion, extracellular mucin production may
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A recent whole-exome sequencing study on IPMNs
has showed an average of 26 mutated genes per
[54]
case . The most frequently mutated genes in IPMNs
are GNAS and KRAS, which are altered in up to 60%

321

October 15, 2018|Volume 10|Issue 10|

Riva G et al . Oncogenesis of pancreatic cancer
Table 1 Immunohistochemical markers for intraductal papillary mucinous neoplasm/intraductal tubulo-papillary neoplasm
histopathological classification
Type of lesion
IPMN

Subtype

MUC1

MUC2

MUC5AC

MUC6

CDX2

G
PB
INT
ONC

Negative
Positive1
Negative
Positive
Positive

Negative
Negative
Positive1
Negative
Negative

Positive1
Positive1
Positive1
Positive
Negative

Negative
Positive
Negative
Positive1
Positive1

Negative
Negative
Positive1
Negative
Negative

ITPN

IPMN: Intraductal papillary mucinous neoplasm; ITPN: Intraductal tubulo-papillary neoplasm; G: Gastric; PB: Pancreaticobiliary; INT: Intestinal; ONC:
Oncocytic. 1The positivity of a marker is very intense at the immunohistochemical level (++).

A

B

Figure 5 Mucinous cystic neoplasm precursor lesions. A: Low-grade mucinous cystic neoplasm (MCN); B: High-grade MCN. The black arrow indicates the
ovarian-like stroma, a typical component of this type of lesion. Original magnification: × 10.

A

B

Figure 6 Intratubular papillary neoplasm precursor lesions. A: Low magnification showing an extensive intraductal growth; B: Higher magnification. Original
magnification A: × 1; B: × 4.
[54,55]

[60]

and to 80% of cases, respectively
. Notably, recent
studies pointed out that the carcinogenesis of IPMNs
may follow two distinct pathways: The first, linked to
GNAS mutations, are intestinal IPMNs progressing to
colloid adenocarcinomas, and the second, linked to
KRAS mutations, are typical of pancreatobiliary IPMNs
[56-59]
and leads to conventional PDAC
. Another frequently
mutated gene in IPMNs is RNF43, an E3 ubiquitin-pro
tein ligase, which functions as a negative regulator of
[54,60]
the Wnt-signaling pathway
. Lastly, BRAF, TP53, and
SMAD4 mutations can be found in IPMN with high-grade
dysplasia. TP53 and SMAD4 mutations, similar to highgrade PanINs, are the latest molecular events in IPMN

WJGO|www.wjgnet.com

carcinogenesis

.

MCN

A recent whole-exome sequencing study of MCNs re
[54]
vealed an average of 16 somatic mutations per case ,
and compared to IPMNs there was a lower percentage
of cases with loss of heterozygosity events, a molecular
[54,61]
feature associated to poor prognosis
. The fewer
number of mutations and chromosomal alterations in
MCNs could explain the lower frequency of progression
to PDAC of this type of precursor when compared with
IPMNs. In MCNs, somatic mutations involving the four
classic PDAC driver genes (KRAS, CDKN2A, TP53, and
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[54]

SMAD4) and RNF43 have also been reported

.

have been distinguished in IPMN patients and indicated
[69]
as “high-risk stigmata” and “worrisome features” . The
“high-risk stigmata” are represented by: (1) obstructive
jaundice in a patient with cystic lesion of the head of the
pancreas; (2) enhancing mural nodule > 5 mm; and
(3) main pancreatic duct > 10 mm. The “worrisome fea
tures” comprise of: (a) clinical pancreatitis; (b) cyst > 3
cm, (c) enhancing mural nodule < 5 mm; (d) thickened/
enhancing cyst walls; (e) main duct size 5–9 mm; (f)
abrupt change in caliber of pancreatic duct with distal
pancreatic atrophy; (g) lymphadenopathy; (h) increas
ed serum level of CA19-9; and (i) cyst growth rate >
[69]
5 mm/2 years . Thus, patients with IPMN should be
followed-up with a stringent protocol, which integrates
imaging (endoscopic ultrasonography, computed tomo
graphy, and magnetic resonance) and clinical data, on
the basis of their importance and their specific risk of
progression to invasive cancer. From the molecular point
of view, the recent advances in this field have provided
interesting information from the genetic analysis of
[70]
cyst fluids . Future protocols should integrate clinicalradiological information with molecular data, to obtain
for each patient an integrated estimation of the risk of
PDAC development. This approach, however, should also
take into account the issue of field-effect carcinogenesis
of PDAC. Indeed, IPMNs and PDACs are not necessarily
genetically related as recently reported by Felsenstein
[71]
et al , who demonstrated that about 20% of coexisting
IPMNs and PDACs are molecularly unrelated, indicating
the possibility of PDAC development independent from
a coexisting IPMN. The main implication of this research
regards the strategy of surveillance of patients with
[72]
IPMN . Also, the local recurrence of IPMN or PDAC af
ter pancreatic resection for a IPMN may be genetically
unrelated, highlighting the existence of a field-effect
[73]
carcinogenesis of PDAC .

ITPN

This type of lesion has a peculiar molecular profile.
Particularly, mutations involving KRAS, NRAS, and GNAS
[60,62,63]
are very rare
. At the same time, PIK3CA mutations
and AKT alterations (and consequently the involvement
of the druggable mTOR pathway) are seen in 21% to
[62,63]
27% of ITPN cases
.

RECENT ADVANCES AND FUTURE
PERSPECTIVES ON PANCREATIC
CARCINOGENESIS
Recent molecular advances in pancreatic carcinogenesis
have given new interesting insights into the biological
behavior of PDAC. The study of the genetic landscape
of its precursor lesions has highlighted important im
plications for the early detection and for the clinical
management of patients with pre-invasive and invasive
pancreatic tumors.

PanIN

The most recent advances on the genetics of PanINs
[64]
come from the study by Hosoda et al
of a series of
isolated PanINs, i.e. those occurring in the absence
of a concomitant PDAC. Whole-exome or targeted se
quencing of 23 isolated high-grade PanINs found that
KRAS mutations were present in the vast majority of
lesions (> 90%), and CDKN2A and RFN43 mutations
were relatively frequent (about 20%-25% of cases),
but other genes previously considered important in hi
gh-grade PanINs, i.e., TP53, SMAD4, GNAS, ARID1A,
PIK3CA, and TGFBR2 were very rarely mutated or not
[64]
altered . In the same study, 16 adjacent low-grade
PanINs were sequenced showing very frequent KRAS
mutations (> 90% of cases) and lack of mutations in
[64]
TP53, CDKN2A, and SMAD4 tumor suppressor genes .
The main conclusion of this paper was that mutations
of TP53 and SMAD4 are events mainly associated with
invasive PDAC and not with PanIN precursor lesions.
Also the inactivation of chromatin remodeler genes,
such as ARID1A tumor suppressor gene, previously th
ought to be important in PDAC and other invasive mali
[65-68]
gnancies
, appeared to be associated with infiltrating
cancers rather than precursor lesions in the pancreas.
The refinement of our knowledge on the morphological
and molecular alterations of PanINs should be taken into
account by future researchers in order to improve the
possibilities of PDAC early detection.

MCN and ITPN

The clinical management of patients with MCNs and
ITPNs should take into account recent molecular know
ledge. MCNs and ITPNs represent true PDAC precurs
or lesions, thus an integrated approach with clinicalradiological information and molecular data should be
implemented in order to define stringent protocols for
the surveillance of low-risk subjects as well as precise
parameters indicating the need of pancreatic resection
in high-risk patients.

Cell of origin of pancreatic cancer

Another recent fascinating advance in pancreatic car
cinogenesis are the putative cells of origin of this tumor
type. Indeed, recent evidence from engineered micemodels suggests that PanIN development seems to be
the result of the transdifferentiation of acinar cells, while
IPMNs seem to arise from the progenitor niche of the
[74-76]
pancreatic ductal epithelium
. These new concepts
have totally changed the previous convictions, which indi
cated the differentiated ductal cells as the progenitor of

IPMN

The clinical management of IPMNs has changed in the
last decade. The most recent guidelines indicate the
need of combining clinical and radiological information
in order to define the best therapeutic choice. Particular
features, whose presence has different implications,
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Table 2 Precursor lesions and their most important histopathological and molecular features
Precursor lesions
PanIN

IPMN

Main histopathological features

Molecular hallmarks

Non-infiltrating lesions involving pancreatic ducts and < 0.5
KRAS somatic mutations are early molecular events (Low-grade
cm, composed of cuboid to columnar mucinous cells, with
PanINs); CDKN2A, TP53, and SMAD4 mutations are late molecular
two degrees of dysplasia: (1) Low-grade PanINs include the
events (High-grade PanINs)
previously called PanIN-1 and PanIN-2; and (2) high-grade
PanINs include PanIN-3
Non-infiltrating intraductal neoplasms > 1.0 cm composed of
GNAS and KRAS are altered in up to 60% and to 80% of IPMNs,
mucinous cells with papillary architecture. IPMNs have two
respectively
degrees of dysplasia: (1) Low-grade IPMNs; and (2) High-grade
There are two possible carcinogenetic processes: (1) GNAS
IPMNs. IPMNs can be classified based on topography (main
mutations cause progression to colloid carcinomas; and (2) KRAS
duct, branch duct or mixed) and also on histology (gastric,
mutations lead to conventional PDAC. Other frequently mutated
pancreaticobiliary, intestinal, or oncocytic type, see Table 1)
genes in IPMNs are RNF43, BRAF, TP53, and SMAD4

MCN

Composed of columnar cells with abundant mucin located in
the upper part. There are two degrees of dysplasia: (1) Lowgrade MCN; and (2) High-grade MCN. The histopathologic
clues for MCN diagnosis are the lack of communication with the
pancreatic ductal tree and the presence of an ovarian-like stroma
under the mucinous epithelium

There are fewer mutations and chromosomal alterations in MCNs
compared with other precursors, and this could explain the lower
frequency of progression of MCN to PDAC. Frequently altered
genes are KRAS, CDKN2A, TP53, SMAD4, and RNF43

ITPN

Composed of uniform cuboidal cells without a significant amount
PIK3CA mutations and AKT alterations are frequently seen in
of mucin, arranged in densely packed tubules and back-to-back ITPNs. Mutations involving KRAS, NRAS, and GNAS are very rare
glands with a typical intraductal, tubulopapillary growth
in ITPNs

PanIN: Pancreatic intraepithelial neoplasm; IPMN: Intraductal papillary mucinous neoplasm; MCN: Mucinous cystic neoplasm; ITPN: Intratubular
papillary neoplasm; PDAC: Pancreatic ductal adenocarcinoma.

PDAC. Understanding these two different pathways of
PDAC carcinogenesis, one starting from acinar epithelium
and one from ductal epithelium, could also partly explain
the different biological behaviors of PanINs and IPMNs
[74-76]
and their progression into an overt PDAC
.

4

5

CONCLUSION
The histopathological and molecular features of PDAC
precursor lesions have been summarized in Table 2 to
provide a complete vision on this important topic. They
represent a fundamental issue for the comprehension
of PDAC carcinogenesis and its biological behavior. Only
an integrated approach coupling histopathology and
molecular analysis may guarantee a decisive step for
the early detection of PDAC and to design more effective
therapeutic strategies.
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Abstract
Venous thromboembolism (VTE) refers to a hypercoa
gulable state that remains an important and preven
table factor in the surgical treatment of malignancies.
VTE includes two identical entities with regards to deep
vein thrombosis and pulmonary embolism. The incidence
of VTE after major abdominal interventions for gastrointestinal, hepato-biliary and pancreatic neoplastic disor
ders is as high as 25% without prophylaxis. Prophylactic
use of classic or low-molecular-weight heparin, anti-Xa
factors, antithrombotic stocking, intermittent pneumatic
compression devices and early mobilization have been
described. Nevertheless, thromboprophylaxis is often dis
continued after discharge, although a serious risk may
persist long after the initial triggering event, as the coagu
lation system remains active for at least 14 d post-opera
tively. The aim of this review is to evaluate the results of
the current practice of VTE prevention in cancer patients
undergoing major abdominal surgical operations, with
special attention to adequately elucidated guidelines
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[4]

and widely accepted protocols. In addition, the recent
literature is presented in order to provide an update on
the current concepts concerning the surgical manage
ment of the disease.

have been alternatively described . Nevertheless, th
romboprophylaxis is interrupted early in many cases,
while relevant risk may exist long after discharge, as
the activation of the coagulation system persists for
at least 2 wk post-operatively. In 2007, the American
Society of Clinical Oncology (ASCO) suggested an evi
dence-based clinical practice for the prophylactic and
therapeutic approach to VTE. A subsequent update has
recently been reported. However, there is still debate
about the choice and duration of the appropriate anti
coagulation therapeutic approach. Both guidelines reco
mmend consideration of extended prophylaxis in highrisk patients, despite the lack of a relevant, specific
[5]
definition . The aim of this study was to elucidate the
results of the current practice of VTE prevention in cancer
patients undergoing major abdominal surgical opera
tions, with special attention to adequately evaluated gui
delines and widely accepted protocols. In addition, recent
literature is presented to provide an update on current
concepts in surgical management of the disease.

Key words: Deep vein thrombosis; Pulmonary embolism;
Gastro-intestinal cancer; Thromboprophylaxis; Venous
thromboembolism
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Venous thromboembolism (VTE) refers to a
hypercoagulable state that remains an important and
preventable factor in the surgical treatment of mali
gnancies. The incidence of VTE after major interventions
for gastro-intestinal, hepatobiliary and pancreatic neo
plastic disorders is as high as 25% without prophylaxis.
Prophylactic use of classic or low-molecular-weight hepa
rin, anti-Xa factors, antithrombotic stocking, intermittent
pneumatic compression devices and early mobilization
have been described. The aim of this review is to evaluate
the results of the current practice of VTE prevention in
cancer patients undergoing major abdominal surgical op
erations, with attention to adequately elucidated guide
lines and widely accepted protocols.

HISTOLOGY AND PATHOGENESIS
Although several predisposing factors in DVT have be
en meticulously investigated, mechanisms of thrombus
development remain unclear. The classic Virchow triad
refers to the combination of blood flow restriction, a
hypercoagulable state and prothrombotic alterations in
the vessel wall, and plays a pivotal role in thrombosis ini
[6]
tiation . Traditionally, a blood clot contains a mishmash
of platelets, red blood cells and fibrin. Arterial clots are
usually created under high shear stress after rupture of
an atherosclerotic plaque or other vascular destruction.
As they are platelet-rich, administration of antiplatelet
drugs is often implemented. In contrast, venous clots
are fibrin-rich and develop under lower shear stress on
the surface of a macroscopically intact endothelium.
The therapeutic approach always involves anticoagula
[7]
nt drug administration . Disturbed blood flow remains
a significant risk parameter, as it can provoke DVT due to
[8]
long-term immobilization . Hypoxia activates the endo
thelium, promotes the release of Weibel-Palade bodies
(storage granules in endothelial cells), and facilitates blo
od coagulation. Weibel-Palade bodies are also responsible
for the production of the von Willebrand factor, which has
an important pathogenetic role in platelet recruitment.
The blood coagulation cascade is well-defined and
divided into the extrinsic and intrinsic pathways. Defi
ciencies in the anticoagulants antithrombin and prote
ins C and S constitute significant genetic risk factors
that contribute to the development of a hypercoagu
lable condition. Mild genetic alterations in von Leiden
factor, prothrombin G20210A and fibrinogen C10034T
[9]
predispose patients to decreased fibrinolysis . It is co
mmon knowledge that the most frequent site of throm
bus formation is the valve pocket sinus due to its vertical
blood flow and inadequate oxygen tension. Therefore,
small thrombi initiated within the valve pocket develop
slowly and extend along the inside of the vein wall, resu

Mastoraki A, Mastoraki S, Schizas D, Patras R, Krinos N,
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undergoing major abdominal surgical procedures for gastrointes
tinal cancer. World J Gastrointest Oncol 2018; 10(10): 328-335
Available from: URL: http://www.wjgnet.com/1948-5204/full/v10/
i10/328.htm DOI: http://dx.doi.org/10.4251/wjgo.v10.i10.328

INTRODUCTION
Venous thromboembolism (VTE) refers to a hyperco
agulable state that remains an important and preventa
ble factor in the surgical treatment of malignancies.
VTE includes two identical entities with regards to deep
[1]
vein thrombosis (DVT) and pulmonary embolism (PE) .
The incidence of VTE after major abdominal intervention
for gastrointestinal (GI), hepatobiliary and pancreatic
(HPB) neoplastic disorders is as high as 25% without
[2]
prophylaxis . Associated immobility, the Trendelenburg
position, abdominal surgical procedure, potential com
pression of the vena cava, placement of intravenous
catheters and chemotherapy have been proposed as
major determinants of hypercoagulation and VTE pre
valence. Neoadjuvant chemoradiotherapy followed by
surgical resection as well as laparoscopic techniques
have also been implicated. Recent surveys suggest that
mechanical and pharmacological prophylaxis is effe
[3]
ctive in preventing post-operative VTE . Prophylactic
use of classic or low-molecular-weight heparin (LMWH),
anti-Xa factors, antithrombotic stocking, intermittent pn
eumatic compression devices and early mobilization
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lting in vascular occlusion. It has been proposed that,
under abnormal conditions, tissue factor (TF) is expressed
on both circulating leukocytes and activated endothelial
cells together with the platelet inhibitors nitric oxide and
[10]
prostacyclin . In addition, recent surveys demonstr
ate that neutrophils accelerate thrombosis by releasing
serine proteases that inactivate the anticoagulant TF
pathway inhibitor, suggesting that interfering with the
binding of leukocytes to the activated endothelium may
represent a promising therapeutic strategy against DVT.
Finally, post-thrombotic syndrome describes chronic ve
nous insufficiency following DVT and is attributed to ve
nous hypertension, which may result from persistent
thrombotic occlusion or venous valvular reflux due to
[11]
a previous thrombotic condition . Additionally, inflam
mation may contribute to successive venous valvular
damage.

upon physical examination include tachypnoea, rales,
tachycardia, fever, cardiac galloping, lower limb oedema
and cyanosis.

DIAGNOSTIC MODALITIES
Several imaging studies have been proposed for DVT
diagnosis. Duplex Ultrasonography (B-mode and Dopp
ler) remains the current first line examination perform
ed, due to non-invasiveness and absence of irradiation
[17]
or contrast material . B-mode is based on the principle
that normal venous structures easily collapse with the
pressure applied by the transducer, while veins harboring
thrombi will not compress and will therefore be visible.
The Doppler color-flow imaging technique can reveal
the potential adequacy of blood flow in an area where
an isoechoic clot might not be depicted. Sensitivity and
specificity are as high as 95% in symptomatic patients,
but diminish with obesity, small and peripheral thrombi,
[18]
as well as asymptomatic disease .
Venography with pedal vein cannulation, injection of
contrast material, and serial limb radiographs remains
the diagnostic modality of choice for DVT verification,
with sensitivity and specificity reaching 100%. Howe
ver, this technique is invasive and may induce serious
consequences, such as hypersensitivity reactions, sup
erficial phlebitis and renal toxicity. Another modality app
lied is Impedance Plethysmography, which is sensitive
and specific in proximal vein thrombosis. It measures the
electrical resistance of the calf, which reflects changes in
[19]
blood volume . Spiral multidetector-row CT venography
from the popliteal fossa provides adequate diagnostic
accuracy in association with sonographic assessment.
Finally, magnetic resonance imaging remains the mo
dality of choice for suspected ileac vein or inferior vena
cava thrombosis, especially when CT venography is
[20]
contraindicated or technically difficult . Radiolabell
ed peptides that tend to connect to various thrombus
components have also been studied. Apcitide, a tech
netium-labelled platelet glycoprotein IIb/IIIa receptor
antagonist, is proposed for diagnostic investigations of
DVT. Diagnostic modalities related to DVT detection are
summarized in Table 1.
With regard to PE, common electrocardiographic
abnormalities, including tachycardia, nonspecific ST-T
disorders, right heart strain, atrial fibrillation and S1
Q3 T3 pattern, are encountered in the minority of affec
[21]
ted patients . CT pulmonary angiography (CTPA) is
considered as the initial imaging modality of choice for
[22]
stable patients . CTPA reveals emboli as an intralumi
nal filling defect after injection of contrast material, is
non-invasive and widely available, and provides invalu
[23]
able information for differential diagnosis . Sensitivity
and specificity are disproportionate to the size of the
affected pulmonary artery. Nevertheless, PA is the cri
terion standard for diagnosing PE. With the use of con
trast material, a filling defect or a sharp cut-off of the
problematic artery is detected in anterior, posterior and
[24]
lateral studies . Essential to verifying PE, Ventilation/

CLINICAL PRESENTATION
Considering that VTE encompasses two clinical co
nditions, including DVT and PE, clinical findings refer
to both nosologic entities. DVT typically presents with
pain and lower limb oedema, the latter being the most
specific symptom. If the thrombus is located in the il
eac bifurcation, pelvic veins or the inferior vena cava,
bilateral rather than unilateral oedema is usually appa
rent. Moreover, high partial obstruction often causes
moderate oedema imitating that of heart, liver or renal
[12]
insufficiency . Pain with tenderness occurs in the ma
jority of affected patients. Relevant clinical signs are
considered nonspecific and remain independent of the
size, location and extent of the thrombus. Warmth of the
related limb, locoregional erythema, or discoloration
and dilation of superficial veins may also be apparent.
Homan’s sign (calf pain on dorsiflexion of the foot) also
[13]
presents in 50% of patients with DVT . Furthermore,
DVT should be differentially diagnosed from various other
diseases including cellulitis, Baker’s cyst, musculoskele
tal injury, neoplasm, lymphedema, hematoma, sarco
ma, venous or arterial aneurysms, and connective tissue
[14]
disorders . Finally, a very uncommon but hazardous
form of DVT is Phlegmasia Cerulea Dolens, which is the
consequence of extensive thrombotic occlusion of the
major and collateral veins of a lower extremity, including
the ileac and femoral veins. It is characterized by acute
onset of pain, oedema, blue discoloration and swelling
of the affected limb, which, if left untreated, will result in
[15]
foot gangrene .
As far as PE is concerned, aetiology refers to air,
septic and amniotic fluid emboli. Relevant clinical fin
dings may vary from deadly hemodynamic collapse to
progressive dyspnoea, and most patients with PE pres
ent with obscure symptoms. Taking into consideration
the aforementioned clinical evidence, common signs of
PE include sudden dyspnoea (73%) that worsens with
exertion, pleuritic chest pain (66%) deteriorating with
inhalation, or exertion and a productive cough (37%)
[16]
that may lead to haemoptysis (13%) . Similar findings
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Table 1 Diagnostic modalities applied for deep vein thrombosis detection
Deep vein
thrombosis

U/S (B-mode)

U/S (Doppler)

Venography

Impedance
plethysmography

CTV

MRI

Radiolabeled
peptides

Mechanism of
action

Veins with
thrombi do not
compress

Absent or
abnormal blood
flow when a
thrombus is
present

Pedal vein
cannulation
and injection of
contrast material

Spiral
multidetector CT
venography from
popliteal fossa to
the pelvis

-

Radiolabeled
peptides that
bind to various
components of a
thrombus

Sensitivity and
specificity

95%

95%

100%

Measures
electrical
resistance of the
calf reflecting
blood volume
change
Sensitive and
specific in
proximal vein
thrombosis
-

-

-

-

Advantages

Non-invasiveness Non-invasiveness
Absence of
Absence of
radiation or
radiation or
contrast material contrast material

Disadvantages

Obesity, small
peripheral
thrombi,
asymptomatic
disease

Obesity, small
peripheral
thrombi
asymptomatic
disease

High sensitivity
and specificity

Invasiveness
Hypersensitivity
reactions
Renal toxicity

-

-

Ileac vein or
Apcitide, a
inferior vena cava
technetiumthrombosis, when labeled platelet
CT venography
glycoprotein
is contraindicated IIb/IIIa receptor
or technically
antagonist
inadequate
Correlation with
Expensive
sonographic
findings

CTV: Computed tomography venography; MRI: Magnetic resonance imaging.

[29]

creased long-term risk for VTE . Major abdominal cancer
surgery is also a risk factor for VTE, even after hospital
discharge and discontinuation of the usual perioperative
[30]
prophylaxis . As for laparoscopic surgery, there is still
no consensus as to whether the laparoscopic or open
techniques abate morbidity related to VTE. Some inve
stigators state that the risk is lessened due to overall
reduction in postoperative morbidity, while others claim
that the impact of pneumoperitoneum increases the
risk, due to compression of the inferior vena cava and
iliac veins. However, existing trials are not adequate to
[31]
reliably evaluate these findings .
Pharmacologic thromboprophylaxis is strongly reco
mmended in patients with GI cancer undergoing major
surgery, as risk reduction up to 80% has been proven for
VTE. Current guidelines suggest LMWH as the standard
of care. ASCO recommendations propose unfractiona
ted heparin, fondaparinux or LMWH as a first-line trea
tment, unless contraindicated due to high bleeding risk
or active bleeding. Prophylactic dosages at levels of
3000-5000 anti-Fxa units per day have proven more
effective than and as safe as lower doses. Treatment
should begin 12-24 h pre- or 6-24 h postoperatively
and last 7-10 d. The combination of pharmacologic and
mechanical prophylaxis, such as compression stockings
and intermittent pneumatic compression devices, may
be more efficient, especially in the high-risk group of
patients. Extended thromboprophylaxis up to 28 d shou
ld be taken into serious consideration only in high-risk
patients who fulfill the following criteria, including cancerrelated stage Ⅲ /Ⅳ , upper GI cancer, histological fea
tures of adenocarcinoma, thrombocytosis, leucocytosis,
elevated D-dimer and CRP. Patient-related factors refer

Perfusion Scanning may be used when CTPA or Pul
[25]
monary Angiography are contraindicated . Finally, PE
demonstrates increased signal intensity within the pul
monary artery during magnetic resonance angiography
with intravenous administration of gadolinium. Sensitivity
and specificity are high for central, lobar, and segmental
emboli, while sub-segmental emboli render magnetic
[26]
resonance angiography inadequate (Table 2).

THERAPEUTIC APPROACH
VTE remains the second most common cause of death
in cancer patients and constitutes an independent pro
[27]
gnostic factor for mortality . Moreover, recurrent VTE
and major bleeding complications are higher in cancer
patients, even if they receive anticoagulation therapy.
Patients with upper GI malignancies, such as hepatobili
ary and gastroesophageal cancer, are in great danger
of VTE, with pancreatic cancer presenting the highest
VTE prevalence. In advanced pancreatic cancer patients,
relevant risk is as high as 25%, and asymptomatic
VTE incidence is up to 60%. GI cancers are frequently
treated with antiangiogenic or chemotherapeutic agents,
such as cisplatin and irinotecan, which are associated
with increased risk for VTE as well as combined neoad
[28]
juvant chemoradiotherapy . It is estimated that ch
emotherapy provokes an inflammatory response due
to endothelial disruption. In particular, IL-1 and TNF-a,
among other cytokines, diminish the concentration of
anticoagulant proteins, such as antithrombin Ⅲ and pro
tein C. The procoagulant reaction is reinforced by incre
ased TF expression, and is maintained for up to 6 mo
after induction of chemoradiation, thus implying an in
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Table 2 Imaging modalities for pulmonary embolism verification
PE

ECG

Findings

Advantages

Disadvantages

CTPA

V/Q Scan

MRA

Sinus tachycardia Non-specific
Intraluminal filling defect of
Ventilated area not perfused
Increased signal intensity of
ST-T disorders
pulmonary artery after injection
pulmonary thrombi within
S1Q3T3 pattern Atrial fibrillation
of contrast material
pulmonary artery after injection
Right heart strain
of gadolinium
Immediate
Criterion standard for diagnosis Radiation dose lower than CTPA High sensitivity and specificity
Costless
for central, lobar, and segmental
emboli
Low sensitivity and specificity
Invasiveness
Inadequate for subsegmental
Hypersensitivity reactions
emboli
Renal toxicity

CTPA: CT pulmonary angiography; V/Q: Ventilation/perfusion; MRA: Magnetic resonance angiography.

to ages older than 60 years, obesity, previous history of
VTE, surgery lasting 2 h or longer, prolonged postopera
tive immobilization, and presence of infection or fever.
Treatment-related determinants include chemotherapy,
central-line or port catheter, parenteral nutrition and ra
diation therapy. On the other hand, European Society of
Molecular Oncology (ESMO) guidelines do not suggest
fondaparinux as the first line of treatment and recom
mend extended prophylaxis up to 28 d for all cancer
patients undergoing abdominal or pelvic surgery. Given
these differentiations, the newest ESMO and ASCO gui
delines consort with each other. American Society of Ha
ematology and Australian Government National Health
and Medical Research Council recommendations coincide
with ASCO guidelines, while Mayo Clinic VTE Prevention
and Management and German guidelines go along with
ESMO proposals.
As far as long-term prevention of VTE is concerned,
ASCO guidelines suggest the use of LMWH as the stan
dard of care. If this is unavailable, vitamin K antagonists
(VKA) are used. Novel Oral Anticoagulants (NOACs) are
currently not suggested for patients with GI cancer and
VTE due to the limited data available in patients with
malignancy. Treatment should last for 6 mo. ESCO and
American Society of Haematology guidelines recommend
the use of LMWH for 6 mo. ESCO specifically proposes
an initial dose of LMWH 100% for 1 mo and 75%-80%
of the initial dose for 5 mo thereafter. Additionally, the
Mayo Clinic suggests that anticoagulants should be con
tinued until there is no evidence of active malignancy,
either as evidence of imaging or cancer-related treat
ment, while German guidelines propose LMWH for 3-6
mo and highlight that prophylaxis could last for a lifetime
[32]
in persistent cancers .
Non-vitamin-K NOACs have been introduced in the
treatment of VTE associated with GI cancer. As the
aforementioned guidelines state, the use of NOACs are
currently not recommended due to limited data in cancer
patients. On the other hand, available anticoagulants
exhibit certain disadvantages. Unfractionated heparin
requires platelet monitoring and daily injections, which
are highly inconvenient. Also, it is associated with hepa
rin-induced thrombocytopenia, types Ⅰ and Ⅱ, bleeding
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and osteoporosis. LMWH is contraindicated in renal impa
irment, adding to its drawbacks. VKA, such as warfarin,
require INR monitoring and have multiple drug and food
interactions. A narrow therapeutic window, delayed onset
of action and bleeding risk render VKA inadequate and
[28]
inferior to LMWH .
The family of NOACs includes dabigatran etexilate,
rivaroxaban, apixaban and edoxaban, each one with
their own special pharmacokinetics and pharmacodyna
[33]
mics . Dabigatran etexilate is a direct thrombin (fac
tor Ila) inhibitor. It is administered orally and presents
a half-life of 12-14 h and a rapid onset of action. Its
bioavailability does not exceed 10% (3-7%), and its ab
sorption is facilitated by acids. Its excretion is primarily
in urine (80%), so caution is required for patients with
renal impairment, as its half-life can be increased up
to 34 h. More specifically, it is contraindicated when
creatinine clearance (CrCl) is under 30 mL/min. Its cle
arance is also dependent on the P-glycoprotein transport
pathway. In addition, routine monitoring is not required
because of predictable pharmacokinetics. In the RECOVER, RE-SONATE and RE-MEDY phase Ⅲ clinical tri
als, dabigatran showed non-inferiority to warfarin and
superiority to placebo. It is FDA approved for VTE proph
ylaxis after hip and knee arthroplasty, stroke prevention
in patients with non-valvular atrial fibrillation, and VTE
treatment. As for adverse effects, dyspepsia is the only
one that occurs more frequently with dabigatran than
[28,33]
with warfarin
.
Rivaroxaban is a direct inhibitor of factor Xa. It is
orally administered and has a half-life of 7-11 h, with
[34]
a rapid onset of action as well . Its bioavailability is
excellent (80%-100%). Significant food interactions have
not been reported. It is a substrate of the cytochrome
P450 system, especially CYP3A4 and P-glycoprotein,
and is excreted by both the renal and hepatic systems,
demanding extreme caution in patients with renal or
[33]
hepatic insufficiency . More specifically, it is contra
indicated when CrCl is under 30 mL/min in haemodia
lysis and in patients with Child-Pugh B or C cirrhosis. Ad
ditionally, monitoring is not required. In the EINSTEINDVT and EINSTEIN-Extension phase Ⅲ clinical trials,
rivaroxaban presented non-inferiority to VKA/LMWH
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Table 3 Comparative evaluation of mechanism of action and contra-indications of novel oral anticoagulants
Novel oral anticoagulants

Dabigatran

Rivaroxaban

Apixaban

Edoxaban

Direct thrombin (factor IIa)
inhibitor

Direct factor Xa inhibitor

Direct factor Xa inhibitor

Direct factor Xa inhibitor

Route of administration

Per os

Per os

Per os

Per os

Half-life

12-14 h

7-11 h

12 h

8-10 h

Bioavailability

3%-7%

80%-100%

50%

62%

P-glycoprotein

P-glycoprotein
Cytochrome P450 system
(CYP3A4)

P-glycoprotein
Cytochrome P450 system
(CYP3A4)

P-glycoprotein
Cytochrome P450 system
(CYP3A4)

Urine (80%)

Urine and HBR

Urine (25%)

Primarily: HBR
Secondarily: Urine

CrCl < 30 mL/min

CrCl < 30 mL/min
Hemodialysis
Child Pugh B and C stage
cirrhosis

CrCl < 15 mL/min

FDA approval

VTE prophylaxis after hip
and knee arthroplasty, Non
valvular atrial fibrillation
VTE treatment

VTE prophylaxis after hip
and knee arthroplasty, Non
valvular atrial fibrillation
VTE treatment

Clinical trials

Non-inferiority to warfarin
Superiority to placebo

Non-inferiority to VKA/
LMWH
Superiority to placebo

-

100-150 mg × 2/24 h

10-30 mg × 1/24 h

2.5-5 mg × 2/24 h

Mechanism of action

Metabolism

Excretion
Contraindication

Dosage

Non valvular atrial fibrillation Non valvular atrial fibrillation
VTE treatment and prevention VTE treatment and prevention
after major orthopedic
after major orthopedic
surgery
surgery

15-30 mg × 1/24 h

HBR: Hepatobiliary route; VTE: Venous thromboembolism; VKA: Vitamin K antagonists; LMWH: Low molecular weight heparin.

and superiority to placebo, respectively. It is also FDA ap
[28]
proved with the same indications as dabigatran .
Apixaban appears to have the same mode of action
and route of administration as rivaroxaban. It has a
half-life of 12 h, and a bioavailability of about 50%. It
is metabolized by P-glycoprotein, the cytochrome 450
system, and the CYP3A4 pathway. Its excretion is in
urine (25%), and the drug is contraindicated when CrCl
is under 15 mL/min. Edoxaban inhibits factor Xa and
is orally administered. It has a half-life of 8-10 h and
good bioavailability (62%). It is excreted primarily by
the hepatobiliary route and secondarily in the urine.
Also, it is metabolized by both P-glycoprotein and the
CYP3A4 pathway. As mentioned for the other NOACs,
monitoring is not required. Both apixaban and edoxab
an are FDA approved for non-valvular atrial fibrillation,
VTE treatment and prevention after major orthopaedic
[28,33]
surgery
.
As far as dosing frequency is concerned, dabigatran
and apixaban require 110-150 mg and 2.5-5 mg twice
a day, respectively, while rivaroxaban and edoxaban
necessitate 10-30 mg and 15-30 mg once daily, respe
[33]
ctively . Apixaban remains the safest of the NOACs,
showing reduced risk of major or clinically-relevant mi
nor bleeding at a statistically significant level, with da
bigatran taking the second place. Additionally, apixaban
and rivaroxaban pose a significantly lower risk for major
bleeding compared with LMWH or VKA, a fact which
[35]
may be of particular clinical importance . In conclusion,
differences between doses of dabigatran and apixab
an, as well as the correlations between the safety and
timing differences between dabigatran or apixaban and
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rivaroxaban or edoxaban, are summarized in Table 3.

CONCLUSION
VTE refers to both DVT and PE and is highly associated
with malignancy, with HPB and gastric cancer ranking
[36]
first . CTPA is the initial diagnostic modality, while ul
[37]
trasonography is preferred for DVT . LMWH is used
pre- or 6-24 h postoperatively and should continue for
7-10 d. Extension up to 28 d is highly recommended
[38-42]
for major abdominal or pelvic surgical procedures
.
NOACs are promised to revolutionize current treatment
and bring together efficacy and many benefits for pa
tients. However, the use of NOACs for VTE prophylaxis
is certainly debatable. Potential drug interactions with
chemotherapeutic components, GI abnormalities, and
hepatic and renal insufficiency remain significant de
[43-45]
terminants of NOAC administration
. Therefore, bio
[46]
availability may not reach desirable levels . The lack
of rapid reversal agents also prevents the use of these
agents for invasive procedures and thrombocytopenia.
Furthermore, cancer patients are at a greater risk of
bleeding than non-cancer patients due to chemotherapyinduced thrombocytopenia and antiangiogenic therapy.
Moreover, a reduction in circulating proteins and album
ins could influence the binding levels of NOACs. Thus, a
comparative study of NOACs with the current curative
approach, LMWH, may clarify this dispute.
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Abstract
The last two decades have seen a paradigm shift in
the selection of patients with hepatocellular carcinoma
(HCC) for liver transplantation. Microvascular invasion
and differentiation have been the most significant factors
affecting post-transplant recurrence; however, because
of inherent disadvantages of pre-transplant biopsy,
histological criteria never gained popularity. Recently,
the selection criteria evolved from morphological to
biological criteria, such as biomarkers and response to
loco-regional therapy. With the introduction of multi
modality imaging, combination of computed tomo
graphy with nuclear medicine imaging, particularly,
18F-fluorodeoxyglucose positron emission tomography
fulfilled an unmet need and rapidly became a critical
component of HCC management. This review article
will focus on the use of 18F-fluorodeoxyglucose posi
tron emission tomography combined with computed
tomography in the pre-transplant evaluation of HCC
patients with special discussion on its ability to predict
HCC recurrence after liver transplantation.
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Core tip: The last two decades have seen a paradigm
shift in the selection of patients with hepatocellular
carcinoma (HCC) for liver transplantation. With the
introduction of multimodality imaging, combination of
computed tomography with nuclear medicine imaging
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[12,13]

fulfilled an unmet need and rapidly became a critical
component of HCC management. This review article will
focus on the use of 18F-fluorodeoxyglucose positron
emission tomography in the pre-transplant evaluation
of HCC patients with special discussion on its ability to
predict HCC recurrence after liver transplantation.

34% had explant pathology that was within the MC
.
An earlier study investigating the correlation between
pathologic and radiologic staging according to the mor
phological criteria have found that the accuracy of ima
ging classification for both Milan and (University of Cali
[14]
fornia San Francisco (UCSF) criteria was only 60% .
In patients with HCC, vascular invasion has been
defined as one of the major determinants of the out
[15]
come after LT . Further studies have shown that tumor
differentiation has also been an independent predictor of
[16,17]
recurrence and survival after the transplant
. Despite
initial hesitancy against the use of pre-transplant tumor
biopsy, Toronto criteria have led the way to the use of
histological criteria in selection of patients with HCC for
[12]
LT . However, pre-transplant tumor biopsy has not
gained popularity because of its limitations: In spite of
the invasive biopsy procedures, the presence of vascular
invasion and tumor differentiation may not be detec
ted reliably; the sensitivity of biopsy varies depending
on location of the tumor, needle size, and tumor size.
Moreover, preoperative needle biopsy may increase
[18]
tumor seeding and post-transplant recurrence . Never
theless, this was the beginning of a new era when there
was a shift in selection criteria from morphological to
the combination of biological and histomorphological
[19]
criteria .
Meanwhile, major transplant centers in Asia star
ted to expand aggressively the morphological criteria
with the addition of biomarkers to the patient selection
process. While in the West, alpha-fetoprotein (AFP)
has been traditionally used as a reference biomarker to
screen and support the diagnosis of HCC; in the East,
des-gamma-carboxy prothrombin (DCP) was introduc
ed as a significant marker for assessing the biological
[20]
behavior of HCC, particularly in Japan. Shirabe et al
reported that selection of HCC patients for LT might
improve with the use of DCP measurement because pretransplant DCP level has been shown to be a significant
predictor of microvascular invasion (MVI).
The utilization of a combination of biological and mor
phological data has been a perfect fit for living donor
LT (LDLT), which was not restricted by deceased donor
organ allocation system. The Kyoto group reported their
selection criteria to include no more than 10 tumors,
all less than 5 cm in diameter with DCP levels less than
[21]
400 ng/mL , while the Kyushu group suggested more
extended criteria to include a tumor size of less than 5
cm and DCP levels less than 300 ng/mL with no limita
[22]
tion on the number of tumors . Both centers achieved
outstanding post-transplant outcomes. The criteria that
incorporated biomarkers with expanded morphological
[21-24]
criteria are shown in Table 2
.
As the selection criteria have been continuously ex
panded, search for new criteria to predict the biological
behavior of HCC also continued. To this end, response
to loco-regional therapy (LRT) has been suggested as a
[19]
surrogate marker of tumor biology . Bridging therapies
primarily focused on reducing the tumor burden and has
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common
type of primary liver cancer. Currently, HCC is the sixth
most common cancer with more than a half million new
cases diagnosed annually, and it is the second leading
[1]
cause of cancer-related mortality in the world . The
global risk of HCC has been largely associated with
hepatitis B and C virus infection. In addition, improved
survival from cirrhosis and increasing rates of obesity
and non-alcoholic fatty liver disease are expected to
[2,3]
contribute to the ever-increasing incidence of HCC .
Because of the strong link between cirrhosis and HCC,
liver transplantation (LT) is the best treatment option,
since it removes the tumor and the underlying tumorgenerating cirrhosis. Recently, HCC has been reported
as the most common indication for LT in the United
[4]
States .
[5]
Until the landmark study by Mazzaferro et al in
1996, the liberal selection of HCC patients for LT resulted
in high recurrence rates and poor survival. With the
introduction of Milan criteria (MC), excellent long-term
outcomes have been achieved that were not different
from those of patients without HCC. The MC have been
validated in several studies and widely accepted as the
benchmark for selection of patients with HCC for de
ceased donor LT (DDLT). Subsequent studies searching
for more liberal morphological criteria have shown that it
was possible to extend the size and number of tumors
[6-11]
without compromising post-transplant outcome
(Table
1). Despite being continually expanded, aforementioned
morphological criteria have been criticized for a variety of
reasons: they were restrictive and precluded numerous
patients who otherwise would have benefited from LT
with a low risk of HCC recurrence; they relied solely on
tumor burden (defined as the size and number of tumors
at a certain point) and excluded the factors related to
tumor behavior (i.e., tumor differentiation, molecular
markers, and response to bridging therapy); they depen
ded on imaging parameters that were inconsistent: in
patients within MC, up to 40% had explant pathology
that exceeded the MC, and in those beyond MC, up to
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Table 1 Morphological criteria used in selection of patients with hepatocellular carcinoma for liver transplantation
Ref.

Year

Size and number

Milan[5]
University of California San Francisco[6]
Tokyo University[8]
Asan Medical Center[9]
Alberta[10]
Valencia[11]
Up-to-seven[7]

1996
2001
2008
2008
2008
2008
2009

1 lesion ≤ 5 cm, or 2 to 3 lesions each ≤ 3
1 lesion ≤ 6.5 cm, 2-3 lesions each ≤ 4.5 cm with total tumor diameter ≤ 8 cm
Up to 5 tumors, each < 5 cm
The largest tumor diameter < 5 cm, tumor number ≤ 6
Total tumor volume < 115 cm
Up to 3 tumors, each < 5 cm, and a cumulative tumor burden ≤ 10 cm
7 as the sum of the size of the largest tumor and total number of tumors

Table 2 The use of biomarkers with expanded morphological criteria
Ref.

Year

Kyoto[21]
Kyushu[22]
Seoul[23]
Hangzhou[24]

2007
2007
2007
2008

No. of patients
136
40
140
195

Criteria
Up to 10 tumors, all ≤ 5 cm; DCP ≤ 400 ng/mL
Any number, tumor diameter ≤ 5 cm; DCP < 300 ng/mL
Any number, tumor diameter ≤ 5 cm; AFP ≤ 400 ng/mL
Total tumor diameter ≤ 8 cm; or total tumor diameter > 8 cm and
grade Ⅰ/Ⅱ and AFP ≤ 400 ng/mL

Beyond criteria

87% (5-yr)
77% (3-yr)
87% (5-yr)
71% (5-yr)

37% (5-yr)
40% (3-yr)
23% (5-yr)
19% (5-yr)

CT in the setting of LT for HCC with special discussion
on its ability to predict HCC recurrence after LT.

Table 3 The criteria used for prediction of biological
behavior of hepatocellular carcinoma in the pre-transplant
setting

18F-FDG PET/CT IMAGING IN HCC

Biomarkers (AFP, DCP)[21-24]
The neutrophil-lymphocyte ratio[27]
Pre-transplant liver biopsy[12]
Response to loco-regional therapy[19]
Test of time (3-mo waiting period)[19,26]
Dynamic evaluation (tumor doubling time and change in AFP)[19]
FDG-PET scan

The successful application of 18F-FDG to a growing
number of oncological indications has led to the wi
despread use of 18F-FDG-PET/CT in the diagnosis,
staging and follow-up of patients with distinct types of
cancer. Oncological imaging using 18F-FDG is based
on the principle of enhanced glucose metabolism in
tumors as compared with normal tissues. However, in
normal hepatic parenchyma, where the concentration
of glucose-6-phosphatase is high, the rapid clearance
of 18F-FDG leads to a reduced discrimination between
normal tissue and well-differentiated HCC. Because of
the fact that low-grade HCC exhibits a lower FDG avidity,
the general reported false-negative rate of 18F-FDG[29]
PET/CT approaches 50% in the imaging of HCC . The
18F-FDG uptake in HCC ranges from 38% to 70% with
[29-32]
an overall sensitivity of only about 60%
.
In the liver, PET/CT positivity is determined by
examining whether the FDG uptake in tumor is signi
ficantly higher than that in the surrounding liver par
enchyma. Standardized uptake values (SUV) of the
lesions are calculated by plotting a circular region of
interest (ROI) at the area of the maximum FDG uptake
in the PET images. Numerous studies have defined PET/
CT positivity vs PET/CT negativity by using the maximum
SUV (SUVmax) within ROI. In a retrospective study
[33]
of 280 patients undergoing LDLT for HCC, Lee et al
defined the SUVmax values for PET/CT positivity and
negativity as 4.46 and 3.08, respectively (P < 0.001).
However, SUV measurements are prone to be influenced
by a variety of factors, including high glucose metabolism
in the normal liver tissue, as well as the factors related
with scanner and reconstruction parameters. Therefore,

AFP: Alpha-fetoprotein; DCP: Des-gamma-carboxy prothrombin; FDGPET: Fluorodeoxyglucose positron emission tomography.

been recommended to downstage the HCC patients who
exceeded the morphological selection criteria to within
[25]
the MC to become eligible for DDLT . In addition, long
waiting times for DDLT and high dropout rates have
led to an active approach to the treatment of HCC with
LRT to prevent progression while awaiting LT. The LRTs
have also been used in LDLT to exclude patients with
unfavorable tumor behavior, such as the patients who
are unresponsive to treatment or those with progression
upon observation. The interval between therapy and LT
was found to help in identifying the patients who have
HCC with poor tumor biology with an increased risk of
[26]
post-transplant recurrence .
Despite the ability of cross-sectional imaging studies
to reliably diagnose HCC, neither computed tomography
(CT), nor magnetic resonance imaging (MRI) have been
[27]
instrumental as a marker of tumor biology (Table 3).
With the introduction of multimodality imaging, combi
nation of CT with nuclear medicine imaging, particularly
18F-fluorodeoxyglucose positron emission tomography
(18F-FDG-PET/CT), fulfilled an unmet need and rapidly
[28]
became a critical component of HCC management .
This review article will focus on the use of 18F-FDG PET/

WJGO|www.wjgnet.com

Overall survival
Within criteria

338

October 15, 2018|Volume 10|Issue 10|

Yaprak O et al . Role of 18F-FDG PET/CT in LT for HCC
Table 4 The standardized uptake values used to define clinically significant 18F-fluorodeoxyglucose positron emission tomography/
computed tomography positivity for hepatocellular carcinoma
Ref.

Year

No. of patients

Study model

SUV values
SUVmax

Lee et al[34]
Song et al[35]
Lee et al[36]
Hsu et al[37]
Hong et al[38]
Boussouar et al[39]
Bailly et al[40]
Lin et al[41]

2009
2012
2015
2016
2016
2016
2016
2017

59
83
280
147
123
28
34
65

LT
LRT
LDLT
LDLT
LDLT
LT
LT
LT

3
4
4.4
4.8

3.8

TSUVmax-to-LSUVmax
1.15
1.45

TSUVmax-to-LSUVmean
1.35
1.9
2

1.1
1.15
1.15
1.49

1.69

SUV: Standardized uptake values; TSUVmax: Tumor SUVmax; LSUVmax: Normal-liver SUVmax.

many researchers suggested using either tumor SUV
max to normal-liver SUVmax (TSUVmax/LSUVmax) or
tumor SUVmax to normal-liver SUVmean (TSUVmax/
LSUVmean) values instead of SUVmax to identify PET/
[34-41]
CT positivity
(Table 4).
While 18F-FDG-PET/CT has demonstrated substan
dard sensitivity in discovering new HCC, it has been
useful in detecting extra-hepatic metastases, with de
[42,43]
tection rates reported as high as 100%
. 18F-FDGPET/CT has also been reported to detect post-treatment
recurrences earlier and at higher rates than conventional
[44]
imaging modalities . The sensitivity of 18F-FDG-PET/
CT is size-dependent in both extra-hepatic metastases
[42]
and recurrences. Sugiyama et al reported a detection
rate of 83% for extra-hepatic metastases > 1 cm, which
was only 13% for lesions ≤ 1 cm in diameter. In patients
[45]
with post-transplant HCC recurrence, Kim et al reported
that a detection rate of > 90% has been achieved for
extra-hepatic metastases when the lesions were larger
than 1 cm in diameter. However, 18F-FDG-PET/CT was
not able to detect any of the extra-hepatic lesions under
1 cm and demonstrated a low detection rate of less
than 10% for intrahepatic recurrences. They reported a
detection rate of 100% in bone, 60% in the lungs, and
100% in lymph nodes. 18F-FDG-PET/CT has also been
used in the evaluation of patients with unexplained AFP
[46]
elevation after surgical or interventional treatment .
In HCC patients presenting with portal vein thrombosis,
18F-FDG-PET/CT was found more valuable than con
ventional imaging studies in differential diagnosis of
[47,48]
tumor thrombus
.
Considering the limited role of 18F-FDG-PET/CT in
the detection of HCC because of its low overall sensitivity,
[49]
Ho et al advocated for the use of 11C-acetate, which
showed better detection sensitivity of 87.3% compared
to 47.3% using 18F-FDG. In another study from Hong
Kong, which evaluated the accuracy of dual-tracer PET/
CT in HCC patients who underwent either partial hepa
tectomy or LT, the sensitivity of 11C-acetate PET/CT was
significantly higher than those of 18F-FDG-PET/CT and
contrast-enhanced CT for the detection of small HCCs
[50]
(87.0% vs 17.4% and 43.5%, respectively) . Recent
studies have concluded that in patients undergoing LT

WJGO|www.wjgnet.com

for HCC, although 11C-choline PET had a better detection
rate for well-differentiated lesions and the addition of
11C-acetate to 18F-FDG-PET/CT significantly increased
the overall sensitivity and specificity for the detection of
HCC, the complementary role of 18F-FDG should not
be underestimated as a marker of poorly differentiated
[51-53]
tumor pathology
.

CORRELATION BETWEEN 18F-FDG PET/
CT AND HISTOLOGICAL FINDINGS
In HCC, the growth rate and the activity of glycolytic
[54]
enzymes are related . Therefore, contrary to well di
fferentiated HCC, poorly differentiated HCC cells have
low glucose-6 phosphatase activity and high uptake
[30]
of 18F-FDG . Recent studies have suggested that
maximum standardized uptake values in 18F-FDG
PET/CT imaging demonstrated strong correlation with
histopathological characteristics of HCC, such as MVI
[28,55-57]
and tumor grade
. The reported accuracy rate of
18F-FDG-PET/CT for detection of MVI invasion and tumor
differentiation in HCC ranged between 68.3% to 88.1%
[55]
and 57.4% to 71.4%, respectively .
Considering the risk of tumor seeding and limitations
related to multifocality and microscopic heterogeneity
within tumor, 18F-FDG-PET/CT is a more valuable tool
in the prediction of tumor biology. The maximum stan
dardized uptake value (SUVmax) and ratio of tumor-tonormal liver SUVmax value (SUVmax T/L) have been
recognized as objective indices for the definition of
18F-FDG-PET/CT positivity. In a recent study on 65 HCC
patients who underwent 18F-FDG-PET/CT before LT,
[41]
Lin et al
have found that the SUVmax T/L ratio was
an independent predictor of vascular invasion. The opti
mal cutoff values for SUVmax of the tumor and SUVmax
T/L ratio for the prediction of HCC vascular invasion
were 3.80 and 1.49, respectively. In another study that
reviewed 18F-FDG-PET/CT findings of 34 patients with
[40]
HCC who underwent LT, Bailly et al reported that none
of the patients with SUVmax L/T ratio > 1.15 had well
differentiated HCC.
A study from Seoul National University investigated
the association of the gadoxetic acid-enhanced MR and
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Table 5 The use of 18F-fluorodeoxyglucose positron emission tomography/computed tomography in predicting post-transplant
hepatocellular carcinoma recurrences
Ref.

Year

Follow-up (mo)

Recurrence
PET/CT (+)

PET/CT (-)

Disease-free survival

Risk of recurrence (95%CI)
OR = 7.6
(1.9-28.9)
OR = 23.9
(2.1-268.5)
HR = 3.9
(1.1-13.0)
HR = 13.5
(4.7-38.2)
HR = 22.8
(6.3-83.0)
HR = 3.6
(1.3-9.6)

Yang et al[28]

2006

19

13/8

25/3

2-yr, 46.1% vs 85.1%

Kornberg et al[56]

2009

11.5

19/9

36/1

3-yr, 46.9% vs 93.3%

Lee et al[34]

2013

26.1

55/22

136/16

3-yr, 57.1% vs 86.8%

Hsu et al[37]

2016

25.8

30/9

117/9

5-yr, 68.3 vs 84.8%

Kornberg et al[57]

2017

74

41/24

75/5

5-yr, 38.1% vs 93.3%

Ye et al[63]

2017

25.7

78/46

25/7

5-yr, 21.9% vs 76%

PET/CT: Positron emission tomography/computed tomography.
[61]

the 18F-FDG-PET/CT findings with the MVI in patients
[58]
who underwent LT for HCC . Multivariate analysis
revealed that peritumoral enhancement and the ratio
of tumor maximum standardized uptake value (SUV)
to normal liver mean SUV (TSUVmax/LSUVmean) ≥
1.2 had a statistically significant association with MVI,
with an odds ratio of 10.6 and 14.2, respectively. With
regard to predicting MVI, the sensitivity and specificity
was 35.7% and 93.3% for MRI and 64.3% and 86.7%
for PET/CT, respectively. For the prediction of MVI, a
sensitivity of 78.6% and a specificity of 80% were achi
eved when both imaging modalities were combined.

“within MC” patients (19%, P = 0.1) . Similar data were
recently published by the Taiwan group who combined
pre-transplant PET/CT results with UCSF criteria for
predicting the risk of post-transplant HCC recurrence.
In a group of 147 patients with HCC who underwent
18F-FDG-PET/CT and proceeded to LDLT, patients within
UCSF criteria and those beyond UCSF criteria with a low
FDG uptake had similar post-transplant recurrence rates
[37]
(3.6% vs 11.1%) .
Another study from Korea investigated the clinical
impact of 18F-FDG-PET/CT in patients undergoing LDLT
for advanced HCC, where more than half of the patients
were beyond MC. In patients beyond either MC (n = 147)
or UCSF (n = 136) criteria, PET/CT negative patients
had 5-year DFS rates of 73.3% and 72.8%, respectively.
Despite the fact that these figures were significantly
lower than those of patients within MC (89.8%), the
outcome is highly acceptable when the discussion shifts
from “zero recurrence” towards targeting 50% 5-year
[33]
survival as an acceptable goal in advanced HCC .

CORRELATION BETWEEN 18F-FDG PET/
CT AND MORPHOLOGICAL CRITERIA
As the selection criteria for LT shifted towards biologi
cal criteria, MC as the current gold standard and other
morphological criteria have been challenged with a
number of studies using 18F-FDG PET/CT. Kornberg et
[59]
al was the first to investigate the prognostic value of
preoperative 18F-FDG PET/CT in liver transplant candi
dates with HCC. They concluded that PET/CT negative
patients with HCC beyond MC might achieve excellent
post-transplant disease-free survival (DFS). In a more re
cent study, they combined the pre-transplant 18F-FDG[60]
PET/CT assessments with Up-to-seven criteria . Among
116 patients with HCC who underwent 18F-FDG-PET/CT
prior to LT, 5-year DFS was comparable between patients
within Up-to-seven criteria (n = 85) and those beyond
Up-to-seven criteria with negative PET/CT (n = 16)
(81.0% vs 87.1%, P = 0.5).
A Japanese multicenter study including 182 LDLT reci
pients from 16 Japanese LT centers investigated the
significance of pre-transplant 18F-FDG-PET/CT at a much
larger scale. While patients beyond MC had a signifi
cantly higher recurrence rate at 5 years compared with
those within MC (38% vs 7%, P < 0.001), a subgroup
of “beyond MC” patients with negative PET/CT and low
AFP (< 115 ng/mL) showed similar recurrence rate with
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ROLE OF 18F-FDG PET/CT IN
PREDICTING POST-TRANSPLANT HCC
RECURRENCE
Seoul National University Hospital was the first to report
the effectiveness of pre-transplant 18F-FDG-PET/CT
[28]
to predict post-transplant HCC recurrence . Further
studies have shown that a high 18F-FDG uptake on pretransplant PET/CT was a strong predictive factor for MVI
[56,33,62]
and tumor recurrence after LT
(Table 5).
In a cohort of 116 liver transplant patients with HCC,
[60]
Kornberg et al reported a 5-year DFS rate of 93.3%
in PET/CT negative patients vs 38.1% in PET/CT positive
patients. PET/CT positive patients showed a recurrence
rate of 58.5%, while only 6.7% of the PET/CT negative
[63]
patients had recurrence. Ye et al also investigated the
clinical value of pre-transplant PET/CT in the selection
and prognostic prediction of patients with advanced
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HCC in the LT setting. Patients with a positive 18F-FDGPET/CT had significantly increased risk of post-transpl
ant recurrence compared to PET/CT negative patients
(59.0% vs 28.0%, P = 0.007). In patients with positive
PET/CT, they reported a significantly lower 5-year DFS
rate than that of patients with negative PET/CT (76.0%
vs 21.9%, P < 0.001). In another study investigating
the role of PET/CT as a prognostic factor for early HCC
[62]
recurrence after LT, Lee et al have shown that median
SUVmax of PET/CT-positive tumors in the early, late,
and no recurrence groups was 5.2, 3.7, and 3.2, respe
ctively. They concluded that preoperative 18F-FDG-PET/
CT was an independent and significant prognostic factor
for early tumor recurrence after LT for HCC.
[38]
Hong et al
further developed the concept, hy
pothesizing that the combination of 18F-FDG PET/CT
positivity and serum AFP level might improve the predic
tion of post-LT outcome for patients with HCC. Using cutoff values of 200 ng/mL for AFP and 1.1 for SUVmax T/L
ratio for the definition of “high-risk” HCC, they found that
the rate of MVI and poor differentiation was 33% and
92%, respectively in the high-risk group. They reported
5-year DFS rates of 49.1% vs 93.4% in PET/CT positive
vs negative patients and 47.7% vs 88.3% in high AFP vs
low AFP patients. In the high-risk group (n = 12), 5-year
DFS rate was only 8.4%.

7

8
9

10

11

12

CONCLUSION
In patients with HCC, LT is the best treatment option.
The selection criteria for LT have been shifting from mor
phological to the combination of biological and histomor
phological criteria. When combined with serum markers,
18F-FDG-PET/CT represents the “new generation” of bio
logical criteria, which has the potential to further improve
the prediction of tumor behavior and to provide a better
risk stratification model for HCC.
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Abstract
AIM
To investigate the clinical utility of alpha-fetoprotein
(AFP)-producing gastric cancer (AFPGC)-specific micro
RNA (miRNA) for monitoring and prognostic prediction
of patients.

Institutional review board statement: This study was approved
by the Ethics Committee of Yamanashi University (approved
number: 1825) and was performed in accordance with the ethical
standards of the Declaration of Helsinki and its later amendments.

METHODS
We performed a comprehensive miRNA array-based
approach to compare miRNA expression levels between
AFP-positive and AFP-negative cells in three patients
with primary AFPGC. We next examined the expression
levels of the selected miRNAs in five AFPGC and ten
non-AFPGC tissue samples by quantitative reverse
transcription-polymerase chain reaction to validate their
utility. We also investigated the expression levels of the
selected miRNA not only in tissue but also in plasma
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work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
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samples. Moreover, we investigated the relationship
between plasma AFP levels and plasma selected miRNA
expression levels, and also investigated the correlation
of the selected miRNA expression levels and malignant
potential.

INTRODUCTION
Gastric cancer (GC) is one of the most common solid
tumors and is the third leading cause of cancer-related
[1,2]
deaths worldwide . Despite improvements in treatment
approaches, prognosis of patients with advanced GC
remains poor even after curative resection.
Among various tumor subtypes, alpha-fetoprotein
(AFP)-producing GC (AFPGC) is recognized as one of
the most aggressive tumors, with a high propensity
for liver metastasis and subsequent poor prognosis
[3-7]
compared with other GC subtypes . The incidence of
[8-12]
AFPGC is low, ranging from 1.3% to 15% of all GCs
.
Therefore, recent comprehensive molecular analyses
have not yet referred to this minor subtype.
MicroRNAs (miRNAs) are endogenous, small, noncoding, single-stranded RNAs of 20-25 nucleotides
that regulate the expression of target genes at posttranscriptional level by binding to complementary sequ
[13]
ences . Various miRNAs were shown to play crucial
roles in cancer as well as normal cells were reported to
act as tumor suppressors or oncogenes in a cell type[14]
dependent manner in various cancers . In addition,
certain miRNAs have been used for cancer detection,
monitoring of tumor dynamics, and predicting prognosis
[15-20]
and chemoresistance
.
In the present study, we examined the miRNAs
expression in AFPGC tissue samples using a compre
hensive miRNA array-based approach. We also inves
tigated the clinical utility of the identified AFPGC-speci
fic miRNAs in monitoring and prognostic prediction of
patients with AFPGC and evaluated their potential as
universal biomarker for liver metastases.

RESULTS
Among the five miRNAs selected from the miRNA ar
ray results, the expression levels of miR-122-5p were
significantly higher in the AFPGC patients than in the
non-AFPGC patients (P < 0.05). In tissue samples,
miR-122-5p expression level tended to be lower in the
non-AFPGC tissue than the normal gastric mucosa.
Conversely, in the AFPGC tissue, miR-122-5p expres
sion level was significantly higher in the AFPGC tissue
than both the normal gastric mucosa and the nonAFPGC tissue samples (P < 0.05). Plasma miR-122-5p
expression levels were also significantly higher in the
AFPGC patients than the health volunteers and the nonAFPGC patients (P < 0.05) and were strongly correla
ted with plasma AFP levels (r = 0.7975, P < 0.0001).
Moreover, the correlation of miR-122-5p expression in
tissue samples with malignant potential was stronger
than that of plasma AFP level in the AFPGC patients. In
contrast, no correlation was found between miR-122-5p
expression levels and liver metastasis in the non-AFPGC
patients.
CONCLUSION

miR-122-5p might be a useful biomarker for early de
tection and disease monitoring in AFPGC.

Key words: Gastric cancer; Alpha-fetoprotein; Alphafetoprotein producing gastric cancer; MicroRNA; miR-

122-5p

MATERIALS AND METHODS

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Patients and samples

A total of 492 patients underwent gastrectomy for GC
at the University of Yamanashi Hospital between 2012
and 2018. Tumor specimens and resected lymph nodes
obtained at the time of surgery were immediately fixed
in 10% neutral-buffered formalin and embedded in
paraffin after fixation. None of the patients underwent
preoperative chemotherapy or radiotherapy. Tissue
samples of all five patients with primary AFPGC and
those from ten patients with primary non-AFPGC at
various stages as controls from the same cohort were
selected. The selected AFPGC samples contained all
AFPGC patients who were operated in our hospital.
Pre-operative plasma samples were also obtained
from four AFPGC patients and twenty non-AFPGC
patients with GC who underwent surgical resection at
the University of Yamanashi Hospital between 2017 and
2018. Control plasma samples were collected from 12
healthy adult volunteers. A total of 5 mL blood samples
were collected into ethylenediaminetetraacetic acidcoated tubes and immediately spun at 3000 rpm at
4℃ for 10 min to separate serum, which was stored at

Core tip: We examined the microRNAs (miRNA) ex
pression in alpha-fetoprotein (AFP)-producing gastric
cancer (AFPGC) tissue samples using a comprehensive
miRNA array-based approach, and also investigated the
clinical utility of the identified AFPGC-specific miRNAs.
We found the expression of miR-122-5p was significan
tly higher in the AFPGC tissues and plasma samples.
Moreover, tissue miR-122-5p expression levels exhibit
ed a stronger correlation with malignant potential than
plasma AFP level in AFPGC patients. miR-122-5p might
be a useful biomarker for early detection and disease
monitoring in AFPGC.
Maruyama S, Furuya S, Shiraishi K, Shimizu H, Akaike H,
Hosomura N, Kawaguchi Y, Amemiya H, Kawaida H, Sudo M,
Inoue S, Kono H, Ichikawa D. miR-122-5p as a novel biomarker
for alpha-fetoprotein-producing gastric cancer. World J Gastrointest
Oncol 2018; 10(10): 344-350 Available from: URL: http://www.
wjgnet.com/1948-5204/full/v10/i10/344.htm DOI: http://dx.doi.
org/10.4251/wjgo.v10.i10.344
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mean ΔCt values in non-AFPGC tissue, normal gas
tric mucosa, or healthy volunteer plasma samples.
Plasma miR-122-5p expression was calculated using
-ΔCt
log10(2 ).

-80℃ for further processing. AFPGC was defined based
on a plasma AFP level above 10 ng/mL or positive
AFP immunoreactivity in tissue samples. This study
was approved by the Ethics Committee of Yamanashi
University and performed in accordance with the ethi
cal standards of the Declaration of Helsinki and its
amendments.

Statistical analysis

Statistical significance was determined using GraphPad
Prism® version 5 (San Diego, CA). Quantitative values
were expressed as means ± SD unless noted otherwise.
Statistical significance was evaluated using the Stud
ent’s t test and one-way analysis of variance for each
time point, followed by Tukey’s post hoc test. Pearson’s
correlation coefficient was determined to assess the
correlation between plasma AFP and plasma miR-1225p levels. P values < 0.05 were considered to indicate
statistical significance.

RNA extraction

Formalin-fixed, paraffin-embedded tissue samples
were cut into 10-µm-thick sections, and total RNA was
extracted from tumor and normal gastric mucosa in
each patient using RNeasy FFPE kit (Qiagen, Valencia,
CA), according to the manufacturer’s protocol. In
plasma samples, total RNA was extracted from 100
µL plasma using RNeasy Serum/Plasma kit (Qiagen),
according to the manufacturer’s protocol.

RESULTS

miRNA microarray analysis

Microarray analyses of the GC tissue samples were
performed using 3D-Gene miRNA oligo chips (Toray
Industries, Kamakura, Japan), with 2565 genes mo
unted onto each DNA chip. Results were compared
between the AFP-positive and AFP-negative cells among
AFPGC patient samples using macro-dissection. Tissue
samples from the three AFPGC patients who underwent
curative surgery were mixed equally. RNAs were labeled
with the 3D-Gene miRNA labeling kit (Toray Industries).
Fluorescent signals were scanned using a 3D-Gene
scanner 3000 (Toray Industries) and analyzed with the
3D-Gene Extraction software (Toray Industries). In
the current study, expression level of each miRNA was
normalized using the median signal intensity of the all
genes in each chip, and median signal intensity was
adjusted to 25.

Identification of miRNA candidates from a
comprehensive miRNA array-based approach in AFPGC
tissue

Quantification of miRNA by quantitative reverse
transcription-polymerase chain reaction

We examined the expression levels of the five select
ed miRNAs in five AFPGC and ten non-AFPGC tissue
samples by qRT-PCR to validate their utility (Figure 1).
Among these five miRNAs, the expression of miR-1225p was significantly higher in the AFPGC patients than
the non-AFPGC patients. Therefore, we selected miR122-5p for further analyses in this study.

We selected miRNA candidates using a miRNA arraybased approach. We compared the expression levels
of each miRNA between the AFP-positive and AFP-nega
tive cells in AFPGC patients. Of the 2565 candidates
analyzed, we selected the following five miRNAs: miR122-5p, miR-20a-5p, miR-20b-5p, miR-106a-5p, and
miR-144-5p. The expression levels of these selected
miRNAs were significantly different in AFP-positive cells
compared with the AFP-negative cells, and the signal
intensity of each miRNA was sufficient (Table 1).

Validation of the expression levels of five miRNAs in
AFPGC and non-AFPGC tissue samples

Levels of miRNAs were quantified by quantitative re
verse transcription-polymerase chain reaction (qRT-PCR)
using a Human TaqMan MicroRNA Assay kit (Applied
Biosystems, Foster City, CA), according to standard
procedures. Reverse transcription was conducted with
a TaqMan MicroRNA Reverse Transcription kit (Applied
Biosystems). Tissue miRNA levels were normalized to
the endogenous control RNU6B, and plasma miRNA
levels were normalized to a synthetic RNA oligonu
cleotide, cel-miR-39-3p (Qiagen), by spiking the sam
ples with the oligonucleotide which does not exist in
human genome. The following primers were used for
the Taqman assay (Thermo Fisher Scientific, CA, United
States): human hsa-miR-122-5p (cat #002245), hsamiR-144-5p (cat #002148), hsa-miR-20a-5p (cat
#000580), hsa-miR-20b-5p (cat #001014), hsa-miR106a-5p (cat #000578), RNU6B (cat #001093), and
cel-miR-39-3p (cat #000200). ΔCt values for all miRNAs
relative to the control gene RNU6B and cel-miR-39-3p
were determined. ΔΔCt values were calculated using

WJGO|www.wjgnet.com

miR-122-5p expression levels in tissue and plasma
samples

Next, we investigated the expression levels of miR-1225p not only in tissue but also in plasma samples. In
tissue samples, miR-122-5p expression levels tended
to be lower in the non-AFPGC tissue samples than in
the normal gastric mucosa samples. Conversely, miR122-5p expression levels were significantly higher in the
AFPGC tissue samples compared with the normal gastric
mucosa and the non-AFPGC tissue samples (Figure 2A).
The plasma expression levels of miR-122-5p were also
significantly higher in the AFPGC patient samples than
the samples from health volunteers and the non-AFPGC
patients (Figure 2B).
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Table 1 Summary of five miRNA candidates selected by microarray analysis
Signal intensity
Gene ID
hsa-miR-122-5p
hsa-miR-20a-5p
hsa-miR-20b-5p
hsa-miR-106a-5p
hsa-miR-145-5p

Fold change

AFPGC

Non-AFPGC

AFPGC/non-AFPGC

492
245
198
304
712

105
113
94
195
1367

4.7
2.2
2.1
1.6
0.5

Expression level of each miRNA was normalized using the median signal intensity of the all genes in each chip, and median signal intensity was adjusted
to 25. AFPGC: Alpha-fetoprotein-producing gastric cancer.

3
2
1

AFPGC

0

1

0

miR-144-5p
4
3
2
1
0
Non-AFPGC

4

miR-144-5p (Ratio to non-AFPGC)

5

2

AFPGC

0

3

Non-AFPGC

1

E

miR-106a-5p

Non-AFPGC

2

miR-20b-5p (Ratio to non-AFPGC)

AFPGC

0.1

3

AFPGC

1

4

miR-20b-5p

AFPGC

10

C

miR-20a-5p

Non-AFPGC

100

miR-20a-5p (Ratio to non-AFPGC)

< 0.0001

1000

D
miR-106a-5p (Ratio to non-AFPGC)

B

miR-122-5p

Non-AFPGC

miR-122-5p (Ratio to non-AFPGC)

A

Figure 1 Validation of five microRNAs in non-alpha-fetoprotein producing gastric cancer and alpha-fetoprotein producing gastric cancer tissue samples
performed by quantitative reverse transcription-polymerase chain reaction. A: miR-122-5p; B: miR-20a-5p; C: miR-20b-5p; D: miR-106a-5p; E: miR-144-5p. The
lines inside the bow plot represent the average size. AFPGC: Alpha-fetoprotein-producing gastric cancer.

Plasma miR-122-5 levels are strongly correlated with
plasma AFP levels in GC patients

that the expression level of miR-122-5p in tissue ex
hibited a stronger correlation with malignant potential
(i.e., liver metastasis) than plasma AFP level in the
AFPGC patients. Two patients with malignant potential
were diagnosed morphologically as poorly differentia
ted adenocarcinoma and mucinous adenocarcinoma,
and the other current alive patients were diagnosed
as poorly differentiated adenocarcinoma and hepatoid
adenocarcinoma.

We next investigated the relationship between plasma
AFP levels and plasma miR-122-5p expression levels
in the AFPGC and non-AFPGC patients and found that
miR-122-5p expression level in plasma was strongly cor
related with plasma AFP level (r = 0.7975, P < 0.0001;
Figure 3).

Prognostic utility of tissue miR-122-5p expression in
AFPGC patients

DISCUSSION

Figure 4 shows the correlation between malignant
potential, all biomarkers, tissue miR-122-5p expression,
and plasma AFP level in the AFPGC patients. We found
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tasize to liver and is therefore associated with extremely
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A

B
a, b

1
0.1

AFPGC

Non-AFPGC

Normal gastric mucosa

0.01

100
10
1
0.1
0.01
AFPGC

10

1000

Non-AFPGC

100

Volunteers

Plasma miR-122-5p (Ratio to volunteers)

miR-122-5p (Ratio to normal gastric mucosa)

a, b

Plasma miR-122-5p log10 (2-ΔCT)

Figure 2 Quantification of miR-122-5p expression levels by quantitative reverse transcription-polymerase chain reaction. A: Comparison of miR-122-5p
expression levels between normal gastric mucosa, non-alpha-fetoprotein-producing gastric cancer (AFPGC) and AFPGC in tissue samples. aP < 0.05, compared to
normal gastric mucosa; bP < 0.05, compared to non-AFPGC; B: Comparison of miR-122-5p expression levels between health volunteers, non-AFPGC and AFPGC in
plasma sample. aP < 0.05, compared to health volunteers; bP < 0.05, compared to non-AFPGC. The lines inside the bow plot represent the average size.

AFP levels to a certain extent. Interestingly, the tissue
expression level of miR-122-5p exhibited a stronger
correlation with malignant potential than plasma AFP
level in AFPGC patients, suggesting that miR-122-5p
might have utility as a prognostic biomarker especially
for liver metastasis in this small GC subgroup.
miR-122-5p expression has been increasingly ex
amined in various normal and cancer tissue types. Se
veral studies reported that miR-122-5p was specifically
expressed in human liver and that hepatocyte-specific
miR-122-5p regulated hepatocyte differentiation and
[21-23]
metabolism
. Taken together, AFPGC might show
characteristics of hepatocytes not only morphologically
but also in its miRNA expression patterns. In fact, AFPGC
was not necessarily hepatoid adenocarcinoma in this
series, and two patients with aggressive development
of liver metastasis were diagnosed morphologically as
poorly differentiated adenocarcinoma and mucinous
adenocarcinoma. Conversely, miR-122-5p was previou
sly shown to function as a tumor suppressor and was
reported to be downregulated in several cancer types
[24]
such as hepatocellular carcinoma , non-small-cell lung
[25]
[26]
[27]
cancer , gallbladder carcinoma , bladder cancer ,
[28]
and breast cancer . In GC, the expression of miR-1225p was reported to be lower in tumor tissue than the
adjacent non-cancerous tissue. Furthermore, several
studies reported that miR-122-5p inhibited prolifera
[15,29,30]
tion, migration, and invasion in GC
. It’s not known
exactly why miR-122-5p, which is known as suppressor
gene, is higher in AFPGC. Some miRNA was reported that
decreased in early cases and elevated again in staged[31]
advanced cases . Therefore, miR-122-5p decreased in
carcinogenesis might be elevated during tumor evolution

P < 0.0001
r = 0.7975

0
-1
-2
-3
-4
-5
0.1

1

10

100

1000

Plasma AFP levels (ng/mL)

Figure 3 Relationship between plasma alpha-fetoprotein levels and
plasma miR-122-5p expression levels. Plasma miR-122-5p expression level
was strongly correlated with plasma alpha-fetoprotein (AFP) levels in gastric
cancer patients (r = 0.7975, P < 0.0001).
[8,11]

poor prognosis
. However, no genomic analyses have
been conducted for AFPGC due to its rarity. Therefore,
AFPGC-specific genomic and/or epigenomic alterations
are not well known, which have urged us to examine the
molecular characteristics specific to AFPGC. The current
study investigated the molecular characteristics of AFPGC
with a comprehensive analysis, with particular focus on
miRNA expression.
The findings of the present study clearly demon
strated that the expression of miR-122-5p was signi
ficantly higher in the AFPGC tissues than the normal and
non-AFPGC tissues. The expression levels of this miRNA
were also higher in the plasma samples of patients
with AFPGC compared with those of healthy volunteers
and non-AFPGC patients and correlated with plasma
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prognostic prediction of patients.
10

0.0
-0.5

3
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-1.0
-1.5

2
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-2.0
1

-2.5

We performed a comprehensive miRNA array-based approach to compare
miRNA expression levels between AFP-positive and AFP-negative cells, and
also investigated the clinical utility of the identified AFPGC-specific miRNAs.

Research results

We found the expression of miR-122-5p was significantly higher in the AFPGC
tissues than the normal and non-AFPGC tissues. The expression levels of
this miRNA were also higher in the plasma samples of patients with AFPGC
compared with those of healthy volunteers and non-AFPGC patients and
correlated with plasma AFP levels. Moreover, the tissue expression level of
miR-122-5p exhibited a stronger correlation with malignant potential than
plasma AFP level in AFPGC patients.

miR-122-5p

AFP

10

Research methods

Tissue miR-122-5p log10 (2-ΔCT)

Plasma AFP levels (ng/mL)

4

Research conclusions

Figure 4 Correlation between malignant potential and tissue miR-122-5p
expression levels in alpha-fetoprotein-producing gastric cancer patients.
White symbols indicate current alive and black symbols indicate current death.
AFP: Alpha-fetoprotein.

miR-122-5p as a potentially useful biomarker for early detection and disease
monitoring in patients with AFPGC.

Research perspectives

We identified miR-122-5p as AFPGC-specific miRNA. miR-122-5p might
be a clinical useful biomarker in AFPGC. Although studies are warranted to
demonstrate the biological function underlying altered expression of miR-1225p in AFPGC, the miR-122-5p might be a potential therapeutic target for liver
metastasis in AFPGC.

to AFPGC. However, the exact mechanism is unknown
at the present time.
In the current study, we did not see a correlation
between miR-122-5p in patients with non-AFPGC and
development of liver metastasis, suggesting that the
mechanism underlying liver metastasis might be distin
ct between AFPGC and non-AFPGC. We assume that
AFPGC is completely different from non-AFPGC, and
the mechanism of liver metastasis between AFPGC and
non-AFPGC is also distinct.
Several reports demonstrated that the clinical be
[32]
havior of AFPGC was distinct from that of non-AFPGC .
[33]
Recently, Lu et al demonstrated that AFP contributed
to invasion and metastasis directly. We speculate AFPGC
has specific ability of liver metastasis, and correlated
with miR-122-5p. Therefore, miR-122-5p might directly
facilitate tumor proliferation, migration, and invasion,
which raises the possibility of miR-122-5p as a potential
therapeutic target in AFPGC. However, future studies
are warranted to demonstrate the biological function
underlying altered expression of miR-122-5p in AFPGC.
The current study revealed miR-122-5p as a potentially
useful biomarker for early detection, disease monitoring,
and prognostic prediction in patients with AFPGC, which
warrant further investigation.
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Abstract
AIM
To assess the long-term prognostic value of vascular
endothelial growth factor receptor 1 (VEGFR1) and
class Ⅲ β-tubulin (TUBB3) mRNA expression in nonmetastatic rectal cancer.

Institutional review board statement: This study was reviewed
and approved by the Ethics Committee of the Fujian Cancer
Hospital.
Informed consent statement: Patients were not required to
give informed consent to the study due to the retrospective nature
of the study involving the review of patient medical records and
tumor specimens.

METHODS
A total of 75 consecutive patients with non-metastatic
rectal cancer from March 2004 to November 2008 were
analyzed retrospectively at our institute. The mRNA
expressions of VEGFR1 and TUBB3 were detected by
multiplex branched DNA liquid-chip technology. The Cut
off Finder application was applied to determine cutoff
point of mRNA expression. SPSS software version 22.0
was used for analysis.
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RESULTS
The median follow-up was 102.7 mo (range, 6-153.6).
2
The χ and Fisher’s exact tests showed that VEGFR1
expression was related to lymph node metastasis (P
= 0.013), while no relationships between TUBB3 and
clinicopathological features were observed. Univariate
analysis showed that T stage, lymph node metastasis,
tumor differentiation, VEGFR1 and TUBB3 mRNA ex
pression were correlated to overall survival (OS) (P =
0.048, P = 0.003, P = 0.052, P = 0.003 and P = 0.015,
respectively). Also, lymph node metastasis and VEGFR1
expression independently influenced OS by multivariate
analysis (P = 0.027 and P = 0.033). VEGFR1 expres
sion was positively correlated with TUBB3 (P = 0.024).
The patients with low expression of both TUBB3 and
VEGFR1 presented a better OS (P = 0.003). In addition,
the receiver operating characteristic analysis suggest
ed that the combination of lymph node metastasis and
VEGFR1 had a more favorable prognostic value (P <
0.001).
CONCLUSION
VEGFR1 expression and lymph node metastasis in
dependently and jointly affect survival. Moreover, low
expression of VEGFR1 and TUBB3 presented a better
OS in patients with non-metastatic rectal cancer, which
might serve as a potential prognostic factor.

cies among both males and females worldwide with
[1,2]
worse outcomes than colon cancer . Clinically, patients
showed various outcomes to multimodality therapies.
Nowadays, personalized and precision medicine has
become essential in the treatment of rectal cancer.
Recent studies conducted gene expression profiling to
predict the response and long-term prognosis of mali
[3,4]
gnancies ; however, no consensus was achieved on
prognostic gene profiling for rectal cancer.
Vascular endothelial growth factor (VEGF) posses
ses a significant role in angiogenesis by binding to
VEGFR1 and VEGFR2, which is required for cancer pro
[5,6]
gression and metastasis . A phase Ⅱ trial indicated
that VEGF could predict the pathological response to
locally advanced rectal cancer patients treated with ne
[7]
oadjuvant cetuximab-based chemoradiation . In ad
dition, class Ⅲ β-tubulin (TUBB3) has been reported to
play a critical role in tumor development and malignant
transformation as a β-tubulin isotype. The variable levels
of expression of the gene have been reported in colon,
lung, ovary, kidney, prostate, and throat cancer with
[8-10]
solid tumors
. However, only a few studies focused on
its role in rectal cancer.
Herein, our study attempted to explore the potential
prognostic value of VEGFR1 and TUBB3 for long-term
survival in non-metastatic rectal cancer.

Key words: Rectal cancer; Class Ⅲ β-tubulin; Vascular
endothelial growth factor receptor 1; Overall survival

MATERIALS AND METHODS
Patients

© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Eighty cases of well-preserved formalin-fixed and pa
raffin embedded tumor tissue specimens that had un
dergone total mesorectal excision (TME) at the Fujian
Cancer Hospital from March 2004 to November 2008
were retrospectively examined. Among these, two pa
tients with previous malignancy and three with distant
metastasis were excluded. Finally, 75 patients who ful
filled the following inclusion criteria were enrolled in the
study: (1) Pathologically confirmed as primary rectal
adenocarcinoma; (2) underwent TME; (3) no evidence
of distant metastasis; (4) no previous or concurrent ma
lignancy; and (5) complete follow-up information was
obtained.
The variables such as gender, age, preoperative
carcino-embryonic antigen (pre-CEA), pre-operative
hemoglobin (pre-Hb), distance to the verge, T stage,
lymph node metastasis, venous invasion, and tumor
differentiation were considered. The T stage and lymph
th
node metastasis were re-diagnosed based on the 8
Edition of the American Joint Committee on Cancer
[11]
(AJCC) .

Core tip: Nowadays, personalized and precision me
dicine becomes vital in cancer treatment. Herein, we
focus on the long-term prognostic value of vascular
endothelial growth factor receptor 1 (VEGFR1) and
class Ⅲ β-tubulin (TUBB3) mRNA expression in nonmetastatic rectal cancer. In the 75 consecutive patients
enrolled, we found that VEGFR1 expression and lymph
node metastasis were independent factors influencing
overall survival, and the combination of them showed
a favorable prognostic value. Also, VEGFR1 expression
was significantly related to lymph node metastasis. In
addition, VEGFR1 expression was positively correlated
with TUBB3 expression.
Kong XQ, Huang YX, Li JL, Zhang XQ, Peng QQ, Tang LR,
Wu JX. Prognostic value of vascular endothelial growth factor
receptor 1 and class III β-tubulin in survival for non-metastatic
rectal cancer. World J Gastrointest Oncol 2018; 10(10): 351-359
Available from: URL: http://www.wjgnet.com/1948-5204/full/v10/
i10/351.htm DOI: http://dx.doi.org/10.4251/wjgo.v10.i10.351

Treatments and follow-up

All patients underwent TME, including abdominoperine
al resection and low anterior resection. Of these, eight
cases received neoadjuvant chemoradiotherapy follow
ed by TME. A total of 66 cases received 5-fluorouracil
(5-FU)-based chemotherapy. The overall survival (OS)

INTRODUCTION
Rectal cancer is one of the most diagnosed malignan
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with buffer under a vacuum system. The signal bound
to the target mRNA was amplified with a streptavidinconjugated phycoerythrin solution at 50℃ for 30 min.
The fluorescence values of the samples were identifi
ed and analyzed using Luminex 200 system (Luminex,
Austin, TX, United States), which were regarded as the
RNA expression levels of each gene. The cutoff point of
mRNA expression affecting the survival was determined
[12]
by the Cutoff Finder application .

Table 1 Patient characteristics
Characteristics
Gender
Female
Male
Age (yr)
median (range)
≤ 60
> 60
Pre-CEA (ng/mL)
≤5
>5
Pre-Hb (g/L)
≤ 120
> 120
Distance to verge (cm)
≤5
>5
T stage
T1 + T2
T3 + T4
Lymph node metastasis
Negative
Positive
Venous invasion
Negative
Positive
Tumor differentiation
Poorly differentiated
Moderately-well differentiated
Chemotherapy
No
Yes
TUBB3 expression
Low-expression
High-expression
VEGFR1 expression
Low-expression
High-expression
TUBB3 and VEGFR1
Both low expression
Others

Data, n (%)
36 (48)
39 (52)
52 (29-74)
58 (77.3)
17 (22.7)

Statistical analysis

36 (63.2)
21 (36.8)

The end point of our analysis was OS. The association
of gene expression level and clinicopathological featu
2
res was studied by the χ and Fisher’s exact tests. The
association between the mRNA expressions of VEGFR1
and TUBB3 was studied by the Spearman correlation
test. The Kaplan–Meier test was used to analyze the OS,
and Cox regression model (LR forward) was employed for
univariate and multivariate analysis. Receiver operating
characteristic (ROC) analysis was employed for assess
ing the specificity as well as the sensitivity of predicting
OS by specific parameters. The statistical significance of
area under the ROC (area under curve, AUC) was calcu
[13]
lated by Delong’s test . P-values < 0.05 were deemed
significant. The statistical analysis was conducted by
SPSS version 22.0 (IBM Corporation, Armonk, NY, United
States). The statistical methods of our study were revie
wed by Qian-yu Ni from The First Affiliated Hospital of
Fujian Medical University.

26 (34.7)
49 (65.3)
46 (61.3)
29 (38.7)
13 (17.3)
63 (82.6)
22 (29.3)
53 (70.6)
68 (90.7)
7 (9.3)
20 (26.7)
55 (73.3)
9 (12)
66 (88)
39 (52)
36 (48)

RESULTS
Patient characteristics

53 (70.7)
22 (29.3)

A total of 75 patients were enrolled in the present stu
dy. The characteristics of non-metastatic patients are
summarized in Table 1. Median follow-up time was
102.7 mo (range: 6.0-153.6). The cohort comprised of
39 (52%) male and 36 (48%) female cases with the
median age 52 years (range, 29-74). Among these pati
ents, 21 (36.8%) cases presented pre-CEA records
that were higher than 5 ng/mL, while they could not
be accessed for 18 cases. In the case of pre-Hb, 26
(34.7%) patients were ≤ 120 g/L and the remaining
were > 120 g/L. In terms of the tumor location, 46
(61.3%) patients had low rectal cancer (0-5 cm distance
to verge), while the other 29 (38.7%) patients were >
5 cm. In all, 22 (29.3%) with lymph node metastasis
positive and 53 (70.6%) were negative. Twenty (26.7%)
patients were identified as poorly differentiated and 55
(73.3%) as moderate-to-well differentiated. According
to the Cutoff Finder software, 0.0575 and 0.2025 were
considered as the optimal cutoff point for the VEGFR1
and TUBB3 expression value, respectively (Figure 1). In
addition, 36 (48%) and 22 (29.3%) patients showed a
high expression of VEGFR1 and TUBB3, respectively.

32 (42.6)
43 (57.3)

Pre-CEA: Preoperative carcino-embryonic antigen; Pre-Hb: Preoperative
hemoglobin.

was defined as the duration from the date of diagnosis
to the last follow-up or the date of death due to any
cause, which was obtained from the medical records
and telephonic interviews.

Multiplex branched DNA liquidchip technology

The formalin-fixed and paraffin embedded (FFPE) tu
mor tissue specimens containing more than 70% of
tumor cells were selected. The Multiplex branched DNA
liquidchip (MBL) technology (Guangzhou SurExam BioTech Co., Ltd., China) was implemented to determine
the mRNA expression levels of VEGFR1 and TUBB3.
The FFPE tissue samples were lysed in the presence
of proteinase K, at 56℃ for 2 h. Then, the lysate was
transferred to a 96-well plate containing the blocking
reagent, capture beads with probes for VEGFR1 and
TUBB3, and target gene-specific probe sets. The san
dwich nucleic acid hybridization was carried out for
16 h. The unbound RNA was removed by three washes
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Associations between mRNA expression and
clinicopathological features

The correlations between VEGFR1/TUBB3 mRNA expre
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Cutoff = 0.0575, 22 (29.3%) VEGFR1+, 53 (70.7%) VEGFR1-
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Figure 1 Distribution-based cutoff optimization of vascular endothelial growth factor receptor 1 and class Ⅲ β-tubulin expression value in 75 nonmetastatic rectal cancer patients. A: Histograms of vascular endothelial growth factor receptor 1 (VEGFR1) expression value; B: Waterfall plot of optimal
dichotomization for VEGFR1 expression value; C: Histograms of class Ⅲ β-tubulin expression value; D: Waterfall plot of optimal dichotomization for VEGFR1
expression value.

ssion and clinicopathological features were analyzed
(Table 2). A majority of the patients displayed positive
lymph node metastasis in the high-expression group of
VEGFR1 (P = 0.013). However, no significant difference
was found between the expression level of TUBB3 ex
pression and clinicopathological features (gender, age,
pre-CEA, pre-Hb, distance to the verge, T stage, lymph
node metastasis and venous invasion, all P > 0.05).

Moreover, lymph node metastasis (HR = 3.042, 95%CI:
1.137-8.142, P = 0.027) and VEGFR1 (HR = 2.151,
95%CI: 1.062-4.355, P = 0.033) were independent
factors influencing OS, as evaluated by the multivariate
Cox regression model.

Prognostic value of different combinations on survival

VEGFR1 and TUBB3 expression were positively correla
ted (P = 0.006, r = 0.315) by the Spearman’s correlation
test. Both low expression of VEGFR1 and TUBB3 were
observed in 32 (42.6%) cases. Moreover, the KaplanMeier analysis showed that the 1-, 3-, and 5-year OS
of both low-expression patients vs others were 96.9%
vs 93.0%, 84.4% vs 53.5%, and 78.1% vs 46.5%, res
pectively (P = 0.003, Figure 3C). Meanwhile, KaplanMeier analysis showed that the rates of 1-, 3-, and 5-year
OS in positive lymph node metastasis patients with high
expression of VEGFR1 vs others were 90.0% vs 98.2%,
35.0% vs 78.2%, and 30.0% vs 70.9%, respectively (P
< 0.001) (Figure 3D).
Finally, we combined the two independent prognos
tic factors, lymph node metastasis and VEGFR1 expre
ssion, to construct a prognostic model and supplement
ed the VEGFR1 expression to the lymph node metastasis

Impact of VEGFR1 and TUBB3 on OS

The Cox regression analysis of OS influencing factors
was shown in Table 3. Univariate analysis showed that
T stage, lymph node metastasis, tumor differentiation,
and VEGFR1 and TUBB3 expression were significantly
related to OS (P = 0.048, P = 0.003, P = 0.052, P =
0.003 and P = 0.015, respectively) (Figures 2, 3 A and
B). Moreover, Kaplan-Meier analysis showed that the
rates of 1-, 3-, and 5-year OS in the TUBB3 low- and
high-expression groups were 94.9% vs 94.4%, 76.9%
vs 52.8%, and 71.8% vs 47.2%, respectively (P =
0.017). The rates of OS in the VEGFR1 low- and highexpression groups were 98.1% vs 86.4%, 77.4% vs
36.4%, and 69.8% vs 36.4%, respectively (P = 0.003).
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Table 2 Correlation between vascular endothelial growth factor receptor 1 and class III β-tubulin expression with clinicopathological
features
TUBB3
Low (n )

Parameter
Gender
Female
Male
Age (yr)
≤ 60
> 60
Pre-CEA
≤5
>5
Pre-Hb
≤ 120
> 120
Distance to verge (cm)
≤5
>5
T stage
T1 + T2
T3 + T4
Lymph node metastasis
Negative
Positive
Tumor thrombus
Negative
Positive
Tumor differentiation
Poorly
Moderately-well
Chemotherapy
No
Yes
VEGFR1
Low
High

High (n )

VEGFR1

P

Low (n )

High (n )

0.426
17
22

19
17

32
7

26
10

20
8

16
13

13
26

13
23

25
14

21
15

7
32

6
30

15
24

7
29

37
2

31
5

11
28

9
27

7
32

2
34

32
7

21
15

P
0.081

22
31

14
8

41
12

17
5

26
12

10
9

16
37

10
12

32
21

14
8

10
43

3
19

20
33

2
20

48
5

20
2

14
39

6
16

9
44

0
22

0.31

1

0.203

0.244

0.801

0.206

0.608

0.792

0.883

0.744

0.071

0.013

0.25

1

0.754

0.939

0.156

0.051

0.024

Pre-CEA: Preoperative carcino-embryonic antigen; Pre-Hb: Preoperative-hemoglobin.

by ROC analysis to assess the improvement of the mo
del for OS. The lymph node metastasis (AUC: 0.688,
95%CI: 0.567–0.808, P = 0.005) showed a better pro
gnostic value than VEGFR1 expression (AUC: 0.635,
95%CI: 0.507–0.764, P = 0.045). Furthermore, a better
prognostic value was shown when combining the lymph
node metastasis and VEGFR1 expression (AUC: 0.748,
95%CI: 0.637–0.859, P < 0.001) (Figure 4).

Reportedly, VEGFR correlates with poor prognosis,
metastasis, and recurrence in various tumor types, in
[14,15]
cluding breast and lung cancers
. Moreover, previous
studies demonstrated that VEGF plays a crucial role as
a potent angiogenic factor in both experimental and hu
man studies with respect to colorectal cancer progressi
[16-18]
on and metastasis
. The co-expression of VEGF and
VEGFR1/2 in the nucleus stimulates the proliferation and
migration of endothelial cells, thereby providing nutrition
for growing tumors and establishing a continuity between
[19]
tumor cells and host vasculature .
VEGFR1 is primarily localized in the nucleus of en
dothelial cells; As the predominant receptor of the tu
mor microenvironment, it is essential for the survival of
[20]
[21]
endothelial cells . Tsai et al
reported that the over
expression of VEGF is a significant positive predictor
for early postoperative relapse in stage Ⅰ-Ⅲ colorectal
cancer patients, leading to poor OS (P = 0.002). Similarly,
[22]
Nriagu et al reported that the overexpression of VEGF
mRNA was an independent factor affecting OS as
assessed by multivariate analysis (HR = 1.94, P = 0.005).
Herein, we found that the low expression of VEGFR1 mi
ght positively affect OS with a 5-year OS of 69.8% for low

DISCUSSION
Firstly, we evaluated the long-term prognostic value
of VEGFR1 and TUBB3 expression after the diagnosis
of non-metastatic rectal cancer with a median followup of 102 mo. Here, we found that VEGFR1 and TUBB3
expression affected OS in non-metastatic rectal cancer
by univariate analysis. Moreover, a favorable OS in both
low expression of VEGFR1 and TUBB3 was noted as com
pared to others. In addition, the association between
VEGFR1 expression and lymph node metastasis was also
assessed. The combination of lymph node metastasis
and VEGFR1 expression might also provide a promising
tool for the prognosis of non-metastatic rectal cancer.
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Table 3 Cox regression analysis for overall survival
Univariate

Variables
Gender
Female/male
Age
≤ 60/> 60
Pre-CEA
≤ 5/> 5
Pre-Hb
≤ 120/> 20
Distance to verge (cm)
≤ 5/> 5
T stage
T1 + T2/T3 + T4
Lymph node metastasis
Negative/positive
Tumor thrombus
Negative/positive
Tumor differentiation
Poorly/moderately-well
Chemotherapy
No/yes
TUBB3 expression
Low/high
VEGFR1 expression
Low/high

Multivariate

HR

95%CI

P

1.018

0.519-1.997

0.958

1.175

0.548-2.518

0.679

1.067

0.496-2.298

0.868

0.651

0.328-1.290

0.219

1.265

0.642-2.491

0.497

4.221

1.011-17.632

6.247

P

HR

95%CI

0.048

4.05

0.968-116.93

0.055

1.905-20.491

0.003

3.042

1.137-8.142

0.027

1.303

0.458-3.705

0.62

0.503

0.251-1.006

0.052

-

-

0.18

1.407

0.430-4.605

0.572

2.407

1.188-4.877

0.015

-

-

0.1

2.817

1.424-5.570

0.003

2.151

1.062-4.355

0.033

Pre-CEA: Preoperative carcino-embryonic antigen; Pre-Hb: Preoperative hemoglobin.
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Figure 2 Kaplan-Meier survival curves of overall survival. A: T stage (T1 + T2 vs T3 + T4, P = 0.031); B: Lymph node metastasis (negative vs positive, P = 0.003);
C: Tumor differentiation (poorly differentiated vs moderately-well differentiated, P = 0.052).

vs 36.4% for the high-expression group (HR = 2.151, P
= 0.033). These results indicated that VEGFR1 functions
[23]
as a positive regulator of angiogenesis , which might
lead to poor survival in cancer patients.
A previous study evaluated VEGF expression in 117
colorectal adenocarcinoma patients, and confirmed
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that lymph node metastasis (positive vs negative, P
< 0.001) and TNM stage (stage Ⅲ vs Ⅰ/Ⅱ, P < 0.001)
were related to increased VEGF expression. Moreover,
the mean number of metastatic nodes was significantly
associated with VEGF expression (1.06 ± 2.84 for low
expression vs 2.45 ± 4.03 for high expression, P =
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Figure 3 Kaplan-Meier survival curves of Overall Survival. A: Vascular endothelial growth factor receptor 1 (VEGFR1) expression (low vs high, P = 0.003); B:
Class Ⅲ β-tubulin (TUBB3) expression (low vs high, P = 0.017); C: TUBB3 and VEGFR1 (both low expression vs others, P = 0.003); D: TNM stage and VEGFR1
(stage Ⅲ + high VEGFR1 expression vs others, P < 0.001).
[24]

0.031) . Similarly, our study implied that VEGFR1 ex
pression was related to lymph node metastases (P =
0.013). However, whether the function of VEGF/VEGFR1
[25]
affects lymph node metastasis is yet unclear. Nagy et al
hypothesized that tumor cells in the circulation directly
reached the regional lymph nodes through the supply
vessels or blood vessel-lymph vessel junctions.
A retrospective study reported that VEGF expression
could identify an unfavorable subgroup of patients with
stage Ⅱ colon cancer for optimal treatment strategy (the
recurrence rate was 50% for VEGF-positive vs 11.7% for
[26]
VEGF-negative, P = 0.001) . As shown by ROC curves
in our analysis, though low sensitivity of VEGFR1 (44.1%),
the specificity was high with 82.9%, which exerted a
similar effect on prognosis as lymph node metastasis.
Moreover, the sensitivity increased when combined wi
th lymph node status, and a superior prognostic value
was noted for the combination. Further identification
of a group of lymph node metastasis-positive with high
VEGFR1 expression allows for selective treatment with
adjuvant chemotherapy using antiangiogenic therapy,
including VEGFR1 antisense and monoclonal antibodies,
as well as postoperative follow-up.
Several clinical studies demonstrated that the incre
ased expression of TUBB3 in various human malignan
cies was related to low response rate and poor survival in
[27-30]
patients treated with taxane-based chemotherapies
.
However, studies focusing on the relationship between
TUBB3 and non-metastatic rectal cancer are limited. The
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current study showed that the low expression of TUBB3
had better OS in non-metastatic rectal cancer patients
as assessed by univariate analysis (5-year OS, 71.8% vs
47.2%), although no significant difference was observed
by multivariate analysis.
[31]
[32]
Furthermore, Makarchenko et al and Widow et al
reported that VEGFR1 regulated the chemo-resistant
genes such as TUBB3, which might result in the poor
prognosis of lung and gastroesophageal cancers. The
current study established a positive correlation bet
ween VEGFR1 and TUBB3 (r = 0.315, P = 0.006), and
a favorable OS was observed in both low expression
[33]
groups (P = 0.003). Paradiso et al
had investigated
the combination of TUBB3 and VEGFR1 in advanced
breast cancer. Hypoxia in the tumor microenvironment
promotes angiogenesis, and VEGFR1 is known to be
[23]
related to angiogenesis . TUBB3 was found to be
involved in an adaptive response to low oxygen levels
[34,35]
and poor nutrient supply in solid tumors
. Therefore,
we speculate that the underlying mechanism of the two
correlations might be related to anoxic environments.
Notably, this study was limited to a small-sample
retrospective analysis. Thus, additional mRNA expression
data might help to establish a superior predictor. Finally,
prospective data and large sample size are essential for
further substantiation of the results.
We confirmed that the increased expression of VE
GFR1 and TUBB3 might be negatively correlated with
long-term prognosis of non-metastatic rectal cancer.
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them showed a favorable prognostic value.

ROC curves for OS of non-metastatic rectal cancer
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Research conclusions

We confirmed that the increased expression of VEGFR1 and TUBB3 might
be negatively correlated with long-term prognosis of non-metastatic rectal
cancer. Furthermore, VEGFR1 expression and lymph node metastasis affected
the survival independently, as well as synergistically. These results might
provide additional prognostic information compared to the conventional tumor
histopathological factors.
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survival by vascular endothelial growth factor receptor 1 (VEGFR1) expression
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Furthermore, VEGFR1 expression and lymph node meta
stasis affected the survival independently as well as
synergistically. These results might provide additional
prognostic information compared to the conventional
tumor histopathological factors.
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Research background

Rectal cancer is one of the most common form of cancer in both men and
women. Gene expression profiling for predicting the response and long-term
prognosis of malignancies has been reported in recent decades. Vascular
endothelial growth factor (VEGF) and class Ⅲ β-tubulin (TUBB3) have been
reported to play a vital role in cancer progression. However, few studies
focused on their role in rectal cancer.
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Research motivation

We try to explore the potential prognostic value of VEGFR1 and TUBB3 for
long-term survival in non-metastatic rectal cancer.
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Research objectives

A total of 75 patients diagnosed with primary rectal adenocarcinoma without
metastases were retrospectively analyzed.
11

Research methods

Multiplex branched DNA liquidchip technology was applied to detected mRNA
expressions of VEGFR1 and TUBB3. The cutoff point of mRNA expression was
determined by Cutoff Founder.

12

Research results

VEGFR1 expression was positively correlated to TUBB3. Patients with both low
expression of TUBB3 and VEGFR1 presented a better overall survival (OS).
In addition, VEGFR1 and lymph node metastasis had potential as prognostic
factors for OS in non-metastatic rectal cancer patients, and the combination of
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Abstract
AIM
To investigate the predictive factors of lymph node
metastasis (LNM) in poorly differentiated early gastric
cancer (EGC); to guide the individual application of a
combination of endoscopic submucosal dissection (ESD)
and laparoscopic lymph node dissection (LLND) in a su
itable subgroup of patients with poorly differentiated
EGC.
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METHODS
We retrospectively analyzed 138 patients with poorly
differentiated EGC who underwent gastrectomy with
lymphadenectomy between January 1990 and Decem
ber 2015. The association between the clinicopatholo
gical factors and the presence of LNM was retrospec
tively analyzed by univariate and multivariate logistic
regression analyses. Odds ratios (OR) with 95% con
fidence interval (95%CI) were calculated. We further
examined the relationship between the positive number
of the significant predictive factors and the LNM rate.

INTRODUCTION
Endoscopic submucosal dissection (ESD) has become
widely accepted, as it provides en bloc resection and
histologically complete resection and is a valuable al
ternative to gastrectomy for treating early gastric cancer
[1-4]
(EGC) . The accurate assessment of the potential pre
sence of lymph node metastasis (LNM) is required for
ESD. ESD can be used for EGC but it does not have the
[5-7]
risk of LNM . Because the risk of LNM is negligible (0%),
ESD is often applied to well or moderately differentia
ted EGC confined to the mucosa without ulceration and
[8]
smaller than or equal to 2 cm . For undifferentiated
EGC, the risk of LNM is higher so the usage of ESD has
been limited. Thus, for patients with undifferentiated
EGC, gastrectomy was accepted as a standard treat
ment. Undifferentiated carcinomas of gastric cancer
consist of mucinous adenocarcinoma, primary signet
ring cell carcinoma and poorly differentiated adenocarci
[8]
noma . However, approximately 96.6% of poorly di
fferentiated EGC cases with potential risk of LNM are
eventually found to have no LNM after “unnecessary”
gastrectomy, suggesting that it may be overtreatment
[9]
for these cases . The new technique combines ESD with
laparoscopic lymph node dissection (LLND), which may
lead to the elimination of “unnecessary” gastrectomy in
[10-13]
EGC patients having a potential risk of LNM
. ESD
followed by LLND enables the complete resection of the
primary tumor and the histologic determination of the ly
mph node status.
In this retrospective study, we determined the risk
factors that were predictive of LNM in poorly differentia
ted EGC patients. Our results provided some sugges
tions to guide the application of combination of ESD
and LLND for selected patients with poorly differentiated
EGC.

RESULTS
The tumor diameter (OR = 13.438, 95%CI: 1.773-25.673,
P = 0.029), lymphatic vessel involvement (LVI) (OR =
38.521, 95%CI: 1.975-68.212, P = 0.015) and depth of
invasion (OR = 14.981, 95%CI: 1.617-52.844, P = 0.024)
were found to be independent risk factors for LNM by
multivariate analysis. For the 138 patients diagnosed
with poorly differentiated EGC, 21 (15.2%) had LNM. For
patients with one, two and three of the risk factors, the
LNM rates were 7.7%, 47.6% and 64.3%, respectively.
LNM was not found in 77 patients that did not have one
or more of the three risk factors.
CONCLUSION
ESD might be sufficient treatment for intramucosal poor
ly differentiated EGC if the tumor is less than or equal to
2 cm in size and when LVI is absent upon postoperative
histological examination. ESD with LLND may lead to the
elimination of unnecessary gastrectomy in poorly diff
erentiated EGC.
Key words: Poorly differentiated cancer; Laparoscopic
lymph node dissection; Lymph node metastasis; Early
gastric cancer; Endoscopic submucosal dissection
© The Author(s) 2018. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The new technique combines endoscopic sub
mucosal dissection (ESD) with laparoscopic lymph node
dissection (LLND), which may lead to the elimination of
“unnecessary” gastrectomy in poorly differentiated early
gastric cancer (EGC) patients that have a potential risk
of lymph node metastasis (LNM). ESD followed by LLND
enables the complete resection of the primary tumor and
the histologic determination of the lymph node status.
In this study, we determined the risk factors that were
predictive of LNM in poorly differentiated EGC patients.
Our results provided some suggestions to guide the ap
plication of combination of ESD and LLND for selected
patients with poorly differentiated EGC.

MATERIALS AND METHODS
Patients

EGC is considered to be a lesion confined to the mucosa
or submucosa regardless of the presence or absence of
LNM, according to the Japanese Classification of Gastric
[8]
Carcinoma (JCGC) . This retrospective study enrolled
patients who had undergone radical gastrectomy due to
EGC. The patients were from the Department of Surgical
Oncology, Affiliated Xing Tai People’s Hospital of Hebei
Medical University (Xingtai, China). Time points were
from January 1990 to December 2015.
For this current study, inclusion criteria included: (1)
Diagnosed with poorly differentiated EGC depending on
JCGC by pathological analyses through specimens and
lymph nodes; (2) Lymph node dissection beyond limit
ed (D1) dissection; (3) Over sixteen lymph nodes dis
sected; and (4) Available medical record from database.

Li H, Huo ZB, Kong FT, He QQ, Gao YH, Liang WQ, Liu DX.
Predictive factors for lymph node metastasis and defining a
subgroup treatable for laparoscopic lymph node dissection after
endoscopic submucosal dissection in poorly differentiated early
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[8]

parameters according to JCGC for analysis. These par
ameters included family medical history of gastric cancer,
gender (female, male), age (≥ 60 years, < 60 years),
lymphatic vessel involvement, depth of invasion (muco
sa, submucosa), macroscopic type, ulceration, tumor
size (maximum dimension ≤ 2 cm, or > 2 cm), location
of tumor (lower, middle, or upper stomach), number of
tumors (single or multiple). As described below, the re
lationship between LNM and clinicopathological factors
was explored.

Table 1 Univariate analysis of potential risk characteristics
for lymph node metastasis n (%)
Factor

Lymph node metastasis

Age (yr)
< 60 (n = 95)
≥ 60 (n = 43)
Sex
Male (n = 87)
Female (n = 51)
Macroscopic type
Ⅰ (n = 6)
Ⅱ (n = 82)
Ⅲ (n = 50)
Family medical history
Positive (n = 11)
Negative (n = 127)
Location
Upper (n = 29)
Middle (n = 8)
Lower (n = 101)
Number of tumors
Single (n = 133)
Multitude (n = 5)
Tumor size in diameter
≤ 2 cm (n = 78)
> 2 cm (n = 60)
Ulceration
Negative (n = 109)
Positive (n = 29)
Lymphatic vessel involvement
Negative (n = 122)
Positive (n = 16)
Depth of invasion
Mucosa (n = 83)
Submucosa (n = 55)

Positive

P -value

16 (16.8)
5 (11.6)

0.494

14 (16.1)
7 (13.7)

0.748

0 (0)
12 (14.6)
9 (18.0)

0.564

2 (18.2)
19 (15.0)

0.809

4 (13.8)
0 (0)
17 (16.8)

0.497

20 (15.0)
1 (20.0)

0.799

5 (6.4)
16 (26.7)

0.005

18 (16.5)
3 (10.3)

0.474

11 (9.0)
10 (62.5)

< 0.001

5 (6.0)
16 (29.1)

0.002

Statistical analysis

Chi-squared test was performed to determine differen
ces between patients with and without LNM in clinicopa
thological parameters. After that, multivariate stepwise
logistic regression analysis was carried out to identify
independent risk factors for LNM. Hazard ratio and 95%
confidence interval (CI) were calculated. A P value <
0.05 was considered to have statistical significance. All
statistical analyses were performed using SPSS v21.0
software (IBM Corp, Armonk, NY, United States).

RESULTS
Association between clinicopathological parameters
and LNM

Table 1 showed the relationship of LNM and clinicopa
2
thological factors using a χ test. Results showed that
tumor diameter > 2 cm, the presence of LVI, and sub
mucosal invasion were associated with a high LNM rate
(P < 0.05). On the other hand, no significant association
was observed between LNM and family medical history,
macroscopic type, ulceration, location, number, age or
gender.

During the 25 years, a total of 138 patients (87 men
and 51 women) with histopathologically poorly differ
entiated EGC were included for analyses. The ages of
the patients ranged from 29 to 81 years (mean 49).

Potential independent risk clinicopathological
parameters for LNM

Univariate analysis results demonstrated that there are
three significantly associated characteristics with LNM.
Multivariate analysis showed that for LNM, all three cha
racteristics were independent and significant risk factors
(P < 0.05, Table 2).

Dissection and classification of lymph nodes

For each patient, lymph nodes were dissected from
the en bloc specimens. The classification was perfor
[8]
med according to the JCGC . After careful review of
specimens, an experienced surgeon gave the classifi
[8]
cation of the dissected lymph nodes . After that, the
lymph nodes were sectioned and the histopathologic and
immunohistochemical features were detected by eosin
and hematoxylin staining and immunohistochemistry.
Pathological examination for metastasis and lymphatic
vessel involvement (LVI) was detected by immunohisto
chemistry with D2-40. We used uniform measurement
standards to guarantee uniformity of treatment among
the sample over the 25 years. Histologic slides were reread in a blind manner by one pathologist. The main
clinical and pathological data could be obtained from ar
chival documents, including surgical report, conclusions
of the pathologist, and the patient card.

LNM in poorly differentiated EGC

Twenty-one (15.2%) of 138 patients diagnosed with
poorly differentiated EGC had LNM. The relationship be
tween the three risk clinicopathological factors (tumor
diameter > 2 cm, LVI, and submucosal invasion) and
LNM was studied in poorly differentiated EGC. In poorly
differentiated EGC, for patients with one, two or three ri
sk factors, LNM rates were 7.7% (2/26), 47.6% (10/21)
and 64.3% (9/14), respectively. For the other 77 pa
tients without any of the risk factors, we did not find
any LNM (Table 3).

DISCUSSION

Association between clinicopathological parameters
and LNM

Endoscopic treatments, such as EMR and ESD, are st
andard treatments for EGC. ESD is superior in allowing

In this current study, we included clinicopathological
WJGO|www.wjgnet.com
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Table 2 Multivariate analysis of potential risk factors for lymph node metastasis
Characters
Tumor size
≤ 2 cm
> 2 cm
Lymphatic vessel involvement
Positive
Negative
Depth of invasion
Mucosa
Submucosa

Hazard ratio

95%CI

P -value

13.438

1.773-25.673

0.029

38.521

1.975-69.212

0.015

14.981

1.617-52.844

0.024

CI: Confidence interval.

demonstrates that poorly differentiated EGC are in ac
cordance with some published studies, indicating the
existence of a significant correlation between the pre
sence of LVI, submucosal invasion and large tumor size
[21-29]
with high LNM incidence
.
During the analysis of this study, numerous relevant
subgroup analyses were also done to identify patients
of whom the potential LNM can be excluded and then
find the candidates who are potentially curable by ESD
treatment. Interestingly, we found that patients whose
tumor is confined to the intramucosa, and is less than or
equal to 2 cm without LVI did not have LNM, indicating
that for these cases, ESD could be sufficient and overtreatment may be avoided.
In addition, the association between the positive nu
mber of the three risk factors (presence of LVI, tumor
diameter > 2 cm, and submucosal invasion) and LNM
rate were further studied to discuss management stra
tegies for the treatment of poorly differentiated EGC.
From the results of this study, we have determined that
there is a certain association between LNM rate and
number of significant risk factors. When the number
of factors is one, two or three, LNM rates were 7.7%,
47.6% and 64.3%, respectively. Therefore, gastrecto
my with lymphadenectomy is preferable for these pati
ents with risk factors.
Standard gastrectomy with lymphadenectomy re
mains of value as standard therapy for the potential
presence of LNM in poorly differentiated EGC patients.
However, the combination of ESD and LLND could avoid
unnecessary gastrectomy. Studies have been reported
that some patients with EGC received ESD, but the sur
gery could not meet standard or expanded resection.
Salvage treatment of LLND showed overall survival
[30,31]
. ESD has a high complete resection rate for
benefits
localized primary tumor, and LLND has complementary
surgical benefits, which could enable the confirmation
[32]
of negative LNM . Thus, this combination was a su
rvival effective strategy compared to conventional tre
atment. Indeed, previous data have shown that this co
mbination has a significantly greater effect on overall
[33]
survival during the long-term follow-up period . The
combination of ESD and LLND has fewer complications
(such as perforation, etc.) and can be used in any areas
in the stomach. Therefore, the combination of ESD and

Table 3 Association between the three identified risk factors
and lymph node metastasis in poorly differentiated early
gastric cancer
Number of positive risk factors

Lymph metastasis rate

None
One
Two
Three

0% (0/77)
9.1% (2/26)
22.2% (10/21)
57.1% (9/14)

en bloc resection at the submucosal location, leading
[14-16]
to accurate pathologic assessment of specimens
.
The dominance of ESD over surgery is less invasive,
less expensive, and it better preserves physiological fun
[17,18]
ction
. ESD is applied to EGC without LNM, and the
indication criteria for differentiated cancer. On the other
hand, even though the gastric lesions can be completely
removed with ESD for patients with poorly differentiated
EGC, standard gastrectomy with lymph node dissection
is usually performed. However, gastrectomy may be
not necessary for poorly differentiated EGC patients,
of which approximately 96.6% patients with surgically
[9]
treatment actually do not have LNM . Complications
from gastrectomy are rare and not serious, including pos
toperative reflux esophagitis, dumping syndrome and
[19,20]
impaired food intake
. If gastric lesions can be com
pletely removed and lymph node status can be histo
logically determined before gastrectomy, unnecessary
surgery could be obviated. The new technique combines
ESD with LLND, and not only completely resects the pri
mary tumor but also determines the histologic status of
the lymph node.
A precise prediction of the presence of LNM plays
a vital role in choosing ESD for EGC. The factors that
can help to predict LNM have been verified by previous
studies in EGC. However, few studies have tried to ex
plore whether ESD can be used in poorly differentiat
ed EGC. Thus, we would like to seek a possible way to
expand ESD in poorly differentiated EGC. In this study,
we retrospectively examined the poorly differentiated
EGC cases to confirm whether LNM could be predicted.
Our data indicated that LNM has significant predictive
factors, including tumor diameter > 2 cm, presence
of LVI, and submucosal invasion. This present study
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Poorly differentiated EGC

Intramucosal EGC

Tumor diameter ≤ 2 cm

Submucosal EGC

Tumor diameter > 2 cm

ESD

Specimen obtained by ESD

LVI (-)

Gastrectomy with lymphadenectomy

LVI (+)

LLND

LLND (-)

LLND (+)

No additional surgical treatment

Figure 1 Flow chart of the therapeutic strategy for cases with poorly differentiated early gastric cancer. EGC: Early gastric cancer; ESD: Endoscopic
submucosal dissection; LLND: Laparoscopic lymph node dissection; LVI: Lymphatic vessel involvement.
with lymphadenectomy is usually performed even though the gastric lesions
can be completely removed with endoscopic submucosal dissection (ESD) due
to the higher risk of lymph node metastasis (LNM). However, many surgical
EGC cases actually do not have LNM, indicating that this surgery may not be
necessary for many cases of EGC. To avoid this unnecessary surgery, the new
technique combines ESD with laparoscopic lymph node dissection (LLND),
which may lead to the elimination of unnecessary gastrectomy in poorly
differentiated EGC patients having a potential risk of LNM.

LLND may be an effective, minimally invasive treatment
and beneficial for long-term quality of life in poorly dif
ferentiated EGC patients.
However, this study has several limitations. It was
a single center study, and the sample size was relatively
small. Moreover, our study was performed retrospecti
vely, and the data collected were not randomized and
could have been subject to associated bias. Therefore,
our findings and conclusions may be not very informa
tive to make robust conclusions. Randomized, prospe
ctive studies are needed to verify these results.
In this study, we proposed a novel treatment strate
gy for patients with poorly differentiated EGC (Figure
1). For patients with a tumor less than or equal to 2 cm
in size or when LVI is absent upon postoperative histo
logical examination, ESD might be sufficient treatment.
The combination of ESD and LLND enables complete
resection for not only the primary tumor but also the
potentially metastatic lymph node. When LLND reveals
LNM or specimens of ESD shows with LVI, gastrecto
my with lymphadenectomy may be a better choice to
achieve R0 resection. We believe that LLND may lead
to the elimination of ESD in poorly differentiated EGC
patients having a potential risk of LNM.

Research motivation

We attempted to identify a subgroup of poorly differentiated EGC patients in
whom the risk of LNM can be ruled out and treated them with ESD and LLND,
which may serve as a breakthrough treatment for poorly differentiated EGC.

Research objectives

In this study, we intended to determine the risk factors that were predictive of
LNM in poorly differentiated EGC patients and to provide some suggestions to
guide the application of the combination of ESD and LLND for selected patients
with poorly differentiated EGC.

Research methods

We retrospectively analyzed 138 patients with poorly differentiated EGC
who underwent gastrectomy with lymphadenectomy (between January
1990 and December 2015). We also retrospectively analyzed (by univariate
and multivariate logistic regression analyses) the association between the
clinicopathological factors and the presence of LNM. We further examined the
relationship between the positive number of the significant predictive factors
and the LNM rate.

ARTICLEHIGHLIGHTS
HIGHLIGHTS
ARTICLE

Research results

Research background

Tumor size, depth of invasion and lymphatic vessel involvement were found to
be independently risk clinicopathological factors for LNM in poorly differentiated

For patients with poorly differentiated early gastric cancer (EGC), gastrectomy
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EGC. Furthermore, we established a simple criterion to expand the possibility
of using ESD and LLND for the treatment of poorly differentiated EGC.

12

Research conclusions

13

ESD might be sufficient treatment for intramucosal poorly differentiated EGC
if the tumor is less than or equal to 2 cm in size, and when lymphatic vessel
involvement is absent upon postoperative histological examination. We
found that the ESD with LLND may lead to the elimination of unnecessary
gastrectomy in poorly differentiated EGC.

Research perspectives

14

The minimization of therapeutic invasiveness in order to preserve quality of
life is a major topic in the management of EGC. One of the critical factors in
choosing minimally invasive surgery for EGC would be the precise prediction
of whether the patient has LNM. Therefore, in the future, we will carry out
this retrospective study to determine the clinicopathological factors that are
predictive of LNM in EGC and to guide the individual application of minimally
invasive surgery in a suitable subgroup of patients with EGC.

15
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