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Abstract

Bariatric surgeries have been demonstrated to be safe and effective treatment
options for morbid obesity patients, but operative risks and high health care costs
limit their clinical application. Endoscopic bariatric therapies are emerging as
valuable alternatives for patients with doubts about bariatric surgery or ineligible
for it. Endoscopic sleeve gastroplasty (ESG), a relatively novel technique of
endoscopic bariatric therapies, has gained standing in the past few years. The
safety, feasibility, repeatability, and potential for reversibility of ESG have been
proven by multicenter studies. Compared to other weight loss strategies, current
evidence demonstrates that ESG offers satisfactory efficacy in weight loss. Even
though it is inferior to laparoscopic sleeve gastrectomy, it has lower risks of
adverse events than surgical interventions and intragastric balloon within one-
year follow-up. Furthermore, ESG may be the ideal weight control strategy for
patients who have poor adherence to behavioral interventions. Even so, trends in
decreased weight loss effect over time, post-procedure weight regain, post-
procedure gut hormone alteration, and possible effects of race and ethnicity on
ESG still remain undetermined due to very limited reports and very short follow-
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ups. Further clinical trials are required to validate and answer these questions.
Key words: Obesity; Endoscopic bariatric therapy; Endoscopic sleeve gastroplasty;
Laparoscopic sleeve gastrectomy; Intragastric balloon; Behavioral weight loss

intervention
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Core tip: Endoscopic sleeve gastroplasty offers satisfactory efficacy in weight loss, even
though it is inferior to laparoscopic sleeve gastrectomy and has lower risks of adverse
events than surgical interventions and intragastric balloon within one-year follow-up.
Furthermore, it may be the ideal weight control strategy for patients who have poor
adherence to behavioral interventions.
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INTRODUCTION

Growing prevalence of obesity has become a current worldwide public health
epidemic in adults, children, and adolescents. The increasing trend in obesity is also
of concern owing to the high comorbidity and mortality in obesity patients and the
expanding economic burden for society!'?l. Bariatric surgeries have been
demonstrated to be safe and effective treatment options for morbid obesity patients,
but low patient acceptance due to fear of operative risks and high health care costs
limit its clinical application”. In this situation, endoscopic bariatric therapies (EBTs),
with their characteristics of minimally invasive nature, reversibility, and high
applicability, are emerging as valuable alternatives for patients with doubts about
bariatric surgery or ineligible for it"*l. Endoscopic sleeve gastroplasty (ESG), a
relatively novel technique of EBTs, was first published by the Mayo Clinic in the USA
in 2013 and has gained standing in the past few years®. ESG is an incisionless
transoral endoscopic procedure that uses a full-thickness endoscopic suturing system
to reduce stomach volume into a tubular gastric cavity!. The safety, feasibility,
repeatability, and potential for reversibility of ESG have been shown by several
multicenter studies!”l. Furthermore, there are many studies making a direct
comparison between ESG and other weight loss strategies!”'?, which are separately
discussed in the following sections.

ESG VS LAPAROSCOPIC SLEEVE GASTRECTOMY

Laparoscopic sleeve gastrectomy (LSG) is the most popular restrictive bariatric
surgical procedure because of its high efficiency in weight loss, reduction in obesity-
related morbidities, and simple surgical techniquel"”. Novikov et al! conducted an
unmatched cohort study to compare the outcomes of ESG with surgical interventions.
The study showed that LSG achieved greater body mass index (BMI) decrease and
percent total body weight loss (%TBWL) than ESG at 12-mo follow-up (29.28% vs
17.57%, P < 0.001). Furthermore, and there were no significant differences (P = 0.21) in
%TBWL between the two procedures in the subgroup of patients with BMI < 40
kg/m? after multivariable adjustment. Significantly lower post-procedure length of
stay (0.34 d £0.73 d vs 3.09 d £ 1.47 d, P < 0.01) and adverse event rate (2.20% vs
9.17%, P < 0.05) were both observed in ESG compared with those in LSG. The other
case-match study by Fayad et al' enrolled 54 ESG and 83 LSG patients. ESG initially
presented more %TBWL and BMI decrease than LSG at 30 d (9.8% vs 6.6%, P < 0.001;
9.4% vs 6.7%, P < 0.001, respectively), but reverse outcomes in both %TBWL and BMI
decrease for ESG and LSG (17.1% vs 23.6%, P < 0.001; 17.2% vs 23.7%, P < 0.001,
respectively) were shown at 6-mo follow-up. Moreover, a significantly lower rate of
adverse events was observed in ESG than in LSG (5.2 vs 16.9%, P < 0.05), especially in
new onset gastroesophageal reflux disease (1.9% vs 14.5%, P < 0.05). Both comparison
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studies both demonstrated the superior weight loss effects of LSG and increased
safety of ESG at 6-mo and 12-mo follow-up. In addition, the recent case-match
retrospective study evaluated 6-mo quality of life after operation between 23 pairs of
ESG and LSG patients with questionnairel'“l. ESG cohort reported significantly better
results in gastrointestinal symptoms subdomain than LSG cohort (P = 0.001). No ESG
patients but 7 LSG patients developed postoperative gastroesophageal reflux disease
and required daily proton-pump inhibitors use (P = 0.004). Nevertheless, the current
results are limited due to the retrospective nature of the studies and short-term
follow-up, and they should be validated in future randomized controlled trials with
longer follow-up.

ESG VS INTRAGASTRIC BALLOON INSERTION

EBTs have several promising applications in metabolic obesity disease, and one of
them is intragastric balloon (IGB), whose efficacy in body weight loss and safety were
demonstrated by a systematic review and meta-analysis!'"l. IGB was introduced 30
years ago and underwent several upgraded product developments but, so far, weight
regain remains the major limitation because of necessary removal of the balloon at 6
mo!'’l. Likewise, ESG, a new emerging EBT, presented satisfactory effects against
obesity disease. One recent retrospective study reported by Fayad and his colleague
compared the two EBTs (ESG and IGB)!"". All 58 ESG and 47 IGB patients achieved
meaningful body weight loss. The ESG group showed significant higher mean
%TBWL than the IGB group over 12 mo post-procedure (at 12-mo follow-up, 21.3% vs
13.9%, P = 0.005, respectively). Notably, a decreasing trend in % TBWL was seen in the
ESG group and decreasing % TBWL presented after 6 mo for the IGB group, which can
be explained by balloon removal at 6 mo. There was a significantly lower rate of
adverse events in the ESG group than in the IGB group (5.2% vs 17.0%, P = 0.048,
respectively). Up to 17% of IGB patients had adverse events requiring balloon
removal, and these events completely subsided after balloon removal. In contrast,
ESG-associated adverse events are more likely to require medical treatment. This
study provided evidence that ESG may be a more appropriate EBT than IGB in
clinical practice even with limitation of selection bias.

ESG VS BEHAVIORAL INTERVENTIONS

The United States Department of Health and Human Services has proposed lifestyle
interventions, such as dietary therapy and physical activity, as first-line treatment for
weight loss and maintenance since 1998/ One systemic review and meta-analysis
revealed that behavioral interventions bring about small but significant benefits for
weight loss and maintenance®l. Certain obese patients prefer these non-surgical
interventions over invasive therapies. Cheskin ef al”! conducted a case-matched study
of 105 patients who underwent ESG and 281 patients who underwent high-intensity
diet and lifestyle therapy (HIDLT) to compare weight loss between the two groups.
The ESG group had a significantly greater mean %TBWL than the HIDLT group
throughout the 12-mo follow-up (20.6% vs 14.3%, respectively). It is worth noting that
ESG had no superiority in weight loss over 6 mo post-procedure compared with
HIDLT in BMI > 40 kg/m? patients. In addition, a low proportion of patients (4.8%)
experienced moderate-to-severe adverse events in the ESG group, and no subjects
suffered from any adverse event in the HIDLT group. Consequently, ESG is likely a
valuable alternative for patients who do not comply with HIDLT.

CONCLUSION

Current evidence, summarized in Table 1, indicates that ESG offers satisfactory
efficacy in weight loss even if inferior to LSG, and has lower risks of adverse events
compared to surgical interventions and IGB within one-year follow-up. Moreover,
ESG may be the ideal weight control strategy for patients who have poor adherence to
behavioral interventions. Even so, the reasons for the trends in decreased weight loss
effect with time and post-procedure weight regain in ESG still remain undetermined.
As gut hormones!'”*’, cytokines”], adipokines, hepatokines?”, and bile acids*! play
important roles in promoting weight loss, ameliorating type 2 diabetes mellitus and
improving fatty liver disease, basic mechanistic insights into EBT, including ESG, are
required. Since the Y-Y paradox exists between Caucasians and Asians!®’, direct
extrapolation of the results obtained from Western countries may not be proper in
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Eastern countries. Thus, analyses of the possible effects of race, ethnicity, and
comorbidities on weight loss outcomes in each cohort become more and more
imperative. With very limited reports and very short follow-ups, this novel
endoscopic technique for obesity treatment, ESG, will require more large-scale
randomized controlled trials in order to validate its clinical efficacy and safety in long-
term follow-up.
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Table 1 Summary of comparison studies for weight control strategies

. . Length of follow-  Weight loss Adverse event
Ref. Type of study Comparison Subject numbers g g 0
up (mo) efficacy (%TBWL) rate
Novikov et all”! Retrospective cohort ESG vs LSG vs 91 ESG/120 LSG/67 12 LSG (29.28%) > ESG  LSG (9.17%) > LAGB
2018 study, case- LABG LAGB (17.57%) > LAGB (8.96%) > ESG
unmatched (13.30%), P<0.001  (2.20%), P <0.05
Fayad et all'” 2019  Retrospective cohort ESG vs LSG 54 ESG/83 LSG 6 LSG (23.6%) > ESG  LSG (16.9%) > ESG
study, case-matched (17.1%), P < 0.001 (5.2%), P <0.05
Fiorillo et all'1 2020 Retrospective cohort ESG vs LSG 23 ESG/23 LSG 6 LSG (18.8%) > ESG ~ GERD symptoms
study, case-matched (13.4%), P =0.03 LSG (30.7%) > ESG
(0%), P =0.004
Fayad et all'1 2019 Retrospective cohort ESG vs IGB 58 ESG/47 IGB 12 ESG (21.3%) >IGB  IGB (17.0%) > ESG
study, case-matched (13.9%), P = 0.005 (5.2%), P = 0.048
Cheskin et all'] Retrospective cohort ESG vs HIDLT 105 ESG/281 HIDLT 12 ESG (20.6%) > ESG (4.8%) > HIDLT

2019

study, case-
unmatched

HIDLT (14.3%), P <

(0.0%)

0.001

ESG: Endoscopic sleeve gastroplasty; GERD: Gastroesophageal reflux disease; HIDLT: High-intensity diet and lifestyle therapy; IGB: Intragastric balloon;
LAGB: Laparoscopic adjustable gastric banding; LSG: Laparoscopic sleeve gastrectomy; %TBWL: Percent total body weight loss.
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Abstract

Viruses can alter the expression of host microRNAs (miRNA s) and modulate the
immune response during a persistent infection. The dysregulation of host
miRNA s by hepatitis B virus (HBV) contributes to the proinflammatory and
profibrotic changes within the liver. Multiple studies have documented the
differential regulation of intracellular and circulating miRNA s during different
stages of HBV infection. Circulating miRNA s found in plasma and/or
extracellular vesicles can integrate data on viral-host interactions and on the
associated liver injury. Hence, the detection of circulating miRNA s in chronic
HBYV hepeatitis could offer a promising alternative to liver biopsy, as their
expression is associated with HBV replication, the progression of liver fibrosis,
and the outcome of antiviral treatment. The current review explores the available
data on miRNA involvement in HBV pathogenesis with an emphasis on their
potential use as biomarkers for liver fibrosis.

Key words: Hepatitis B virus; MicroRNA; Noncoding RNA; Liver fibrosis; Viral
hepatitis; Non-invasive biomarkers; Extracellular vesicles; Hepatitis management

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The current review analyses the available data on the role of microRNAs
(miRNA s) in the development and progression of liver fibrosis by focusing on their
potential use as diagnostic and prognostic biomarkers for hepatitis B virus-infected
patients. Cellular and circulating miRNA s (in plasma or extracellular vesicles) offer a
unique glimpse into the virus-host relationship and the pathogenesis of chronic hepatitis
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INTRODUCTION

MicroRNAs (miRNA s) are short noncoding RNAs involved in the epigenetic
regulation of multiple intracellular and extracellular signalling pathways and in the
posttranscriptional regulation of genes across numerous eukaryotic organisms!'~l.
Cellular miRNA s can modulate viral replication and the immune antiviral
responsel*’l. Viruses can encode their own miRNA s’/ and can alter the cellular
miRNome to create a favourable environment for viral replication or latency. Due to
these complex roles, miRNA s have been increasingly evaluated as biomarkers for the
diagnosis, prognosis and treatment of viral infections/*! as well as for distinct
pathologies, including liver fibrosis.

Chronic hepatitis B virus (HBV) infection affects over 257 million people!” and it is
one of the most common causes of liver fibrosis. Liver fibrogenesis is a dynamic
process, characterized by an excessive accumulation of extracellular matrix proteins in
response to an ongoing liver inflammatory response, with gradual distortion of
hepatic architecture and progression to liver cirrhosis!"l. Extracellular matrix is mainly
synthesized by hepatic stellate cells (HSCs), which are activated following liver injury,
together with proinflammatory cytokines and chemokines. Once activated, HSCs
maintain this phenotype through autocrine or paracrine signalling loops!'. Still, liver
fibrosis is a reversible wound-healing process. Experimental studies have shown that
an early detection and timely removal of the inciting factor can lead to a complete
remission of the fibrotic changes, while interventions performed in later stages are
less effective against the already formed architectural changes!'”. Furthermore, given
the potential progression of liver fibrosis to hepatocellular carcinoma (HCC), an
antifibrotic treatment would ideally need to be started early and would be precisely
targeted against the molecular processes occurring at that stage.

Regarding HBV-associated fibrosis, between 8%-20% of untreated patients can
progress to liver cirrhosis within 5 years depending on viral characteristics (HBV
genotype, viral load, HBV mutations) and host-related factors (age, gender, other
comorbidities or coinfections)!"’. Antiviral treatment, with either pegylated interferon-
a or nucleoside analogues, halts or attenuates the development of fibrosis!* and the
initiation of treatment in the early stages of liver fibrosis is associated with a
significant improvement of the histologic scores!”’l. However, current treatment
options do not ensure a complete cure of the HBV infection (with the elimination of
viral reservoirs from hepatocytes) and a persistent activation of fibrotic signalling
pathways is possible even in patients with undetectable HBV serum viral loads after
treatment!"”?!1. Hence, biomarkers which offer additional information on the viral-host
interaction could potentially foreshadow new therapeutic agents.

Liver biopsy is currently the gold standard for a complete assessment of liver
fibrosis, inflammation, and intrahepatic HBV replication. This technique is
nevertheless limited by multiple risks and potential misclassifications, due to
examiner variability and sampling/*’. Hence, a series of alternative non-invasive
biomarkers have been proposed, including imaging data (elastographic techniques
such as transient elastography, acoustic radiation force impulse imaging, two-
dimensional shear wave elastography and magnetic resonance elastography),
biochemical scores (APRI, Fib-4, Fibrotest), HBV RNA, and HBV core antigen™-*! or
even direct markers (molecules released in the serum following liver fibrogenesis of
fibrolysis such as hyalyuronic acid, type IV collagen, matrix metalloproteases or tissue
inhibitory metalloprotease-1)*l. Non-invasive scores are more accessible, which
explains why the World Health Organization recommends the use of Fib-4 and APRI
for the assessment of liver fibrosis in HBV patients living in low-income countries*’.
Nevertheless, the diagnostic performance of these biomarkers in chronic HBV
infection is moderate. Non-invasive methods are less reliable for the prediction of a
specific stage of liver fibrosis, yet these can differentiate between an early and an
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advanced stage of liver fibrosis or even cirrhosis (e.g., FO-F1, > F2 or > F4)
Therefore, combined scores with circulating and cellular miRNA s could represent an
appealing alternative for the diagnosis and monitoring of viral-induced liver
fibrosist" offering supplementary data on the viral-host interactions and the fibrotic
signalling cascades in both the liver and blood.

The current review analyses the available data on the role of miRNA s in chronic
hepatitis B, with an emphasis on their role in liver fibrogenesis and on their potential
use as non-invasive biomarkers in the diagnosis, evolution, and treatment of HBV
induced-liver fibrosis.

miRNA BIOGENSIS AND INTERFERENCE WITH HBV

Genes encoding for miRNA s are transcribed by the RNA polymerase II/III into
primary RNA transcripts (pri-miRNA ), further processed in the nucleus by the
Drosha ribonuclease to a hairpin loop structure of ~ 60 nucleotides (the pre-miRNA
transcript). Pre-miRNA s are further exported to the cytoplasm, where the Dicer
enzyme cleaves the hairpin loop and leads to the mature double-stranded miRNA .

One strand of the mature miRNA is degraded, while the other one (less stable at
the 5" end) becomes the guide strand and is recruited into an RNA-induced silencing
complex together with Argonaute proteins, TAR RNA-binding proteins, and other
proteins and binds to the 3’ untranslated region of the target mRNAs*). Noncanonical
interactions can also occur through “seed-like” motifs at the 5" untranslated region or
coding regions""*!l. This intricate binding mechanism does not imply a perfect
complementarity one miRNA can regulate one or more mRNAs, and multiple
miRNA s can bind to the same mRNA. The concentrations of intracellular miRNA s
are extremely variable, depending on the cellular context (cell cycle, metabolism, or
differentiation) and concurrent pathologies. This variability could be exploited during
viral-host interactions to influence viral tropism and hijack the host transcriptional
machinery or to enable the host control on viral infections™.

HBV modulates miRNA biogenesis by decreasing the expression of Drosha
ribonuclease”. Novellino ef al’! showed that serum hepatitis B surface antigen
(HBsAg) particles transport both Ago2 proteins and a series of miRNA s (miR-27a,
miR-30b, miR-122, miR-126, miR-145, miR-106b, and miR-223) and identified a
different miRNA profile in HBsAg particles and plasmal®!. Ago2 interacts with
hepatitis B core antigen and HBsAg in various subcellular compartments of infected
cells, indicating a potential role of HBV on miRNA packaging into extracellular
vesicles (EVs)™L The function of extracellular miRNA s is not well elucidated, yet data
on miRNA s found in EVs (like apoptotic bodies, microvesicles, or exosomes®**l)
suggest multiple roles in paracrine signalling!™, epigenetic regulation of the recipient
cell and regulation of the cellular inflammatory response, through the activation of
toll-like receptor signalling pathways!™*!. Incidentally, the first discovered HBV-
encoded miRNA , HBV-miR-3!""l modulates the release of HBV virions and is also
incorporated into exosomes and HBV core particles but not into HBsAg subviral
particles. It would be interesting to explore if this differential packaging is the result
of a viral-host competition and sequestration of host/viral miRNA s into a certain
particle and further exploit these findings for diagnostic or therapeutic purposes.

miRNA S AS KEY REGULATORS OF LIVER FIBROSIS
Host-encoded miRNA s

Intracellular miRNA : There is a significant amount of data documenting the role of
cellular miRNA s in liver fibrosis but no consensus on their exact regulatory functions.
Various miRNA s are being proposed as either profibrotic or antifibrotic (Figure 1).
This classification is theoretical, based on predicted signalling pathways and reports
from various studies!**!l. Overall, miRNA s modulate numerous steps during the
development of liver fibrosis, including: HSC activation, proliferation, migration, and
apoptosis!’; transcription of profibrogenic factors and signalling pathways (such as
Collal, transforming growth factor beta (TGF)-RIII"*l, SPRY2, HNF4al**l, matrix
metalloproteinases!**", MeCP2""], retinoid X receptor alpha™); modulation of the
immune response and intrahepatic recruitment of inflammatory cells, indirectly
contributing to the release of profibrotic cytokines such as tumor necrosis factor alpha,
Interleukin-6, and Interleukin-1f, regulation of interferon gamma signalling and of
the inflammasome pathway!"-""}, regulatory activity on the metabolism of lipids,
drugs, and alcohol””*%!l; and the regulation of angiogenesis!*’.

The complete characterization of intracellular miRNA s is nevertheless difficult
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given that one miRNA can modulate multiple signalling pathways in various tissues.
For example, miR-34 mediates both HSC activation through peroxisome proliferator-
activated receptor gamma signalling!*! and hepatocyte apoptosis through the miR-
34 /sirtuin-1/p53 cascadel®l. On the other hand, miR-34a-5p can also display an
antifibrotic role within HSC, as its overexpression was correlated with the
downregulation of the TGFp/Smad3 pathway!*!.

Both miR-181b and miR-21 favour HSC activation through the inhibition of
phosphatase and tensin homolog and activation of the phosphatidylinositol 3-
kinase/ Akt pathway!”*“l. MiR-29b, a significant antifibrotic cellular miRNA , induces
HCS apoptosis, regulates the HSC phenotype, and decreases extracellular matrix
synthesis through multiple signalling pathways (TGF-p / Smad, lipopolysaccharide /
NF-kB, and oestradiol)*7?. HSC activation is also downregulated by multiple
antifibrotic miRNA s, including miR-146 through the suppression of TGF-f3 / Smad!””,
and miR-150 through c-myB and Sp1 signalling pathways["*"l.

Circulating miRNA s

Circulating miRNA s found in the plasma or serum have been extensively studied in
the pathogenesis of liver disease due to various aetiologies, including viral hepatitis,
nonalcoholic steatohepatitis and alcoholic liver disease, drug-associated liver injury,
and HCCl*>7¢71,

Circulating miRNA s correlate with the presence and progression of liver fibrosis
and necroinflammation and can be used to predict the survival of patients with
cirrhosis or HCCF**l. The link between circulating and cellular miRNA s is still under
investigation. In this respect, Table 1 provides a correlation between the regulation of
various miRNA s found in the serum and liver of patients with HBV infection.

miRNA S IN EVS

EVs are secreted in multiple body fluids and ensure the transport of various proteins,
lipids or RNAs including miRNA s. Intrahepatic miRNA s are packaged into EVs and
released from injured hepatocytes to further mediate the survival/proliferation or
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Table 1 Circulating and intrahepatic microRNA regulation and target processes involved in liver fibrogenesis in hepatitis B virus

infection

Mediated processes

MicroRNA Plasma level Liver tissue . A Pryroral oo Ref.
involved in liver fibrosis
miR-34a 1 1 Cell-cycle regulator (cell Guo et al*); Singh et all*”!
differentiation, proliferation,
metabolism, apoptosis); HSC
activation
miR-221 miR-222 T T Collagen synthesis; HSC Singh et all*’!
proliferation; Liver fibrosis;
Oncogenesis
miR 27a/b 1 1 HSC activation, Zhang et all'*!]
differentiation and
proliferation
miR 181a/b 1 1 Cell cycle regulator; HSC Yu et all"*?
activation and proliferation
miR 199a/b ! 1 HSC activation Murakami et all”']
miR-223 1, | EVs i Inflammatory response Akamatsu ef all'™l; Bao et
ul[m; Ye et al[‘w]; Wang et
211061
miR-125 (-125a-5p/ -125b) 1 1 HSC activation, proliferation ~ Zheng et all"**]; You et all*’}
miR 21-5p 1in total plasma; | in EVs 1 Collagen synthesis; Bao et ul['”]; Wei et ul[“];
Oncogenesis Wang et all'™]

1 means upregulation. | means downregulation. EVs: Extracellular vesicles; HSC: Hepatic stellate cell; miR: MicroRNA.

infection in neighbouring cells*-*?l. Additionally, miRNA s associated to EVs have
been shown to play various roles in cell-to-cell communication between
parenchymatous and non-parenchymatous cells (such as HSCs, liver sinusoidal
endothelial cells, Kupffer cells, or cholangiocytes). Extracellular miRNA s have been
shown to mediate both profibrotic and antifibrotic signalling cascades. For example,
hepatitis C virus-infected hepatocytes release EVs containing miR-192 or miR-19a that
induce profibrotic TGFp signalling pathways and activate HSCs!***"l. Quiescent HSCs
release EVs containing miR-214 and miR-199a-5p in order to downregulate fibrogenic
pathways in neighbouring activated HSCs and hepatocytes!®**l. The antifibrotic
potential of these EVs is particularly intriguing given that both miR-214 and miR-
199a-5p/3p have been known for their profibrotic action**“!l,

Compared to the miRNA s found in the total plasma, EVs can display different
miRNA concentrations and even discordant miRNA subsets!””l. Lambrecht et al'*”!
showed that the same miRNA species can be upregulated in the serum and
downregulated in the EVs and suggested that the miRNA signature from circulating
EVs reflects the profile found in the vesicles released by activated HSCs in vitro. These
discrepancies can also indicate either a higher stability of miRNA s packaged into EVs
against plasma ribonucleases, different intercellular signalling mechanisms™*! or
could be attributed to the distinct methodology used for miRNA detection and
quantification.

HBV-encoded miRNA s

Current data on circulating miRNA s in HBV cirrhosis are limited to host-miRNA s.
The only confirmed HBV-encoded miRNA , HBV-miR-3 is released in the circulation
packed in HBV virions and EVs!"'l. Given that HBV-miR-3 downregulates the
synthesis of HBV virions, it is probable that this miRNA plays a role in the
establishment of chronic HBV infection. Hence, the incorporation of HBV-miR-3 into a
miRNA diagnostic score could help indicate the contribution of intrahepatic HBV
replication to the development of liver inflammation and fibrosis. However, no data
are currently available on the role of HBV-miR-3 in HBV-associated liver
fibrosis/ cirrhosis.

miRNA S DETECTION AND QUANTIFICATION

The assessment of miRNA profiles involves the extraction of total RNA and quality
control analysis of this purified fraction, followed by their quantification using either
reverse-transcription PCR, microarrays, or even next-generation RNA sequencing.
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Compared to other non-invasive biomarkers, circulating miRNA s are better able to
withstand a low pH, extreme temperatures, ribonucleases, and multiple freeze-thaw
cyclesl’. Still, the interpretation of miRNA concentration requires a careful
consideration of the methodology, as it depends on the timing of the sample
collection, the isolation protocol? (e.g., plasma vs serum; miRNA s in exosomes vs
free miRNA s in plasma or serum) and on the normalization method". Currently,
there are various approaches for normalization, including the use of exogenous spike-
ins (such as cel-miR-39 from Caenorhabditis elegans), geometrical mean of the
quantification cycle for the analysed miRNA s, and the use of one or more
endogenous miRNA s, small RNAs, or even miRNA /small RNA constructs as
reference points™ 1.

CIRCULATING miRNA S AS POTENTIAL BIOMARKERS OF
LIVER FIBROSIS

One of the most important challenges for the use of circulating miRNA s in the clinical
setting resides in their lack of specificity for a distinct tissue!'""l. With few exceptions,
such as miR-122, which accounts for an estimated 70% of all miRNA s in the liver!'"?,
other miRNA s are less specific for the liver. Moreover, the significance of circulating
miRNA s in chronic liver diseases is complicated by the simultaneous development of
the necroinflammatory process and scarring as well as by the potential viral-host
interactions. For example serum/plasma miR-122 appears to increase with the
progression of the liver necro-inflammatory activity in patients with chronic hepatitis,
including those with established liver fibrosis!'”], yet it also varies with HBV
replication within the liver. Hence, when looking at miRNA expression, a critical
interpretation in the clinical context is required.

The circulating miRNA s associated with liver fibrosis differ between studies, and
there is still no consensus on their uses as biomarkers of choice for the diagnosis,
staging, or prognosis of liver fibrosis.

miRNA s for detection of liver fibrosis

The individual expression of miRNA s in plasma/serum can reach a moderate
accuracy for the detection of liver fibrosis. Such an example is miR-29, an antifibrotic
miRNA that exhibits an area under the curve between 0.619 to 0.838 in various
studies!"**”*’. The use of multiple miRNA s or the combination of noncoding RNAs
and of other laboratory markers have significantly increased their diagnostic and
prognostic accuracy”” "'l Individual miRNA s and composite scores for liver
fibrosis in HBV-infected patients are shown in Table 2 and Table 3. In a meta-analysis
by Guo et al”, the authors identified a panel of eight circulating miRNA s that could
serve as diagnostic markers for liver cirrhosis, irrespective of the viral or nonviral
aetiology, displaying an area under the curve of 0.93 (95% confidence interval:
0.91-0.95). Similarly, Murakami et al""! identified a miRNA score which differentiated
between chronic hepatitis B and chronic hepatitis C, non-alcoholic steatohepatitis, and
healthy controls with accuracy of 98.35%, 87.5%, or 89.29%, respectively.

Studies on HBV-infected patients have shown that serum/plasma miRNA
signatures can assist in the differentiation from other viral or nonviral liver
pathologies!”'*1%l. Recently, Shang et all'"! identified a profile of urinary miRNA s
that could serve as diagnostic biomarkers for HBV infection and non-alcoholic
steatohepatitis. Nevertheless, there is still insufficient data to recommend a miRNA
panel for the specific diagnosis of HBV vs other pathologies. On the other hand,
miRNA s have been associated with a specific HBV immune profile, with the
evolution of ne-croinflammatory activity and with the development of chronic liver
disease[ll,](\‘),l]()].

miRNA s for staging of liver fibrosis
miRNA s can distinguish between early and late fibrosis with a comparable or even
higher sensibility and specificity than APRI or Fib-41*1%¢1%"]_ Panels exclusively
composed of miRNA sl or panels including both circulating miRNA s and biological
markers (e.g., platelet count and alkaline phosphates) have been evaluated™ . Wang
et al'"! showed that a miRNA signature displays a significantly higher accuracy than
individual miRNA s for the detection of moderate and advanced liver fibrosis (area
under the curve of 0.90 for stages beyond F2, 0.88 for F3-F4, and 0.83 for F4).
Serum/plasma miRNA s precede the increase of liver transaminases in studies on
acute liver injury!"'""?l. Translating this result in patients with chronic hepatitis is
nevertheless challenging, due to the persistent elevation of laboratory markers in
chronic liver diseases. In HBV-associated liver fibrosis diagnosis, it is important to
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Table 2 Circulating microRNAs in hepatitis B virus infection and their significance for the staging of liver fibrosis

Circulating microRNAs, plasma or serum  Significance for liver disease Ref.
Upregulated microRNAs
miR-185 1 in advanced (F3-F4) vs early liver fibrosis (F1-F2); Li et all'*"!

and 1 in early liver fibrosis vs healthy volunteers;
No increase with HBV plasma DNA

miR-2861, miR-345-3p, miR-3620, miR-3656, miR- Individually 1 in F1-F4 vs FO; Plasma expression Zhang et all?7]
371a-5p, miR-4646-5p, miR-4651, miR-4695, miR-  differs between each stage of liver fibrosis
4800-5p, miR-638

miR-1, mR-10b-5p, miR-20b-5p, miR-96b-5p, Increase in the serum in F3-F4 liver fibrosis Singh et all*’!
miR-133b, miR-455-ep, miR-671-5p

miR-499-5p Increases in the serum in F1-F2 stages Singh et all*’!

miR-106b, miR-181b Panel for the diagnosis of liver cirrhosis due both ~ Chen et al*!!
HBV and non-HBV associated infection

Downregulated microRNAs

miR-29 | in liver cirrhosis vs healthy controls Xing et al"**]; Wang et all'*!
miR-223 | with the progression of liver fibrosis from FO-F2  Bao et all*’; Wang et all'*°!
miR-21 to F3-F4

miR-143

miR-374

miR-486-3p, miR-497-5p Individually | in F1-F4 vs FO; Plasma expression  Zhang et all'*"}

differs between each stage of liver fibrosis

miR-1227-3 in the serum in F1-F2 stages Singh et all*’}
P g g

1 means upregulation. | means downregulation. HBV: Hepatitis B virus; miR: MicroRNA.

distinguish between miRNA s that signal the presence of liver inflammation vs
fibrosis, a challenge in practice because both can be present in the progression of
chronic livery injury. Examples of circulating miRNA s that correlate with either liver
necroinflammation and/ or fibrosis are presented in Table 4. Still, circulating miRNA s
could be used as prognostic markers for survival as well as for the developing risk of
HCC in cirrhotic patients, including those with chronic hepatitis BI'***41.

miR-122 gradually decreases in the serum of patients with decompensated liver
cirrhosis and its value is independently associated with the survival and MELD
scorel'”], while miR-34 indicates the degree of portal hypertension in patients with
liver cirrhosis!"*l. miRNA scores also yield a satisfactory sensitivity and sensibility for
the detection of HCC in patients with cirrhosis due to viral and non-viral
aetiologies!"”'*’l. Various profibrotic miRNA s, such as miR-21 and miR-221/222, are
also well-known oncogenic miRNA s and regulate tumoral signalling pathways.
Circulating miR-21 is associated with the detection of HCC and with the presence of
distant metastasis!*’’’'*"'*l. Similarly, serum miR-221 plays an important role in the
growth and proliferation of tumoral cells'"**! and appears to be regulated by HBx!'*l. In
this respect, Huang et all'""! devised a miRNA score that differentiated between HBV-
or hepatitis C virus-associated HCC.

Circulating miRNA s as predictive biomarkers during HBV treatment
Plasma miRNA expression varies in response to antiviral treatment and could
provide a promising tool for treatment selection. Van der Ree et al"*! found higher
pretreatment levels of miR-301a-3p and miR-145-5p in patients with HBsAg loss,
while Yang et al'*! devised a combination of miR-3960 and miR-126-3p that correlated
with the clearance of HBsAg.

miRNA panels have also been studied in patients receiving either interferon or
nucleoside analogues. Zhang et al"*! constructed a model of 11 miRNA s for the
prediction of an early virological response to an interferon-based regimen, while
Brunetto et al"*! defined a miR-B index (combining serum miR-122, miR-99, miR-192,
miR-335, miR-126, miR-320) for the prediction of a sustained virological response. Li
et al”" used a miRNA panel composed of miR-22, miR-210, and alanine
aminotransaminase to predict the early and sustained virological response but did not
find any correlations with HBsAg or HBeAg clearance during a regimen with
interferon-alpha.

Further studies on the serum miRNA dynamics during treatment could help
establish the correlation between a specific pretreatment miRNA profile and the
outcome of the treatment measured as both viral suppression and fibrosis regression.
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Table 3 Overview of the major studies on the use of microRNAs in hepatitis B virus infected patients for the staging of liver fibrosis

Fibrosis microRNA n
" q - - 1 f . . microRNA
staging/vali- detection Data microRNA regulation depending on fibrosis .
Study group : s . panel for liver Ref.
dation method/sa-  normalization staging . .
fibrosis
method mple’
102 treatment 58 pts F0-F2; 44 RT-qPCR / Spiked-in cel- ~ F3-F4vs FO-F2 ~miR-122,-27b 1 miR-122,-222,  Appourchaux
. " ool [107]
naive CHB Pts F3 .F4 / serum samples miR-39 miR-222, -224 ! PLT, ALP etal""’!, 2016
liver biopsy
and laboratory
data
330 CHB, 165 165 pts FO-F3;  RT-qPCR / Exogenous CHB: F4 vs FO- miR-18a-5p,- | Three panels:  Jin et all™],
HC 165 pts F4 / serum samples control using  F3 21-5p, -29¢-3p, - F4 vs other 2015
clinical and cel-miR-67 122-5p, -106b- stages: miR-
laboratory data 5p, 185-5p 18a-5p, -21-5p -
. 29¢-3p, -122-5p,
CHB F4 vs HC R-1, -146a-5
o8 m a%p 1 -106b-5p, 185-
miR-451a l 5p; F4 vs HC:
CHBuosHC  miR-21-5p,- 1 miR-1, -146a-
27a-3p, -122-5p, 5p, -451a; CHB
-146a-5p vs HC: miR-21-
5p, -27a-3p -
122-5p, -146a-
5p
123 treatment 69 pts F0-F2vs  RT-qPCR; Spiked-in cel-  F3-F4vs FO-F2  miR-29a,-143,- | miR-29a, -143, - Bao et ul[’ﬂ],
naive CHB 54 staged F3-F4 Serum samples miR-39 223,-21,-374 223, PLT 2017
/ liver biopsy
8 ASC, 8 AVH, 49 CHB RT-gPCRand U6 RNA F1-F2 miR-499-5p 1 Analysis of Singh et all*?],
7HC, 49 patients: 16 pts  microarray control relative miR-1227-3 | miRNA 2018
treatment F0, 19 pts F1-F2, analysis; Serum miRNA a networks and
naive CHB 14 pts F3-F4 /  samples F3-F4 miR-34b-3p, - 1 of individual
liver biopsy, 1224-3p, -1, - miRNA s
clinical and 10b-5p, -20b-5p,
laboratory data -96b-5p, -133, -
455-3p, -671-5p
19 CHB, 14 19 CHB pts RT-qPCR total ~ Spiked-incel-  Plasma (F0-F2) miR-192,-200b 1 Expression Lambrecht et
ith FO- iR- 193]
HC with FO-F2 plasmral miR-39 EVs (FO-E2) miR-192, -200b, | Patt.er.n of each al'", 2017
EVs/liver 92, -150 individual
stiffness ’ miRNA in EVs
vs total plasma
207 CHB,47 207CHBof  RT-qPCR/ miR-1228 CHBF4and  miR-106b ) Panel Chen et all*],
non-HBV-LC, which: 127 pts  plasma samples control witha  non-CHB F4; vs miR-181b 1 composed of 2013
7 non-CHB, F4; 79 pts FO-F3 log-2 scale other groups; miR-106 and
137 HC / liver biopsy transformation  (panel for F4 miR-181b
diagnosis)
50 treatment 10 pts FO, 10 pts Microarray Log F4 vs FO miR-2861, -345- 1 Detailed Zhang et all'],
naive CHB F1,10 pts F2, 10 analysis / standardization 3p, -3620-3p, - differential 2015
pts F3, 10 pts F4 plasma samples of miRNA s 3656, -371a-5p, - expression of
/ liver biopsy whose target 4646-5p, -4651, individual
gene expression 4695-5p, -4800- miRNA s for
levels > 2 folds 5p, -638, each stage of
and FDR < 0.05 miR-497.5p, - | ngeFr 4f1br051s
486-3p B
92 CHB 11 pts FO, 16 pts RT-qPCR; Quanto, EC1, >F2 miR-122-5p 1 miR-122-5p,-  Wang et all'™],
F1,12 pts F2,13 Plasma samples EC2 controls; . 21-5p, -146a-5p, 2018
R-223, -29c-
pts F3, 40 pts F4 relative miRNA ;m ¢ l -223, -29¢-3p, -
/ liver biopsy expression was P 22-3p, -381-3p
and laboratory assessed using 2F3 miR-122-5p 1
-AAC
data 2 F4 vs FO miR122:5p, - -/]
calculation 29c-3p, -146a-
5p, -223

'miRNA sample refers only to the samples collected from the serum/plasma in each of the mentioned studies. 1 means upregulation. | means
downregulation. ALP: Alkaline phosphatase; ASC: Asymptomatic carriers; AVH: Acute viral hepatitis; CHB: Chronic hepatitis B; EVs: Extracellular
vesicles; FDR: False discovery rate; HC: Healthy controls; LC: Liver cirrhosis; miR: MicroRNA; PLT: Platelet; Pts: Patients; RT-qPCR: Real time quantitative
polymerase chain reaction.
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Table 4 Circulating microRNAs in hepatitis B virus infection and their role in necroinflammation vs fibrosis

Clinical significance in HBV

Circulating microRNA microRNA regulation ) . Ref.
infection
miR-122 i Correlates with the Waidmann et all'”*], Jiet Al Wang
necroinflammatory activity, HBsAg et all'"’]
and HBV DNA; Also correlated with
> F2 stage of liver fibrosis
miR-210 1 Marker of necroinflammation; Varies Song et all"*l
with the severity of HBV hepatitis
miR-125 (-125a-5p/ -125b) 1 Correlates with HBV intrahepatic Li et all'""), Zheng et all™*!
replication and necroinflammatory
activity
miR-124 T Marker of HBV-associated Wang et all'*’]
necroinflammation
miR-29 ! Marker of liver fibrosis irrespective of Xing et all’*’!
aetiology
miR-223 l Marker of liver fibrosis, decreases Bao et all*’]
with the progression to cirrhosis
miR-185 1 Increases in advanced HBV fibrosis;  Li et all'*l, Fan et all'*’]

Could play a therapeutic role in HBV
gene suppression in tumoral cells

1 means upregulation. | means downregulation. HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus; miR: MicroRNA.

CONCLUSION

Cellular and circulating miRNA s offer a unique glimpse into the intrahepatic
development of liver fibrosis and intrahepatic viral replication. Diagnostic and
prognostic panels that combine different serum miRNA s alone or with other
biological parameters display a moderately high sensibility and sensitivity compared
to validated non-invasive scores. Although current data remain heterogenous, there is
growing proof that serum miRNA s correlate with virologic, immunologic, and
fibrotic changes in liver and could become powerful biomarkers during HBV
infection.
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Abstract

Accurate diagnosis of Pancreatic cysts (PC) is key in the management. The
knowledge of indications for surgery, the role of endoscopic ultrasound-guided
fine needle aspiration, cyst fluid analysis, imaging, and surveillance of PC are all
important in the diagnosis and management of PC. Currently, there are many
guidelines for the management of PC. The optimal use of these guidelines with a
patient-centered approach helps diagnose early cancer and prevent the spread of
cancer.
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Core tip: The differentiation of mucinous and non-mucinous cysts is key in the effective
management of pancreatic cysts. Thorough understanding of the absolute indications for
surgery, the role of endoscopic ultrasound-guided fine needle aspiration, cyst fluid
analysis, imaging, and the guidelines for surveillance are important in the diagnosis and
treatment of pancreatic cysts. Patient-centered approach with a multidisciplinary team
involving the surgeon, radiologist, pathologist, oncologist, and advanced endoscopist
improves the management of pancreatic cysts.
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Lanke G et al. Pancreatic cysts management using different guidelines

INTRODUCTION

Pancreatic cysts (PC) are diagnosed more frequently with the widespread use of
cross-sectional imaging, and most of them are found incidentally. The prevalence of
PC varies with age and race and they are found approximately 3%-14% on routine
computed tomography (CT) and Magnetic resonance imaging (MRI) for unrelated
reasons!'?l. They can be benign or neoplastic. Accurate determination of cyst
categorization is key in the management. With the introduction of endoscopic
ultrasound (EUS) and fine-needle aspiration (FNA), the accuracy of pancreatic cyst
classification is improved. This review article focuses on the management of PC using
different guidelines.

PANCREATIC CYST CLASSIFICATION

The pathological classification of PC (Table 1) includes inflammatory fluid collections
(IFCs), non-neoplastic PC, and pancreatic cystic neoplasms (PCNs). PC can also be
associated with an underlying disorder such as Von Hippel-Lindau or polycystic
kidney diseasel**l. IFCs are usually as a result of a complication of acute pancreatitis.
IFCs are categorized according to the revised Atlanta classification into acute
peripancreatic fluid collections, pseudocysts, acute necrotic collections, and walled-off
pancreatic necrosist™.

Non-neoplastic or benign PC include true cysts, retention cysts, mucinous non-
neoplastic cysts, and lymphoepithelial cysts. They are typically seen after surgical
resection of a pancreatic lesion that is suspected to be a pancreatic cystic neoplasm
(PCN) preoperatively. According to World Health Organization histological
classification, PCNs are classified into serous cystic tumors, mucinous cystic
neoplasms (MCNs), intraductal papillary mucinous neoplasms (IPMNs) and solid
pseudopapillary neoplasms (SPN).

HOW TO APPROACH PC

Serous cystic tumors are usually serous cystadenomas commonly seen in women over
the age of 60 years and can arise anywhere in the pancreas!’. Serous cystadenomas are
classified into microcystic (composed of multiple small cystic spaces) and oligocystic
(composed of fewer larger cystic spaces)/*l. Most of them are benign and malignant
potential is low!"). Serous cystadenomas are often found incidentally on imaging.
Sometimes it is difficult to distinguish serous cystic neoplasms from mucinous
neoplasms on imaging. EUS finding of honeycomb appearance with central
calcification can be diagnostic (Figure 1)l EUS-FNA with low carcinoembryonic
antigen (CEA) in cyst fluid can help distinguish mucinous and serous cystic tumors!"'l.
Histologically, the cysts are lined by cuboidal epithelial cells with clear cytoplasm
filled with glycogen!?.

The risk of malignant transformation to cystadenocarcinoma is approximately 0.2-
3% Surgery should be reserved for symptomatic (jaundice, extrinsic organ
compression) patients and when in doubt close follow up with multidisciplinary team
approach is advocated!**l. Size > 4 cm alone should not be an indication for surgery,
although some authors advocate itl'“'"l. There is no consensus on guidelines for follow
up in terms of imaging. Many authors recommend yearly CT/MRI although
currently, it is uncertain about how long the patient needs follow up. Overall,
conservative management is recommended for serous cystic tumors and the
algorithm for management of serous cystic tumors is shown in Figure 2.

MCN:s are found commonly in women over the age of 40 years and can occur in the
body or tail of the pancreas (Figure 3)Fl. They secrete mucin, demonstrate ovarian like
stroma, exhibit cellular atypia and do not communicate with the main pancreatic
duct?l. MCNs have the risk of malignant potential. MCNs are classified according to
the grade of dysplasia into low, intermediate, high grade, or invasive carcinomal*l.
The prevalence of invasive carcinoma in MCNs is approximately 12% and most
patients are young at presentation, which would require long term surveillance!l. The
current treatment recommendation for MCNs is surgical resection®. Also, MCNs do
not require surveillance after surgical resection unless there is invasive cancer”]. Some
authors do not recommend surgery for MCNs < 3 cm without mural nodules or
elevated tumor markers™l. The algorithm for the management of MCNs is shown in
Figure 2.

SPNs predominantly affect young females and are generally located in the tail of
the pancreas (Figure 4A)1. They appear as solid and cystic components with areas of
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Table 1 Pathological classification of most common pancreatic cysts

Inflammatory fluid collections
Acute peripancreatic fluid collections
Pseudocysts

Acute necrotic collections
Walled-off pancreatic necrosis
Non-neoplastic

True cysts

Mucinous non-neoplastic cysts
Lymphoepithelial cysts

Pancreatic cystic neoplasms
Serous cystic neoplasms

Mucinous cystic neoplasm
Intrapapillary mucinous neoplasm

Solid papillary neoplasm

hemorrhage, calcification, and a rim of the fibrous capsule®l. They have malignant
potential. Surgery is the treatment of choice and R, resection is curative®”. The
algorithm for the management of SPNs is shown in Figure 2.

IPMNs are mucin-producing papillary neoplasms of the pancreatic duct that
exhibit variable cellular atypia with dilation of the pancreatic ducts and are more
common over the age of 60 years”. Based on the involvement of the pancreatic duct,
they are classified into branch duct, main duct (MD-IPMN), or mixed type of IPMN
(Figure 4B-D) respectively”). IPMNs have malignant potential and according to the
grade of dysplasia they are classified into mild dysplasia, moderate dysplasia, high-
grade dysplasia, or invasive carcinoma”’l.

SIMILARITIES AND DIFFERENCES OF VARIOUS
GUIDELINES IN THE MANAGEMENT OF PC: WHICH PC
CAN BE OBSERVED AND HOW LONG DO THEY NEED
SURVEILLANCE?

European guidelines®

MCNs size < 4 cm without symptoms or mural nodules can undergo surveillance
every 6 mo during the 1* year using EUS/MRI or both!**l. They can be followed
annually if no interval change in cyst size. Lifelong surveillance is advocated if they
are fit for surgery. IPMNs cyst size < 4 cm or low-grade dysplasia can be followed
with serum CA 19-9 level, EUS/MRI or both every 6 mo during the 1+ year. Followed
by every year if no interval change in cyst size until no longer fit for surgery™*. After
surgical resection of high-grade dysplasia or MD-IPMN, EUS/MRI is recommended
every 6 mo for the 1% two years and yearly follow-up afterward. Low-grade dysplasia
or remnant IPMN after surgical resection should be followed in the same manner as
non-resected IPMN. Lifelong follow up after surgical resection is recommended if the
patient is fit and willing to undergo surgery.

American College of Gastroenterology guidelines:’

The surveillance of IPMN/MCN is based on cyst size. Cyst size <1 cm, MRI every 2
years for 4 years is recommended and lengthen the interval if cyst size is stable. Cyst
size 1-2 cm, MRI every year for 3 years, followed by every 2 years for 4 years and
lengthen the interval if cyst size is stable. Cyst size 2-3 cm, MRI/EUS every 6-12 mo
for 3 years, followed by every year for 4 years and lengthen the interval once stable in
size. Cyst size > 3 cm, MRI alternating with EUS every 6 mo for 3 years, followed by
MRI alternating with EUS every year for 4 years and lengthen the interval once stable
in size. Consider EUS-FNA if any increase in cyst size during follow up.

The risk of recurrence of IPMN after surgery varies based on the degree of
dysplasia. EUS/MRI every 6 mo after surgical resection of IPMN-HGD is
recommended. With low to intermediate grade dysplasia in the absence of PC in the
remnant pancreas after surgical resection, MRI every 2 years is recommended.
However, if IPMN or PC are present in the remnant pancreas after surgical resection,
surveillance should be according to cyst size. Stop surveillance after surgical resection
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Figure 1 Endoscopic ultrasound (Honeycomb appearance). A: Endoscopic ultrasound: Serous cystadenoma; B: Computed tomography: Serous Cystadenoma.
Computed tomography: Portal venous phase showing calcification.

of MCN if no invasive cancer is present or no longer a surgical candidate.

American Gastroenterological Association guidelines®

In asymptomatic pancreatic neoplastic cysts < 3 cm without a solid component or PD
dilation, MRI is recommended in 1 year and every 2 years for 5 years. American
Gastroenterology Association (AGA) recommends stopping surveillance when no
longer fit for surgery or no change in cyst characteristics after 5 years of follow up.

Revised IAP 2017 Fukuoka guidelines©’

In revised IAP 2017 guidelines, for cyst size 1-2 cm, CT/MRI every 6 mo for a year,
followed by every year for 2 years and lengthen the interval if stable. For cyst size 2-3
cm, EUS in 3-6 mo for 1 year. Increase the interval to 1 year with EUS/MRI as
appropriate. For cyst size > 3 cm, close surveillance alternating MRI with EUS every 3-
6 mo. In surgically resected IPMN, surveillance is recommended with cross-sectional
imaging twice a year for patients with a family history of pancreatic ductal
adenocarcinoma, surgical margin positive for HGD, and non-intestinal sub-type of
IPMN. For all others, every 6-12 mo of cross-sectional imaging is recommended.

American College of Radiology guidelines®’

ACR guidelines are for the management of PC found incidentally on CT/MRI. These
guidelines are based on the age of the patient and the size of the cyst. Cyst size < 1.5
cm and age < 65 years, CT/MRI every year for 5 years, followed by every 2 years for 4
years. Stop surveillance if stable over 9 years. Cyst size < 1.5 cm and age 65-79 years,
CT/MRI every 2 years for a total of 10 years. Stop surveillance if the cyst is stable for
10 years. If there is interval change and cyst size < 1.5 cm, consider CT/MRI every
year or EUS-FNA. If EUS-FNA shows a mucinous cyst or indeterminate cyst, CT/MRI
every 6 mo for 2 years, followed by every year for 2 years and every 2 years for 6
years. Stop surveillance if the cyst is stable after 10 years.

Cyst size 1.5-1.9 ecm with MPD communication, CT/MRI every year for 5 years,
followed by every 2 years for 4 years. Stop surveillance if cyst size stable for over 9
years. Cyst size 2-2.5 cm with MPD communication, CT/MRI every 6 mo for 2 years,
followed by every year for 2 years and subsequently every 2 years for 6 years. Stop
surveillance if cyst size is stable for 10 years. If there is interval change and cyst size <
2.5 cm, CT/MRI every 6 mo for 2 years, followed by every year for 2 years and
subsequently every 2 years. If cyst size > 2.5 cm, consider EUS-FNA. If EUS-FNA
shows a mucinous cyst or indeterminate cyst, CT/MRI every 6 mo for 2 years,
followed by every year for 2 years and every 2 years for 6 years.

Cyst size 1.5-2.5 cm without MPD communication or cannot be determined, CT or
MRI every 6 mo for 2 years, followed by every year for 2 years and subsequently
every 2 years for 6 years. Stop surveillance if cyst size is stable after 10 years. If there
is interval change and cyst size < 2.5 cm, consider CT/MRI every 6 mo for 1 year,
followed by every year for 5 years and subsequently every 2 years. If cyst size is > 2.5
cm, consider EUS-FNA.

Cyst size > 2.5 cm and low risk by imaging, consider CT/MRI every 6 mo for 2
years. If stable after 2 years, CT/MRI every year for 2 years and subsequently every 2
years for 6 years. Stop surveillance if stable in cyst size. Any interval changes in cyst
size, consider EUS-FNA. Age > 80 years with cyst size <2.5 cm, CT/MRI every 2 years
for 4 years. Stop surveillance if the cyst is stable in size. If there is interval change and
cyst size < 2.5 cm, consider CT/MRI every year. Stop surveillance if cyst size stable or
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Serous
cystadenoma

Pancreatic cyst

Mucinous cystic
neoplasm (MCN)

Solid pseudopapillary
neoplasm (SPN)

Symptomatic
(abdominal

pain, size > 4 cm,
jaundice)

Refer to the
multidisciplinary
group

consensus

surgery

[Asymptomatic] [Asymptomaticj Size >4 cm EUS—@
Mural nodule
Elevated tumor
markers

Features of SPN

Immunohist
-ochemistry

— consistent

Serial imaging
yearly with CT/

Surgical with SPN
resection

Long term
follow up

Invasive
MCN

Noninvasive Follow up with CT/
MCN MRI every 6-12
months for 10 years

Surveillance No
needed surveillance
needed

Figure 2 Algorithm for the management of pancreatic cysts. MCN: Mucinous cystic neoplasm; SPN: Solid pseudopapillary neoplasm; EUS-FNA: Endoscopic
Ultrasound-Fine Needle aspiration; CT: Computed tomography; MRI: Magnetic resonance imaging.
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not a surgical candidate. If there is interval change and cyst size > 2.5 cm, consider
EUS-FNA. Age > 80 years with cyst size > 2.5 cm and low risk by imaging, consider
CT/MRI every 2 years for 4 years. Stop surveillance if cyst size is stable. If there is
interval change in cyst size, consider EUS-FNA.

Surveillance of PC using different guidelines is illustrated in Table 2. Overall, there
is no consensus on the surveillance of PC without high-risk stigmata or worrisome
features. European guidelines recommend surveillance of MCN/IPMN cysts < 4 cm
with EUS/MRI. American College of Gastroenterology (ACG) guidelines recommend
surveillance of IPMN/MCN based on cyst size (< 1 cm, 1-2 cm, 2-3 cm, > 3 cm) with
MRI and after surgical resection, follow up is recommended based on the degree of
dysplasia. AGA recommends follow up with MRI if cyst size < 3 cm without solid
component or MPD dilation. Lifelong surveillance is recommended if they are fit for
surgery. Revised IAP or Fukuoka guidelines are based on cyst size (<1 c¢m, 1-2 cm, 2-3
cm, and > 3 cm) but with increased surveillance using CT/MRI and EUS as needed.
ACR guidelines are proposed for the management of asymptomatic incidental PC
found on imaging and they are based on cyst size, age, low risk on imaging, and MPD
communication. They are classified into age < 65 years with cyst size < 1.5 cm, age 65-
79 years with cyst size < 1.5 cm, cyst size 1.5-1.9 cm with MPD communication, cyst
size 1.5-2.5 cm without MPD communication, low risk by imaging with cyst size > 2.5
cm, age > 80 years with cyst size < 2.5 cm and age > 80 years with low risk by imaging
and cyst size > 2.5 cm. Surveillance is recommended using CT/MRI and EUS-FNA as
needed.

ROLE OF BLOOD AND CYSTIC MARKERS IN THE
DIAGNOSIS OF PC

European guidelines

Serum cancer antigen (CA 19-9) can be considered when there is a concern for the
malignant transformation of IPMN[**l. Guanine nucleotide-binding protein (GNAS)
and Kirsten rat sarcoma viral oncogene homolog (KRAS) mutations using next-
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Figure 3 Endoscopic ultrasound - mucinous cystadenoma and computed tomography - mucinous cystadenoma. A: Endoscopic ultrasound-mucinous
cystadenoma; B: Computed tomography-mucinous cystadenoma.

generation sequencing techniques can be used in identifying mucin-producing cysts
when the diagnosis is not clear . Cyst fluid carcinoembryonic antigen (CEA) > 192
ng/mL can help distinguish mucinous from non-mucinous cystst*l. Cyst fluid
amylase level can help identify pseudocysts but may not differentiate mucinous from
non-mucinous cysts!"'*1. A combination of cytology, cyst fluid amylase, CEA and
molecular markers can help differentiate mucinous from non-mucinous cysts.

ACG guidelinest

Cyst fluid cytology can assess for HGD-IPMN or cancer when imaging features are
insufficient to warrant surgery. Cyst fluid CEA (> 192 ng/mL) can help differentiate
IPMNs and MCNs from other cyst types!*). Molecular markers like KRAS and GNAS
mutations can help identify IPMNs or MCNs when the diagnosis is not clear!**?. Cyst
fluid amylase level < 250 IU/L can help exclude the diagnosis of pseudocyst!"'l.

AGA guidelines®

Cyst fluid cytology is recommended for the evaluation of high-risk features on
imaging and positive cytology increases the specificity for diagnosing malignancy.
The role of cyst fluid molecular markers is not clear and further research is needed.

Revised IAP 2017 guidelines©’

Cyst fluid CEA (> 192 ng/mL) can distinguish mucinous from non-mucinous but not
benign from malignant cyst*l. Cyst fluid cytology can be diagnostic but sometimes
limited by scant cellularity!**!. Cyst fluid amylase can differentiate benign from
malignant MCN and amylase levels are higher in pseudocysts than non-
pseudocysts!®’l. The role of molecular markers like KRAS and GNAS mutations is still
evolving.

ACR guidelines®

Cyst fluid CEA > 192 ng/mL can help identify a mucinous cyst. Cyst fluid amylase
>250 IU/L suggests pseudocyst!'l. KRAS and GNAS molecular markers can help
differentiate mucinous from non-mucinous cysts!*’l. Cyst cytology can identify
dysplastic cells. The role of cystic fluid analysis in the diagnosis of PC using different
guidelines is illustrated in Table 3. Overall, cyst fluid analysis compliments imaging
and can help differentiate mucinous from non-mucinous cysts. Cytology can aid in
distinguishing HGD-IPMN and cancer. Cyst fluid CEA > 192 ng/mL can differentiate
mucinous from non-mucinous cysts. Cyst fluid amylase > 250 IU/L can accurately
diagnose pseudocysts. The use of molecular markers is still evolving, and it is
promising for the future.

EUS-FNA INDICATIONS

European guidelines

EUS-FNA can improve diagnostic accuracy with cyst fluid CEA, amylase, and
cytology in differentiating mucinous vs non-mucinous cysts. Also, it distinguishes
malignant vs benign cysts when CT or MRI is unclear. EUS-FNA should be performed
only when results are expected to change clinical management.

ACG guidelines®
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d11zh)

poist:  4.8mm

poist: 2.6mm

Figure 4 Endoscopic ultrasound. A: Solid pseudopapillary neoplasm, hypoechoic foci (solid areas) with anechoic cystic spaces; B: Main duct-intraductal papillary
mucinous neoplasm; C: Mixed duct-intraductal papillary mucinous neoplasm; D: Branch duct-intraductal papillary mucinous neoplasm.

EUS-FNA is indicated in IPMNs/MCNs with jaundice or acute pancreatitis secondary
to the cyst, new-onset or worsening diabetes and increase in cyst size > 3 mm/year
during surveillance, significantly elevated serum CA 19-9, mural nodule, solid
component within cyst or pancreatic parenchyma, dilation of MPD > 5 mm, focal
dilation of PD concerning for MD-IPMN or obstructing lesion, and mucin-producing
cyst size 2 3 cmy; it is also indicated when the diagnosis of cysts is unclear; results will
likely alter management; and when cyst fluid CEA can differentiate IPMNs and
MCNs from other cyst types.

AGA guidelines©
EUS-FNA is indicated when a pancreatic cyst has at least 2 high-risk features such as
cyst size 2 3 cm, dilated MPD, and solid component.

Revised IAP 2017 or Fukuoka guidelines®”

EUS-FNA is recommended with pancreatitis, cyst size 2 3 cm, thickened/enhancing
cyst wall, the main duct size 5-9 mm, non-enhancing mural nodule, an abrupt change
in caliber of the pancreatic duct with distal pancreatic atrophy, lymphadenopathy,
increased serum level of CA19-9, and cyst growth rate 25 mm/2 years.

ACR guidelines®

EUS-FNA is indicated for a mural nodule, wall thickening, dilation of MPD =7 mm,
or extrahepatic biliary obstruction/jaundice. The indications of EUS-FNA for the
diagnosis of PC using different guidelines are illustrated in Table 4. Overall, EUS-
FNA is indicated when the results are likely to change the management. EUS-FNA is
recommended for cyst = 3 cm, mural nodule, thickened cyst wall, solid component in
cyst, MPD > 5 mm, abrupt change in caliber of PD with distal pancreatic atrophy,
lymphadenopathy, cyst growth > 3-5 mm/year, acute pancreatitis, new-onset or
worsening diabetes, jaundice and increased serum CA 19-9 level.

INDICATIONS FOR SURGERY

European guidelines*

Absolute indications for surgery include positive cytology for malignant/ HGD-
IPMN, solid mass, jaundice (tumor-related), enhancing mural nodule = 5 mm, and
MPD 2 10 mm. Relative indications for surgery include cyst growth rate > 5mm/year,
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Table 2 Surveillance of pancreatic cysts

Surveillance of pancreatic cysts

European guidelines”’!

American College of Gastroenterology (ACG) guidelines™!

American Gastroenterology Association (AGA) guidelines!*']

Revised TAP 2017 or revised Fukuoka guidelines!*

American College of Radiology (ACR) guidelines™’!

Raishidengs WJG | https://www.wjgnet.com

Mucinous cystic neoplasm: Cyst size < 4 cm without symptoms or mural
nodules should undergo surveillance every 6 mo for the 1% year using
EUS/MRI or both?”’l. Followed by annually, if no changes. Lifelong
surveillance if they are fit for surgery

Intraductal papillary mucinous neoplasm (IPMN): Every 6 mo for cysts less
than 4cm or low-grade dysplasia for the 1% year with CA 19-9, EUS/MRI or
both. Followed by yearly, until no longer fit for surgery

After surgical resection, HGD or MD-IPMN should have imaging every 6
mo for the 1% 2 yr. Followed by yearly surveillance. Lifelong surveillance if
they are fit for surgery

Intraductal papillary mucinous neoplasm/Mucinous cystic neoplasm
(IPMN/MCN): Cyst size <1 cm: MRI every 2 yr x 4 yr. If stable in size,
consider prolonging the time interval. Any increase in size, consider EUS-
FNA in 6 mo and reevaluate

Cyst size 1-2 cm: MRI every 1 yr x 3 yr. If stable, consider MRI every 2 yr x 4
yr. Once stable, consider prolonging the interval

Cyst size 2-3 cm: MRI/EUS every 6-12 mo for 3 yr. If stable, MRI every 1-
year x 4 yr. Once stable, consider prolonging the interval. Any increase in
cyst size should be referred to the multidisciplinary group and consider
EUS-FNA

Cyst size > 3 cm: Referral to the multidisciplinary team. MRI alternating
with EUS every 6 mo for 3 yr. Once stable in size, MRI alternating with EUS
every year for 4 yr. Once stable in size, consider prolonging the interval

Stop surveillance when a patient is no longer a surgical candidate or after
surgical resection of MCN if no invasive cancer

The risk of recurrence of IPMN after surgery varies based on the degree of
dysplasia

EUS/MRI every 6 mo after surgical resection of IP)MN with HGD

MRI every 2 yr after surgical resection of IPMN with low to intermediate
grade dysplasia in the absence of pancreatic cysts in the remnant pancreas.
However, if IPMN or pancreatic cysts are present in the remnant pancreas,
then surveillance should be based on cyst size

Cyst size <3 cm without a solid component or PD dilation recommend MRI
in 1 yr, followed by every 2 yr for 5 yr.

Recommend stopping surveillance if no change in cyst characteristics after 5
yr or not a surgical candidate

Branch duct-Intraductal papillary mucinous neoplasm (BD-IPMN): Cysts
without high-risk stigmata should undergo CT/MRI every 3-6 mo to
establish stability if prior imaging is not available. Subsequently,
surveillance should be based on size stratification

For cyst size <1 cm, CT/MRI every 2 yr

For cyst size 1-2 cm, CT/MRI every 6 mo for a year, followed by every year
for 2 yr and prolong the interval if stable

For cyst size 2-3 cm, EUS in 3-6 mo for 1 year. Increase the interval to 1 yr
with EUS/MRI as appropriate. Consider surgery in young patients with a
need for prolonged surveillance

For cyst size > 3 cm, close surveillance alternating MRI with EUS every 3-6
mo. Strongly recommend surgery in young patients

In surgically resected IPMN, surveillance is recommended with cross-
sectional imaging twice a year for patients with a family history of
pancreatic ductal adenocarcinoma, surgical margin positive for HGD and
non-intestinal sub-type of IPMN. For all others, every 6-12 mo of cross-
sectional imaging is recommended

Cyst size < 1.5 cm and age < 65 yr: CT/MRI every year for 5 yr, followed by
every 2 yr for 4 yr. Stop surveillance if stable over 9 yr

Cyst size <1.5 cm and age 65-79 yr: CT/MRI every 2 yr for a total of 10 yr.
Stop surveillance if the cyst is stable for 10 yr

If there is interval change and cyst size < 1.5 cm, consider CT/MRI every
year or EUS-FNA. EUS-FNA shows a mucinous cyst or indeterminate cyst,
CT/MRI every 6 mo for 2 yr, followed by every year for 2 yr and every 2 yr
for 6 yr. Stop surveillance if the cyst is stable after 10 yr

Any further interval growth of cyst should be referred to surgery for further
evaluation

1135 March 21,2020 | Volume26 | Issuell |



Lanke G et al. Pancreatic cysts management using different guidelines

Cyst size 1.5-1.9 cm with MPD communication: CT/MRI every year for 5 yr,
followed by every 2 yr for 4 yr. Stop surveillance if cyst size stable for over 9

yr
Cyst size 2-2.5 cm with MPD communication: CT/MRI every 6 mo for 2 yr,
followed by every year for 2 yr and subsequently every 2 yr for 6 yr. Stop
surveillance if cyst size is stable for 10 yr

If there is interval change and cyst size < 2.5 cm, CT/MRI every 6 mo for 2
yr, followed by every year for 2 yr and subsequently every 2 yr. If cyst size >
2.5 cm, consider EUS-FNA

If EUS-FNA shows a mucinous cyst or indeterminate cyst, CT/MRI every 6
mo for 2 yr, followed by every year for 2 yr and every 2 yr for 6 yr

EUS-FNA is recommended for any mural nodule, wall thickening, dilation
of MPD 27 mm or extrahepatic biliary obstruction/Jaundice irrespective of
cyst size

Cyst size 1.5-2.5 cm without MPD communication or cannot be determined:
CT or MRI every 6 mo for 2 yr, followed by every year for 2 yr and
subsequently every 2 yr for 6 yr. Stop surveillance if cyst size is stable after
10 yr

If there is interval change and cyst size < 2.5 cm, consider CT/MRI every 6
mo for 1 year, followed by every year for 5 yr and subsequently every 2 yr. If
cyst size is > 2.5 cm, consider EUS-FNA

Cyst size >2.5 cm: If a cyst is a low risk by imaging, consider CT/MRI every
6 mo for 2 yr. If stable after 2 yr, CT/MRI every yr for 2 yr and subsequently
every 2 yr for 6 yr. Stop surveillance if stable in cyst size

Any interval changes in cyst size, consider EUS-FNA. Any high-risk
stigmata like jaundice, enhancing mural nodule, wall thickening and MPD 2
10 mm refer to surgery for evaluation

Age >80 yr with cyst size < 2.5 cm: CT/MRI every 2 yr for 4 yr. Stop
surveillance if cyst size is stable in size: If there is interval change and cyst
size < 2.5 cm, consider CT/MRI every year. Stop surveillance if the cyst
stabilizes or not a surgical candidate; If there is interval change and cyst size
> 2.5 cm, consider EUS-FNA

Age 2 80 yer with cyst size > 2.5 cm: If low risk by imaging, consider
CT/MRI every 2 yr for 4 yr. Stop surveillance if cyst size is stable; If there is
interval change in cyst size, consider EUS-FNA

High risk (mural nodule, wall thickening, dilation of MPD 27 mm or
extrahepatic biliary obstruction/Jaundice) features by imaging should be
referred to EUS-FNA

High-risk stigmata (jaundice, enhancing mural nodule, wall thickening, and
MPD 2 10 mm) by EUS or imaging refer to surgery for evaluation

MCN: Mucinous cystic neoplasm; EUS-FNA: Endoscopic ultrasound-Fine needle aspiration; MRI: Magnetic resonance imaging; IPMN: Intraductal
papillary mucinous neoplasm; HGD: High-grade dysplasia; MD-IPMN: Main duct-Intraductal papillary mucinous neoplasm; PD: Pancreatic duct; MPD:
Main pancreatic duct.

increased levels of serum CA 19-9 (2 37 U/mL), MPD dilation 5-9.9 mm, cyst diameter
> 40 mm, new-onset diabetes mellitus, acute pancreatitis caused by the cyst, or
enhancing mural nodule <5 mm.

ACG guidelinest

Referral to multidisciplinary team is recommended for evaluation of surgery with
jaundice or acute pancreatitis secondary to the cyst, significantly elevated serum CA
19-9 level, presence of a mural nodule or solid component within the cyst, MPD
dilation > 5 mm, focal dilation of PD for MD-IPMN or an obstructing lesion, IPMNs or
MCNs = 3 cm and the presence of HGD-IPMN or pancreatic cancer on cytology.

AGA guidelines©t
Surgery is recommended for cysts with both a solid component and a dilated PD
and/ or concerning features on EUS-FNA positive for HGD/ cancer.

Revised IAP 2017 guidelines®’

Absolute indications for surgery include obstructive jaundice in a patient with a cystic
lesion of the head of the pancreas, enhancing mural nodule > 5 mm and MPD 2= 10
mm. Relative indications for surgery include cyst = 3 cm, enhancing mural nodule <5
mm, thickened cyst wall, MPD 5-9 mm, an abrupt change in caliber of PD with distal
pancreatic atrophy, lymphadenopathy, increased serum level of CA 19-9 and cyst
growth rate > 5 mm/2 years.

ACR guidelines®’
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Table 3 Cyst fluid analysis

Cyst fluid analysis

European guidelines”’! Cyst fluid CEA with cytology, or KRAS/GNAS mutation analysis for
differentiating IPMN or MCN from other pancreatic cysts

American College of Gastroenterology (ACG) guidelines™”} Cyst fluid CEA to differentiate IPMNs and MCNs from other cyst types

Cyst fluid cytology to assess for HGD or pancreatic cancer when imaging
features are alone insufficient for surgery

Molecular markers like KRAS or GNAS mutations can help identify IPMNs
or MCNs when the diagnosis is not clear

American Gastroenterology Association (AGA) guidelines!*!] Cyst fluid cytology is recommended for the evaluation of high-risk features
on imaging. The role of molecular markers is not clear and further research
is needed

Revised IAP 2017 guidelines™ Cyst fluid CEA can distinguish mucinous from non-mucinous cysts. CEA
level > 192-200 ng/mL is 80% accurate for the diagnosis of mucinous
[38,45]
cyst

Cyst fluid cytology can be diagnostic but sometimes limited by scant
cellularity!**!

Cyst fluid amylase can differentiate benign from malignant MCN and
amylase levels are higher in pseudocysts than non-pseudocysts[”l. The role
of molecular markers like KRAS and GNAS mutations is still evolving

American College of Radiology guidelines!™! Cyst fluid CEA > 192 ng/mL can help identify a mucinous cyst!*’]
Cyst fluid amylase > 250 IU/L suggests pseudocyst!'']

KRAS and GNAS molecular markers can help differentiate mucinous from
non-mucinous cysts!*’!

Cyst cytology can identify dysplastic cells

CEA: Carcinoembryonic antigen; IPMN: Intraductal papillary mucinous neoplasm; MCN: Mucinous cystic neoplasm; GNAS: Guanine nucleotide-binding
protein; KRAS: Kirsten rat sarcoma viral oncogene homolog; HGD: High-grade dysplasia.

Absolute indications for surgery include obstructive jaundice with a cyst in the head
of the pancreas, enhancing solid component within the cyst and MPD > 10 mm in the
absence of obstruction. Relative indications include cyst size > 3 cm, thickened cyst
wall, non-enhancing mural nodule, and MPD =7 mm. The indications of surgery for
various PCNs using different guidelines are illustrated in Table 5. Overall, the
absolute indications for surgery are consistent among all the guidelines and the cysts
with relative indications for surgery can be closely followed with imaging and/EUS-
FNA.

WHERE YOU GO “FIRST” MATTERS?

At MD Anderson cancer center, we get referrals from all over the country and abroad
for evaluation of PC. By the time, patients come to us, they have already been seen
two or three physicians with the recommendation for surgical resection. The majority
of these patients do not need require resection but can be clinically followed with
repeat imaging studies. Accurate characterization of the pancreatic cyst is the key in
the management of PC. All patients with pancreatic cyst who are referred to MD
Anderson cancer center get automatically enrolled in the pancreatic cyst database.
There is a team of pancreatic surgeons, advanced endoscopists with expertise in EUS-
FNA, oncologists, radiologists, and gastrointestinal pathologists who work closely
with a concerted effort in accurately diagnosing and managing PC. Any high-risk
features on imaging will be referred for EUS-FNA. If EUS-FNA shows HGD/ cancer,
the patients will be referred for surgical evaluation. Cyst fluid analysis can help
distinguish mucinous from non-mucinous cysts. Surveillance is based on the type,
size of the cyst, MPD dilation, and any high-risk features. We use both ACG and
revised Fukuoka guidelines in the surveillance of PC.

CONCLUSION

With the increased incidence of asymptomatic PC on imaging, accurate diagnosis is
the key in the management. A multidisciplinary team approach involving advanced
endoscopist, pathologist, radiologist, and surgeon is paramount in the comprehensive
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Table 4 Endoscopic ultrasound-fine needle aspiration indications

Endoscopic ultrasound-Fine needle aspiration indications

European guidelines”’! Differentiating mucinous vs non-mucinous
Malignant vs benign
CT or MRI unclear
Only when results are expected to change clinical management

American College of Gastroenterology guidelines!™’!

Jaundice

Acute pancreatitis

Significantly elevated serum CA 19-9

Mural nodule

A solid component within cyst or pancreatic parenchyma
Dilation of MPD 2 5 mm

Focal dilation of PD

Cyst size > 3 cm

When the diagnosis of cysts is unclear or results will likely alter
management

Cyst fluid CEA to differentiate IPMNs and MCNs from other cyst
types
New onset or worsening diabetes
Increase in cyst size >3 mm/yr
American Gastroenterology Association guidelines!™! At least 2 high-risk features
Cyst size 23 cm
Dilated MPD
Solid component
Revised IAP 2017 or revised Fukuoka guidelines!”! Pancreatitis
Cyst=3 cm
Enhancing mural nodule <5 mm
Thickened/enhancing cyst wall
Main duct size 5-9 mm

An abrupt change in caliber of the pancreatic duct with distal
pancreatic atrophy

Lymphadenopathy
Increased serum level of CA19-9
Cyst growth rate 25 mm/2 yr
American College of Radiology guidelines!™! Mural nodule
Wall thickening
Dilation of MPD =7 mm
Extrahepatic biliary obstruction/Jaundice

EUS-FNA: Endoscopic ultrasound-Fine needle aspiration; MPD: Main pancreatic duct; PD: Pancreatic duct; MCN: Mucinous cystic neoplasm; CEA:
Carcinoembryonic antigen; CT: Computed tomography; MRI: Magnetic resonance imaging; IAP: International association of pancreatology; IPMN:
Intraductal papillary mucinous neoplasm.

management of PC. Surgical resection should be selectively offered considering
absolute indications, high-risk features on imaging/EUS, and clinical setting of each
patient. Surveillance using a cross-sectional imaging or EUS should be individualized
based on the cyst type, size, involvement of the main duct, and/or presence of a
mural nodule. Lastly, surgical resection should be performed at high volume centers
to optimize the outcomes in morbidity and mortality.
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Table 5 Indications of surgery for pancreatic cysts

Absolute indications of surgery Relative indications of surgery

European guidelines!”’!

American College of Gastroenterology
guidelines™!

American Gastroenterology Association
guidelines™!!

Revised IAP 2017 or revised Fukuoka
guidelines™!

American College of Radiology guideline!®!

Intraductal papillary mucinous neoplasm:
Cytology positive for malignancy/High-grade
dysplasia; Solid mass; Jaundice; Mural nodule > 5
mm; Main pancreatic duct dilation > 10 mm

Cyst growth rate > 5 mm/yr

Serum CA 19-9 > 37 U/mL
MPD dilation 5-9 mm

Mucinous cystic neoplasm: Size > 4 cm
Symptomatic Mural nodule
Cyst diameter > 40 mm
New-onset diabetes mellitus
Acute pancreatitis related to IPMN
Mural nodule < 5 mm

Intraductal papillary mucinous neoplasm or N/A

Mucinous cystic neoplasm:

Referral to EUS-FNA/Multidisciplinary; team:
Jaundice

Acute pancreatitis

Significantly elevated CA 19-9

Mural nodule

A solid component in cyst/ pancreatic parenchyma
MPD > 5 mm

Focal dilation of PD or MD-IPMN
HGD/Pancreatic cancer on cytology

Pancreatic cysts: N/A
EUS-FNA cytology positive for -

HGD/ cancer

Both solid component and dilated PD on MRI and

EUS

Obstructive jaundice with pancreatic head cyst Pancreatitis
Enhancing mural nodule =5 mm Enhancing mural nodule <5 mm
MPD 210 mm Thickened/enhancing cyst wall
Main duct size 5-9 mm

An abrupt change in caliber of the pancreatic duct
with distal pancreatic atrophy

Lymphadenopathy
Increase in serum level of CA 19-9
Cyst growth rate 25 mm/2 yr

Obstructive jaundice with a cyst in the head of the
pancreas

Cyst=3 cm

Enhancing solid component within a cyst Thickened/enhancing cyst wall

MPD > 10 mm in the absence of obstruction Non-enhancing mural nodule

MPD 27 mm

IPMN: Intraductal papillary mucinous neoplasm;
ultrasound-Fine needle aspiration.

HGD: High-grade dysplasia; MPD Main pancreatic duct; PD: Pancreatic duct; EUS-FNA: Endoscopic
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Abstract

BACKGROUND

The exact mechanism of proton pump inhibitors (PPIs)-induced
hypomagnesemia (PPIH) is largely unknown. Previous studies proposed that
PPIH is a consequence of intestinal Mg* malabsorption. However, the
mechanism of PPIs-suppressed intestinal Mg*" absorption is under debate.

AIM

To investigate the effect of 12-wk and 24-wk omeprazole injection on the total,
transcellular, and paracellular Mg? absorption in the duodenum, jejunum, ileum,
and colon of male Sprague-Dawley rats.

METHODS

The rats received 20 mg/kg-d subcutaneous omeprazole injection for 12 or 24 wk.
Plasma and urinary Mg?, Ca*, and PO,* levels were measured. The plasma
concentrations of 1a,25-dihydroxyvitamin D, (1a,25(0OH),D,), parathyroid
hormone (PTH), fibroblast growth factor 23 (FGF-23), epidermal growth factor
(EGF), and insulin were also observed. The duodenum, jejunum, ileum, and
colon of each rat were mounted onto individual modified Using chamber setups
to study the rates of total, transcellular, and paracellular Mg?* absorption
simultaneously. The expression of transient receptor potential melastatin 6
(TRPM6) and cyclin M4 (CNNM4) in the entire intestinal tract was also
measured.

RESULTS

Single-dose omeprazole injection significantly increased the intraluminal pH of
the stomach, duodenum, and jejunum. Omeprazole injection for 12 and 24 wk
induced hypomagnesemia with reduced urinary Mg? excretion. The plasma Ca*
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was normal but the urinary Ca* excretion was reduced in rats with PPIH. The
plasma and urinary PO,* levels increased in PPIH rats. The levels of
1a,25(0OH),D, and FGF-23 increased, whereas that of plasma EGF decreased in the
omeprazole-treated rats. The rates of the total, transcellular, and paracellular
Mg?*" absorption was significantly lower in the duodenum, jejunum, ileum, and
colon of the rats with PPIH than in those of the control rats. The percent
suppression of Mg?" absorption in the duodenum, jejunum, ileum, and colon of
the rats with PPIH compared with the control rats was 81.86%, 70.59%, 69.45%,
and 39.25%, respectively. Compared with the control rats, the rats with PPIH had
significantly higher TRPM6 and CNNM4 expression levels throughout the
intestinal tract.

CONCLUSION

Intestinal Mg* malabsorption was observed throughout the intestinal tract of rats
with PPIH. PPIs mainly suppressed small intestinal Mg?* absorption. Omeprazole
exerted no effect on the intraluminal acidic pH in the colon. Thus, the lowest
percent suppression of total Mg?* absorption was found in the colon. The
expression levels of TRPM6 and CNNM4 increased, indicating the presence of a
compensatory response to Mg?* malabsorption in rats with PPIH. Therefore, the
small intestine is an appropriate segment that should be modulated to counteract
PPIH.

Key words: Adverse effect; Colon; Mg?* absorption; Proton pump inhibitors-induced
hypomagnesemia; Small intestine

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Proton pump inhibitors (PPIs) induced hypomagnesemia (PPIH) has attracted
attention in the past decade. Previous studies proposed that PPIH is a consequence of
intestinal Mg?* malabsorption. However, the effect of prolonged PPI administration on
duodenal, jejunal, ileal, and colonic Mg?* absorption is largely unknown. In this study,
the rats received 20 mg/ kg-d subcutaneous omeprazole injection for 12 and 24 wk,
which is comparable to 5 and 10 human years, respectively. Omeprazole injection
induced hypomagnesemia with reduced urinary Mg?* excretion. The rates of total,
paracellular, and transcellular Mg?* absorption reduced in the duodenum, jejunum, ilium,
and colon were discovered in PPIH rats.

Citation: Suksridechacin N, Kulwong P, Chamniansawat S, Thongon N. Effect of prolonged
omeprazole administration on segmental intestinal Mg?* absorption in male Sprague-Dawley
rats. World J Gastroenterol 2020; 26(11): 1142-1155

URL: https://www.wjgnet.com/1007-9327/full/v26/i11/1142.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i11.1142
INTRODUCTION

Mg?" is an essential ion that mediates several physiological functions in the brain,
lung, heart and vessel, pancreas and liver, muscle, and bone!"l. Mg?* disturbance has
been implicated in the pathophysiological mechanisms of several diseases in those
organs; therefore, Mg? supplement is a potential therapeutic regime in many of these
diseases!'l. Over 99% of total body Mg?* is stored in the bone, muscle, and soft
tissues!"?l. The remaining 1% is found in the plasma, which is tightly regulated by
intestinal absorption and renal excretion!’l. Intestinal epithelium absorbs Mg**
through paracellular passive and transcellular active mechanisms”l. Transcellular
Mg?* absorption requires the activities of luminal transient receptor potential
melastatin 6 (TRPM6) and basolateral cyclin M4 (CNNM4), whereas paracellular
absorption is regulated by tight junction-associated claudin proteins. However, the
study of transepithelial Mg?* transport is limited by the poor understanding on the
mechanism of intestinal Mg?* absorption!’l. Previous studies proposed that
paracellular and transcellular Mg** absorption exclusively proceeds in the small and
large intestines, respectively!**. In addition, the expression of TRPM6 mRNA is
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barely detected in mouse duodenum!l. Conversely, another report demonstrated
paracellular and transcellular Mg?* absorption in the duodenum?!. Immunofluore-
scence imaging clearly showed the expression and localization of TRPM6 protein in
the brush-border villi of the duodenum!®l. CNNM4 protein was also identified in small
intestinal epitheliuml”l. Therefore, the simultaneous study on the transcellular and
paracellular Mg?* absorption in the duodenum, jejunum, ileum, and colon will
provide data on the mechanism of intestinal Mg?* absorption.

Proton pump inhibitor (PPI)-induced hypomagnesemia (PPIH) has been reported
since 2006!*'°l. Approximately 61% and 29% of patients with PPIH have PPIs
prescription for at least 5 and 10 years, respectively!'"’l. However, PPIH was also
diagnosed in patients who used PPIs for 2 months!'l. Clinical observations suggested
that PPIH is a consequence of intestinal Mg?* malabsorption?'>'”], the mechanism of
which is currently under debate. Previous studies proposed that PPIs suppress
colonic Mg?" absorption in normal and PPIH micel*"’]. However, the effect of PPIs
administration on colonic Mg?" absorption had not been investigated!'’l. Moreover,
the stimulation of colonic Mg** absorption by using inulin fibers could not normalize
plasma Mg?* level in those PPTH mice!”!. A recent study has reported that omeprazole
injection for 24 wk induces systemic Mg?** deficiency and hypomagnesemia in male
Sprague-Dawley ratsl®. The rate of transcellular and paracellular duodenal Mg**
absorption is suppressed in rats with PPIHP. However, the effect of prolonged PPIs
administration on jejunal, ileal, and colonic Mg* absorption in a PPIH model remains
unknown.

The present study aimed to observe the paracellular and transcellular Mg*
transport across the duodenum, jejunum, ileum, and colon in control and prolonged
omeprazole-treated male Sprague-Dawley rats. The expression of TRPM6 and
CNNM4 proteins in each intestinal segment was also studied. Plasma and urinary
Mg*, Ca*, and PO,*" levels were measured. The plasma concentrations of hormones
that modulate Mg* homeostasis, such as 1a,25-dihydroxyvitamin D, [1a,25(0OH),D,],
parathyroid hormone (PTH), fibroblast growth factor 23 (FGF-23), epidermal growth
factor (EGF), and insulint'*?!], were also determined. Given that 16.7 rat days are
equivalent to 1 human year?”, the animals were treated with 20 mg/kg omeprazole
daily for 12 and 24 wk which is comparable to 5 and 10 human years, respectively.

MATERIALS AND METHODS

Animals

This study was performed in strict compliance with the Animal for Scientific Purposes
Act of Thailand and in accordance with Ethical Principles and Guidelines for the Use
of Animals for Scientific Purposes, National Research Council of Thailand. All
experimental procedures were approved by the Ethics Committee on Animal
Experiment of Burapha University, Thailand. Male Sprague-Dawley rats (9 weeks old)
were randomly divided into three experimental groups: control, 12-wk omeprazole,
and 24-wk omeprazole treatments. The rats were acclimatized for 7 days and fed with
standard pellet chow and reverse osmosis water given ad libitum. The health, body
weight, and food intake were monitored and recorded daily.

The effect of single-dose subcutaneous omeprazole injection (20 mg/kg: Ocid® IV;
Zydus Cadila, India) on intraluminal gastrointestinal pH was observed. The pellet
chow was removed 4 h before and then retrieved 30 min after sham or omeprazole
injection. At 2 and 24 h after administration, the stomach, duodenum, jejunum, ileum,
cecum, and proximal colon were removed under thiopental anesthesia (70 mg/kg;
Anesthal, Jagsonpal Pharmaceuticals Ltd., India). The intraluminal pH levels of the
stomach, duodenum, jejunum, ileum, cecum, and proximal colon were measured by
diagnostic test strips (MColorpHast™ pH-Indicator Strips, Merck-Millipore, German).

To study the effect of prolonging omeprazole injection, control and 24-wk-
omeprazole-treated rats received subcutaneous sham or omeprazole (20 mg/kg)
injection daily for 24 wk. The rats in the 12-wk-omeprazole-treated group received
subcutaneous sham injected daily for 12 wk followed by subcutaneous omeprazole
injection for 12 wk. At 24 h prior to the experimental endpoint, the rats were housed
in a metabolic cage to collect food and water intake. Urinary and fecal output was also
collected. The rats were anesthetized, blood was collected from the left ventricle, and
the rats were subsequently sacrificed. The duodenum, jejunum, ileum, and colon were
rapidly collected. The plasma concentrations of 1a,25(0OH),D,, PTH, FGF-23, EGF, and
insulin were determined by Labhouse Chonburi Co. Ltd., Thailand. Plasma and urine
Mg?, Ca*, and PO,> concentrations were also measured.
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Magnesium flux measurement

The total, paracellular, and transcellular Mg* flux was studied in accordance with the
method described by Thongon ef al®. In brief, the duodenum, jejunum, ileum, and
colon from individual rats were dissected into two pieces, which then were rapidly
mounted onto individually modified Ussing chamber setups. Intestinal samples were
bathed and equilibrated for 10 min with physiological bathing solution containing (in
mmol/mL) 118 NaCl, 4.7 KCl, 1.1 MgCl,, 1.25 CaCl,, 23 NaHCO,, 12 D-glucose, 2.5 L-
glutamine, and 2 D-mannitol (osmolality of 290-295 mmol/kg H,O and pH of 7.4).
The solution was maintained at 37 °C and continuously gassed with 5% CO, in 95%
O.,. The first piece of each intestinal segment was subjected to study the rate of total
Mg?* transport. The apical solution of each Ussing chamber setup was substituted
with a Mg*-containing bathing solution supplemented with (in mmol/L) 40 MgCl,,
2.5 CaCl,, 4.5 KCl, 12 D-glucose, 2.5 L-glutamine, 115 mannitol, and 10 HEPES (pH
7.4). Meanwhile, the basolateral solution was substituted with a Mg**-free bathing
solution containing (in mmol/L) 1.25 CaCl,, 4.5 KCl, 12 D-glucose, 2.5 L-glutamine,
250 D-mannitol, and 10 HEPES pH 7.4. To study the rate of paracellular Mg**
transport, another piece of each intestinal segment was incubated with Mg** channel
blocker Co(II)hexaammine (1 mmol/L; Sigma, St. Louis, MO, United States)™*! to
inhibit transcellular Mg* flux. The Mg?*-containing and Mg?*-free bathing solutions
were also used to study paracellular Mg?* transport. At 30, 60, and 120 min after
solution replacements, a 100 pL solution was collected from the basolateral and apical
sides. The Mg*" concentration and Mg?* flux rates were determined as previously
described by Thongon and Krishnamra*!. The rate of transcellular Mg?*" transport was
calculated by subtracting the rate of total Mg?* transport with the rate of paracellular
Mg? transport from the same intestinal segment of the individual rats.

Western blot analysis

Western blot analysis was performed as previously described".. Epithelial cells of the
duodenum, jejunum, ileum, and colon were collected and lysed in Piece® Ripa Buffer
(Thermo Fisher Scientific Inc.) with 10% v/v protease inhibitor cocktail (Sigma). After
being sonicated, centrifuged, and heated, 50 ng samples were loaded and separated
on SDS-PAGE gel and then transferred to a polyvinylidene difluoride membrane. The
membrane was blocked and probed with 1:1000 primary antibodies (Santa Cruz
Biotechnology) raised against CNNM4 and TRPM6. The membranes were also
reprobed with 1:5000 anti-B-actin monoclonal antibodies (Santa Cruz Biotechnology).
Subsequently, the membrane was incubated with 1:10000 HRP-conjugated secondary
antibodies (Santa Cruz Biotechnology), visualized by Thermo Scientific SuperSignal®
West Pico Substrate (Thermo Fisher Scientific Inc.), and captured on CL-XPosure Film
(Thermo Fisher Scientific Inc.). Densitometric analysis was performed using Image]
for Mac Os X.

Statistical analysis

Results were expressed as mean + SE. Two sets of data were compared using the
unpaired Student's t-test. One-way ANOVA with Dunnett’s post-test was used for
comparison of multiple sets of data. All data were analyzed by GraphPad Prism for
Mac Os (GraphPad Software Inc., San Diego, CA, United States).

RESULTS

Single-dose omeprazole injection increased gastrointestinal pH

Our previous study showed that 20 mg/kg oral gavage and subcutaneous
omeprazole administration markedly suppress gastric acid secretionl’. In the present
study, the rats were subjected to prolonged omeprazole administration (24 wk).
Therefore, subcutaneous administration that often causes minimal pain or discomfort
was chosen. The injection site was changed to avoid the repeated damage or irritation
of the rat tissue.

These experiments were performed to observe the effect of single-dose 20 mg/kg
subcutaneous omeprazole injection on gastric acid secretion and gastrointestinal pH.
Intraluminal pH of the stomach, duodenum, jejunum, ileum, cecum, and proximal
colon were measured at 2 and 24 h after injection. In the vehicle-treated control group,
the intraluminal pH levels of the stomach, duodenum, jejunum, ileum, cecum, and
colon were 1.83 + 0.31, 5.83 + 0.30, 6.33 £ 0.21, 7.67 + 0.42, 6.50 + 0.22, and 6.67 + 0.31,
respectively. Omeprazole significantly increased gastric, duodenal, and jejunal pH at
24 h after injection (Figure 1). However, omeprazole did not affect the intraluminal
acidic environment of the cecum and colon. These results indicated that 20 mg/kg
omeprazole injection daily effectively suppressed the gastric acid secretion and
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increased the intraluminal pH of the stomach, duodenum, and jejunum through 24
wk of treatment.

Metabolic characteristic of omeprazole-treated rats

As demonstrated in Figure 2A, all rats showed equal growth after the 24 wk of the
experiment (Figure 2A). Food intake (Figure 2B) and fecal excretion (Figure 2D) of all
experimental groups were equal. Water intake (Figure 2C) and urine excretion (Figure
2E) significantly increased in the omeprazole-treated groups.

Omeprazole-induced hypomagnesemia

The 12- and 24-wk-omeprazole-treated rats had significantly reduced plasma (Figure
3A) and urinary Mg?* concentration (Figure 3D). The plasma concentrations of the 12-
and 24-omeprazole-treated groups were 1.41 + 0.08 mg/dL and 1.37 + 0.14 mg/dL
respectively, which were lower than the reference rage of plasma Mg?* concentration
(1.7-2.4 mg/dL). Therefore, omeprazole induced hypomagnesemia in our rat model.
In addition, the urinary Mg*" concentrations of the 12- and 24-omeprazole-treated
groups were 1.26 + 0.72 mg/dL and 1.48 + 0.52 mg/dL, respectively, which were also
lower than the normal reference of 1.7-3.0 mg/dL. While the plasma Ca*"
concentration (Figure 3B) did not change, the urinary Ca*" concentrations of the 12-
(1.63 £ 0.28 mg/dL) and 24-wk-omeprazole-treated (1.42 + 0.23 mg/dL) groups were
significantly lower than those of the control group (4.06 + 0.87 mg/dL) (Figure 3E).
The plasma (Figure 3C) and urinary phosphate concentrations (Figure 3F) of the 12-
and 24-omeprazole-treated groups significantly increased in comparison to its
corresponding control group.

Hormonal change in PPIH rats

In consideration that 1a,25(0OH),D,, PTH, FGF-23, EGF, and insulin modulate Mg**
homeostasist”'**!l, their plasma concentrations in the rats with PPIH were determined.
The plasma 1a,25(0OH),D, (Figure 4A) and FGF-23 (Figure 4C) concentrations of the
24-wk-omeprazole-treated rats significantly increased compared with those of the
control group. The plasma PTH (Figure 4B) and insulin (Figure 4E) of all experimental
groups showed no difference. The 12- and 24-wk-omeprazole-treated groups had
significantly lower plasma EGF levels than the control rats (Figure 4D).

Segmental intestinal Mg* transport in PPIH rats

Previous research proposed that paracellular passive and transcellular active Mg**
transport exclusively occur in the small and large intestines, respectively. In the
present study, the total, paracellular, and transcellular Mg?* transport rates of the
vehicle-treated control group were 27.68 + 1.36 nmol/h-cm? 23.04 + 1.19 nmol/h-cm?,
and 4.65 £ 0.59 nmol/h-cm?, respectively, in the duodenum (Figure 5A); 31.00 + 1.19
nmol/h-cm?, 23.73 +1.22 nmol/h-cm?, and 7.27 + 0.81 nmol/h-cm?, respectively, in the
jejunum (Figure 5B); 30.77 £ 0.94 nmol/h-cm?, 22.23 + 0.88 nmol/h-cm? and 8.53 + 0.58
nmol/h-cm? respectively, in the ileum (Figure 5C); and 19.77 + 0.99 nmol/h-cm?, 9.83
+0.51 nmol/h-cm?, and 9.93 + 0.52 nmol/h-cm? respectively, in the colon (Figure 5D).
In the 12-wk-omeprazole-treated rats, the total, paracellular, and transcellular Mg**
transport rates were 8.55 + 1.27 nmol/h-cm? 5.78 + 1.03 nmol/h-cm? and 2.77 + 0.53
nmol/h-cm?, respectively, in the duodenum (Figure 5A); 12.36 + 0.79 nmol/h-cm?, 8.47
+ 0.57 nmol/h-cm? and 3.88 + 0.42 nmol/h-cm?, respectively, in the jejunum (Figure
5B); 12.39 + 0.76 nmol/h-cm? 9.01 + 0.45 nmol/h-cm? and 3.39 + 0.44 nmol/h-cm?
respectively, in the ileum (Figure 5C); and 15.41 + 0.90 nmol/h-cm?, 7.39 + 0.33
nmol/h-cm? and 8.03 £ 0.67 nmol/h-cm? respectively, in the colon (Figure 5D). In the
24-wk-omeprazole-treated rats, the total, paracellular, and transcellular Mg?*
transport rates were 5.02 + 0.51 nmol/h-cm? 3.59 + 0.59 nmol/h-cm? and 1.43 + 0.29
nmol/h-cm? respectively, in the duodenum (Figure 5A); 9.13 + 0.75 nmol/h-cm?, 6.48
* 0.45 nmol/h-cm? and 2.65 + 0.36 nmol/h-cm?, respectively, in the jejunum (Figure
5B); 9.40 £ 0.40 nmol/h-cm?, 7.43 £ 0.21 nmol/h-cm?, and 1.97 + 0.34 nmol/h-cm?,
respectively, in the ileum (Figure 5C); and 12.01 + 0.56 nmol/h-cm?, 6.29 + 0.36
nmol/h-cm? and 5.71 + 0.21 nmol/h-cm?, respectively, in the colon (Figure 5D). In the
small intestinal segment, Mg** was absorbed mainly through the paracellular route
(Figure 5A-C and E). By contrast, the large intestine absorbed Mg** through the
paracellular and transcellular routes in a comparable amount (Figure 5D). The rate of
transcellular Mg** transport was the highest in the colon and the lowest in the
duodenum (Figure 5F). In the 12- and 24-wk-omeprazole-treated rats, the total,
paracellular, and transcellular Mg** transport rates were significantly lower in the
duodenum, jejunum, ileum, and colon than in those of the corresponding vehicle-
treated control rats (Figure 5A-D). These results suggest that prolonged omeprazole
injection suppresses Mg?* absorption throughout the intestinal tract.
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Figure 1 Effect of subcutaneous omeprazole injection on rat gastrointestinal pH. Intraluminal pH was
measured by using test strips after 2 or 24 h after omeprazole administration. *P < 0.05, ®P < 0.01, <P < 0.001,vs the
control group (n = 6).

Segmental intestinal TRPM6 and CNNM4 expression in PPIH rats

Regarding our recent results on Mg? transport throughout the intestinal tract, these
series of experiment aimed to study the expression of TRPM6 and CNNM4 in the
duodenum, jejunum, ileum, and colon. As demonstrated in Figure 6, TRPM6 protein
was detected in the duodenum, jejunum, ileum, and colon of all experimental groups.
The level of TRPM6 expression was the lowest in the duodenum and the highest in
the colon of the control (Figure 6A), 12-wk- (Figure 6B), and 24-wk-omeprazole
(Figure 6C)-treated rats. The 12- and 24-wk-omeprazole-treated groups had
significantly higher TRPM6 expression in the duodenum, jejunum, ileum, and colon
than the vehicle-treated control group (Figure 7). Similar to TRPM6, CNNM4 protein
was detected throughout the intestinal tract (Figure 8). The expression of CNNM4
protein significantly increased in the duodenum, jejunum, ileum, and colon of the 12-
and 24-wk-omeprazole-treated groups compared with those of the control group.

DISCUSSION

The present study showed paracellular and transcellular Mg?* transport in the
duodenum, jejunum, ileum, and colon. The rate of total Mg** transport was shown (in
order of highest to lowest) in the jejunum, ileum, duodenum, and colon. Small
intestinal epithelium absorbed Mg?* mainly through the paracellular route. A
comparable rate of paracellular and transcellular Mg?* transport was shown in the
colon.

The mechanism by which prolonged PPIs administration induce hypomagnesemia
is currently unclear. In the present study, 12- and 24-wk omeprazole injection induced
systemic Mg?" depletion and hypomagnesemia. Similar to previous reports in PPIH
patients*”'>'], urinalysis of a recent PPIH rat model revealed reduced urinary Mg
excretion (less than 8.5 mg/dL), excluding urinary Mg?*" loss. The depletion of stored
Mg?* was also demonstrated in patients!” and rats” with PPIH. Our results clearly
showed that transcellular and paracellular Mg?** transport mechanisms were markedly
suppressed in the entire intestinal tract of rats with PPIH. Regarding the rate of total
Mg?* absorption, the length of intestinal segment, and diameter (Table 1), the small
intestine was the major intestinal segment for Mg** absorption. The percent
suppression of total Mg?* absorption in the duodenum, jejunum, ileum, and colon of
the rats with PPIH rats was 81.86%, 70.59%, 69.45%, and 39.25% (Table 1),
respectively. The percent suppression can be calculated using the following formula:
100 - [(total Mg?* absorption of 24-wk-omeprazole group x 100) / total Mg**
absorption of the control group]. Therefore, the small intestine is the major affected
organs for the adverse effect of prolonged PPI administration. The stimulation of
small intestinal Mg?* absorption in PPIH is probably normalizing plasma Mg*" level
and requires further study. The present study demonstrated a higher expression level
of TRPM6 protein in the colon compared with the small intestinal segment. The up-
regulation of TRPM6 and CNNM4 expression in the rats with PPIH was also higher in
the colon. The rate of transcellular Mg** absorption was the highest in the colon of the
control and PPIH rats. However, the lowest percent suppression of total Mg**
absorption was found in the colon of the rats with PPIH because single-dose
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Figure 2 Metabolic characteristics. A: Body weight; B: Food intake; C: Water intake; D: Fecal dry weight; E:
Urinary excretion of control, 12 wk-omeprazole-treated, and 24 wk-omeprazole-treated groups. *P < 0.05, ®P < 0.01,
vs the control group (n = 6).

omeprazole injection had no effect on intraluminal acidic environment in the colon.
Our results could explain why the stimulation of colonic Mg?* absorption could not
normalize plasma Mg?* level in the previous PPIH mouse model.

The overexpression of TRPM6 and CNNM4 proteins in the entire intestinal tract
suggested the compensatory response in rats with PPIH. However, the rate of
transcellular Mg** absorption was significantly suppressed in the duodenum,
jejunum, ileum, and colon of the rats with PPIH. Hess ef al*"], reported two common
single-nucleotide polymorphisms (SNPs) in the TRPM6 gene that increase the risk for
PPIH. These SNPs may explain why the overexpression of TRPM6 and CNNM4 could
not increase transcellular Mg?* absorption.

PPIH rats revealed normal plasma but reduced urinary Ca? concentration.
Increment of plasma 1a,25(OH),D; in the rats with PPIH should stimulate intestinal
Ca* absorption, renal tubular Ca*" reabsorption, and bone resorption to regulate
plasma Ca*" concentration. Bone resorption not only increases plasma Ca** but also
PO, levels, which trigger FGF-23 release. Plasma 1a,25(0OH),D; also stimulates FGF-
23 release. FGF-23 further suppresses renal tubular PO reabsorption, which
increases urinary PO,*” excretion’l.

Plasma 1a,25(OH),D,, FGF-23, and EGF levels are altered in rats with PPIH.
However, the hormonal regulation of plasma Mg?" level is largely unknown. In
addition, the data from the study of hormonal control of intestinal Mg*" absorption
are often confusing and conflicting. Previous research proposed that 1a,25(0OH),D,
stimulates intestinal Mg?" uptake”. In addition, 1a,25(0OH),D, treatment for 7 d exerts
no effect on intestinal Mg*" absorption in male C57BL/6] micel”.. 1a,25(OH),D,
increases plasma and urinary Mg?>* levelsl”! possibly through increasing bone
resorption. In consideration that 1a,25(OH),D, increases urinary Mg?* excretion!”,
renal Mg* wasting is probably involved in the development of hypomagnesemia in
prolonged PPI administration!"". Hypomagnesemia increases plasma FGF-23 level!"l.
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Khuituan et al®], demonstrated that FGF-23 markedly suppresses intestinal Ca*"
absorption. Magnesiotropic hormone EGF stimulates renal Mg* reabsorption to
increase plasma Mg?* level™. However, the direct effect of 1a,25(OH),D,, FGF-23, and
EGF on segmental intestinal Mg?* absorption requires further study.

In conclusion, our recent study confirmed the adverse effect of prolonged PPI
injection on plasma Mg** levels. In specific, PPIs can inhibit intestinal Mg?** absorption.
A higher level of suppression was shown in the small intestine than in the other
organs. Therefore, the stimulation of small intestinal Mg?* probably normalizes

plasma Mg?* in PPIH.
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Table 1 Rate of total Mg>* absorption, segmental length, and diameter of the duodenum, jejunum, ileum, and colon of the rats

Rate of total Mg?* transport

Level of suppression Length (mm)& Diameter (mm)™*!
Control 24-wk omeprazole
Duodenum  27.68 +1.36 5.02+0.51 81.86% 95-100 2.5-3
Jejunum 31.01£1.19 9.12£0.75 70.59% 900-1350 4-5
Tleum 30.77 £ 0.94 9.40 £ 0.40 69.45% 25-35 3-5
Colon 19.76 + 0.98 12.01 £ 0.56 39.25% 90-110 3-10

Level of suppression was a percentage decrement of total Mg?* absorption in 24-wk omeprazole-treated rats compared with the corresponding control rats.
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treated group (n = 5). CNNM4: Cyclin M4.

ARTICLE HIGHLIGHTS

Research background
Dietary intake is the sole source of Mg?" in humans, and intestinal absorption plays a vital role in
the regulation of normal Mg?" balance. Previous case reports suggested that intestinal Mg?*
malabsorption is a major pathophysiological mechanism in proton pump inhibitor (PPI)-induced
hypomagnesemia (PPIH).

Research motivation

The exact mechanism of PPl-inhibited intestinal Mg?* absorption is still controversial. In
addition, a simultaneous study on transcellular and paracellular Mg?* absorption in the
duodenum, jejunum, ileum, and colon of normal and PPIH had not been performed.

Research objectives

The present study aimed to observe the rate of paracellular and transcellular Mg?* transport
across the duodenum, jejunum, ileum, and colon in control and prolonged omeprazole-treated
male Sprague-Dawley rats. Magnesiotropic hormones and proteins were measured.

Research methods

The rats received subcutaneous omeprazole injection for 12 or 24 wk. The duodenum, jejunum,
ileum, and colon of each rat were mounted onto individual modified Ussing chamber setups to
study the rates of total, transcellular, and paracellular Mgz* absorption simultaneously.
Magnesiotropic hormones and proteins were observed.
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Research results

Hypomagnesemia and hypomagnesuria were demonstrated in the PPIs-treated rats. Plasma
1a,25-dihydroxyvitamin D, and fibroblast growth factor 23 increased, whereas plasma epidermal
growth factor level decreased in the omeprazole-treated rats. We clearly showed paracellular
and transcellular Mg?* absorption in the duodenum, jejunum, ileum, and colon of the control
rats. Prolonged PPI treatment significantly inhibited transcellular and paracellular Mg?*
absorption in the duodenum, jejunum, ileum, and colon. High transient receptor potential
melastatin 6 and cyclin M4 expression in the entire intestinal tract of the PPI-treated rats were
demonstrated.

Research conclusions
Prolonged PPI administration markedly inhibits Mg?* absorption throughout the entire length of
intestinal tract and lead to systemic Mg?* deficiency.

Research perspectives
PPIs mainly suppressed Mg?* absorption in the small intestine. The stimulation of small
intestinal Mg?" absorption is probably nullifying the adverse effect of PPIs in chronic users.
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Abstract

BACKGROUND

Intestinal inflammation is a common digestive tract disease, which is usually
treated with hormone medicines. Hormone medicines are effective to some
extent, but long-term use of them may bring about many complications.

AIM

To explore the protective effects of panax notoginseng saponin (PNS) against
dextran sulfate sodium (DSS)-induced intestinal inflammatory injury through
phosphoinositide-3-kinase protein kinase B (PI3K/AKT) signaling pathway
inhibition in rats.

METHODS

Colitis rat models were generated via DSS induction, and rats were divided into
control (no modeling), DSS, DSS + PNS 50 mg/k, and DSS + PNS 100 mg/kg
groups. Then, the intestinal injury, oxidative stress parameters, inflammatory
indices, tight junction proteins, apoptosis, macrophage polarization, and
TLR4/AKT signaling pathway in colon tissues from rats in each of the groups
were detected. The PI3K/AKT signaling pathway in the colon tissue of rats was
blocked using the PI3K/ AKT signaling pathway inhibitor, LY294002.

RESULTS

Compared with rats in the control group, rats in the DSS group showed
significantly shortened colon lengths, and significantly increased disease activity
indices, oxidative stress reactions and inflammatory indices, as well as
significantly decreased expression of tight junction-associated proteins. In
addition, the DSS group showed significantly increased apoptotic cell numbers,
and showed significantly increased M1 macrophages in spleen and colon tissues.

1156

March 21,2020 | Volume26 | Issuell |


https://www.wjgnet.com
https://dx.doi.org/10.3748/wjg.v26.i11.1156
http://orcid.org/0000-0002-7088-3190
http://orcid.org/0000-0002-0985-9562
http://orcid.org/0000-0002-7719-1613
http://orcid.org/0000-0002-6488-252X
http://orcid.org/0000-0002-7318-1936
http://orcid.org/0000-0003-1231-4296
http://orcid.org/0000-0001-7555-0670
mailto:y18301212703@163.com

authors have read the ARRIVE
guidelines, and the manuscript
was prepared and revised
according to the ARRIVE
guidelines.

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http:/ /creativecommons.org/ licen
ses/by-nc/4.0/

Manuscript source: Unsolicited
manuscript

Received: November 12, 2019
Peer-review started: November 12,
2019

First decision: December 23, 2019
Revised: December 27, 2019
Accepted: February 21, 2020

Article in press: February 21, 2020
Published online: March 21, 2020

P-Reviewer: Maric I, M'Koma A
S-Editor: Wang JL

L-Editor: Filipodia

E-Editor: Zhang YL

Jaishidengs  WJG | https://www.wjgnet.com

Lu QG et al. Protective effects of panax notoginseng saponin

They also showed significantly decreased M2 macrophages in colon tissues, as
well as activation of the PI3K/AKT signaling pathway (all P < 0.05). Compared
with rats in the DSS group, rats in the DSS + PNS group showed significantly
lengthened colon lengths, decreased disease activity indices, and significantly
alleviated oxidative stress reactions and inflammatory responses. In addition, this
group showed significantly increased expression of tight junction-associated
proteins, significantly decreased apoptotic cell numbers, and significantly
decreased M1 macrophages in spleen and colon tissues. This group further
showed significantly increased M2 macrophages in colon tissues, and
significantly suppressed activation of the PI3K/AKT signaling pathway, as well
as a dose dependency (all P < 0.05). When the PI3K/AKT signaling pathway was
inhibited, the apoptosis rate of colon tissue cells in the DSS + LY294002 group
was significantly lower than that of the DSS group (P < 0.05).

CONCLUSION

PNS can protect rats against DSS-induced intestinal inflammatory injury by
inhibiting the PI3K/AKT signaling pathway, and therefore may be potentially
used in the future as a drug for colitis.

Key words: Panax notoginseng saponin; Phosphoinositide-3-kinase protein kinase B
signaling pathway; Dextran sulfate sodium; Colitis; Rat intestine; Protective effect

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Panax notoginseng saponin is a drug widely used for cardiovascular diseases
and diabetes, with good proven inhibitory effects on inflammation. Our study also found
that panax notoginseng saponin exerted good inhibitory effects on inflammation in
dextran sulfate sodium-induced colitis.

Citation: Lu QG, Zeng L, Li XH, Liu Y, Du XF, Bai GM, Yan X. Protective effects of panax
notoginseng saponin on dextran sulfate sodium-induced colitis in rats through
phosphoinositide-3-kinase protein kinase B signaling pathway inhibition. World J
Gastroenterol 2020; 26(11): 1156-1171

URL: https://www.wjgnet.com/1007-9327/full/v26/i11/1156.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i111.1156
INTRODUCTION

The gastrointestinal tract is an organ with many complex functions in terms of
endocrine, immunity, nutrition, and others. These play an important role in the
normal operation of the human body!"”. Intestinal inflammation is primarily caused
by immune dysfunction due to intestinal barrier damage by invading pathogens or
microbial toxins in the body"l. Once intestinal injury occurs in the body, intestinal
mucosa will release oxygen free radicals, leading to lipid peroxidation and complete
loss of the intestinal barrier. This will cause the also release of inflammatory factors,
which may have a more severe consequence - death or systemic inflammatory
response syndromes!*’l. At present, intestinal inflammatory injury is mainly treated
with corticoid drugs for intestinal inflammation. Although these drugs are effective to
some extent, long-term use of them may cause various hormone medicine-related
adverse reactions, including other gastrointestinal complications and neurogenic
obesity’l. Therefore, finding a new drug that is effective for intestinal inflammatory
injury is a current clinical challenge. Panax notoginseng, a traditional Chinese
medicine, has been widely used for cardiovascular diseases!’), and panax notoginseng
saponin (PNS) is one of the most effective ingredients of panax notoginseng. A
previous study pointed out that PNS had a variety of pharmacological functions,
including anti-inflammatory and anti-apoptosis effectsl”. Another study found that
PNS could alleviate oxidative stress reactions and eliminate free radicals?.. Both
oxidative stress reactions and free radicals are pathological features of intestinal
inflammation!”l. Although there have been discussions on the role of notoginsenoside
R1, an effective component in PNS, in intestinal ischemia-reperfusion!'’), there was no
elaboration on PNS in enteritis. The dextran sulfate sodium (DSS)-induced colitis
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model has been widely used, because it can mimics human inflammatory bowel
diseases!'!l. Therefore, we constructed colitis rat models based on DSS induction, and
explored the role of PNS in intestinal inflammatory injury and its mechanism in rats.

MATERIALS AND METHODS

Animals and materials

A total of 80 Sprague-Dawley rats aged 6-7 wk with a body mass of about 235-290 g
were raised at a temperature of 20-25 °C and a relative humidity of 45%-65%, and
allowed to eat and drink freely under normal circadian rhythm alternation after being
purchased from the Laboratory Animal Centre of Sun Yat-Sen University. In addition
to the rats, there were other materials as follows: Escherichia coli DSS (Sigma, United
States, L2880); PNS (Chengdu Must Biotechnology Co., Ltd., A0760); fluorescein
isothiocyanate (FITC)-labeled anti-mouse CD11b antibody, phycoerythrin (PE)-
labeled anti-mouse F4/80 antibody, PerCp/Cy5.5-labeled anti-mouse CD16/32
antibody, APC-labeled anti-mouse CD206 antibody (BioLegend Company, United
States); interleukin-6 (IL-6), IL-1f, tumor necrosis factor-a (TNF-a), IL-10, and
enzyme-linked immunosorbent assay kit (Shanghai Mlbio Co., Ltd.); p-PI3K, p-AKT,
claudin-1, occludin, ZO-1, Bax, Bcl-2, and caspase-3 monoclonal antibodies (Cell
Signaling Company, United States); rabbit anti-human B-actin monoclonal antibody
(Proteintech Group, Inc); multiple factor flow cytometry kit (BioLegend Company,
United States); in situ cell apoptosis determination kit (Roche Diagnostics, Basel,
Switzerland), and fetal bovine serum (Hyclone company), and red blood cell lysate
(Miltenyi Company, Germany).

Animal modeling

The rats were randomly assigned to a control group (no treatment), a DSS group, a
DSS + PNS 50 mg/kg group and a DSS + PNS 100 mg/kg group, 20 rats in each
group. The rats were raised normally for 3 d. After 3 d, rats in the DSS group, DSS +
PNS 50 mg/kg group and DSS + PNS 100 mg/kg group were made to drink water
containing 50 g/LDSS instead of their previous drinking water for 7 consecutive days.
During the 7 d, rats in the DSS+PNS 50 mg/kg group were given 50 mg/kg PNS at 7
mg/mL by gavage, and rats in the DSS + PNS 100 mg/kg group were given 100
mg/kg PNS at 7 mg/mL by gavage from the 2*¢ day. Rats in the two groups were
weighted each day, and the disease of those rats was evaluated using the disease
activity index!"?. After the 7 d, the rats were killed by cervical dislocation, and their
spleen and colons were collected for subsequent analysis.

Histological analysis

Colon tissues were fixed with 4% paraformaldehyde for one night, and then paraffin
embedding and serial sections (3.5 pm) were performed. Subsequently, tissues were
stained with hematoxylin & eosin, and images of the tissues were obtained using the
Image-Pro Plus 5.0 system. Villar heights and crypt depths were measured and
analyzed, and the intestinal injury of the tissues was scored!”l. The score spanned
between 0 and 4, and indicated no epithelium injury and inflammatory infiltration
with 0 points, slight goblet cell reduction and inflammatory infiltration into crypts
with 1 point, relatively extensive goblet cell reduction and inflammatory infiltration
into the mucosal muscularis with 2 points, extensive goblet cell reduction, slight crypt
decrease, and extensive inflammatory infiltration into the mucosal muscularis with 3
points, and extensive decrease in crypts and inflammatory infiltration into the
submucosa with 4 points.

Index detection

Inflammation-related factors and oxidative stress parameters: Enzyme-linked
immunosorbent assay was employed to determine serum pro-inflammatory factors
(IL-6, IL-1P, and TNF-a), and an anti-inflammatory factor (IL-10) in strict accordance
with kit instructions. The electrochemiluminescence immunoassay was used to
determine serum oxidative stress parameters including malondialdehyde (MDA),
myeloperoxidase (MPO), catalase (CAT), and superoxide dismutase (SOD) in strict
accordance with kit instructions.

Western blot assay: The total protein of the sampled colon tissues was extracted using
the radio immunoprecipitation assay lysis method, and the concentration of the total
protein was determined using the bicinchoninic acid method, and adjusted to 4
pg/pL. The total protein was separated using 12% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis, and then transferred to a polyvinylidene fluoride
membrane, stained with Ponceau’s stain liquid, and soaked in phosphate buffer saline
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with Tween for 5 min for washing. Then, the total protein was blocked with 5% skim
milk powder for 2 h, and added with p-PI3K (1:500), p-AKT (1:500), claudin-1 (1:500),
occludin (1:500), ZO-1 (1:500), Bax (1:500), Bcl-2 (1:500), Caspase-3 (1:500) and p-Actin
primary antibody (1:500), and blocked at 4 °C for one night. The membrane was
washed to remove the primary antibody, added with horseradish peroxidase-labeled
goat anti-rabbit secondary antibody (1:1000), incubated at 37 °C for 1 h, and rinsed
with phosphate buffer saline (PBS) three times, 5 min each time. Filter paper was used
for the membrane to remove excess liquid, and the membrane was then made to be
luminescent with ECL and developed. The protein band was scanned, and the gray
value was analyzed using Quantity One software. The relative expression of protein =
gray value of the target protein band/ gray value of the 3-Actin protein band.

TUNEL assay for cell apoptosis determination: The mesenteric lymph node tissues
were fixed with 4% formaldehyde at room temperature, and then washed,
dehydrated, paraffin embedded, and cut into 4 pm sections. Cell apoptosis in the
sections were determined in strict accordance with instructions of the in situ cell
apoptosis determination kit. Cells with brown nuclei after staining were apoptotic
cells, and these cells in five microscopic fields were counted under a fluorescence
microscope. Cells staining positive for TUNEL were also counted.

Flow cytometry for macrophage and M1/M2 macrophage determination: Colon and
spleen of rats were sampled to prepare a single-cell suspension. The spleens were
placed in 0.9% sodium chloride solution, and then ground, filtered and lysed using
red blood cell lysate. Subsequently, the tissues were centrifuged at 300 g for 5 min.
After centrifugation, the tissues were washed with PBS, and resuspended. A total of 1
x 10° cells were taken from the tissues for determination. After being sheared, colon
tissues were added into PBS containing 5% fetal bovine serum, and placed into a 37
°C water bath for 20 min. Then, epithelial cells were removed from the tissues, and
the tissues were fully sheared again and placed into a solution containing 1mg/ml
collagenase IV, and then placed in a 37 °C water bath for 30 min for digestion.
Subsequently, the tissue suspension was filtered, centrifuged at 300 g for 10 min, and
resuspended. A total of 1 x 10° cells in the middle layer were taken for detection.
Then, the cells were added to human surface antibodies (FITC-CD11b, PE-F4/80, and
Per Cp/Cy5.5-CD16/32), incubated at a normal temperature in the dark for 20 min,
and then washed with PBS to remove excess antibodies. Subsequently, the cells were
added with 2 mL of stationary liquid/ membrane permeabilization buffer solution,
and washed two times. Then, the cells were added to APC-CD206 antibody, incubated
in the dark at 4 °C for 30 min, and added to 1 mL of stationary liquid/membrane
permeabilization buffer solution, and then washed one time. Finally, the cells were
isolated using flow cytometry after being resuspended in 200 pL PBS. The surface
markers of macrophages, M1 and M2 macrophages were CD11b and F4/80, CD16/32
and CD206, respectively.

Statistical analysis

In this study, the collected data were statistically analyzed using the SPS520.0
software package, and organized into figures using GraphPad 7 software.
Comparison between groups was analyzed using independent t-tests, and
comparison among multiple groups was analyzed using one-way ANOVA. Post hoc
pairwise comparisons were subject to LSD-f tests. P < 0.05 indicated a significant
difference.

RESULTS
Alleviation of DSS-induced intestinal injury by PNS

Compared with rats in the control group, after being injected with DSS, rats in the
DSS group showed significantly shortened colon lengths, significantly increased crypt
depths, and significant weight loss since the first 3 day (all P < 0.05). Compared with
rats in the DSS group, rats in the DSS + PNS group showed significantly lengthened
colons, significantly decreased crypt depths, and significantly improved disease
activity indices (all P < 0.05; Figure 1).

Alleviation of DSS-induced histopathological lesions in rats by PNS

Compared with rats in the control group, rats in the DSS group showed obvious
intestinal pneumatosis in the small intestine, mucosa edema in the intestinal wall, and
severe mesenteric venous congestion. In addition, rates in the DSS + PNS group
showed mild mucosa edema in the intestinal wall, and partial mesenteric venous
congestion without obvious congestion points. In addition, compared with rats in the
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Figure 1 Panax notoginseng saponin alleviates dextran sulfate sodium-induced intestinal injury. A: Weight changes of rats in the four groups; B: Comparison
among the four groups in disease activity index; C: Comparison among the four groups in colon length; D: Comparison among the four groups in crypt depth. 2P <
0.05. PNS: Panax notoginseng saponin; DSS: Dextran sulfate sodium.

control group, rats in the DSS group had significantly higher histopathological scores,
but rats undergoing PNS intervention had significantly improved histopathological
scores, and showed a dose-dependency (Figure 2).

Alleviation of intestinal oxidative damage in rats by PNS

Compared with rats in the control group, rats in the DSS group showed significantly
increased MDA and MPO activities and significantly decreased CAT and SOD
activities in intestinal tissues (all P < 0.05). Compared with rats in the DSS group, rats
in the DSS + PNS group showed significantly decreased MDA and MPO activities,
and significantly improved SOD and CAT activities in intestinal tissues (all P < 0.05;
Figure 3).

Alleviation of intestinal inflammatory response in rats by PNS

Compared with rats in the control group, rats in the DSS groups showed significantly
increased expression of IL-6, IL-1p and TNF-a, and significantly decreased expression
of IL-10 in intestinal tissues (all P < 0.05). Compared with rats in the DSS group, rats
in the DSS + PNS group showed significantly decreased expression of IL-6 and TNF-
a, and significantly increased expression of IL-10 (P < 0.05; Figure 4).

Effects of PNS on intestinal tight junction proteins in rats

Compared with rats in the control group, rats in the DSS group showed significantly
decreased expression of tight junction proteins including claudin-1, occludin, and ZO-
1 in intestinal tissues (all P < 0.05). Compared with rats in the DSS group, rats in the
DSS + PNS group showed significantly increased expression of claudin-1, occludin,
and ZO-1, and showed a dose-dependency (all P < 0.05; Figure 5).

Effects of PNS on PI3K / AKT signaling pathway in rats

Compared with rats in the control group, rats in the DSS group showed significantly
increased expression of p-PI3K and p-AKT (both P < 0.05). Compared with rats in the
DSS group, rats in the DSS+PNS group showed significantly decreased expression of
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Figure 2 Panax notoginseng saponin improves histopathological scores of dextran sulfate sodium-induced rats. A: Histopathological scores; B: Hematoxylin
& eosin staining. 2P < 0.05. PNS: Panax notoginseng saponin; DSS: Dextran sulfate sodium.

p-PI3K and p-AKT and showed a dose-dependency (all P < 0.05; Figure 6).

Effects of PNS on apoptosis of colon tissues in rats

TUNEL assay revealed that compared with the situation in the control group, DSS
significantly increased the number of apoptotic TUNEL-positive cells; while
compared with the use of DSS alone, PNS intervention decreased the number of
apoptotic TUNEL-positive cells, and showed a dose-dependency (P < 0.05). Western
blotting analysis consistently revealed that PNS treatment significantly up-regulated
the expression of anti-apoptotic factor Bcl-2 and down-regulated the expression of
pro-apoptotic factors Bax and caspase-3 (all P < 0.05; Figure 7).

Effects of inhibiting the PI3K/AKT signaling pathway on apoptosis of intestinal
tissue cells in colitis rats

In order to further confirm that PNS has protective effects in rats against intestinal
injury through PI3K/AKT signaling, we additionally selected 30 rats, and divided
them into a control group, a DSS group, and a DSS+LY294002 group. We
intraperitoneally injected 20 mg/kg PI3K/AKT signal pathway inhibitor, LY294002,
into each rat in the DSS + LY294002 group. We found that, compared with the DSS
group, the DSS + LY294002 group showed significantly decreased phosphorylation
levels of PI3K and AKT in colon tissues, significantly reduced apoptosis of colon
tissue cells, dramatically down-regulated expression of Bax and Caspase-3, and
dramatically up-regulated expression of Bcl-3 (Figure 8).

Changes of macrophages in spleen and colon tissues

Compared with rats in the control group, rats in the DSS group showed significantly
decreased percentages of CD11b*F4/80-labeled macrophages and significantly
increased percentages of M1 macrophages in the spleen (both P < 0.05). Compared
with rats in the DSS group, rats in the DSS + PNS group showed significantly
increased percentages of CD11b*F4/80-labeled macrophages and significantly
decreased percentages of M1 macrophages in the spleen, and they also showed a
dose-dependency (all P < 0.05). There were no significant differences among the three
groups in the percentage of M2 macrophages. Compared with rats in the control
group, rats in the DSS group showed significantly increased percentages of
CD11b*F4/80-labeled macrophages and M1 macrophages, and significantly decreased
percentages of M2 macrophages in colon tissues. Compared with rats in the DSS
group, rats in the DSS + PNS group showed significantly decreased percentages of
CD11b*F4/80-labeled macrophages and M1 macrophages, and significantly increased
percentages of M2 macrophages, and they also showed a dose-dependency (all P <
0.05; Figure 9).

DISCUSSION

Inflammatory bowel disease is a chronic inflammatory disease caused by dysfunction
of the gastrointestinal mucosal immune system, which shows an increasing incidence
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Figure 3 Panax notoginseng saponin alleviates intestinal oxidative damage in rats. A: Comparison among the
four groups in malondialdehyde; B: Comparison among the four groups in myeloperoxidase; C: Comparison among
the four groups in superoxide dismutase; D: Comparison among the four groups in catalase. P < 0.05. PNS: Panax
notoginseng saponin; DSS: Dextran sulfate sodium; MDA: Malondialdehyde; MPO: Myeloperoxidase; CAT: Catalase;
SOD: Superoxide dismutase.

with a change in living habits!"*l. DSS, a water-soluble sulfated polysaccharide, can
destroy the integrity of the intestinal mucosal barrier and lead to enteritis. This is
mainly characterized by ulcers, diarrhea, or inflammatory cell infiltration, so it is an
ideal choice to induce enteritis in an animal model™.

In our study, PNS has been proven for the first time to alleviate DSS-induced colitis
injury in rats. PNS, an active ingredient in panax notoginseng, is typically been used
in the past to treat cardiovascular diseases or diabetes, and it has been proven to
alleviate organ inflammatory damage induced by oxidative stress!’l. However, there
are few studies and discussions on its role in enteritis. In this study, we found that
PNS could alleviate intestinal inflammatory injury in DSS-induced colitis rats. For
example, colitis rats undergoing PNS intervention showed significantly increased
colon lengths, significantly improved disease activity indices and alleviated
pathological damage, which all indicated that PNS could relieve intestinal injury in
DSS-induced colitis rats. Enteritis is caused by a very complicated pathological
process. A study pointed out that the large number of inflammatory mediators due to
enteritis was an important reason for further aggravation of enteritis!'”. To verify this,
we determined the inflammatory factors in intestinal tissues of DSS-induced enteritis
rats, revealing that rats in the DSS group showed significantly increased expression of
IL-6, IL-1B and TNF-aq, significantly decreased expression of IL-10, significantly
increased MDA and MPO activities, and significantly decreased CAT and SOD
activities. This suggested that inflammatory and oxidative stress reactions in rats in
the DSS group intensified, which was consistent with previous research results!*l.
However, after PNS intervention, the rats showed significantly decreased expression
of IL-6, IL-1B, TNF-a, and MDA and MPO activities, and significantly increased
expression of IL-10 and CAT and SOD activities, and they also showed a dose-
dependency. This suggested that PNS could alleviate intestinal inflammatory and
oxidative stress reactions in enteritis rats. IL-6, IL-1p and TNF-a are all typical pro-
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Figure 4 Panax notoginseng saponin alleviates intestinal inflammatory response in rats. A: Comparison among the four groups in interleukin-6 (IL-6); B:
Comparison among the four groups in tumor necrosis factor-a; C: Comparison among the four groups in IL-1p; D: Comparison among the four groups in IL-10. ?P <
0.05. PNS: Panax notoginseng saponin; DSS: Dextran sulfate sodium; IL: Interleukin; TNF-a: Tumor necrosis factor-a.
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inflammatory factors, and their up-regulated expression indicates the aggravation of
the body’s inflammatory reaction. IL-10 is an anti-inflammatory factor, with down-
regulated expression indicating that body inflammation cannot be effectively
suppressed!”*’l. MPO activity is closely related to inflammation, because MPO
contains abundant neutrophils®!l.

A previous study showed that the large number of inflammatory mediators, due to
the polarization of macrophages to M1 macrophages caused by external stimulation,
is one of the reasons for the acute inflammatory response of enteritis*. Macrophages
can polarize into M1 macrophages or M2 macrophages. M1 macrophages can secrete
inflammatory factors including IL-6 and TNF-a, and M2 macrophages can secrete
anti-inflammatory factors including IL-10l. In our study, we detected macrophages
and their polarization in the spleen and intestinal tissues of DSS-induced colitis rats.
We found that the rats showed significantly decreased percentages of CD11b*F4/80-
labeled macrophages in the spleen, but significantly increased percentages of these
macrophages in colon tissues, which may be due to the rapid migration of
macrophages in the spleen to the intestinal inflammatory site during inflammatory
reactions. In addition, we also found that the percentages of M1 macrophages in the
spleen and colon significantly increased, and the percentages of M2 macrophages in
the colon significantly decreased, but the spleen showed no difference. Furthermore,
after PNS intervention, the colitis rats showed significantly increased percentages of
CD11b*F4/80-labeled macrophages in the spleen, significantly decreased percentages
of CD11b*F4/80-labeled macrophages and M1 macrophages in colon tissues, and
significantly increased percentages of M2 macrophages in the intestine, and they also
showed dose-dependency. It suggested that PNS could suppress the polarization of
macrophages into M1 macrophages and induce the polarization of macrophages into
M2 macrophages, thus suppressing the intestinal inflammatory response. This is also
consistent with previous results for inflammatory factors. In order to explore the
mechanism of PNS in relieving intestinal inflammatory injury, we determined
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Figure 5 Effects of panax notoginseng saponin on tight junction proteins in the intestinal mechanical barrier of rats. A: Comparison of claudin-1 among the
four groups; B: Comparison of occluding among the four groups; C: Comparison in ZO-1 among the four groups; D: Western blot protein map. 2P < 0.05. PNS: Panax
notoginseng saponin; DSS: Dextran sulfate sodium.

PI3K/AKT signaling, revealing that after PNS intervention, colitis rats have
significantly decreased phosphorylation levels of PI3K and AKT in intestinal tissues
and showed a dose-dependency. This indicated that PNS could inhibit the activation
of PI3K and AKT in colitis rats. In order to further confirm that PNS protects colitis
rats against intestinal injury through PI3K/AKT signaling, we also intervened with
the PIBK/ AKT signaling pathway through its inhibitor, LY294002. It turned out that
when PI3K/AKT signaling in the colon of colitis rats was inhibited, the apoptosis rate
of colon cells significantly decreased, which proved that PNS protected colitis rats
against intestinal injury through the PI3K/AKT signaling pathway. PI3K/AKT has
long been considered as the primary way of promoting cell proliferation and
preventing cell apoptosis, because AKT phosphorylation can initiate the expression of
proteins involved in cell proliferation and apoptosis regulation”*!. The results of our
study suggest that the protective effects of PNS against intestinal inflammatory injury
in rats may be achieved by inhibiting the activation of the TLR4/NFxB signaling
pathway. Previous studies found that PNS contributes to hepatocyte proliferation
after liver regeneration by regulating the PI3K/AKT signaling pathway, which is
similar to our results*,

Tight junction proteins play a very important role in enteritis. When the tight
junction is damaged, intestinal barrier function declines, which further causes
migration of intestinal antigen substances to the lamina propria of the intestinal
mucosa. This stimulates immune cells to produce a large number of inflammatory
factors and further aggravates intestinal injury”*l. Based on detection, we found that
the intestinal tissues of DSS-induced colitis rats showed significantly decreased
expression of claudin-1, occludin, and ZO-1, but showed significantly increased
expression of them after PNS intervention, which indicated that PNS could also
alleviate intestinal mucosal barrier damage in colitis rats. Based on TUNEL
experiments, we also found that DSS-induced colitis rats showed increased apoptotic
intestinal epithelial cells, significantly increased expression of Bax and Caspase-3, and
significantly decreased expression of Bcl-2, which was consistent with the TUNEL
results. In addition, compared with rats in the DSS group, colitis rats undergoing PNS

Baishidengs WJG | https://www.wjgnet.com 1164 March 21,2020 | Volume26 | Issuell |



Lu QG et al. Protective effects of panax notoginseng saponin

p-PI3K
o [ N
T T
I
p-AKT
o = N
T T
<|

‘0& @oQ q\@ 0}\9 ‘0\9 @oQ Q\@ Q\Q
3 S & & O S & &
& $ X X & 3 S $
§ © & o § © & S
O 2 & © 2 &
& o & o
N $ N §
(o :
PACT s —
Bractin N W S
@QQ ‘OOQ Q\‘_(b q\\{9
S S & &
OQ‘ N &6) C)Q
S
%x‘2 xQé
S )
9 §

Figure 6 Effects of panax notoginseng saponin on phosphoinositide-3-kinase protein kinase B signaling
pathway. A: Comparison of p-PI3 among the four groups; B: Comparison of p-AKT among the four groups; C:
Western blot protein map. P < 0.05. PNS: Panax notoginseng saponin; DSS: Dextran sulfate sodium.

intervention showed significantly decreased apoptotic intestinal epithelial cells,
significantly down-regulated expressions of Bax and Caspase-3, and significantly up-
regulated expression of Bcl-2, which suggested that PNS could also inhibit the
apoptosis of intestinal epithelial cells in colitis rats, thus playing a role in intestinal
protection.

However, there are still some deficiencies in this study. For example, we did not
carry out other in vitro cell experiments to explore the effects of PNS on intestinal
epithelial cells, and we also did not explore other possible regulatory pathways
through which PNS plays a role in colitis. In the future, we will carry out subsequent
basic experiments to address these problems. Secondly, there are some differences in
the pathogenesis of the DSS-induced rat enteritis model and human enteritis, which
requires subsequent human experiments to prove the role of PNS in human enteritis.
In summary, PNS can suppress the activation of the PI3K/AKT signaling pathway to
protect DSS-induced rats against intestinal inflammatory injury, and thus it may be
effective as a potential future drug for colitis.
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Figure 7 Effects of panax notoginseng saponin on apoptosis in the colon tissues of rats. A: The number of apoptotic TUNEL-positive cells in rats from the four
groups; B: Comparison among the four groups in Bax; C: Comparison among the four groups in Caspase-3; D: Comparison among the four groups in Bcl-2; E:

Western blot protein map. 2P < 0.05. PNS: Panax notoginseng saponin; DSS: Dextran sulfate sodium.
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Figure 8 Effects of inhibiting the phosphoinositide-3-kinase protein kinase B signaling pathway on apoptosis of colon tissue cells in colitis rats. A: Effects
of inhibiting the phosphoinositide-3-kinase protein kinase B (PI3K/AKT) signaling pathway on apoptosis rates of colon tissue cells; B: Effects of inhibiting the PI3K/AKT
signaling pathway on the phosphorylation of PI3K and AKT in the colon tissues of rats; C: Effects of inhibiting the PI3K/AKT signaling pathway on apoptosis-related
proteins in colon tissues. 2P < 0.05. PNS: Panax notoginseng saponin; DSS: Dextran sulfate sodium.
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Figure 9 Macrophage changes in spleen and colon tissues. A: Percentage of CD11b*F4/80-labeled macrophages in spleen and colon tissues; B: CD16/32-
labeled MI macrophages in spleen and colon tissues; C: CD206-labeled M2 macrophages in spleen and colon tissues; D, E: Flow cytometry. *P < 0.05. PNS: Panax
notoginseng saponin; DSS: Dextran sulfate sodium.
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ARTICLE HIGHLIGHTS

Research background

Intestinal inflammation is a common digestive tract disease at present, which is usually treated
with hormone medications. Hormone medications are effective to some extent, but long-term use
of them may bring about many complications. Therefore, it is very important to find new drugs
to treat intestinal inflammation.

Research motivation

Panax notoginseng saponins (PNS) are a class of drugs widely used in cardiovascular diseases
and diabetes, which have been proven to have good inflammatory inhibition effects. However,
there are few studies on the role and mechanism of PNS in rat models of intestinal inflammation.
PNS may be an effective drug for intestinal inflammation.

Research objectives
This study aimed to explore the effects of PNS on dextran sulfate sodium (DSS)-induced
intestinal inflammatory injury in rats, and its possible mechanism.

Research methods

The colitis rat models were constructed by inducing DSS, and treating with different
concentrations of PNS to inhibit the phosphoinositide-3-kinase protein kinase B (PI3K/AKT)
signaling pathway in colon tissues. Then the intestinal injury, oxidative stress parameters,
inflammatory indices, tight junction proteins, apoptosis, macrophage polarization, and
PI3K/AKT signaling were detected in the tissues.

Research results
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Compared with colitis rats, rats intervened with PNS showed significantly lengthened colons,
decreased disease activity index, as well as significantly alleviated oxidative stress reactions and
inflammatory responses. Furthermore, they showed significantly increased expression of tight
junction-associated proteins, significantly decreased apoptotic cells, significantly decreased M1
macrophages in spleen and colon tissues, and significantly increased M2 macrophages in colon
tissues. They also showed significantly suppressed activation of the PI3K /AKT signaling
pathway, and dose-dependency. When the PI3K/AKT signaling pathway was inhibited,
compared with colitis rats, the apoptosis rate of colon tissue treated with LY294002 decreased
significantly.

Research conclusion

This study confirmed that PNS can protect rats against DSS-induced intestinal inflammatory
injury by inhibiting the PI3K/ AKT signaling pathway, and revealed that it may have potential to
be used in the future as a drug for colitis.

Research perspective

It has been proven that PNS can play a protective role against intestinal injury in colitis rats by
inhibiting the PI3K/AKT signaling pathway, and PNS may be a potential effective drug for
treating colitis.
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Abstract

BACKGROUND
Minimally invasive surgery for gastric cancer (GC) has gained widespread use as
a safe curative procedure especially for early GC.

AIM
To determine risk factors for postoperative complications after minimally
invasive gastrectomy for GC.

METHODS

Between January 2009 and June 2019, 1716 consecutive patients were referred to
our division for primary GC. Among them, 1401 patients who were diagnosed
with both clinical and pathological Stage III or lower GC and underwent robotic
gastrectomy (RG) or laparoscopic gastrectomy (LG) were enrolled. Retrospective
chart review and multivariate analysis were performed for identifying risk
factors for postoperative morbidity.

RESULTS

Morbidity following minimally invasive gastrectomy was observed in 7.5% of the
patients. Multivariate analyses demonstrated that non-robotic minimally invasive
surgery, male gender, and an operative time of > 360 min were significant
independent risk factors for morbidity. Therefore, morbidity was compared
between RG and LG. Accordingly, propensity-matched cohort analysis revealed
that the RG group had significantly fewer intra-abdominal infectious
complications than the LG group (2.5% vs 5.9%, respectively; P = 0.038), while no
significant differences were noted for other local or systemic complications.
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Multivariate analyses of the propensity-matched cohort revealed that non-robotic
minimally invasive surgery [odds ratio = 2.463 (1.070-5.682); P = 0.034] was a
significant independent risk factor for intra-abdominal infectious complications.

CONCLUSION

The findings showed that robotic surgery might improve short-term outcomes
following minimally invasive radical gastrectomy by reducing intra-abdominal
infectious complications.

Key words: Stomach neoplasms; Gastrectomy; Robotic surgical procedure; Minimally
invasive procedures; Morbidity; Pancreatic fistula

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: This study aimed to determine risk factors for postoperative complications after
minimally invasive gastrectomy for gastric cancer. Accordingly, multivariate analysis
identified non-robotic minimally invasive surgery as an independent risk factor for
postoperative complications. Propensity score matching analysis showed that the robotic
gastrectomy group had a significantly lower incidence of intra-abdominal infectious
complications compared to the laparoscopic gastrectomy group. Additionally,
multivariate analyses in the propensity score-matched cohort showed that non-robotic
minimally invasive surgery was a significant independent risk factor for intra-abdominal
infectious complications.

Citation: Shibasaki S, Suda K, Nakauchi M, Nakamura K, Kikuchi K, Inaba K, Uyama I. Non-
robotic minimally invasive gastrectomy as an independent risk factor for postoperative intra-
abdominal infectious complications: A single-center, retrospective and propensity score-
matched analysis. World J Gastroenterol 2020; 26(11): 1172-1184

URL: https://www.wjgnet.com/1007-9327/full/v26/i11/1172.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i111.1172
INTRODUCTION

Gastric cancer (GC) is the fifth most common malignancy and the third leading cause
of cancer-related death worldwidel'l. Surgical resection with or without perioperative
chemotherapy has remained the only curative treatment option, with regional
lymphadenectomy being recommended as part of radical gastrectomy!”*. Recently,
laparoscopic gastrectomy (LG) has gained widespread use as it is a minimally
invasive and safe curative procedure for GC especially for early GCPl. Since we
demonstrated the comparability of the laparoscopic D2 gastrectomy over the open D2
gastrectomy in the short- and long-term outcomes!*], minimally invasive surgery
(MIS) has been the first choice as the standard radical procedure for GC in our
institute!"’l.

However, several recent studies using the nationwide web-based database of Japan
have revealed that LG promoted higher postoperative local complications compared
with open gastrectomy (OG)!"'"*l. Two main reasons may explain such findings. First,
LG requires more experience, at least 40-60 surgical procedures, to achieve optimal
proficiency compared with OG- Second, LG has several technical limitations,
including limited range of motion with straight forceps and hand tremors, which
need to be addressed to further improve surgical outcomes following minimally
invasive gastrectomy. Accordingly, two possible measures may help overcome such
limitations. First is the Endoscopic Surgical Skill Qualification System (ESSQS), which
was launched in 2004 by the Japanese Society for Endoscopic Surgery to develop a
tool for the reliable and reproducible evaluation of trainees” surgical techniques!". In
this system, two judges assess non-edited videotapes in a double-blinded fashion
using strict criteria. Accordingly, surgeons determined to be qualified by this system
experienced less frequent complications following laparoscopic distal gastrectomy
(DG) compared with those who failed!®l. The second measure involves robotic
surgery, which facilitates precise dissection in a confined surgical field with
impressive dexterity!"”?'l. In fact, a number of previous studies have shown that
robotic gastrectomy (RG) resulted in significantly lower postoperative complication
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20,22,23]

rates compared to LGFP"*?

Considering the aforementioned discussion, the present study aimed to determine
risk factors for postoperative complications after MIS for GC, focusing on the impact
of robotics and surgeon qualification by the ESSQS.

MATERIALS AND METHODS

Patients

Between January 2009 and June 2019, 1716 consecutive patients were referred to our
division for primary GC eligible for surgical treatment. The present study ultimately
enrolled 1401 patients (robotic, n = 359 and laparoscopic, n = 1042) with both clinical
and pathological Stage III or lower GC after excluding 315 patients who had clinical or
pathological stage IV GC (1 = 166), remnant GC (n = 53), OG (n = 25), double cancer (n
= 20), and palliative or limited lymphadenectomy (1 = 51) due to insufficient physical
function. The patient selection process is summarized in Figure 1. This study included
not only symptomatic patients but also those who were diagnosed as a result of the
mass cancer screening programs, which have been executed nationwide and have
contributed to earlier detection of GC. In the present study, the stage of the cancer
was described according to the 15th edition of the Japanese Classification of Gastric
Carcinomal™!. Cancer staging was performed based on the findings of contrast-
enhanced computed tomography, gastrography, endoscopic study, and
endosonography before the beginning of any treatment and, when applicable, after
the completion of chemotherapy, as we previously described!. Tumor invasion
depth was measured ultrasonographically™*!. The gastric wall was assessed based on
the standard five-layer sonographic structure. On the endosonographic image, the
mucosal layer is visualized as a combination of the first and second hypoechoic layers,
and the submucosal layer corresponds to the third hyperechoic layer. The layer of the
muscularis propria is visualized as the fourth hypoechoic layer, and the fifth
hyperechoic layer is the serosa, including the subserosa. Initial endoscopic diagnosis
regarding invasion depth was confirmed based on the agreement by expert
endoscopists at the medical conference prior to therapy. The indication of endoscopic
treatment and radical gastrectomy including the extent of systematic lymph node
dissection was determined based on the 2014 Japanese Gastric Cancer Treatment
Guidelines™. The microscopic tumor-negative status in the cut end was routinely
confirmed by intraoperative frozen section diagnosis as previously reported™*, and
margins of resection (R0 or R1 resection) was pathologically diagnosed by permanent
section diagnosis. In a considerable number of the enrolled patients, Helicobacter
pylori was examined and systemically eradicated before surgery at each hospital or
clinic at which GC of those patients was diagnosed. Details regarding indications for
physical function assessment, surgical procedures, perioperative radical gastrectomy
management, extent of gastric resection and lymph node dissection, type of
anastomosis, and postoperative chemotherapy in addition to oncologic follow-up
have been reported previously!™'***'***I. This study was approved by the Institutional
Review Board of Fujita Health University.

Decision on procedure selection

Patients were completely involved in the decision-making process, and informed
consent was obtained from all patients. However, during the study period, decision
making on patient procedures was dependent on circumstances surrounding the
national medical insurance coverage. Accordingly, RG had not been included in the
national medical insurance coverage in Japan between January 2009 and March 2018,
during which patients needed to be charged 2200000 JPY upon perioperative
admission to undergo RG™. All patients were equally offered robotic surgery without
considering their backgrounds, including physical and oncological status. Hence, 211
patients who agreed to uninsured da Vinci Surgical System (DVSS) application
underwent RG, whereas the remaining 946 patients who refused uninsured DVSS
application underwent LG with health insurance coverage. Meanwhile, between
October 2014 and January 2017, we organized a multi-institutional, single-arm
prospective clinical study approved for Advanced Medical Technology
(“Senshiniryo”) Bl Accordingly, 94 patients with cStage I/1I GC who were enrolled
in our institution’s Senshiniryo B trial were also included in the present analysis. Since
its approval for national medical insurance coverage based on the outcomes of the
Senshiniryo B trial in April 2018, RG has been more favorably indicated for patients
diagnosed with advanced GC who required total gastrectomy (TG) or proximal
gastrectomy (PG) and desired to undergo RG at our institution. After April 2018, 52
patients underwent RG, whereas 96 underwent LG.
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Gastrectomy for primary gastric cancer: 1716
(January 2009 to June 2019)

Clinical or pathological stage IV: 166
Remnant gastric cancer: 53

Open gastrectomy: 25

Double cancer: 20

Palliative surgery: 51

’ Radical gastrectomy: 1401 ‘

|
[ l

Robotic: 359 Laparoscopic: 1042

Figure 1 Flow diagram of the study selection process.

Operating surgeon selection

All LG procedures were performed or guided by the ESSQS-qualified surgeons.
Meanwhile, RG was performed by surgeons certified to operate a DVSS console,
qualified by the ESSQS, and certified by the Japanese Society of Gastroenterological
Surgery. All procedures related to LG and RG were supervised by an expert gastric
surgeon (1.U.) who had performed more than 1500 LG and 400 RG procedures.

Measurements

All patients were observed for 30 d following surgery. The primary endpoint of this
single-center retrospective analysis was morbidity. Secondary endpoints comprised
clinicopathological characteristics and short-term surgical outcomes, including
operative time, surgeon console time, estimated blood loss, number of dissected
lymph nodes, complication rates, rates for intra-abdominal infectious complications
(including postoperative pancreatic fistulas, leakage, and intra-abdominal abscesses),
mortality rate, and length of postoperative hospitalization. All postoperative
complications Grade Illa or above based on the Clavien-Dindo (CD) classification
were recorded™! and classified according to the Japan Clinical Oncology Group
Postoperative Complications Criteria based on the CD classification ver. 2.0"%. Total
operative time was defined as the duration from the start of abdominal incision until
complete wound closure, while surgeon console time was defined as the duration of
DVSS operation during surgery. Blood loss was estimated by weighing suctioned
blood and gauze pieces that had absorbed blood.

Perioperative management of postoperative pancreatic fistula

Diagnosis and grading of pancreatic fistula were determined according to CD
classification!”! as mentioned above. Our perioperative management for postoperative
pancreatic fistula was conducted as follows!”*!: Although pancreatic fistula is defined
as output via an operatively placed drain (or a subsequently placed percutaneous
drain) of any measurable volume of drain fluid on or after postoperative day 3, with
an amylase level at least over 3 times as high as the upper normal range of the serum
level, it was comprehensively diagnosed according to not only drain amylase levels,
but also changes in the properties of the drain and the clinical, laboratory, and
imaging findings including computed tomographic scans. Patients with high drain
amylase level and no abnormal physical and laboratory findings were observed
without any treatment (CD Grade I). The abdominal drainage tube was removed
basically after the drain amylase level was sufficiently recovered. Patients with high
drain amylase level accompanied by abnormal findings such as fever, abdominal
pain, and high inflammatory markers, were intensively treated with antibiotics,
octreotide acetate, and parenteral nutrition while the drainage tube position was
urgently confirmed using computed tomographic scans and radiographic contrast
study (CD Grade II). When the drainage tube position was not appropriate, an
additional or alternative drainage tube was placed into the fluid cavity using
percutaneous computed tomography or ultrasonography-guided technique (CD
Grade Illa), and irrigation and drainage with saline was performed. Parenteral
nutrition was gradually switched to enteral nutrition without delay, once pancreatic
fistula had been confined to a certain space and inflammatory response had settled.
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Propensity score-matched analysis

Propensity score-matched (PSM) analysis was used to limit confounders and
overcome possible patient selection bias. Propensity scores for all patients were
calculated using a logistic regression model based on the following variables: Age,
gender, body mass index (BMI), American Society of Anesthesiologist (ASA)
classification, presence of neoadjuvant chemotherapy, history of laparotomy, cT, cN,
cStage, pT, pN, pStage, type of gastrectomy, extent of lymph node dissection, and
splenectomy. Consequently, rigorous adjustment for significant differences in the
baseline characteristics of PSM patients was performed using nearest neighbor
matching without replacement and a caliper width of 0.2 logit of the standard
deviation. An absolute standardized difference (SD) was used to measure covariate
balance, in which an absolute standardized mean difference above 0.1 indicated a
meaningful imbalancel""*.

Statistical analysis

All analyses were conducted using IBM SPSS Statistics 23 (IBM Corporation, Armonk,
NY, United States). Between-group comparisons were performed using the y? test or
Mann-Whitney U test. Univariate y* test and multivariate logistic regression analysis
were used to determine risk factors for the occurrence of postoperative complications.
Data were expressed as median (range) or odds ratio (OR) (95% confidence interval)
unless otherwise specified. P < 0.05 (two-tailed) was considered statistically
significant.

RESULTS

Clinicopathological features and surgical outcomes after minimally invasive
gastrectomy

Patient characteristics and surgical outcomes of MIS for GC are summarized in Table
1. Accordingly, 939 (67%) and 856 (61%) patients had cStage I and pStage I disease,
respectively, while 120 (8.6%) received preoperative chemotherapy. A total of 359 and
1042 patients underwent RG and LG, while 993 (70.9%), 89 (6.4%), and 319 (22.8%)
underwent DG, PG, and TG, respectively. Moreover, 767 and 634 patients underwent
D1+ and D2 dissection, respectively. The rates for conversion to open procedure,
reoperation within 30 d, in-hospital mortality within 30 d, and morbidity within 30 d
after operation were 0.1%, 1.1%, 0.3% and 7.5%, respectively (Table 1). All patients
completed successfully RO resection.

Risk factors for morbidity after minimally invasive gastrectomy

Univariate analysis identified seven significant factors for postoperative CD grade Illa
or more complications, including non-robotic MIS, male gender, cStage II or higher,
type of gastrectomy (PG and TG), splenectomy, operative time > 360 min, and
estimated blood loss > 50 mL. Multivariate analysis determined that non-robotic MIS
[OR = 2.591 (1.418-4.717); P = 0.002], male gender [OR = 1.969 (1.142-3.390); P =
0.015], and operative time > 360 min [OR = 1.800 (1.098-2.952); P = 0.020] were
significant independent risk factors for morbidity (Table 2).

Patient background factors stratified according to type of procedure

Our analysis subsequently focused on the comparison between RG and LG. Patient
characteristics according to type of procedure are summarized in Table 3. Although
no differences in BMI, history of laparotomy, tumor size, cT, cN, cStage, pT, pN,
pStage, and number of metastatic lymph nodes were observed between the RG and
LG group, significant differences were found in age [RG 67 (30-89) vs LG 70 (24-93); P
< 0.001], gender (M:F, RG 233:126 vs LG 740:302; P = 0.033), ASA classification (1:2:3,
RG 160:168:31 vs LG 340:565:137; P < 0.001), preoperative chemotherapy (RG 5.3% vs
LG 9.7%; P = 0.010), type of resection (DG:PG:TG, RG 250:42:67 vs LG 743/47/252; P <
0.001), and extent of lymphadenectomy (D1+:D2, RG 178:181 vs LG 589:453; P = 0.023).
Factors having an SD over 0.1 included age, gender, BMI, ASA classification, tumor
size, use of preoperative chemotherapy, type of resection, extent of lymphade-
nectomy, and splenectomy (Table 3). To compensate for such differences, PSM
analysis was used. The average and standard deviation of the propensity score was
0.256 and 0.111, respectively, thus yielding a caliper width of 0.02 for this study. After
propensity score matching, 354 patients were included in each group (Figure 2).
Propensity score distributions for each case before and after matching are presented in
Figure 2. After matching, the SD for age, gender, BMI, ASA classification, presence of
neoadjuvant chemotherapy, history of laparotomy, tumor size, cT, cN, cStage, pT, pN,
pStage, type of resection, extent of lymph node dissection, and splenectomy decreased
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Table 1 Patient backgrounds and surgical outcomes following minimally invasive gastrectomy at our institution, n = 1401

Clinicopathological characteristics

Surgical outcomes

Age (yr)

Gender (M:F)

Body mass index (kg/m?)
ASA grade (1:2:3)
History of laparotomy, 1 (%)
Tumor size (mm)

cT! (1:2:3:4a)

oN! (=:#)

cStage' (LITA:IIB:III)

pT' (1:2:3:4a)

pN' (0:1:2:3)

pStage’ (LILIII)

No. of metastatic LNs

Use of preoperative chemotherapy, 1 (%)

69 (24-93) No. of operators (certified surgeon) 33 (19)
973:428 Qualified:non-qualified surgeons 925:476
223 (14.3-37.3) Procedure (RG:LG) 359:1042
500:733:168 Type of resection (DG:PG:TG) 993:89:319
263 (18.8) Extent of lymphadenectomy (D1+:D2) 767:634

30 (0-180) Splenectomy, 7 (%) 40 (2.9)
751:264:224:162 Total operative time (min) 348 (147-942)
1093:308 Estimated blood loss (mL) 30 (0-2150)
939:76:154:232 No. of dissected LNs 35 (6-114)
797:164:178:262 Conversion to open procedure, 1 (%) 1(0.1)
949:174:137:141 Reoperation rate, 1 (%) 15 (1.1)
856:280:265 In-hospital mortality, 1 (%) 4(0.3)

0 (0-63) Morbidity, n (%) 105 (7.5)
120 (8.6) Hospital stay following surgery (d) 13 (2-195)

Japanese Classification of Gastric Carcinoma, 15" edition. Data are presented as median with range unless otherwise specified. ASA: American Society of
Anesthesiologist; LNs: Lymph nodes; RG: Robotic gastrectomy; LG: Laparoscopic gastrectomy; DG: Distal gastrectomy; PG: Proximal gastrectomy; TG:

Total gastrectomy.

to < 0.10, indicating that a sufficient balance was achieved (Table 3).

Surgical and short-term outcomes stratified according to type of procedure

Surgical outcomes and short-term postoperative courses of the entire cohort and the
PSM cohort are summarized in Table 4. Accordingly, 8 and 33 operating surgeons
performed RG and LG, respectively. Moreover, 100% of the RG cases and only 56.5%
(572/1042) of the LG cases (P < 0.001) were handled by qualified surgeons. The RG
group had a significantly shorter duration of hospitalization following surgery
compared to the LG group [RG 12 (2-195) d vs LG 13 (3-177) d; P < 0.001], despite
having a slightly greater total operative time [RG 360 (174-942) min vs LG 342
(147-937) min; P < 0.001) and estimated blood loss [RG 36 (0-935) mL vs LG 29
(0-2150) mL; P < 0.001]. No significant differences were observed in the number of
dissected lymph nodes, conversion to open procedure, and reoperation rate. In-
hospital mortality was sufficiently low (RG 0.6% vs LG 0.3%; P = 0.578) throughout
this series. After propensity score matching, results similar to those for the entire
cohort were obtained (Table 4).

Postoperative complications

Postoperative complications are summarized in Table 5. Briefly, the RG group had a
significantly better morbidity rate than the LG group (RG 3.6% vs LG 8.8%; P = 0.002).
Robotic surgery promoted better attenuation of intra-abdominal infectious
complications compared to non-robotic surgery (RG 2.5% vs LG 6.3%; P = 0.005),
while no significant differences in other local (RG 0.8% vs LG 1.3%; P = 0.632) or
systemic (RG 0.3% vs LG 1.6%; P = 0.091) complication rates were observed. After
PSM analysis, results remained almost same (Table 5), with the RG group showing a
significantly better morbidity rate than the LG group (RG 3.7% vs LG 7.6%; P = 0.033).
Robotic surgery promoted better attenuation of intra-abdominal infectious
complications compared to non-robotic surgery (RG 2.5% vs LG 5.9%; P = 0.038),
while no significant differences in other local (RG 0.6% vs LG 1.1%; P = 0.682) or
systemic (RG 0.3% vs LG 1.1%; P = 0.369) complication rates were observed.

Risk factors for intra-abdominal infectious complications among the propensity
score-matched cohort

Univariate analysis identified several significant risk factors for intra-abdominal
infectious complications, including non-robotic MIS, male gender, PG or TG,
operative time > 360 min, estimated blood loss = 50 mL, and non-qualified surgeons
(Table 6). Multivariate analysis clearly demonstrated that non-robotic MIS [OR 2.463
(1.070-5.682); P = 0.034], male gender [OR 3.937 (1.157-13.333); P = 0.028], and
operative time > 360 min [OR 2.779 (1.003-7.701); P = 0.049] were significant
independent risk factors for intra-abdominal infectious complications.
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Table 2 Risk factors for morbidity after minimally invasive gastrectomy, n = 1401

Factors

Univariate analysis, OR (95%Cl) Pvalue Multivariate analysis, OR (95%Cl) P value

Non-robotic minimally invasive surgery

Age>70yr

Male

Body mass index > 23 kg/m?
ASA score 2 or higher

cT2' or higher

oN' positive

cStage IT' or higher

Proximal or total gastrectomy
D2 lymph node dissection
Splenectomy

History of laparotomy
Operative time > 360 min
Estimated blood loss > 50 mL
Tumor size 2 30 mm

pT2' or higher

pN! positive

pStage I ' or higher

Use of neoadjuvant chemotherapy

Non-qualified surgeons

2.438 (1.381-4.304) 0.002 2591 (1.418-4.717) 0.002
1.020 (0.706-1.474) 0.920
2277 (1.372-3.779) 0.001 1.969 (1.142-3.390) 0.015
1.138 (0.763-1.698) 0.538
1.069 (0.703-1.625) 0.832
1.296 (0.870-1.930) 0.222
1.183 (0.745-1.879) 0.540
1.649 (1.102-2.467) 0.017 1.247 (0.809-1.922) 0318
1.847 (1.230-2.772) 0.004 1.208 (0.753-1.937) 0433
1.204 (0.809-1.792) 0415
2.734 (1.179-6.339) 0.026 1.360 (0.542-3.408) 0512
1.083 (0.658-1.783) 0.795
2.449 (1.613-3.718) <0001  1.800 (1.098-2.952) 0.020
2.039 (1.367-3.042) <0001  1.368 (0.873-2.143) 0.209
1.119 (0.703-1.782) 0.721
1.378 (0.926-2.052) 0.125
1.155 (0.761-1.753) 0516
1.471 (0.987-2.192) 0.061
1.274 (0.662-2.452) 0.467
1.148 (0.785-1.679) 0.521

!Japanese Classification of Gastric Carcinoma, 15" edition. The y? test was used for univariate analysis. Multivariate logistic regression was used for
multivariate analyses of factors having a P value of < 0.05 during univariate analysis. ASA: American Society of Anesthesiologist; OR: Odds ratio; CI:

Confidence interval.
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DISCUSSION

The present study sought to identify risk factors for complications after MIS for GC.
Accordingly, multivariate analysis revealed that non-robotic MIS was among the
independent risk factors for complications. To determine whether a cause-effect
relationship existed between non-RG and morbidity, short-term outcomes between
RG and LG were compared using PSM analysis. Subsequent results showed that the
RG group had a significantly lower incidence of intra-abdominal infectious
complications compared to LG group and was more likely to be handled by an
ESSQS-qualified surgeon. However, multivariate analysis of the PSM cohort showed
that non-robotic MIS, but not the lack of ESSQS surgeon qualification, was a
significant independent risk factor for intra-abdominal infectious complications.
These findings clearly suggest that robotic surgery is at least more effective in
reducing morbidity after MIS for GC than ESSQS qualification. The results presented
herein support our previous evidence suggesting that the use of a robotic system
significantly reduced postoperative complications!’l. In addition, the present study
yielded three major findings.

First, the current study observed a 3.6% and 2.5% incidence rate for CD grade Illa
or higher morbidity and intra-abdominal infectious complications following RG,
respectively. This finding was comparable to results from other prospective trials in
Japan (2.5%-5.0% and 0.6%-3.3%, respectively)***! or in other countries (reported as
a range from 1.0% to 8.9%)"’l. In particular, RG seemed to have greater beneficial
effects against pancreatic fistulas and intraperitoneal abscesses rather than
anastomotic leakage compared to LG, although no significant difference was
observed. This may be partly attributed to the meticulosity and high-definition
magnified three-dimensional image of the robotic systems, which could be more
effective in pancreas-protective radical lymph node dissection rather than
intracorporeal alimentary tract reconstruction”*l. Actually, according to Table 5,
there is a trend towards decrease in intraperitoneal abscess as well as pancreatic
fistula in the RG group. Since intraperitoneal abscess could be induced by subclinical
pancreatic fistula, the following speculation has taken place considering the results of
our previous study in which RG significantly reduced pancreatic fistula: Robotic
articulating forceps in combination with the magnified vivid three dimensional image
enable operating surgeons to conduct radical lymph node dissection with little touch
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Figure 2 Mirrored histogram of propensity scores. A: Before matching; B: After matching, showing the distributions of laparoscopic gastrectomy (lap, blue-bar)
and robotic gastrectomy (robo, green-bar).

on the pancreas, leading to reduction in postoperative intra-abdominal infectious
complications including clinical and subclinical pancreatic fistula. In addition, the
“double bipolar” method characterized by simultaneous use of Maryland bipolar
forceps (bipolar forced coagulation, 420172, Intuitive) with the right hand and
Fenestrated bipolar forceps (bipolar soft coagulation, 420205, Intuitive) with the left
hand might also facilitate pancreas-protective dissection in RG**!. However, there
has been little evidence that minimally invasive gastrectomy is contributed to the
reduction in postoperative pancreatic fistula, as shown in previous meta-analyses
based on retrospective studiest”*l. Therefore, further studies including multi-center
randomized controlled trial are desired to establish solid evidence on RG.

Second, multivariate analysis showed that surgeon non-qualification was not an
independent risk factor for morbidity. Two possible reasons may explain such a
result. First is that a qualified surgeon could have guided the non-qualified surgeon
performing the surgery. Second is that the qualified surgeons are able to perform
high-quality surgeries even on technically demanding cases. In fact, our results
showed that qualified surgeons were more likely to be in charge of more difficult
procedures, including PG, TG, and D2 dissection, and there were no significant
differences in morbidity rate of LG between the qualified and non-qualified surgeons
(data not shown). Therefore, we still believe that ESSQS has played an important role
in securing the safety and quality of MIS for GC.

Third, our findings showed that RG increased total operative time, a result
consistent with those presented in many previous reports or meta-analyses*. In
contrast, total operative time > 360 min was identified as an independent risk factor
for postoperative intra-abdominal infectious complications. This reduction in
complications despite prolonged operative time with RG suggest its potential efficacy
for addressing or overcoming certain factors that may induce complications in
association with prolonged operative time. Considering that more technically-
demanding procedures, such as PG/TG or D2 dissection, as well as complicated
patient backgrounds, such as more advanced diseases, higher BMI, and use of
preoperative chemotherapy, would likely extended operative time, they would
constitute good indications for RG.

The present study has several limitations that need consideration. First, this study
employed a single-center, retrospective, and non-randomized design. Moreover,
financial resources necessary for RG had been changed from each patient’s own
expense, Senshiniryo B, to the national insurance coverage. Therefore, considering
possible data biases, overall results should be interpreted cautiously. Since October
2018, all patients who underwent RG using the national medical insurance must be
prospectively registered to the web-based registry of the National Clinical Database!*.
Thus, large real-world data from this prospective registry would reveal actual
outcomes of RG, including intraoperative and postoperative adverse effects and long-
term oncologic outcomes. Second, this study has concerns regarding operator bias
given that almost half of the LG cases were performed by non-qualified surgeons,
while all RG procedures were performed by qualified surgeons. Accordingly, it
remains largely unclear whether the protective effects of RG on morbidity observed
herein could be extrapolated to RG conducted by a non-qualified surgeon. To address
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Table 3 Patient characteristics and clinicopathological features by each type of procedure

Entire cohort (n = 1401) Propensity-score matched

Pvalue Sp cohort(n=708) Pvalue SD
RG(n=359) LG (n=1042) RG (n=354) LG (n=354)

Age (yr) 67 (30-89) 70 (24-93) <0.001 0.24 67 (30-89) 66 (24-90) 0.315 0.10

Gender (M:F) 233:126 740:302 0.033 012  230:124 230:124 1.000 0
Body mass index (kg/m?) 229 (14.3-32.0) 22.2(14.5-37.3)  0.021 012 22.8(14.3-32.0) 22.4(14.9-37.3) 0.752 0.03
ASA grade (1:2:3) 160:168:31 340:565:137 <0.001 0.25 155:168:31 149:174:31 0.905 0.03
History of laparotomy, 1 (%) 66 (18.4) 197 (18.9) 0.876 0.01 65 (18.4) 59 (16.7) 0.621 0.04
Tumor size (mm) 30 (0-170) 30 (0-180) 0.013 0.14 30 (0-170) 30 (0-180) 0.208 0.09
cT' (1:2:3:4a) 198:75:56:30 553:189:168:132  0.131 0.04  195:74:55:30 204:70:48:32 0.834 0.05
oN' (—:+) 287:72 806:236 0.337 0.06  284:70 289:65 0.702 0.04
cStage' (LILIII) 249:62:48 690:168:184 0.183 0.07  246:61:47 252:59:43 0.962 0.04
pT' (1:2:3:4a) 210:36:46:67 587:128:132:195  0.711 0.05 208:36:46:64 213:36:39:66 0.882 0.03
pN' (0:1:2:3) 249:47:24:39 700:127:113:102  0.145 0.05 246:46:24:38 244:48:18:44 0.72 0.01
pStage' (LILIII) 221:80:58 635:200:207 0.200 0.01  219:78:57 224:71:59 0.823 0.03
No. of metastatic LNs 0 (0-43) 0 (0-63) 0.385 0.03 0 (0-43) 0 (0-37) 0.819 0.02
Use of preoperative chemotherapy, n (%) 19 (5.3) 101 (9.7) 0.011 017 19 (5.4) 18 (5.1) >0.999 0.01
Type of resection (DG:PG:TG) 250:42:67 743:47:252 <0.001 0.13  248:39:67 252:33:69 0.778 0.01

Extent of lymphadenectomy (D1+:D2) 178:181 589:453 0.023 014 175:179 175:179 >0.999 0
Splenectomy, 1 (%) 6(1.7) 34 (3.3) 0.142 011  6(1.7) 7 (2.0) >0999  0.02

!Japanese Classification of Gastric Carcinoma, 15" edition. Data are shown as median with range unless otherwise specified. The y* test was used for
between-group comparison of gender, American Society of Anesthesiologist grade, history of laparotomy, cT, cN, cStage, pT, pN, pStage, use of
preoperative chemotherapy, type of resection, extent of lymphadenectomy, and splenectomy. The Mann-Whitney U test was applied for between-group
comparison of age, body mass index, tumor size, and number of metastatic lymph nodes. RG: Robotic gastrectomy; LG: Laparoscopic gastrectomy; SD:
Standardized difference; ASA: American Society of Anesthesiologist; LNs: Lymph nodes.

this issue, future studies comparing RG and LG performed by experts and non-
qualified surgeons would be necessary. Third, the advantages of RG on oncological
outcomes remained inconclusive give that long-term surveillance is still underway.
However, we had previously reported that RG had long-term oncological outcomes
comparable to those for LG!"!l. In addition, some reports demonstrated that intra-
abdominal infectious complications after gastrectomy had a negative impact on long-
term oncological outcomes!***’l. Further investigations are nonetheless warranted to
determine whether RG’s effect in reducing intra-abdominal infectious complications
can lead to improvement in oncological outcomes after RG in the present cohort.
Fourth, robotic and technological advances may influence surgical outcomes. During
this study period, three DVSS systems, i.e., S, Si, and Xi, had been used for RG.
Although no differences in complication rates had been observe between these three
systems (data not shown), further investigation on how differences in the version of
the robotic system affect surgical outcomes is imperative. In addition, multivariate
analysis involving the PSM cohort identified the male gender as an independent risk
factor for intra-abdominal infectious complications. However, factors primarily
affected have remained unclear. Hence, further investigation regarding differences in
clinical and anatomical characteristics between males and females is necessary.

In conclusion, the present study shown that robotic surgery might improve short-
term outcomes following minimally invasive radical gastrectomy by reducing intra-
abdominal infectious complications.
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Table 4 Surgical outcomes and short-term postoperative courses

Propensity-score matched cohort
(n=1708)

Entire cohort (n = 1401)

P value P value
RG(n=359) LG (n=1042) RG(n=354) LG (n=354)

No. of operators (qualified surgeon) 8(8) 33 (14) NA 8(8) 33 (14) NA
Qualified:non-qualified surgeons 359:0 572:475 <0.001 354:0 186:149 <0.001
Total operative time (min) 360 (174-942) 342 (147-937) <0.001 360 (174-942) 347 (149-937) 0.001
Console time (min) 306 (136-860) NA NA 307 (136-860) NA NA
Estimated blood loss (mL) 36 (0-935) 29 (0-2150) 0.007 37 (0-935) 28 (0-2150) 0.005
No. of dissected LNs 37 (7-100) 35 (6-114) 0.058 37 (7-100) 36 (6-108) 0.807
Conversion to open procedure, 1 (%) 0(0) 1(0.1) >0.999 0 0 >0.999
Reoperation rate, 1 (%) 4(1.1) 11 (1.1) >0.999 4(1.1) 6(1.7) 0.750
Hospital stay following surgery (d) 12 (2-195) 13 (3-177) <0.001 12 (2-195) 13 (3-131) 0.001
In-hospital mortality, 2 (%) 2(0.6) 2(0.3) 0.578 2 (0.6) 1(0.3) >0.999

Data are presented as median with range unless otherwise stated. The y* test was used for between group comparison of comparison of proportion of
qualified and non-qualified surgeons, splenectomy, conversion to open procedure, reoperation rate, and in-hospital mortality. The Mann-Whitney U test
was applied for between-group comparison of total operative time, estimated blood loss, number of dissected lymph nodes, and hospital stay following
surgery. RG: Robotic gastrectomy; LG: Laparoscopic gastrectomy; LNs: Lymph nodes.

Table 5 Postoperative complications with a Clavien-Dindo grade of llla or higher, n (%)

Propensity-score matched cohort (n

Entire cohort (n = 1401) =708)

P value P value
RG (n = 359) LG (n=1042) RG (n = 354) LG (n=354)
Morbidity 13 (3.6) 92 (8.8) 0.002 13 (3.7) 27 (7.6) 0.033
Intra-abdominal infection 9(2.5) 66 (6.3) 0.005 9(2.5) 21 (5.9) 0.038
Anastomotic leakage 6 (1.7) 22 (2.1) 0.670 6 (1.7) 7 (2.0) >0.999
Pancreatic fistula 3(0.8) 28 (2.7) 0.058 3(0.8) 9 (2.5) 0.143
Intraperitoneal abscess 0(0) 16 (1.5) 0.017 0(0) 5(1.4) 0.062
Other local complications 3(0.8) 14 (1.3) 0.632 2(0.6) 4(1.1) 0.682
Intra-abdominal bleeding 2(0.6) 4(0.4) >0.999 1(0.3) 2 (0.6) >0.999
Bowel obstruction 0 (0) 7 (0.6) 0.150 0(0) 0 (0) >0.999
Anastomotic stenosis 1(0.3) 3(0.3) >0.999 1(0.3) 2 (0.6) >0.999
Systemic complications 1(0.3) 17 (1.6) 0.091 1(0.3) 4(1.1) 0.369
Pneumonia 0(0) 9(0.9) 0.256 0(0) 2(0.6) 0.499
Pulmonary embolism 1(0.3) 2(0.2) 0.726 1(0.3) 0(0) >0.999
Renal dysfunction 0 (0) 1(0.1) 0.573 0(0) 0 (0) >0.999
Cardiovascular disease 0 (0) 5 (0.5) 0.337 0(0) 2 (0.6) 0.499

The ) test was used for between-group comparison. RG: Robotic gastrectomy; LG: Laparoscopic gastrectomy.

Baishidenge WG | https://www.wjgnet.com 1181 March 21,2020 | Volume26 | Issuell |



Shibasaki S et al. Clinical advantage of RG on morbidity

Table 6 Risk factors for intra-abdominal infectious complications (propensity score-matched cohort, n = 708)

Factors Univariate analysis, OR (95%CI) Pvalue  Multivariate analysis, OR (95%Cl) Pvalue
Non-robotic minimally invasive surgery 2.333 (1.084-5.024) 0.038 2.463 (1.070-5.682) 0.034
Age>70yr 1.141 (0.546-2.388) 0.849

Male 4.852 (1.487-15.834) 0.003 3.937 (1.157-13.333) 0.028
Body mass index > 23 kg/m? 1.064 (0.511-2.214) >0.999

ASA score 2 or higher 1.135 (0.538-2.393) 0.851

cStage IT' or more 1.394 (0.651-2.982) 0.416

Proximal or total gastrectomy 2.513 (1.205-5.240) 0.014 1.694 (0.722-3.974) 0.226
D2 dissection 1.023 (0.508-2.061) >0.999

Splenectomy 1.579 (0.467-5.339) 0.668

Operative time > 360 min 4.863 (1.963-12.048) <0.001 2.779 (1.003-7.701) 0.049
Estimated blood loss > 50 mL 3.596 (1.682-7.687) 0.001 2.204 (0.967-5.023) 0.060
Tumor size 2 30 mm 1.057 (0.508-2.201) >0.999

pStage IT' or more 1.120 (0.531-2.363) 0.848

Use of neoadjuvant chemotherapy 1.599 (0.224-11.419) 0.729

Non-qualified surgeons 2.047 (1.018-4.118) 0.045 1.852 (0.810-4.237) 0.145

Japanese Classification of Gastric Carcinoma, 15™ edition. The y? test was used for univariate analysis. Multivariate logistic regression was used for
multivariate analyses of factors having a P value of < 0.05 during univariate analysis. ASA: American Society of Anesthesiologist; OR: Odds ratio; CI:
Confidence interval.

ARTICLE HIGHLIGHTS

Research background

Minimally invasive surgery for gastric cancer (GC) has gained widespread use as a safe curative
procedure especially for early GC. However, several recent studies using the nationwide web-
based database of Japan have revealed that laparoscopic gastrectomy (LG) promoted higher
postoperative local complications compared with open gastrectomy.

Research motivation

We launched robotic gastrectomy (RG) for GC in 2009. Our previous studies have consistently
suggested that use of the surgical robot in LG might reduce postoperative complications,
although use of the surgical robot was determined in a non-randomized manner. Actually, only
experienced surgeons have performed RG, and RG was used for patients who hoped for
uninsured use of the robot between 2009 and 2017.

Research objectives

This study aimed to determine risk factors for postoperative complications after minimally
invasive gastrectomy for GC using our prospectively maintained database between January 2009
and June 2019.

Research methods

This study enrolled 1401 patients who underwent radical robotic gastrectomy (RG) or LG for
clinical and pathological Stage III or lower GC. Retrospective chart review and multivariate
analysis were performed for identifying risk factors for postoperative morbidity.

Research results

Multivariate analyses demonstrated that non-robotic minimally invasive surgery, male gender,
and an operative time of 2 360 min were significant independent risk factors for morbidity.
Therefore, morbidity was compared between RG and LG using propensity score matched
analysis. As a result, RG induced significantly fewer intra-abdominal infectious complications
than the LG (2.5% vs 5.9%, respectively; P = 0.038). Multivariate analyses of the propensity-
matched cohort revealed that non-robotic minimally invasive surgery [OR = 2.463 (1.070-5.682);
P =0.034] was a significant independent risk factor for intra-abdominal infectious complications.

Research conclusions
RG might improve short-term outcomes following minimally invasive radical gastrectomy by
reducing intra-abdominal infectious complications.

Research perspectives

We will conduct an RCT on this topic in the near future. Impact of RG on long-term outcomes
should also be examined at least in this cohort.
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Abstract

BACKGROUND

Prolonged postoperative ileus (PPOI) is a prolonged state of “pathological”
gastrointestinal (GI) tract dysmotility. There are relatively few studies examining
the influence of preoperative nutritional status on the development of PPOI in
patients who underwent GI surgery. The association between preoperative
albumin and PPOI has not been fully studied. We hypothesized that preoperative
albumin may be an independent indicator of PPOL

AIM
To analyze the role of preoperative albumin in predicting PPOI and to establish a
nomogram for clinical risk evaluation.

METHODS

Patients were drawn from a prospective hospital registry database of GI surgery.
A total of 311 patients diagnosed with gastric or colorectal cancer between June
2016 and March 2017 were included. Potential predictors of PPOI were analyzed
by univariate and multivariable logistic regression analyses, and a nomogram for
quantifying the presence of PPOI was developed and internally validated.

RESULTS

The overall PPOI rate was 21.54%. Advanced tumor stage and postoperative
opioid analgesic administration were associated with PPOI. Preoperative
albumin was an independent predictor of PPOI, and an optimal cutoff value of
39.15 was statistically calculated. After adjusting multiple variables, per unit or
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per SD increase in albumin resulted in a significant decrease in the incidence of
PPOI of 8% (OR = 0.92, 95%ClI: 0.85-1.00, P = 0.046) or 27% (OR = 0.73, 95%ClI:
0.54-0.99, P = 0.046), respectively. Patients with a high level of preoperative
albumin (= 39.15) tended to experience PPOI compared to those with low levels
(<39.15) (OR = 0.43, 95%CI: 0.24-0.78, P = 0.006). A nomogram for predicting
PPOI was developed [area under the curve (AUC) = 0.741] and internally
validated by bootstrap resampling (AUC = 0.725, 95%ClI: 0.663-0.799).

CONCLUSION

Preoperative albumin is an independent predictive factor of PPOI in patients who
underwent GI surgery. The nomogram provided a model to screen for early
indications in the clinical setting.

Key words: Albumin; Prolonged postoperative ileus; Gastrointestinal surgery; Nomogram;
Complications

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Prolonged postoperative ileus (PPOI) is a common postoperative complication
in patients who undergo gastrointestinal surgery. There are relatively few studies
examining the influence of a patient’s preoperative nutritional status on the development
of PPOL. This study found and further confirmed that preoperative albumin was an
independent predictor of PPOI. We further established a nomogram to accurately
quantitate the probability of PPOI occurrence. This nomogram can be used to screen for
early indications in the clinical setting.

Citation: Liang WQ, Zhang KC, Li H, Cui JX, Xi HQ, LiJY, Cai AZ, Liu YH, Zhang W,
Zhang L, Wei B, Chen L. Preoperative albumin levels predict prolonged postoperative ileus
in gastrointestinal surgery. World J Gastroenterol 2020; 26(11): 1185-1196

URL: https://www.wjgnet.com/1007-9327/full/v26/i11/1185.htm

DOI: https://dx.doi.org/10.3748/wjg.v26.i11.1185

INTRODUCTION

Prolonged postoperative ileus (PPOI) is a prolonged state of “pathological”
gastrointestinal (GI) tract dysmotility beyond the expected time frame!'. Some degree
of GI tract dysmotility usually occurs in all patients following intra-abdominal
surgery, especially major abdominal surgery. As one of the most common
postsurgical complications, PPOI occurs in 3%-30% of patients following various
types of abdominal operationst. Clinically, manifestations of POI are characterized
as the absence of bowel movement, nausea, vomiting, abdominal distension, and
intolerance to oral intakel'**.. Following abdominal surgery, PPOI causes substantial
physical discomfort and increases the length of hospital stay, thereby increasing
health-care costs. According to a retrospective review of studies on postoperative
ileus in more than 800000 US surgical patients, the median length of hospitalization
for patients with postoperative ileus was 9.3 d compared to 5.3 d for those without,
which resulted in increased costs of approximately $1.5 billion annually for the
health-care system!.

PPOI is a multifactorial process and several mechanisms have been suggested,
including age, previous abdominal surgery, systemic opioids, and surgical
techniquel'™'“l. To date, there are relatively few studies examining the influence of a
patient’s preoperative nutritional status on the development of PPOI. Albumin is the
most commonly used and reliable indicator of a patient’s nutritional status!'"l.
Hypoalbuminemia is a proven indicator of hospital stay, clinical outcomes, death, and
a series of postoperative complications!'*'”l. However, the association between
preoperative albumin and PPOI has not been fully studied.

The aim of the present study was to investigate the clinical risk factors for PPOI and
fully determine the independent relationship between preoperative albumin and
PPOI in patients who undergo GI surgery. We plan to propose a nomogram for
quantifying the presence of PPOI for early-warning in the clinical setting.
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MATERIALS AND METHODS
Study design and patients

We conducted a retrospective observational cohort study at the Chinese PLA General
Hospital. All data were collected from a prospective registry database of PPOI in our
institution. Patients diagnosed with gastric or colorectal cancer between June 2016 and
March 2017 were included if they met the following eligibility criteria: (1) Age > 18
years; (2) Pathologic diagnosis of adenocarcinoma of the colorectum or stomach; (3)
Totally resectable tumor; (4) Primary anastomoses; and (5) Informed consent
obtained. Exclusion criteria included (1) emergency surgery, (2) conversion to
laparotomy in laparoscopic plan and (3) multi-visceral resection. All of the enrolled
patients were scheduled to receive standard surgical tumor excision performed by the
same experienced surgical team. Individual written informed consent was obtained
before surgery. This study was conducted in accordance with the Declaration of
Helsinki. Ethics approval was obtained from the Institutional Review Boards of the
Chinese PLA General Hospital (registration number: S2016-092-01).

Definition of PPOI

A number of studies have focused on PPOIL. However, controversy existed regarding
the diagnostic criteria. One systematic review and global survey clarified the
terminology of PPOI and proposed a concise, clinically quantifiable definition!"l. PPOI
was defined as two or more of the following criteria which were assessed on or after
the fourth day of the postoperative period: nausea or vomiting for 12 h or more
without relief, intolerance to a solid or semi-solid oral diet, persistent abdominal
distension, absence of passage of both stool and flatus for 24 hours or more, and ileus
noted on plain abdominal films or CT scans. We adopted this definition and two
investigators independently assessed the diagnosis of PPOI.

Data collection

Demographic and clinical data of the enrolled patients were determined from the
electronic medical records of the prospective registry database before the assessment
of PPOI. Baseline demographic data including sex, age, body mass index, and
evidence of previous abdominal surgery were summarized during histories, physical
examinations, and safety assessments. Serum chemistry, electrolytes, liver, and
kidney function tests were monitored before surgery. This study drew attention to
two indicators in the biochemistry tests. One was preoperative serum albumin, which
is used as a measure of nutritional status!’”!, and the other was preoperative
potassium, which is reported to play an essential role in autoregulation of intestinal
smooth muscle!!. The surgeons were blind to the enrollment of study participants,
and the choice of surgical approach (laparoscopic or open surgery). Classification of
the primary tumor, regional lymph nodes, and distant metastases was based on the
7th edition of the International Union Against Cancer TNM classification of malignant
tumors system. Opioid medication was reported to induce opioid-related bowel
dysfunction and was considered a risk factor for PPOI'**'*. In this study, whether
opioid analgesics were used after surgery in the enrolled group of patients was
evaluated and determined by anesthesiologists who were blind to the study design.

Statistical analysis

Primary categorical variables were shown as number and percentage. Primary
continuous variables were identified both as a continuous variable and as a
categorical variable and expressed in two ways: mean + SD and number and
percentage, which were classified according to clinical cutoff values or statistical
median. The optimal cutoff value of preoperative albumin was derived from receiver
operating characteristic (ROC) curve analysis. Statistical heterogeneity was evaluated
by the ¥” test (categorical variables) and one-way ANOVA test (continuous variables).
Correlations between variables and PPOI were detected by univariate logistic
regression models. Multiple regression analysis was performed to examine the
independent association between preoperative albumin and PPOI in three models: for
the crude model, no covariates were adjusted; model I, only sociodemographic data
were adjusted; and model I, covariates in model I and other elected covariates were
adjusted. The variables were considered in model II if the matched odds ratio
changed at least 10% as a result of adding these covariates, which was described in
previous studies™. A multivariable binary logistic regression model following a
backward step-down selection process was applied to develop the nomogram. ROC
curve analysis was performed to evaluate the discriminatory ability of the nomogram.
Due to the limited number of patients, 500 bootstrap computer resamples were used
to reduce overfit bias. Statistical analyses were performed using R software and
Empower Stats software (X&Y Solutions, Inc.). Odds ratios (ORs) are presented with
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95% confidence intervals (CIs) and P < 0.05 was considered significant.

RESULTS

Patient demographic data and the optimal cutoff value for preoperative albumin

A total of 311 patients in this study, consisting of 218 (10.10%) male patients and 93
(29.90%) female patients, were enrolled based on the inclusion and exclusion criteria.
The average age at diagnosis was 58.98 years for the whole enrolled population. There
was a similar proportion of gastric (n =162, 52.09%) and colorectal (1 = 149, 47.91%)
patients. The overall PPOI rate was 21.54%. Mean preoperative albumin for the entire
group was 39.77 + 3.67 g/ L. Other patient demographic data are shown in Table 1. An
optimal cutoff value of 39.15 for preoperative albumin was revealed by the ROC curve
analysis for PPOI prediction. The area under the ROC curve for the optimal cutoff
value was 0.557 with a 95%CI of 0.479-0.635, which offered the optimum mix of
sensitivity (0.552) and specificity (0.598) (Figure 1). Therefore, the cutoff value of 39.15
for preoperative albumin was used as an optimal margin in this study. Patient
baseline characteristics between the lower preoperative albumin group (n = 135) and
the higher preoperative albumin group (n = 176) are compared in Table 1. Mean
values of preoperative albumin for the lower and higher group were 36.46 + 2.33 and
42.30 £2.19 g/L, respectively. The low level of preoperative albumin was significantly
associated with the older age group no matter if continuous or categorical variables
(all P <0.05). Although not statistically significant, patients in the lower preoperative
albumin group tended to have more advanced neoplasia (III-IV stage). The level of
preoperative albumin was significantly associated with PPOI, which was observed to
be highly prevalent in the lower preoperative albumin group (27.41%) compared to
the higher preoperative albumin group (17.05%).

Association between clinical variables and PPOI

Univariate analysis was performed to determine the clinical predictors of PPOI after
the initial evaluation (Table 2). As shown, preoperative albumin was a protective
factor of PPOI. The rate of PPOI in the group with lower preoperative albumin was
27.41% and the rate in the higher group was 17.05%, which indicated a significant
association between the level of preoperative albumin and PPOI. Patients with a
higher level of preoperative albumin (= 39.15) had a 46% reduced risk of PPOI (OR =
0.54, 95%CI: 0.32-0.94, P = 0.029) than those with the lower-level (< 39.15). Patients in
the advanced stage (III-IV) were approximately three times more likely to experience
PPOI than those in the non-advanced stage (I-II) (incidence of PPOI 30.06% vs 11.28%,
OR = 3.33, 95%CI: 1.81-6.25, P < 0.001), which indicated that PPOI was significantly
associated with advanced tumors. In addition, patients with clinical use of
postoperative analgesia were observed to be at great risk of PPOI (OR = 3.04, 95%CI:
1.74-5.30, P < 0.001). Other associations are shown in Table 2, and no firm correlations
were observed between other clinical features.

Preoperative albumin was an independent predictor of PPOI

Our findings suggest that PPOI may be affected by a multitude of factors. Multiple
regression analysis was performed to further assess the independent effect of
preoperative albumin on PPOI. Three models were constructed as follows: A crude
model (no variable was adjusted), model I (baseline demographics were adjusted) and
model II (variables identified by the criteria described in the method were adjusted).
As shown in Table 3, when preoperative albumin was regarded as a continuous
variable, per unit or per standard deviation (SD) increase in albumin reduced the
incidence of PPOI, although this result was just short of being significant in the crude
model and model I. In model II, per unit or per SD increase in albumin significantly
reduced the incidence of PPOI by 8% (OR = 0.92, 95%CI: 0.85-1.00, P = 0.046) and 27 %
(OR = 0.73, 95%ClI: 0.54-0.99, P = 0.046) respectively. However, when preoperative
albumin was regarded as a categorical variable, an independent and significant
association between different levels of preoperative albumin and PPOI was firmly
found in the three models. Patients with a high level of preoperative albumin (= 39.15)
were less likely to experience PPOI with the crude model (OR = 0.54, 95%CI: 0.32-0.94,
P =0.029), model I (OR = 0.53, 95%CI: 0.31-0.92, P = 0.025) and model II (OR = 0.43,
95%CI: 0.24-0.78, P = 0.006).

Development and validation of a nomogram predicting the PPOI

To further accurately quantitate the probability of PPOI occurrence, we established a
nomogram to predict PPOI by a backward step-down selection. Five variables,
including cancer type, tumor stage, postoperative analgesia, sex, and preoperative
albumin, were selected to form the nomogram (Figure 2). A ROC curve was drawn to
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Table 1 Correlation between preoperative albumin and clinicopathologic variables in patients

undergoing gastrointestinal surgery

Total cohort  Subgroups of preoperative albumin

Characteristics P value
n=311 <39.15,n=135 239.15n=176

Sex 0.364

Female 93 (29.90%) 44 (32.59%) 49 (27.84%)

Male 218 (70.10%) 91 (67.41%) 127 (72.16%)

Age (yr) 58.98 +10.98 60.52 +10.77 57.80 +11.03 0.030

Categorical variable 0.007

<60 156 (50.16%) 56 (41.48%) 100 (56.82%)

260 155 (49.84%) 79 (58.52%) 76 (43.18%)

Body mass index (kg/m?) 24.43+3.23 2414 +3.11 24.65+3.31 0.173

Categorical variable 0.136

<25 174 (55.95%) 82 (60.74 %) 92 (52.27%)

>25 137 (44.05%) 53 (39.26%) 84 (47.73%)

Previous abdominal surgery 0.178

No 252 (81.03%) 114 (84.44%) 138 (78.41%)

Yes 59 (18.97%) 21 (15.56%) 38 (21.59%)

Preoperative albumin (g/L) 39.77 £3.67 36.46 +2.33 4230+219 <0.001

Preoperative K (mmol/L) 3.96 £0.32 3.94+£0.34 3.98 +0.31 0.306

Categorical variable 0.948

<3.96 155 (49.84%) 67 (49.63%) 88 (50.00%)

23.96 156 (50.16%) 68 (50.37%) 88 (50.00%)

Type of cancer 0.701

Gastric cancer 162 (52.09%) 72 (53.33%) 90 (51.14 %)

Colorectal cancer 149 (47.91%) 63 (46.67%) 86 (48.86%)

Surgical technique 0.868

Endoscopic surgery 215 (69.13%) 94 (69.63%) 121 (68.75%)

Open surgery 96 (30.87%) 41 (30.37%) 55 (31.25%)

Tumor stage 0.094

I-II 133 (43.46%) 65 (48.87%) 68 (39.31%)

I-1v 173 (56.54%) 68 (51.13%) 105 (60.69%)

Postoperative opioid analgesic 0.983

No 191 (61.41%) 83 (61.48%) 108 (61.36%)

Yes 120 (38.59%) 52 (38.52%) 68 (38.64%)

PPOL 0.028

No 244 (78.46%) 98 (72.59%) 146 (82.95%)

Yes 67 (21.54%) 37 (27.41%) 30 (17.05%)

Data are presented as number of patients or mean * standard error. PPOI: Prolonged postoperative ileus.

illustrate the diagnostic ability of the nomogram and the AUC was 0.741 (Figure 3A).
Internal validity is a way to measure if the nomogram is sound, and 500 random
bootstrap resamplings were performed to reduce overfit bias. Figure 3B shows that
the AUC of the random bootstrap resampling was 0.725 (95%CI: 0.663-0.799), which
indicated that the nomogram had satisfactory sensitivity.

DISCUSSION

In the present study, we evaluated the association between clinical features and the
presence of PPOI in patients who underwent gastric or colorectal surgery. We found
that patients in an advanced tumor stage and who were administered postoperative
opioid analgesics were more likely to develop PPOI. This study found and further
confirmed that preoperative albumin was an independent predictor of PPOI. An
optimal cutoff value of 39.15 was statistically calculated and may be regarded as a
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Figure 1 Receiver operating characteristic curves of preoperative albumin for predicting prolonged
postoperative ileus in patients who underwent gastrointestinal resection. ROC: Receiver operating
characteristic; AUC: Area under the curve. AUC: Null hypothesis: True area = 0.5.

warning sign before GI surgery. The level of preoperative albumin, whether a
continuous or categorical variable, was significantly associated with the presence of
PPOI. We further established a nomogram to accurately quantitate the probability of
PPOI occurrence. This nomogram was confirmed to have good diagnostic
performance and was internally validated. These findings, if further confirmed in
prospective studies, would help identify individuals at high risk of PPOI before
surgery.

Preoperative fasting is usually advised for patients before GI. Resections with
primary anastomosis during GI surgery always result in combined stress and damage
to the GI tract™*!. PPOI, a stage of disturbed GI motility, is one of the postoperative
complications. An observation study conducted over a period of fourteen years and
consisting of 2400 consecutive colorectal cancer patients showed that the incidence of
PPOI was 14.0%!"\. A systematic review and meta-analysis consisting of 54 studies
and comprising 18983 patients revealed a PPOI incidence of 10.3%™. In the present
study, the incidence of PPOI was 21.54% for the whole population. The difference in
the rate of PPOI can be partly attributed to the eligibility criteria and controversial
definition. The duration of prolonged periods of ileus is an important factor in
defining PPOI, and in previous studies varied from 3 to 7 d!*'*'**1. In the present
study, we adopted the criteria from the results of a systematic review and global
survey, and the fourth day of postoperative ileus was considered as a prolonged
statel'”],

Analysis of risk factors for PPOI can assist in early warning and immediate
treatment. The insights of risk factors gained from this study may be of assistance to
the clinical practitioner. It is now well established from a variety of studies that older
age, laparoscopic approach, inflammatory response, and opioid-related dysmotility
are significant risk factors for PPOI*'>”*, In the present study, we found that patients
in an advanced tumor stage were more likely to develop PPOI. Tumor stage is a
comprehensive factor, and the advanced stage is usually associated with increasing
wound size, high operative difficulty and a long operation duration™*!. Opioids are
very effective for the treatment of acute and chronic pain and are commonly
prescribed for pain relief after surgery. One of the most common adverse effects of
opioid therapy is opioid-induced bowel dysfunction”l. In the present study, the
incidence of PPOI was significantly lower in patients without postoperative use of
opioid drugs. Similar conclusions, that reducing opioid-based analgesics shortened
the duration of PPOI, were also drawn in previous studies” . In addition, opioid
receptor-specific antagonist drugs, such as methylnaltrexone and alvimopan, are
being investigated and hold promise for preventing or resolving the clinically relevant
problem of PPOIF>*1,

There is a growing body of literature that recognizes serum albumin as a marker of
nutritional status and that hypoalbuminemia is correlated with a higher rate of
postoperative complications!'”'***l. The present study mainly focused on the
relationship between preoperative albumin and the presence of PPOI. Strong
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Table 2 Univariate analysis of the potential clinicopathologic variables of Prolonged

postoperative ileus

Without PPOI With PPOI  Univariate

Characteristics P value
(n = 244) (n=67) OR (95%Cl)

Sex 0.362

Female 76 (81.72%) 17 (18.28%) Ref.

Male 168 (77.06%) 50 (22.97%) 1.33 (0.72, 2.46)

Age (yr) 0.867

<60 123 (78.58%) 33 (21.15%) Ref.

260 121 (78.06%) 34 (21.94%) 1.05 (0.61, 1.80)

Body mass index (kg/m?) 0.886

<25 136 (78.16%) 38 (21.84%) Ref.

225 108 (78.83%) 29 (21.17%) 0.96 (0.56, 1.66)

Previous abdominal surgery 0.803

No 197 (78.17%) 55 (21.83%) Ref.

Yes 47 (79.66%) 12 (20.34%) 0.91 (0.45, 1.84)

Preoperative albumin (g/L) 0.029

<39.15 98 (72.59%) 37 (27.41%) Ref.

>39.15 146 (82.95%) 30 (17.05%) 0.54 (0.32, 0.94)

Preoperative K (mmol/L) 0.701

<3.96 123 (79.35%) 32 (20.65%) Ref.

>3.96 121 (77.56%) 35 (22.44%) 1.11 (0.65, 1.91)

Type of cancer 0.424

Gastric cancer 130 (80.25%) 32 (19.75%) Ref.

Colorectal cancer 114 (76.51%) 35 (23.49%) 1.25(0.73, 2.14)

Surgical technique 0.839

Endoscopic surgery 168 (78.14%) 47 (21.86%) Ref.

Open surgery 76 (79.17%) 20 (20.83%) 0.94 (0.52, 1.70)

Tumor stage <0.001

I-II 118 (88.72%) 15 (11.28%) Ref.

-1V 121 (69.94%) 52 (30.06%) 3.33 (1.81, 6.25)

Postoperative opioid analgesic <0.001

No 164 (85.86%) 27 (14.14%) Ref.

Yes 80 (66.67%) 40 (33.33%) 3.04 (1.74, 5.30)

PPOI: Prolonged postoperative ileus; OR: Odds ratio; CI: Confidence Interval.

evidence was found of a significant positive correlation between the decrease in
preoperative albumin and PPOI. This result was confirmed in different adjusted
multivariate models using albumin as a continuous or categorical variable. Albumin
is a protein synthesized by the liver and helps maintain plasma osmolality. It does not
leak into other tissues and carries various substances throughout the body, including
hormones, vitamins, and enzymes”“*l. Hypoalbuminemia is often observed in
patients with GI cancer due to diet deficiencies, weakened liver function and GI
bleeding’**l. Low levels of preoperative albumin are always associated with more
extracellular fluid filling the spaces between tissues!™!, which could result in surgical
site infection and anastomotic leakage!'”\. Furthermore, albumin catabolism is a major
source of tumor growth, and a lower level of albumin indicates the severity and
duration of GI cancers*l. Preoperative albumin was also demonstrated to be a reliable
and reproducible predictor of surgical risk and postoperative complications!'**!. Thus,
the level of preoperative albumin may reflect the overall preoperative physical
condition and the function of GI anastomosis after resection.

To quantitate the probability of PPOI occurrence, a nomogram was established by
backward step-down selection. Preoperative albumin and the other four independent
variables were filtered out. The AUC value (0.741) showed the good performance of
this nomogram. We developed the prediction model using the entire data set and then
used resampling techniques to evaluate the performance. Resampling techniques,
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Table 3 Association between perioperative albumin and prolonged postoperative ileus by multiple regression analysis in different

models

Models Crude model Model | Model Il

P value P value P value
Preoperative albumin (g/L) OR (95%Cl) OR (95%Cl) OR (95%Cl)
Continuous variable
Per unit 0.95 (0.88, 1.02) 0.174 0.95 (0.88, 1.02) 0.155 0.92 (0.85, 1.00) 0.046
Per SD (3.67) 0.83 (0.63, 1.09) 0.174 0.82 (0.62, 1.08) 0.155 0.73 (0.54, 0.99) 0.046
Categorical variable
<39.15 Ref. Ref. Ref.
>39.15 0.54 (0.32, 0.94) 0.029 0.53 (0.31, 0.92) 0.025 0.43 (0.24, 0.78) 0.006

Crude model covariants were not adjusted; Model I minimally adjusted for sex, age and body mass index (BMI); Model II fully adjusted for sex, age, BMI,
type of cancer, surgical technique, tumor stage and use of a postoperative opioid analgesic. PPOI: Prolonged postoperative ileus; OR: Odds ratio; CI:
Confidence Interval: SD: Standard error.

generally referred to as “internal validation”, are recommended as a prerequisite for
prediction model development, particularly if data are limited!*”. This nomogram
could be identified as an important early warning sign of PPOI in patients who
underwent GI surgery.

Our study had several strengths. First, previous studies mainly focused on
investigating variables that were only determined during or after surgery when
predicting PPOI. Our study firstly demonstrated preoperative albumin as a predictive
indicator that would be available before surgery. Second, this study established a
nomogram for quantifying the presence of PPOI, and it was further validated by
internal bootstrap.

The present study also has several limitations. First, this study was retrospective in
nature which may not bring out many variables in a clinical setting such as
complications and blood requirement during surgery, total procedure time, bowel
handling and manipulation during the procedure and the resultant release of local
inflammatory mediators. Thus, further studies with a prospective and multi-centered
design are warranted. Second, due to the small number of patients and the
prospectively collected registry database, it was difficult to develop external
validation of the nomogram. In order to make up for this limitation, we sought to
validate this model using bootstrap.

In conclusion, this retrospective cohort study suggests that PPOI is a common
postoperative complication in patients who undergo gastric or colorectal surgery.
Advanced tumor stage, use of opioid analgesics and lower preoperative albumin level
were the main risk factors for PPOI. Preoperative albumin is an independent
predictive factor for PPOI in patients undergoing GI surgery. In the present study, an
easy-to-use nomogram was established to quantify the presence of PPOI, which may
serve as an early warning sign of PPOI in clinical practice. Due to the retrospective
nature of this study, caution should be exercised in proposing the nomogram in
clinical practice.
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Figure 2 Nomogram prediction of prolonged postoperative ileus.
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Figure 3 Receiver operating characteristic curve. A: The ROC curve of the nomogram; B: The ROC curve was measured by bootstrap for 500 repetitions. AUC:
Area under the receiver operating characteristic curve.

ARTICLE HIGHLIGHTS

Research background
Prolonged postoperative ileus (PPOI) is a prolonged state of “pathological” gastrointestinal (GI)
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tract dysmotility. PPOI is an essential contributor to increased hospitalization costs and
prolonged hospitalization.

Research motivation

It is well known that preoperative albumin affects the outcome and mortality of patients
undergoing any surgical procedure. We hypothesized that preoperative albumin may be an
independent indicator of PPOL.

Research objectives
The present study aimed to investigate the association between preoperative albumin and PPOI
to establish a nomogram for clinical risk evaluation.

Research methods

A total of 311 patients diagnosed with gastric or colorectal cancer were retrospectively included.
We performed univariate and multivariable logistic regression analyses to determine the
relationship between variables and PPOI, and a nomogram to quantify the presence of PPOI was
developed and internally validated.

Research results

The overall PPOI rate was 21.54%. Patients in an advanced tumor stage and who were
administered postoperative opioid analgesics were more likely to develop PPOL. This study
found and further confirmed that preoperative albumin was an independent predictor of PPOI.
A nomogram was established to accurately quantitate the probability of PPOI occurrence. This
nomogram was confirmed to have a good diagnostic performance and was also internally
validated.

Research conclusions

Preoperative albumin is an independent predictive factor of PPOI in patients who underwent GI
surgery. An easy-to-use nomogram was established to quantify the presence of PPOI, which may
serve as an early warning sign of PPOI in clinical practice.

Research perspectives
Due to the retrospective nature of this study, caution should be exercised in proposing the
nomogram in clinical practice.
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Abstract

BACKGROUND

BRIP1 is a helicase that partners with BRCA1 in the homologous recombination
(HR) step in the repair of DNA inter-strand cross-link lesions. It is a rare cause of
hereditary ovarian cancer in patients with no mutations of BRCA1 or BRCA2. The
role of the protein in other cancers such as gastrointestinal (GI) carcinomas is less
well characterized but given its role in DNA repair it could be a candidate tumor
suppressor similarly to the two BRCA proteins.

AIM
To analyze the role of helicase BRIP1 (FANC]) in GI cancers pathogenesis.

METHODS

Publicly available data from genomic studies of esophageal, gastric, pancreatic,
cholangiocarcinomas and colorectal cancers were interrogated to unveil the role
of BRIP1 in these carcinomas and to discover associations of lesions in BRIP1 with
other more common molecular defects in these cancers.

RESULTS

Molecular lesions in BRIP1 were rare (3.6% of all samples) in GI cancers and
consisted almost exclusively of mutations and amplifications. Among mutations,
40% were possibly pathogenic according to the OncoKB database. A majority of
BRIP1 mutated GI cancers were hyper-mutated due to concomitant mutations in
mismatch repair or polymerase € and 61 genes. No associations were discovered
between amplifications of BRIP1 and any mutated genes. In gastroesophageal
cancers BRIP1 amplification commonly co-occurs with ERBB2 amplification.

CONCLUSION

Overall BRIP1 molecular defects do not seem to play a major role in GI cancers

whereas mutations frequently occur in hypermutated carcinomas and co-occur
with other HR genes mutations. Despite their rarity, BRIP1 defects may present
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INTRODUCTION

BRIP1 [BRCAT1 interacting protein C-terminal helicase 1, alternatively called FANC]J,
Fanconi Anemia (FA) complementation group ] or BACH1, BRCA1 Associated C-
terminal Helicase 1] is a 1249 amino-acid protein with helicase function that
participates in DNA homeostasis. The gene (Gene ID: 83990) is located at human
chromosome 17q23.2 and consists of 20 exons, 19 of which (exons 2 to 20) are coding.
BRIP1 protein plays a role in DNA repair through homologous recombination (HR)
and interacts with BRCA1!'. BRIP1 has also BRCA1 independent effects in DNA
repair that depend on the helicase activity”l. Besides BRCA1, BRIP1 interacts with
mismatch repair (MMR) protein MLH1 and promotes signaling for apoptosis at sites
with O°-methylated guanine adductstl. BRIP1 mutant cells that lose the ability for
MLH]1 interaction survive better when methyl-guanine methyltransferase MGMT is
functional as MGMT has more time to process the defective site. BRIP1-MLH1
interaction may be as important as the interaction with BRCA1 in signaling from
inter-strand cross-links and underlines the role of BRIP1 as a key player at the cross-
roads of DNA repair though the FA pathway and the MMR as well as the HR
pathway!’l. Besides inter-strand cross-links, a role of BRIP1 in repairing other
abnormal DNA structures, such as G-quadruplex structures and hairpins, arising
during DNA replication, under replication stress, has been recently established.

BRIP1 has been implicated in hereditary ovarian cancers that lack BRCA1 or BRCA2
mutations!. Up to 0.6%-0.9% of ovarian cancers may carry pathogenic variants in
BRIP1, although the percentage may vary in different populations!’. A role of BRIP1
in hereditary breast cancer has also been proposed but is debated®\. Similarly, rare
cases of prostate cancer with BRIPI mutations reminiscent of prostate cancer in
BRCA2 families have been reported!”'"l. Leukemia predisposition is part of FA and
has been described with BRIP1 hereditary mutations, in common with other FA
complementation group gene mutations!'”l. The implication of BRIP1 as a tumor
suppressor in other hereditary cancers or in sporadic cancers is even less clear.

This paper investigates the role of BRIP1 defects in gastrointestinal (GI) cancers
exploring publicly available genomic data from The Cancer Genome Atlas (TCGA)
available in the cBioportal of cancer genomics platform.

MATERIALS AND METHODS

Studies performed by TCGA consortium (PanCancer Atlas) that were evaluated in the
current investigation included esophageal adenocarcinoma (containing 182 samples),
gastric adenocarcinoma (containing 440 samples), pancreatic adenocarcinoma
(containing 184 samples), colorectal cancer (containing 594 samples), cholangio-
carcinoma (with 36 samples)!"”'"l. Analyses were performed in the cBioCancer
Genomics Portal (cBioportal, http:/ /www.cbioportal.org) platform!'*'l. cBioportal
contains 172 non-overlapping genomic studies published by TCGA and by other
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investigators worldwide and empowers interrogation of each study or group of
studies for genetic lesions in any gene of interest, in a user-friendly manner. The five
studies selected for the current investigation cover the most updated available TCGA
results of the most common GI cancers.

cBioportal currently provides assessment of the functional implications of
mutations of interest using the mutation assessor and other relevant tools. The
mutation assessor (mutationassessor.org) uses a multiple sequence alignment
algorithm to assign a prediction score of functional significance to each mutation.
Data from the mutation assessor as reported in cBioportal were used for evaluation of
putative functional repercussions of BRIP1 mutations and other mutations of interest.
Data from the OncoKB database, a precision oncology database annotating the
biologic and oncogenic significance of somatic cancer mutations were incorporated in
the functional assessment of discussed mutations!*'l.

Survival of gastric cancer patients with high expression of BRIPI mRNA vs those
with low BRIP1I mRNA expression was compared using the online tool Kaplan Meier
Plotter (kmplot.com)?. This online tool currently does not include other GI cancers.

Investigation of BRIP1 promoters was performed using the EPD database
(http:/ /epd.epfl.ch) and putative transcription factor binding sites were identified
using the JASPAR CORE 2018 vertebrate databasel”.

For further analyses that could not be performed directly in cBioportal, the list of
genes and relevant mutated or amplified samples from each study of interest was
transferred to an Excel sheet (Microsoft Corp., Redmond, WA) for performance of
required calculations. Categorical and continuous data were compared with the
Fisher’s exact test and the f test respectively. Correlations were explored with the
Pearson correlation coefficient. All statistical comparisons were considered significant
if P < 0.05. Correction for multiple comparisons was performed using the Benjamini-
Hochberg false discovery rate correction procedure.

RESULTS

The frequency of BRIP1 mutations was low in the GI cancers examined. Among the
1436 samples included in the 5 interrogated studies, 30 samples (2.1%) had one or
more BRIP1 mutations. There was a total of 38 BRIP1 mutations in these 30 samples.
The distribution of mutations in the exons of BRIP1 is shown in Figure 1. Six of 38
mutations (15.8%) were listed as likely oncogenic in the OncoKB database (Table 1).
These six mutations occur in different aminoacid residues in different exons besides a
mutation at aminoacid 1504 recurring in two samples and resulting in frame shift and
protein truncation shortly thereafter. The remaining four likely oncogenic BRIP1
mutations are nonsense mutations. The incidence of mutated BRIP1 samples in each
of the 5 studies was as follows: esophageal cancer 2.2% (4 of 182 cases), gastric cancer
1.6% (7 of 440 cases), pancreatic cancer 0.5% (1 of 184 cases), no mutations observed in
the 36 samples of the cholangiocarcinoma study, colorectal cancer 3% (18 of 594 cases)
(Figure 2).

The total number of mutations in BRIP1 mutant samples varied widely ranging
between 78 and 11438. The mean and median number of mutations were high (2993.2
and 1747.5 respectively) and 17 of 30 samples with BRIP1 mutations (56.7%) had more
than 1000 mutations each. Such a heavy mutation burden is usually observed in
cancers with microsatellite instability (MSI) due to mutations in genes that encode for
MMR proteins that include MSH2, MSH6, MLH1 and PMS2 or alternatively in cancers
with mutations in polymerases € and 61 (POLE and POLD1 respectively). Indeed, 18
of the 30 BRIP1 mutated samples (60%) contained one or more co-occurring mutations
in one of these six genes. The mean number of mutations in the 18 samples with at
least one co-occurring MSI/POLE/POLD1 mutations was 4813 while the mean
number of mutations in the 12 samples without any co-occurring MSI/POLE/POLD1
mutations was 262.7. Seventeen of the 18 samples with at least one MSI/
POLE/POLD1 mutation had over 1000 total mutations, while none of the 12 samples
with BRIP1 mutations but no MSI/POLE/POLD1 mutation had over 1000 total
mutations. Two samples, including the single sample with a BRIP1 mutation in the
pancreatic cancer study that contained the higher number of total mutations, an
extraordinary 11438, contained mutations in all six MSI/POLE/POLD1 genes. The
percentage of mutations in each of the six genes in BRIPI-mutated samples was
significantly higher than this percentage in the samples of the 5 studies without BRIP1
mutations (Figure 3). POLE mutations were observed in 14 of the 30 BRIP1 mutant
samples (46.7%). Nine of these POLE mutations were deemed likely oncogenic by the
OncoKB database, including 4 samples with the known POLE hotspot mutations
V411L and 2 samples with P286R/L hotspot mutations. The 5 studies contained 74
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Table 1 Likely oncogenic BRIP1 mutations in gastrointestinal cancers according to the OncoKB database

Protein . Co Allele Number of
Sample ID Cancer type Mutation type Py . Exon
change number frequency mutations
TCGA-A6-3807- Colon adenocarcinoma S1117* Nonsense_muta- Diploid 0.21 90 20
01 tion
TCGA-DT-5265- Rectal adenocarcinoma Q227* Nonsense_muta- Shallow del 0.59 81 7
01 tion
TCGA-AA-3496- Colon adenocarcinoma 1504Nfs*7 Frame_Shift_Ins Gain 043 145 11
01
TCGA-AZ-4315- Colon adenocarcinoma E357*% Nonsense_muta- Diploid 0.32 6317 8
01 tion
TCGA-L5-A40E- Esophageal Q126* Nonsense_muta- Gain 0.35 267 4
01 adenocarcinoma tion
TCGA-CG-5721- Gastric adenocarcinoma  1504Sfs*22 Frame_Shift_Del Diploid 0.22 3725 11
01

The column “Number of mutations” presents the total number of mutations in the respective sample. Ins: Insertion; Del: Deletion.

samples (5.1%) with mutations in POLE and among those 5 and 4 were the hotspot
mutations V411L and P286R/L. Thus, a significant proportion of these characterized
deleterious mutations co-occur with BRIPT mutations. Overall these data suggest that
BRIP1 mutations do not cause increased tumor burden but are commonly observed in
samples with underlying MSI/POLE/POLD1 mutations and thus a substantial subset
of GI cancers with somatically mutated BRIP1 have a high tumor mutation burden.

Among the six samples with likely oncogenic BRIP1 mutations four samples had
lower total mutation number (between 81 and 267, Table 1) and three of them had no
concomitant MSI/POLE/POLD1 mutations while the fourth, a colorectal cancer
sample with a BRIP1 frameshift mutation at I507 had a mutation in MLH1 at L697.
These data suggest that likely oncogenic BRIP1 mutations could contribute to cancer
pathogenesis without producing hypermutability. Other BRIP1 mutations with
unknown significance may be passengers in hyper-mutated cancers.

In colorectal cancer two thirds of BRIP1-mutated samples (12 of 18) contained also
mutations in one or more of the commonly mutated genes of the KRAS/BRAF
pathway (KRAS/NRAS/BRAF/PTEN/PIK3CA). There was a significant co-
occurrence of BRIP1 mutations with mutations in BRAF and PTEN. However, all 12
samples with BRIP1 mutations co-occurring with the five genes of the KRAS/BRAF
pathway were hypermutated and contained mutations in either POLE or POLD1 or
both. Thus, the presence of BRIP1 mutations in samples with mutations in genes of
the KRAS/BRAF pathway may be co-incidental due to the high mutations burden of
hypermutated cancers.

Proteins directly interacting with BRIP1 during the DNA repair function include
BRCA1 and MLH1. Thus, mutations of these proteins, especially in their BRIP1-
interacting domains, or deletions of BRCA1 and MLHI1 even in the absence of BRIP1
lesions per se may result in interference with normal function of BRIP1. BRCA1
interacts with BRIP1 through its BRCT domain (aminoacids 1662-1723 and 1757-1842).
Mutations in BRCT domain of BRCA1 were observed in only one sample of the total
1436 samples in the 5 studies of GI cancers. Deletions of BRCA1 were also rare,
observed in 3 samples. MLH1 interacts with BRIP1 through its carboxyterminal
domain (aminoacids 478-744). Mutations in this part of MLH1 are rare, occurring in 10
samples among the 1436 total samples of the 5 GI cancers studies. Deletion of MLH1
occurred in a single sample.

Several other genes of the FA pathway were found to have low mutation
frequencies in the 5 studies examined. BRCA2 was the only gene that had a mutation
percentage above 3%, specifically 6%. Despite low mutation frequencies, mutations in
several of these genes such as BRCA1, BRCA2, FANCI, FANCD2, PALB2, FANCC and
RAD51C were all observed to statistically significantly co-occur with BRIP1 mutations
(P <0.001, Q <0.001).

Comparison of BRIP1 mutations in GI cancers with BRIP1 mutations in breast and
ovarian cancer disclosed that in breast cancers BRIP1 mutations are uncommon (10 of
996 samples in the TCGA study of breast cancer, 1%) and contained concomitant
MSI/POLE/POLD1 mutations in 3 samples*!l. Similar with GI cancers, mutations of
BRIP1 in breast cancers are widely spread in different exons. In the TCGA study of
ovarian cancer the 4 of 5 BRIP1 mutated samples were observed in the absence of MSI
or POLE/POLD1 mutations and 3 of the 4 samples were concentrated in the DEAD-2
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Figure 1 Number of mutations in each exon of BRIP1. The total number of mutations in the five gastrointestinal adenocarcinomas examined were 38 in 30

samples.

domain (aminoacids 248 to 415)*.

Copy number alterations of BRIP1 were also uncommon in the studies of the GI
cancers examined in this analysis and included 23 BRIP1 amplified samples (1.6%)
and a single deleted sample which occurred in an esophageal cancer. Percentages of
amplified samples in the various cancers are presented in Figure 4. One thousand four
hundred twenty-eight genes were co-amplified significantly more often in BRIP1
amplified samples than in BRIPI non-amplified. Most significant correlations,
including the entire list of the top 100 most significantly co-amplified genes were
neighboring genes at 17q22-17q24 loci. In gastroesophageal adenocarcinomas, ERBB2
gene located at 17q12 is commonly amplified in about 15% of cases. Co-amplification
of ERBB2 was observed in 10 of 14 (71.4%) of BRIP1 amplified gastroesophageal
cancer cases (P < 0.001), suggesting that the two genes may be parts of the same
amplicon in these cases. As a comparison in breast cancer, where ERBB2 is also
commonly amplified, amplification of the two genes co-occurs with statistical
significance (P < 0.001) and 36 of the 82 cases (43.9%) with BRIP1 amplifications
contained concomitant amplification of ERBB2.

No significant correlations of BRIP1 amplification with mutations in any gene were
found in the GI cancers. For example, co-occurrence of BRIP1 amplification with the
most commonly mutated tumor suppressor TP53 was observed in 45.8% of BRIP1
amplified samples while 55.6% of BRIP1 non-amplified samples had TP53 mutations
(P = 0.22). Similarly, co-occurrence of BRIP1 amplification with the most commonly
mutated oncogene KRAS was seen in 16.7% of BRIP1 amplified samples, while 26.6%
of BRIP1 non-amplified samples had KRAS mutations (P = 0.19).

The promoter region of BRIP1 gene (from -499 to 100 from Transcription Start Site)
contains 5 binding motif sequences for E2F1 transcription factor at -468, -467, -227, -72
and -71. However, despite this promoter binding potential, E2F and BRIP1
overexpression does not correlate in colorectal cancer (P = 0.13), suggesting that E2F1
activity does not lead to over-expression of its potential target BRIP1. E2F1 was
proposed as a part of a panel of genes together with MYBL2 and FOXM1 that may
predict tumor aneuploidy™™!. Consistent with the lack of increased BRIP1 expression
in tumors with E2F1 over-expression, aneuploidy scores in BRIP1 amplified GI
tumors were variable, suggesting that, despite the roles of BRIP1 in DNA repair
mechanisms, no direct influence of its abundance with ploidy is evident. However,
despite lack of clear association with aneuploidy, increased expression of BRIP1
mRNA (above the median) was associated with improved survival in patients with
gastric carcinomas compared with patients whose cancers expressed lower BRIP1
(below the median in the series, Figure 5). Similar results were observed when only
patients with localized gastric cancers were included in the survival analysis.

Another potential transcription factor of interest in the regulation of BRIPI is AP1
(a heterodimer of FOS and JUN) because it is often activated downstream of
KRAS/BRAF/MAPK pathway, which is often dysregulated in GI cancers. However,
no binding sites of AP1 were present in the BRIP1 promoter.
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Figure 2 Percentage of BRIP1 mutations in the five gastrointestinal adenocarcinomas.

DISCUSSION

BRIP1 (alternatively called FANC] or BACH1) is a protein involved in DNA repair
and named for both its interaction with BRCA1 and its being a FA pathway member.
It belongs to a family of iron-sulfur helicases together with RTEL1, DDX11 and
XPDF1. As a BRCA1 collaborator, BRIP1 participates in DNA repair of inter-strand
cross-links through HR downstream of the core FA complex and following ID2
complex (consisting of proteins FANCI and FANCD2) mono-ubiquitination™!. Other
roles of BRIP1 in DNA lesions metabolism have been revealed more recently. BRIP1
participates in protection of DNA from degradation at a stalled fork™!. In addition,
FANC] directly interacts with MMR protein MLH1 and participates in bridging MMR
complexes with the HR machinery for replication restart after inter-strand cross-links
repairl®l. Moreover, a direct role of BRIP1 in resolution of G-quadruplex structures
and hairpins arising during replication on single strand DNA, especially in
microsatellite sites, has been revealed"". Consistent with this last role, cells from
FANC]J FA patients show MSI, in contrast to other complementation groups!™.

The current study took advantage of published genomic data by the TCGA and the
cBioportal platform as well as other online tools to investigate the role of BRIP1 in
common GI cancers. Main findings include the low frequency of BRIP1 defects in GI
cancers and a significant association of BRIP1 mutations with defects of
MSI/polymerase € and 61 genes and the mutator phenotype. In view of the role of
BRIP1 helicase in resolution of abnormal DNA structures often affecting microsatellite
sites the association is intriguing and may promote MSI. Consistent with this
hypothesis, samples with BRIP1 mutations in the five studies had a mean of 4813
mutations while the mean number of mutations in the 83 samples of the colorectal
TCGA study, for example, with one or more MSI/POLE/POLD1 mutations was 1734.
An alternative hypothesis is that samples with more functionally robust
MSI/POLE/POLD1 mutations, producing higher total mutation burden, would
contain more commonly passenger BRIP1 mutations.

In pancreatic cancer, where MSI and POLE/POLD1 mutations are rare, BRIP1
mutations are very rare. Specifically, only one mutation was detected in the TCGA
pancreatic cancer study. Another more extensive genomic study that included 359
pancreatic adenocarcinoma samples found no BRIP1 mutations in any of them!™.

The partner of BRIP1, BRCA1 is an important player in HR and, in this capacity, it
needs to interact with chromatin. BRIP1 stabilizes this interaction. In contrast,
oncogenic KRAS promotes down-regulation of BRIP1 and BRCA1 dissociation from
chromatin leading to cell senescencel™!. Activating mutations in KRAS or other
proteins of the pathway are common in GI cancers and thus may affect DNA repair
through impairment of the BRCA1/BRIP1 function. This may imply that KRAS and
BRCA1/BRIP1 lesions would be redundant and mutually exclusive. In this study no
such mutual exclusivity between BRIP1 mutations and KRAS mutations was observed
and in fact a co-occurrence of BRIP1 mutations with mutations of other genes of
KRAS pathways was present instead. This may be due to the common association of
both BRIP1 and KRAS pathway mutations with MSI/hypermutable cancers or
alternatively due to lack of functional repercussions for some of these BRIP1
mutations.

Gastric cancers with BRIP1 mRNA expression above the mean seem to have a
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Figure 3 Mutation frequency of MSI and POLEIPOLD1 genes in gastrointestinal cancers with BRIP1
abnormalities (altered group) and without BRIP1 abnormalities (unaltered group). Comparison of the altered
and unaltered group is statistically significant for all six genes.

better prognosis than counterparts with lower BRIP1 mRNA expression. This may
suggest that cancers that up-regulate BRIP1 could have a less aggressive course due to
a better ability to repair DNA lesions and possibly decreased genomic lesions
accumulation™!.

Despite the fact that the BRIP1 gene promoter area upstream of its transcription
start site contains several putative binding motifs for transcription factor E2F1 and the
fact that E2F factors have been confirmed to bind and up-regulate BRIP1 in vitro™!, no
correlation of the expression of the two genes at the mRNA level in GI cancers was
observed in the current interrogation of TCGA studies. This may imply, among other
plausible explanations, that other transcription factors are involved in the regulation
of BRIP1 obscuring the effect of E2F factors or that increased mRNA expression of E2F
does not translate into increased expression of the proteins or increased transcription
function. Another candidate transcription factor, AP1, often activated downstream of
oncogenic KRAS, was ruled out as a direct regulator of BRIP1 as it possesses no
binding sites in BRIP1 promoter.

Overall this study suggests that neutralization of BRIP1 as a tumor suppressor
seems to play a minor role in GI cancers pathogenesis. However, a contribution as a
defect with cumulative influence in cancers with the mutator phenotype is plausible
and may be selected by promoting survival in cells with MMR or polymerase
mutations, for example if it would contribute to defects in antigen presentation
machinery in hypermutated cancers””. The association of BRIP1 with the mutator
phenotype is intriguing in the current era of immunotherapy of cancer. If a
contribution of BRIP1 to an expansion of instability in hypermutated cancers is
confirmed, mutations in the gene may become an additional potential predictive
marker of response to immunotherapies. In addition, it may suggest potential avenues
for combination therapies, for example with immune checkpoint inhibitors and PARP
inhibitors. Indeed, such combinations are in development!™l.
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Higher BRIP1 mRNA expression was associated with improved overall survival compared with lower BRIP1 mRNA expression in gastric cancer.

ARTICLE HIGHLIGHTS

Research background

Gastrointestinal (GI) cancers are, as a group, very common and their pathogenesis has been
progressively elucidated over the last 30 years. However, the role of genetic lesions in
homologous recombination (HR) DNA repair remains less well characterized in these cancers.

Research motivation

BRIP1 is a helicase with a role in HR as well as other key functions in DNA metabolism. Its
specific role in GI cancers has rarely been reported. Further elucidation of molecular lesions in
this gene may pave the way for targeted therapeutic interventions.

Research objectives
To analyze molecular defects of helicase BRIP1 (FANC]) in Glcancers pathogenesis.

Research methods

Glcancer studies from The Cancer Genome Atlas (TCGA) were analyzed using the cBioportal
platform and other precision medicine databases. TCGA studies were interrogated for BRIP1
mutations and copy number alterations. Associations with other key lesions in Glcancers as well
as with the total tumor mutation burden in these cancers were analyzed. Additional analyses
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that could not be performed directly in the cBioportal platform were performed in Excel
(Microsoft Corp., Redmond, WA) after transfer of the relevant data. Appropriate statistical tests
(the Fisher’s exact test and the ¢ test respectively) were used for analysis of categorical and
continuous data.

Research results

Molecular lesions in BRIP1 are observed in 3.6% of GI cancers and consisted almost exclusively
of mutations and amplifications. Two fifths of all BRIP1 mutations are considered possibly
pathogenic. Most BRIP1 mutated GI cancers have concomitant mutations in MMR genes or one
of the replication polymerases, polymerase € and 61 genes. No associations were discovered
between amplifications of BRIP1 and any mutated genes. BRIP1 amplification commonly co-
occurs with ERBB2 amplification, a comparatively common amplification in gastroesophageal
cancers.

Research conclusions

BRIP1 gene lesions are not major pathogenic players in GI cancers. Association with
microsatellite unstable cancers and ERBB2 amplifications in gastroesophageal cancers is worth
noting.

Research perspectives

Molecular defects in helicase BRIP1, albeit rare, may provide opportunities for novel therapies in
GI cancers. Their association with the mutator phenotype is intriguing in the current era of
immunotherapy of cancer. BRIP1 defects may contribute to an expansion of instability in
hypermutated cancers. Thus, BRIP1 mutations could be an additional potential predictive
marker of response to immunotherapies. A role of combination therapies, including
immunotherapies with targeted therapies active in cancers with HR defects such as PARP
inhibitors, in BRIP defective GI cancers is worth exploring.
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Abstract

BACKGROUND

Postoperative liver failure is the most severe complication in cirrhotic patients
with hepatocellular carcinoma (HCC) after major hepatectomy. Current available
clinical indexes predicting postoperative residual liver function are not
sufficiently accurate.

AIM

To determine a radiomics model based on preoperative gadoxetic acid-enhanced
magnetic resonance imaging for predicting liver failure in cirrhotic patients with
HCC after major hepatectomy.

METHODS

For this retrospective study, a radiomics-based model was developed based on
preoperative hepatobiliary phase gadoxetic acid-enhanced magnetic resonance
images in 101 patients with HCC between June 2012 and June 2018. Sixty-one
radiomic features were extracted from hepatobiliary phase images and selected
by the least absolute shrinkage and selection operator method to construct a
radiomics signature. A clinical prediction model, and radiomics-based model
incorporating significant clinical indexes and radiomics signature were built
using multivariable logistic regression analysis. The integrated radiomics-based
model was presented as a radiomics nomogram. The performances of clinical
prediction model, radiomics signature, and radiomics-based model for predicting
post-operative liver failure were determined using receiver operating
characteristics curve, calibration curve, and decision curve analyses.

RESULTS
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Zhu WS et al. A radiomics model for predicting liver failure

Five radiomics features from hepatobiliary phase images were selected to
construct the radiomics signature. The clinical prediction model, radiomics
signature, and radiomics-based model incorporating indocyanine green clearance
rate at 15 min and radiomics signature showed favorable performance for
predicting postoperative liver failure (area under the curve: 0.809-0.894). The
radiomics-based model achieved the highest performance for predicting liver
failure (area under the curve: 0.894; 95%CI: 0.823-0.964). The integrated
discrimination improvement analysis showed a significant improvement in the
accuracy of liver failure prediction when radiomics signature was added to the
clinical prediction model (integrated discrimination improvement = 0.117, P =
0.002). The calibration curve and an insignificant Hosmer-Lemeshow test statistic
(P = 0.841) demonstrated good calibration of the radiomics-based model. The
decision curve analysis showed that patients would benefit more from a
radiomics-based prediction model than from a clinical prediction model and
radiomics signature alone.

CONCLUSION

A radiomics-based model of preoperative gadoxetic acid-enhanced MRI can be
used to predict liver failure in cirrhotic patients with HCC after major
hepatectomy.

Key words: Liver failure; Radiomics; Gadoxetic acid; Magnetic resonance imaging;
Hepatocellular carcinoma

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Serological indexes, indocyanine green clearance rate at 15 min, liver
volumetry, and clinical scoring systems are commonly used to determine liver function
capacity and predict postoperative residual liver function. However, these indexes are
not sufficiently accurate for predicting the risk of postoperative liver failure. We
constructed a radiomics signature based on preoperative hepatobiliary phase gadoxetic
acid-enhanced magnetic resonance imaging. This radiomics signature achieves favorable
performance in predicting liver failure in cirrhotic patients with hepatocellular carcinoma
after major hepatectomy. Incorporating indocyanine green clearance rate at 15 min into
the radiomics signature further improves the predictive performance for postoperative
liver failure.

Citation: Zhu WS, Shi SY, Yang ZH, Song C, Shen J. Radiomics model based on preoperative
gadoxetic acid-enhanced MRI for predicting liver failure. World J Gastroenterol 2020;
26(11): 1208-1220

URL: https://www.wjgnet.com/1007-9327/full/v26/i11/1208.htm

DOI: https://dx.doi.org/10.3748/wjg.v26.i111.1208

INTRODUCTION

Postoperative liver failure is the most serious complication for patients with
hepatocellular carcinoma (HCC) after major hepatectomy, and it is caused by
insufficient function of the remnant liver. Liver failure not only influences the
physical state of patients and contributes to cancer recurrence, but also prolongs
hospital stay, thereby increasing overall medical costs!".. Therefore, preoperative liver
function prediction is highly important for risk stratification in patients considering
major hepatectomy. To date, liver function assessment primarily relies on the
serological indexes, indocyanine green (ICG) retention rate at 15 min (ICG-R15)",
liver volumetry based on computed tomography (CT)Fl, and clinical scoring
systems!*°l. Unfortunately, these measures for predicting the prognosis of
postoperative residual liver function after hepatectomy are not sufficiently accurate!®.
Gadoxetic acid-enhanced magnetic resonance imaging (MRI) has been widely used
to distinguish benign and malignant liver lesions!’l. As gadoxetic acid can be
selectively absorbed by functional hepatocytes, signal intensity of liver measured on
preoperative gadoxetic acid-enhanced hepatobiliary phase (HBP) images has also
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been applied to assess liver function®’l. However, parenchymal damage is often not
homogeneously distributed in the liver!'"') and liver abnormalities are frequently and
increasingly heterogeneous during the development of cirrhosis!l. The measurement
of mean signal intensity in a predefined larger area of liver parenchyma is insensitive
for identifying regional variations, thereby omitting heterogeneity that is informative
for liver damage in cirrhotic patients.

Radiomics is a method utilizing high-dimensional data mined from digital medical
images for quantitative measurement, and can be applied to improve predictive,
diagnostic, and prognostic accuracy to support clinical decision!'*"’l. Previously,
radiomics approaches based on MRI or CT images have been extensively applied for
differential diagnosis, monitoring of disease progression, and evaluation of the
treatment responsel*"”l. However, whether a radiomics-based model based on
gadoxetic acid-enhanced MRI can be used for predicting liver failure in cirrhotic
patients with HCC after major hepatectomy has not been determined so far.

In this study, we investigated the value of a radiomics model based on gadoxetic
acid-enhanced MRI for predicting liver failure after major hepatectomy in cirrhotic
patients with HCC.

MATERIALS AND METHODS
Study population

This retrospective study was approved by the Institutional Review Board of Sun Yat-
Sen Memorial Hospital of Sun Yat-Sen University, and written informed consent was
waived by the institutional review board. Patients with HCC who had major liver
resection between June 2012 and June 2018 were identified from the institutional HCC
database. Patients were enrolled in this study if they had: (1) Serologically-proven
hepatitis B-related cirrhosis; (2) HCC confirmed by surgical pathology; (3) Undergone
major liver resection; and (4) Undergone preoperative gadoxetic acid-enhanced MRI
within 7 d before liver surgery. A total of 619 patients met this inclusion criteria.
Patients were excluded if they had an unresectable tumor and previously received
treatment, such as chemotherapy or transarterial chemoembolization (n = 173), had
minor liver resection (< 3 Couinaud liver segments) (n = 322), or had artifacts on their
HBP MRI (n = 13). Finally, 101 patients were included in this study (Figure 1).
Postoperative liver failure was identified according to the method proposed by
Amber et all'l, which defines liver failure as the presence of the following:
encephalopathy with hyperbilirubinemia, total bilirubin > 4.1 mg/dL without an
obstruction or bile leak, international normalized ratio of prothrombin time > 2.5, and
ascites (drainage > 500 mL/d). All patients had undergone the ICG test within 7 d
before surgery, as previously described!"”l. The preoperative serum levels of alanine
aminotransferase, aspartate aminotransferase, total bilirubin, albumin, alkaline
phosphatase, platelet, prothrombin time, prealbumin, and cholinesterase, Child-Pugh
classification, and the degree of liver fibrosis were retrieved from the hospital medical
records. The liver fibrosis was detected by Masson staining of the resected liver
specimens and graded according to a previously reported method!l.

Clinical prediction model construction

The normality of distribution of clinical variables was assessed by the Shapiro-Wilk
test. Continuous variables were presented as median + range and compared using the
unpaired t-test, two-tailed t-test, or Mann-Whitney test. Categorical variables were
presented as number (percentage), and compared using Mann-Whitney test.
Univariable logistic regression analysis was used to determine clinical variables
associated with liver failure. Those significant variables were chosen for multivariable
binary logistic regression analysis using the forward likelihood ratio selection method
to determine the independent risk factors for liver failure. The independent risk
factors were used to construct a clinical prediction model.

MRI

MRI was performed on a 3.0 Tesla clinical scanner (Achieva TX; Philips Healthcare,
Best, The Netherlands) with a 16-channel sense torso coil. The imaging sequences
included axial fat-suppressed T2-weighted imaging [repetition time/echo time
(TR/TE), 1650/80 ms; slice thickness/gap, 3.5/1 mm; matrix, 528 x 288; number of
signals acquired (NSA), 2], axial T1-weighted imaging using mDixon fast field echo
sequence (number of echoes, 2; TR, 3.4 ms; TE, 1.14 and 2.1 ms; flip angle, 10°; slice
thickness/gap, 3/1 mm; matrix, 528 x 288; NSA, 1) and coronal T1 high resolution
isotropic volume examination (THRIVE) sequence (TR/TE, 3.1/1.4 ms; flip angle, 10
slice thickness/gap, 3/1 mm; matrix, 528 x 288; NSA, 2). After intravenous injection of
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Patients who underwent pre-operative gadoxetate acid-enhanced MRI (7 = 619)

Excluded (n = 505)

Patients with chemotherapy or tanscathe-ter
arterial chemoembolization between MRI
and liver resection (7 = 173)

Patients who underwent minor liver resec-
tions (i.e., < 3 liver sements) (7 = 322)

Eligible patients (7 = 114)

Excluded
Patients with artifacts on MRI images (7 = 13)

Patients analyzed (7 = 101)

!

Patients with LF (7 = 15) Patients without LF (7 = 86)

Figure 1 Flow diagram shows patient selection. LF: Liver failure; MRI: Magnetic resonance imaging.

gadoxetic acid (Gd-EOB-DTPA; Primovist, Bayer-Schering Pharma, Berlin, Germany)
at a dosage of 0.025 mmol/kg of body weight via the antecubital vein at a rate of 2.5
mL/s, patients underwent multiphasic axial contrast-enhanced T1 high resolution
isotropic volume examination (e-THRIVE) imaging, which was performed with the
same parameters as their unenhanced counterparts. Early arterial phase, later arterial
phase, portal phase, venous phase, and equilibrium phase images were obtained
respectively at 20, 30, 40, 60 and 100 s after the injection of contrast agents. The HBP
images were obtained at 20 min after the injection of gadoxetic acid.

Radiomic feature selection and radiomics signature construction

The flow diagram of radiomic feature selection and radiomics signature construction
is shown in Figure 2. Region of interests (ROIs) for the liver were drawn along the
margin of the entire liver parenchyma on HBP images, by excluding hepatic masses,
large hepatic vessels, and bile ducts on HBP images. The ROI was further refined to
exclude areas of fat, air, and bone using a thresholding procedure (Centricity PACS
4.0, GE Medical Systems). Then the processed HBP images were transferred to an off-
line workstation and analyzed by a quantitative analysis software (Omni Kinetics, GE
Healthcare). Radiomic features were analyzed by two radiologists (Z.W. and Y.Z.
with 3 and 13 years of experience in diagnostic imaging respectively) in a blinded
manner independently. For radiomic features, 61 descriptors including the first-order
and distribution statistics (23 descriptors) to reflect basic characters of image
uniformity, gray-level co-occurrence matrix (28 descriptors) to describe the
homogeneity, and gray-level run length matrix (10 descriptors) to indicate image
coarseness were obtained. The categories of the radiomic features are listed in Table 1
in detail. Intra- and inter-observer reproducibility of radiomic feature extraction was
determined by the intraclass correlation coefficients (ICCs). The result from two
readers were averaged for analysis. To assess intra-observer reproducibility, HBP
images from 24 randomly selected patients were chosen for ROI segmentation and
feature extraction analysis by reader 1 (Z.W.). After 1 wk, reader 1 repeated the same
procedure. An ICC value > 0.75 represents good to excellent agreement, and the value
between 0.4 and 0.75 indicates moderate agreement.

The least absolute contraction selection operator (LASSO) logistic regression was
used to select radiomic features with non-zero coefficients!"”l. The multivariable
logistic regression with enter method was used to construct radiomics signature. The
radiomics score (Rad-score) were calculated via a linear combination of selected
features that were weighted by their respective coefficients.

Development and performance of radiomics-based prediction model

To develop an integrated radiomics-based prediction model, the independent
predictors of clinical variables and radiomics signature were chosen for multivariable
logistic regression analysis to determine the parameters that can best predict the risk
of liver failure. A collinearity diagnosis was made on the logistic regression model to
test the independence of predictors. The established radiomics-based model was
presented as a radiomics nomogram. The prediction performance of this radiomics
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Table 1 Categories of the quantitative radiomics features obtained for analysis

Groups

Detailed parameters

First-order and distribution statistics, n = 23 Minimum intensity, Maximum intensity, Mean intensity, Median intensity,

Gray-level co-occurrence matrix, n = 28

Gray-level run length matrix, n = 10

Standard deviation, Variance, Volume count, Voxel value sum, Range mean
deviation, Relative deviation, Skewness, Kurtosis, Uniformity, Energy,
Entropy, Frequency size, Quantile 5, Quantile 10, Quantile 25, Quantile 50,
Quantile 75, Quantile 90, Quantile 95

Glem bin size, Glem total frequency, Glem matrix mean, Glem relative
Frequency, Energy, Entropy, Inertia, Correlation, Inverse difference moment,
Cluster shade, Cluster prominence, Haralick correlation, Haralick entropy,
Angular second moment, Contrast, Haralick variance, sum Average, sum
Variance, sum Entropy, Difference variance, Difference entropy, Inverse
difference moment normalized, Minimum intensity, Maximum intensity,
Number of intensity bins, Minimum size, Maximum size, Number of size
bins

Short run emphasis (SRE), Long run emphasis (LRE), Gray level non-
uniformity (GLN), Run length non-uniformity (RLN), Low gray level run
emphasis (LGLRE), High gray level run emphasis (HGLRE), Short run low
gray level emphasis (SRLGLE), Short run high gray level emphasis
(SRHGLE), Long run low gray level emphasis (LRLGLE), Long run high
gray level emphasis (LRHGLE)

nomogram was measured by correcting 1000 bootstrap samples to reduce the overfit
bias. The calibration of the nomogram was evaluated using a calibration curve. The
goodness-of-fit of the nomogram was assessed by the Hosmer-Lemeshow test.

Statistical analysis

The performance of the clinical prediction model, radiomics signature and radiomics-
based model for predicting liver failure was determined using the receiver operating
characteristic curve analysis. The discrimination performance was quantified using
the calculation of the area under the curve (AUC) and its 95% confidence intervals
(CIs). The sensitivity, specificity, positive predicted value (PPV), negative predicted
value and accuracy of the models were also calculated. The integrated discrimination
improvement (IDI) and continuous net reclassification improvement indexes were
used to assessed the additional predictive value. The net benefits for a range of
threshold probabilities by the decision curve analysis was calculated to estimate the
clinical utility of the clinical prediction model, radiomics signature and radiomics-
based model. Statistical tests were performed using software SPSS version 21.0 (SPSS,
Chicago, Ill, United States), R version 3.3.3 (R Development Core Team, Vienna,
Austria) and MedCalc Statistical Software version 17.1 (MedCalc Software, Ostend,
Belgium). A two sided P value < 0.05 was considered to indicate a statistically
significant difference.

RESULTS

Patient characteristics and clinical prediction model

Among the 101 patients included, there were 88 men (age range, 27-78 years; median
age, 55 years), and 13 women (age range, 22-66 years; median age, 53 years). Fifteen
patients had liver failure after major hepatectomy, and the remaining 86 patients did
not have liver failure. Among 15 patients with liver failure, 3 of them had a sustained
type of liver failure and died, while 12 of them developed liver failure immediately
after surgery and recovered after proper treatment. The clinicopathologic
characteristics of the enrolled patients are shown in Table 2. There were no differences
in the sex, age, liver fibrosis, or Child-Pugh classifications between patients with or
without liver failure (P > 0.05). The aspartate aminotransferase level, alkaline
phosphatase (ALP) level and ICG-R15 were significantly different between two
groups (P = 0.030, 0.004, and 0.002, respectively). Univariable and multivariable
logistic analysis showed that the ALP level and ICG-R15 were independent risk
factors for liver failure (P < 0.05). Thus, the ALP level and ICG-R15 were selected to
build the clinical prediction model and the radiomics-based model.

Radiomic feature selection and radiomics signature construction

The intra-observer ICCs (ranging from 0.780 to 0.992) and the inter-observer ICCs
(ranging from 0.763 to 0.935) suggested good intra- and inter-observer reproducibility
for feature extraction analysis. Among 61 radiomic features, five features were
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Figure 2 Workflow of necessary steps in current study. Region of interests were drawn on hepatobiliary phase gadoxetic acid-enhanced magnetic resonance
images. For feature selection, the least absolute shrink-age and selection operator method was applied to select significant features. The radiomics signature was
constructed by a linear combination of selected features. The performance of the prediction model was assessed by the area under a receiver operating characteristic
curve and the calibration curve. To provide a more understandable outcome measure, a nomogram was built for individualized evaluation, followed by decision curve

analysis. ROls: Region of interests.
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selected by LASSO regression analysis (Figure 3), including minimum intensity (first-
order), uniformity(first-order), energy (first-order), cluster prominence (GLCM), and
minimum intensity (GLCM). The radiomics signature was constructed by the
calculation of radiomics score of these five features according to the following

formula:
Radiomics scores = - 4.712031 - 1.529694x10* x minimum intensity + 5.788767 x
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Table 2 Clinicopathological characteristics of 101 hepatitis B virus-related cirrhotic patients

with hepatocellular carcinoma

Patients with Patients without
P value

Liver failure, n=15 Liver failure, n = 86
Sex 0.439
Male 9 (90) 50 (89)
Female 1 (10) 6(12)
Age in yr 55 (22-78) 55 (40-67) 0.958
Primary tumor
Tumor size in mm'? 59 (15-154) 38 (10-197) 0.069
Single, n 4(27) 60 (70)
Multiple in n 11 (73) 26 (30)
Baseline serological index’
Aspartate aminotransferase in IU/L 59 (17-116) 33 (17-1663) 0.030
Alanine aminotransferase in [U/L 34 (17-98) 31 (11-1491) 0.248
Total bilirubin in mg/dL 18.2 (8.2-37.9) 15.7 (3.2-35.5) 0.314
Albumin in g/L 38.7 (30.9-45.8) 40.3 (23.0-50.3) 0.135
Alkaline phosphatase in U/L 131 (71-365) 91 (41-410) 0.004
Platelet as /L 200 (111-496) 188 (49-489) 0.462
Prothrombin time in s 12.8 (11.3-14.9) 12.3 (10.6-16.8) 0.138
Cholinesterase in U/L 6271 (2522-8417) 6714 (2334-12360) 0.110
ICG test'
Elimination rate constant in K as min™ 0.13 (0.09-0.19) 0.21 (0.12-0.29) 0.308
Retention rate at 15 min as R15 in % 8.2 (1.3-28.4) 12.8 (6.1-18.0) 0.002
The half-life as T1/2 in min 6.36 (3.73-7.88) 3.27 (2.39-5.68) 0.061
Baseline score
Child-Pugh classification 0.786
A 15 (100) 81 (94)
B 0(0) 5 (6)
C 0(0) 0(0)
Fibrosis grade on specimen 0.174
F1 1(7) 9 (11)
F2 0(0) 8(9)
E3 0(0) 7 (8)
F4 9 (60) 14 (16)
N/A 5(33) 48 (56)

Data are numbers of patients, with percentages in parentheses, except otherwise indicated.

INumbers in parentheses are ranges;

2If the number of lesions is greater than 2, the largest lesion was chosen to measure the maximal dimension.
N/ A: Not available.

uniformity + 7.658610%energy - 3.20757210° x cluster prominence(GLCM) - 1.566187 x
10 x minimum intensity (GLCM).

Development of radiomics-based prediction model

The significant clinical variables including ALP level and ICG-R15, and radiomics
signature were chosen to build the radiomics-based model. The collinearity diagnosis
showed the variance inflation factors of ALP, ICG-R15 and radiomics signature
ranging from 1.012 to 1.107, suggesting no multicollinearity for radiomics-based
model. Multivariable logistic regression analysis showed that only ICG-R15 and
radiomics signature were independent risk factors for liver failure (P < 0.005). Thus,
the radiomics signature and ICG-R15 were incorporated to develop the radiomics-
based model and presented as a nomogram (Figure 4A). The calibration curve and an
insignificant Hosmer-Lemeshow test statistic (P = 0.841) demonstrated the good
calibration of this nomogram (Figure 4C).

Comparison of predictive performance
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The predictive performance of clinical prediction model, radiomics signature, and
radiomics-based model is shown in Table 3 and the ROCs are shown in Figure 4B. The
radiomics-based model showed the highest performance for predicting liver failure,
with an AUC of 0.894 (95%CI: 0.823, 0.964), which was higher than that of the clinical
prediction model [AUC, 0.810 (95%CI: 0.691, 0.929)] and radiomics signature [AUC,
0.809 (95%CI: 0.713, 0.906)] (P = 0.025). The IDI showed a significant improvement in
the accuracy of predicting liver failure when radiomics signature was incorporated
with the clinical prediction model (IDI = 0.117, P = 0.002; continuous net
reclassification improvement = 0.157, P = 0.09). The decision curve analysis for clinical
prediction model, radiomics signature and radiomics-based model are presented in
Figure 5.

DISCUSSION

Our study demonstrated that several radiomic features derived from HBP images of
gadoxetic acid-enhanced MRI are associated with the liver failure in cirrhotic patients
with HCC after major hepatectomy. Radiomics signature constructed from these
radiomic features showed good performance in predicting postoperative live failure.
Radiomics-based model integrating radiomics signature and ICG-R15 further
improved the predictive performance.

For hepatitis B patients with active viral replication, liver disease like cirrhosis not
only can progress to the stage of liver function decompensation, but also can result in
the occurrence of HCCM™. As surgery is the primary treatment for patients with HCC,
it is important to assess liver functional reserve for HCC patients before surgery. At
present, the main clinical factors that could help predict the risk of postoperative liver
failure are serological indexes, Child-Pugh classification or IGG test. An increased
ALP activity often accompanies hepatobiliary diseasel*. Previously, the ALP level
was found to be useful for estimating postoperative liver failure after hepatectomy! .
Another study showed that serum ALP and bilirubin might be an early surrogate
marker for ischemic cholangiopathy and graft failure in liver transplantation™!. In our
study, the ALP level was also found to be an independent predictor of liver failure.
Unlike a single serological index, Child-Pugh classification incorporates several
biochemical parameters and clinical symptoms, suggesting insufficient liver function.
However, the Child-Pugh classification has been proven not reliable for predicting the
prognosis of hepatectomy due to its high variability™™ 1. In our study, Child-Pugh
classification was not associated with the occurrence of liver failure.

The ICG clearance test is another important method to evaluate liver function,
which is commonly used in clinical daily practice®!. The results of the ICG test are
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considered as the most reliable risk factor, which can be used to determine the
surgical indications of patients with HCC*l. However, the ICG test has several
limitations. For example, this test cannot be used in patients with jaundice. Moreover,
a previous study showed that the predictive value of the ICG test for LF was nearly
equal to a random guess (AUC, 0.51)™. In our study, 6 patients with a normal ICG-
R15 value have experienced liver failure after surgery.

Several imaging biomarkers, such as liver volume measured on three-dimensional
CT, receptor index (LHL,;) and blood clearance index (HH,;) on *™Tc-galactosyl
serum albumin scintigraphy, have been applied to assess liver function®!. However,
the liver volume is not always relevant to the actual liver function, and the
heterogeneity of the remnant liver may result in different levels of function for two
patients with the same remnant liver volume on CT. The disadvantages of *™Tc-
galactosyl serum albumin scintigraphy are the radiation exposure and its low spatial
resolution. Gadoxetic acid-enhanced MRI has a high diagnostic efficacy for focal
hepatic lesions" and can be used to quantify liver function®. The liver in patients
with hepatitis B shows slow-moving changes with a common pathological process of
progressive fibrosis, bridging of portal spaces and nodule regeneration of the liver
parenchymal™. Liver damage may result in decreased number of normal hepatocytes,
which impairs the uptake of gadoxetic acid, thus lowering the concentrations of
gadoxetic acid in the liver parenchyma in the HBP. Moreover, such pathological
process that may destroy the homogeneity of the liver parenchyma, which can be
reflected by different texture features derived from MRIF.

In our study, a radiomics signature based on HBP images was developed for
predicting liver failure in patients with HCC. The AUC of radiomics signature was as
high as 0.809, which suggests favorable discrimination for liver failure. The
multivariable logistic regression analysis showed that ALP and ICG-R15 were
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Table 3 Receiver operating characteristics analysis of the predictive value of clinical prediction model, radiomics signature and

radiomics-based model

Zhu WS et al. A radiomics model for predicting liver failure

Clinical prediction model

Radiomics signature

Radiomics-based model

AUC (95%CI) 0.810 (0.691-0.929) 0.809 (0.713-0.906) 0.894 (0.823-0.964)
Optimized Youden Index 0.579 0.556 0.712

Sensitivity (95%CI) 0.800 (0.514-0.947) 0.800 (0.514-0.947) 0.933 (0.660-0.997)
Specificity (95%CI) 0.779 (0.674-0.858) 0.756 (0.649-0.839) 0.779 (0.674-0.859)
PPV (95%CI) 0.387 (0.224-0.577) 0.364 (0.210-0.549) 0.424 (0.260-0.606)
NPV (95%CI) 0.957 (0.872-0.989) 0.956 (0.868-0.989) 0.985 (0.910-0.999)
Accuracy (95%CI) 0.782 (0.691-0.852) 0.762 (0.670-0.835) 0.802 (0.713-0.869)

AUC: Area under the curve; CI: Confidence interval; NPV: Negative predictive value; PPV: Positive predictive value.

independent clinical predictive factors for the liver failure. Then, we constructed a
radiomics nomogram incorporating the clinical predictive factors and radiomics
signature. Only were ICG-R15 and radiomics signature selected as independent
predictive factors for the liver failure. This radiomics-based model showed good
calibration and discrimination. The AUC of the nomogram increased to 0.894, and the
IDI index has the significance, indicating the greater predictive efficacy of nomogram
than either the radiomics signature or the clinical variables alone. Previously, several
texture features derived from preoperative CT images has also been proposed to
predict postoperative liver failurel'’. However, this study has a small number of
patients (n = 36) and no predictive model was built!'l. In addition, the measurement
of relative liver enhancement on HBP images of gadoxetic acid-enhanced magnetic
resonance imaging (MRI) has been shown to be able to preoperatively assess the risk
of liver failure after major liver resection with an AUC of 0.948". However, only a
small number of patients with liver failure (n = 3) was included in this study. The
value of relative liver enhancement should be further validated by a large cohort
study.

Gadoxetic acid-enhanced MRI can assist in differential diagnosis of focal liver
lesion. The radiomics model built from HBP images has an advantage to be used for
preoperative liver function assessment in the same examination. The proposed
radiomics-based model in our study may serve as a reliable predictive tool to reduce
postoperatively liver failure and mortality in cirrhotic patients with HCC after major
hepatectomy. For example, it can be used in combination with ICG-R15 to improve
the ability to predict postoperative liver failure when surgery is planned for a
cirrhotic patient with HCC. If there is a high risk of postoperative liver failure, major
hepatectomy should be avoided and some locoregional treatments such as
percutaneous ethanol injection, radiofrequency ablation, trans-arterial
chemoembolization and radioembolization can be applied for this patient. In addition,
if a patient has uncertain results of ICG test, such as a patient with severe jaundice,
the radiomics model can be used alternatively to predict the risk of postoperative live
failurel™.

Our study had several limitations. First, a small number of patients with liver
failure in our study, thus the validation cohort can’t be allocated. After all, liver
failure is a relatively rare event in our institution due to strict selection for
hepatectomy. Second, we did not adopt a large quantity of radiomic features, since
most of the information from feature exaction were redundant and nonreprodu-
ciblel*l.

In conclusion, a radiomics signature based on preoperative gadoxetic
acid-enhanced MRI was developed, which showed favorable performance in
predicting liver failure in cirrhotic patients with HCC after major liver resection. The
radiomics model incorporating the radiomics signature and ICG-15 further improved
the performance in predicting liver failure. The radiomics analysis of preoperative
gadoxetic acid-enhanced MRI could be used to predict the risk of liver failure in
cirrhotic patients with HCC after major hepatectomy.
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Net benefit
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Figure 5 Decision curve analysis for each model. The y-axis measures the net benefit, which is calculated by summing the benefits (true-positive findings) and
subtracting the harms (false-positive findings), weighting the latter by a factor related to the relative harm of undetected liver failure compared with the harm of
unnecessary treatment. The decision curve showed the application of radiomics-based model to predict liver failure adds more benefit than treating all or none of the
patients, clinical prediction model, and radiomics signature.

ARTICLE HIGHLIGHTS

Research background

Postoperative liver failure is the most serious complication for patients with hepatocellular
carcinoma (HCC) after major hepatectomy. There are many methods for predicting
postoperative liver failure after hepatectomy but not sufficiently accurate enough. This paper
provides a radiomics model based on gadoxetic acid-enhanced magnetic resonance imaging
(MRI), serve as a reliable predictive tool to reduce postoperative liver failure and mortality in
cirrhotic patients with HCC after major hepatectomy.

Research motivation

In order to determine a new method to predict the postoperative liver failure after major
hepatectomy and our radiomics model showed a favorable performance. However, the results
obtained in this study need to be further verified in the population, and validation cohort need
to be allocated.

Research objectives

The objective of this study is to determine the performance for predicting liver failure of a
radiomics model based on preoperative gadoxetic acid-enhanced magnetic resonance imaging.
The finding provides important information for medical decision making when surgery is
required for a patient with HCC.

Research methods

The significant clinical variables were chosen and the radiomics signature was developed based
on preoperative hepatobiliary phase gadoxetic acid-enhanced MRI in 101 patients with HCC
from Sun Yat-Sen Memorial Hospital. The integrated radiomics-based model was presented as a
radiomics nomogram. The performances for predicting post-operative liver failure were
determined using receiver operating characteristics curve, calibration curve and decision curve
analysis.

Research results

This study found that five radiomic features from hepatobiliary phase images were selected, and
a radiomics-based model incorporating indocyanine green clearance rate at 15 min and
radiomics signature showed favorable performance for predicting postoperative liver failure.
The performance of radiomics model need to be further validated.

Research conclusions

The liver failure is very severe after liver resection. In this study, a radiomics signature based on
preoperative gadoxetic acid-enhanced MRI was developed, which showed favorable
performance in predicting liver failure in cirrhotic patients with HCC after major liver resection.

Research perspectives
This study confirmed the performance for predicting of our radiomics model. On this basis,
future studies will further expand the sample size, and add the validation cohort.
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Abstract

BACKGROUND

System based practice (SBP) milestones require trainees to effectively navigate
the larger health care system for optimal patient care. In gastroenterology
training programs, the assessment of SBP is difficult due to high volume, high
acuity inpatient care, as well as inconsistent direct supervision. Nevertheless,
structured assessment is required for training programs. We hypothesized that
objective structured clinical examination (OSCE) would be an effective tool for
assessment of SBP.

AIM
To develop a novel method for SBP milestone assessment of gastroenterology
fellows using the OSCE.

METHODS
For this observational study, we created 4 OSCE stations: Counseling an
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impaired colleague, handoff after overnight call, a feeding tube placement
discussion, and giving feedback to a medical student on a progress note. Twenty-
six first year fellows from 7 programs participated. All fellows encountered
identical case presentations. Checklists were completed by trained standardized
patients who interacted with each fellow participant. A report with individual
and composite scores was generated and forwarded to program directors to
utilize in formative assessment. Fellows also received immediate feedback from a
faculty observer and completed a post-session program evaluation survey.

RESULTS

Survey response rate was 100%. The average composite score across SBP
milestones for all cases were 6.22 (SBP1), 4.34 (SBP2), 3.35 (SBP3), and 6.42 (SBP4)
out of 9. The lowest composite score was in SBP 3, which asks fellows to advocate
for cost effective care. This highest score was in patient care 2, which asks fellows
to develop comprehensive management plans. Discrepancies were identified
between the fellows” perceived performance in their self-assessments and
Standardized Patient checklist evaluations for each case. Eighty-seven percent of
fellows agreed that OSCEs are an important component of their clinical training,
and 83% stated that the cases were similar to actual clinical encounters. All
participating fellows stated that the immediate feedback was “very useful.” One
hundred percent of the fellows stated they would incorporate OSCE learning into
their clinical practice.

CONCLUSION

OSCEs may be used for standardized evaluation of SBP milestones. Trainees
scored lower on SBP milestones than other more concrete milestones. Training
programs should consider OSCEs for assessment of SBP.

Key words: Objective structured clinical exams; Medical education; Medical error;
System based practice; Milestones; Gastroenterology
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Core tip: In United States medical training, system based practice (SBP) milestones are
often considered the most difficult to both teach and assess. While the objective
standardized clinical examination is a well validated method for assessment in medical
education, its use for assessment of specific SBP milestones has not been well studied. In
this observational study, we created and implemented objective standardized clinical
examinations geared towards assessment of SBP milestones in gastroenterology fellows
in scenarios engineered to provide opportunity for medical error. We show that this
method provides objective assessment of trainees for program use and may help trainees
feel more prepared for real world situations.
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INTRODUCTION

Medical education assessment in the United States is currently based on six
competencies as defined by the Accreditation Council for Graduate Medical
Education (ACGME) in 1999: Patient care (PC), medical knowledge, practice-based
learning and improvement, professionalism, interpersonal and communication
skills(ICS), and system based practice (SBP)!"..

The SBP competencies require trainees to effectively recognize and navigate the
larger healthcare system for optimal PC. While these are important skills to build,
they are difficult to define and assess in a standardized way in daily clinical
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encounters. For gastroenterology (GI) fellowships in the United States, the high acuity
of inpatient consultations with little time for complete direct observation necessitates
focus on tools to evaluate all milestones in addition to SBP*"!. Simulation based
medical education such as the objective structured clinical examinations (OSCEs) are
now a standard methodology for assessing clinical skill and knowledge in medical
education!l. OSCEs are the foundation of Step 2 CS of the United States Medical
Licensing Examination. They have the advantage of assessing large groups of learners
across a range of skills by recreating situations where there is limited opportunity for
supervision and feedback with high validity and reliability!). While many studies
have corroborated the effectiveness of OSCEs for learner assessment, there are few
papers that have evaluated this setting as an effective teaching tool as well*"l.

Furthermore, SBP milestones are particularly difficult to evaluate objectively and
reproducibly in everyday clinical encounters and may be even more difficult to teach
in the course of typical clinical encounterst’l.

The purpose of our program was to assess first year GI fellows’ skills in SBP
milestones utilizing OSCEs that created opportunity for medical errors. We
hypothesized that the OSCE would be an effective tool for assessment of SBP.

This is the first paper to our knowledge to focus on these milestones in GI trainees.

MATERIALS AND METHODS

OSCE station development and implementation

Four cases were developed to assess several ACGME milestones (PC, medical
knowledge, ICS, SBP, professionalism). Medical education and GI content experts
reviewed all 4 cases prior to implementation.

Impaired colleague: The fellows were asked to give sign out to a co-fellow
demonstrating emotional and substance-related impairment. Participants were not
forewarned of the impaired colleague, but were expected to screen for depression, life
stressors, and substance use based on verbal and behavioral cues. This case was
adapted from prior use for assessment with faculty and internal medicine residents.

Overnight handoff: The fellows were asked to give handoff to a senior fellow on an
acutely ill patient and were in part evaluated on use of best practices from Illness
severity, patient summary, action list, situation awareness, synthesis (I-PASS), a
validated handoff tool mnemonic that stands for Illness Severity, Patient Summary,
Action List, Situation Awareness, and Synthesis by the Receiver". Fellows were given
I-PASS resources in the days prior to the OSCE but were not required to review them.
We adapted this case's checklist from a previously utilized scenario.

Percutaneous endoscopic gastrostomy placement: The fellows were asked to discuss
percutaneous endoscopic gastrostomy (PEG) tube placement with the health care
proxy of a patient in a persistent vegetative state. The proxy was aware that the
patient had expressed wishes not to have a feeding tube placed prior to becoming ill.
This case was newly developed for this OSCE.

Note feedback: The fellows were asked to meet with a medical student and give
feedback on a consult note which contained multiple documentation errors. This case
was redesigned from a previously validated case for internal medicine residents.

Actors with prior OSCE experience performed the roles of the impaired colleague
and the patient’s health care proxy in the PEG case. A senior GI fellow and a medical
student performed the necessary roles in the overnight handoff case and in the note
feedback case, respectively. Collectively these individuals were referred to as
standardized persons (SPs). The SPs underwent a 2-hour training session with scripts
and role-play to ensure standardization of case portrayals and assessment. The
program was held in 3 sessions with different fellows participating in one of each of
the three sessions over a 2-year period. The OSCEs were run during the late fall or
winter period both years in order to ensure all fellows had spent similar time in
fellowship training at time of participation. First year GI fellows were recruited via
email to their program directors, and participation was voluntary. All participating
fellows encountered identical case presentations with the same SPs and faculty
observers and had 12 min to perform each scenario, followed by a 3-minute feedback
session. The exception was the senior fellow SP, where two different fellows played
this role based on availability. The SPs completed OSCE checklists scoring each fellow
immediately after each encounter.

Assessment tools
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We utilized validated checklists completed by the faculty observers and SPs and a
post-session program evaluation tool completed by participants!'l. The checklists also
included case specific questions that highlighted milestones of SBP and were
reviewed by content experts prior to implementation*'>"l.

The checklist items were correlated with specific ACGME milestones and were
rated on a 3-point scale of “not done” (the fellow did not attempt the task), “partly
done” (the fellow attempted the task, but did not perform it correctly), and “well
done” (the fellow performed the task correctly). The score for each milestone was
converted from this three-point scale to a composite milestone score across all the
cases. For example, a participant’s score for that milestone (ex. PC 1) across all the
cases was divided by the total possible score which yielded a number less than 1. This
number was then multiplied by 9 to get the composite score for each milestone. This
allowed us to compare score between different milestones.

A report with individual and composite scores was generated and forwarded to
program directors to utilize in formative assessment (Supplemental Figure 1).
Following each session, fellows had a debriefing session to review the teaching points,
discuss the experience and provide open-ended feedback. They also completed an exit
survey assessing pre- and post-OSCE perceptions and beliefs about competencies,
educational value of the experience, and case difficulty. We collected and managed
the data using Research Electronic Data Capture, a secure, web-based application("].

This program was considered an educational performance improvement project by
the New York University School of Medicine Institutional Review Board and was not
considered for IRB approval.

RESULTS

Twenty-six first year fellows from seven GI training programs in New York City
participated. Survey response rate was 100%, however, 2 surveys contained missing
data and responses for those questions were not included in the calculation.

Milestone scores

The average composite milestone scores for all 26 learners across all four OSCE cases
are reported in Figure 1. A wide variation in performance was noted across the
evaluated milestone metrics. The lowest composite score was in SBP 3 (identifies
forces that impact the cost of health care, and advocates for, and practices cost-
effective care), where the mean score was 3.64 out of 9 points. In comparison, the
highest composite score was seen in PC2 (develops and achieves comprehensive
management plan for each patient), with a mean score of 7.25.

Perceived performance

We evaluated how participants felt they performed in each case (Tables 1 and 2). This
can be contrasted with the scores given by the SPs. SPs documented whether
particular course objectives were met, which were individualized for each case.
Fellows were provided each case objective during the debriefing. In the PEG case,
88% of the fellows felt they were well prepared for the case and 66% felt they did well
achieving the case objectives. Conversely, only 11% of fellows were rated by the SP to
have engaged in shared decision making and no fellows were noted to have assessed
the SP’s basic understanding of risks, two points which were identified as case
objectives. No fellow fully evaluated for depression, suicidal ideation or alcohol use in
the Impaired Colleague case. Only 33% screened for depression and collaborated on
identifying next steps. Participants indicated they felt more prepared for these
scenarios after the OSCE than before. This difference was most striking for the PEG
case and Impaired Colleague case.

Program evaluation

Participants were asked about their preparedness and performance on the cases in an
exit survey. These results are summarized in Tables 1, 2, 3 and 4. The fellows rated
their performance highly in the Handoff and note feedback cases, with 92.3% of
respondents stating their performance was either “fine” or “pretty good.” Self-
assessment scores were lower for the PEG discussion and Impaired Colleague case,
with 34.6% of respondents stating their performance “could have been better,” in both
cases (Tables 1 and 2). The participants’ overall views of the OSCE are reported in
Table 4. In general, the participants responded favorably: Eighty-seven percent agreed
that OSCEs are an important component of their clinical training, and 83% stated that
the cases were similar to actual clinical encounters. All of the respondents stated that
the immediate feedback was “very useful,” and 100% of respondents stated they would
incorporate OSCE learning into their clinical practice. For each case, a majority of
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Figure 1 Average composite scores for each milestone across all cases.

respondents stated they would feel more comfortable in a similar situation after the
OSCE than they did before.

DISCUSSION

Our main objective was to assess SBP milestones using novel OSCE cases. We were
also interested to see if participants felt the experience was helpful as a teaching tool,
although we could not assess teaching utility in this observational study.

We highlighted the following SBP milestones in our handoff and feedback cases:
SBP1 “works effectively within an inter-professional team”; SBP3 “Recognized system error
and advocated for system improvement”; and SBP4, “ Transitions patients effectively within
and across health delivery systems.”

A recent report calculated medical errors as the third leading cause of death within
the United States!”l. Handoffs are vulnerable to communication failures that can
compromise quality and safety!*'l. A 2007 analysis of malpractice claims involving
trainees found that 70% of the errors involved the lack of supervision and hand-off
errors. These types of errors were disproportionately more common amongst trainees
vs faculty!”l. Studies have demonstrated that standardizing handoffs leads to better
communication between physicians and, ultimately, to safer PC*?'l. Specifically, the
mnemonic I-PASS has been shown prospectively to reduce medical errorsl’. In this
OSCE, participants were given learning materials explaining the I-PASS format and
were provided immediate feedback about critical communication. More fellows
agreed with feeling prepared to give adequate hand off after the OSCE than did
beforehand.

Graduate medical trainees also have important responsibilities to supervise and
teach junior learners, yet rarely receive formal instruction on how to deliver feedback
effectively. A survey of 50 graduate medical education programs found that trainees
had a lower perception than staff in the “communication and feedback about error”
domain, indicating trainees do not feel they obtain regular feedback when an error
occurs™. After our feedback case, the number of fellows who strongly agreed they felt
comfortable giving constructive criticism doubled from 35% to 70%.

We found discrepancies between how fellows felt they met case objectives vs how
they were scored, most apparent in the PEG and the impaired colleague scenarios.
These cases highlight complex situations, which we believe early trainees have not
often experienced. Our PEG discussion case allowed participants to demonstrate
SBP3: Competency advocating cost effective care. The case focused on sensitive issues
of end of life counseling and discussing risks and benefits of a procedure - skills
which fellows were least likely to demonstrate when compared to other PC skills!'"l.
Similarly, in this OSCE, fellows scored the lowest on the PEG case and the lowest
average composite score in SBP3.

The case involving sign out to an impaired colleague is especially relevant with the
current focus on physician depression, burnout and suicide. Fellows had to recognize
that having an impaired colleague care for patients would directly compromise
patient safety. While this situation is rare, the risks are high and the issues are
complex. Singh ef all'! also found that 72% of medical errors involved an error in
judgment and 58% a lack of competence, both of which would be present in an
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Table 1 Fellow reported preparedness for each case, n (%)

Did you feel prepared for this case? No Yes

Impaired colleague' 6 (24) 19 (76)
Hand off with I-PASS 6 (23) 20 (77)
PEG discussion’ 3 (13) 21 (88)
Note-writing and feedback 2(8) 24 (92)

!Data missing due to incomplete survey responses. I-PASS: Illness severity, patient summary, action list,
situation awareness, synthesis; PEG: Percutaneous endoscopic gastrostomy.

impaired physician. Twenty four percent of fellows felt they were not prepared for
this case, the most of any of the four cases. The number of fellows who strongly
agreed they could recognize signs of substance abuse and depression in a colleague
more than doubled after the OSCE.

SBP milestones are difficult to assess objectively during GI training programs, as
fellows may not be directly observed in situations where these competencies are
required. Importantly, fellows’ self-reported comfort levels increased after every
OSCE case. Fellows reflected positively on the experience in the post participation
survey. They universally felt that the immediate feedback was useful and would
improve their clinical skills. All participants stated they would recommend this OSCE
as an assessment and training tool. At the conclusion of our study, each fellow was
provided a comprehensive report card documenting their performance, which could
be utilized by the training program (Supplemental Figure 1). SBP milestone was
shown in Supplemental Table 1.

The limitations of our OSCE study are inherent to studies involving subjective
assessment, although our instructors and standardized patients were trained prior to
the OSCE on scoring and the same individuals scored all 26 participants. Secondly,
our study was small, as each OSCE was resource intensive. Lastly, as this was not a
longitudinal study, we could not assess whether participation in and feedback from
the OSCE improved performance in SBP. An interesting future direction could
include the repeat assessment of the participating fellows at the end of their training
to assess change in performance over time and to compare them to fellows who did
not participate in the OSCE in their first year. In conclusion, OSCEs can be utilized to
assess SBP milestones in high risk scenarios linked to medical errors.
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Table 2 Fellow reported performance for each case, n (%)

How would you rate your overall performance in this case? Could have been better Fine Pretty good
Impaired colleague 9 (34.6) 9 (34.6) 8 (30.8)
Hand off with I-PASS 2(7.7) 15 (57.7) 9 (34.6)

PEG tube discussion 9 (34.6) 9 (34.6) 8 (30.8)
Note-writing and feedback 2(7.7) 13 (50) 11 (42.3)

I-PASS: Illness severity, patient summary, action list, situation awareness, synthesis; PEG: Percutaneous endoscopic gastrostomy.

Table 3 Fellows’ perceived skills and beliefs about clinical practice as reported in post-examination survey, n (%)

Items Strongly disagree Somewhat disagree Somewhat agree Strongly agree

Before today’s OSCE, Ifelt 1 (4) 2(8) 16 (67) 5 (21)
comfortable discussing the

utility of PEG placement in a

patient with neurologic

compromise

After today’s OSCE, Ifeel 0 (0) 0 (0) 10 (42) 14 (58)
more comfortable discussing

the utility of PEG placement

in a patient with neurologic

compromise

Before today’s OSCE, I felt 0 (0) 1(4) 10 (42) 13 (54)
comfortable during hand-off

discussions with my co-

fellows

After today’s OSCE, I feel 0(0) 1(4) 8 (33) 15 (63)
more comfortable during

hand-off discussions with

my co-fellows

Before today’s OSCE, I felt 2 (8) 5(21) 12 (50) 5(21)
comfortable that I would be

able to recognize signs of

substance abuse and

depression in a colleague

and referring them to the

appropriate resources

After today’s OSCE, Ifeel 0 (0) 0(0) 10 (42) 14 (58)
comfortable that I would be

able to recognize signs of

substance abuse and

depression in a colleague

and referring them to the

appropriate resources

Before today’s OSCE, I felt 0 (0) 2(9) 13 (57) 8 (35)
very comfortable giving

constructive criticism and

feedback to my learners

After today’s OSCE, I feel 0 (0) 1(4) 6 (26) 16 (70)
more comfortable giving

constructive criticism and

feedback to my learners

OSCE: Objective structured clinical examination; PEG: Percutaneous endoscopic gastrostomy
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Table 4 Fellows’ views of the objective structured clinical examination based on post-examination survey, n (%)

Items

Strongly disagree

Somewhat disagree Somewhat agree Strongly agree

OSCEs are an important
part of my clinical training

My performance on this
OSCE accurately reflects my
performance in clinical
practice

These OSCE cases are
similar to actual encounters

The immediate feedback
that I received is very useful

I generally perform better
on the OSCE than in clinical
practice

I generally do better in
clinical practice than I do in
an OSCE

OSCEs makes me feel
anxious

OSCEs are an effective
means of demonstrating my
interpersonal skills

OSCE:s are an effective
means of demonstrating my
ability to demonstrate a
shared decision-making
approach to patient care

My clinical training fully
prepared me for this OSCE

After I receive feedback on
the OSCE, I will develop a
plan to improve my clinical
skills

I will incorporate what I
have learned from this
OSCE into my clinical
practice

If you have participated in
this OSCE before: Did your
prior OSCE experience
affect your participation
today?

000

1(4)

000

000

8 (33)

3(13)

000

0(0)

1(4)

000

0(0)

0(0)

3(13) 11 (48) 9(39)

5 (21) 13 (54) 5 (21)

4(17) 13 (54) 7(29)

0(0) 4(17) 20 (83)

14 (58) 0(0) 2(8)

2(8) 12 (50)

4(17) 12 (50)

3(13) 16 (67)

2(8) 15 (63)

3(13) 14 (58) 6 (25)

0(0) 12 (50) 12 (50)

15 (63)

0(0) 9 (38)

0(0) 4(31)

OSCE: Objective structured clinical examination.

Reishidenge WJG | https://www.wjgnet.com

ARTICLE HIGHLIGHTS

Research background

Medical education assessment in the United States is currently based on six competencies as
defined by the Accreditation Council for Graduate Medical Education. Gastroenterology (GI)
training programs must assess trainees according in all six competencies as part of formative
feedback. The system based practice (SBP) competencies require trainees to effectively recognize
and navigate the larger healthcare system for optimal patient care. These milestones may be
considered more subtle skills to master than other concrete milestones such as patient care and
medical knowledge.

Research motivation

SBP milestones are difficult to observe and assess in daily clinical encounters between patients
and trainees. Therefore, alterative objective activities may be necessary to adequately assess
achievement in SBP. Simulation based medical education such as the Objective Structured
Clinical Examinations (OSCEs) are now a standard methodology for assessing clinical skill and
knowledge in medical education. OSCEs have not been previously used to assess SBP milestones
specifically.

Research objectives
The main objective of this research study was to create and then evaluate OSCEs as an effective
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assessment tool for the evaluation of SBP milestones. We aimed to see if new clinical scenarios
commonly encountered by GI trainees would be useful in this assessment. We also sought to
evaluate how trainees felt about the experience.

Research methods

We developed four cases to help assess the Accreditation Council for Graduate Medical
Education milestones with a focus on SBP. Trainees went through these four simulations with
standardized patients and were evaluated by faculty experts using standardized checklists. Their
performance from the checklists were aggregated and used to produce a scorecard which was
sent to program directors at the conclusion of the OSCE. The trainees were then given direct
feedback from the standardized patients and the faculty observer. Finally, the trainees were
asked to complete a survey on the experience.

Research results

We ran three OSCE sessions involving 26 GI trainees. Scorecards indicated that, on average,
trainees scored lower on SBP milestones than on other milestones categories. We identified and
reported discrepancies between how well trainees believed they achieved objectives, and how
they were rated by the standardized patients and faculty observers. Overall, trainees reflected
positively on the experience in the post participation survey. They universally felt that the
immediate feedback was useful and would improve their clinical skills. All participants stated
they would recommend this OSCE as an assessment and training tool.

Research conclusions

In this study we demonstrated that OSCEs may be utilized to assess SBP milestones in an
objective manner. Since SBP milestones may be difficult to assess in day-to-day activities in the
hospital or clinic setting, training programs may want to utilize this type of standardized case-
based simulation for assessment. Likewise, trainees reflected positively on the experience and
felt they would incorporate feedback into their daily practice.

Research perspectives

Future studies are needed to assess if OSCEs may be useful teaching tools for SBP milestones.
This would require repeat assessment with the same OSCE at the GI fellows” completion of
training and comparison of this group to a group who did not participate in the initial OSCE in
their first year.
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