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Abstract

Fusobacterium nucleatum (F. nucleatum) is a Gram-
negative obligate anaerobe bacterium in the oral cavity
and plays a role in several oral diseases, including
periodontitis and gingivitis. Recently, several studies
have reported that the level of £. nucleatum is
significantly elevated in human colorectal adenomas and
carcinomas compared to that in adjacent normal tissue.
Several researchers have also demonstrated that ~.
nucleatum is obviously associated with colorectal cancer
and promotes the development of colorectal neoplasms.
In this review, we have summarized the recent reports
on £. nucleatum and its role in colorectal cancer and
have highlighted the methods of detecting ~. nucleatum
in colorectal cancer, the underlying mechanisms of
pathogenesis, immunity status, and colorectal cancer
prevention strategies that target £~ nucleatum.

Key words: Fusobacterium nucleatum; Carcinoma;
Colon and rectal carcinoma; Host immunity; Gut
microbiome

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

Core tip: Fusobacterium nucleatum (F. nucleatum)
promotes the progress of colorectal adenomas involving
in multiple potential mechanisms. F. nucleatum
positivity in colorectal cancer (CRC) is different in
different research groups. Some potential biomarkers
may be regarded as a criterion for judging CRC
prognosis. Some chemoprevention and immunotherapy
strategies on £. nucleatum-positive colorectal cancer
need to be further explored in the future.

Shang FM, Liu HL. Fusobacterium nucleatum and colorectal
cancer: A review. World J Gastrointest Oncol 2018; 10(3): 71-81
Available from: URL: http://www.wjgnet.com/1948-5204/full/v10/
i3/71.htm DOL: http://dx.doi.org/10.4251/wjgo.v10.i3.71

March 15, 2018 | Volume 10 | Issue 3 |



Shang FM et al. F. nucleatum and CRC

INTRODUCTION

Colorectal cancer (CRC) is the third most prevalent
malignant neoplasm and the fourth most frequent cause
of cancer death in the world, and the five-year survival
rate is nearly 65%!". For a long time, the mortality
rate of CRC has declined in areas where medical
resources are abundant, while the mortality rate has
risen in areas with poor medical conditions™®. CRC is
a complex disease that is influenced by both genetic
and environmental factors such as dietary habits and
lifestyle. Recently, increasing evidence has indicated
an association between the intestinal microbiota and
CRCP™,

More than 100 trillion (10™*) microorganisms reside
in the intestinal tract and play an extremely important
role in human health. These microbes maintain intestinal
homeostasis by regulating various biological activities
such as mucosal barrier, immune and metabolic
functions™®”), Once the intestinal balance is damaged,
it may cause numerous intestinal diseases including
inflammatory bowel diseases (IBD) and colorectal
neoplasms®*%, There is accumulating evidence to
suggest that the gut microbiota is associated with
colorectal neoplasms!***®, Several studies have validated
that the levels of Bacteroides, Prevotella, Escherichia
coli, Bacteroides fragilis (ETBF), Streptococcus
gallolyticus, Enterococcus faecalis, and Streptococcus
bovis are significantly higher in CRC tissue compared
to those in adjacent normal tissue!******®, ETBF has
been confirmed to selectively stimulate STATA3 in the
colon, induce inflammation infiltrates of T helper type 17
and promote the development of CRC!*®, Enterococcus
faecalis has been reported to facilitate tumorigenesis
through activating the DNA damage pathways™’.
Furthermore, the abundance of both Fusobacterium
nucleatum (F. nucleatum) and C. difficile was found to
be significantly higher in CRCs compared to the healthy
control group®®", Additional studies have also confirmed
that F. nucleatum associates with some Gram-negative
bacteria, including Streptococcus, Campylobacter spp.
and Leptotrichia, and synergistically promotes the
occurrence of CRCI?%,

F. nucleatum, a common Gram-negative anaerobic
bacterium, is one of the most prevalent species in the
oral cavity, and several studies have demonstrated
that F. nucleatum is associated with oral inflammation
diseases, such as periodontitis and gingivitis™®**®, It
has also been associated with pancreatic cancer, oral
cancer, and premature and term stillbirths®®’>%, In
addition, F. nucleatum is closely connected with liver
abscess®*!, appendicitis and infections of the head
and neck, including mastoiditis, tonsillitis and maxillary
sinusitis’®*?, Increasing evidence has indicated that
the levels of F. nucleatum are significantly elevated
in tumor tissues and stool specimens of CRC patients
relative to those in normal controls®®*?!, Researchers
have reported that F. nucleatum may contribute to the
development of CRC and that it is considered to be a
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potential risk factor for CRC progression™’*, Investi-
gators have demonstrated that a higher abundance of
F. nucleatum in CRC is associated with a shorter survival
time™*. Several researchers have also shown that a high-
abundance of F. nucleatum induces a series of specific
tumor molecular events, including CpG island methylator
phenotype (CIMP), microsatellite instability (MSI), and
genetic mutations in BRAF, CHD7, CHD8 and TP53"*,
However, F. nucleatum was previously regarded as a
passenger bacterium in human intestinal tract!***’,
Recently, it has been considered to be a potential initiator
of CRC susceptibility®”**). Kostic et a*®! have confirmed
that F. nucleatum promotes colorectal tumorigenesis
in Apc™* mice. Rubinstein et al**’ have reported that
F. nucleatum stimulates tumor cell growth in CRC by
activating B-catenin signaling and inducing oncogenic
gene expression via the FadA adhesion virulence factor.
Together, these studies show that F. nucleatum plays
an important role in the initiation of CRC and promoting
tumor cell growth in CRC, supporting that F. nucleatum
is a cause of CRC rather than a consequence. In this
review, we have summarized the recent reports on F.
nucleatum and its role in CRC and have highlighted
the methods of detecting F. nucleatum in CRC, the
underlying mechanisms of pathogenesis, immunity
status, and colorectal prevention strategies that target F.
nucleatumn.

F. nucleatum invades human epithelial cells, activates
B-catenin signaling, induces oncogenic gene expression
and promotes growth of CRC cells through the FadA
adhesion virulence factor.

METHODS FOR DETECTING F.
NUCLEATUM IN CRC

To detect F. nucleatum in CRC, investigators have
used several different methods, including fluorescent
quantitative polymerase chain reaction (FQ-PCR),
fluorescence in situ hybridization (FISH), quantitative
real-time polymerase chain reaction (qPCR), and droplet
digital polymerase chain reaction (ddPCR). Furthermore,
sample collection methods also vary among studies,
some of which are derived from formalin-fixed paraffin-
embedded (FFPE) CRC tissues, CRC frozen tissues,
genomic DNA, and feces collected from CRC patients.
As shown in Table 1, the detection method and the
detection rate of F. nucleatum in CRC differ among
studies. In one Chinese study, the F. nucleatum
abundance was measured in frozen tissues from 101 CRC
patients by FQ-PCR, and FISH analysis was conducted
on 22 CRC FFPE tissues with the highest abundance of
F. nucleatum to confirm the FQ-PCR results, and the
positive rate of F. nucleatum was detected to be 87.13%
(88/101)"”. Analyzing 598 CRC patients in 2 American
nationwide prospective cohort studies, researchers
detected the abundance of F. nucleatum in FFPE tissue
samples obtained from CRC patients by gPCR and
found that the positive percentage of F. nucleatum
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Table 1 Positive detection rates of Fusobacterium nucleatum in colorectal cancer reported by different research groups

Author (publish date) Total cases (17) Positive cases (1)

Positive percentage

Detection method Detection samples

Li et al*” (3/2016)
Mima et al® (8/2015)
Nosho et al*” (1/2016)
Tahara et al*™! (1/2014)
Tto et al™ (2/2015)
Suehiro et al™ (3/2017)

101
598
511
149
511
158

88
76
44
111
286
85

87.13% FISH and FQ-PCR Frozen tissue and FFPE tissue

13% qPCR FFPE tissue
8.6% qPCR FFPE tissue
74% qPCR Genomic DNA
56% qPCR FFPE tissue

54% ddPCR Feces

qPCR: Quantitative real-time polymerase chain reaction; FQ-PCR: Fluorescent quantitative polymerase chain reaction; ddPCR: Droplet digital polymerase

chain reaction; FISH: Fluorescence in situ hybridization; FFPE: Formalin-fixed paraffin-embedded.

accounted for 13% (76/598) of the CRC samples. This
detection rate was significantly lower than that reported
in the Chinese study (87.13%)"®\. In one Japanese
study, the experimental specimens were obtained from
CRC FFPE tissues from 511 Japanese patients, and the
abundance of F. nucleatum was detected by gPCR.
F. nucleatum was detected in 8.6% (44/511) of the
CRC tissue samples, which was similar, albeit slightly
lower, to that reported in the USA (13%)™. In another
study, the richness of F. nucleatum was evaluated by
gPCR, and the samples were prepared from genomic
DNA extracted from 149 primary CRC tissue samples;
F. nucleatum was detected in 74% (111/149) of the
CRC tissue samples™®, In a recent study, the samples
consisted of FFPE tissues from 511 CRC patients, and F.
nucleatum was detected in 56% (286/511) of the CRC
patients by qPCRP®. In another study, F. nucleatum
was detected in the stool samples collected from
CRC patients, and the sensitivity and specificity were
found to be 72.1% (75/104) and 91.0%, respectively,
while the high-abundance of F. nucleatum in patients
exhibited a false positive rate of 7.0%". In another
study, the levels of F. nucleatum were measured in fecal
specimens from Japanese CRC patients by ddPCR, and F.
nucleatum was found to be present in 54% (85/158) of
the specimens®. Furthermore, some researchers used
a gPCR assay to detect F. nucleatum in FFPE tissue from
CRC patients and revealed that F. nucleatum was present
in 2.5% (4/157) of rectal cancers and 11% (19/178) of
cecum cancers, with a significant linear trend along all
subsites™!l, The percentage of F. nucleatum-enriched
CRC gradually increases from rectum to cecum®™,
suggesting that the rate at which F. nucleatum is present
may also differ among intestinal sites.

Common specimens for detecting F. nucleatum
in CRC include frozen tissues, FFPE tissues, genomic
DNA and feces. The use of both frozen tissue and FFPE
tissue specimens are limited by surgery or colonoscopy.
Specimens derived from the feces of CRC patients
are easy to obtain, but they often result in high false
positive detection rates. As mentioned above, gPCR,
ddPCR, FQ-PCR and FISH are applied to detect the
levels of F. nucleatum. While the gPCR assay is the
most popular technique to measure the abundance of
F. nucleatum in CRC tissues, it is difficult to detect F.
nucleatum in the feces™; in addition, a higher false
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positive rate is seen in the high abundance group of
F. nucleatum™. It has been reported that ddPCR
improved the sensitivity of F. nucleatum detection in the
feces compared to gPCR, and ddPCR was demonstrated
to be 1000 times more sensitive than gPCR™?. In
addition, ddPCR resulted in a higher detection rate of
low concentrations of microorganisms compared with
gPCRP¥, FQ-PCR is a convenient and rapid method for
detecting pathogens and displays a higher sensitivity
and specificity than gPCR™\. In addition, it is difficult
to contaminate FQ-PCR during experimental operation
compared with gqPCRP,

UNDERLYING MECHANISMS OF
F.NUCLEATUM PATHOGENESIS IN CRC

A previous study has shown that lymph node meta-
stases are present in 52 out of 88 (59.1%) cases with
a high-abundance of F. nucleatum and in 0 out of 13
(0%) subjects with a low-abundance of F. nucleatum,
which indicates that a high abundance of F. nucleatum
is associated with CRC progression and metastasis*”,
It has been suggested that high levels of F. nucleatum
may be associated with poor outcomes of CRC. Some
researchers have also reported that the load of F.
nucleatum DNA in CRC tissue is correlated with higher
colorectal cancer-specific mortality™* and that F.
nucleatum DNA may serve as a potential poor pro-
gnostic biomarker™. Fusobacterium was shown to be
enriched in the mucosa-adherent microbiota and have
the ability to adhere to and invade human epithelial and
endothelial cells®***, Recently, several researchers
have suggested that F. nucleatum is a pathogenic
bacterium rather than a bacterium that promotes
colorectal carcinogenesis'***”), Several studies have
shown that its virulence factors are closely linked with
colorectal lesions. It has been demonstrated that F.
nucleatum invades human epithelial cells, activates
B-catenin signaling, induces oncogenic gene expression
and promotes growth of CRC cells via the FadA
adhesion virulence factor*®. A second virulence factor,
an autotransporter protein, Fap2, has been shown to
potentiate the progress of CRC via inhibiting immune
cell activity™®.

As shown in Figure 1, F. nucleatum attaches and
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FadA Fap2

1‘ 2 3 4 5
Block the Interact
Attach and invade B—cat@ mid-G1 Attract with
epithelial and phase of MDSC TIGIT
endothelial cells cell cycle
NF B Inhibit immune
cells activity
IL-6, IL-8,
IL-10, IL-18, TLR
TNF-a, NF-xB
Increase
—> miRNA
expression
Generate a Produce a tumor
proinflammatory Tumor cell immunosuppressive
microenvironment proliferation microenvironment

Colorectal tumor
progression

Figure 1 Underlying mechanism of Fusobacterium nucleatum pathogenesis in colorectal cancer. (1) In pathway 1, the FadA in Fusobacterium nucleatum (F.
nucleatum) adheres to and invades human epithelial cells and endothelial cells, and inflammatory cytokine (IL-6, IL-8, IL-10, IL-18, TNF-o. and NF-kB) levels increase
in a proinflammatory microenvironment that accelerates the progression of colorectal tumors; (2) In pathway 2, FadA interacts with E-cadherin on the epithelial cell,
activates B-catenin signaling, increases NF-xB inflammatory gene expression and promotes tumor cells proliferation. However, F. nucleatum-infected cells increase
the expression of miRNA by activating Toll-like receptor and further promote the release of miRNA; (3) In pathway 3 and 4, F. nucleatum dampens human T-cell
activation in a tumor immunosuppressive microenvironment that supports tumor cell growth by blocking the mid-G1 phase of cell cycle and attracting myeloid-derived
suppressor cells; and (4) In pathway 5, the interaction between Fap2 of F. nucleatum and the human inhibitory receptor TIGIT induce human lymphocytes cell death
and generate a tumor immunosuppressive microenvironment that promotes colorectal tumor progression. MDSC: Myeloid-derived suppressor cell; TLR: Toll-like
receptor.

invades human epithelial and endothelial cells*’*%., This inflammatory cytokines particularly IL-8, IL-10 and
attachment and invasion depends on the F. nucleatum tumor necrosis factor-a (TNF-a) in a proinflammatory
FadA adhesion protein®®®”, The FadA protein exists microenvironment that accelerates colorectal tumor
in two main forms. The first form is the intact pre- progression™"®*%3, Another receptor of FadA is the cell-
FadA consisting of 129 amino that is anchored to adhesion molecule E-cadherin expressed on non-CRC
the membrane, and the second form is the secreted and CRC cells*®!, E-cadherin is a strong tumor suppressor
mature FadA (mFadA) consisting of 111 amino acids that inhibits tumor growth and development™*,

that are secreted outside of F. nucleatum'. When FadA binding to wnt7b E-cadherin on CRC cells
mFadA combines with pre-FadA, the pre-FadA- promotes F. nucleatum adhesion and invasion of host
mFadA is internalized, and FadAc is activated®. The  epithelial cells, activates p-catenin signaling that leads
internalization of the pre-FadA and mFadA complex to increased expression of Wnt genes, oncogenes,
ensures that F. nucleatum binds to and invades host transcription factors, and inflammatory genes, and
epithelial cells®®!, The host endothelial receptor for ~ promotes tumor cells proliferation*®!, FadAc, but
FadA is the vascular endothelial cadherin (CDH5), not mFadA, binds specifically to the E-cadherin-5,
which is a member of the cadherin family®®, The  the cytoplasmic or the transmembrane domains of
CDH5 receptor is required for F. nucleatum to adhere E-cadherin, and results in E-cadherin phosphorylation
to and invade endothelial cells®®. F. nucleatum and interalization™*®*, As a result, a series of events,
invasion induces the production of cytokines such as which include a decrease in B-catenin phosphorylation,
interleukin-8 (IL-8), which is regulated by the p38 an accumulation of p-catenin in the cytoplasm, and
MAPK signaling pathway but independent of Toll-like translocation toward the nucleus, leads to the activation
receptor (TLR), NOD-1, NOD-2 and Nuclear Factor- of p-catenin-regulated transcription (CRT)“¥, CRT
kappaB (NF-xB) signaling™?. F. nucleatum promotes increases the expression of wnt signaling genes such as
the expression of several inflammatory genes such wnt7a, wnt7b and wnt9a, the oncogenes myc and cyclin
as NF-«B and cytokines, including IL-6, IL-8 and D1, transcription factors such as the lymphoid enhancer
IL-18", F. nucleatum also promotes the release of  factor (LEF-1), NF-xB such as NF-xB2, T cell factor
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such as TCF1, TCF3 and TCF4, and proinflammatory
cytokines including IL-6, IL-8 and IL-18M%, On the
other hand, F. nucleatum infected cells increase the
expression of microRNA-21 (miR21) by activating TLR4
signaling to MYD88, which leads to the activation of NF-
«B“". Subsequently, hyperactive NF-xB attaches to the
promoter of miR21 and induces the oncogenic cascade
in CRC*Y, Moreover, F. nucleatum reduces CD3" T-cell
density in CRC tissue™®, A previous study has shown
that FDC364, sonic extract of F. nucleatum, inhibits
human T-cell responses to antigens and mitogens™®!, By
blocking the mid-G1 phase of cell cycle, the F. nucleatum
inhibitory protein suppresses human T-cell activity™”.
This effect may promote an immunosuppressive micro-
environment that allows tumor cell growth®”, By re-
leasing short-chain fatty acids (acetate, propionate, and
butyrate) and short-peptides (formylmethionyl-leucyl-
phenylalanine), F. nucleatum also selectively attracts
myeloid-derived suppressor cells (MDSCs)*3®!, MDSCs,
a group of heterogeneous cells, show strong T-cell
suppressive activity in the immune response®’. MDSCs
and their effectors are key components of the neoplasm
and promote tumor progression'®’%, F. nucleatum-
associated tumors increase the myeloid-lineage infiltrating
cells, including CD11b", tumor-associated macrophages
(TAMs), M2-like TAMs, tumor-associated neutrophils,
conventional myeloid dendritic cells (DCs) and CD103*
regulatory DCs™*®, These cells play an important role in
dampening antitumor immunity and promoting tumor
progression®® 7”3, Collectively, these studies have shown
that F. nucleatum produces a tumor immunosuppressive
microenvironment and promotes CRC progression.
Fap2, a galactose-sensitive adhesion protein, plays an
important role in coaggregation and cell adhesion.
In F. nucleatum, the virulence factor Fap2 protein
suppresses immune cell activities through interacting
with TIGIT®®, The interaction between Fap2 and TIGIT
protects tumors containing F. nucleatum from host
immune cell attack™®, TIGIT is an inhibitory receptor
in humans that is expressed on T cells and natural
killer (NK) cells”®. The Fap2 has also been reported to
induce human lymphocyte cell death®™”. In addition,
Fap2 mediates F. nucleatum enrichment by interacting
with Gal-GalNAc overexpressed in colorectal tumors'®.
Gal-GalNAc is a host polysaccharide overexpressed in
CRCY®L, In summary, F. nucleatum produces a tumor
immunosuppressive microenvironment that promotes
CRC progression.

F. NUCLEATUM AND IMMUNITY STATUS
IN CRC

Some researchers have demonstrated that F. nucleatum
modulates the tumor immune microenvironment while
promoting CRC development™®. Recently, it has been
confirmed that biomarkers such as immune antibodies,
miRNA, TAMs, and tumor-infiltrating T-cell subsets
play a significant role in F. nucleatum-associated

Raishidenge ~ WJGO | www.wjgnet.com

75

Shang FM et a/. F. nucleatum and CRC

CRC[44,48,77,78] .

Several studies have shown that F. nucleatum
infection causes high levels of serum F. nucleatum-
IgA antibodies in CRC patients””). Researchers have
confirmed that serum anti-F. nucleatum-IgA combined
with CA19-9 and CEA has a higher sensitivity than
CA19-9 and CEA alone in screening early CRC”.. This
study suggests that serum F. nucleatum-IgA antibodies
may be regarded as a potential diagnosing biomarker for
early CRCY”. In addition, some researchers have found
that the levels of the fadA gene in colon tissue from CRC
patients are > 10-100 times higher in comparison with
normal subjects'?. This study also reveals a gradual
increase in fadA gene copies in normal individuals
compared to CRC patients'*’!. The fadA gene has
become a potential ideal diagnostic marker to identify
individuals with CRC risk™!. The miR-21 gene has
been demonstrated to promote tumor cell growth and
migration via inhibiting sec23a protein expression’.
The data also indicated that F. nucleatum induces a
high level of miR-21 expression in advanced CRC™*Y.
The amount of miR-21 in CRC tissues has been shown
to be associated with poor clinical outcomes™". Studies
have reported that non-coding RNAs (IncRNAs) play a
crucial role in the diagnosis and prognosis of CRC'®”,
One study has found that low levels of NR_034119 and
NR_029373 are associated with a short survival rate
of CRC®, These researchers suggested that several
IncRNAs (NR_034119, NR_029373, NR_026817, and
BANCR) are potential diagnostic biomarkers for CRC
and that NR_034119 and NR_029373 are potential
prognostic indicators for CRC*”. Another study reported
that the level of IncRNA PANDAR was higher in CRC cells
and tissues relative to adjacent normal tissues®™, and
high levels of PANDAR expression were associated with
short overall survival®. The authors suggested that
the amount of PANDAR expression may be a prognostic
indicator for CRC.

A previous study reported that F. nucleatum-positive
tumors increased TAM infiltration'*®!. TAMs play an
important role in innate immunity, and subpopulations
of regulatory T-lymphocytes (Tregs) are a component
of the acquired immunity. A recent study has found
that intense infiltration of TAMs in colorectal tumor
tissue is associated with shorter disease-free survival
and overall survival of CRCY®., Infiltration of TAMs
CD68"/iNOS™ in colorectal tumor stroma is confirmed
to be related to the poor prognosis of CRCV®. Some
researchers have reported that tumor-infiltrating
T-cell subpopulations distinctly regulate the prognosis
of CRC™, For instance, in tumor-infiltrating T-cell
subsets, CD45RO"-cell density, but not that of FOXP3*-
cell, is significantly associated with a long survival of
CRC patients'®. CD45RO"-cell is considered to be a
potential good prognostic biomarker for CRC®*?. The
FOXP3" transcription factor, which plays an important
role in regulating the immune system, is regarded as
an immunosuppressive factor. Some scholars have
reported that infiltration of FOXP3" in colorectal tumor
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stroma is associated with a poor prognosis in CRC'®.,

However, several researchers also suggest that FOXP3*-
cells are generally associated with a good prognosis of
CRC™®, An article recently published in Nature Medicine
has shown that distinct tumor-infiltrating FOXP3*-T
cell subpopulations have an opposite approach to
determining CRC prognosis. The development of inflam-
matory FOXP3* (lo) non-Tweg cells was shown to be
associated with tumor invasion by intestinal bacteria,
particularly F. nucleatum™. In this study, CRC patients
with a high infiltration of FOXP3* (lo) T cells exhibit a
significantly better prognosis, compared to those with a
FOXP3* (hi) Tres cell infiltration®, When FOXP3* (hi) Twg
cells are depleted from CRC tissues, antitumor immunity
is augmented™®. The elimination of FOXP3* (hi) Tes cells
has been suggested to play a crucial role in suppressing
CRC formation™*. Recent research has also found that
prudent diets such as whole grain and dietary fiber
reduce the risk of F nucleatum-positive CRC®!,

In conclusion, anti-F. nucleatum-IgA, the fadA gene,
and IncRNAs may be considered as potential diagnostic
biomarkers during the early stage of F. nucleatum-
positive CRC. The CD45RO*-cell and FOXP3* (lo) T cell
biomarkers are associated with a favorable prognosis
in F. nucleatum-positive CRC, while the miR-21,
LncRNA PANDAR, and TAMs CD68/iNOS™ biomarkers
are associated with a poor clinical prognosis of F.
nucleatum-positive CRC.

PREVENTION STRATEGIES THAT
TARGET F. NUCLEATUM IN CRC

Currently, cancer prevention strategies have been mainly
focused on chemoprevention and immunotherapy.
Chemoprevention, which involves the use of aspirin,
cyclo-oxygenase-2 (COX-2) inhibitors, and selective EP2
antagonists, plays an important role in F. nucleatum-
associated CRC. Immunotherapies, such as antibody
treatment, immune-checkpoint blockade therapy
and adoptive cell transfer therapies, may aid in the
prevention of F. nucleatum-positive CRC.
Chemoprevention, including the use of aspirin,
COX-2 inhibitors, and selective EP2 antagonists, plays
a significant role in the mechanisms of F. nucleatum-
positive CRC. For instance, some researchers have
reported that regular aspirin use lowers CRC incidence
and mortality and reduces the risk of distant metastasis
of CRC'®®, Regular doses of aspirin were also associated
with a lower risk of CRC and low levels of CD45R0O
(PTPRC)'T cells, CD3'T cells or CD8" T cells®™’, Aspirin
induces neutrophils apoptosis™ and triggers a lipoxin-
driven immune-regulatory effect™. Aspirin directly
inhibits T-cell activation and proliferation and suppresses
cytokine production involved in the T cell-mediated
adaptive immune response®”. Tumor-infiltrating immune
cells have been associated with a good prognosis in
CRCP®"¥, The amount of F. nucleatum is inversely pro-
portional to CD3* T-cell density in colorectal carcinoma
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tissue™®, These data indicate that aspirin may support

the host immune system and prevent the development
of F. nucleatum-associated CRC.

In addition, FadA in F. nucleatum specifically binds to
E-cadherin and activates Wnt signaling!®. F. nucleatum
increases expression of inflammatory genes and Wnt
genes™. A recent study has reported that EP2 enhances
the expression of NF-kB-targeted proinflammatory
genes induced by TNF-o, in neutrophils®®. The levels of
cytokines such as TNF-a and IL-6, COX-2, chemokine
CXCL1, and Whnt are significantly higher in tumor lesions
of EP2-abundant mice than those in EP2- deficient
mice®. This study revealed that EP2 promotes colon
tumorigenesis by means of expanding inflammation and
shaping a tumor microenvironment”. PF-04418948,
a selective EP2 antagonist, significantly inhibits the
formation of colon tumors®. This suggests that selec-
tive EP2 antagonists may be promising drugs for the
chemoprevention of F. nucleatum-associated CRC.

Furthermore, COX expression in Braf*®* cells may
prevent CD103" DC activation and accumulation in
tumors®. By suppressing local T-cell effector, COX-2 also
promotes immune evasion and resistance to antigen-
specific cancer immunity™. COX-2 is also considered an
inhibitor of antigen-specific tumor immunotherapy™®.
This is powerful evidence that supports that COX
inhibitors reduce the risk of CRC by inhibiting inflamma-
tory pathways, and COX inhibitors may be important for
immune-based therapy in CRC patients. In conclusion,
aspirin, EP2 antagonists, and COX-2 inhibitors may be
important tools for preventing F. nucleatum-associated
CRC.

Immunotherapies, including antibody treatment,
immune-checkpoint blockade therapy and adoptive
cell transfer therapies, may be effective strategies for
preventing F. nucleatum-positive CRC. For example,
the interaction between Fap2 and TIGIT receptor
protects tumors against immune cell attack and, accord-
ingly, inhibits antitumor immunity and supports tumor
cells growth™®. Fap2 also induces lymphocyte cell
death™, Fap2 mediates F. nucleatum enrichment via
its interaction with Gal-GalNAc that is overexpressed
in CRC, which may exacerbate the inhibition of
antitumor immunity"”®. Therefore, anti-Fap2 antibody
development may favor antitumor immune response
and be a potential immunotherapy in F. nucleatum-
positive CRC. F. nucleaturm inhibits T-cell activity and
stimulates lymphocyte cell death, which protects tumors
from immune cell attack. F. nucleatum may have
immunosuppressive function in the tumor immune
microenvironment.

Recently, the approach to cancer immunotherapy
involves immune-checkpoint blockade, such as cytotoxic
T lymphocyte-associated protein 4 (CTLA-4) and
programmed death protein 1 (PD-1). CTLA-4 and PD-1
have been reported to be involved in T cell-mediated
antitumor immunity®®®”1, It was speculated that
blockade of CTLA-4 and PD-1 may shape the antitumor
immunity response and be an effective immunotherapy
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for F. nucleatum-associated CRC. Other CRC treatment
strategies involving F. nucleatum, such as miR-21
blockade may play a significant role in F. nucleatum-
positive CRC, as F. nucleatum increases expression
of miR-21 by activating TLR4 signaling to NF-xB™*!). It
has been demonstrated that miR-21 promotes tumor
cells proliferation and migration by down-regulating
the expression of the sec23a protein®. The inhibition
of miR-21 suppresses the metastasis of colorectal
tumor cells by regulating programmed cell death 4°%.
In a miR-21 knockout mouse model, expression of
proinflammatory and procarcinogenic cytokines was
decreased, suggesting that miR-21 deficiency promotes
the apoptosis of tumor cells by suppressing STATA3
and Bd-2 activation®. It has been suggested that the
miR-21 blockade may be a potential treatment strategy
for F. nucleatum-associated CRC. Some adoptive cell
transfer therapies, such as NK cells!*®”!, cytokine-induced
killer cells™", and tumor-infiltrating lymphocytes™®,
are also being used to strengthen antitumor immunity
in clinical practice. These adoptive cell transfer therapies
may also be considered as an immunotherapy approach
in CRC associated with F. nucleatum.

In sum, CRC prevention strategies that target F.
nucleatum are mainly focused on chemoprevention,
which includes the use of aspirin, COX-2 inhibitors and
selective EP2 antagonists, and immunotherapy, which
includes anti-Fap2 antibody treatment, CTLA-4, PD-1,
miR-21 blockade therapies and adoptive cell transfer
therapies.

CONCLUSION

In summary, the gut microbiota, especially F. nucleatumn,
has been extensively associated with CRC. F. nucleatum
promotes the progression of CRC via multiple potential
mechanisms. The positive detection rate of F. nucleatum
in CRC samples varies among different studies. FadA
combined with anti-F. nucleatum-IgA may improve the
diagnosis of CRC. Several potential biomarkers, such as
miR-21, LncRNA PANDAR, TAMs CD68"/iNOS~, FOXP3*
(lo) T cells and CD45RO" cells, may be considered as
criteria for determining CRC prognosis. Furthermore,
chemoprevention and immunotherapy strategies should
be further explored in the future.
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Abstract

AIM

To investigated the association between adenoma
detection rate (ADR) and sessile serrated ADR (SSADR)
and significant predictors for sessile serrated adenomas
(SSA) detection.

METHODS

This study is a retrospective, single-center analysis. Total
colonoscopies performed by the gastroenterologists at
the University of Tokyo Hospital between January and
December 2014 were retrospectively identified. Polyps
were classified as low-grade or high-grade adenoma,
cancer, SSA, or SSA with cytological dysplasia, and
the prevalence of each type of polyp was investigated.
Predictors of adenoma and SSA detection were
examined using logistic generalized estimating equation
models. The association between ADR and SSADR for
each gastroenterologist was investigated by calculating
a correlation coefficient weighted by the number of
each gastroenterologist’s examination.

RESULTS

A total of 3691 colonoscopies performed by 35 gastroen-
terologists were assessed. Overall, 978 (26.5%) low-
and 84 (2.2%) high-grade adenomas, 81 (2.2%)
cancers, 66 (1.8%) SSAs, and 2 (0.1%) SSAs with
cytological dysplasia were detected. Overall ADR was
29.5% (men 33.2%, women 23.8%) and overall SSADR
was 1.8% (men 1.7%, women 2.1%). In addition, 672
low-grade adenomas (68.8% of all the detected low-
grade adenomas), 58 (69.9%) high-grade adenomas,
29 (34.5%) cancers, 52 (78.8%) SSAs, and 2 (100%)
SSAs with cytological dysplasia were found in the
proximal colon. Adenoma detection was the only
significant predictor of SSA detection (adjusted OR:
2.53, 95%CI: 1.53-4.20; P < 0.001). The correlation
coefficient between ADR and SSADR weighted by the
number of each gastroenterologist’s examinations was
0.606 (P < 0.001).

CONCLUSION

Our results demonstrated that ADR is correlated to
SSADR. In addition, patients with adenomas had a higher
prevalence of SSAs than those without adenomas.

Key words: Sessile serrated adenoma; Sessile serrated
adenoma detection rate; Adenoma detection rate;
Colonoscopy; Interval colorectal cancer
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Core tip: Sessile serrated adenomas (SSAs) are difficult
to detect and are associated with interval colorectal
cancer (CRC). To reduce interval CRC and CRC death,
SSA detection is important, and evaluation of the
sessile serrated adenoma detection rate (SSADR) is
crucial. In Western countries, there have been some
reports showing the correlation of adenoma detection
rate (ADR) and SSADR. However, in Asian countries,
little is known about the correlation between ADR
and SSADR. We investigated the association between
ADR and SSADR and significant predictors for SSA
detection in Japanese population. We found that ADR
is correlated with SSADR, and patients with adenomas
have a higher prevalence of SSAs than those without
adenomas.

Ohki D, Tsuji Y, Shinozaki T, Sakaguchi Y, Minatsuki C,
Kinoshita H, Niimi K, Ono S, Hayakawa Y, Yoshida S, Yamada
A, Kodashima S, Yamamichi N, Hirata Y, Ushiku T, Fujishiro M,
Fukayama M, Koike K. Sessile serrated adenoma detection rate
is correlated with adenoma detection rate. World J Gastrointest
Oncol 2018; 10(3): 82-90 Available from: URL: http://www.
wjgnet.com/1948-5204/full/v10/i3/82.htm DOI: http://dx.doi.
org/10.4251/wjgo.v10.i3.82

INTRODUCTION

Colorectal cancer (CRC) is one of the major causes of
cancer mortality in the world™. Incidence of CRC has
been increasing in Japan, and it is now the second
leading cause of cancer-related death!®. Colonoscopy
currently plays a central role in CRC screening™®. Total
colonoscopy has been shown to reduce the risk of death
from CRC by removing precancerous adenomas®. Total
colonoscopy and detection of adenomas are imperative
for preventing CRC. The adenoma detection rate (ADR)
has been reported to be an excellent quality indicator
of total colonoscopy™”!. ADR is also associated with the
risk of interval CRC and death™®?,

However, there have been some reports indicating
that total colonoscopy is less effective in reducing the
risk of cancer in the proximal colon™®'"), The presence
of sessile serrated adenomas (SSAs) in the right colon,
which would progress via the serrated pathway to
CRC, is thought to be a potential reason. A serrated
pathway is an alternative pathway in which serrated
polyps replace the traditional adenoma as precursor
lesions to CRC™*?. CRCs derived from serrated pathways
account for 20%-30% of all CRCs™*'¥. SSAs are
usually flat or sessile, and are occasionally covered by
a mucous cap™?®. They are difficult to detect because
of their subtle morphology, and even when detected,
are often incompletely resected. In addition, some
SSAs are reported to progress to invasive cancer in a
short period of time!*>*®l, Therefore, SSAs are thought

March 15, 2018 | Volume 10 | Issue 3 |



Ohki D et a/. Correlation between SSADR and ADR

Colonoscopy performed by gastroenterologists
4253 colonoscopies

Excluded referral for EMR/ESD
324 colonoscopies

Excluded repeated examination
226 cases

Excluded other reasons
12 cases

Colonoscopies included in analysis
3691 cases

Figure 1 Study flow chart. EMR: Endoscopic mucosal resection; ESD:
Endoscopic submucosal dissection.

to be strongly associated with interval CRC!**"1, To
reduce interval CRC and CRC-related death, detection
of SSAs is important, and evaluation of the SSA
detection rate (SSADR) is crucial. Recently, there have
been few reports suggesting that SSADR is associated
with ADR™*81, However, to the best of our knowledge,
there has been no report in Asian countries showing a
correlation between ADR and SSADR. In this context,
we investigated the association between ADR and
SSADR with significant predictors for SSA detection
in total colonoscopy screening or surveillance in the
Japanese population.

MATERIALS AND METHODS

Patients

This study is a retrospective, single-center analysis.
We extracted data on total colonoscopies performed at
the University of Tokyo Hospital between January and
December 2014 by reviewing electronic medical records.
All total colonoscopies performed by gastroenterologists
were included in this analysis. Indications for total
colonoscopy were classified as surveillance total
colonoscopy, positive fecal occult blood test, screening
for other symptoms (e.g., abdominal pain, anemia,
and chronic diarrhea), and others. The following
colonoscopies were excluded: repeated examinations
during the study period and referral colonoscopies for
endoscopic mucosal resection/endoscopic submucosal
dissection (Figure 1). All gastroenterologists involved in
this study had more than 5 years of experience in total
colonoscopy.

In this study, we classified the pathology of each
resected polyp into the following categories: low- or
high-grade adenoma, cancer (including intramucosal
cancer), SSA, or SSA with cytological dysplasia (Figures
2 and 3). Polyps that were resected but not histologically
evaluated, and endoscopically detected polyps that were
not resected, were determined to be non-neoplastic.
The histological definition for SSAs was in accordance
with the definition of the Japanese Society for Cancer
of the Colon and Rectum™, SSAs had two or more of
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the following features in more than 10% of the serrated
area: (1) Dilated crypt; (2) irregularly branching crypt;
and/or (3) dilation of the base of the crypt which often
has a boot, L, or inverted T shape. SSA with cytological
dysplasia was defined as a dysplastic area, similar
to conventional adenoma™ %, In our institution, the
comprehensive retrospective analysis of each patient’s
medical record was approved by our ethics committee
(No. 2058); this study is included in that category. The
present study was performed in accordance with the
Declaration of Helsinki.

Procedure

The bowel preparation method in our institution was as
follows: (1) 10 mL of 0.75% sodium picosulfate the day
before endoscopy; and (2) 2-4 L of polyethylene glycol
(Niflec: EA Pharma, Tokyo, Japan) on the morning of
the endoscopy.

Video processor unit EVIS LUCERA SPECTRUM or
EVIS LUCERA ELITE (Olympus Corporation, Tokyo,
Japan) and single-channel lower gastrointestinal
endoscope (PCF-Q260AZI, PCF-Q260AI, PCF-PQL, CF-
240AI; Olympus Co.) were used. The choice of the
endoscope was left to the discretion of each endoscopist.

Almost all colonoscopies were performed without
sedation, but in some special cases where patients
could not tolerate the colonoscopy procedure, conscious
sedation using diazepam with or without pentazocine
was administered.

Examination items

The polyp detection rate and location of each polyp were
investigated. The proximal colon was defined as the
area proximal to the splenic flexure (transverse colon,
ascending colon, and cecum), while the distal colon
was defined as the area distal to the splenic flexure
(descending colon, sigmoid colon, and rectum). ADR
was calculated as described in previous literature!®4;
the proportion of colonoscopies where at least one
colorectal low- or high-grade adenoma or cancer was
detected. SSADR was calculated in the same way: the
proportion of colonoscopies where at least one SSA or
SSA with cytological dysplasia was detected.

Factors possibly related to adenoma detection and
SSA detection was assessed: (1) Patients’ age; (2)
patients’ sex; (3) years of colonoscopy experience of the
endoscopist; (4) withdrawal time; (5) cecal intubation
rate; and (6) bowel cleansing level. Withdrawal time
was defined as the time from identification of cecum
to identification of anus in colonoscopy cases where no
polyps were removed. The bowel cleansing level was
classified as “adequate” or “non-adequate” according to
the ASGE/ACG task force recommendations. “Adequate”
was defined as the examination allowed for the
detection of polyps > 5 mm in size'®*,

Statistical analysis
Characteristics of patients were summarized and
compared between the presence (+) or absence (-)
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Figure 2 Typical endoscopic pictures of each polyp. A: Low grade adenoma; B: High grade adenoma; C: Cancer; D: Sessile serrated adenoma; E: Sessile

serrated adenoma with cytological dysplasia.

Figure 3 Histopathological pictures of each polyp. A: Low grade adenoma; B: High grade adenoma; C: Cancer; D: Sessile serrated adenoma; E: Sessile serrated

adenoma with cytological dysplasia.

of adenoma detection using t-test or chi-squared test.
Gastroenterologists’ experience and their average
withdrawal time that was calculated after excluding
polypectomy were also summarized. Predictors of ADR
were examined using logistic generalized estimating
equation models, which explain the adenoma detection
probability of each total colonoscopy by patient-and
gastroenterologist-level variables. We used robust
sandwich variance estimators that specified each
gastroenterologist as a cluster to compute 95%
confidence intervals (CI) and P-values. Predictors of
SSADR were similarly examined, but adenoma detection
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of corresponding total colonoscopy was added as a
predictor. The bivariate association of SSADR and ADR
of each gastroenterologist were illustrated by a scatter
plot and correlation coefficient that were weighted
by the number of performed total colonoscopies. All
analyses were conducted using SAS version 9.4 (Cary,
NC, United States).

RESULTS

Study group and characteristics of colonoscopies
A total of 4253 colonoscopies were performed by
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Table 1 Patient characteristics

Total (7 = 3691)

Age, mean * SD (yr) 63.5+13.3
Sex: Male (%) 2224 (60.3)
Adequate bowel cleansing (%) 3585 (97.1)
Cecal intubation rate (%) 3636 (98.5)
Indications for colonoscopy (%)
Surveillance 1314 (35.6)
Fecal occult blood test 538 (14.6)
Screening for other symptoms 544 (14.7)
Others 1295 (35.1)

Others include screening before surgery or chemotherapy, patients” desire,

and so on.
Table 2 Gastroenterologist characteristics
n =35
Sex: Male (%) 25/35 (71.4)
Years of experience in colonoscopy (%)
5-9 24/35 (68.6)
10-14 6/35 (17.1)
=15 5/35 (14.3)
Number of colonoscopies performed (%)
< 100 19/35 (54.3)
100-200 10/35 (28.6)
= 200 6/35 (17.1)
Withdrawal time: Mean (SD), m 10.1+6.9

gastrenterologists during the study period. Overall, 562
colonoscopies were excluded based on the predeter-
mined criteria, and 3691 colonoscopies were included
in the analysis (Figure 1). Baseline characteristics of
colonoscopies are shown in Table 1. Adequate bowel
cleansing and cecal intubation rate were observed in 3585
(97.1%) cases and 3636 (98.5%) cases, respectively.

Characteristics of gastroenterologist

Baseline characteristics of gastroenterologists are shown
in Table 2. All gastroenterologists had at least 5 years of
colonoscopy experience; 16 (45.7%) gastroenterologists
performed more than 100 cases a year.

Detection of each polyp

Low- and high-grade adenomas, and cancers were
found in 978 (26.5%) cases, 84 (2.2%) cases and 81
(2.2%) cases, respectively. Overall ADR was 29.5%
(men 33.2%, women 23.8%). SSAs and SSAs with
cytological dysplasia were found in 66 (1.8%) cases and
2 (0.1%) cases, respectively. Overall SSADR was 1.8%
(men 1.7%, women 2.1%).

The location of each polyp was also investigated.
Altogether, 672 low-grade adenomas (68.8% of all the
detected low-grade adenomas), 58 (69.9%) high-grade
adenomas, 29 (34.5%) cancers, 52 (78.8%) SSAs, and
2 (100%) SSAs with cytological dysplasia were found in
the proximal colon.

Predictors for adenoma detection

Univariable and multivariable analyses were performed
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Figure 4 Weighted scatter plot and correlation coefficient for detection
rates of sessile serrated adenomas and adenomas of each gastroenter-
ologist. The area of the circle is proportional to the number of colonoscopies
performed. SSADR: Sessile serrated adenomas; ADR: Adenomas.

to evaluate factors associated with adenoma detection
(Table 3). In our institution, the cecal intubation
rate was almost 100%, but could not be used in the
analyses. Mean withdrawal time was 10 min, and there
were only 2 gastroenterologists whose withdrawal
time was less than 6 min. According to the scatter
diagram plotting each endoscopist’s ADR against their
mean withdrawal time, as previously reported?”’, the
recommended ADR level of 25%'™ corresponded to a
withdrawal time of 8 min. All factors, except for years of
colonoscopy experience, were significantly associated
with adenoma detection in both analyses with a 5%
significance level. Being a woman (adjusted OR: 0.61,
95%CI: 0.54-0.70; P < 0.001) and those with non-
adequate bowel cleansing (adjusted OR: 0.32, 95%CI:
0.19-0.52; P < 0.001) had a statistically inverse
relationship with adenoma detection. Mean withdrawal
time = 8 min had statistically significant correlation
with adenoma detection (adjusted OR: 1.77, 95%CI:
1.28-2.46; P < 0.001).

Predictors for sessile serrated adenoma detection

Univariable and multivariable analyses were performed
to evaluate factors associated with SSA detection (Table
4). Both analyses revealed that adenoma detection
was the only significant predictor for SSA detection
(adjusted OR: 2.53, 95%CI: 1.53-4.20; P < 0.001).
Mean withdrawal time = 8 min tended to be associated
with SSA detection, but was not statistically significant
(adjusted OR 1.53; 95%CI: 0.62-3.75; P = 0.35).

Correlation between ADR and SSADR
As for the correlation between ADR and SSADR, a
scatter diagram of ADR and SSADR is shown in Figure
4. The correlation coefficient between ADR and SSADR
weighted by the number of each gastroenterologist’s
examinations was 0.606 (P < 0.001).

DISCUSSION

In the present study, a relatively strong association
between ADR and SSADR was observed. Some reports
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Table 3 Odds ratio estimates from logistic generalized estimating equations for adenoma detection

Variable Univariable model Multivariable model
OR (95%ClI) P OR (95%CI) P
Patient-level variable
Age (yr) 1.02 (1.02, 1.03) <0.001 1.02 (1.02, 1.03) <0.001
Female 0.63 (0.55, 0.71) <0.001 0.61 (0.54, 0.70) <0.001
Non-adequate bowel cleansing 0.36 (0.22, 0.57) <0.001 0.32(0.19, 0.52) <0.001
Endoscopist-level variable
Endoscopist's experiment (yr) 0.98 (0.94, 1.02) 0.36 0.99 (0.96, 1.02) 0.55
Mean withdrawal time = 8 min (vs < 8 min) 1.72 (1.23,2.41) 0.0015 1.77 (1.28, 2.46) <0.001

Multivariable model simultaneously adjusted for listed variables. Confidence intervals and P-values were calculated by robust variance specifying a
gastroenterologist as a cluster.

Table 4 Odds ratio estimates from logistic generalized estimating equations for sessile serrated adenoma detection

Variable Univariable model Multivariable model
OR (95%ClI) P OR (95%Cl) P
Patient-level variable
Adenoma detection (vs none) 2.44 (1.45, 4.09) <0.001 2.53 (1.53, 4.20) <0.001
Age (yr) 0.99 (0.98, 1.01) 0.27 0.99 (0.98, 1.00) 0.07
Female 1.28 (0.77,2.11) 0.34 1.40 (0.85, 2.29) 0.19
Non-adequate bowel cleansing 0.50 (0.07, 3.47) 0.48 0.60 (0.08, 4.28) 0.61
Endoscopist-level variable
Endoscopist's experiment (yr) 0.99 (0.89, 1.10) 0.86 1.00 (0.91, 1.09) 0.96
Mean withdrawal time = 8 min (vs < 8 min) 1.74 (0.70, 4.29) 0.23 1.53 (0.62, 3.75) 0.35
Multivariable model simultaneously adjusted for listed variables.
have described the correlation of ADR and SSADR in Asian populations has not been determined, as there

in Western countries patients™”*®; however, to our may be a difference between races. It is mandatory
knowledge, the prevalence of SSAs or SSADR in Asian to investigate the true prevalence of SSAs in Asian
populations has not yet been fully investigated and populations in the future.
appropriate SSADR has not been determined. Therefore, The factors associated with SSA detection were in-
our study holds importance, as it is the first report to vestigated, and our study demonstrated that adenoma
demonstrate the correlation between SSADR and ADR in detection at the patient level was the only independent
Asian populations. significant factor associated with SSA detection. Pre-
There is controversy regarding the prevalence of vious reports have shown that when a patient presented
SSAs, which differs among previously published studies, with serrated lesions, especially SSAs, he/she was also
varying from 2%-10%"*718%21 1n our institution, the more likely to have advanced neoplasia®*?"*!. These
prevalence of SSAs was approximately 2%, which is lower results were compatible with previous reports and
than previously reported results in Western populations. suggested that ADR is correlated with SSADR.
Each endoscopist’s cognitive capability to detect SSAs A withdrawal time of = 8 min was not a statistically
may differ in degree. Payne et al® reported that the significant factor for SSA detection, although it was
prevalence of SSAs varied among endoscopy centers. In significantly related to adenoma detection. However,
addition, Abdeljawad K et af®® reported that a review  considering that ADR and SSADR are correlated, a
of pathology slides by an experienced gastrointestinal longer duration of inspection seems to improve ADR
pathologist increased the prevalence of SSAs, and the and SSADR. In this study, the total number of SSAs
prevalence of SSAs increased over the study period, was quite small. This may be a reason why a significant
suggesting that each endoscopist improved his detection association between withdrawal time and SSA detection
skills over time. However, the gastroenterologist’s was not found.

ADR in this study was approximately 30%, which is We acknowledge that there were several limitations
within the standard of quality indicators for colonoscopy in our study. First, this study was a retrospective single
specified by ASGE™. Therefore, the quality of the  center study, and the number of SSA cases was small.
present study is assured. The quality of the pathological Second, there were many cases of total colonoscopy

evaluation was also high, because the experienced surveillance in the present study in addition to total
gastrointestinal pathologist (U.T.), who was acquainted colonoscopy screening. As previously stated, the target
with the definition of the Japanese Society for Cancer ~ ADR should be changed according to patient risk?®.
of the Colon and Rectum, reassessed the pathology However, factors associated with adenoma detection
slides. As previously mentioned, the prevalence of SSAs in this study were similar to those in previous reports.
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Moreover, Anderson JC reported that the serrated polyp
detection rate was similar for screening or surveillance
indications, suggesting that both indications could be
used to derive the serrated polyp detection rate in
practiceP!,

Rex et al®? has also recently reported that using
overall ADR to calculate ADR from screening, sur-
veillance, and diagnostic colonoscopies would be just
as effective as a screening-only ADR. Taking this into
account, the current findings can be applied to clinical
practice to some extent. Finally, the ratio of adequate
bowel cleansing in this study was much higher than
in previous studies. The ASGE guidelines recommend
that the quality of bowel cleansing should be evaluated
after retained fluid or stool has been suctioned™. In
our institution, if fluid and stool were retained, gastro-
enterologists suctioned as much as possible to identify
polyps = 5 mm in size. Such cases were considered
adequate in our study, and therefore, the ratio of the
“adequate” level was high.

In conclusion, our study suggests that ADR is corre-
lated with SSADR. In addition, patients with adenomas
may have a higher prevalence of SSAs than those
without adenomas. A large-scale prospective study will
be needed to validate these findings.

ARTICLE HIGHLIGHTS

Research background

Sessile serrated adenomas (SSAa) are difficult to detect and strongly
associated with interval colorectal cancer (CRC). It is necessary to investigate
the factors which influence SSA detection and to evaluate the SSA detection
rate (SSADR).

Research motivation

In Western countries, some reports have described the correlation of ADR
and SSADR. However, to the best of our knowledge, there has been no
report in Asian countries showing a correlation between ADR and SSADR.
In this context, we investigated the association between ADR and SSADR
with significant predictors for SSA detection in total colonoscopy screening or
surveillance in the Japanese population.

Research objectives

The main objectives were as follows; the prevalence of each polyp (low-grade
or high-grade adenoma, cancer, SSA, or SSA with cytological dysplasia),
each gastoroenterologist's ADR and SSADR, the association between ADR
and SSADR for each gastroenterologist and predictors of adenoma and SSA
detection.

Research methods

Total colonoscopies performed by the gastroenterologists at the University of
Tokyo Hospital between January and December 2014 were retrospectively
identified. The prevalence of each type of polyp was investigated. Predictors
of adenoma and SSA detection were examined using logistic generalized
estimating equation models. The association between ADR and SSADR for
each gastroenterologist was investigated by calculating a correlation coefficient
weighted by the number of each gastroenterologist's examination.

Research results

A total of 3691 colonoscopies by 35 gastroenterologists were assessed. 978
low grade adenomas (26.5%), 84 high grade adenomas (2.2%), 81 cancers
(2.2%), 66 SSAs (1.8%) and 2 SSAs with cytological dysplasia (0.1%) were
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detected. Adenoma detection was the only significant predictor of SSA detection
(adjusted OR: 2.53, 95%Cl: 1.53-4.20; P < 0.001). The correlation coefficient
between ADR and SSADR weighted by the number of each gastroenterologist's
examinations was 0.606 (P < 0.001).

Research conclusions

Our study suggests that ADR is correlated with SSADR. Some reports have
described the correlation of ADR and SSADR in Western countries patients;
however, to our knowledge, the prevalence of SSAs or SSADR in Asian
populations has not yet been fully investigated and appropriate SSADR has not
been determined. Therefore, our study holds importance, as it is the first report
to demonstrate the correlation between SSADR and ADR in Asian populations.
In addition, patients with adenomas may have a higher prevalence of SSAs
than those without adenomas.

Research perspectives

This study was a retrospective single center study, and the number of SSA
cases was small. Therefore, a large-scale prospective study will be needed to
validate these findings.
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to histological and/or cytological analysis separately.
However, discrimination of chunks of tissue is hampered
by the opacity of the surrounding fluid. We have
developed a cell block technique for the Trefle® device
without dividing obtained specimens into tissue and
cellular components, which is the simplest method and
enables immunohistochemical analysis. We present a case
of obstructive jaundice diagnosed immunohistochemically
as pancreatic metastasis from colon cancer using cell
block sections obtained with the Trefle® device, which
procedure is as easy as conventional brush cytology.

Key words: Trefle®; Cell block; Endoscopic scraper;
Pancreatic metastasis; Biliary strictures

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

Core tip: We described a case of pancreatic metastasis
from colon cancer in which cell block technique with the speci-
mens obtained by the new endoscopic device Trefle®
was useful in the differential diagnosis from pancreatic
cancer. The combination of cell block technique and
Trefle® might be a promising method in the diagnosis
of biliary strictures because this procedure is as easy as
conventional brush cytology.

Kato A, Naitoh I, Kato H, Hayashi K, Miyabe K, Yoshida M,
Hori Y, Natsume M, Jinno N, Yanagita T, Takiguchi S, Takahashi
S, Joh T. Case of pancreatic metastasis from colon cancer in
which cell block using the Trefle® endoscopic scraper enables
differential diagnosis from pancreatic cancer. World J Gastrointest
Oncol 2018; 10(3): 91-95 Available from: URL: http://www.
wjgnet.com/1948-5204/full/v10/i3/91.htm DOI: http://dx.doi.
org/10.4251/wjgo.v10.i3.91

INTRODUCTION

Accurate diagnosis of biliary strictures is challenging,
despite development of various imaging modalities. It is
essential to diagnose the cause of biliary strictures using
pathological evidence prior to selection of the appropriate
therapy. Endoscopic transpapillary brush cytology during
endoscopic retrograde cholangiopancreatology (ERCP) is
conventionally used to obtain specimens for pathological
diagnosis of biliary strictures, because it is technically
easy and rapid. To provide larger tissue samples and
improve sensitivity, endoscopic transpapillary forceps
biopsy is also frequently performed™?. However, forceps
biopsy is technically more difficult and time-consuming
than brush cytology***. Benign and malignant lesions
can be diagnosed using cytology specimens, but these
cannot be subjected to immunohistochemical analysis,
despite its utility for differential diagnosis. The Trefle®
endoscopic scraper (Piolax Medical Devices, Yokohama,
Japan) enables detection of cancer in malignant biliary
strictures®™!. This device has three scraping loops
and was designed to access biliary strictures over the
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guidewire and obtain tissues and/or cell samples for
histology or cytology. The procedure using the Trefle®
device is almost identical to that for conventional brush
cytology; scraped tissues and/or cell samples, together
with bile juice, are aspirated from the side port of the
outer sheath into a syringe. In the original method,
after allowing the aspirate to settle in a sterile tube,
specimens were divided into tissue and fluid components
for histological and cytological analyses, respectively.
However, discrimination of chunks of tissue is hampered
by the opacity of the surrounding fluid. Therefore, a
simpler method of processing specimens obtained using
the Trefle® device is required.

The cell block technique improves diagnostic yield
and facilitates immunohistochemical analysis™®®. We
typically use the Trefle® device to obtain specimens
from biliary strictures, which, together with aspirated
bile juice and affixed tissues, are poured into a sterile
tube. The tube is sent to the Pathology Department
for evaluation by the cell block method, which enables
differentiation of benign from malignant lesions, as well
as immunohistochemical analysis during any time of
need. We report here a case of obstructive jaundice with
pancreatic metastasis from colon cancer, differential
diagnosis of which from pancreatic cancer was per-
formed by immunohistochemical examination of cell
block sections obtained using the Trefle® device.

CASE REPORT

A 69-year-old male underwent laparoscopic low anterior
resection for rectal adenocarcinoma (stage IV; pT4N2M1
according to the American Joint Committee on Cancer
7™ Edition Cancer Staging Manual) 18 mo prior and
received adjuvant chemotherapy [FOLFOX (folinic acid,
5-fluorouracil, and oxaliplatin) plus panitumumab as
the first line and FOLFIRI (folinic acid, 5-fluorouracil,
and irinotecan) plus bevacizumab as the second line].
Metastases to the liver and lung occurred despite
administration of second-line chemotherapy, and the
patient presented with epigastric pain and jaundice.
Laboratory evaluation revealed high aspartate/alanine
transaminase levels (777/394 IU/L) and bilirubin/direct
bilirubin levels (11.4/7.3 mg/dL) (Table 1).

Contrast-enhanced computed tomography (CT)
revealed a defined 1.5 cm x 1.5 cm mass, which was
poorly enhanced in both the early and late phases, at
the pancreatic head, dilated common bile duct and
upstream main pancreatic duct, as well as masses in
both lobes of the liver and both lungs (Figure 1A and
B). The patient was diagnosed with obstructive jaundice
due to primary pancreatic ductal adenocarcinoma or
pancreatic metastasis from colon cancer. Therefore, we
planned to perform endoscopic biliary drainage to treat
the obstructive jaundice and obtain histopathological
evidence.

An ERCP demonstrated a biliary stricture of the
lower common bile duct approximately 2 cm in length,
as well as dilatation of the proximal bile duct (Figure
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Figure 1 Imaging findings and samples obtained using the Trefle® device. A and B: Abdominal computed tomography indicated a poorly enhanced region
(yellow arrowhead), dilated common bile duct (blue arrow), and upstream main pancreatic duct (orange arrow); C: Endoscopic retrograde cholangiopancreatology
demonstrated a biliary stricture; D: The Trefle® device was inserted and opened, and the scraping loops were identified under fluoroscopic guidance (yellow arrow); E:
Appearance of the Trefle® device; F: Appearance of samples obtained; G and H: Appearance of the centrifuged deposit.

Table 1 Laboratory data

Variable Value Reference range
White blood cell 10.6 3.6-9.6 x 10’/ uL
Hemoglobin 121 13.2-17.2 g/dL
Platelet 541 148-339 x 10°/pL
C-reactive protein 5.55 < 0.30 mg/dL
Aspartate transaminase 777 13-331U/L
Alanine transaminase 394 6-30IU/L
Lactate dehydrogenase 405 119-2291U/L
Alkaline phosphatase 4861 115-359 IU/L
y-glutamyl transpeptidase 1347 10-47 IU/L
Amylase 404 37-12510/L
Total bilirubin 6.3 0.3-1.2 mg/dL
Direct bilirubin 43 0.0-0.3 mg/dL
Carcinoembryonic antigen 125 <5.0ng/mL
Carbohydrate antigen 19-9 13280.0 <37.0U/mL

1C). After performing endoscopic sphincterotomy (EST),
the Trefle® device was inserted into the bile duct over
the guidewire. Next, the scraping loops of the device
were opened and passed through the stricture in the
proximal-to-distal direction under fluoroscopic guidance
(Figure 1D). All specimens including aspirated bile
juice and tissues were transferred to a sterile tube; the
scraping loops were cut using scissors (Figure 1E and F).
The centrifuged deposit was fixed in formalin overnight.
Next, the deposit was washed in saline, mixed with 1%
sodium aspartate, and centrifuged again. Finally, the
deposit was put a few drop of 1 M calcium chloride and
embedded in paraffin, yielding a cell block (Figure 1G
and H). The cell block was sectioned for hematoxylin-
and-eosin (HE) and immunohistochemical staining. The
lesion was confirmed to be moderately differentiated

Baishidenge ~ WJGO | www.wjgnet.com

93

adenocarcinoma, which by immunohistochemical
staining was focally positive for cytokeratin 7 (CK 7) and
positive for CK 20 and caudal type homeobox 2 (CDX 2).
These findings were consistent with those of previous
resected specimens, confirming the final diagnosis of
pancreatic metastasis from colon cancer (Figure 2).

A covered self-expanding metal stent (SEMS)
was inserted to resolve the symptoms and establish
biliary drainage. The third-line chemotherapy regimen,
FOLFIRI plus ramucirumab, was administered based on
the results of immunohistochemical examination, and
the patient is alive at the time of writing. The combination
of the cell-block technique and the Trefle® device was
useful for making decisions regarding management of
this patient.

DISCUSSION

This case demonstrated contrast-enhanced CT findings
compatible with typical pancreatic ductal adenocar-
cinoma with hypovascular tumor and a dilated upstream
main pancreatic duct. In this case, differential diagnosis
of pancreatic metastasis of colon cancer was necessary,
because the patient had a medical history of colon
cancer with distant metastasis. However, pancreatic
metastasis from colon cancer is rare in clinical practice.
Pancreatic metastases from non-pancreatic primary
tumors are rare, accounting for approximately 2% of all
pancreatic neoplasms™®, and arise most commonly from
primary tumors of the kidney, lung, breast, and colon.
Immunohistochemistry is essential for identifying the
primary site of metastatic neoplasms using molecular
markers. Determination of CK 7, CK 20, and CDX 2
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Figure 2 Histological findings. Immunohistochemical staining revealed that cancer cells in cell block specimens obtained using the Trefle® device were focally positive
for cytokeratin 7 (CK 7), and positive for CK 20 and caudal type homeobox 2 (CDX 2). These findings were consistent with those of rectal resection specimens.

expression is useful for distinguishing colon cancer.
CK 7 is expressed by various cancers, including that
of the pancreas, but not the gastrointestinal tract. In
contrast, CK 20 is expressed by most gastrointestinal
tumors-including primary colonic, pancreatic, and
gastric cancers, but is non-specific. CDX 2 is also
expressed by colon adenocarcinoma, but at very low
levels in most gastric and pancreatic tumors!*™**,
Biopsy specimens are generally required for immuno-
histochemical analysis; cytology specimens are unsui-
table for this purpose. However, the cell block method
is appropriate for immunohistochemical analysis. Use
of sodium aspartate as a fixative increases the cellularity,
increasing morphological detail and improving the
diagnostic sensitivity. The cell block method can also
generate multiple sections for staining and immun-
ohistochemistry™®. The efficacy of cell block method has
been reported in the bile duct cytology and endoscopic
ultrasound-guided fine needle aspiration of pancreas
and gastrointestinal solid neoplastic lesions” .

The amount of tissue collected from the biliary tract
by brush cytology is insufficient for immunohistochemical
analysis, despite the need for immunohistochemical
analysis to diagnose various diseases of the biliary
tract, such as IgG4-SC or metastasis from cancer
in other organs. Although endoscopic transpapillary
forceps biopsy can be performed to obtain larger
tissue samples, its success is dependent on operator
skill because it is technically more difficult than brush
cytology. Hence, alternative techniques that yield tissue
samples of adequate size are required. In this case, we
used the Trefle® endoscopic device, which has been
demonstrated to be superior to forceps biopsy in terms
of histologic/cytologic sample yield (93.5% vs 83.7%)
and cancer detection (64.7% vs 51.3%)™, Specimens
obtained using the Trefle® device are divided into tissue
and fluid components for histological and cytological
analyses, respectively. However, distinguishing chunks
of tissue is hampered by the opacity of the surrounding
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fluid. In addition, some tissue may remain in the fluid
component. Therefore, a simpler and more efficient
specimen-processing method is needed. We typically
subject specimens obtained using the Trefle® device to
the cell block method to enable differentiation of benign
and malignant lesions, as well as immunohistochemical
examination. In the case presented herein, the cell block
method with the Trefle® device facilitated differential
diagnosis of a biliary stricture. Further studies involving
larger populations are needed to confirm the efficacy of
this method.

In conclusion, we describe a case of pancreatic
metastasis from colon cancer in which the cell block
technique, together with immunohistochemistry, enabled
differential diagnosis from pancreatic cancer. The
combination of the cell block technique and the Trefle®
device shows promise for diagnosis of biliary strictures
as it is as easy as conventional brush cytology.

ARTICLE HIGHLIGHTS

Case characteristics
The patient underwent resection for rectal adenocarcinoma presented
metastases to the liver and lung with epigastric pain and jaundice.

Clinical diagnosis
The patient was diagnosed with obstructive jaundice.

Differential diagnosis
Primary pancreatobiliary carcinoma or pancreatic metastasis from colon cancer.

Laboratory diagnosis
Laboratory evaluation revealed the findings of obstructive jaundice.

Imaging diagnosis
The patient was diagnosed with obstructive jaundice due to primary pancreatic

ductal adenocarcinoma.

Pathological diagnosis
Immunohistochemical findings of the cell block sections obtained using the
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Trefle® endoscopic scraper were consistent with those of previous resected
specimens, confirming the final diagnosis of pancreatic metastasis from colon
cancer.

Treatment

A covered self-expanding metal stent was inserted to resolve the symptoms
and establish biliary drainage and the third-line chemotherapy regimen for colon
cancer was administered.

Related reports
There have been few reports dealing with the combination of a scraper Trefle® and
cell block method for histocytological diagnosis of malignant biliary strictures.

Experiences and lessons

The combination of the cell block technique and the Trefle® device shows
promise for diagnosis of biliary strictures as it is as easy as conventional brush
cytology.
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