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Abstract

Gastric cancer is the fifth most common malignancy and third leading cancer-
related cause of death worldwide. Helicobacter pylori is a Gram-negative bacterium
that inhabits the gastric environment of 60.3% of the world’s population and
represents the main risk factor for the onset of gastric neoplasms. CagA is the
most important virulence factor in H. pylori, and is a translocated oncoprotein that
induces morphofunctional modifications in gastric epithelial cells and a chronic
inflammatory response that increases the risk of developing precancerous lesions.
Upon translocation and tyrosine phosphorylation, CagA moves to the cell
membrane and acts as a pathological scaffold protein that simultaneously
interacts with multiple intracellular signaling pathways, thereby disrupting cell
proliferation, differentiation and apoptosis. All these alterations in cell biology
increase the risk of damaged cells acquiring pro-oncogenic genetic changes. In this
sense, once gastric cancer sets in, its perpetuation is independent of the presence
of the oncoprotein, characterizing a “hit-and-run” carcinogenic mechanism.
Therefore, this review aims to describe H. pylori- and CagA-related oncogenic
mechanisms, to update readers and discuss the novelties and perspectives in this
field.

Key Words: Helicobacter pylori; Virulence factors; CagA; Gastric cancer; EPIYA motifs;
Hit-and-run carcinogenesis
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Core tip: CagA is a translocated effector protein that induces morphofunctional modifications in gastric
epithelial cells and persistent chronic gastric inflammation. Upon translocation, the bacterial oncoprotein
acts as a promiscuous scaffold or hub protein, which is capable of disrupting multiple host signaling
pathways, thereby inducing precancerous cellular alterations. This review aims to describe Helicobacter
pylori- and CagA-related oncogenic mechanisms, as well as to discuss the novelties and perspectives in
this field.
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INTRODUCTION

The multiple virulence mechanisms of Helicobacter pylori confer an ability to colonize the hostile gastric
environment[1]. This pathogen infects > 50% of the global population and is a major health concern due
to the serious repercussions related to its colonization[2]. Among the diseases predisposed by H. pylori
infection, gastric adenocarcinoma is the fifth most common malignancy and third leading cancer-related
cause of death worldwide[3]. Of note, the close relationship between H. pylori and gastric cancer has led
the World Health Organization International Agency for Research on Cancer Working Group to
consider the bacterium as a class 1 carcinogen based on epidemiological evidence and biological
plausibility[4].

Various virulence factors contribute to successful H. pylori colonization and pathogenicity[5]. Among
these factors is cagA, a well-known gene that encodes an oncogenic protein that seems to be a
determining agent in H. pylori-related gastric carcinogenesis[6]. CagA seropositivity, regardless of H.
pylori status, is associated with increased gastric cancer risk. The cagA gene is located in the
pathogenicity island cag (cagPAI), a nucleic acid sequence that encodes the type IV secretion system
(T4SS), which is a bacterial apparatus that delivers the CagA protein and peptidoglycans into gastric
epithelial cells. Inside host cells, that virulence factor suffers phosphorylation at a Glu-Pro-Ile-Tyr-Ala
(EPIYA) motif, a variable C-terminal region and, subsequently, promotes the activation of the SH2-
containing protein tyrosine phosphatase (SHP2)[7,8]. SHP2, in turn, triggers various mechanisms that
lead to important cell changes, including alterations in cellular morphology through the disturbing of
cell polarity, which leads to a “hummingbird” phenotype, as well as carcinogenesis-related changes in
cytoskeleton[9].

Despite the extensive number of studies on the relationship between CagA and H. pylori infection,
much still has to be done in order to better understand the role of this oncoprotein in gastric carcino-
genesis. Recent investigations have explored multiple host-pathogen interactions in this setting and
found other CagA-triggered pathways that probably influence cancer development[10]. Moreover, the
action of small RNAs in CagA post-transcriptional regulation has been investigated, showing a broad
field to be explored[11]. This review aims to describe H. pylori- and CagA-related oncogenic
mechanisms, and to discuss the novelties and perspectives in this field.

PATHOGENESIS OF H. PYLORI GASTRIC INFECTION

The capacity to resist severe stomach acid conditions is a notable aspect of H. pylori. To provide
successful colonization, the pathogen uses various mechanisms, such as enhanced motility, adherence to
gastric epithelial cells, enzymatic machinery, and virulence factors[12]. Besides that, the host immune
system also plays an essential role during the infection, mainly by a Th1 response against the bacteria
13].

[ The bacterial flagella are crucial for reaching the protective mucus layer at the exterior of the gastric
mucosa. After entering the stomach, H. pylori uses its flagella for swimming in gastric content, allowing
the pathogen to arrive at the mucus layer[14]. Some studies have shown that the ferric uptake regulator
performs an important role in bacterial colonization, positively regulating the flagellar motility switch in
H. pylori strain J99[15]. Another factor described as a motility modulator is HP0231, a Dsb-like protein. It
cooperates in redox homeostasis and is fundamental for gastric establishment[16].
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H. pylori also depends on chemotaxis for its colonization. The essential pathogen chemoreceptors are
T1pA, B, C, D, a CheA kinase, a CheY responsive regulator, and numerous coupling proteins, playing a
pivotal role in bacteria pathogenesis[17]. The aggregation of the coupling proteins CheW and CheV1
culminates in the formation of the CheA chemotaxis complex, activating CheA kinase and optimizing
the chemotaxis function[18].

An ideal balance between nickel absorption and incorporation is indispensable for H. pylori
colonization, since nickel is an essential metal for bacterial survival and infection[12,19]. This metal is a
cofactor for two significant enzymes: urease and hydrogenase. Both of them have a role in gastric
infection, contributing, respectively, to bacterial colonization and metabolism signaling cascade to
produce energy[20,21].

Adherence and outer membrane gastric cell receptors are also relevant in bacterial pathogenesis. The
blood group antigen binding adhesin (BabA) is the best-studied molecule of H. pylori[22]. This protein
sequence affects acid sensitivity and plays a critical role in bacterial acid adaptation during infection
[12]. Pathogens with high BabA expression levels have increased virulence, leading to duodenal cancer
and gastric adenocarcinomal[23]. Another adhesin has been described: HopQ. This molecule binds to cell
adhesion molecules related to the carcinoembryonic antigen (carcinoembryonic antigen-related cell
adhesion molecules, CEACAMs) 1, 3, 5 and 6, promoting cell signaling guided by this interaction,
allowing the translocation of the oncoprotein CagA, the most important H. pylori virulence factor, and
rising proinflammatory mediators in the infected cells[24,25].

Additionally, besides CagA, a wide range of virulence factors like vacuolating cytotoxin A (VacA),
DupA and OipA have been reported as determinant molecules for H. pylori pathogenicity[26]. VacA,
whose gene is found in most bacterial strains, promotes the formation of acidic vacuoles in gastric
epithelial cells and modulate the immune response, leading to an immune tolerance and enduring H.
pylori infection, due to its role in the activity of T cells and antigen-presenting cells [27,28]. These VacA
functions can lead to gastritis and duodenal ulcer and gastric cancer development. The bacterial protein
DupA provides acid resistance to the pathogen, and seems to cooperate with the production of
interleukin (IL)-8, enhancing its levels in the gastric mucosa[29]. The outer membrane protein OipA
contributes to the adhesion and activation of IL-8 production, increasing inflammation. OipA is a
significant virulence factor on the infection outcome, resulting in increased development of gastric
cancer and peptic ulcers[30].

H. pylori infection produces complex host immune responses, through diverse immune mechanisms
[31]. During the first contact with the bacteria, a wide range of antigens like lipoteichoic acid and other
lipoproteins bind to stomach cell receptors, known as Toll-like receptors (TLRs)[32]. After this
interaction, NF-B and c-Jun N-terminal kinase activation takes place, among the proinflammatory
cytokine release as signaling pathways[33]. Neutrophils and mononuclear cells infiltrate the gastric
surface, producing nitric oxide and reactive oxygen species (ROS), and recruiting CD4* and CD8" T cells
[34]. Finally, a Th1-polarized response occurs, with enhanced levels of IFN-y, IL-1p, 11-6, IL-7, IL-8, IL-10
and IL-18[35,36].

A correlation has been shown between Th17 cells, a proinflammatory subset of CD4* T cells, and their
affiliated cytokines (IL-17A, IL-17F, IL-21, IL-22 and IL-26) in persistent H. pylori-mediated gastric
inflammation and the subsequent gastric cancer development[36,37]. We have demonstrated in a
previous study that an IL-17 T-cell response predominates in H. pylori-associated gastritis in adults,
whereas, in children, there is predominance of a T regulatory (Treg) cell response. IL-17A is known to
play an important role in the recruitment and activation of polymorphonuclear cells that are vital for H.
pylori clearance. Treg and Th17 cells are mutually controlled. Therefore, these findings could explain the
higher susceptibility of children to the infection and bacterial persistence[38].

IL-27 expression differs between H. pylori-related diseases. Accordingly, we have shown that there is
a high expression of IL-27 in the gastric mucosa and serum of H. pylori-positive duodenal ulcer patients.
In contrast, IL-27 is absent in the gastric mucosa and serum of patients with gastric cancer. Consistent
with the immunosuppressive role of IL-27 in Th17 cells and IL-6 expression, we observed that
expression of Th17-cell-associated cytokines was lower in the patients with duodenal ulcer, which
secreted a large concentration of proinflammatory Thl representative cytokines. We demonstrated that
there is high levels of IL-1B, IL-6, IL-17A, IL-23, and transforming growth factor-p, involved in IL-17A
expression, on the gastric mucosa and in the serum of gastric cancer patients. Therefore, IL-27 may be
involved in the development of different patterns of H. pylori-induced gastritis and its progression.
Taking into account that IL-27 has evident antitumor activity, our results point to a possible therapeutic
use of IL-27 as an anticancer agent[39].

Recently, the role of the interaction between H. pylori infection and the gastrointestinal microbiome in
gastric carcinogenesis has also been investigated. In this regard, researchers explored the diversity and
composition of the gastric microbiome at different stages of disease, including normal gastric mucosa,
chronic gastritis, atrophic gastritis, intestinal metaplasia, and gastric cancer[40]. A recent meta-analysis
indicated that H. pylori-positive gastric samples exhibit reduced microbial diversity, altered microbial
community, composition, and bacterial interactions. An increased abundance of opportunistic
pathogens (e.g., Veillonella and Parvimonas) was observed concomitantly with a decrease in putative
probiotics (e.g., Bifidobacterium) throughout the stages of disease progression[41]. Another study has
suggested that successful eradication of H. pylori could reverse the tendency towards gastric microbiota
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dysbiosis and show beneficial effects on the gastric microbiota[42]. The next step in this field could be to
conduct a prospective, multicenter, crosscultural study to validate these results and explore the
mechanisms underlying the H. pylori-gastric microbiota interaction and its role in gastric cancer
development[43].

CAGA — H. PYLORI TRANSLOCATED ONCOPROTEIN

CagA is a translocated effector protein that induces morphofunctional modifications in gastric epithelial
cells and inflammatory responses, whose balance allows successful colonization of the acidic stomach
environment[44,45]. The CagA gene is located in the cagPAl; a 40-kb DNA fragment that contains about
31 genes and confers virulence to some strains of H. pylori. Some genes of the island encode proteins that
form a T4SS, which is responsible for the translocation of CagA into the cytoplasm of gastric epithelial
cells through interaction of bacterial and host cell components[46-48]. The oncoprotein has a molecular
weight of 128-145 kDa and its tertiary structure is characterized by a structured N-terminal region, split
into Domains I-IIT and an unstructured C-terminal tail[49].

Injection of CagA depends on the recognition of its N-terminal and C-terminal portions by T4SS,
which can occur simultaneously or not[50]. However, several other mechanisms are also required for its
inoculation. We highlight the binding between T4SS CagL and CagY to human Bl-integrins[51,52],
along with the CEACAMs and H. pylori outer membrane protein Q (HopQ) interaction, that allow the
translocation of CagA into the host cells[53]. A recent study noted that the instability of the relationship
between H. pylori HopQ and mouse CEACAMSs may explain why the pathogenesis of infection in the
stomach of rodents infected with CagA positive H. pylori strains occurs differently from infection by the
same strain in humans. The authors also demonstrated that the presence of functional T4SS is associated
with a time-dependent reduction in human CEACAM]I levels after CagA-positive H. pylori infection
[54]. However, it is still unclear whether the instability of the HopQ-CEACAMs relationship favors the
host or the bacterium, so more studies are needed to investigate the possibility of these interactions
being beneficial in favor of the patient infected with H. pylori. BabA is apparently also capable of
increasing T4SS activity[55].

CagA is known to possess multiple phosphorylation segments in its tertiary structure. The
phosphorylation sites are denominated EPIYA sequences; regions consisting of five amino acids (Glu-
Pro-Ile-Tyr-Ala) located in the C-terminal portion of the oncoprotein. Four different EPIYA segments
have been described according to the different amino acid sequences surrounding each motif,
designated EPIYA-A (32 amino acids), B (40 amino acids), C (34 amino acids) and D (42 amino acids).
EPIYA-A and EPIYA-B motifs have been identified in almost all CagA-positive H. pylori strains,
followed by one, two, or three EPIYA-C sequences in western strains, or an EPIYA-D segment in East
Asian strains[56,57]. Figure 1A summarizes the main structural domain differences between East Asian
and western CagA.

Once inside the gastric epithelial cells, the EPIYA segments are selectively tyrosine-phosphorylated
by different kinases of the Src family (s-Src, Fyn, Lyn and Yes) or by Abl kinase of the host cells[58-61].
After the phosphorylation process, CagA moves to the cell membrane and acts as a promiscuous
scaffold protein that simultaneously disturbs multiple signaling pathways, involved in the regulation of
a large range of cellular processes, including proliferation, differentiation and apoptosis[62].

In this sense, a better understanding of the molecular structure of CagA and the interactions
promoted by CagA-positive H. pylori strains to prevail in the host organism may be essential in
identifying variations in prognosis, disease severity, and mechanisms that may be beneficial to the host,
according to infections by different H. pylori strains.

ROLE OF CagA IN GASTRIC CARCINOGENESIS

The translocated effector protein CagA was found to be associated with gastric cancer development
even before the initial elucidation of its pathogenic mechanisms[63,64]. Initially, the correlation between
infection with CagA-positive H. pylori strains and carcinogenesis in vivo was established by experiments
in Mongolian gerbil models[65-67]. More recently, transgenic expression of CagA in mice and zebrafish
has also been shown to be associated with the development of gastric and hematopoietic neoplasms[68,
69]. Thereby, the oncogenic potential of the bacterial protein has become increasingly evident and, at the
same time, different studies have sought to clarify its underlying mechanisms. Nowadays, CagA is
considered a pathological analog of a scaffold or hub protein capable of disrupting multiple host
signaling pathways and promoting a pro-oncogenic microenvironment[70].

Upon translocation, CagA localizes to the inner surface of the plasmatic membrane, where it
undergoes tyrosine phosphorylation by multiple members of the Src family kinases and c-Abl kinases[8,
10,59,61]. As mentioned above, four different EPIYA segments were described according to the different
amino acid sequences surrounding each motif, designated EPTYA-A-EPIYA-D[56,57]. Strains containing
EPIYA-D or at least two EPIYA-C motifs are known to be associated with an increased risk of
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Figure 1 Helicobacter pylori oncoprotein: molecular structure and CagA-mediated carcinogenesis underlying mechanisms. A: Structural
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domain differences between East Asian and western CagA. CagaA tertiary structure is characterized by a structured N-terminal region and an unstructured C-terminal
tail. The oncoprotein contains repetitive sequences in its C-terminal polymorphic region, known as the EPIYA motifs and CM motif. EPIYA-A and EPIYA-B motifs
were identified in almost all CagA-positive H. pylori strains, followed by one, two, or three EPIYA-C sequences in western strains, or an EPIYA-D segment in East
Asian strains. The CM motif, although highly conserved, possesses a 5-amino-acid difference between East Asian and western strains, hence distinguishing East
Asian and Western CagA; B: Molecular mechanisms of CagA-mediated carcinogenesis. Upon translocation, CagA EPIYA motifs are tyrosine-phosphorylated by Src
family or c-Abl kinases of the host cell. After phosphorylation, CagA localizes to the inner leaflet of the plasmatic membrane and acts as a promiscuous scaffold or
hub protein that simultaneously disturbs multiple host signaling pathways, involved in regulation of a large range of cellular processes, including proliferation,
differentiation and apoptosis. Ultimately, the disharmonic interaction between CagA and host proteins leads to pro-oncogenic cellular alterations. CM: CagA-
multimerization; CM": western CagA.
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developing precancerous lesions and gastric cancer[71-75]. Queiroz et al[75] demonstrated in a Brazilian
population that first-degree relatives of patients with gastric cancer were significantly and
independently more frequently colonized by H. pylori strains with higher numbers of CagA EPTYA-C
segments, which may be associated with an enhanced risk of developing this neoplasm[76].

Following tyrosine phosphorylation, EPIYA-C and D motifs acquire the ability to interact with SHP2
and induce pathological intracellular signaling[9]. Abnormal SHP2 activity leads to aberrant activation
of the Ras-MAPK pathway, which has been associated with accelerated cell cycle progression and
enhanced cell proliferation. CagA-activated SHP2 is also able to interact with proteins such as focal
adhesion kinase, thence leading to cell elongation, increased motility, and cytoskeleton rearrangements
[77,78]. All these pathological alterations in cell biology increase the risk of damaged cells acquiring
precancerous genetic changes[79]. It is worth mentioning that CagA possessing EPIYA-D or a higher
number of EPIYA-C segments binds more robustly to SHP2, which may explain their association with
higher risk of gastric cancer development[8]. It has also been described that EPIYA-A and B motifs are
able to interact with the SH2 domains of the tyrosine-protein kinase Csk, thereby inducing damage to
actin binding proteins such as cortactin and vinculin. Consequently, rearrangements in the cytoskeleton
reduce cell adhesion to the extracellular matrix and increase cell motility[80]. A recent study observed
that H. pylori, through the T4SS encoded by cagPAl, interferes with the activity of cortectin binding
partners, and stimulates overexpression of this molecule and promotes alterations in the actin
cytoskeleton that may favor cell adhesion, motility and invasion of tumor cells contributing to the
development of gastric cancer[51].

Recent studies have described that SHIP2, an SH2-containing phosphatidylinositol 5'-phosphatase, is
a previously undiscovered CagA binding protein. Similar to SHP2, the SHIP2 protein is able to bind to
EPIYA-C and D motifs in a tyrosine phosphorylation-dependent manner. In contrast, SHIP2 binds more
robustly to EPIYA-C than to EPIYA-D sequences, thereby inducing changes in membrane
phosphatidylinositol composition. This process enhances the subsequent delivery of CagA to the host
cell, which binds to and dysregulates SHP2[82].

Other mechanisms have also been related to the aberrant induction of morphological changes,
increased motility and cell proliferation[83]. In a tyrosine-phosphorylation-dependent manner, the
interaction of CagA with the adapter molecule Crk is known to drive abnormal cell proliferation via
MAPK signaling. Furthermore, the activation of Crk signaling pathways lead to the loss of cell-cell
adhesion, hence inducing cell scattering/hummingbird phenotype and cell-cell dissociation[84]. It is
important to mention that the EPIYA motif that corresponds to the binding site Csk has not been
identified yet. In contrast, activation of the growth factor receptor-bound protein 2 (Grb2) protein and
the C-Met oncogene in a tyrosine-phosphorylation-independent manner can also lead to similar
pathological effects, highlighting the multiplicity of pro-oncogenic mechanisms of CagA[85,86]. Grb2 is
an important regulator of Ras-MAPK pathway activation, capable of deregulating cell proliferation.
Activation of C-Met-mediated PI3K/ Akt signaling is associated with cancer-promoting mitogenic and
inflammatory response[87-91].

The ability of CagA to disrupt the epithelial barrier has also been widely linked to its carcinogenic
potential. In addition to the EPIYA sequences, the oncoprotein contains another repetitive sequence in
its C-terminal polymorphic region, known as the CagA-multimerization (CM) motif[90]. With its
number varying between different strains, the CM motif is composed of a 16-amino-acid sequence
located downstream of the last EPIYA sequence[89]. This sequence, although highly conserved,
possesses a 5-amino-acid difference between East Asian and western strains, hence distinguishing East
Asian and western CagA (CM"Y)[91]. Thus, higher number of EPIYA-C motifs also increases the number
of CM motifs in the CM". The CM motif is identified as the main mediator of the interaction between
CagA and the partitioning-defective 1 (PAR1)/microtubule affinity-regulating kinase, which plays a
pivotal role in establishing epithelial polarity. As a result, there is loss of cell polarity, as well as
induction of morphological alterations also associated with the hummingbird phenotype[92]. CagA-
mediated PAR1 inhibition also disrupts mitosis, causing increased cell division and impaired
segregation of sister chromatids, thus leading to chromosomal instability (CI)[93]. Currently, CI is
widely recognized for its multifactorial role in carcinogenesis and its microenvironment[94].
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Figure 2 Simplified model of CagA-mediated hit-and-run carcinogenesis. The pro-oncogenic properties of CagA are already well established. However,
genetic and epigenetic alterations caused by this oncoprotein provide a favorable environment for carcinogenesis, independently of its presence, in a hit-and-run
carcinogenesis mechanism. In this sense, through interaction with various host proteins, CagA leads to chromosomal instability, double-strand breaks and repeated
nucleotide mutations, which are correlated to gastric cancer development. CM": western CagA.
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From a different perspective, there is also a dangerous association between CM motifs and E-
cadherin, a key protein in establishing cell polarity and maintaining epithelial integrity and differen-
tiation[95-97]. It has been described that the CagA-E-cadherin interaction downregulates the B-catenin
signal that promotes intestinal transdifferentiation in gastric epithelial cells. Therefore, it was inferred
that the oncoprotein plays an important role in the development of intestinal metaplasia, a precancerous
transdifferentiation of gastric epithelial cells from which intestinal-type gastric adenocarcinoma emerges
[98].

Also in this sense, a recent study observed that CagA seems to be able to induce gastric carcino-
genesis by stimulating the migration of cancer cells through the activation of the NLR family pyrin
domain containing 3 (NLRP3) inflammasome. The authors reported that CagA also participates in the
generation of intracellular ROS and that ROS inhibition has the potential to disrupt the NLRP3 pathway
and pyroptosis. With these findings, the authors concluded that NLRP3 plays a key role in the action of
CagA on gastric cells and that silencing NLRP3 can limit the effects of migration and invasion of cancer
cells caused by CagA[99].

It is worth emphasizing the ability of CagA to activate a variety of antiapoptotic pathways, upon
interaction of its N-terminal portion with various tumor suppressor factors. For example, it is well
described that CagA is able to impair the antiapoptotic activity of the tumor suppressor factor p53.
CagA protein induces degradation of p53 protein in both ASPP2- and p14ARF-dependent manners[100,
101]. Furthermore, it is known that the interaction of the oncoprotein with Runt-related transcription
factor 3 (RUNX3) is able to induce the ubiquitination and degradation of RUNX3 that blocks its
antitumoral activity[102]. Figure 1B summarizes the main molecular mechanisms of CagA-mediated
carcinogenesis.

Another important potential of CagA associated with gastric cancer pathogenesis is the ability to
drive epithelial to mesenchymal transition (EMT); a phenomenon extensively related to carcinogenesis
[103,104]. EMT is the result of a complex molecular program that allows cancer cells to suppress their
epithelial characteristics, transforming themselves into mesenchymal epithelial cells. This change allows
the cells to acquire motility, invasiveness, greater resistance to apoptosis, and the ability to migrate from
the primary site[104,105]. In this regard, it has been shown that EMT gene expression is upregulated in
gastric epithelial cells infected with H. pylori CagA-positive strains[106]. Nevertheless, multiple
pathogenic mechanisms have been described, including reduction of glycogen synthase kinase-3 activity
and triggering of the YAP oncogenic pathway, for example. However, the multiplicity of processes
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involved in EMT and its role in gastric cancer development still requires further explanation[107,108].

Recent studies have not been limited to pathogen-host interactions in H. pylori infection, but have
also investigated the mechanisms regulating bacterial virulence factors, such as CagA, and their relation
to carcinogenesis. Eisenbart et al[11] identified a conserved, abundant nickel-regulated sRNA and
named it NikS (nickel-regulated sRNA), whose expression is transcriptionally modulated based on the
size of a variable thymine stretch in its promoter region. NikS, in dependence on nickel availability,
directly represses several virulence factors of H. pylori, including the oncoprotein, CagA, and its effects
on host cell internalization and epithelial barrier disruption. In this sense, multiple clinical repercussions
of post-transcriptional modulation of CagA by NikS can be hypothesized, including decreased
activation of procarcinogenic signaling. Kinoshita-Daitoku et al[109] described that NikS expression is
lower in clinical isolates from gastric cancer patients than in isolates from noncancer patients, while the
expression of virulence factors targeted by NikS, including CagA, is increased in isolates from gastric
cancer patients. This field needs to be better explored, especially regarding the correlation of NikS with
the multiple virulence factors of H. pylori and its potential clinical repercussions.

CAGA-MEDIATED HIT-AND-RUN CARCINOGENESIS

Even though CagA is notably a pro-oncogenic virulence factor, once gastric cancer sets in, its
perpetuation is independent of the presence of this oncoprotein. In this sense, genetic and epigenetic
changes caused by CagA seem to be responsible for this process, in a mechanism called “hit-and-run”
carcinogenesis[58,92], firstly proposed by Skinner[110] for virus-induced cancers. Apparently, these
changes are intrinsically related to disorders in the expression of activation-induced cytidine deaminase
(AID), a crucial enzyme in the processes of somatic hypermutation and class-switch recombination of
immunoglobulin genes in B cells[111,112]. Matsumoto et al[111] state that cagA-positive H. pylori induces
disordered expression of AID via NF-B, which consequently leads to various nucleotide mutations, such
as in the tumor suppressor gene TP53. cagA-positive H. pylori strains are also related to oxidative DNA
damage, because they are able to promote increased levels of H,0, and downregulation of heme
oxygenase-1[89,113]. CagA also inhibits PAR1 kinase, leading to microtubule-based spindle dysfunction
and consequent CI[93].

Some studies have shown that H. pylori can also promote DNA double-strand breaks (DSBs) in host
cells[114,115], but whether or not this feature is CagA-related remains uncertain. However, a recent
study showed that inhibition of PAR1D kinase by CagA hindered BRCA1 gene phosphorylation, which
leads to a BRCAness picture that, in turn, induces DSBs[116]. All these genetic and epigenetic changes
support the hit-and-run mechanism, in which, regardless of the presence of CagA, the established pro-
oncogenic environment maintains the acquired phenotype. Figure 2 summarizes the main features
regarding CagA-mediated hit and run carcinogenesis mechanism.

CONCLUSION

In this study, we address the role of CagA in the development of H. pylori-mediated gastric carcino-
genesis and discuss the perspectives in this field of study (Figure 3). CagA undergoes important translo-
cation and tyrosine phosphorylation before disrupting several cell signaling pathways and promoting
protein dysfunction. However, there is still much to be clarified regarding the steps involved in the role
of CagA in gastric carcinogenesis. Recent discoveries such as the identification of the SHIP2 binding
protein capable of binding to the EPIYA-C and D motifs and potentiating the delivery of CagA to
infected cells, or discovery of the instability between the H. pylori HopQ and CEACAM relationship, are
significant findings that can generate advances in the area, and therefore, need to be investigated in
more depth. Exploration of the little-known field of regulatory RNAs seems promising for a broader
understanding of the control mechanisms involved in H. pylori infection and CagA levels and has the
potential to identify factors with important clinical repercussions for conditions such as gastric cancer.
Finally, the ability of H. pylori to evolve as a pathogenic bacterium and as a carcinogen is undeniable,
therefore, it is essential to clarify what is still unclear about the subject and periodically monitor the
behavior of the bacterium in the infection, the molecular processes and elements such as CagA to
advance the diagnosis and treatment of the disease.
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Figure 3 Status of the current understanding regarding CagA-related pathogenic mechanisms. EMT: Epithelial to mesenchymal transition;
CEACAMs: Carcinoembryonic antigen-related cell adhesion molecules; Grb2: Growth factor receptor-bound protein 2; ASPP2: Apoptosis-stimulating protein of p53 2;
SHP2: Domain-containing protein tyrosine phosphatase 2; SHIP2: Src homology 2 domain-containing inositol 5'-phosphatase 2; RUNX3: Runt-related transcription
factor 3; PAR1: Partitioning-defective 1; NikS: Nickel-regulated sRNA.
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Abstract

BACKGROUND

Photodynamic therapy (PDT) is a minimally invasive form of cancer therapy, and
the development of a novel photosensitizer (PS) with optimal properties is
important for enhancing PDT efficacy. Folate receptor (FR) membrane protein is
frequently overexpressed in 40% of human cancer and a good candidate for
tumor-specific targeting. Specific active targeting of PS to FR can be achieved by
conjugation with the folate moiety. A folate-linked, near-infrared (NIR)-sensitive
probe, folate-Si-rhodamine-1 (FolateSiR-1), was previously developed and is
expected to be applicable to NIR-PDT.

AIM

To investigate the therapeutic efficacy of NIR-PDT induced by FolateSiR-1, a FR-
targeted PS, in preclinical cancer models.

METHODS

FolateSiR-1 was developed by conjugating a folate moiety to the Si-rhodamine
derivative through a negatively charged tripeptide linker. FR expression in the
designated cell lines was examined by western blotting (WB). The selective
binding of FolateSiR-1 to FR was confirmed in FR overexpressing KB cells (FR+)
and tumors by fluorescence microscopy and in vivo fluorescence imaging. Low FR
expressing OVCAR-3 and A4 cell lines were used as negative controls (FR-). The
NIR light (635 + 3 nm)-induced phototoxic effect of FolateSiR-1 was evaluated by
cell viability imaging assays. The time-dependent distribution of FolateSiR-1 and
its specific accumulation in KB tumors was determined using in vivo longitudinal
fluorescence imaging. The PDT effect of FolateSiR-1 was evaluated in KB tumor-
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bearing mice divided into four experimental groups: (1) FolateSiR-1 (100 pmol/L) alone; (2)
FolateSiR-1 (100 pmol/L) followed by NIR irradiation (50 J/cm?); (3) NIR irradiation (50 J/cm?)
alone; and (4) no treatment. Tumor volume measurement and immunohistochemical (IHC) and
histological examinations of the tumors were performed to analyze the effect of PDT.

RESULTS

High FR expression was observed in the KB cells by WB, but not in the OVCAR-3 and A4 cells.
Substantial FR-specific binding of FolateSiR-1 was observed by in vitro and in vivo fluorescence
imaging. Cell viability imaging assays showed that NIR-PDT induced cell death in KB cells. In vivo
longitudinal fluorescence imaging showed rapid peak accumulation of FolateSiR-1 in the KB
tumors 2 h after injection. In vivo PDT conducted at this time point caused tumor growth delay.
The relative tumor volumes in the PDT group were significantly reduced compared to those in the
other groups [5.81 + 1.74 (NIR-PDT) vs 12.24 + 2.48 (Folate-SiR-1), vs 11.84 * 3.67 (IR), vs 12.98 +
2.78 (Untreated), at Day 16, P < 0.05]. IHC analysis revealed reduced proliferation marker Ki-67-
positive cells in the PDT treated tumors, and hematoxylin-eosin staining revealed features of
necrotic- and apoptotic cell death.

CONCLUSION
FolateSiR-1 has potential for use in PDT, and FR-targeted NIR-PDT may open a new effective
strategy for the treatment of FR-overexpressing tumors.

Key Words: Photodynamic therapy; Near-infrared; Photosensitizer; Folate receptor; Fluorescence; Cancer

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Photodynamic therapy (PDT) is a minimally invasive cancer therapy and photosensitizers (PS)
with optimal properties are crucial for enhancing the efficacy of PDT. We evaluated the therapeutic
efficacy of a folate receptor (FR)-targeted, near-infrared (NIR)-sensitive PS (FolateSiR-1). FolateSiR-1
showed FR specificity in vitro and in vivo and functions as a tumor-damaging PS by inducing necrosis,
apoptosis, and cell growth inhibition upon activation with NIR light. Our findings suggest that FolateSiR-
1 is effective in FR-targeted NIR-PDT with low side effects and has potential for presenting new and
effective treatment options for FR-overexpressing tumors.

Citation: Aung W, Tsuji AB, Hanaoka K, Higashi T. Folate receptor-targeted near-infrared photodynamic therapy
for folate receptor-overexpressing tumors. World J Clin Oncol 2022; 13(11): 880-895
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INTRODUCTION

Cancer incidence and mortality is continually growing worldwide. GLOBOCAN 2020 estimated that
there were 19.3 million new cancer cases and almost 10 million cancer deaths in 2020 and the global
cancer burden is expected to reach 28.4 million cases in 2040[1]. Molecular-targeted approaches with
various therapeutic modalities are expected to provide effective cancer diagnosis and treatment.
Photodynamic therapy (PDT) is one of the emerging options to combat various cancer types along
with other conventional therapies such as surgery, chemotherapy, radiation therapy, and immuno-
therapy|[2]. It is approved for the clinical treatment of several tumor types and certain non-malignant
diseases as a minimally invasive therapy[3]. Although the precise mechanisms of tumor cell death by
photodamage are not yet fully understood, they involve necrosis, apoptosis, tumor blood vessel
damage, and nonspecific activation of the immune response against tumor cells[4]. Cell death through
PDT generally occurs through a combination of these mechanisms, and no single pathway leads to cell
death[5]. Photodynamic therapy involves the administration of a light-sensitive photosensitizer (PS)
followed by the irradiation of targeted tumors with light corresponding to the specific absorbance
wavelength of the PS[3]. Light activated PS accumulated in the cancer tissue leads to the local
generation of reactive oxygen species (ROS), such as highly reactive singlet oxygen and/or radicals,
which kill tumor cells through necrosis and cause tumor regression[6,7]. However, off-target toxicities
and PS metabolic problems were encountered in clinical trials, and therefore, only a few PSs have been
approved for anti-cancer therapies[8]. The tumor selectivity of the PS improves tumor localization in
PDT, enhances tumor destruction, and reduces the side effects due to off-target localization[9].
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Moreover, effective targeting reduces the required PS dose which additionally limits side effects.
Tumor-localizing properties are generally dependent on the passive enhanced permeability and
retention effect[10]. More effective active targeting is expected and achieved by diverse approaches such
as the conjugation of receptor ligands, antibodies, carrier proteins, carbohydrates, and loading into
targeted nanoparticles[11-14].

The first-generation of PSs were hematoporphyrin derivatives, and the first PS to be clinically used
for cancer therapy was porfimer sodium (Photofrin®)[4]. Its poor tissue selectivity, low light absorption,
and weak tissue penetration of emission demanded the development of second-generation PSs,
porphyrinoids, and non-porphyrin compounds[15]. Moreover, third-generation PSs were developed by
conjugating carrier biomolecules, such as receptor ligands or antibodies, to the second-generation PSs to
selectively target tumors[4]. Nevertheless, the number of new clinically approved PSs remains low, and
researchers are developing new improved PSs.

Folate receptor (FR) membrane protein is frequently overexpressed in 40% of human cancer types,
including ovary, breast, head and neck, endometrium, lung, bladder, pancreatic, colon, and kidney
cancer, whereas its expression is restricted to normal tissues[16]. It binds to extracellular folate with very
high affinity and can physically deliver folate into the cell through endocytosis[17]. Therefore, FR is a
good candidate for tumor-specific PS targeting[9,18]. Specific active targeting of PS to FR present on the
cancer cell surface can be achieved by conjugation with the folate moiety[19]. Several studies have
shown that some PSs conjugated with folic acid via appropriate linkers increase tumor uptake and
enhance the efficacy of PDT. For instance, conjugation of folic acid to meta-tetra(hydroxyphenyl)chlorin (
m-THPC)-like PS[20] and chlorin-based PS pheophorbide-a[21] has been reported. In addition, various
materials such as polymers, nanomaterials, polysaccharides and cyclodextrins have been explored to
overcome the shortcoming of PSs via tissue-specific delivery[22]. For example, folate-conjugated
micelles containing temoporfin[23] and polydopamine nanoparticles conjugated with folic acid[24]
showed potential for therapeutic applications. Kim et al[22] showed that ROS-sensitive and FR-targeted
nanophotosensitizer conjugates are promising candidates for PDT of cervical cancer. Kato et al[25,26]
reported that folate-porphyrin-lipid nanoparticles induced the selective destruction of lung cancer and
malignant pleural mesothelioma in a preclinical model based on FR targeting. Baydoun et al[27] proved
the efficacy of a new PS (pyropheophorbide a-polyethylene glycol-folic acid) on human ovarian cancer
cells. Quilbe et al[28] developed a new PS targeting FR, protected by patent (WO2019 016397-A1) and
evaluated its PDT efficacy on a mouse model of pancreatic cancer. These latest state-of-the-art studies
encourage the use of folate-mediated PSs in tumor-targeted photodynamic therapy. In an alternative
approach called photoimmunotherapy (PIT), PSs conjugated with monoclonal antibodies that have high
affinity to tumor specific antigens instead of using receptor ligands have also investigated[29,30].

PS targeting was developed or improved by conjugating fluorophores to tumor-seeking molecules
[31]. We previously developed a folate-linked near-infrared (NIR)-sensitive probe, folate-Si-rhodamine-
1 (FolateSiR-1, Abs,, /Em, . = 652/674 nm, and fluorescence quantum yield of 7.6%) using folate
glutamate as a tumor-seeking agent, a negatively charged peptide linker, and rhodamine derivative, 2,5-
diCOOH SiR650, as a photoactive component (Figure 1A)[32]. Folate receptor o contains a folate-
binding pocket[33]. The folate pteroate moiety is buried inside the receptor, whereas its glutamate
moiety is solvent-exposed and protrudes from the pocket, which allows its conjugation to the
fluorophore without adversely affecting FRa binding[33]. We chose to conjugate the linker to the folate
glutamate moiety, as this allowed high affinity- and highly selective binding of FolateSiR-1 probe to FR
[34]. One of the main drawbacks of currently approved PDTs is the insufficient penetration of light
during treatment. This may be overcome by using NIR absorbing PSs[32] and appropriate NIR light
sources because red and infrared light penetrate tissue more deeply than other visible light[3]. The
photophysical properties of FolateSiR-1 and the wavelength of our laser system (635 + 3 nm) used in this
study resolved this issue. Fluorophores emitting NIR light in the phototherapeutic window (650-900
nm) are most suitable due to high tissue penetration and low autofluorescence, which results in a low
background signal[35]. FolateSiR-1 exhibited very low background fluorescence and showed a high
ratio of tumor-to-background fluorescent intensity[32].

In this study, we evaluated the in vitro and in vivo tumor specific targeting- and photodynamic
activity of FolateSiR-1 using high-FR-expressing-KB cells (FR+) and low-FR-expressing-OVCAR-3 cells
(Low FR). We revealed the potential of FolateSiR-1 as a candidate for use in the PDT of cancer by
assessing its phototoxic cell death and antitumor effects. In addition, the cell death mode induced by
FolateSiR-1-based PDT was investigated.

max

MATERIALS AND METHODS

Cell lines and culture

The human oral epidermoid carcinoma cell line, KB (a Hela subline), and human epithelial ovarian
cancer cell line, OVCAR-3, were purchased from the American Type Culture Collection (ATCC)
(Manassas, VA, United States). The KB cells were cultured in Eagles’s minimum essential medium
(EMEM) (Wako Pure Chemical Corp., Osaka, Japan) supplemented with 10% fetal bovine serum (FBS)
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Figure 1 Folate-Si-rhodamine-1 characteristcs. A: Molecular design and chemical structure of folate-Si-rhodamine-1 (FolateSiR-1); B: Absorption and
emission spectra of 1 pmol/L FolateSiR-1 in 100 mmol/L sodium phosphate buffer (pH 7.4) containing 0.1% DMSO: maximum absorption = 652 nm; maximum
emission = 674 nm; C: Fluorescence images of FolateSiR-1 at a concentration of 5, 1, 0.5, 0.25, and 0.125 ymol/L in a 96-well plate captured using the VISQUE
fluorescence imaging system; D: FolateSiR-1 concentration vs fluorescence signal intensity. Abs: Absorbance; FI: Fluorescence signal intensity; pM: pmol/L.
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(Gibco, Life Technologies Japan Ltd., Tokyo, Japan), 100 U/mL penicillin-G sodium, and 100 pg/mL
streptomycin sulfate (Wako) at 37 °C in a humidified incubator containing 5% CO,. The A4 cell line is an
immortalized mouse fibroblast cell line established from mouse 3T3 cells and transfected with human
epidermal growth factor receptor 2-expression vector. The OVCAR-3 cells and A4 cells were similarly
cultured in RPMI 1640 medium (Wako) supplemented with 10% FBS (Gibco), 100 U/mL penicillin-G
sodium, and 100 pg/mL streptomycin sulfate (Wako).

FolateSiR-1 synthesis

FolateSiR-1 was designed and synthesized using folate glutamate as a tumor-seeking agent, a negatively
charged peptide linker, and a rhodamine derivative, 2,5-diCOOH SiR650, as a photoactive component
according to a previously described method[32]. Fluorescence spectroscopic analyses of FolateSiR-1 was
conducted with a Hitachi F7000 spectrophotometer (Tokyo, Japan) using 2.5 nm excitation and emission
slit widths and 700 V photomultiplier voltage. Different FolateSiR-1 concentrations (5, 1, 0.5, 0.25, 0.125
pmol/L) were prepared in 100 pL in a Nunc™ flat-bottom microplate (96 well, Black) (Thermo Fisher
Scientific, Roskilde, Denmark). The fluorescence signal intensity (FI) was determined using a VISQUE
InVivo Smart fluorescence imaging and analysis system (Vieworks Co., Ltd, Gyeonggi, Korea) equipped
with HyperRed light filter set (Ex/Em = 630-680/690-740 nm).

Animal and tumor model

Ethics Committee-approved animal studies were conducted in accordance with the institutional
guidelines of the Animal Care and Use of Committee of National Institutes for Quantum and
Radiological Science and Technology. The animal protocol was designed to minimize pain or discomfort
to the animals. Four-week-old male BALB/cAJcl-nu/nu mice were obtained from CLEA (Shizuoka,
Japan), kept in an air-conditioned facility (23 °C) with an artificial 12 h light-dark cycle, 50% humidity,
and provided autofluorescence-free food and water ad libitum for one week prior to experimentation.
Development of tumor models involved subcutaneous inoculation of early passage cells (5 x 10° KB
cells/site, 1 x 107 OVCAR-3 cells/site, or 5 x 10° A4 cells/site, all in 100 pL medium) into both femoral
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regions of nude mice. Mice were anesthetized with isoflurane during the experimental procedure. All
animals were euthanized by cervical dislocation under anesthesia (inhalation of isoflurane) for tumor
tissue collection.

Western blot analysis

Folate receptor expression in designated cells was examined by western blotting (WB). First, whole-cell
lysate was prepared using radioimmunoprecipitation assay buffer (Wako) containing protease inhibitor
cocktail (P8340; Sigma-Aldrich, St. Louis, MO, United States). Total protein concentration was
determined using a NanoDrop One spectrophotometer (Thermo Fisher Scientific, Wilmington, DE,
United States). Next, 50 pg of cell lysate protein samples were separated using 4%-20% polyacrylamide
gel (ATTO Corporation, Tokyo, Japan) and transferred onto an Immobilon-P membrane (Millipore,
Billerica, MA, United States). Mouse monoclonal antibody anti-FR of human origin (E-11) (Santa Cruz
Biotechnology, Santa Cruz, CA, United States) (1:200 dilution) and goat polyclonal anti-human actin
antibody (Santa Cruz Biotechnology) (1:500 dilution) were used as primary antibodies. Horseradish
peroxidase (HRP)-linked anti-mouse IgG antibody (GE Healthcare, Little Chalfont, United Kingdom)
(1:1000 dilution) and HRP-linked anti-goat IgG antibody (Santa Cruz Biotechnology) (1:1000 dilution)
were used as secondary antibodies. The Enhanced Chemiluminescence Plus detection system (GE
Healthcare) was used to visualize the immunoreactive bands.

Fluorescence microscopy

KB cells (1 x 10° cells/well) were seeded onto an EZVIEW glass bottom culture plate (24 well, black;
IWAKI, Shizuoka, Japan) in complete EMEM medium (1 mL) and incubated for 24 h at 37 °C. The media
was removed and each well was washed with PBS, subsequently, fresh medium was added with or
without FolateSiR-1 (2.5 pmol/L in 0.5% DMSO) and incubated overnight at 37 °C. The medium was
discarded, cells were washed with phenol red free EMEM o medium (Wako) two times, and each well
was refilled with the same medium. The OVCAR-3 cells (5 x 10° cells/well) and A4 cells (1 x 10°
cells/well) were prepared using RPMI 1640, and the cells were observed using a Keyence BZ-X700
fluorescence microscope (Keyence Japan Co, Ltd, Osaka, Japan) with an Ex/Em 590-650/665-732 nm
filter for FolateSiR-1. The same exposure time was consistently used. Phase-contrast images were also
captured.

Cell viability imaging

KB cells (1.5 x 10° cells/well) were seeded onto a EZVIEW glass bottom culture plate (24 well, black;
IWAKI) in complete EMEM medium overnight at 37 °C. Spent medium was replaced with fresh
medium with or without FolateSiR-1 (2.5 pmol/L in 0.5% DMSO) and the KB cells were incubated
overnight. Next, the medium was discarded, cells were washed with phenol red free medium (Wako),
and subsequently irradiated with NIR light from an infrared diode laser system (Laser Create Co.,
Tokyo, Japan) at 635 + 3 nm and a power density of 10 J/cm? (0.1 W/cm? for 100 s). The distance
between the sample and light source was set to 3 cm, and the light power was adjusted to 0.1 W/cm?
The irradiation dose was measured using a Starlite thermal laser power sensor and optical power meter
(OPHIR Japan, Saitama, Japan). After irradiation, each well was refilled with the same medium and
incubated at 37 °C. Two hours later, two color staining assays were conducted using the ReadyProbes™
cell viability imaging kit (Thermo Fisher Scientific K.K, Tokyo, Japan) according to manufacturer’s
instructions. Nuclei of the viable cells and dead cells were stained with NucBlue® Live reagent and
NucGreen® Dead reagent, respectively. Cell images were acquired with a Keyence BZ-X700 microscope
(Keyence Japan Co, Ltd) with filter sets for NucBlue® (Ex/Em = 360/460 nm), NucGreen® (Ex/Em =
475/509 nm), and FolateSiR-1 (red, Ex/Em = 590-650/665-732 nm). Image acquisitions were conducted
using similar exposure times.

Mice NIR fluorescence imaging

Intravenous injection of FolateSiR-1 (100 pmol/L in 100 pL saline and 10% DMSO) into the tail vein of
tumor-bearing mice was followed by anesthetization and acquisition of fluorescent and white light
images at the dorsal position. Pre-injection- and post-injection time points (5 min, 10 min, 15 min, 20
min, 30 min, 45 min, and 1 h,2h,3 h,4 h,4.5h,5h, 6 h, 24 h, and 48 h) were designated for longitudinal
imaging. In vivo NIR fluorescence imaging was conducted using the VISQUE imaging system (Vieworks
Co., Ltd,) equipped with HyperRed light filter (Ex/Em = 630-680/690-740 nm) using constant imaging
parameters (exposure time: 100 ms, binning: 1 x 1, light intensity: high, mode: low gain). Tumor FI was
acquired by subtracting nearby background FI using Clevue software (Vieworks). Two mice with
OVCAR-3 and KB tumors in their left and right femoral regions, respectively, were imaged to confirm
FR-specific binding. Similarly to the other control samples, KB tumor-bearing mice that did or did not
receive the FolateSiR-1 injection were imaged together, and the A4 (low FR) tumor-bearing mouse was
imaged after PS injection.

In vivo tumor PDT
Subcutaneous tumor lengths peaked at approximately 6-10 mm nine days after xenografting. These
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mice were randomly assigned to one of the four groups (n = 5 in each group), and treatment was
conducted using the designated schedule. FolateSiR-1 (100 pmol/L) was initially administered
intravenously. After 2 h, the tumor was exposed to NIR light from a Diode Laser system (Laser Create
Co.) at 635 £ 3 nm and 50 J/cm? (0.25 W/cm? for 200 s). The distance between the tumor and NIR light
source was set to 3 cm. Whole body of the mouse, except for the tumor area, was shielded from the light
using aluminum foil. Group 1 received PS injection, group 2 received PS injection followed by light
irradiation at 2 h post-injection, group 3 was only irradiated, and group 4 received no treatment.
Tumors sizes of all mice (n = 8 for each) were measured twice a week over 16 d using calipers, and
volumes were calculated according to the formula: volume (mm?®) = [length (mm)] x [width (mm)]? x
0.5. The relative tumor volume was calculated based on the ratio of the volume on the indicated day and
the starting volume prior to the treatment. Mice were weighed twice a week, while the skin condition of
the light exposed area, and general conditions of the mice were monitored daily.

Immunohistochemical- and histological analysis

Twenty-four h after irradiation, a mouse from each group was sacrificed. The tumors were excised,
fixed in 4% paraformaldehyde, embedded in paraffin, and cut into 5 pm-slices. Serial tissue sections
were rehydrated and subjected to antigen retrieval for immunohistochemical (IHC) analysis. The
sections were then stained for Ki-67 cell proliferation marker[36] using anti-human Ki-67 polyclonal
antibody (Dako Denmark, Glostrup, Denmark) (1:200 dilution) as previously described[37]. Mouse
monoclonal anti-FR antibody of human origin (E-11) (Santa Cruz Biotechnology) (1:200 dilution) was
used to investigate tumor FR expression. Serial sections were stained with hematoxylin and eosin (H&E)
dye to examine histopathological changes. Slides were examined with an Olympus BX43 microscope
(Tokyo, Japan).

Statistical analysis

The quantitative results are presented as the mean + SD. Relative tumor volume differences between
groups were determined using ANOVA (two-factor with replication; Excel, Microsoft, Redmond, WA,
United States), followed by Tukey’s test. P values < 0.05 were considered statistically significant.

RESULTS

FolateSiR-1 conjugate characteristics

FolateSiR-1 probe (molecular weight 1232.78, Figure 1A) was developed from a Si-rhodamine derivative
containing a carboxy group at the benzene moiety coupled to a folate ligand moiety through a
negatively charged tripeptide[32]. FolateSiR-1 is expected to possess high affinity to FR with a tumor-
seeking character of folate glutamate[38]. Rhodamine derivative 2,5-diCOOH SiR650 serves as a
photoactive component. Maximum absorption and emission wavelengths of 1 pmol/L FolateSiR-1 in
100 mmol/L sodium phosphate buffer at pH 7.4 were 652 nm and 674 nm, respectively (Figure 1B)[32].
FolateSiR-1 fluorescence emission was most clearly visualized with HyperRed light filter (Ex/Em = 630-
680/690-740 nm) using the VISQUE imaging system (Figure 1C). The quantitative evaluation of FI
revealed that the linear correlation coefficient between fluorescence and FolateSiR-1 concentration was
0.996 (Figure 1D).

Folate receptor expression and FolateSiR-1 accumulation in cultured cells

High FR expression was observed in the KB cells by WB, but not in the OVCAR-3 and A4 cells
(Figure 2A). Likewise, FolateSiR-1 accumulated in the KB cells at the cell membrane and their
intracellular localization indicated substantial specific binding of FolateSiR-1 to FR and its internal-
ization using fluorescence microscopy. However, this was not seen in almost any of the OVCAR-3 and
A4 cells (Figure 2B). All three cell lines incubated in medium without FolateSiR-1 showed no
fluorescence activity (data not shown).

Folate receptor-specific binding of FolateSiR-1 in in vivo tumors

Using the VISQUE imaging system 2 h after injecting FolateSiR-1 into tumor-bearing mice, the KB
tumors inoculated in the right femoral regions showed high FI, while the OVCAR-3 tumors inoculated
in the left femoral regions showed no FI (Figure 2C). Next, the KB tumor of the mouse that was
administered FolateSiR-1 exhibited FI, but the negative control tumor of the mouse with no FolateSiR-1
injection did not (Figure 2D). Moreover, a mouse bearing A4 (low FR) tumor showed no FI (Figure 2E).
After imaging, IHC examination of tumor tissue sections showed high FR expression in the KB tumor
(Figure 2F). These results suggest that there was specific binding of FolateSiR-1 to FR in the tumors.

Phototoxic cell death induced by FolateSiR-1 mediated PDT

Immediate cell death induced by NIR-PDT was detected based on green colored cells by fluorescence
microscopy, resulting from the staining with the NucGreen® Dead reagent, whereas viable cell nuclei
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Figure 2 Folate receptor expression in designated cell lines and folate receptor-specific binding of folate-Si-rhodamine-1 in tumor in vivo.
A: Folate receptor (FR) expression in cell lines OVCAR-3, KB, and A4 examined by western blotting; B: Cell lines were incubated with or without folate-Si-rhodamine-
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nm). The uppermost images are magnifications of the indicated portion of the lower image showing KB cells (scale bar = 20 um, 40 x magnification, and 120 x
magnification for the upper most image); C: Near-infrared (NIR) fluorescence image of a representative mouse bearing subcutaneous KB (right) and OVCAR-3 (left)
tumors at 2 h after receiving the FolateSiR-1 injection: KB tumor (FR+) showed high fluorescence signal intensity (FI), and OVCAR-3 tumor (low FR) did not; D: NIR
fluorescence image of mice bearing KB tumors: the right mouse received the FolateSiR-1 injection showed Fl, while the left mouse did not (negative control tumor)
show no FI; E: NIR fluorescence image of a mouse bearing A4 (low FR) tumor showed no Fl; F: Immunohistochemical analysis of tumor tissue sections for FR
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contrast; NIR: Near-infrared; CTR: Control.
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were stained blue with NucBlue® Live reagent (Figure 3). No noticeable phototoxic cell death was
observed with FolateSiR-1 treatment alone, light treatment alone, or no treatment (Figure 3).

In vivo FolateSiR-1 biodistribution in tumorbearing mice

Time-dependent distribution of FolateSiR-1 and its specific accumulation in the tumors was determined
based on serial images of a representative mouse following FolateSiR-1 injection (Figure 4A). The
quantified FI in the tumor rapidly increased, peaking approximately 2 h after injection, and almost
disappearing over 24 h (Figure 4B). Moreover, in another experiment, decreased tumor FI was observed
in the right tumor that received PDT after 30 min compared with that of the non-irradiated left tumor
(Figure 5A). Although there was a time-dependent decrease of FI due to normal washout of the PS from
the tumor, the degree of FI reduction in the tumor treated with PDT was greater than in the untreated
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tumor. Therefore, the percentage decrease of tumor FI was higher in the PDT-induced tumors
(Figure 5B). Mice were euthanized shortly after in vivo imaging, with tumors and other organs removed
and analyzed by the VISQUE imaging system. Ex vivo NIR images showed higher FI in tumor tissues
compared with major organs, and higher FI in the right tumor compared with that of the left tumor.
Meanwhile, FI from organs including the liver and kidney was barely visible (Figure 5C). Ex vivo results
showed similar trends in data as that in in vivo imaging data.

In vivo PDT efficacy of FolateSiR-1 on tumor size

The tumor-bearing mice were treated according to the scheme shown in Figure 6. Statistically significant
tumor growth inhibition was observed after NIR-PDT treatment vs FolateSiR-1 treatment alone, NIR
irradiation alone, and no treatment (P < 0.05, Figure 7A). No significant differences were observed
amongst other groups. There was no significant body weight loss, skin damage, or abnormal general
conditions in these mice (Figure 7B). Relatively decreased sizes of PDT-treated tumors were observed ex
vivo 16 d after treatment compared with that in the other groups (Figure 7C).

Evaluation of tumor tissue response to PDT by IHC and histopathology

Proliferative factor Ki67 nuclear staining in the control tumor cells was observed by IHC analysis. In
contrast, the tumor tissues treated with PDT showed weak staining and markedly reduced numbers of
Ki-67-positive cells, suggesting that PDT inhibited tumor growth (Figure 8). Furthermore, PDT treated
tumors showed rapid extensive damage with necrotic- and apoptotic cell death at the irradiated tumor
site as indicated by H&E staining. PDT treated tumor cells showed some features of necrosis and
apoptosis such as nuclear fading due to DNA degradation (karyolysis), anuclear necrotic cells with a
glossier homogenous appearance, nuclear chromatin condensation (pyknosis), and nuclear
fragmentation (karyorrhexis). No conspicuous damage was found in the tumors of the other control
groups receiving FolateSiR-1 alone, irradiation alone, or no treatment (Figure 9).
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Figure 4 In vivo longitudinal near-infrared fluorescence imaging of folate-Si-rhodamine-1 in a KB tumor-bearing representative mouse. A:
Imaging was conducted before and after folate-Si-rhodamine-1 (FolateSiR-1) injection. The indicated time points after injection are at 5 min, 10 min, 15 min, 20 min,
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images; B: Quantitative fluorescent signal intensity analysis of the tumors. Data are presented as the mean + SD (n = 4). NIR: Near-infrared; FI: Fluorescent signal
intensity; Pre-Inj: Pre-injection; Post-Inj: Post-injection.
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DISCUSSION

FolateSiR-1 significantly accumulated in the FR-expressing KB tumors, but not in the FR-negative
tumors and normal organs. This PS was activated by NIR light to evoke cytotoxic effects on cells and
tumors, resulting in PDT induced necrosis and apoptosis. Our findings suggest that FolateSiR-1 has
potential for application in the PDT of FR-expressing tumors.

High FR expression was observed in the KB cells, but not in the OVCAR-3 and A4 cells (Figure 2A).
Furthermore, fluorescence microscopy revealed that KB cells incubated with FolateSiR-1 showed strong
FI which contrasted with that of the other two cell lines (Figure 2B). These results encouraged us to use
KB cells as a representative FR-expressing xenograft tumor in a mouse model. Stronger FI was observed
in KB tumors, compared to OVCAR-3 tumors, A4 tumors, and other sites throughout the body, which
was attributed to the presence of FolateSiR-1 (Figures 2C-E). Furthermore, strongly positive FR staining
was observed in KB tumor cells, whereas it was almost entirely absent in OVCAR-3 cells based on IHC
(Figure 2F). These findings and ex vivo images of normal tissues (Figure 5C) indicate that FolateSiR-1
binds FR with high specificity in FR-overexpressing cells and tumors.

In this study, FolateSiR-1 accumulation peaked at 2 h after injection in KB tumors, followed by its
disappearance over the next 24 h based on quantification of serial fluorescence images. The rapid peak
accumulation of FolateSiR-1 in tumors may be a more convenient clinical setting of PDT than the
number of days required for PIT using an antibody as a PS carrier. Furthermore, rapid tumor contrast
enhancement within a few hours after PS injection could be advantageous for real-time cancer detection
in the intraoperative setting. Moreover, irradiation delivered at a shorter interval when PS is still present
in the blood vessels results in a superior tumor response which causes marked vascular damage[39]. In
vivo time-dependent images (Figure 4) and ex vivo images of tissues (Figure 5C) showed that FolateSiR-1
was cleared relatively quickly from normal tissues, including the main excretory organs (liver and
kidney), indicating that the phototoxic side effects were minimized.
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KB cells showed extensive bright fluorescence signals, whereas there was no obvious PS binding or
uptake in the negative control cells indicating that FolateSiR-1 was selectively localized in KB cells
(Figure 2B). Fluorescent signals were mainly observed at the plasma membrane of KB cells and in some
cytoplasmic component sites. The cellular response to photodamage primarily depends on PS
localization and PDT dose[40-42]. Photosensitizer localization and activation inside tumor tissues
generates ROS which can directly kill malignant tumor cells[4]. Mitochondria-localized PS induces
apoptotic cell death within a certain threshold of oxidative stress[6,43]. Necrosis is more often observed
if the cell membrane is the site of action for the PS[44]. Mild oxidative damage by PS localized in the
plasma membrane causes apoptosis, but severe damage leads to the loss of plasma membrane integrity
and causes necrotic cell death[6,41,45]. Meanwhile, PSs targeting the endoplasmic reticulum, Golgi
membranes, and lysosomes mediates necrosis[43]. Moreover, high PDT doses (dependent on the
amount of PS and the irradiation dose) inactivate essential enzymes and other components of the
apoptotic cascade resulting in increased cellular damage leading to necrosis rather than apoptosis[40,
46]. The merged fluorescence- and phase-contrast images showed strong FolateSiR-1 fluorescence
intensity in the KB cell membrane and the cytoplasm, but not in the nucleus (Figure 2B). This finding
suggests that FolateSiR-1 promotes necrosis and is a suitable probe for PDT. The probe alone did not
penetrate the nuclear membrane and therefore did not cause genetic damage.
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Our NIR-PDT regimen delivered a single dose of NIR light (50 J/cm?) to KB tumors after intravenous
administration of FolateSiR-1 (100 pg). The growth rate of tumors receiving PDT was significantly
suppressed even with this single irradiation compared with the control groups (Figure 7). Complete
tumor remission was not achieved with a single irradiation, however, partial remission for three days
and delayed relapse was noted after PDT. Therefore, NIR-PDT using FolateSiR-1 is expected to be as
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Figure 9 Histological examination of the destructive effects of near-infrared photodynamic therapy in tumor tissues 24 h after near-
infrared photodynamic therapy. Tumors are stained with hematoxylin and eosin. The left lowermost image is a magnification of the indicated portion of the
upper image. Some features of necrotic and apoptotic cells are shown with arrowheads: nuclear fading due to DNA loss, karyolysis (blue), anuclear necrotic cells with
a glossier homogenous appearance (orange), nuclear chromatin condensation, pyknosis (green), nuclear fragmentation, and karyorrhexis (yellow). (Scale bar = 100
um, 20 x magnification for upper two rows, and scale bar = 50 ym, 40 x magnification for lower row). FolateSiR-1: folate-Si-rhodamine-1; NIR-PDT: Near-infrared
photodynamic therapy; IR: laser irradiation; CTR: control.

effective as other currently tested PDTs and PITs, because more precise treatment regimens can be easily
designed by adjusting PS and irradiation doses, and repeating the treatment to improve the therapeutic
efficacy and potentially achieving complete pathological remission. An extended study aiming to
optimize the treatment will be performed in the future.

Photobleaching is the light-mediated destruction of PS. Linear correlation between protoporphyrin IX
photobleaching and necrosis was used as a predictive tool of the PDT response in the rat ovarian cancer
model[47]. Our limited mice experiments showed a tendency for FI reduction in tumors immediately
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after PDT (Figure 5A and B), and this was probably due to some PS photobleaching and necrosis of
cancer cells. An extended study is required to confirm this association.

Rapid phototoxic cell death-induced by NIR-PDT (10 J/cm?) and abundant dead cells stained green
with NucGreen® Dead reagent were clearly observed in viability imaging assays (Figure 3). In contrast,
neither FolateSiR-1 alone nor irradiation alone induced noticeable cell death, suggesting that FolateSiR-1
is an effective PS with high phototoxicity and low dark toxicity.

Nuclear staining of the proliferative factor Ki67 in tumor cells using IHC indicating that these cells
were actively proliferating at 24 h post-PDT. Meanwhile, tumors treated with PDT (50 J/cm?) showed
weak staining and a marked decrease in Ki-67 positive cells, suggesting that FolateSiR-1 mediated PDT
inhibited cell proliferation in tumors (Figure 8). Therefore, some cells stop proliferating, but do not
immediately undergo necrosis or apoptosis. In addition, tumors irradiated with targeted PDT exhibited
rapid and extensive damage with a phenotype of necrosis and apoptotic cell death at the irradiated site
as indicated by H&E staining. Some cells displayed necrotic cell death features such as nuclear fading
(karyolysis) and anuclear necrotic cells, while other cells showed apoptotic cell death features such as
chromatin condensation of the nucleus (pyknosis) and nuclear fragmentation (karyorrhexis). No distinct
damage was found in the tumors of the other control groups (Figure 9). These results were consistent
with that of tumor growth and revealed the presumptive mechanism of the effects of PDT.

The main mechanism of tumor destruction by PDT is the direct damage to cells[45], however, there
are other indirect mechanisms such as damage to tumor blood vessels and nonspecific activation of the
immune response against tumor cells[42,48]. As these mechanisms were not addressed in this study,
additional research on this topic is required. Furthermore, only one FR-overexpressing cell line-derived
subcutaneous tumor was used. The nature of the xenografted-tumor microenvironment does not reflect
all of the characteristics of human cancer tissue. Not all tumors express high FR levels in a clinical
setting. These drawbacks may limit the wide use of FR-targeted NIR-PDT. Nevertheless, further
research may elucidate these limitations. The fascinating features of FolateSiR-1, including selectivity for
tumor cells, membranous and subcellular localization, and cytotoxicity in combination with NIR
irradiation, prompted the development of an alternative PS for NIR-PDT. The results of this study
indicate that FR-targeted NIR-PDT using this PS may have potential for application in the treatment of
FR-overexpressing tumors. Moreover, specific binding of FolateSiR-1 to FRs and emission of near-
infrared light may be useful for decision making in various settings including patient screening for
treatment selection, theranostic applications such as image-guided cancer detection and PDT, or in
combination with other treatments.

CONCLUSION

FolateSiR-1 displayed FR-specificity in vitro and in vivo and functioned as a potential PS when irradiated
with NIR light, causing cellular tumor damage by provoking the cumulative effect of necrosis,
apoptosis, and cell proliferation-inhibition. These findings suggest that FolateSiR-1 may be effectively
utilized in PDT with low side effects, and FR-targeted NIR-PDT can potentially provide new effective
strategies for the treatment of FR-overexpressing tumors.

ARTICLE HIGHLIGHTS

Research background

Photodynamic therapy (PDT) is one of the emerging options to combat cancer and it requires pho-
tosensitizer (PS) and corresponding light irradiation. The tumor selectivity of the photosensitizer
improves tumor localization in PDT, enhances tumor destruction, and reduces side effects due to off-
target localization. Folate receptor (FR) membrane protein is frequently overexpressed in human cancer
and specific active targeting of PS to FR can be achieved by conjugation with the folate moiety.

Research motivation

We previously developed a folate-linked, near-infrared (NIR)-sensitive probe folate-Si-rhodamine-1
(FolateSiR-1). The feasibility of NIR-PDT using FolateSiR-1 and appropriate light irradiation had not
been determined and reqired elucidation.

Research objectives
The aim of this study was to evaluate the photodynamic therapeutic efficacy of FolateSiR-1 in a
preclinical cancer model and determine the cell death mode induced by FolateSiR-1-based PDT.

Research methods
FolateSiR-1 was synthesized by conjugating a folate moiety to the Si-rhodamine derivative through a
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negatively charged tripeptide linker. Utilizing FR-overexpressing cell line KB and low FR-expressing
cell lines OVCAR-3 and A4, selective binding of FolateSiR-1 to FR was evaluated by fluorescence
microscopy. Cell viability imaging assays was exploited to assess the phototoxic effect of FolateSiR-1. In
vivo longitudinal fluorescence imaging was conducted to examine the time-dependent biodistribution of
FolateSiR-1 and its specific accumulation in KB tumors. To evaluate PDT efficacy of FolateSiR-1, KB
tumor-bearing mice were divided into four groups: (1) FolateSiR-1 alone; (2) FolateSiR-1 followed by
NIR irradiation; (3) NIR irradiation alone; and (4) no treatment. Tumor volume measurement, as well as
immunohistochemical (IHC) and histological examinations of tumors were performed to determine the
effect of PDT.

Research results

FR-specific binding of FolateSiR-1 was observed by fluorescence microscopy and in vivo fluorescence
imaging. Cell viability imaging assays indicated that NIR-PDT induced cell death. In vivo longitudinal
fluorescence imaging showed rapid peak accumulation of FolateSiR-1 in KB tumors 2 h after injection.
The tumor volumes in the PDT group were significantly reduced compared to the other groups (P <
0.05). IHC analysis revealed reduced numbers of proliferation marker Ki-67-positive cells in PDT treated
tumors, and hematoxylin-eosin staining revealed features of necrotic- and apoptotic cell death.

Research conclusions
FolateSiR-1 may be effectively utilized in PDT with low side effects, and the FR-targeted NIR-PDT can
potentially reveal new strategies for the treatment of FR-overexpressing tumors.

Research perspectives

The fascinating features of FolateSiR-1, including specificity to FR, cytotoxicity in combination with NIR
irradiation and relatively fast clearance implying low toxicity, prompted the development of an
alternative PS for NIR-PDT. The therapeutic effect was significant after a single dose of irradiation and
may be optimized to achieve patient-specific clinical effects. Moreover, fluorescence emission from
FolateSiR-1 may be used for real time cancer detection and patient screening for treatment selection.
Further research may elucidate these additional details of these processes.
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Abstract

BACKGROUND

Locoregional complications may occur in up to 30% of patients with colon cancer.
As they are frequent events in the natural history of this disease, there should be a
concern in offering an oncologically adequate surgical treatment to these patients.

AIM

To compare the oncological radicality of surgery for colon cancer between urgent
and elective cases.

METHODS

One-hundred and eighty-nine consecutive patients with non-metastatic colon
adenocarcinoma were studied over two years in a single institution, who
underwent surgical resection as the first therapeutic approach, with 123 elective
and 66 urgent cases. The assessment of oncological radicality was performed by
analyzing the extension of the longitudinal margins of resection, the number of
resected lymph nodes, and the percentage of surgeries with 12 or more resected
lymph nodes. Other clinicopathological variables were compared between the
two groups in terms of sex, age, tumor location, type of urgency, surgical access,
staging, compromised lymph nodes rate, differentiation grade, angiolymphatic
and perineural invasion, and early mortality.

RESULTS

There was no difference between the elective and urgency group concerning the
longitudinal margin of resection (average of 6.1 in elective vs 7.3 cm in urgency, P
= (0.144), number of resected lymph nodes (average of 17.7 in elective vs 16.6 in
urgency, P = 0.355) and percentage of surgeries with 12 or more resected lymph
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nodes (75.6% in elective vs 77.3% in urgency, P = 0.798). It was observed that the percentage of
patients aged 80 and over was higher in the urgency group (13.0% in elective vs 25.8% in urgency,
P =0.028), and the early mortality was 4.9% in elective vs 15.2% in urgency (P = 0.016, OR: 3.48,
95%CI: 1.21-10.06). Tumor location (P = 0.004), surgery performed (P = 0.016) and surgical access (
P < 0.001) were also different between the two groups. There was no difference in other
clinicopathological variables studied.

CONCLUSION
Oncological radicality of colon cancer surgery may be achieved in both emergency and elective
procedures.

Key Words: Colorectal cancer; Intestinal obstruction; Intestinal perforation; Surgical oncology; Lymph node
excision

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The oncological radicality was compared between patients undergoing elective and urgent
surgery for colon cancer. A total of 189 patients with nonmetastatic colorectal cancer who underwent
surgical resection as the first therapeutic approach were included over two years in a single institution. The
analysis of the oncological principles of the surgery, including the longitudinal margins of resection and
the number of resected lymph nodes, revealed no statistical difference between elective and urgent
surgeries. Therefore, the oncological principles of colorectal surgery should be followed in urgency as
well as in elective cases.

Citation: Yoshida BY, Araujo RLC, Farah JFM, Goldenberg A. Is it possible to adopt the same oncological
approach in urgent surgery for colon cancer? World J Clin Oncol 2022; 13(11): 896-906

URL: https://www.wjgnet.com/2218-4333/full/v13/i11/896.htm

DOI: https://dx.doi.org/10.5306/wjco.v13.i111.896

INTRODUCTION

Colorectal cancer (CRC) is a leading cause of cancer worldwide, representing 1 148 515 new cases a year
[1]. Although many signs of progress in early detection and systemic treatment have been achieved,
surgical resection remains the only curative-intent treatment for localized colon cancer[2]. Therefore, the
basic principles of surgery should be oncologically adequate[3]. Considering the inherent difficulty of
urgent cases, mostly presenting with obstruction or bleeding, and surgical morbidity, the achievement
of good oncological outcomes seems to be challenging. Thus, this study aimed to compare oncological
radicality and surgical outcomes between patients who underwent colectomy for colon cancer in urgent
or elective procedures.

MATERIALS AND METHODS

One hundred and eighty-nine consecutive patients with non-metastatic colon adenocarcinoma who
underwent surgery with curative intent as the first therapeutic approach were selected, with or without
colostomy, operated using urgent (66) or elective (123) procedures, from May 2016 to April 2018. All
cases were operated at the General and Oncological Surgery Service of Hospital do Servidor Publico
Estadual de Sao Paulo (HSPE/SP), Brazil. The project was approved by the Universidade Federal de Sao
Paulo Ethics Committee (CEP/UNIFESP: 0498/2019; approval decision: 3460953). The selected patients
were divided into two groups: Urgency and Elective. Those admitted to the Emergency Room with a
locoregional complication of colon cancer, whether obstruction or perforation, requiring a prompt
surgical approach, were classified as “Urgency”. In this study, no patient required urgent surgery for
incoercible bleeding. Conversely, those who, despite the admission to the hospital via the Emergency
Room, had their initial emergency controlled, making it possible to perform complete staging,
preoperative examinations and assessments, and colon preparation according to the institution's
routine, were classified as Electives, along with the cases scheduled on an outpatient basis. This study
excluded patients with rectal cancer, metastatic disease, diagnosed before or during surgery, those who
underwent other therapeutic interventions before surgical resection (colonic prosthesis, derivative
surgery, neoadjuvant), histological types other than adenocarcinoma, as well as patients with
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insufficient medical record data. Clinicopathological variables were selected to compare the “elective”
and “urgency” groups. Histopathological analysis was performed by the Pathology Service of Hospital
do Servidor Publico Estadual, and no slide review was necessary to carry out in this study. All variables
were collected by the chief researcher, retrospectively, through reviewing electronic medical records.
The clinicopathological variables evaluated were longitudinal margin (cm), number of resected lymph
nodes, percentage of surgeries with 12 or more resected lymph nodes, sex, age (years), tumor location,
surgery performed, type of urgency, access route used, staging according to the AJCC UICC 8% edition
(2017), rate of compromised lymph nodes, degree of differentiation, angiolymphatic and perineural
invasion, and early mortality (up to 30 days). The oncological radicality for colectomies was assessed by
the minimal longitudinal margin of resection of 5 cm and the harvesting of at least 12 lymph nodes
(representing proximal ligature of colic vessels). Inferential analysis was performed using the R
program version 3.5.2 R Core Team (2016). Pearson's Chi-square test or Fisher's exact test was applied
when comparing groups for categorical variables. For numerical variables, the ¢ test or Mann-Whitney
test was applied in independent samples, and the Shapiro-Wilk test was used to determine the
normality of numerical variables. In all conclusions obtained through inferential analyzes, an alpha
significance level of 5% (P < 0.05) was used.

RESULTS

Of the 189 patients, 66 (34.9%) were in the urgency group and 123 in the elective group (65.1%). There
was no difference between the two groups in terms of distribution by sex (P = 0.632). Higher mean age
was observed in the urgency group (71.8 years) vs 68.1 years in the elective group, P = 0.031), with 25.8%
of patients aged 80 years or older in the urgency group, against 130% in the elective group (P = 0.028).
Regarding the type of urgency that led to surgery in the emergency room, 47 (71.2%) were due to
obstruction and 19 (28.8%) to perforation, with no patient being operated on for bleeding. These general
characteristics are summarized in Table 1. Urgency group had a higher early mortality (up to 30 d) than
the elective group (15.2% vs 4.9%, P = 0.016, OR: 3.48, 95%CI: 1.21-10.06) and there was no difference in
the interval for starting systemic chemotherapy when indicated (average of 75.2 vs 71.8 d, P = 0.535).
There was a difference between the two groups directly related to the location of the tumor (Table 2). In
both groups, there was a predominance of location in the sigmoid, followed by the ascending colon. The
surgical access also differed between the two groups, with a higher frequency of surgeries performed by
laparoscopy in the elective group (43.1%) vs 0% in urgency group (P < 0.001).

Pathological characteristics are summarized in Table 3. It was observed that there was no statistical
difference between the groups concerning the T and N classification, staging, degree of differentiation,
and presence of angiolymphatic and perineural invasion. It was noted that, in both groups, more than
80% of patients had advanced stages (II or III). The rate of compromised lymph nodes was also found to
be similar between the two groups (8.1% vs 7.9%, P = 0.785). Regarding the variables referring to the
oncological principles for colon cancer surgery, there was also no statistically significant difference in
the urgency group when compared to the elective group (Table 4). The stratified analysis by the location
of the tumor is summarized in Table 5. Tumors located in the cecum, ascending colon, and transversus
(3 cases) were considered to be in the right colon; and those located at the splenic, descending colon,
sigmoid, and transversus (2 cases) as in the left colon. Four cases of transverse tumors (2 in the elective
group and 2 in the urgency group) were excluded from this stratification as they underwent transver-
sectomy, and it was not able to assign them to the right or left colon. There was a difference in the
longitudinal margin in the analysis of the left colon (4.8 in the elective vs 7.6 cm in urgency, P = 0.003),
with all other variables being similar between the groups. Early mortality was analyzed (up to 30 d) in
patients who underwent emergency surgery. It was observed that the mean age was significantly higher
in patients who died (84.0 vs 69.6 years, P < 0.001, 95%ClI: 7.2-21.6). Of the 10 patients who died, 8
(80.0%) were 80 years old or older, in contrast to the 56 patients who survived, in which only 9 (16.1%)
were in this age group (P < 0.001). There was no statistically significant difference regarding early
mortality between the two groups, as shown in Table 6.

DISCUSSION

One of the criteria for achieving oncological radicality involves the extension of the longitudinal margin
of the colon, which must be 5 cm to 7 cm[4,5]. Regarding the radial margin, block resection of adjacent
structures should be performed in case of direct invasion, given their tumoral involvement by
contiguity[2,6]. Another oncological preconized principle is the complete resection of the main vascular
pedicles with the corresponding lymphadenectomy[7]. The number of resected lymph nodes directly
influences the prognosis of the patient with colon cancer[8,9], considering that at least 12 lymph nodes
must be resected and evaluated for lymphadenectomy to be oncologically adequate[3]. A situation
inherent to colon cancer is the presence of possible locoregional complications that lead to the need for
urgent surgery[10], which can occur in up to 30% of cases[11]. Intestinal obstruction is the most common
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Elective Urgency P value
Total 123 (65.1%) 66 (34.9%)
Sex 0.632°
Male 51 (41.5%) 25 (37.9%)
Female 72 (58.5% 41 (62.1%)
Age (yr)
mean + SD 68.1+11.1 71.8£11.5 0.031°
<80 107 (87.0%) 49 (74.2%) 0.028"
>80 16 (13.0%) 17 (25.8%)
Type of urgency
Obstruction 47 (71.2%)
Perforation 19 (28.8%)

?Qui-square of Pearson test.

bt test for independent samples.

Table 2 Clinical and surgical characteristics

Elective Urgency Pvalue OR and 95%Cl
Location 0.004°
Cecum/ Ascendent 44 (35.8%) 18 (27.3%)
Transverse 4(3.3%) 5(7.6%)
Splenic Angle 0 4(6.1%)
Descendent 6(4.9%) 9 (13.6%)
Sigmoid 69 (56.1%) 30 (45.5%)
Surgeryl 0.016°
Right colectomy 45 (36.6%) 20 (30.3%)
Transversectomy 2 (1.6%) 2 (3.0%)
Left colectomy 6(4.9%) 11 (16.7%)
Retosigmoidectomy 66 (53.7%) 27 (40.9%)
Total colectomy 4 (3.3%) 6(9.1%)
Surgical access <0.001"
Open 70 (56.9%) 66 (100%)
Videolaparoscopy 53 (43.1%) 0
Early mortality 6 (4.9%) 10 (15.2%) 0.016" OR: 3.48, 95%CI: 1.21-10.06

1With or without enterostomy.

?Qui-square of Pearson’s test.

bt test for independent samples.

“Exact Fisher’s test.

4Mean and standard deviation.

JBaishideng®

locoregional complication, followed by intestinal perforation[12]. Incoercible bleeding is a less frequent
cause of urgent indication for colon cancer because, in most cases, bleeding stops or reduces, either
spontaneously or through endoscopic or hemodynamic therapies, allowing the elective surgery to be
performed[13,14]. In the face of an emergency, whether perforation or obstruction, surgical resection
should be proposed as the first therapeutic approach, provided that patients are in clinical conditions
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Table 3 Pathological characteristics of the tumors

Elective Urgency P value
T 0.278°
Tis 2 (1.6%) 0
T1 6 (4.9%) 0
T2 16 (13.0%) 6(9.1%)
T3 88 (71.5%) 54 (81.8%)
T4 11 (8.9%) 6(9.1%)
N 0.943"
NO 76 (61.8%) 42 (63.6%)
N1 32 (26.0%) 17 (25.8%)
N2 15 (12.2%) 7 (10.6%)
Staging 0.199°
0 2 (1.6%) 0
I 20 (16.3%) 5(7.6%)
I 54 (43.9%) 37 (56.1%)
111 47 (38.2%) 24 (36.4%)
Differentiation grade 0.938°
Well 7 (6.0%) 3 (5.0%)
Moderate 101 (87.1%) 52 (86.7%)
Poor 8 (6.9%) 5(8.3%)
Compromised lymph nodes rated 8.1% +16.7 7.9% £17.1 0.785°
Angiolymphatic invasion 44 (36.4%) 21 (31.8%) 0.533°
Perineural invasion 19 (16.4%) 7 (11.1%) 0.339"
ALI + PNI 16 (13.0%) 5(7.6%) 0.257¢

?Qui-square of Pearson’s test.
bt test for independent samples.
°Exact Fisher’s test.

4Mean and SD.

“Mann Whitney test.

ALL Angiolymphatic invasion; PNI: Perineural invasion.

Jaishideng®

for this purpose[15,16].

In emergency surgeries, however, it is observed that the oncological principles described above
cannot always be contemplated, considering that locoregional complications can lead to abdominal
sepsis, and patients may be complicated with pre-existing underlying diseases[17]. Thus, the surgeon
must choose a less aggressive procedure to save the patient's life, avoiding any complications associated
with more extensive surgeries[18]. In contrast, it is known that, despite the urgency, many patients are
still able to undergo surgery with all the necessary oncological radical approaches.[19] As it is a frequent
situation in the natural history of colon cancer, it is essential to be concerned regarding the oncological
principles also in urgent surgeries. Teixeira et al[19] and Enciu et al[20] showed that it was possible to
follow the oncological principles for colon cancer surgery even in emergency cases. In both studies there
was no control group and, therefore, did not allow inferential analyzes to be carried out related to
elective cases. Weixler et al[21] studied clinical and pathological data of patients with colorectal cancer
who underwent emergency surgery, and included elective patients as a control group. In their study, ,
747 patients were selected over 24 years, with 663 (88.8%) elective and 84 (11.2%) urgent cases. The
percentage of patients who underwent emergency surgery was lower than that reported in other studies
(about 30%), and the period of capturing patients was longer than most studies in this field[12,19,20].
The study showed that there was a statistically significant difference in relation to the percentage of
surgeries with 12 or more resected lymph nodes (P = 0.016) and the presence of compromised margins (
P =0.014), showing a difference in the pattern of elective and urgent surgery. Despite these differences,

WJCO | https://www.wjgnet.com 900 November 24,2022 | Volume13 | Issuell |



Yoshida BY et al. Urgent vs elective surgery for CRC

Table 4 Variables referring to oncological principles for colon cancer surgery

Elective Urgency P value
Longitudinal margin (cm) 0.144°
mean + SD 6.1+47 73+5.6
Median 5.0 6.5
QleQ3 3.0e8.0 3.1e10.0
Number of resected lymph nodes 0.355"
mean + SD 17.7+8.7 16.6 +8.3
Median 16.0 14.0
QleQ3 12.0e22.0 12.0e20.0
212 resected lymph nodes 93 (75.6%) 51 (77.3%) 0.798"

Mann Whitney test.
Qui-square of Pearson’s test.
Q1: Quartil 1; Q3: Quartil 3.

Table 5 Variables referring to oncological principles for colon cancer surgery according to tumor location

Right Left

Elective Urgency Pvalue Elective Urgency P value
Total 45 (69.2%) 20 (30.8%) 76 (63.3%) 44 (36.7%)
Longitudinal margin (cm)" 7.0 (5.0 - 10.0) 6.5 (2.8-10.3) 0.270° 4.0 (2.0-59) 6.5 (4.0-9.3) 0.002°
Number of resected lymph nodes’ 19.0 (13.0 - 23.0) 19.5 (13.0 - 26.3) 0.446° 15.0 (11.0-19.3) 13.0 (11.0 - 17.3) 0.223°
212 resected lymph nodes 35 (77.8%) 19 (95.0%) 0.151° 56 (73.7%) 31 (70.5%) 0.832°

1p25 - p75.

*Mann Whitney test.

Exact Fisher's test.
‘Qui-square of Pearson’s test.

the study demonstrated that the overall and disease-free survivals were not affected by emergency
surgery[21].

Data available in the literature, therefore, are not able to show whether the emergency surgery for
colon cancer is being performed with the same technical standard as the elective ones. The strength of
the present study is based on the collected data from emergency and elective patients, in the same
period of over two years in a single institution, which allowed the homogenization of the group of
surgeons and pathologists. Elective patients constituted the ideal control group for the analysis of
oncological radicality in the emergency surgery, which is the object of this investigation. In the hospital
where the study was carried out, the same service is offered for elective and emergency oncological
surgeries. Thus, in both situations, surgeons are duly qualified for coloncancer surgeries, ensuring the
technical standard approach. It is known that the surgeon's experience and the volume of surgery at the
institution have an impact on the short- and long-term prognosis of patients with colon cancer[22].
Although some patients underwent therapeutic interventions before surgical resection, such as colonic
prosthesis or derivative surgery, they represented a small number of patients and there was a difficulty
in allocating them between the elective and urgency groups. Thus, they were excluded from this study
population. In the two main variables of the study, longitudinal margin and the number of resected
lymph nodes, there was no statistically significant difference between the two groups. Thus, it was
observed that, even in an emergency, it is feasible to perform an oncologically adequate surgery. Also,
the percentage of surgeries with 12 or more resected lymph nodes was also similar between the groups,
showing the same technical pattern of oncological radicality in urgency and elective approaches. The
percentage values observed in this study are compatible with previous literature data[19,20]. The
analysis of demographic characteristics revealed a statistically significant difference related to age. It
was observed that urgency patients were older than elective ones. This data can be explained by the fact
that elderly patients receive fewer screening tests for colon cancer, which increases the chance of
presenting with symptomatic or complicated lesions. In addition, this hypothesis confirmation is not
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Table 6 Analysis of early mortality (up to 30 d) after urgent surgery for colon cancer

Early mortality Survivals Pvalue OR and 95%Cl

Total 10 (15.2%) 56 (84.8%)
Sex 0.076"
Male 1 (10.0%) 24 (42.9%)
Female 9 (90.0%) 32 (57.1%)
Age (yr)
mean and SD 84.0+87 69.6 £10.7 <0.001° 95%ClI: 7.2-21.6
<80 2 (20.0%) 47 (83.9%) <0.001°
>80 8 (80.0%) 9(16.1%) OR: 20.89, 95%CI: 3.79-115.00
Type of urgency 0.156"
Obstruction 5 (50.0%) 41 (73.2%)
Perforation 5(50.0%) 15 (26.8%)
Location 0.245"
Cecum/ Ascendent 2(20.0%) 16 (28.6%)
Transverse 2(20.0%) 3 (5.4%)
Splenic Angle 1 (10.0%) 3 (5.4%)
Descendent 0 9 (16.1%)
Sigmoid 5(50.0%) 25 (44.6%)
Surgery 0.059"
Right colectomy 2 (20.0%) 18 (32.1%)
Transversectomy 2(20.0%) 0
Left colectomy 1 (10.0%) 10 (17.9%)
Retosigmoidectomy 5 (50.0%) 22 (39.3%)
Total colectomy 0 6 (10.7%)
T 0.407¢
T2 1 (10.0%) 5 (8.9%)
T3 7 (70.0%) 47 (83.9%)
T4 2(20.0%) 4.(7.4%)
N 0.100"
NO 9 (90.0%) 33 (58.9%)
N1 0 17 (30.4%)
N2 1 (10.0%) 6 (10.7%)
Staging 0.118"
I 1 (10.0%) 4(7.1%)
II 8 (80.0%) 29 (51.8%)
111 1 (10.0%) 23 (41.1%)
Differentiation grade >0.999°
Well 0 3 (5.4%)
Moderate 9 (90.0%) 43 (76.8%)
Poor 1 (10.0%) 4(7.1%)
Compromised lymph nodes rate 5.0% +15.8 8.4% +17.4 0.147°
Angiolymphatic invasion 2 (20.0%) 19 (33.9%) 0.483"

WJCO | https://www.wjgnet.com 902 November 24,2022 | Volume13 | Issuell |

JBaishideng®



Yoshida BY et al. Urgent vs elective surgery for CRC

Perineural invasion 1 (10.0%) 6 (10.7%) >0.999"
ALI + PNI 1 (10.0%) 4(7.1%) 0.573"
Margin (cm)1 5.3 (1.6-8.5) 7.0 (3.9-10.0) 0.400°
Number of resected lymph nodes1 12.5 (11.3-17.5) 14.0 (12.0-20.3) 0.306°
212 resected lymph nodes 7 (70.0%) 44 (78.6%) 0.683"

1p25-p75.
%Exact Fisher's test.

bt test for independent samples.

‘Mann Whitney test.

Q1: Quartil 1, Q3: Quartil 3.

Jaishideng®

within the scope of this study. As for the type of urgency, it was observed that the prevalence of
perforation (28.8%) was slightly higher than that reported in most of the literature, which is around 20%
[11,12], yet similar distributions have also been demonstrated[23].

The early mortality rate was found about three times higher in urgency than in elective (15.2% vs
4.9%) cases. Morris et al[24] conducted an extensive population study in England, involving 160 920
individuals undergoing surgical resection for colorectal cancer, and also found a difference in early
mortality with a similar proportion (14.9% vs 5.8%). Other studies have reported early emergency
mortality rates ranging from 8.3%-34.0%, that is, it can be said that the mortality observed in this study
is within the expected range according to previous literature data[19-22]. In the present study, when
analyzing the clinicopathological characteristics between emergency patients who died and those who
survived, a statistically significant difference was observed in relation to age. The percentage of the
elderly was highest among those who died, of whom 80% were aged 80 years or over. Different from
reports in the literature[25], there was no difference in pathological characteristics between those who
died and survived, revealing those factors intrinsic to the patient would be more important than tumor
staging for the outcome of early mortality. There was a statistically significant difference related to the
resection approach employed, and it was observed that 43.1% of the elective surgeries were performed
by laparoscopy, while all urgent surgeries were opened. The laparoscopic approaches in the urgency
group were less expected based on their indissociable indications for urgency procedures (70.2% of
bowel obstruction, and 28.8% of bowel perforation), and in older patients, possibly with more
comorbidities. Nevertheless, the results suggest that even for patients in these unfavorable scenarios,
patients of the urgency group obtained similar oncological outcomes concerning margin and node
status to patients who underwent elective procedures. Laparoscopy was offered in the elective group, as
much as possible, based on the current evidence in the literature that supports the oncological safety of
minimally invasive colorectal surgery[26-28]. Thus, all patients regardless of their surgical approaches
were used, in order not to exclude a certain group of patients or surgeons based on their practice. Ghazi
et al[25] demonstrated the presence of more advanced tumors in the emergency room, with a higher rate
of more advanced staging, greater angiolymphatic and perineural invasion, and a higher rate of
compromised lymph nodes. However, our study did not reveal any significant difference between the
elective and urgency groups in terms of staging, degree of differentiation, angiolymphatic invasion,
perineural invasion and compromised lymph node rate. It is noteworthy that the present study revealed
a low rate of early stages even in the elective group, which may be one of the reasons for not having
observed this difference. Regarding the location of the tumor, some studies show a worse prognosis in
the right colon compared to the left colon[29]. Furthermore, the extent of lymphadenectomy for colon
cancer is still an object of study in the literature[30], most of which refer to the right colon, where there is
a greater difficulty in standardizing the lymphadenectomy[9]. As there was a statistically significant
difference between groups in terms of the location of the tumor in this study, this could bias the results
regarding the oncological principles of surgery. However, in the analysis stratified by location, it was
observed that, on the right, there was no difference between groups in relation to longitudinal margins,
number of lymph nodes resected, or percentage of surgeries with 12 or more lymph nodes resected. On
the left, lymphadenectomy was also similar between the groups, but there was a difference concerning
the longitudinal margins, being lower in the elective group. The assessment of possible causes for this
difference is out of the scope of this study.

Like any retrospective study, this study has limitations regarding the impact of inferential analyzes.
In terms of long-term survival analyses, the study's limitations are associated with the immeasurable
biases as seen in all retrospective studies, particularly those addressing oncologic outcomes. Selection
bias based on several nonobjective criteria could have contributed to some of the differences between
the two study groups. Because detailed data on systemic treatment, radiotherapy, or their toxicity were
not reasonably available to analyze, they were not addressed in this study. However, for the invest-
igation of oncological approach in urgency compared to elective surgeries, this is a useful and
applicable model. The allocation to the elective or emergency group takes into account the patient's
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clinical presentation, but not possible via any type of randomization. In 30-d mortality, our sample
presented a small number of deceased patients to perform an adequate multivariate analysis. Thus, only
univariate analysis was presented, and confounding bias cannot be excluded. In summary, we do
believe that this study provides subsidies to recommend the oncologically adequate surgery to be
performed even in an emergency for most patients. However, it also suggests that a more specific
assessment of patients aged over 80 years is appropriate, especially due to the observed mortality. It
should be noted that this conduct should be reserved for surgeons with experience in oncology surgery
for colon cancer, as well as institutions with a high volume of this disease, as occurred in this study.

CONCLUSION

It is possible to achieve the oncological radicality of colon cancer surgery in both emergency and elective
procedures.

ARTICLE HIGHLIGHTS

Research background

Locoregional complications of colon cancer may occur in up to 30% of patients. Many of these patients
will need a surgical resection in an urgent scenario. Because of the patient's clinical deterioration, the
oncological principles of surgery may be jeopardized.

Research motivation

We intended to determine whether the same oncological principles and surgical outcomes can be
achieved in both urgent and elective colon cancer surgery.

Research objectives
This study aims to compare the oncological radicality of urgent surgery for colon cancer in comparison
to elective cases.

Research methods

A total of 189 consecutive patients with colon cancer who underwent surgical resection as the first
therapeutic approach were selected over two years in a single institution. The institution where the
study was performed has a high volume of colorectal cancer patients (over 100 cases per year) and there
are experienced surgeons in both elective and urgent situations. Patients were assigned to two groups:
elective (123) and urgency (66). Clinicopathological variables were analyzed and compared
retrospectively, including the longitudinal margin of resection and the number of harvested lymph
nodes, between the two groups.

Research results

There was no significant difference between the two groups concerning the longitudinal margins of
resection and the number of resected lymph nodes. A higher percentage of patients aged 80 and over
was observed in the urgency group (25.8% vs. 13.0% in elective group, P = 0.028). Early mortality was
higher in the urgency group (15.2% vs 4.9%), as expected according to previous studies.

Research conclusions
The oncological principles of colon cancer surgery can be adopted in urgency as well as in elective cases.

Research perspectives

Further studies are necessary to elucidate which patients should undergo classical oncological resection
in urgency, especially in patients aged 80 and over, due to the higher early mortality in urgent
approaches for this population. Intermediate interventions in urgent cases, such as derivative surgery or
colonic prosthesis, require further studies as an alternative approach in high-risk patients.
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Abstract

BACKGROUND
Epidemiological studies of chronic pancreatitis (CP) and its association with
pancreatic ductal adenocarcinoma (PDAC) are limited. Understanding demo-

graphic and ethno-racial factors may help identify patients at the highest risk for
CP and PDAC.

AIM
To evaluate the ethno-racial risk factors for CP and its association with PDAC.

The secondary aim was to evaluate hospitalization outcomes in patients admitted
with CP and PDAC.

METHODS

This retrospective cohort study used the 2016 and 2017 National Inpatient Sample
databases. Patients included in the study had ICD-10 codes for CP and PDAC.
The ethnic, socioeconomic, and racial backgrounds of patients with CP and PDAC
were analyzed.

RESULTS

Hospital admissions for CP was 29 per 100000, and 2890 (0.78%) had PDAC.
Blacks [adjusted odds ratio (aOR) 1.13], men (aOR 1.35), age 40 to 59 (aOR 2.60),
and being overweight (aOR 1.34) were significantly associated with CP (all with P
< 0.01). In patients with CP, Whites (aOR 1.23), higher income, older age (aOR
1.05), and being overweight (aOR 2.40) were all significantly associated with
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PDAC (all with P < 0.01). Men (aOR 1.81) and Asians (aOR 15.19) had significantly increased
mortality (P < 0.05). Hispanics had significantly increased hospital length of stay (aOR 5.24) (P <
0.05).

CONCLUSION

Based on this large, nationwide analysis, black men between 40-59 years old and overweight are at
significantly increased risk for admission with CP. White men older than 40 years old and
overweight with higher income were found to have significant associations with CP and PDAC.
This discrepancy may reflect underlying differences in healthcare access and utilization among
different socioeconomic and ethno-racial groups.

Key Words: Chronic pancreatitis; Pancreatic cancer; Ethno-racial; Risk factors; Hospitalization outcomes;
Adult

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: What is known chronic pancreatitis (CP) and pancreatic ductal adenocarcinoma (PDAC) rates
are rising. Pancreatitis admissions costed 133 million dollars, and accounted for the 3™ leading cause of
hospital admissions. There is lack of data identifying those at highest risk for admissions with CP and
PDAC. What we found Black men between 40-59 years old and overweight are at significantly increased
risk for admission with CP. White men with higher income were found to have significantly increased risk
for admissions with CP and PDAC. Asians/Pacific Islanders had the highest risk for mortality from CP
and PDAC.

Citation: Lew D, Kamal F, Phan K, Randhawa K, Cornwell S, Bangolo Al, Weissman S, Pandol SJ. Epidemiologic
risk factors for patients admitted with chronic pancreatitis and pancreatic ductal adenocarcinoma in the United
States. World J Clin Oncol 2022; 13(11): 907-917

URL: https://www.wjgnet.com/2218-4333/full/v13/i11/907 htm

DOI: https://dx.doi.org/10.5306/wjco.v13.i111.907

INTRODUCTION

The overall incidence of chronic pancreatitis (CP) is increasing worldwide, and accounts for significant
healthcare utilization and costs. In the United States, CP hospital admissions costed 133 million dollars,
and pancreatitis accounted for the 3™ leading cause of hospital admissions among gastrointestinal
diseases in 2015[1]. The most common reason for CP-related admission is abdominal pain, but other
complications can develop including pancreatic ductal adenocarcinoma (PDAC). PDAC is currently the
fourth leading cause of cancer-related deaths in the United States and is projected to become the second
leading cause by 2030[2]. CP is the major risk factor for developing PDAC[3-5].

There have been few epidemiological studies available for CP[6-14], and fewer studies for CP and
PDAC][3,15-18]. Ethnic and socioeconomic factors including insurance status, median income, type and
hospital factors are lacking.

Herein, we utilize hospital discharges from a large nationwide database to examine the demographic,
ethno-racial, socioeconomic, and hospital factors associated with hospitalizations for CP and its
association with PDAC. We also sought to determine the association between ethnicity/race on hospit-
alization outcomes in patients admitted with CP and PDAC.

MATERIALS AND METHODS

Data source

This retrospective cohort study utilized the 2016 and 2017 National Inpatient Sample (NIS) databases.
The NIS is a database of inpatient stays derived from billing data based upon discharge abstracts. As
such, it contains de-identified clinical and nonclinical elements at both the patient and hospital level.
The NIS 2016 database contains data from 7.1 million hospital stays in 4575 hospitals in 47 states, while
the 2017 database contains data from 7.1 million hospital stays in 4584 hospitals in 48 states. Using the
combination of the NIS 2016 and 2017 databases allowed for inclusion of a greater total number of
cases/ patients.
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Study population
Patients included in the study carried a primary diagnosis of CP based on ICD-10 codes (K86.0, K86.1,
K90.3). The demographics and ethnic/racial profiles of those with CP were compared to the general
population and examined for any associations. Subsequently, all patients with CP were then evaluated
for PDAC based on ICD-10 diagnostic codes C25.0-C25.9. The demographic and ethnic/racial profiles of
those with only CP were compared to the ethnic/racial profiles of those who also had PDAC and were
examined for any associations. Finally, we analyzed the associations between ethnicity/race and hospit-
alization outcomes in patients admitted for PDAC.

Inclusion and exclusion criteria are shown in Figure 1. Institutional Review Board approval was not
required for this study as it was performed using de-identified and nationally available data.

Census data
The estimated national population during 2016-2017 was obtained from the United States Census
Bureau (www.census.gov).

Study variables

Patient demographics included age, gender, race, median household income, primary expected payer,
hospital bed size, hospital teaching status, hospital region, and urban location. Burden of comorbidities
was assessed using the Charlson comorbidity index.

Study outcomes

The primary outcomes were the ethno-racial factors associated with CP hospital admissions as
compared to the general population and the ethno-racial factors associated between CP and PDAC.
Secondary outcomes were the associations between ethnicity/race and hospitalization outcomes
(mortality, hospital length of stay (LOS), expenses), in patients admitted with CP and PDAC.

Statistical analysis

Statistical analyses were performed using STATA, version 16.0 (StataCorp., College Station, Texas,
United States). Weighting of patient-level observations was implemented. Univariate analysis was
initially performed to calculate unadjusted odds ratio and determine confounders significantly
associated with the outcomes. Multivariate regression analysis was used to adjust for potential
confounders. Multivariate regression model was then built by including all confounders that were
found to be significant by univariate analysis, to calculate an adjusted odds ratio (aOR). Logistic
regression was used for binary outcomes and linear regression was used for continuous outcomes.
Proportions were compared using Fisher’s exact test, and continuous variables were compared using
Student’s t-test. All P-values were two-sided, with 0.05 as the threshold for statistical significance.
Calculated rates of hospital admissions per 100000 population was performed using the United States
Census Bureau national population estimates.

RESULTS

CP cohort

In our sample (NIS 2016-2017) of 14.2 million admissions, 371275 (2.6%) adult patients were found to
have a diagnosis of CP. The mean age was 57.72 years, and most patients were white (64.82%) men
(55.76%). Medicare was the primary payer insurance (40.2%). The majority of admissions were in
teaching hospitals (69.54%). Additional patient and hospital characteristics are presented in Table 1.
Overall hospitalization rate for 2016 and 2017 was 29 per 100000 (95%ClI: 57.9-58.2).

On multivariate regressions analysis, men (aOR 1.35), Blacks (aOR 1.13), age between 40 and 59 years
old (aOR 2.60), and body mass index (BMI) between 25 and 29.9 (aOR 1.34) were at higher risk of
developing CP as compared to the general population (P < 0.01). On the contrary, women (aOR 0.65),
Hispanics (aOR 0.63) or Asian/Pacific Islanders (aOR 0.50) and those above 80 years old (aOR 0.46) had
a significantly decreased likelihood of having CP as compared to the general population (all with P <
0.01) (Table 2).

PDAC and CP cohort
Of the 371275 adult patients admitted with a primary diagnosis of CP, 2890 (0.78%) also had PDAC.
Patients with PDAC and CP were significantly older (P < 0.05), White (P < 0.01), had Medicare as the
primary insurance (P < 0.01), were from a higher income population (P < 0.01), were admitted to
teaching hospitals (P < 0.01), and had a higher burden of comorbidities (P < 0.01) (Table 3). Overall
hospitalization rate for 2016 and 2017 was 0.45 per 100000 (95%CI: 0.44-0.47).

On multivariate regressions analysis, older age (greater than 40 years old) (aOR 1.05), and BMI
between 25 and 29.9 (aOR 2.40) had a higher risk of developing PDAC in patients with CP (all with P <
0.01). On the contrary, women (aOR 0.77), Blacks (aOR 0.77) and Hispanics (aOR 0.66) were associated
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Table 1 Demographics, ethno-racial, socioeconomic, and hospital factors for patients hospitalized with chronic pancreatitis

Variable n=371275
Race

White 64.82%
Black 22.35%
Hispanic 8.4%
Asian or Pacific Islander 1.31%
Native American 0.87%
Other 2.25%
Gender

Women 44.24%
Men 55.76%
Age

Mean age, years 52.72
Age 18-39 yr 21.63%
Age 40-59 yr 49.84%
Age 60-79 yr 24.26%
Age >80 yr 4.28%

Insurance provider

Medicare 40.2%
Medicaid 30.28%
Private 22.53%
Uninsured 6.99%

Charlson comorbidity index

0 24.09%
1 25.97%
2 17.37%
3 or more 32.58%

Median income in patient zip code

$1-$38999 36.17%
$39000-$47999 26.11%
$48000-$62999 21.78%
$63000 15.94%

Hospital region

Northwest 17.54%
Midwest 24.63%
South 40.23%
West 17.6%

Hospital location

Rural 8.29%
Urban 91.71%
Hospital size

Small 19%
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Medium 28.34%
Large 52.65%
Type of hospital

Teaching 69.54%
Non-teaching 30.46%

Table 2 Multivariate regressions analysis for demographic, socioeconomic, and hospital factors associated with hospitalizations

secondary to chronic pancreatitis

Classification P value
Age aOR 0.98 <0.01
Age 18-39 yr Reference

Age 40-59 yr aOR 2.60 <0.01
Age 60-79 yr aOR 0.96 0.37
Age >80 yr aOR 0.46 <0.01
BMI: 18-24.9 Reference

BMI: 25-29.9 aOR 1.34 <0.01
BMI: 30-39.9 aOR 0.62 <0.01
Women aOR 0.65 <0.01
Whites Reference

Blacks 1.13 <0.01
Hispanics 0.63 <0.01
Asians/Pacific Islanders 0.50 <0.01
Native Americans 1.05 0.31
Other 0.67 <0.01

aOR: Adjusted odds ratio; BMI: Body mass index.

Total number of hospital discharges in 2016 and 2017:

71473874
Diagnosis other than chronic pancreatitis:
71098284
Index admissions for chronic pancreatitis:
375590
Excluded Age younger than 18 yr:

4315

Index admissions for chronic pancreatitis:
371275

DOI: 10.5306/wjco.v13.i11.907 Copyright ©The Author(s) 2022.

Figure 1 Flowchart for patient inclusion.

with a significantly decreased likelihood of PDAC in patients with CP (all with P < 0.01) (Table 4).

Hospitalization outcomes in PDAC and CP
Men (aOR 1.81) and Asians/Pacific Islanders (aOR 15.19) had the highest mortality among patients with
PDAC and CP (all with P < 0.05). Hispanics had the highest hospital LOS (aOR 5.24), charges (adjusted
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Table 3 Demographics, ethno-racial, socioeconomic, and hospital factors for patients hospitalized with chronic pancreatitis and

pancreatic ductal adenocarcinoma

Variable CP without PDAC (n = 368385) CP with PDAC (n = 2890) P value

Race <0.01

Whites 64.75% 74.22%

Blacks 22.4% 16.76%

Hispanics 8.43% 4.97%

Asians or Pacific Islanders 1.31% 1.29%

Native Americans 0.87% 0.37%

Other 2.25% 2.39%

Gender

Women 44.27% 40.31% 0.07

Men 55.73% 59.69%

Age

Mean age, years 52.61 66.32 <0.05

Age 18-39 yr 21.78% 19%

Age 40-59 yr 50.02% 26.99%

Age 60-79 yr 23.97% 60.03%

Age >80 yr 4.23% 11.07%

Insurance provider <0.01

Medicare 40.04% 60.64%

Medicaid 30.44% 10.73%

Private 22.5% 26.48%

Uninsured 7.03% 2.15%

Charlson comorbidity index <0.01

0 24.28% 0

1 26.17% 0

2 17.35% 19.38%

3 or more 32.2% 80.62%

Median income in patient zip code <0.01

$1-$38999 36.24% 28.22%

$39000-$47999 26.1% 26.81%

$48000-$62999 21.78% 21.34%

$63000 15.88% 23.63%

Hospital region 0.68

Northwest 17.53% 19.38%

Midwest 24.64% 23.53%

South 40.25% 38.24%

West 17.59% 18.86%

Hospital location <0.01

Rural 8.34% 1.56%

Urban 91.66% 98.44%

Hospital size <0.01
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Small 19.08% 8.65%

Medium 28.43% 16.78%

Large 52.48% 74.57%

Type of hospital

Teaching 69.41% 86.16% <0.01
Non-teaching 30.59% 13.84%

CP: Chronic pancreatitis; PDAC: Pancreatic ductal adenocarcinoma.

Table 4 Multivariate regressions analysis for demographic, socioeconomic, and hospital factors associated with hospitalizations in

patients with chronic pancreatitis and pancreatic ductal adenocarcinoma

Classification P value
Age aOR 1.05 <0.01
Age 18-39 yr Reference

Age 40-59 yr aOR 6.79 <0.01
Age 60-79 yr aOR 24.17 <0.01
Age >80 yr aOR 21.02 <0.01
BMI: 18-24.9 Reference

BMI: 25-29.9 aOR 2.40 <0.01
Female aOR 0.77 <0.01
White Reference

Black aOR 0.77 <0.05
Hispanic aOR 0.66 <0.05
Asian or Pacific Islander aOR 0.69 0.36
Native American aOR 0.68 0.60
Other aOR 0.97 0.94

aOR: Adjusted odds ratio; BMI: Body mass index.

coefficient $87285), and costs (adjusted coefficient $15212) amongst patients with PDAC and CP (all with
P < 0.05). Gender was not found to be a significant contributing factor for hospital expenses.

DISCUSSION

In this nationwide cohort study, we found black men who were overweight had a significantly
increased likelihood of being admitted with CP. These findings are consistent with previous studies,
most likely due to alcoholic CP, though our current study is not able to definitively elucidate the cause
of CP[14]. Our hospitalization rates for CP is much higher compared to the study by Yang et al[13],
which also used the NIS database from 1988-2004 and found an incident rate of 7.0-8.1 per 100000
population[13]. Similarly, population-based studies from Olmsted County, MN, United States found an
incident rate of 4.05 per 100000 population from 1997-2006 and Allegheny County, PA, United States
found incident rate of 7.75 per 100000 population[11,12]. Our findings of an increased incidence rate may
reflect recent trends in increased hospitalizations with pancreatitis being the 3* most common reason
for hospitalization in 2015 among gastrointestinal diseases[1]. This is likely due in part to increased use
of cross-sectional imaging for the evaluation of abdominal pain in adults[19]. Another possible
explanation is that our findings may be more of a reflection of prevalence rate rather than incidence rate.
In 2014, Lévy et al[20] summarized 11 studies and found a prevalence rate ranging up to 41.76 per 100000
population[20]. Additionally, patients with CP are reported to have good overall survival despite
complications with reported 10-year survival rate of 70%[17]. Taken together, our increased hospital-
ization rate is likely due to increased diagnosis of CP and longevity of patients with CP.
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Other novel demographic findings from our study include the findings that patients with CP-related
admissions had predominantly Medicare insurance and were from lower median income families.
Additionally, we found patients were more likely to be admitted to teaching hospitals in large urban
centers, predominantly in the Southern part of the United States. A potential reason for this finding may
correlate with the South having the highest prevalence of obesity at 30% and higher. Furthermore, non-
Hispanic Blacks were found to have the highest prevalence of obesity[21]. Our hope is that future
studies can use our findings to further evaluate the exact association of CP-related admissions in this
high-risk population in an effort to improve patient outcomes and decrease healthcare expenditures.
While our study is not able to elucidate the reason for admission, it is presumed that abdominal pain is
most likely the cause given extensive findings from previous studies[14,22]. Given that it is well
established that abdominal pain is chronic, persistent, and can lead to significant impairment in quality
of life including high rates of unemployment as well as recurrent hospitalizations and healthcare
expenditure, future research in this area is needed[23,24]. The findings from our study can be used in
future studies to target those patients at higher risk for CP-related hospitalizations to improve patient
outcomes and limit healthcare expenditures.

A potential complication of CP is the development of PDAC. In our study, we found that 0.78%
(approximately 0.39% /year) of patients with CP also carried a diagnosis of PDAC and that these
patients were predominantly White men who were overweight and of older age. Our findings are
similar to the 2014 Danish nationwide study by Bang et al[3], which found a 4.26% rate over a 15-year
period (approximately 0.28% /year) of PDAC in CP patients occurring predominantly in older men[3].
While there is moderate amount of literature for the ethno-racial factors for CP and PDAC separately,
there is limited data regarding ethno-racial factors specifically in patients with CP and PDAC. Bracci et
al[25] in 2009 found in a multicenter study that majority of patients with PDAC were White men who
were older, however, they did not provide demographic data specifically for PDAC in CP patients[25].
In a meta-analysis published in 2010 containing 22 studies, Raimondi et al[15] found a 13 fold increased
risk for PDAC in CP patients but did not evaluate the ethno-racial factors[15]. A more recent meta-
analysis published in 2017 by Kirkegard et al[4] also found an increased risk for PDAC in CP patients
but again did not evaluate the ethno-racial factors[4]. To our knowledge, our study is the first to
evaluate ethno-racial factors in patients with CP and PDAC. A major caveat to our findings is that we
cannot definitively evaluate PDAC development as a progression of CP. Thus, there could be cases
where PDAC occurred first and CP developed afterwards. However, current literature suggests the
overwhelming likelihood of this occurring is extremely low and may actually be misclassifications given
the similarities between the two diseases[4]. An interesting finding from our study was that we found
that Blacks had a higher risk for having CP, but this did not translate into having a higher association
with CP and PDAC. A potential explanation could be due to discrepancies in healthcare utilization
given that our data showed patients with CP and PDAC were significantly more likely to have higher
median incomes, lower rates of being uninsured, and high rates of being admitted to large urban
teaching hospitals when compared to CP patients alone. Racial disparities have been shown for PDAC
in blacks. Khawja et al[26] conducted an evidence-based review of PDAC in blacks and found
significantly worse outcomes compared to whites. A 2019 review also showed blacks had worse
outcomes, but also lower referral rates to see oncology or a surgeon and lower rates of surgical resection
and adjuvant chemoradiation[26,27]. Potential reasons for this discrepancy include suboptimal patient
communication, greater mistrust of the medical field, and unmeasured differences in
morbidity/functional status. Future studies should further evaluate the accuracy of this finding and to
evaluate the exact cause of this discrepancy if one exists. Another interesting finding from our study is
that we found Asians/Pacific Islanders had an aOR 15.19. This is in contrast to recent data from the
American Cancer Society, which showed Blacks had the highest risk of mortality at 15.0/100000
compared to 8.1/100000 with Asians/Pacific Islanders[2]. A possible explanation is that our study
evaluated patients with PDAC and CP rather than all PDAC patients, though it is beyond the scope of
this study as to why Asians/Pacific Islanders had the highest mortality. Finally, we found that
Hispanics had the highest LOS and hospital expenses. Future studies should further evaluate these
findings in an effort to identify reasons for increased mortality among Asians/Pacific Islanders and
increased LOS and hospital expenses among Hispanics, respectively, to improve patient outcomes and
decreased healthcare expenditures.

Limitations of this study include it being limited solely to inpatient encounters. Therefore, our study
may not represent a complete epidemiological study given its lack of outpatient encounters. As
mentioned previously, there are limitations associated with using the NIS database. We are not able to
identify individual patients and review each patients’ charts, thus we are not able to identify the reason
for CP-related admissions though current literature suggest most likely related to abdominal pain.
Additionally, we are not able to determine if patients with CP progressed to PDAC or if PDAC occurred
before CP, but again current literature suggests majority of patients develop PDAC after CP. Incidence
of PDAC in CP is related to etiology of CP. Risk is significantly higher in hereditary pancreatitis than
with alcohol related pancreatitis. As the etiology is not captured in the database it might introduce bias.
Duration of CP could not be found, as longer history associated with increased risk. Findings may be
applicable only to the population studied and cannot be generalized.

WJCO | https://www.wjgnet.com 914 November 24,2022 | Volume13 | Issuell |



Jaishideng®

Lew D et al. Ethno-racial risk factors for admission with CP and PDAC

CONCLUSION

In conclusion, based on this large, nationwide analysis, there is an increased trend in hospitalization
rates for CP, predominantly among black men between 40-59 years old who were overweight. In
patients with CP, white men older than 40 years old who were overweight with higher income had a
higher risk of PDAC. The observed disparity may be a consequence of the difference in healthcare
access among different ethnic groups.

ARTICLE HIGHLIGHTS

Research background

Chronic pancreatitis (CP) and pancreatic ductal adenocarcinoma (PDAC) rates are rising. Pancreatitis
admissions costed 133 million dollars, and accounted for the 3* leading cause of hospital admissions.
There is lack of data identifying those at highest risk for admissions with CP and PDAC.

Research motivation
The main motivation of this study was to establish racial risk factors and their associations with PDAC.

Research objectives
This study had the objective to examine the demographic, ethno-racial, socioeconomic, and hospital
factors associated with hospitalizations for CP and its association with PDAC.

Research methods

This retrospective study used the 2016 and 2017 National Inpatient Sample databases. ICD-10 codes
compatible with CP and PDAC were used in the study. The ethnic, socioeconomic, and racial
backgrounds of patients with CP and PDAC were analyzed.

Research results

Hospital admissions for CP was 29 per 100000, and 2890 (0.78%) had PDAC. Blacks [adjusted odds ratio
(@aOR) 1.13], men (aOR 1.35), age 40 to 59 (aOR 2.60), and being overweight (aOR 1.34) were significantly
associated with CP (all with P < 0.01). In patients with CP, Whites (aOR 1.23), higher income, older age
(aOR 1.05), and being overweight (aOR 2.40) were all significantly associated with PDAC (all with P <
0.01). Men (aOR 1.81) and Asians (aOR 15.19) had significantly increased mortality (P < 0.05). Hispanics
had significantly increased hospital length of stay (aOR 5.24) (P < 0.05).

Research conclusions

There is an increased trend in hospitalization rates for CP, predominantly among black men between 40-
59 years old who were overweight. Wealthy white men above the age of 40 had a higher PDAC
diagnosis.

Research perspectives
Black men between 40-59 years old and overweight are at significantly increased risk for admission with

CP. White men with higher income were found to have significantly increased risk for admissions with
CP and PDAC. Asians/Pacific Islanders had the highest risk for mortality from CP and PDAC.
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Abstract

BACKGROUND

Presence of microvascular invasion (MVI) indicates poorer prognosis post-
curative resection of hepatocellular carcinoma (HCC), with an increased chance of
tumour recurrence. By present standards, MVI can only be diagnosed post-
operatively on histopathology. Texture analysis potentially allows identification
of patients who are considered “high risk” through analysis of pre-operative
magnetic resonance imaging (MRI) studies. This will allow for better patient
selection, improved individualised therapy (such as extended surgical margins or
adjuvant therapy) and pre-operative prognostication.

AIM
This study aims to evaluate the accuracy of texture analysis on pre-operative MRI
in predicting MVI in HCC.

METHODS

Retrospective review of patients with new cases of HCC who underwent
hepatectomy between 2007 and 2015 was performed. Exclusion criteria: No pre-
operative MRI, significant movement artefacts, loss-to-follow-up, ruptured HCCs,
previous hepatectomy and adjuvant therapy. Fifty patients were divided into MVI

November 24,2022 | Volume13 | Issuell |


https://www.f6publishing.com
https://dx.doi.org/10.5306/wjco.v13.i11.918
mailto:jordansim92@gmail.com

Jaishideng®

Sim JZT et al. Texture analysis of MRI in HCC

(n =15) and non-MVI (n = 35) groups based on tumour histology. Selected images of the tumour
on post-contrast-enhanced T1-weighted MRI were analysed. Both qualitative (performed by
radiologists) and quantitative data (performed by software) were obtained. Radiomics texture
parameters were extracted based on the largest cross-sectional area of each tumor and analysed
using MaZda software. Five separate methods were performed. Methods 1, 2 and 3 exclusively
made use of features derived from arterial, portovenous and equilibrium phases respectively.
Methods 4 and 5 made use of the comparatively significant features to attain optimal performance.

RESULTS
Method 5 achieved the highest accuracy of 87.8% with sensitivity of 73% and specificity of 94%.

CONCLUSION
Texture analysis of tumours on pre-operative MRI can predict presence of MVI in HCC with
accuracies of up to 87.8% and can potentially impact clinical management.

Key Words: Carcinoma; Hepatocellular; Magnetic resonance imaging; Liver neoplasms; Retrospective
studies; Margins of excision

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study demonstrates the utility of texture analysis on pre-operative magnetic resonance
imaging to potentially impact clinical management in patients with surgically resectable hepatocellular
carcinoma.
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INTRODUCTION

Macrovascular invasion and microvascular invasion (MVI) are independent prognostic factors of
hepatocellular carcinoma (HCC) recurrence after curative partial hepatectomy or liver transplantation[1-
3]. Previous studies have shown MVI to shorten disease-free survival and overall survival post-liver
transplantation and liver resection[4]. While presence of macrovascular invasion can often be
determined definitively on pre-operative cross-sectional imaging, microvascular invasion in HCC is
typically only diagnosed post-operatively on histopathology. Moreover, the lack of consensus definition
and grading of MVI, coupled with inter/intra-observer variability, has resulted in great heterogeneity in
evaluation of this histopathological feature[5]. Previous studies have shown that the incidence of MVI
ranges between 15% and 57.1%[4]. Pre-operative diagnosis of microvascular invasion to identify
patients who are considered ‘high risk” will allow for better patient selection, improved individualised
therapy (such as extended surgical margins or adjuvant therapy) and pre-operative prognostication.

Texture analysis (TA) is a branch of computer vision that analyses and objectifies imaging character-
istics that may be imperceptible to the human eye. It can be applied to any cross-sectional imaging and
has been proven to reflect underlying heterogeneity. This technique may provide quantitative data and
insight into tumor biology and thus has the potential to be used to diagnose and prognosticate disease
[6-9]. Several groups have attempted to identify MVI pre-operatively using clinical data and imaging
scoring systems albeit with variable and sometimes conflicting results[10-12], limiting its translation into
clinical practice. Moreover, the detection of MVI by using pre-operative biopsy has proven to be
unreliable as it did not correlate well with post-operative pathology[13]. Recent studies have sought to
use TA to predict MVI on MRI and have identified certain imaging and textural features (such as
tumour entropy) that may be associated with bad tumour behaviour[14,15]. While TA continues to grow
as an emerging technology, before it can be considered for widespread clinical implementation, we
sought to validate and replicate those findings. In this study, we aim to evaluate the accuracy of texture
analysis on pre-operative contrast-enhanced MRI to predict microvascular invasion in HCC.
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MATERIALS AND METHODS
Study cohort

Institutional review board was obtained and the requirement to obtain written consent was waived. All
patients who underwent hepatectomy between January 1, 2007 and December 31, 2015 were considered
for study inclusion. Clinical and pathologic parameters were retrospectively reviewed on electronic
medical records. Inclusion criteria included histologically proven HCC with pre-operative MRI (done
with 1.5T), tumour size 2 1 cm, treatment-naive HCC. Exclusion criteria included loss to follow-up,
collision tumours, ruptured HCCs, previous hepatectomy and interval adjuvant therapy, such as
transarterial chemoembolization or radiofrequency ablation. For texture analysis evaluation, additional
imaging-specific exclusion criteria included 3 T MRI, outdated MRI protocols, and images degraded by
motion artefacts.

A total of 129 hepatectomies were performed on 129 HCC patients within the study period. 79
patients were excluded from the study for the following reasons: absence of pre-operative MRI (n = 37),
interval adjuvant therapy or prior hepatectomy (n = 18), loss to follow-up (n = 12), 3 T MRI (n = 6),
ruptured HCC (n = 2), old MRI protocol (1 = 2), collision tumour (n = 1), movement artefact (n = 1). A
representative flowchart is shown in Figure 1.

The primary outcome measure was the presence of MVI based on histopathological findings. Clinical
factors that were potentially associated with MVI were analysed: age, gender, aetiology, hepatitis B
surface antigen (HBsAg), serum alpha-fetoprotein, albumin, bilirubin, alanine amino-transferase,
aspartate amino-transferase, alkaline phosphatase, y-glutamyltranspeptidase (GGT) and Child-Pugh
score.

MRI technique

Magnetic resonance (MR) imaging studies were performed using 1.5 T scanners (Signa HDxt, GE
Medical Systems, Milwaukee, WI, United States; Ingenia, Philips, Amsterdam, The Netherlands). The
liver imaging protocol included the following sequences: Breath-hold gradient-echo T1-weighted [4.2
ms repetition time (TR)/2 ms echo time (TE), 40 cm field of view, 12° flip angle, 5 mm section thickness],
free-breathing spin-echo T2-weighted (10000 ms TR/82.8 ms TE, 40 cm field of view, 90° flip angle, 6
mm section thickness), diffusion-weighted (6000 ms TR / 66.1 ms TE, 40 cm field of view, 90° flip angle,
5 mm section thickness, b = 1000 s/mm?) and T1-weighted contrast-enhanced sequences performed in
the arterial (20-second scanning delay), portal venous (70-second scanning delay), and equilibrium
phases (180-second scanning delay). Of note, one of the cases had no useable equilibrium phase image.
Gadobenate dimeglumine (n = 36; MultiHance, BRACCO Altana Pharma, Constance, Switzerland),
gadoterate meglumine (1 = 8; Dotarem, Guerbet Roissy, France) and gadoxetic acid (n = 6; Primovist,
Bayer Schering Pharma AG, Berlin, Germany) were used as contrast material. All MR examinations
utilised 10 cc of the respective contrast agents.

Qualitative analysis

The pre-operative MR images were first independently evaluated on the picture archiving
communication system by two radiologists with 13 and five years of experience (Tan CH and Low HM).
The reviewers were aware that the patients had HCC but were blinded to the diagnosis of MVI by
pathologic examination. The images were evaluated for tumour size (mm), tumour multiplicity, T1 pre-
contrast signal intensity, post-contrast enhancement pattern in all phases, T2 hyperintensity, restricted
diffusion, visibility of vessels in post-contrast sequences, peri-tumoral features, presence of hypodense
halo, definition of border between tumour and liver, tumour margin smoothness and LI-RADS score
(see Table 1). The reviewers reviewed the images in consensus and assessed the imaging features
subjectively, with a binary “Yes/No” output.

Image segmentation and texture analysis

T1W post-contrast sequences in the arterial, portal venous (PV) and equilibrium phases were exported
as DICOM (digital imaging and communications in medicine) files. A polygonal region of interest (ROI)
was manually drawn on the largest cross-sectional area of the tumour. The segmented images were
checked visually by a researcher and vetted by a third radiologist. Discordant findings were verified by
one of the two senior radiologists (Tan CH). A typical segmentation result is shown in Figure 2.

Texture analysis was performed using MaZda software (MaZda, Technical University of Lodz)[16].
The MaZda software automatically extracts and analyses 290 texture parameters including area,
histogram-based, gradient based, co-occurrence matrix based, autoregressive model, run-length matrix-
based and wavelet analysis.

Five distinct methods were evaluated in an attempt to optimise the accuracy of the binary classi-
fication (presence or absence of MVI). Support vector machine classifiers developed for each study were
tested using either bootstrapping method (1000 runs of five randomly selected test samples at a time,
thus obtaining the average accuracy) or leave-one-out method.
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Total MVI group Non-MVI group P value

Tumors, 1 (%) 50 (100) 15 (30) 35 (70)
Size (mm), mean (SD) 56.4 (34.6) 41.3 (29.1) 0.107
Multiplicity, n (%) 0.087
Single 43 (86) 15 (100) 28 (80)
Multifocal 7 (14) 0 7 (20)
T1 (unenhanced), n (%) 0.346
Hypointense 46 (92) 13 (87) 33 (94)
Isointense 2(4) 1(7) 1(3)
Hyperintense 2(4) 1(7) 1(3)
T1 (arterial phase), 1 (%) 0.663
Hypointense 6 (12) 1(7) 5(14)
Isointense 6 (12) 1(7) 5 (14)
Hyperintense 38 (76) 13 (87) 25 (71)
T1 (portal venous phase), 1 (%) 0.231
Hypointense 42 (84) 14 (93) 28 (80)
Isointense 6 (12) 0 (0) 6 (17)
Hyperintense 2(4) 1(7) 1(3)
T1 (equilibrium phase), n (%) 0.654
Hypointense 45 (90) 14 (93) 31 (89)
Isointense 4 (8) 1) 309
Hyperintense 0 0(0) 0(0)
T1 (HPB phase), 1 (%) 0.664
Hypointense 33 (66) 9 (60) 24 (69)
Isointense 1(2 0 1(3)
Not performed 16 (32) 6 (40) 10 (28)
T2 hyperintensity, n (%) 0.451
Present 42 (84) 12 (80) 30 (86)
Absent 8 (16) 3 (20) 5(14)
Restricted diffusion, n (%) 0.745
Present 44 (88) 13 (87) 31 (89)
Absent 5 (10) 2 (13) 39
Not performed 1(2) 0(0) 1(3)
Visible vessels (arterial phase), n (%) 0.001
Present 11 (22) 8 (53) 39
Absent 39 (78) 7 (47) 32 (91)
Visible vessels (portal venous phase), 1 (%) 0.043
Present 8 (16) 5(33) 3(9)
Absent 42 (84) 10 (67) 32 (91)
Peritumoral enhancement, 1 (%) 0.248
Present 15 (30) 6 (40) 9 (26)
Absent 35 (70) 9 (60) 26 (74)
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Hypodense halo, 7 (%) 0.524
Present 5 (10) 1(7) 4 (11)

Absent 45 (90) 14 (93) 31 (89)

Border between tumour and liver, n (%) 0.428
Sharp 34 (68) 11 (73) 23 (66)

Ill-defined 16 (32) 4(27) 12 (34)

Tumor margins, n (%) 0.477
Smooth 28 (56) 9 (60) 19 (54)

Non-smooth 22 (44) 6 (40) 16 (46)

LI-RADS, 1 (%) 0.05
LR-4 10 (20) 0 (0) 10 (29)

LR-5 27 (54) 10 (67) 17 (49)

LR-M 13 (26) 5(33) 8 (22)

MVI: Microvascular invasion.

All patients who underwent hepatectomy between
January 1, 2007 and December 31, 2015

129 hepatectomies performed on 129 patients

67 patients excluded due to patient factors:
Lack of pre-operative MRI (n = 37), interval
adjuvant therapy or prior hepatectomy

v (n = 18), loss to follow-up (n = 12)

62 potential patients

12 more patients excluded due to tumour and
imaging factors: 3T MRI (n = 6), ruptured HCC
(n = 2), outdated MRI protocol (n = 2),

v collision tumour (n = 1), movement artefact

50 patients included in the study

(n=1)

DOI: 10.5306/wjco.v13.i11.918 Copyright ©The Author(s) 2022.

Figure 1 Flow chart of patient selection based on the inclusion and exclusion criteria. HCC: Hepatocellular carcinoma; MRI: Magnetic resonance

imaging.
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Methods 1, 2 and 3 exclusively used features from the arterial, PV, and equilibrium phase
respectively. To optimise performance, 14 of the most significant features from methods 1-3 were
manually selected and put through mutual information feature selection method for methods 4 and 5.
Method 4 employed three features selected purely through mutual information, while study 5
incorporated recursive pruning and subsequent manual feature selection after mutual information.
Method 5 eventually employed three features and was then tested with leave-one-out classification
method to attain optimal performance.

Statistical analysis
Statistical analysis was performed using SPSS 20.0. The Mann-Whitney U-test or independent ¢-test
were used for continuous variables, while the Fisher exact test was used for categorical variables.

RESULTS

Fifty patients (43 males, 7 females, and mean age 67 years, range 53-81 years) were included in the
present study. All were new cases of histology-proven HCC in treatment-naive patients. The aetiologies
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Figure 2 Segmentation of two different biopsy-proven hepatocellular carcinoma across the largest cross-sectional area of the tumor in
the T1-arterial phase and T1-portovenous phase. A: T1-arterial phase; B: T1-portovenous phase.
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include hepatitis B (n = 28%, 56%), hepatitis C (n = 3%, 6%), hepatitis B and C (1 =1%, 2%), de novo (n =
9%, 18%), cryptogenic (n = 5%, 10%), alcoholic cirrhosis (n = 3%, 6%), and non-alcoholic steatotic
hepatitis (n =1%, 2%).

MVI was present in 30% (1 = 15) of the resected specimens. Univariate analysis between MVI group
and non-MVI group is shown in Table 2. Univariate analysis was also performed for MR imaging
features collected for qualitative analysis (Table 1). We found a statistically significant difference of the
pre-operative serum y-glutamyltranspeptidase (GGT; P < 0.01) level between the two groups. We also
noted a statistically significant difference in the rates of the following imaging features between the two
groups: Visible intra-tumoral vessels in arterial phase (P = 0.01) and in PV phase (P = 0.043).

Of the five methods, Method 5 achieved the highest accuracy of 87.8%. Method 5 also achieved a
sensitivity of 73.3%, specificity of 94.1% with positive and negative predictive value of 85% and 89%
respectively. Methods 1 through 4 achieved accuracies between 70.0% to 85.5%. The details and results
of the 5 methods are summarized in Table 3. The three TA parameters in method 5 were Arterial S(4,0)
Correlat, Arterial S(4,-4) InvDfMom and PV (3,0)SumAverg. Incidentally, these textural features are
found in relatively close proximity along the horizontal and diagonal position of the image (at a
distance of 3 and 4 pixels), which could imply particular areas of the tumours contribute more to
accuracy than others.

DISCUSSION

The results of our study show that texture analysis of pre-operative MRI can predict the presence of
MVI pre-operatively with an accuracy of up to 87.8%. Although the exact relationship between the
selected texture parameters and the image appearance is not easily explainable, this study shows that
the grey value variation in the horizontal and the diagonal direction show usable differences between
the two groups. The study by Ahn et al[14] also showed that application of TA increased diagnostic
performance [area under the curve (AUC) improved from 0.7 to 0.83]. Unlike ours, the same study also
found sphericity and discrete compactness to be the texture analysis variables that are significantly
associated with MVI[14]. Wilson et al[15] achieved an AUC of 0.83 with their final texture analysis
model and found tumour entropy to be significantly associated with MVI. Other studies have also
identified entropy on post-contrast CT images to be an independent predictor of disease-free survival
and overall survival[17,18].

TA is a post-processing technique for quantification of tissue heterogeneity. The method is based on
analysis of the grey value distribution and relationship of pixels within any given ROI. The potential
applications of texture analysis and radiomics in general are expanding, especially in solid tumour
imaging[19-22]. In its present state, this technique is able to achieve good results without the need to
obtain additional sequences or interventions. TA can also potentially be incorporated into future
predictive models that incorporate clinicoradiological risk factors and radiomic features; early work has
shown some promise in predicting MVI[21].

Qualitative MRI features of HCC may be useful in predicting MVI. Kim et al[23] found irregular
circumferential peritumoral enhancement to be the only significant variable in MVI-present HCC, while
Chandarana et al[24] demonstrated tumor multifocality takes precedence over all other imaging
features. The presence of the aforementioned imaging features leads to high specificity for diagnosis of
MVI, but with low sensitivity[25,26]. Furthermore, interobserver agreement tends to be only fair to
moderate[27].
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Table 2 Patient demographics

MvI
Variable Total P value
MVI group =15 Non-MVI group = 35
Age (yr), mean (SD) 67.0 (7.0) 68.3 (8.8) 66.4 (6.1) 0.491
Gender 0.348
Male, n (%) 43 (86) 12 (80) 31 (89)
Female, 1 (%) 7 (14) 3 (20) 4(11)
Aetiology 0.377
Alcohol, 11 (%) 3 (6) 0(0) 3(8)
Hepatitis B, (%) 28 (56) 7 (46) 21 (60)
Hepatitis C, 1 (%) 3 (6) 1(7) 2 (6)
Hepatitis B and C, 2 (%) 1(2 1(7) 0(0)
NAon-alcoholic steatohepatitis, 7 (%) 1(2) 1(7) 0(0)
Cryptogenic cirrhosis, 1 (%) 5 (10) 2(13) 3(8)
De novo, 1 (%) 9 (18) 3 (20) 6 (17)
HbSAg 0.676
Positive, n (%) 27 (54) 7 (46) 20 (57)
Negative, n (%) 22 (44) 8 (54) 14 (40)
Unknown, 7 (%) 1(2) 0(0) 1(3)
Pre-operative serology
Alpha-fetoprotein (UG/L), mean (SD) 248.0 (893.2) 777.7 (1571.4) 32.9 (105.6) 0.065
Albumin (g/L), mean (SD) 36.3 (5.8) 35.4 (5.6) 36.7 (5.9) 0.374
Bilirubin (umol/L), mean (SD) 19.5 (12.1) 18.6 (7.1) 19.9 (13.8) 0.797

MVI: Microvascular invasion.

Table 3 Features and results of methods 1to 5

Method1  Method 2 Method 3 Method 4 Method 5

Feature set used Arterial Portovenous Equilibrium Selected features from all Selected features put through recursive
phase phase phase phases pruning

Classification accuracy ~ 81.4 84.7 70 85.5 87.8

(%)

JBaishideng®

Most recently, Hong et al[28] conducted a systematic review and meta-analysis on MRI features for
predicting MVI and found 7 MRI features to be significantly associated with MVI: Larger tumour size (>
5 cm), rim arterial enhancement, arterial peritumoral enhancement, peritumoral hypointensity on
hepatobiliary phase, non-smooth tumour margin, multifocality and hypointensity on TIW imaging.

Our study evaluated most of the aforementioned features, but found that only intra-tumoral vessel
visibility on arterial and PV phase was significantly associated with MVI. Interestingly, vessel visibility
in post-contrast sequences has not been extensively studied and may be a subject of future study.
Further analysis of these two statistically significant features show sensitivity of 53.3% and 33.3% for
vessel visibility on arterial and PV phase respectively. Both features demonstrate specificity of 91.4%.
Using these as a measure of the qualitative analysis by radiologists, our model outperforms both
features, achieving sensitivity of 73.3% and specificity of 94.1%.

The imaging features described in other papers, such as peritumoral arterial phase hyperen-
hancement, were not found to be significant for diagnosis of MVI; this may be due to small sample size
in our current study. Of note, none of the parameters selected for Methods 4 and 5 included features
from the equilibrium phase. This is consistent with the observations in current literature, where arterial
phase and hepatobiliary phase findings predominate[28].
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Current diagnosis of MVI relies on histopathologic examination that is done post-operatively. The
presence of MVI indicates more aggressive tumour behaviour and poorer prognosis[1,2]. Furthermore,
our study cohort comprises a high proportion of Hepatitis B aetiology (1 = 29%; 58 %) which has been
shown to be associated with development of vascular invasion[29]. The ability to diagnose pre-operative
MVI can significantly alter the clinical management for patients in several ways. Firstly, the informed
consent process could include equivalent non-invasive options (e.g. Chemoembolisation and/or ablation
techniques) which have been shown to produce similar oncologic outcomes, but with the added benefit
of lower morbidity[30]. Secondly, the presence of MVI may prompt the use of more aggressive
treatment options such as extended surgical margins or additional bridging treatment while awaiting
liver transplantation[31-34]. Additionally, adjuvant therapy after surgical resection have also been
shown to improve survival in patients with MVI[35,36]. Lastly, these patients could be followed up
more closely given the susceptibility for early recurrence.

This study is not without its limitations. Firstly, this is a retrospective single-institution study with a
small sample size, limiting our ability to compare it against the diagnostic performance of visual
analysis by radiologists. The low sample size may also account for the relative paucity of statistically
significant differences among the two study groups in terms of both clinical and radiological character-
istics. Despite this, TA was able to achieve relatively high accuracy rates while identifying features that
were significantly associated with MVI. Secondly, this study included MR examinations that were done
with two types of hepatobiliary contrast agents (gadoterate meglumine, gadoxetate and gadobenate
dimeglumine). Utilising a single (hepatocyte-specific) contrast agent would have helped to reduce
heterogeneity of the MR images and allowed further analysis of the hepatobiliary phase. Due to small
sample size, sub-group analysis of scans performed with each type of contrast agent could not be
performed. However, standard imaging parameters were performed, in particular fixed timing of
contrast enhanced phases, which reduced technical variability. Lastly, TA was only done across the
largest cross-sectional area of the tumour. While analysing the entire volume of the tumour and the
peritumoral tissues, would have been ideal, enough information was extracted from just a two-
dimensional representation of the HCC to yield relatively accurate results.

CONCLUSION

In conclusion, texture analysis of HCC performed on pre-operative MR images can accurately predict
the presence of MVI with an accuracy of up to 87.8%. It has potential to be incorporated into clinical
routine as a reliable tool for making pre-operative treatment decisions. Larger studies should be
performed to validate the texture parameters and its value over qualitative visual analysis.

ARTICLE HIGHLIGHTS

Research background

Presence of microvascular invasion (MVI) indicates poorer prognosis post-curative resection of hepato-
cellular carcinoma (HCC), with an increased chance of tumour recurrence. By present standards, MVI
can only be diagnosed post-operatively on histopathology.

Research motivation

Texture analysis potentially allows identification of patients who are considered ‘high risk’ through
analysis of pre-operative magnetic resonance imaging (MRI) studies. These findings may or may not be
readily apparent to the human eye, thus the need for an analytic software. This will in turn allow for
better patient selection, improved individualised therapy (such as extended surgical margins or
adjuvant therapy) and pre-operative prognostication.

Research objectives
To evaluate the accuracy of texture analysis on pre-operative MRI in predicting MVI in HCC.

Research methods

We recruited patients who underwent hepatectomy. Both qualitative (performed by radiologists) and
quantitative data (performed by software) were obtained. Radiomics texture parameters were extracted
based on the largest cross-sectional area of each tumor and analysed using MaZda software. Final
histology of the tumour was used as ground truth.

Research results
Texture analysis of tumours on pre-operative MRI can predict presence of MVI in HCC with accuracies
of up to 87.8%.
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Research conclusions

Texture analysis of HCC performed on pre-operative MR images can accurately predict the presence of
MVI with an accuracy of up to 87.8%. It has potential to be incorporated into clinical routine as a reliable
tool for making pre-operative treatment decisions. Larger studies should be performed to validate the
texture parameters and its value over qualitative visual analysis.

Research perspectives
This study demonstrates the utility of texture analysis on pre-operative MRI to potentially impact
clinical management in patients with surgically resectable hepatocellular carcinoma.
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Abstract

BACKGROUND

Gut microbiome (GM) composition and diversity have recently been studied as a
biomarker of response to immune checkpoint blockade therapy (ICB) and of ICB-
related colitis.

AIM
To conduct a systematic review on the role of GM composition and diversity in
predicting response and colitis in patients with melanoma treated with ICB.

METHODS
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The review protocol was registered in PROSPERO: CRD42021228018. From a total of 300 studies,
nine studies met inclusion criteria. Two studies were phase I clinical trials, while the remainder
were prospective observational studies. All but one study has moderate risk of bias. In addition,
we conducted a relevant search by Reference Citation Analysis (RCA) (https://www.referencecita-
tionanalysis.com).

RESULTS

Fecal samples enriched in Firmicutes phylum were associated with good response to ICB, whereas
the Bacteroidales family was associated with poor response to ICB. Samples with greater GM
diversity were associated with more favorable response to ICB [hazard ratio (HR) = 3.57, 95%
confidence interval = 1.02-12.52, P < 0.05]. Fecal samples with a higher abundance in Firmicutes
were more susceptible to ICB-related colitis (P < 0.01) whereas samples enriched in Bacteroidetes
were more resistant to ICB-related colitis (P < 0.05). Overall, there was limited concordance in the
organisms in the GM identified to be associated with response to ICB, and studies evaluating GM
diversity showed conflicting results.

CONCLUSION
This highlights the need for further prospective studies to confirm whether the GM could be used
as a biomarker and potential intervention to modulate ICB response in melanoma patients.

Key Words: Melanoma; Gut microbiome; Microbiota; Immunotherapy; Biomarker; Immune checkpoint
blockade therapy

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Since the introduction of immune checkpoint inhibitors as part of standard of care for melanoma
patients, there has been a growing interest in identifying biomarkers of response and immune related
adverse events. Amongst these biomarkers, the composition of the gut microbiome has been one of the
most intriguing discoveries. Our aim was to ascertain the current published evidence on the gut
microbiome diversity and composition as a biomarker of response to immunotherapy. We demonstrated
high variability in the results and limited concordance on the organisms identified. We highlight the
conflicting aspects of these reports as well as their few commonalities.

Citation: Ocy O, Liu YY, Sunjaya AF, Simadibrata DM, Khattak MA, Gray E. Gut microbiota diversity and
composition in predicting immunotherapy response and immunotherapy-related colitis in melanoma patients: A
systematic review. World J Clin Oncol 2022; 13(11): 929-942

URL: https://www.wjgnet.com/2218-4333/full/v13/i11/929.htm

DOI: https://dx.doi.org/10.5306/wjco.v13.i111.929

INTRODUCTION

Melanoma is the most lethal form of skin cancer accounting for 73% of skin-cancer related mortality and
over 50000 deaths worldwide annually[1,2]. Survival for metastatic melanoma has significantly
improved since the introduction of immunotherapy and targeted therapy with a 5-year survival rate of
up to 50%[3-5]. Currently, the standard first-line therapy for metastatic melanoma include BRAF-
targeted therapies and immune checkpoint blockade (ICB) consisting either anti-programmed death
(PD)-1 monotherapy or combination of anti-PD-1 as well as anti-cytotoxic T lymphocyte-associated
antigen-4 (CTLA-4) therapy[6]. Despite the considerable benefit of ICB, 40%-60% of melanoma patients
do not experience objective responses to the therapy[7-9]. Thus, tremendous efforts are now focused on
identifying novel biomarkers which could accurately predict the subset of patients who would benefit
from ICB[10-14]. These biomarkers include tumor mutational burden, cytokines, circulating tumor
DNA, human leukocyte antigen, gut microbiota (GM) diversity and composition, among many others
[15].

The GM is a community of 100 trillion microorganisms of more than 1000 species mainly bacteria but
also, archaea, viruses and fungi which colonize the human intestines[16]. The relationship which exists
between GM and the host is a mutualistic relationship where one benefits the other[16]. In return for the
nutrients derived from the host, the GM performs numerous critical functions such as fermentation of
dietary fiber into short-chain fatty acids; synthesis of vitamins; protection against pathologic gut
microbes; and induction and regulation of the immune system[17,18]. The gut microbial balance is
pivotal in the optimal functioning of all of these roles and thus any discrepancy in this delicate
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equilibrium could produce a state of dysbiosis which has been associated with many pathologies
including cancer[19]. In the context of cancer, preclinical studies have demonstrated that some GM
subpopulations have pro-tumorigenic effects, whereas others have tumor-suppressive effects[20-22].
Additionally, the GM has also been shown to modulate response to chemotherapy and immunotherapy
[23-25]. This could be linked to the role of GM in metabolizing anti-cancer compounds and regulating
the host’s immune response[16]. Thus, GM has been studied intensely as a potential biomarker of
response to ICB[12,26-31]. This is particularly relevant for melanoma, where ICB has become standard
of care given its demonstrated pronounced effectiveness.

Studies investigating GM composition and/or diversity in patients with melanoma have identified
distinct GM composition in responders to ICB compared to non-responders, offering hope of a novel
biomarker for predicting response to ICB[12,26-32]. Additionally, studies exploring whether certain GM
composition and diversity could be predictive of ICB-related colitis - one of the major factors of ICB
treatment cessation and thus failure to derive full benefit of ICB - have also been conducted[27,33]. This
systematic review will be the first to compile the existing data regarding the role of GM composition
and diversity in predicting response to ICB and ICB-related colitis specifically in patients with
melanoma. Notably previous reviews have combined multiple cancers.

MATERIALS AND METHODS

Literature search strategies

This review was conducted following the preferred reporting Items for systematic reviews and meta-
analyses guidelines[34]. The review protocol was submitted to the international prospective register of
systemic reviews (PROSPERO Registration number: CRD42021228018).

In this comprehensive literature search, original studies exploring the variation in GM community in
fecal samples of melanoma patients who responded and did not respond to immunotherapy,
experienced colitis and did not experience colitis were identified. Medline and Embase were searched
for eligible papers published prior to December 2021 using the following search terms: (fecal OR gut)
AND (microbiota OR microbiome) AND (melanoma) AND (immunotherapy OR checkpoint OR
nivolumab OR ipilimumab OR pembrolizumab). OpenGrey and the Grey Literature Report were also
searched for eligible unpublished papers and grey literature. The following keywords and its synonyms
will be used for our search strategy: “fecal microbiota”, “melanoma”, “immunotherapy”.

Duplicate and irrelevant publication types such as symposium agendas were removed from the initial
search results. Titles and abstracts of relevant publications were screened independently by Oliver O
and Simadibrata DM based on inclusion and exclusion criteria stated below. Subsequently, reference
lists within each relevant publication were examined for further pertinent studies. The full texts of these
publications were then reviewed.

Inclusion criteria

Inclusion criteria for the systematic review included randomized controlled trials (RCTs), original
cohort, case-control studies published in a peer-reviewed journal exploring GM diversity and
composition in fecal samples from melanoma patients treated with ICB which can be anti-PD-1 and/or
anti-PD-L1 and/or anti-CTLA-4. Studies included should assess treatment outcome and/or ICB-related
colitis incidence following treatment with ICB. Treatment outcomes should be determined by RECIST
criteria and/or progression free survival (PFS) and/or overall survival (OS) and ICB-related colitis
confirmed by colonoscopy.

Only studies which utilized fecal samples obtained from human subjects receiving ICB were
included. Studies which assessed treatment response to immunotherapy in animal models were
excluded. Two reviewers (Oliver O, Liu YY) independently screened and read the full text of the
included articles for eligibility.

Data extraction

Two investigators (Oliver O, Liu YY) independently reviewed the eligible studies and extracted data
from each study. Extracted variables included title, first author, year of publication, number of
participants, type of immunotherapy received, GM analysis method, and study outcomes (GM
composition and diversity in responders/non-responders and ICB-related colitis/non-ICB-related
colitis patients). Extracted GM composition data included a list of the GM at the level of phyla, class,
order, family, genus and species, whereas extracted GM diversity extracted included alpha diversity or
the Shannon index. Any discrepancies found by the investigators on data extraction were resolved by
consensus. In addition, we conducted a relevant search by Reference Citation Analysis (RCA) (
https:/ / www referencecitationanalysis.com).

Quality assessment
Non-randomized studies, including cohort studies, case-control studies and single-arm clinical trial that
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were included in this systematic review were independently evaluated by Oliver O and Simadibrata
DM for any risk of bias using the Risk of Bias in Non-randomized Studies of interventions (ROBINS-I)
assessment tool, a tool which assesses seven items: confounding, selection, intervention classification,
deviation from intervention, missing data, measurement of outcome and selection of reported result.
Each item was assessed according to the ROBINS-I guideline, where each bias domain can be classified
as either low, moderate, serious or critical risk of bias, or no information mentioned.

RESULTS

Study selection and risk of bias assessment

The initial search from Medline, Embase, OpenGrey and Grey Literature retrieved 300 studies. After
deduplication, the studies were screened by reviewing their abstracts and 10 articles selected for full
assessment (Figure 1). One study by Vétizou et al[35] was excluded because while the fecal samples
were obtained from patients treated with anti-CTLA-4, treatment response to ICB was assessed in an in-
vivo mice model of melanoma following fecal transplantation rather than humans.

From the nine included studies, two studies were phase I clinical trials, while the remainder were
prospective observational studies[26,28]. Unfortunately, no RCTs were available to date. According to
the ROBINS-I assessment tool, all but one study was shown to have moderate risk of bias (Table 1). The
study by Matson et al[29] had a serious risk of bias as there was a lack of clarity regarding the definition
of intervention used.

GM composition and diversity in predicting immunotherapy response

Eight studies assessed the role of GM composition and/or diversity and response to ICB in melanoma
patients (Table 2). Seven studies compared the GM between responders and non-responders to ICB, and
two studies analyzed the GM in patients undergoing fecal microbiota transplant (FMT).

The study by Chaput et al[27] assessing fecal GM composition of 26 metastatic melanoma patients
prior to and post commencing anti-CTLA-4 therapy revealed that GM composition varied according to
response. Patients showing long term response to therapy (nine out of 26 patients) were found with
fecal samples with significantly higher Faecalibacterium percentages (P = 0.0092) while patients with poor
clinical benefit had higher proportions of Bacteroides (P = 0.034). When patients were grouped based on
their microbiota composition, those with high prevalence of Faecalibacterium and other Firmicutes had a
longer PFS (P = 0.0039) and to a lesser extent longer OS (P = 0.051) relative to patients whose fecal
samples were abundant with Bacteroides. Additionally, these patient groups were noted to derive long-
term clinical benefit compared to the latter (67% vs 0%; P = 0.0017)[28].

In an analysis of stool samples from 42 metastatic melanoma patients prior to treatment with anti-PD-
1 (n = 38) and anti-CTLA-4 (n = 4) therapy, Matson et al[29] showed a significant difference in GM
composition between responders (16 patients) and non-responders (26 patients) (P < 0.01). In
responders, eight microbial species namely, Enterococcus faecium, Collinsella aerofaciens, Bifidobacterium
adolescentis, Klebsiella pneumoniae, Veillonella parvula, Parabacteroides merdae, Lactobacillus sp. and Bifidobac-
terium longum were found to be more abundant in responders than in non-responders[29]. In non-
responders, two microbial species, specifically, Ruminococcus obeum and Roseburia intestinalis were more
abundant[29]. To further assess the applicability of GM composition as a biomarker of response to ICB,
they explored the correlation between the ratio of total numbers of potentially “beneficial” and
“nonbeneficial” operational taxonomic units (OTUs), and change in tumor size, as assessed by the
RECIST[29]. Patients with an OTU ratio of greater than 1.5 demonstrated clinical response to ICB[29].

In another study by Gopalakrishnan et al[12], fecal samples of 43 metastatic melanoma patients prior
to treatment with anti-PD-1 therapy were analyzed. In responders (30 patients), analysis of fecal
samples revealed abundance of GM from Ruminococcaceae family of the Clostridiales order, whereas in
non-responders (13 patients), abundance of GM from the Bacteroidales order was noted[12]. Further
analyses demonstrated that Faecalibacterium genus was notably enriched in fecal samples from
responders and Bacteroides thetaiotaomicron, Escherichia coli, and Anaerotruncus colihominis were enriched
in non-responders[12]. In addition, to investigate durability of response, patients were stratified based
on their fecal composition of Faecalibacterium genus and Bacteroidales order and correlated to their PFS
[12]. Results demonstrated that patients with Faecalibacterium-enriched fecal samples have longer PFS
than those with low abundance (P = 0.03) and patients with Bacteroidales-enriched fecal samples have
shorter PFS than those with low abundance (P = 0.05). Beyond specific microbial taxa, GM diversity, as
assessed by Simpson's reciprocal index, was higher in responders compared to non-responders (P <
0.01)[12]. Moreover, high GM diversity was significantly associated with anti-PD-1 therapy response,
when compared to patient groups of intermediate diversity [hazard ratio (HR) = 3.60, 95% confidence
interval (CI): 1.02-12.74, P < 0.05) and low diversity (HR = 3.57, 95%CI: 1.02-12.52, P < 0.05). Other
important predictors of therapy response include abundance of Faecalibacterium (HR = 2.92, 95%ClI: 1.08-
7.89) and Bacteroidales (HR = 0.39, 95%CI: 0.15-1.03) in the fecal microbiome[12].
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Table 1 Risk of bias assessment with Risk of Bias In Non-randomised Studies - of Interventions

. - - Selection of
. . Intervention Deviation from Missing Measurement of
Ref. Confounding Selection e . . reported Overall
classification intervention data outcome
result
Dubin et al[33], Moderate Low Low Low Low Low Low Moderate
2016
Chaput et al[27], Moderate Low Low Moderate Low Low Moderate Moderate
2017
Gopalakrishnan et  Moderate Low No information Low Low Low Low Moderate
al[12], 2018
Matson et al[29], Moderate No Serious No information ~ No Low Moderate Serious
2018 information information
Peters et al[30], Moderate Low No information No information ~ Low Low Low Moderate
2019
Baruch et al[26], Moderate Low Low Low Moderate Low Low Moderate
2020
Wind et al[31], Moderate No No information No information ~ No Low Low Moderate
2020 information information
Davar et al[28], Moderate Moderate Low Low No Low Low Moderate
2021 information
Andrews et al[36], Moderate Low Low Low Low Low Low Moderate
2021

database searching
(n = 300)

Records identified through

Additional records identified
through other sources
(n=0)

Records after duplicates removed
(n=243)

Records screened
(n=243)

Records excluded
(n=233)

l

Full-text articles
assessed for eligibility

DOI: 10.5306/wjco.v13.i11.929 Copyright ©The Author(s) 2022.

(n=10)
!

Full-text articles

"| excluded, see text

(n=1)

Studies included in
qualitative synthesis
(n=9)

Figure 1 Prisma flow diagram of study selection.

Jaishideng®

Peters et al[30] examined the correlation between GM taxa and PFS in pre-treatment fecal samples of
27 metastatic melanoma patients receiving anti-PD-L1 and/or anti-CTLA-4. GM which was associated
with shorter PFS included genera Bacteroides and Bilophila, and species Bacteroides ovatus, Blautia pro-
ducta, and Ruminococcus gnavus, whereas those which correlated with longer PFS included genera
Faecalibacterium and Parabacteroides and species Faecalibacterium prausnitzii[12]. With regards to GM
richness the authors compared the B-diversity or between-sample microbiome diversity relative to
survival. Multivariate analysis adjusting for age, sex, BMI, stage, number of sites of metastases, and
antibiotic use in the last 6 mo revealed that higher GM richness was correlated with longer PFS (number
of 16S sub - OTUs: HR [95%ClI] = 0.97 [0.95, 1.00], P = 0.02; number of shotgun subspecies: HR [95%CI] =
0.89 [0.79, 0.99], P = 0.03)[30]. Furthermore, analysis of the 16S but not shotgun dataset showed that
higher diversity of GM, as assessed by the Shannon index, was associated with longer PFS (P = 0.02)[12].
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Table 2 Characteristics of included studies exploring link between gut microbiome composition and diversity and response to immune-

checkpoint blockade therapy in metastatic melanoma patients treated with immune-checkpoint blockade therapy

Sample
Ref. Year Therapy Method size/ time  Dominant microbes Microbial diversity
point
Chaputetal[27], 2017 Anti-CTLA-4 16S rRNA gene 26 before tx ~ Responders: Faecalibacterium and N/A
2017 sequencing of fecal Firmicutes
samples
Matson et al[29], 2018 Anti-PD-1or 16SrRNA gene and 42 before tx ~ Responders: Bifidobacterium longum, N/A
2018 anti-CTLA-4  shotgun metagenome Collinsella aerofaciens, and Enterococcus
sequencing of fecal faecium Non-responders: Rumino-
samples; gPCR on coccus obeum and Roseburia intestinalis
selected bacteria
Gopalakrishnan 2018 Anti-PD-1 16STRNA geneand 43 before tx ~ Responders: Clostridiales, in particular Higher alpha diversity in
et al[12], 2018 shotgun metagenome Faecalibacterium Non-responders: patients with longer PFS
sequencing of fecal Bacteroidales, in particular Bacteroides
samples thetaiotaomicron; as well as Escherichia
coli, and Anaerotruncus colihominis
Peters et al[30], 2019 Anti-PD-1or 16S rRNA gene and 27 before tx ~ Responders: Faecalibacterium, Parabac- Higher microbial community
2019 anti-CTLA-4  shotgun metagenome teroides, and Faecalibacterium richness and diversity was
sequencing of fecal prausnitzii Non-responders: associated with longer PFS
samples Bacteroides and Biophilia
Wind et al[31], 2020 Anti-PD-1or Shotgun metagenome 25 before tx =~ Responders: Ruminococcus gnavus, No significant difference in
2020 anti-CTLA-4  sequencing of fecal Streptococcus parasanguinis, and alpha-diversity between
samples Bacteroides massiliensis. Non- responder and non responders
responders: Bifidobacterium longum
and Peptostreptococcaceae
Baruch et al[26], 2020 Anti-PD-1 165 rRNA gene and 10 anti-PD-1 ~ FMT donors (responders): Lachnos- No significant difference in GM
2020 refractory shotgun metagenome  refractory piraceae, Veillonellaceae, and Rumino- ~ composition prior to FMT, but
sequencing of fecal patients coccaceae Post FMT Responders: significant difference post-FMT
samples Enterococcaceae, Enterococcus, and between responders and non-
Streptococcus australis Non- responders Lower microbial
responders: Veillonella atypica richness in the donor of
responding recipients
Davar et al[28]. 2021 Anti-PD-1 Shotgun 15 anti-PD-1 ~ Responders: Firmicutes (Lachnos- Higher GM diversity of donors
2021 refractory metagenomic refractory piraceae and Ruminococcaceae families) who were complete responders
sequencing of fecal patients, and Actinobacteria (Bifidobacteriaceae compared to donors who were
samples before FMT  and Coriobacteriaceae families) partial responders No
significant difference in GM
diversity between donors and
recipients prior to FMT
Andrews et al 2021 Combined 16S rRNA gene and 38 Responders: Bacteroides stercoris, No significant difference in GM
[36], 2021 ICB - Anti- shotgun metagenome Parabacteroides distasonis, Fournierella  diversity between responders
PD-1 and sequencing of fecal massiliensis. Non-responders: and non-responders
anti-CTLA-4  samples Kilebsiella aerogenes and Lactobacillus

rogosae

Anti-CTLA-4: Anti-cytotoxic T lymphocyte-associated antigen-4; N/ A: Not applicable; Anti-PD-1: Anti-programmed death-1; qPCR: Quantitative real-time
polymerase chain reaction; FMT: Fecal microbiota transplant; GM: Gut microbiome; ICB: Immune checkpoint blockade therapy.
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Similarly, Wind et al[31] analyzed fecal samples from 25 metastatic melanoma patients - 12

WJCO | https://www.wjgnet.com

responders, 13 non-responders - prior to start of treatment with anti-PD-1 or anti-CTLA-4. Analysis
revealed that the fecal samples of responders were mainly enriched in Ruminococcus gnavus, Escherichia
coli, Eubacterium biforme, Phascolarctobacterium succinatutens and Streptococcus salivarius, whereas samples
from non-responders were abundant in Bifidobacterium longum, Prevotella copri, Coprococus sp, Eggerthella
unclassified and Eubacterium ramulus[31]. When correlated with survival, fecal samples of participants
enriched in Bacteroides massiliensis and Streptococcus parasanguinis were associated with longer PFS (HR:
3.79, 95%CI: 1.06-13.52 P = 0.04) and OS (HR: 5.05, 95%CI: 1.33-19.21, P = 0.017) respectively, whereas
those who were carriers of Peptostreptococcaceae were associated with shorter PFS (HR: 0.18, 95%ClI: 0.05-
0.62, P = 0.007) and OS (HR: 0.12, 95%CI: 0.01-0.96, P = 0.046)[31]. In terms of GM diversity, as assessed
by Shannon index, no significant difference between responders and non-responders was noted[31].

The study by Andrews et al[36] analyzed gut microbiome samples from a subset of 77 metastatic
melanoma patients - 27 responders, 11 non-responders - who underwent combined ICB. There was no
significant association in Firmicutes phyla and Clostridiales order and response to ICB (P = 0.39 and P =
0.38, respectively) and no significant difference in alpha diversity between responders and non-
responders to ICB[36]. Fecal samples from responders were mainly enriched with Bacteroides stercoris,
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Parabacteroides distasonis and Fournierella massiliensis (P = 0.03, P = 0.04 and P = 0.008, respectively) while
fecal samples from non-responders were abundant in Klebsiella aerogenes and Lactobacillus rogosae (P =
0.04 and P = 0.02, respectively)[36].

In a first clinical trial of its kind (phase 1), Baruch et al[26] demonstrated that FMT from anti-PD-1
treated metastatic melanoma patients who were complete responders (2 donors), triggered response to
anti-PD-1 therapy in metastatic melanoma patients who were refractory to at least one line of anti-PD-1
therapy. Out of 10 patients included in the trial, 3 patients demonstrated objective responses with 1
achieving complete response and 2 patients achieving partial response[26]. Notably, the PFS milestone
of 6 mo was reached in all responders[26]. Upon analysis of pre-treatment fecal samples of donors,
donor of the responding recipients had a lower microbial richness than the other donor of the non-
responding patients[26]. There was no significant difference on the GM composition prior to FMT of
recipients who responded compared to those who did not respond[26]. Metagenome sequencing found
that recipients post FMT have higher proportions of Veillonellaceae family and a lower relative
abundance of Bifidobacterium bifidum. Donors were found with high amounts of Lachnospiraceae, Veillonel-
laceae, and Ruminococcaceae. Comparison of a small subset of non-responders with responders, found
statistically significant higher abundance of Enterococcaceae, Enterococcus, and Streptococcus australis, and
a lower relative abundance of Veillonella atypica. However clear deductions on specific GM taxa cannot
be made, as there were non-responders and pre-treatment fecal samples with similar dynamics. it is
crucial to note that this trial was primarily designed to assess safety of FMT and not statistically
powered to assess efficacy[26].

In a separate trial, Davar et al[28] showed that fecal microbial transplant (FMT) from metastatic
melanoma patients (7 donors) who had complete (4 donors) or partial response (3 donors) to anti-PD-1
therapy helped overcome resistance in anti-PD-1 treatment-refractory metastatic melanoma patients (15
patients). Following FMT and anti-PD-1 therapy, 6 out of 15 patients achieved clinical benefit, with 3
patients achieving objective responses and 3 patients experiencing stable disease lasting more than 12
mo[28]. Analysis of stools after FMT revealed that samples from responders were abundant in the
phyla, Firmicutes (Lachnospiraceae and Ruminococcaceae) and Actinobacteria (Bifidobacteriaceae and Coriobac-
teriaceae) and had decreased proportions in phylum Bacteroidetes[28]. In terms of GM diversity assessed
with inverse Simpson index, GM diversity of donors who were complete responders were more diverse
than donors who were partial responders. There was no significant difference in GM diversity between
donors and recipients prior to FMT[28].

Gut microbiota composition and diversity in predicting ICB-related colitis
To date only three studies have reported on the correlation between pre-treatment GM composition
and/or diversity and ICB-related colitis (Table 3).

Firstly, a prospective study by Dubin et al[33] explored the link between GM composition, and
subsequent colitis development in 34 metastatic melanoma patients treated with ipilimumab, showed
that the Bacteroidetes phylum was more abundant (P = < 0.05) in fecal samples of the 24 patients who did
not develop ipilimumab-induced colitis compared to those who did. Further analysis revealed that
within the Bacteroidetes phylum, the population of Bacteroidaceae, Rikenellaceae and Barnesiellaceae was
significantly more abundant in the former than the latter (P < 0.01, P < 0.05 and P < 0.05 respectively)
[33]. However, there was no significant difference in microbial richness and diversity, as assessed by
Shannon and inverse Simpson indices, between those who developed ipilimumab-induced colitis
relative to those who did not[33].

In a similar study by Chaput et al[27], analysis of fecal samples of metastatic melanoma patients
receiving ipilimumab demonstrated high proportions of Firmicutes in patients who developed
ipilimumab-induced colitis (P = 0.009). In contrast, fecal samples of those that did not develop colitis
were mainly enriched with Bacteroidetes (P = 0.011)[27]. Accordingly, patients with the former GM
composition also tend to have a shorter colitis-free cumulative incidence compared with patients with
the latter composition[27]. Several OTUs known to be predictive to colitis such as F. prausnitzii L2-6,
butyrate producing bacterium L2-21 and G. formicilis ATCC 27749 were associated with longer OS[27].

Finally, Andrews et al[36], analyzed gut microbiome samples in metastatic melanoma patients
undergoing combined ICB and their link to ileitis and colitis events. No significant difference in alpha
diversity was observed between those that did and did not develop colitis[36]. Fecal samples of patients
developing colitis were enriched in Bacteroides intestinalis and Intestinibacter bartlettii (P = 0.009 and P =
0.009, respectively) while those that did not were abundant in Anaerotignum lactatifermentans and Dorea
formicigenerans (P = 0.016 and P = 0.06, respectively)[36]. For both B. intestinalis and D. formicigenerans,
associations with their risk of colitis were still maintained after adjustment using a logistic regression
model [OR = 4.54 (95%CI = 1.06-24.7) and OR = 0.35 (95%CI = 0.082-1.35), respectively][36].

DISCUSSION

Our review of current reports assessing the GM composition relative to response to ICB, indicated high
variability in the results and limited concordance on the organisms identified (Figure 2). Amongst the

WJCO | https://www.wjgnet.com 935 November 24,2022 | Volume13 | Issuell |



Oey O et al. Gut microbiota and immunotherapy in melanoma patients

Table 3 Characteristics studies exploring link between gut microbiome composition and diversity and immune-checkpoint blockade

therapy-related colitis in metastatic melanoma patients treated with immune-checkpoint blockade therapy

Sample size/ . . S
Ref. Year Therapy Method . : . Dominant microbes Microbial diversity
timepoint
Dubin ef al 2015 Anti-CTLA-4 immuno-  16S rRNA gene and shotgun 34 Colitis-resistant: No significant difference
[33], 2015 therapy metagenome sequencing of Bacteroidetes in microbial richness and
fecal samples (Bacteroidaceae, Rikenel- diversity
laceae and Barnesiellaceae)
Chaputetal 2017 Anti-CTLA-4 immuno-  16S rRNA gene sequencing of 26 Colitis-resistant: Decreased bacterial
[27], 2017 therapy fecal samples Bacteroidetes; Colitis- diversity was associated
prone: Firmicutes with colitis
Andrews et Combined ICB - Anti- 16S rRNA gene and shotgun 38 Colitis resistant: Firmicutes No significant difference
al[36], 2021 PD-1 and anti-CTLA-4 metagenome sequencing of ; Colitis prone: Bacteri- in alpha diversity
fecal samples odetes

Anti-CTLA-4: Anti-cytotoxic T lymphocyte-associated antigen-4; N/ A: Not applicable; Anti-PD-1: Anti-programmed death-1; gPCR: Quantitative real-time

polymerase chain reaction; ICB: Immune checkpoint blockade therapy.
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few commonalities, we found that fecal samples enriched in organisms from the Firmicutes phylum (
Lachnospiraceae and Ruminococcaceae family) especially the Faecalibacterium genus were associated with
ICB responders in 4 of 9 studies[12,27,28,31], while Bacteroidetes phylum was found in higher pro-
portions in non-responders in 2 of the studies[12,30]. However, other than these two findings, there was
no clear correlation between specific GM composition and response to ICB.

In fact, our analysis mainly identified inconsistencies in the GM composition reported to be
associated with response to ICB. For instance, Bifidobacterium longum was found to be abundant in
responders in the study by Wind et al[31], but found to be enriched in non-responders in the study by
Matson et al[29]. Some species from the Firmicutes family were found in both responders and non-
responders such as Roseburia intestinalis[29]. Similarly, species from the Bacteroidales order were found in
both responders and non-responders, such as Bacteroides massiliensis[31]. The overlap in GM
composition in responders and non-responders may suggest that the functional capacity of the GM may
be more important than individual GM family/order/species in determining response to ICB[30].

In contrast to individual species or taxas, GM diversity have been heralded to a marker of good
health[37]. Here four studies - Gopalakrishnan et al[12], Peters et al[30], Wind et al[31] and, Andrews et al
[36] - assessed its potential to predict ICB responsiveness. The two first studies demonstrated that
higher GM diversity in the responder group compared to non-responder arm[12,30]. However, the other
two studies, Wind et al[31] and Andrews et al[36], found no differences in GM diversity between both
groups. Nevertheless, in other cancer types such as renal cell carcinoma and non-small cell lung cancer,
greater GM diversity has also been associated with improved responses to anti-PD-1 therapy[37-39].

Study results showing associations with GM diversity were consistent with previous studies which
showed that greater GM diversity is prevalent in healthy state across multiple diseases, plausibly
suggesting that a greater GM diversity produces the optimal immune environment needed for normal
physiological functioning[40-42]. One major reason is the promotion of a favorable immune phenotype,
as evidenced by the positive correlation between Shannon diversity index and several CD8+ T cell and
NK cell signatures, required to produce a robust anti-tumoral response[38].

Previous studies have demonstrated that GM from Firmicutes family and Bacteroidales order play a
significant role in mediating the response to immunotherapy in melanoma patients[12,27,29]. For
instance, abundance of Firmicutes was associated with increased frequencies of CD4+, CD8+ T cells, CD
45+ myeloid and lymphoid tumor-infiltrating cells and preserved cytokine response to anti-PD-1
therapy[12]. Additionally, abundance of Firmicutes was linked with decreased frequency of intestinal
and systemic regulatory T cells (Tregs) and B7* T cells, cells responsible for limiting immune response
robustness[27]. This resulted in increased antigen presentation and effector T cell function in both the
periphery and tumor microenvironment[12,27,29]. However, other GM such as Bacteroidales were
unfavorable in terms of anti-tumoral response in that its abundance was associated with higher
frequencies of Tregs and myeloid-derived suppressor cells and a blunted cytokine response[12]. These
findings combined demonstrated that certain GM play a crucial role in mediating systemic and
antitumor immune responses which have clear implications on efficacy on ICB therapy in metastatic
melanoma patients.

Notably, GM has also been shown to potentially serve as not just a predictor of ICB therapy response,
but also for boosting response to ICB therapy. FMT on anti-PD-1 treatment-refractory metastatic
melanoma patients produced a complete response to anti-PD-1 therapy in one-third (9 out of 25
patients) of the otherwise therapy refractory patients[26,28].
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Figure 2 Phylogenetic tree showing family and species of gut microbiome abundant in responders and non-responders to immune-
checkpoint blockade therapy in all included studies. Gut microbiome species highlighted in red: Abundant in non-responders to immune-checkpoint
blockade therapy; blue: Abundant in responders to immune-checkpoint blockade therapy; purple: Abundant in both responders and non-responders.
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Another aspect of the GM analyzed here, was its association with ICB-related colitis. The three
studies included in this review demonstrated that GM which was abundant in ICB-related colitis-prone
patients was enriched in responders to ICB (Firmicutes) while GM which was abundant in ICB-related
colitis-resistant patients was enriched in non-responders to ICB (Bacteroidetes). This is consistent with the
understanding that a more effective anti-tumoral response will produce greater off-target effects. The
Bacteroidetes phyla has been linked with low-grade systemic inflammation, which could explain the
observation that Bacteroidetes phyla was abundant in ICB-related colitis-resistant patients[27]. In line
with this observation is the finding that level of Bacteroidetes is lower in inflammatory bowel disease - an
autoimmune condition which produces chronic inflammation of the digestive tract - patients relative to
healthy patients[43]. Conversely, Firmicutes phyla, especially F. prausnitzii has been associated with
induction of Tregs which express high levels of CTLA-4, fueling speculation that it may cause sequest-
ration of Tregs within the intestine[44]. Since Tregs express high levels of CTLA-4, their actions are
inhibited, thereby limiting self-tolerance and promoting the development of colitis. These findings
reiterate that GM has an immunomodulatory role, giving them the potential to be utilized as biomarkers
of ICB-related colitis, in addition to response to ICB.

Our systematic review has several strengths. Firstly, unlike previous reviews which combined studies
in various cancer types, this review focused solely on the effect of GM composition and diversity only in
patients with melanoma. Secondly, we conducted a comprehensive search for RCTs and observational
studies, performed a risk-of-bas assessment and studied clinically important outcomes - clinical
response and ICB-related colitis - an adverse event reported in up to 25% of patients treated with ICB
[45]. Thirdly, we only included studies which assessed response to immunotherapy in humans, not
animals. However, several limitations exist in our systematic review. Studies which we included used
distinct approaches when segregating patients into the responder and non-responder groups, using
different response criteria to evaluate treatment response in patients. Additionally, there were
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differences in methods of stool collection and analysis of GM composition and diversity. For example,
Chaput et al[46] collected multiple stool samples every 3 wk of ICB, while other studies such as Dubin et
al[33] and Matson et al[29] collected stool samples only prior to initiation of ICB. Furthermore, only 4
studies considered confounding factors such as variation in diet and antibiotic use[27,29-31]. Therefore,
inter-study comparison of the GM composition and diversity in responders vs non-responders and
those who experienced colitis vs non-colitis should be addressed with caution. Furthermore, included
studies only enrolled a small number of patients, which could explain inconsistent results between
studies.

CONCLUSION

In conclusion, GM composition and diversity holds some potential as a biomarker of response and
toxicity to ICB in melanoma. Larger prospective studies with standardized experimental protocol ought
to be conducted to elucidate whether distinct GM signatures are required for robust response to
different ICB regimens. Additionally, more studies correlating metagenomic and metatranscriptomic
data of GM to outcomes of melanoma patients on immunotherapy ought to be performed as the
functional capacity may be more important rather than individual GM family/order/species. In
addition, we eagerly await the outcome of multiple large-scale RCTs involving FMT in the context of
ICB-refractory melanoma such as NCT04577729 and NCT04988841 (PICASSO) (ClinicalTrails.gov).We
foresee that together with other promising biomarkers, GM composition and diversity will be integrated
into a multiparameter model to accurately predict which subset of melanoma patients are likely to
respond to ICB[10,11,47].

ARTICLE HIGHLIGHTS

Research background

Survival for metastatic melanoma has significantly improved since the introduction of immune
checkpoint blockade (ICB) therapy. However, despite their considerable efficacy, 40%-60% of melanoma
patients do not experience objective responses to the therapy. Additionally, some patients experience
ICB-related colitis as a consequence of ICB therapy, preventing them from deriving the full benefit of
ICB therapy. Recent studies have demonstrated that the gut microbiome (GM) may affect tumor
immunity by regulating the host immune system and tumor micro-environment, thus suggesting that
GM may affect response to ICB therapy and susceptibility of ICB-related colitis.

Research motivation

The GM has shown great potential as a biomarker of response to ICB therapy in melanoma patients.
Previous studies investigating GM composition and/or diversity in patients with melanoma have
identified distinct GM composition and diversity in responders to ICB compared to non-responders, as
well as those more susceptible to ICB-related colitis than those who are not.

Research objectives
To be the first to compile the existing data regarding the role of GM composition and diversity in
predicting response to ICB and ICB-related colitis specifically in patients with melanoma.

Research methods

Comprehensive literature search was done in various platforms using the following search terms: (fecal
OR gut) AND (microbiota OR microbiome) AND (melanoma) AND (immunotherapy OR checkpoint
OR nivolumab OR ipilimumab OR pembrolizumab). From a total of 300 studies, nine studies met
inclusion criteria. Two studies were phase I clinical trials, while the remainder were prospective
observational studies. All but one study has moderate risk of bias. Data from these studies including but
not limited to, number of participants, type of immunotherapy received, GM analysis method, and GM
composition and diversity were collected and interpreted.

Research results

Fecal samples enriched in Firmicutes phylum were associated with good response to ICB therapy,
however they were associated with increased susceptibility to ICB-related colitis. Fecal samples
enriched in Bacteroidales family were associated with poor response to ICB. Samples with greater GM
diversity were associated with more favorable response to ICB. Fecal samples enriched in Bacteroidetes
were associated with decreased incidence of ICB-related colitis. Overall, there was limited concordance
in the organisms in the GM identified to be associated with response to ICB, and studies evaluating GM
diversity showed conflicting results.
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Research conclusions

GM composition and diversity holds some potential as a biomarker of response and toxicity to ICB in
melanoma. Further prospective studies, including several RCTs that are underway, are needed to
confirm whether the GM could be used as a biomarker and potential intervention to modulate ICB
response in melanoma patients.

Research perspectives
With other promising biomarkers, GM composition and diversity holds potential to be integrated into a

multiparameter model to accurately predict which subset of melanoma patients are likely to respond to
ICB.
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