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Abstract

Cirrhosis is frequently associated with sarcopenia, with reported rates of over 80%
in patients with decompensated alcohol-related liver disease. Sarcopenia nega-
tively impacts the prognosis of cirrhotic patients and affects the response to
treatment of patients with hepatocellular carcinoma (HCC). For these reasons,
identifying an easy-to-perform method to assess sarcopenia in is a key element in
the optimization of care in this patient population. Assessment of muscle mass by
computed tomography is considered the standard of care for the diagnosis of
sarcopenia, but exposure to radiation and high costs limit its application in this
setting, especially for repeated assessments. We believe that ultrasound, a cheap
and harmless technique also used for HCC screening in cirrhotic patients, could
have an expanding role in the diagnosis and follow-up of sarcopenia in these
patients.

Key Words: Sarcopenia; Ultrasound; Cirrhosis; Hepatocellular carcinoma; Computed
tomography
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Core Tip: Cirrhosis is frequently associated with sarcopenia, which negatively impacts the prognosis of cirrhotic patients and
affects the response to treatment of patients with hepatocellular carcinoma (HCC). For these reasons, identifying an easy-to-
perform method to assess sarcopenia in is a key element in the optimization of care in this patient population. We believe
that ultrasound, a cheap and harmless technique also used for HCC screening in cirrhotic patients, could have an expanding
role in the diagnosis and follow-up of sarcopenia in these patients.

Citation: Campani F, Li Cavoli TV, Arena U, Marra F, Lynch EN, Campani C. Quick and easy assessment of sarcopenia in cirrhosis:
Can ultrasound be the solution? World J Gastroenterol 2024; 30(17): 2287-2293

URL: https://www.wjgnet.com/1007-9327/full/v30/i17/2287.htm

DOI: https://dx.doi.org/10.3748/wjg.v30.i17.2287

INTRODUCTION

Cirrhosis is frequently associated with sarcopenia, with reported rates of over 80% in patients with decompensated,
alcohol-related cirrhosis[1]. Various pathogenetic mechanisms contribute to muscle wasting in these patients, such as
altered protein metabolism, resulting in reduced levels of circulating branched chain amino acids[2] and decreased
protein synthesis, increased autophagy, proteolysis, and mitochondrial oxidative dysfunction in the skeletal muscle due
to hyperammonemia[3,4]. Chronic systemic inflammation[5], reduction in circulating testosterone levels[6,7], and
physical inactivity[8,9] are other factors contributing to sarcopenia in patients with advanced liver disease. Sarcopenia
negatively affects the prognosis of cirrhotic patients and the response to treatment in patients with hepatocellular
carcinoma (HCC). For these reasons, identifying an easy-to-perform method to assess sarcopenia is a key element in the
optimization of care in this patient population. Assessment of muscle mass by computed tomography (CT) is considered
the standard of care for the diagnosis of sarcopenia, but exposure to radiation and high costs limit its application in this
setting, especially for repeated assessments. We believe that ultrasound (US), a cheap and harmless technique also used
for HCC screening in cirrhotic patients, may have an expanding role in the diagnosis and follow-up of sarcopenia in these
patients.

DEFINITION OF SARCOPENIA

Sarcopenia is a progressive and generalized skeletal muscle disorder mainly defined by two parameters: Muscle mass
and muscle strength. Low muscle strength is the key characteristic of probable sarcopenia, whereas a diagnosis of
sarcopenia can be confirmed only after detection of low muscle quantity and quality[10]. Moreover, reduced physical
performance is indicative of severe sarcopenia[10], which is associated with an increased likelihood of adverse outcomes
including falls, fractures, disability, and mortality[10]. Loss of skeletal muscle mass and function commonly occurring
with advancing age is classified as primary sarcopenia, but many other factors can cause or contribute to the
development of secondary sarcopenia[10]. Systemic diseases, especially those characterized by inflammatory processes,
are one of the leading causes of secondary sarcopenia[11]. Physical inactivity and inadequate energy or protein intake are
also involved in the development of sarcopenia[11].

Sarcopenia is also common in overweight and obese patients[11,12], where the loss of muscle mass and function can be
favored by chronic low-grade inflammation, increased oxidative stress, insulin resistance, sedentary lifestyle, and a
higher incidence of comorbid chronic diseases that may negatively impact muscle metabolism[13]. Several lines of
evidence show that sarcopenic obesity represents a strong and independent risk factor for frailty, comorbidities, and
mortality, especially among the elderly[14,15].

PREVALENCE AND ROLE OF SARCOPENIA ACROSS LIVER DISEASES

Sarcopenia in metabolic dysfunction-associated steatotic liver disease patients

Sarcopenia is closely associated with metabolic dysfunction-associated steatotic liver disease (MASLD), the most common
cause of chronic liver disease in Western countries[16,17]. Patients with sarcopenic MASLD are generally older and more
frequently female[18]. Sarcopenia has been suggested to increase the risk of progression of liver fibrosis, and therefore its
early recognition may play an important role in preventing the development of cirrhosis[19-21]. Petta et al[22] showed
that MASLD-sarcopenic patients have more severe liver fibrosis compared with those without. Moreover, the co-
occurrence of MASLD and sarcopenia is associated with higher mortality, suggesting that sarcopenia may play a role in
increasing the risk of cardiovascular diseases, metabolic disorders, and physical disability in this group of patients[23,24].

Sarcopenia and cirrhosis
Sarcopenia affects between 30% to 70% of cirrhotic patients[25], with higher rates reported in men[26,27]. The etiology of
cirrhosis plays a relevant role in the development of sarcopenia. The highest prevalence of sarcopenia can be found in
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patients with alcohol-associated cirrhosis, with a prevalence of over 80% in alcohol-related decompensated cirrhosis|[1,
28]. Alcohol consumption affects muscle mass leading to muscle autophagy, inhibition of proteasome activity and a
decrease in insulin-like growth factor 1[29]. Sarcopenia can be both a cause and a consequence of complications of
cirrhosis. Ascites may favor muscle loss through anorexia, reduced mobility, and frequent hospitalizations[30]. On the
other hand, reduced muscle mass is an independent risk factor for hepatic encephalopathy[31,32] and is linked to an
increased risk of decompensation[33].

In cirrhosis, sarcopenia also negatively impacts quality of life[34], increases the risk of infection[35], and prolongs the
duration of hospitalizations[36]. Additionally, several studies show that a diagnosis of sarcopenia in cirrhotic patients is
associated with an increased risk of falls, fractures, acute-on-chronic liver failure, and death[37-39]. Indeed, a recent
systematic review and metanalysis of 22 studies including 6965 cirrhotic patients showed that the risk of death was 2.6
times higher in patients with sarcopenia[27]. Low muscle density has been shown to predict mortality even in patients
with compensated cirrhosis[33,40], and sarcopenic obesity is associated with a higher incidence of sepsis-related death
[41]. The presence of sarcopenia prior to liver transplantation can significantly increase the length of hospital and
intensive care unit (ICU) stay[42,43] and worsens the overall prognosis of these patients[44].

Sarcopenia and HCC

Up to 30%-40% of HCC patients are affected by sarcopenia at the time of diagnosis, at least partially because of the pro-
inflammatory state triggered by the altered tumor microenvironment[45]. As sarcopenia influences the response to
surgical, locoregional, and systemic treatments, its timely recognition is essential. In patients who undergo liver resection
or liver transplantation, tackling sarcopenia reduces sepsis-related complications and length of ICU stay, and decreases
patient mortality[46]. In patients treated with thermal ablation, sarcopenia has been linked to a reduced overall survival
(OS) and to a higher risk of HCC recurrence[47]. A worse prognosis and high rate of progression has been also described
for HCC patients treated with transarterial chemoembolization[48].

Sarcopenia also appears to impact the response to systemic treatments. Scheiner et al[49] showed that sarcopenia is
associated with worse OS (6.5 months vs 20.9 months), progression-free survival (5.8 months vs 8.3 months) and objective
response rate (22% vs 39%) in patients treated with atezolizumab-bevacizumab. Sarcopenic patients treated with
sorafenib were subject to a higher drug exposure and increased dose-limiting toxicities vs non-sarcopenic patients[50]. In
patients treated with lenvatinib, Dong et al[51] showed that sarcopenia is an independent prognostic factor of a shorter
OS. Sarcopenia might also predict drug toxicity and poor tolerance to lenvatinib[52]. Based on the above findings, an
adequate evaluation and diagnosis of sarcopenia in patients with HCC is likely to improve their prognosis.

CURRENT METHODS FOR SARCOPENIA DIAGNOSIS

Although the diagnosis of sarcopenia involves both a functional and quantitative assessment of muscle mass, current
research is mainly directed at finding an objective and reproducible method to measure muscle mass. CT imaging
currently represents the gold standard to quantify skeletal muscle. Muscle mass is conventionally reported as skeletal
mass index (SMI), calculated as the total skeletal muscle area at the level of L3 normalized for height[26]. SMI is the only
parameter for which cut-off values for the diagnosis of sarcopenia have been validated, < 50 cm for men and < 39 c¢m for
women[10,26,53]. Alternatively, the psoas muscle index at L3 has been identified as an alternative to SMI, although it
shows low accuracy in cirrhotic patients[54]. However, CT scan is not an adequate method to serially follow the
improvement or deterioration of muscle mass over time, because of high radiation exposure[55]. For this reason, body
composition is assessed with CT scans only when these are performed for other reasons, as in the setting of HCC.

Dual-energy x-ray absorptiometry (DXA), magnetic resonance imaging (MRI), and bioelectrical impedance analysis
(BIA) are currently available alternatives, albeit various limitations should be considered. DXA is a costly, radiation-
dependent technique influenced by body mass index and fluid retention. MRI is highly accurate but expensive and with
restricted availability in most settings. BIA is population and device-dependent and is also affected by fluid retention.
When technology-based devices (BIA, DXA, MRI or CT) are not available or feasible, anthropometric measures could be
used to quantify skeletal muscle mass, at the expense of test sensitivity and reproducibility[56].

THE ROLE OF US IN SARCOPENIA DIAGNOSIS

US is an accurate and reliable technique, with high reproducibility for the assessment of muscle size[57,58]. Furthermore,
abdominal US is used to screen cirrhotic patients for HCC semiannually, in accordance with guidelines of the European
Association for the Study of the Liver and the American Association for the Study of Liver Diseases[59,60]. Therefore, the
availability of US in virtually all cirrhotic patients, its non-invasiveness and independence of exposure to X-rays, make it
an appealing tool for the initial diagnosis and follow-up of sarcopenia in cirrhosis[61], also in clinical studies.

The use of US in muscle assessment has been specifically explored in patients with cirrhosis. It must be noted that most
studies included patients with a mild or moderate reduction in liver function (Child Pugh classes A and B) due to the
high impact of ascites on the evaluation of psoas muscle by US[62-64]. Furthermore, HCC patients are generally excluded
by these studies due to neoplastic cachexia which is considered a confounding factor.

The anatomical site that best represents total skeletal muscle mass has not yet been defined. The rectus femoris (RF)
could be a possibility as it is exposed to an earlier age-related decline than other sites such as the biceps femoris[65]. Most
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studies evaluating sarcopenia in cirrhotic patients through US used the measurement of large muscles in the upper and
lower limbs because of their ease of identification and lesser susceptibility to fluid retention[63]. In fact, ascites can
influence the sonic window, especially when examining the muscles of the abdominal wall or psoas[63]. The same issue
can be encountered in patients with obesity, a condition that, due to the rising global prevalence, is going to be very
frequent in patients with cirrhosis[63]. Another aspect that needs to be defined is the US parameter to be used in muscle
mass assessment. Thickness and cross-sectional area of the muscle show similar results as those of DXA, CT, and MRI and
may be used to confirm the presence of muscle mass depletion[66]. Echo intensity is a measure of muscle composition in
terms of fatty infiltration and presence of fibrous tissue[67]. Indeed, US machines are increasingly equipped with
software that could be useful in qualitative analysis of the muscle, defining its microvasculature or stiffness[68-70]. Two-
dimensional shear wave elastography of the RF is another qualitative parameter proposed for the assessment of lean
mass using US. The measurement of stiffness with this method was feasible in all patients and correlated with liver frailty
index (LFI) in a study that involved 44 outpatients with cirrhosis. In addition, RF thickness inversely correlated with LFI
[70].

Other key aspects that require standardization are the type of probe that should be employed, the anatomical sites of
measurement, the patient’s position during the examination, the probe direction and pressure exerted on the muscle, and
the parameters that should be measured[68]. A linear probe with a frequency of 5-12 MHz is usually preferred, except for
the psoas muscle, for which the use of a convex probe with a frequency of 3.5-5 MHz appears to be more adequate[63].

Despite the lack of standardization, there is growing evidence on the use of US to assess sarcopenia in cirrhotic
patients. A recent review evaluating 17 studies assessed the role of US in the diagnosis of sarcopenia in older adults, and
showed that US is accurate for the assessment of muscles size, especially when the evaluation is targeted at the
quadriceps femoris[57]. In a prospective study including 159 cirrhotic outpatients, Tandon et al[71] demonstrated that the
combination of body mass index and US-measured thigh muscle thickness was able to identify sarcopenic patients, in
both genders, with the same efficacy as CT[71]. This implies an evident advantage in terms of increased screening
feasibility and serial assessment to monitor the effectiveness of nutritional interventions[71]. Of note, even in the context
of cirrhosis and obesity, the assessment of lean mass through US has been demonstrated to be well-correlated with SMI
calculated from CT[72]. Similarly, when LFI or subjective global assessment were employed as references for the
assessment of muscle function, a robust correlation with US measurements (i.e., the antero-posterior diameter of the RF,
rectus abdominis thickness) was found[70,73].

Besides demonstrating a strong correlation with the reference gold standard, the assessment of lean mass using US also
correlates with various clinical outcomes. For example, rectus abdominis thickness predicts survival in a study that
included a small group of cirrhotic patients, and both US-SMI and US-psoas to height ratio were significantly related to
hospitalization in patients with decompensated liver cirrhosis[73,74].

CONCLUSION

Despite the above outlined limitations and the limited amount of data in large series, the wide availability of the
instrument, its ease of application, and especially the possibility of repeated monitoring on the same patient makes US
assessment of lean mass in patients with cirrhosis an attractive area of interest for future study.
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Abstract

Chronic viral hepatitis causes an increased risk of progressive liver disease and
hepatocellular carcinoma. On the wave of the World Health Organization’s goal
to reduce new cases and deaths from hepatitis B and C by 2030, there is an
increasing call to expand the indications for treatment of chronic hepatitis B.
Currently, the main goal of treatment is to achieve a functional cure due to the
inability of current drugs to completely eradicate the virus. There are still many
discrepancies between available guidelines in terms of eligibility for treatment as
well as an uncertainty about the appropriate treatment duration. This editorial
addresses key questions about the topic and whether indications for treatment
should be expanded.

Key Words: Hepatitis B virus; Interferon; Nucleos(t)ide analogues; Functional cure;
Children
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Core Tip: There is a growing trend to expand the indications for the treatment of chronic
hepatitis B. Starting from the concept that current therapies for chronic hepatitis B are
unable to completely eradicate hepatitis B virus infection, this editorial critically
analyzes the long-term efficacy of the available therapies and the rationale for an
extension of current indications.
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INTRODUCTION

In 2016, the World Health Organization set the goal of reducing the global incidence of new cases of hepatitis B and C by
90% and deaths from these two viruses by 65% by 2030[1]. It is well known that patients with chronic viral hepatitis are at
increased risk of progressive liver disease and hepatocellular carcinoma (HCC). Over the last few decades, different
treatments [first based on interferons and then on nucleos(t)ides analogues (NAs)] have become available for chronic
hepatitis B (CHB); the efficacy rates have been variable but none have achieved complete eradication of hepatitis B virus
(HBV)[2]. As such, over the last decade the treatment of choice has become long-term administration of NAs with a high
barrier to resistance[3].

Currently, the main indications for CHB treatment in adults and children are cirrhosis or active hepatitis. According to
available guidelines, the decision to initiate treatment is based on a combined evaluation of HBV-DNA serum levels,
alanine aminotransferase concentrations, hepatitis B e antigen status, stage of liver disease, a family history of HCC, and
concomitance of HIV infection or other liver diseases[4]. However, there are discrepancies in terms of eligibility for
treatment, ranging from conservative (see the European Association for the Study of the Liver guidelines) to interven-
tionist positions (see the American Association of the Study of Liver Diseases and Asian Pacific Association for the Study
of the Liver guidelines)[5-7]. Although available treatments are unable to completely eradicate HBV infection, there is a
growing trend to broaden the indications for treatment in order to reduce the rates of progression to cirrhosis and HCC
and to increase long-term survival.

These hot-topic questions were the subject of a review by Broquetas ef al[2] and a Letter to the Editor by Bao et al[8]
recently published in the World Journal of Gastroenterology. In particular, Bao et al[8] proclaimed the urgent need to extend
treatment criteria to improve both the cost-effectiveness and survival of patients with CHBJ[8].

SHOULD THE INDICATIONS FOR HBV TREATMENT BE EXPANDED?

While there is no doubt about the ability of antiviral therapy in chronic hepatitis C to permanently eradicate the virus, it
is equally certain that current antiviral therapies for CHB do not achieve lasting virological eradication in most cases.
Since HBV infection is incurable due to the persistence of covalently closed circular DNA in hepatocytes, integration of
HBV-DNA into host cell genomes, and HBV-induced defective innate and cellular immune responses, the real advisable
goal of therapy has become functional cure (loss of hepatitis B surface antigen and undetectable HBV-DNA in serum)[3].
This limited goal rather than complete eradication of the infection is indicative of the current dissatisfaction with
available treatments and the desire to reset therapeutic strategies[9].

In 2022, representatives from academia, industry, regulatory agencies, and patient advocacy groups came together to
reach a consensus on CHB treatment endpoints, to update the primary and alternative endpoints, and to revise the
functional cure definition (from undetected levels of HBV-DNA in 2019 to levels lower than the lower limit of quanti-
fication in 2022)[10]. This indicates the limited effectiveness of the current therapies. These elements must be carefully
weighed before considering a possible expansion of the indications for CHB treatment.

Furthermore, unlike chronic hepatitis C where the treatment with new antivirals has a defined duration, the length of
therapy for CHB is still a matter of debate. Most people who start hepatitis B treatment must continue it for life to
maintain the block of viral replication thus subjecting patients with the high costs of long-term therapy. Indeed,
virological relapse is common upon withdrawal of treatment, and the risk of hepatic decompensation after withdrawal is
real[11].

The relationships between levels of viral replication and the determination of liver damage are very intriguing in
hepatitis B. In fact, patients, such as vertically infected children who present the highest levels of viremia, usually have no
signs of liver damage (the so-called immunotolerance phase). In contrast, liver damage often occurs in phases in which
viral replication declines and the organism recognizes the virus as non-self[2]. Despite this paradigm that is exhibited in
the background of all available guidelines on the topic, the idea that the control of viral replication translates into a
positive impact on the reduction of inflammation and liver fibrosis is increasingly strengthened[5-7]. However, the
benefit of the treatments used is often based on surrogate parameters rather than mortality/survival percentages. In
addition, if there had been a clear benefit in treated patients compared to untreated ones, the indications for therapy
would have rapidly expanded in the same way as what happened for hepatitis C.

Much of the reasoning from Bao et al[8] to support the expansion of treatment indications comes from a modeling and
economic impact analysis that demonstrated that expanding the treatment criteria could reduce HBV-related mortality
rates and improve cost-effectiveness[12,13]. As already mentioned, there are studies that have demonstrated an
advantage of the treatment, but other positions cannot be ignored. CHB patients included in therapeutic trials are hetero-
geneous for a series of parameters such as patient age, duration of infection, disease phase, geographical origin, genetic
background, virological characteristics, disease severity, and comorbidities, all of which influence the evolution of the
disease and complicate the interpretation of results regarding the effectiveness of treatments[9].

Furthermore, the tendency to mainly publish studies with favorable results should not be overlooked[14]. As for the
favorable repercussion of treatment on the risk of HCC, there is substantial agreement on the positive impact of antiviral
treatment, but controversies and open questions remain[15]. In addition, expanding treatment would also mean treating
all children with CHB. Would this imply long-term therapy for these young patients with a long life expectancy? At what
cost? It should not be ignored that studies with long observation periods of treated children compared to untreated
children have not highlighted major differences in terms of complications and mortality over a period of 24-29 years[16,
17]. The other pediatric studies that demonstrated an advantage of the treatment focused heavily on obtaining laboratory
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objectives rather than the risk of complications from cirrhosis and HCC and duration of survival[18,19]. Thus, as often
happens, we run the risk of applying evidence carried out in adulthood to children and therefore medicalizing a group of
subjects who may not have significant complications in the long term.

CONCLUSION

It would be desirable to define whether the time has already come to expand the therapeutic indications of antivirals with
their current cost/effectiveness ratio or whether it is better to wait for new integrated therapeutic strategies that also
include immunomodulators aimed at restoring immune functions depleted in CHB patients.
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Abstract

The article by Ker et al explores the treatment of peripancreatic fluid collection
(PFC). The use of percutaneous drainage, endoscopy, and surgery for managing
PFC are discussed. Percutaneous drainage is noted for its low risk profile, while
endoscopic cystogastrostomy is more effective due to the wider orifice of the
metallic stent. Surgical cystogastrostomy is a definitive treatment with a reduced
need for reintervention, especially for cases with extensive collections and
significant necrosis. The choice of treatment modality should be tailored to
individual patient characteristics and disease factors, considering the expertise
available.

Key Words: Endoscopic cystgastrostomy; Surgical cystgastrostomy; Pancreatitis;
Pancreatic necrosis; Peripancreatic collection
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Core Tip: Treatment options of peripancreatic fluid collection (PFC) include percu-
taneous drainage, endoscopy, and surgery. Percutaneous drainage is noted for its low
risk profile, while endoscopic cystogastrostomy is more effective due to the wider
orifice of the metallic stent. Surgical cystogastrostomy is a definitive treatment with a
reduced need for reintervention, especially for cases with extensive collections and
significant necrosis. The choice of treatment modality should be tailored to individual
patient characteristics and disease factors, considering the expertise available.
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INTRODUCTION

Ker et al[1] provides valuable insights into the treatment of peripancreatic fluid collection (PFC). The author suggested
that percutaneous, endoscopic and surgical drainage offer various treatment options for patients with PFC based on their
conditions. We appreciate the author for initiating this important discussion. In our practice, we utilize percutaneous
drainage, endoscopy, and surgery for the management of PFC, which relies on our experience in patient selection for
these procedures.

When deciding between different procedures for the treatment of PFC, it is crucial to understand the unique character-
istics of each approach. Percutaneous drainage is considered to have the lowest risk profile and can be performed under
local anaesthesia. However, the external catheter used for percutaneous drainage has the narrowest drainage bore of
these drainage techniques. Drain tract dilation and repeated retroperitoneal endoscopic necrosectomy are often required
as a result of the small bore. Additionally, percutaneous drainage leads to the formation of a pancreatic fistula, resulting
in the need for prolonged catheter drainage. On the other hand, endoscopic cystogastrostomy confers greater risk due to
gastric puncture. There is a potential for intraperitoneal leakage and peritonitis, although this risk is reduced after
allowing for the encapsulation to develop for more than 4 wk. Despite these risks, endoscopic cystogastrostomy is
generally more effective than percutaneous drainage, given the wider orifice of the self-expanding metallic stent (SEMS)
(2 cm). This procedure can typically be performed under sedation, avoiding the need for general anaesthesia. However, in
cases where the collection contains a significant amount of solid debris, further endoscopic necrosectomy procedures may
be required to prevent stent blockage and ensure effective drainage. Finally, surgical cystogastrostomy has the largest
orifice, and allows a complete necrosectomy to be performed in the same procedure. This approach offers a more
definitive treatment option with a reduced likelihood of reintervention. While laparoscopic techniques have been
described, they are primarily utilized for pseudocysts rather than for wall-off necrosis (WON)[2]. Surgery requires
general anaesthesia and represents the highest level of invasiveness among the discussed procedures.

The Atlanta classification divided PFCs into 4 categories (Table 1)[3]. It is first divided into acute (< 4 wk) or chronic (=
4 wk) collection. Acute collection is subdivided into acute PFC (APFC) if it contains mainly fluid, and acute necrotic
collection (ANC) if it is predominantly necrotic. APFC usually requires no drainage. Treatment for infected ANC patients
has evolved, emphasizing a shift towards minimally invasive interventions following the landmark study by van
Santvoort ef al[4] advocating for a step-up approach. Percutaneous drainage is preferred over endoscopic drainage
because encapsulation may not be well formed and there is a risk of leakage[5].

Chronic collections are classified as pseudocysts, which contain mainly pancreatic juice, or WON if there is large
amount of solid debris. Nevertheless, pseudocysts may become infected and contain thick pus and debris, and there is
always a clinical spectrum between the two. Endoscopic ultrasound (EUS) often reveals many solid contents in
pseudocysts diagnosed via computed tomography. For these collections, there is also a growing inclination towards
minimally invasive treatments, particularly with the expanding use of EUS. The patients with chronic collection are
usually less ill than those with infected ANC with systemic inflammatory response syndrome and organ dysfunction,
which potentially make them better candidates for general anesthesia and surgical intervention. From our perspective,
the ideal candidate for endoscopic drainage is a pure pseudocyst with minimal solid content. This approach minimizes
the risk of pancreatic fistula and is associated with a reduced hospital stay[6]. The lumen created by a SEMS is sufficient
for effective fluid drainage and has a low chance of requiring reintervention.

For patients with WON, percutaneous drainage may require repeated interventions, such as dilatation and retroperi-
toneal endoscopic necrosectomy. EUS-guided cystogastrostomy may be performed but may not be effective when there is
considerable necrotic debris, which can lead to stent blockage and persistent infection. Multicentre trials have shown that
endoscopic necrosectomy for WON is associated with high morbidity (25%-30%) and mortality (5%-10%)[7,8]. A WON
case requires a median number of 3 procedures to be sufficiently treated. A meta-analysis comparing endoscopic and
surgical drainage for pseudocysts and wall off necrosis demonstrated that the surgical approach had higher clinical
success rates and lower re-intervention rates[9]. The difference is more pronounced in patients with significant
parenchymal necrosis[10]. Therefore, it is essential to carefully consider the extent of pancreatic parenchymal necrosis
when choosing the drainage method. Failed endoscopic therapy can increase the complexity and risks associated with
subsequent surgical treatments[11], highlighting the importance of selecting the most appropriate initial approach based
on the individual patient's condition.

Ultimately, while EUS-guided cystogastrostomy may be effective for pseudocysts with minimal necrotic debris,
infected pseudocysts and wall off necrosis with significant solid components may be better suited for direct surgical
intervention, especially in patients who are deemed fit for surgery and have extensive collections. Additionally, the
availability of expertise in radiology, endoscopy, and surgery will influence the choice of treatment modality.
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Table 1 Type of peripancreatic fluid collection by Atlanta classification

Type of Collection Time (weeks) Necrosis
APEC <4 No
ANC <4 Yes
Pseudocyst >4 No
WON >4 Yes

APFC: Acute peripancreatic fluid collection; ANC: Acute necrotic collection; WON: Wall-off necrosis.

CONCLUSION

In conclusion, the management of PFC should be tailored to specific patient and disease characteristics, taking into
account factors such as the timing of intervention, the degree of pancreatic necrosis, and the expertise available in
different modalities.
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Abstract

In this editorial, we discuss the article in the World Journal of Gastroenterology. The
article conducts a meta-analysis of the diagnostic accuracy of the urea breath test
(UBT), a non-invasive method for detecting Helicobacter pylori (H. pylori) infection
in humans. It is based on radionuclide-labeled urea. Various methods, both
invasive and non-invasive, are available for diagnosing H. pylori infection, inclu-
ding endoscopy with biopsy, serology for immunoglobulin titers, stool antigen
analysis, and UBT. Several guidelines recommend UBTs as the primary choice for
diagnosing H. pylori infection and for reexamining after eradication therapy. It is
used to be the first choice non-invasive test due to their high accuracy, specificity,
rapid results, and simplicity. Moreover, its performance remains unaffected by
the distribution of H. pylori in the stomach, allowing a high flow of patients to be
tested. Despite its widespread use, the performance characteristics of UBT have
been inconsistently described and remain incompletely defined. There are two
UBTs available with Food and Drug Administration approval: The *C and “C
tests. Both tests are affordable and can provide real-time results. Physicians may
prefer the ©C test because it is non-radioactive, compared to “C which uses a
radioactive isotope, especially in young children and pregnant women. Although
there was heterogeneity among the studies regarding the diagnostic accuracy of
both UBTs, *C-UBT consistently outperforms the “C-UBT. This makes the *C-
UBT the preferred diagnostic approach. Furthermore, the provided findings of the
meta-analysis emphasize the significance of precise considerations when choosing
urea dosage, assessment timing, and measurement techniques for both the *C-
UBT and “C-UBT, to enhance diagnostic precision.

Key Words: Helicobacter pylori; Urea breath test; Diagnosis; Diagnostic test accuracy;
Meta-analysis
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Core Tip: This editorial comments on the article published in the World Journal of Gastroenterology, where it demonstrates
that *C-UBT is an accurate test procedure to detect Helicobacter pylori infection. It is a safe and simple test for the patient,
providing clear positive or negative test results for the clinician in the majority of cases, making it the preferred non-invasive
test in clinical settings. Furthermore, the provided article highlights the importance of accurate and careful choosing of urea
dosage, timing of assessment, as well as techniques of measurement for *C-UBT and “C-UBT, thereby improving
diagnostic accuracy.

Citation: Said ZNA, El-Nasser AM. Evaluation of urea breath test as a diagnostic tool for Helicobacter pylori infection in adult
dyspeptic patients. World J Gastroenterol 2024; 30(17): 2302-2307

URL: https://www.wjgnet.com/1007-9327/full/v30/i17/2302.htm

DOI: https://dx.doi.org/10.3748/wjg.v30.i17.2302

INTRODUCTION

Helicobacter pylori (H. pylori) is a spiral-shaped Gram-negative, non-spore-forming bacterium that is microaerophilic and
requires complex enriched growth media for its cultivation[1]. The bacterium typically colonizes the epithelium lining of
the human stomach, particularly the gastric antrum. H. pylori are characterized by producing a powerful urease enzyme
that hydrolyzes urea acquired in the diet to produce ammonia and carbon dioxide. This enzymatic process neutralizes
gastric acidity and raises periplasmic pH to alkaline mediators, resulting in peptic ulcer (PU), gastritis, gastric adenocar-
cinoma, and low-grade B mucosa-associated lymphoma[1-4]. It is reported that about 50% of the world's population is
infected with H. pylori. However, there are significant differences in the prevalence, incidence, age distribution, and
outcomes of infection between developing and developed countries[2,5,6].

Diagnosis of patients infected with H. pylori can be achieved through non-invasive tests including serology, urea breath
test (UBT) and stool antigen detection[7]. Alternatively, invasive techniques utilizing endoscopic gastric biopsy for
histopathology and microbial identification tests including rapid urease test (RUT), bacterial culture and biochemical
reactions can also be employed[3,8], as show in Figure 1 and Table 1[9-11]. The recommended protocol to identify H.
pylori infection is a combination of RUT or microbiological culture with a histopathological examination of two different
sites following having an endoscopic biopsy[12].

UBT can play a useful role in diagnosing dyspeptic patients with specific criteria, such as those with any associated
comorbidity that increase the risk of gastric endoscopy, intolerance to gastric endoscopy, diagnosed or doubtful cases of
gastric atrophy[13]. Stool antigen tests are alternative non-invasive assays for detection of active of H. pylori infection. The
proper selection of diagnostic method is based on several factors including cost, laboratory infrastructure, and the
accompanied administration of medical treatment such as antibiotics or proton pump inhibitors, which may affect the test
results. It was well known that serum antibody test results are variable geographically among population and may
remain positive for an extended period after eradication of H. pylori, which limits their clinical value in confirming or
ruling out current H. pylori infection[11].

Current guidelines recommend the use of UBT as a noninvasive test for diagnosing H. pylori infection and demonstrate
eradication after treatment[14,15]. These recommendations are primarily documented by many researchers that
demonstrate UBT sensitivity of 90%-96% and specificity of 88%-98%; in addition to its cost effectiveness and acceptance
by patients compared to the invasive gold standard endoscopy[16,17]. Moreover, on comparison with other non-invasive
tests, such as stool antigen test and serology, UBT exhibits the highest accuracy[17,18]. The UBT is particularly
appropriate for all healthcare settings where endoscopy is not strictly indicated and for assessing the effectiveness of
eradication therapy[19].

The *C and *C tests are two versions of the UBTs approved by the Food and Drug Administration. Both tests are cost-
effective and provide real-time availability results[20]. Doctors like the use of C-UBT test since it is non-radioactive
when compared to *C-UBT. However, the latter uses a relatively low radiation dose (approximately 1 microCi) of a
radioactive isotope. Despite this, *C-UBT demonstrates a high degree of diagnostic accuracy[21].

Labeling urea with the *C non-radioactive isotope is preferable as the test can be used frequently on the same patient
and can be applied safely to children and pregnant females. Meanwhile, the UBT that uses **C as a diagnostic test for H.
pylori is still not approved by most health care authorities, as it is associated with a dose of radiation that might be
hazardous. Thus, its use is contraindicated in some situations such as pregnancy and in young age groups[22,23]. The
provided meta-analysis results also revealed high UBT performance, as well as high discrimination ability between
patients and healthy individuals. However, the quality of this evidence is not strong enough due to heterogeneity that is
explained by various factors such as using different reference standards, timing between capsule intake and test
performance, or variation in the quality of the methodology of the included studies[24].

Beside the non-invasiveness of UBT, the test provides a comprehensive evaluation that is not dependent on the
possible errors which may occur during sampling of gastric endoscopic biopsy because of the H. pylori patchy distri-
bution[9]. Moreover, the biopsy-based tests largely depend on the skills and experience of the pathologist, with studies
confirming internal observer variability[10,25]. On the other hand, results of UBT test can be impaired by the intake of H.
pylori eradication medication, including antibiotics, proton pumps inhibitors, or bismuth. Additionally, it needs special
CO, tracing equipment, as well as infrastructure to deal with radioactive materials in the case of *C-UBT. Consequently,
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Table 1 Comparative assessment of different techniques for diagnosis of Helicobacter pylori Infection

Criteria Invasive tests Non-invasive tests
Technique Endoscopy UBT, stool antigen, serology
Sample Biopsy UB, stool, serum

Sampling error ++ Variable

Accuracy The gold standard Variable

Skill and experience Sisis Easily applicable

Time of results Short Longer (variable)

Cost ++ +

Contraindications May not be suitable for all patients Suitable for most patients

Equipment and infrastructure

+++

++

Availability Available in specialized settings Widely available in various healthcare settings
Patient discomfort ++ Minimum
+ +++

Post-treatment monitoring

UB: Urea breath; UBT: Urea breath test.

Diagnosis of H. pylori

Invasive @ Non-invasive

Molecular
Endoscopy techniques Urea breath test

Histopathology (applied on Stool antigen test
examination b'°P5Y"5t°9|' Stool culture
Culture (biopsy) culture- saliva) Serology (for

Rapid urease test immunoglobulin titers)

Figure 1 Invasive and non-invasive Helicobacter pylori diagnostic tools. H. pylori: Helicobacter pylori.

it is considered an expensive test.

Although the UBT is well known for its high diagnostic accuracy in detection of H. pylori infection in dyspeptic
patients, caution should always be taken in interpreting the test results due to significant limitations related to
unexplained heterogeneity documented in several studies and assigned to various factors. For instance, the mouth
normal flora urease enzyme activity may impair the UBT results; this can be avoided by advising each patient to wash his
mouth before being tested[24]. The use of a nasogastric tube can be a solution. It is of note that both time of having the
reading results following the meal intake and the cut-off value were not clarified in a lot of the recruited studies[11]. The
nature of the radioactive isotopic meal and patients’ individual variations as age, gender, and anthropometric measures
may also contribute to variability within and between different studies[26]. These factors may endorse the diversity
persistence even after UBT type adjustment (®*C vs “C) and method of measurement (infrared spectrometry vs
radioisotope mass spectrometry). The recommendations for using UBT include precise considerations on adjusting dose
of urea, timing of assessment, and measurement techniques for the *C-UBT and “*C-UBT, so improving diagnostic
accuracy.

H. PYLORIDIAGNOSTIC TOOLS

Based on the availability of various diagnostic techniques, including invasive and non-invasive tests with different
proportion of sensitivity and specificity for detection of H. pylori infection, the choice of one or more tests will depend on
clinical conditions, clinical experience, cost-effectiveness, as well as sensitivity and specificity[27]. The diagnostic tests, as
shown in Figure 1, are divided into two approaches: Invasive tests (upper endoscopy, histopathology, bacterial culture,
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Table 2 "*C-urea breath test & "“C-urea breath test performance

“C-UBT $C-UBT
Test type . . . .
Optimal sensitivity Optimal specificity Optimal sensitivity ~ Optimal specificity
Urea dose 99.21% with 5 nCi 93.43% with 5 pCi 98.85% with 25 mg 99.13% with 25 mg
Time of assessment after 98.39% (15 min) 98.71% (15 min) 98.87% (20 min) 98.14% (20 min)
urea administration
Assessment technique -98.79% (liquid scintillation -87.24% (liquid scintillation 98.99% (ICOS) 98.55% (ICOS)
counting); -95.40% (solid scintil- counting); -97.46% (solid scintil-
lation UBT) lation UBT)
Overall accuracy, % 96.15 89.84 96.60 96.93
Safety Not permitted Used several times on the same patient and safe

for children and pregnant females

ICOS: Integrated cavity output spectrometry; UBT: Urea breath test.

and molecular techniques) and non-invasive tests (urea breath test, stool antigens, serological, and molecular tests) for
diagnosing H. pylori infection[28]. UBT is considered as the gold standard non-invasive test for diagnosing H. pylori that
shows high accuracy, sensitivity and specificity. It is of note that UBT has been used for nearly thirty years and remains
the most accurate and most common non-invasive assay for diagnosing H. pylori infection[11]. The provided meta-
analysis determines the UBT diagnostic accuracy for detecting H. pylori infection in adult dyspeptic patients and
evaluates various variables related to the test accuracy, such as urea dose, assessment timing and selection of
measurement technique for both *C UBT & *“C UBT.

"“C-UBT PERFORMANCE: DOSE OF UREA, TIMING OF ASSESSMENT, AND CHOICE OF
MEASUREMENT TECHNIQUE

The provided results in the current meta-analysis highlighted the crucial importance of adjusting the appropriate dose of
urea when performing the ®C-UBT for diagnosing H. pylori infection. The dose of twenty-five mg urea shows the highest
sensitivity and specificity (98.85% & 99.13%) respectively[13]. As regards the timing of the assessment following urea
administration, the results of the current meta-analysis revealed that the maximum sensitivity and specificity, both above
98%, are reached at 20-min following urea intake. The selection of assessment technique is also critical for accuracy of the
test. Integrated Cavity Output Spectrometry (ICOS) is the most precise assessment test, with nearly equal sensitivity of
and a specificity of (98.99% & 98.55%) respectively. However, it is of note that ICOS was assessed in one study only[29].

“C-UBT PERFORMANCE: UREA DOSE, TIMING OF ASSESSMENT, AND CHOICE OF MEASUREMENT
TECHNIQUE

Results indicate that the dose of urea used in the “C-UBT can also affect accuracy of the test. Particularly, five nCi dose of
urea was evaluated in four studies and showed a sensitivity and a specificity of (99.21% & 93.43%) respectively. As
regards the time for measurement after ingestion of the urea meal, conducting tests 15 min post urea intake constantly
showed the highest sensitivity and specificity (98.39% & 98.71%) respectively. This shows that the 15-min time point is
optimal for augmenting the test precision[30]. In terms of assessment techniques, the meta-analysis revealed differences
in sensitivity and specificity. Liquid scintillation counting showed the highest sensitivity (98.79%) but at the expense of
specificity (87.24%). On the other hand, Solid Scintillation UBT (scintillation counting) demonstrated higher specificity
(97.46%) on expense of sensitivity (95.40%).

The trade-off between sensitivity and specificity must be put in mind in clinical setting, when selecting the assessment
technique[31]. For instance, liquid scintillation counting is the recommended method when high sensitivity is essential to
bypass missing true results, while solid scintillation counting could be a better selection, when high specificity is crucial
to minimize false positives.

The meta-analysis showed that both *C-UBT and “C-UBT revealed high area under the curve values near 1.00,
confirming their high precision and endorsing any of them as reliable diagnostic technique in clinical setting. However,
the outperformance diagnostic accuracy of “C-UBT over “*C-UBT is demonstrated by higher sensitivity, specificity,
likelihood ratios, and area under the curve Table 2. ®C-UBT's Diagnostic odd ratio (DOR) significantly outperforms that
of “C-UBT (DOR), making it the preferred diagnostic tool for dyspeptic individuals with H. pylori infection[32].
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CONCLUSION

The authors conducted a thorough and comprehensive evaluation of the UBT, demonstrating a profound understanding
of its diagnostic capabilities for H. pylori. The research reflects a rigorous methodology, highlighting the authors'
commitment to scientific excellence in evaluating the accuracy and advantages of UBT in diagnosing H. pylori. The efforts
of the authors are particularly appreciated for bridging the gap between research and clinical practice, providing valuable
insights that can directly impact patient care and management. The study significantly contributes to the medical
knowledge by advancing our understanding of UBT as a diagnostic tool, and potentially influencing future guidelines
and protocols. The authors' acknowledgment of the limitations of their meta-analysis demonstrates intellectual honesty
and contributes to the overall reliability of their research, guiding future investigations in this field. The collective efforts
of the authors have a meaningful impact on advancing diagnostic approaches for H. pylori, highlighting their dedication
to advancing medical science and improving healthcare outcomes.
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Abstract

Gastric cystica profunda (GCP) is an uncommon but underestimated gastric
lesion. Its precancerous potential determines its significance. In addition to
previous mucosa injury due to operations, biopsy or polypectomy, chronic active
and atrophic gastritis may also lead to the development of GCPs. By carefully
examining the stomach and taking biopsy samples from the susceptible regions,
the stage of atrophy can be determined. Chronic atrophic gastritis is a risk factor
for cancer evolvement and it can also contribute to GCPs formation. GCPs
frequently occur close to early gastric cancers (EGCs) or EGC can arise from the
cystic glands. Endoscopic resection is an effective and minimally invasive treat-
ment in GCP.

Key Words: Gastric cystica profunda; Chronic active gastritis; Atrophic gastritis; Operative
Link for Gastritis Assessment staging; Early gastric cancer; Endoscopic resection
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Core Tip: Gastric cystica profunda (GCP) is a premalignant lesion developing on basis
of ischemia. Chronic active or atrophic gastritis are considered to be a significant
etiological factors in the development of GCPs and carry a risk for cancer formation.
GCPs, with or without early gastric cancer, can be removed effectively by endoscopic
resection.
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INTRODUCTION

In this editorial we comment on the article by Geng et al[1] published in the recent issue of the World Journal of Gastroen-
terology.

Gastric cystica profunda (GCP) is a rare gastric lesion characterized by poor clinical symptoms and mostly unre-
markable endoscopic features. Therefore, the incidence of a polypoid cystic ectasia of the gastric glands is underestimated
[2]. It's pathomechanism remains obscure. A prior stomach operations, biopsy, or polypectomy can cause the deve-
lopment of GCP. In contrast, mucosa damage or ischaemia are factors that commonly manifest in chronic active and
atrophic gastritis. Carcinoma cascade is well known since the last decade, intestinal metaplasia occurs following the loss
of normal glandular tissue[3]. Helicobacter pylori (H. pylori) is frequently the cause of chronic inflammatory processes.
Identification of high-risk individuals for chronic gastritis, appropriate diagnostic interventions and follow-up are critical
to the prevention of invasive cancer.

It is yet not well understood how early stomach cancer development is related to GCP. The migration of stomach
glands into the submucosa occurs when the muscularis mucosa is disrupted. GCP and gastric adenocarcinoma can occur
simultaneously with recurrent erosion and regeneration of the mucosa if no surgical intervention was performed
previously. This suggests that GCP is both a paracancerous lesion and a precancerous lesion based on the progression
from dysplasia to invasive carcinoma. Mitomi et al[4] reported a case in which atypical or dysplastic epithelium in the
deeper part of GCP was seen adjacent to carcinoma. In a Korean report on 39 GCP cases 16 were associated with early
gastric carcinoma, 9 with adenoma and 3 with advanced adenocarcinomal5]. If cancer cells are detected in GCPs, this may
be because the submucosa provides an easier path for cancer cells to move through[6]. Data from Itami et al[6] suggest
that gastric cancer (GC) has a tendency to arise in association with, linked to, above or near the GCPs, not growing from
them. Xu et al[2] revealed dysplasia or intramucosal carcinoma in 50% of reported GCP cases; these were found in the
glands overlying GCPs. Moreover, Kaizaki et al[7] described that EBV infection presenting together with chronic inflam-
mation, may facilitate the development of GCPs and therefore GC. GCP may also be paracancerous or premalignant
lesion. Alternatively, it might be the result of a field-effect damaging the stomach mucosa, which can result in cancer[6].

Endoscopic procedures play not only a role in adequate diagnosis of chronic inflammation, atrophy, or intestinal
metaplasia, are also useful for differentiating submucosal lesions. Conventional white-light endoscopy, the most common
endoscopic feature, is nonspecific in GCPs. Endoscopic ultrasonography is highly helpful in detecting the shape, size, and
echoic patterns of GCP, but a definitive diagnosis should be established by histologic examination with numerous biopsy
samplings to map the extent of the lesions. If GCP is discovered, according to standard protocols, endoscopic resection
(ER; endoscopic mucosa resection or endoscopic submucosa dissection) depending on size, shape and location can be
performed with en bloc and complete resection of the lesion[2]. According to data of the current article of Geng ef al[1], ER
might serve as an effective and minimally invasive treatment for GCP with or without early GCs (EGC).

CLINICAL IMPLICATION

A pathological examination is required for the diagnosis of chronic gastritis, therefore several appropriate biopsy samples
are needed. Normal gastric mucosa contains only small numbers of scattered mononuclear inflammatory cells, increased
infiltration of the lamina propria with mononuclear leukocytes suggest chronic inflammation while polymorphonuclear
neutrophils indicate acute inflammation. Most often, they have an infectious etiology; gastritis is most commonly caused
by H. pylori. The severity of inflammation depends on the H. pylori strain[3]. In order to standardize the pathological
diagnosis, the updated Sydney System's recommendations are adhered to. The Operative Link for Gastritis Assessment
(OLGA) and Operative Link for Gastritis Intestinal Metaplasia Assessment (OLGIM) stages allow for the identification of
high-risk individuals with chronic gastritis who need special attention[8].

Active chronic inflammation can persist as non-atrophic chronic gastritis (no gland loss), or progress to multifocal
atrophic gastritis, which is the initial significant step in the precancerous cascade followed by dysplasia and invasive
carcinoma[3]. A different extent and topographical distribution of atrophy is associated with different cancer risk.
Multiple biopsy samples should be used to map the mucosa, and the oxyntic and antral mucosa need to be examined as
well. The earliest onset of atrophic-metaplastic transformation is located on the incisura angularis. The OLGA proposal
recommends at least five biopsy samples from the following locations: The greater and lesser curvatures of the distal
antrum, the lesser curvature at the incisura angularis and the anterior and posterior walls of the proximal corpus. The
OLGA stage means the combination of the overall “antrum score” with the overall “corpus score”. The goal of this
staging system is to help physicians to find high-risk patients for malignancy, develop a follow-up protocol and tailor a
clinical or endoscopic management[9].

In a prospective study from Zhou et al[10], 71 patients with early GC and 156 patients with non-EGC underwent
endoscopic examination and systematic biopsy. Logistic regression modeling showed significant correlations between
EGC and moderate-to-severe EGA (Japanese endoscopic gastric atrophy classification) and OLGA stages III-IV, but no
significant correlation between EGC and OLGIM stages[10].

Chronic inflammation due to atrophy and ischaemia are suggested to play a role in the development of GCPs, as
repeated erosion and regeneration causes aberration of the gastric glands. GCP may be a risk factor for multiple GC.
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CONCLUSION

According to the fact that GCPs may also be paramalignant or precancerous lesions, as was previously mentioned, its
detection carries significance to prevent the precancerous cascade and invasive gastric formation, as well as identifying
high risk patients for GC. Particularly in mucosal and submucosal types, the OLGA method could be used for screening.
If GCP is discovered ER might serve as an effective and minimally invasive treatment even in cases when EGC exist. A
prospective study is needed for better understanding the pathophysiology and to estimate incidence of GCP as well as
coincidence with chronic active and atrophic gastritis. Although there are not enough data, the OLGA method may be
used to screen GCPs, especially in mucosal and submucosal forms.
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Abstract

Contrast-enhanced endoscopic ultrasound (CH-EUS) can overcome the limi-
tations of endoscopic ultrasound-guided acquisition by identifying microvessels
inside inhomogeneous tumours and improving the characterization of these
tumours. Despite the initial enthusiasm that oriented needle sampling under CH-
EUS guidance could provide better diagnostic yield in pancreatic solid lesions,
further studies did not confirm the supplementary values in cases of tissue
acquisition guided by CH-EUS. This review details the knowledge based on the
available data on contrast-guided procedures. The indications for CH-EUS tissue
acquisition include isoechoic EUS lesions with poor visible delineation where CH-
EUS can differentiate the lesion vascularisation from the surrounding
parenchyma and also the mural nodules within biliopancreatic cystic lesions,
which occur in select cases. Additionally, the roles of CH-EUS-guided therapy in
patients whose pancreatic fluid collections or bile ducts that have an echogenic
content have indications for drainage, and patients who have nonvisualized
vessels that need to be highlighted via Doppler EUS are presented. Another
indication is represented if there is a need for an immediate assessment of the
post-radiofrequency ablation of pancreatic neuroendocrine tumours, in which
case CH-EUS can be used to reveal the incomplete tumour destruction.

Key Words: Endosonography; Contrast-enhanced endoscopic ultrasound; Tissue
acquisition; Fine needle aspiration; Fine needle biopsy; Drainage; Pancreatic fluid
collections; Biopsy; Pancreas
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Core Tip: Contrast-enhanced endoscopic ultrasound may be better at identifying the targeted area in lesions by avoiding
necrosis and vessels and improving the delineation of lesion margins. Guided fine-needle aspiration or fine-needle biopsy is
simple and safe, but its benefit is limited to isoenhanced lesions or those with important surrounding fibrosis. These guided
endoscopic ultrasound techniques can also be useful for guiding drainage in patients who have very echogenic content of
pancreatic fluid collections or bile ducts.
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INTRODUCTION

Endoscopic ultrasound (EUS) has been developed as a valuable diagnostic technique for different intra-abdominal
conditions, especially for tissue acquisition for the confirmation of oncologic diseases. A meta-analysis comprising 18
randomized controlled studies and 2718 patients with solid masses showed that the diagnostic accuracy of EUS-fine
needle aspiration (EUS-FNA) was 67%-100%, the diagnostic accuracy of EUS-fine needle biopsy (EUS-FNB) was 69-100%
and there was an advantage of using EUS-FNB needles [risk ratio: 0.94, 95% confidence interval (95%ClI): 0.92-0.97; P =
0.0002][1]. Limited sample adequacy leads to false negative results, caused by technical difficulty due to the needle
positioning (e.g., head/uncinate processus lesions) or intrinsic fibrosis of solid pancreatic masses[2]. Additionally, the
presence of avascular areas inside pancreatic solid lesions was associated with a 72.9% sampling sensitivity, as compared
to a 94.3% sampling sensitivity in lesions without avascular areas|3].

To improve and overcome the limitations of grayscale images, harmonic contrastenhanced EUS (CH-EUS) has become
a promising imaging modality for visualizing microvessels inside targeted lesions for diagnostic or therapeutic purposes
by using contrast microbubbles to enhance the low flow of capillary vascular network signals.

More than ten years ago, a study that combined EUS-FNA with CH-EUS guidance reported a sensitivity of 100% for
diagnosing malignancies, and a hypoenhanced pattern was considered to indicate malignancy when there were false-
negative FNA results[4]. In a subsequent study on 100 pancreatic solid lesions, CH-EUS helped to identify the target for
EUS-FNA in the subgroup of mixed enhancement patterns (26% of adenocarcinoma cases) by targeting the hypoen-
hanced area, which led to a very good sensitivity of 95%[5].

Guiding CH-EUS-FNA was developed as an advanced medical procedure for improving the characterization of the
margins and internal components of solid and cystic lesions and subsequently for improving the diagnostic accuracy.

Another rare application of CH-EUS is during the drainage of pancreatic fluid collections or bile ducts because it
allows for better visualization of the structures that are to be crossed during puncture, but related data in the literature
are scarce.

METHODOLOGY

We performed a systematic search of the English literature published in the PubMed, Embase and Cochrane Library

vou

databases using the following keywords: “Contrastenhanced endoscopic ultrasound”, “contrast enhancement”, “contras-
tenhanced endosonography”, “biopsy”, “fine needle aspiration”, “fine needle biopsy”, “interventional EUS”, “radiofre-
quency ablation”, “pancreatic cancer”, “pancreatic fluid collection”, “drainage”, “walled-off necrosis”, “biliary drainage”,
“gallbladder drainage”, “radiofrequency ablation”, and “tumour ablation”. All the authors participated in the search and

7 "
selection of relevant studies.

SOLID PANCREATIC LESIONS

According to recent guidelines, CH-EUS is recommended for the characterization of pancreatic solid lesions[6-10],
especially inhomogeneous lesions[6]. The hypoenhanced pattern had a sensitivity of 93% and a specificity of 80% for the
diagnosis of pancreatic adenocarcinoma[l1]. In contrast, the hyperenhanced pattern was described in cases of benign
lesions such as autoimmune pancreatitis, mass forming chronic pancreatitis or an intrapancreatic accessory spleen or in
cases of neuroendocrine tumours or pancreatic metastases[12-16]. The presence of the hyperenhanced pattern had a
sensitivity of 78.9% and a specificity of 98.0% for its ability to predict neuroendocrine tumours[4]. A hypoenhanced or
heterogeneous aspect of neuroendocrine tumours is an indicator of a poor prognosis[15] and aggressiveness[17].
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An improvement in the sensitivity and specificity of up to 94% was obtained using an artificial neural network model
[18,19]. Moreover, the use of time-intensity curve analysis improved the conventional EUS diagnosis rate by using
qualitative analysis (OR = 6) or quantitative analysis (OR = 10): Low peak enhancement and low in-slope in adenocar-
cinomas; high peak enhancement and normal in-slope in neuroendocrine tumours; and normal peak enhancement and
low in-slope in cases of mass forming chronic pancreatitis[20]. Postprocessing analysis of the CHEUS timeintensity curve
revealed that the contrast uptake ratio (representing the uptake of the mass vs the normal parenchyma) was significantly
lower in adenocarcinoma than in mass-forming chronic pancreatitis, with a cut-off value of 0.17[21].

Technical points
As the poorer contrast enhancement areas contained a greater number of necrotic and fibrotic cells[5,15,22], vessels
should be avoided while using the contrast EUS for fine needle aspirate guidance in solid pancreatic lesions (Figure 1A
and B) and nonenhanced regions, as they could represent an area of haemorrhage or necrosis.

While placing the needle, the areas with contrast uptake (the most hypoenhanced areas in hypoenhanced lesions or the
most contrast-enhanced regions in hyper/isoenhanced lesions) should be targeted[12,23].

The large vessels are visible with contrast enhancement, so they are easily avoided, but the needle visibility could be
impaired in cases where there is a deep lesion located away from the EUS probe.

Literature data
There are nine studies on CH-EUS-FNA, seven of which have shown that compared with conventional EUS-FNA, CH-
EUS-FNA has no statistical benefit (Table 1).

The first randomized controlled study used parallel small groups with twenty patients each and used up to five passes,
and they compared Sonazoid contrastenhanced EUS to conventional EUS-guided FNA using 22 G and 25 G needles. The
only significant difference was a higher diagnosis rate of the first pass with the use of contrast EUS (60% vs 25%), but the
final diagnosis rate was similar in both groups[24]. Additionally, 25 G needles were used only in the conventional EUS-
FNA group, but perhaps this did not influence the outcome, as the noninferiority of using 25 G needles as compared to 22
G needles for FNA has been demonstrated in a meta-analysis[25].

A second randomized controlled study involving parallel groups, which included 120 patients in the contrast EUS
group (80% using first-generation EUS-FNB) and 120 patients in the conventional group, used needles of different sizes
and up to five passes. In that study, no difference was revealed when contrast agent was used for guiding tissue
acquisition (85.8% vs 88.3%)[26]. Neither the use of EUS-FNB needles nor the use of larger needles showed any difference
in the multivariate analysis or in improving the diagnosis, although these needles are associated with a higher diagnostic
yield[26]. The diagnostic accuracy of first-generation EUS-FNB was shown to be similar to that of EUSFNA[27,28], so the
results of this study again reflect the same efficiency of EUS-guided tissue sampling, with and without contrast.

The third randomized controlled study included 148 patients who underwent crossover randomization; each patient
had one EUS-FNA pass with contrast enhancement guidance and one EUS-FNA pass without contrast guidance. The
diagnostic accuracy for each pass was 89.2% vs 88.5%, and the false-negative rate was similar for hypoenhanced or
hyperenhanced lesions, for different mass locations and for masses of different sizes[29]. That study included 34 patients
with chronic pancreatitis features and who had a pancreatic mass suspected to be malignant. The diagnostic rate of
malignancy in this group was 85% for the CH-EUS-FNA passes compared to 79.4% for the EUS-FNA passes, which were
lower rates than that for patients without chronic pancreatitis features (90.4% compared to 88.6%, respectively), but the
difference was not significant[29].

Only one prospective study, including 93 patients, reported advantages in the use of CH-EUS-FNA using 22 G needles;
however, that study reported a lower sensitivity than that reported in the literature (76.5% in the CH-EUS-FNA group vs
58.8% in the conventional EUS-FNA group), perhaps related to the limitations of only using two FNA passes only and the
operator’s experience (300 EUS-FNA procedures)[30].

A preliminary meta-analysis that included only six studies (among which two were retrospective) and 701 patients
reported superiority for CH-EUS-FNA[31], but subsequent studies[23,26,32] did not confirm this conclusion.

The results concerning the use of newer EUS-FNB needles were published recently. A retrospective study using
Sonazoid contrast agent and second-generation EUSFNB needles achieved 91.7% accuracy in 48 patients with CH-EUS-
FNB and 90.6% accuracy in 85 patients with conventional EUS-FNB; however, there was a lower number of passes in the
CH-EUS-FNB group (2.21 £ 0.68 compared to 3.64 +1.20)[32]. There have been no prospective studies that have compared
the time needed for each type of procedure (with and without contrast), but an additional 3 to 5 min are suggested for the
preparation and observation of contrast agents[23,33], but the lower the number of passes might compensate for this
needed time[32]. Another randomized controlled trial compared the fanning technique vs contrast-enhanced guidance for
EUSFNB sampling and reported no differences in the sensitivity or accuracy (98% vs 100%). However, that study was
monocentric, used up to five passes, and yielded false positive results; additionally, 24.6% of the samples were nondia-
gnostic on histology, which is unusual with the use of FNB needles[23].

Overall, based on the literature results, there is no demonstrable advantage with the use of routine CH-EUS tissue
acquisition over conventional EUS tissue acquisition. Perhaps further research on chronic pancreatitis patients will show
that the use of CH-EUS-FNB has advantages, especially when a differential diagnosis of a pancreatic mass is required or
when it is used in patients with recent acute pancreatitis and suspicion of a pancreatic tumour.

Another potential field for CH-EUS tissue acquisition could be extravascular migratory metastasis (Figure 1C and D),
which were identified by EUS-FNA as a perivascular soft-tissue cuff in 28% of 223 patients and changed the management
of 29 patients[34].
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Table 1 Studies comparing contrast-enhanced endoscopic ultrasound-guided fine needle aspiration versus conventional endoscopic

ultrasound-guided fine needle aspiration

Stud No. of pts Needle Contrast Sensitivity (%), CH-EUS-
Ref. desi yn CH-EUS/ size (G), agent FNA/B vs no CH-EUS- value Other findings
9" Eus type g FNA/B
Hou et al[71], R 58/105 22, FNA Sonovue 81.6 vs 70.8 NS
2015
Sugimotoetal ~ RCT 20/20 22,25,FNA  Sonazoid 90.0 vs 85.0 NS Adequate for the 1% pass only
[24], 2015
Seicean et al I 51 22, FNA Sonovue 829 vs73.2 NS
[12], 2017
Facciorussoetal R 103/103 22, FNA Sonovue 87.6 vs 80.0 NS
[72], 2020
Seicean et al RCT 148 22, FBA Sonovue 87.6 vs 85.5 NS
[29], 2020
Cho et al[26], RCT 120/120 19-25,FNA, Sonovue 85.8 vs 88.3 NS Procore in 80%
2021 FNB
Itonaga et al P 93 22, FNA Sonazoid 84.9 v5 68.8 0.003  Better adequacy in homogenous lesions
[30], 2020 and heterogenous lesions with non-
enhancement areas
Lai et al[32], R 48/85 22, FNB Sonazoid 91.0 vs 90.0 NS 2.2 vs 3.6 passes
2022
Kuo et al[23], RCT 59/59 22, FNB Sonazoid 100.0 vs 100.0 NS A nodule < 4 cm and a sample length >
2023 1 cm improved the rate of diagnosis

R: Retrospective; RCT: Randomized controlled trial; P: Prospective; CH-EUS-FNA/B: Contrast-enhanced endoscopic ultrasound fine-needle
aspiration/biopsy; EUS: Endoscopic ultrasound; NS: Not significant; FNA: Fine needle aspiration; FNB: Fine needle biopsy.

PANCREATIC CYSTS

Pancreatic cysts are mostly incidental findings, and there has been an increasing frequency of pancreatic cysts in recent
years mainly because of improvements in the resolution of imaging methods. CH-EUS has limited yield for the character-
ization and differential diagnosis of pancreatic cystic lesions, but CH-EUS is recommended for the identification of mural
nodules[6] because the contrast agent can highlight fine vascularisation while discharging nonenhanced mucin plugs[6,
35,36].

A meta-analysis reported that the size of the mural nodule after contrast enhancement had a considerable effect on
predicting malignancy, while another group reported a sensitivity of 97% and a specificity of 90% for the discrimination
of malignant mural nodules[37,38]. Previous studies have shown that malignancy is present in 70%-100% of patients with
mural nodules[35,39,40]. A size greater than 5 mm represents an absolute indication for surgery according to the
European and Fukuoka guidelines[41,42], while the American guidelines recommend resection of cysts with mural
nodules, regardless of their size[43].

Only one prospective study assessed the role of CH-EUS-FNA in cases of mural nodules within cysts. Among the 21
patients suspected of having mural nodules, only 13 had arterial enhancement, and only 10 (76.9%) had high dysplasia or
carcinoma. The remaining patients had low or moderate dysplasia; the authors showed that not all the mural nodules
were malignant; therefore, close follow-up is needed, regardless of the lesion size[44] (Figure 1E and F).

HEPATOBILIARY LESIONS

CH-EUS has been recommended for the guidance of tissue acquisition of liver masses in which a previous attempt had
been negative[6]. CH-EUS allows the differentiation of millimetric lesions not visible via conventional imaging, and a
longer follow-up into the late washout phase, over 240 s, is required for this purpose. Oh et al[45] published a
retrospective series including 28 patients who underwent tissue acquisition after CH-EUS for confirmation. Metastases
had typical non or hypo-enhancement behaviour; moreover, half of the neuroendocrine tumours presented early
enhancement with early washout, while only 40% of the hepatocellular carcinomas presented hyperenhancement with
delayed washout. The diagnostic value of CH-EUS-FNA was 86.7%[45], which is similar to other data from the literature
that showed an 86.3% accuracy by using the same type of needle[46].

EUS tissue acquisition of suspected extrahepatic cholangiocarcinoma is indicated in selected cases of undetermined
biliary strictures, unresectable tumours or metastatic masses forming cholangiocarcinomas[47-49]. A meta-analysis of 6
studies including 497 patients with extrahepatic biliary tumours and who underwent EUS-FNA revealed a diagnostic
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Figure 1 Contrast-enhanced endoscopic ultrasound. A and B: Contrast-enhanced endoscopic ultrasound (CE-EUS)-guided fine needle aspiration (FNA).
CE-EUS-guided FNA (white arrow) of a pancreatic mass suggestive of adenocarcinoma. A large vessel near the gut wall is more visible during contrast enhancement
(orange arrow); C and D: CE-EUS view of perivascular tumour infiltration. CE-EUS view of perivascular tumour infiltration (superior mesenteric artery, orange arrow)
as a hypoenhanced rim (white arrow, both images) around the artery in a patient with pancreatic head adenocarcinoma; E and F: Contrast enhanced endoscopic
ultrasound-guided FNA from a hyperenhanced mural nodule inside a branch-duct intraductal papillary mucinous neoplasm (IPMN). CHEUSFNA was performed on a
hyperenhanced mural nodule inside a branchduct IPMN, revealing carcinoma cells. On the left, a conventional endoscopic ultrasound image of an IPMN with multiple
hyperechoic nodules in the wall (white arrows) is shown. On the right, only one of the nodules was hyperenhanced by the contrast agent, so endoscopic ultrasound-
guided FNA sampling was performed.

sensitivity of 76% and an accuracy of 94.5% for EUS-FNA[49]. However, the role that contrast-enhanced EUS-guided
tissue acquisition played in improving the analysis of these lesions has not yet been identified.

GASTROINTESTINAL LESIONS

The CH-EUS features suggestive of lymph node malignancy include heterogeneous hyperenhancement and fast washout
[50], but the actual guidelines do not recommend routinely performing this technique in addition to EUS tissue
acquisition for differentiating between malignant and benign lymph nodes[6]. In a cohort of 37 subjects with oesophageal
cancer, the use of CH-EUS identified suspected lymph nodes that were not identified by conventional EUS and increased
the rate of malignancy detection from 45% to 86%[51]. However, no studies on guiding CH-EUS tissue acquisition in
lymph nodes or subepithelial lesions have been published.

THERAPEUTIC EUS

The utility of intracavitary contrast transabdominal ultrasound for assessing drainage quality, such as in cases of stent
dislodgements, the need for additional therapeutic procedures or the presence of communications with the surrounding
structures, has been demonstrated by previous experience[52]. Additionally, complications such as fistulas associated
with the biliary system, blood vessels, small or large intestine or to the peritoneal cavity were noted[53]. However, the
daily usefulness of intracavity contrast in EUS-guided therapeutic procedures is less known.
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CH-EUS PANCREATIC FLUID COLLECTIONS DRAINAGE

The use of CH-EUS before endoscopic drainage was proposed for a better evaluation of the wall, which is less visible on
standard EUS, especially when the content is thick (blood or pus)[54-56]. In such situations, CH-EUS shows the collection
wall as an unenhanced structure and the vessels within the wall as hyperenhanced structures, and CH-EUS allows safe
needle puncture as the first step of drainage[52]. The presence of vessels crossing the fluid collection area is also
important because their visualization might change the drainage strategy (e.g., choosing plastic stents instead of lumen-
apposing metal stents). Additionally, the interposition of the vascularized parenchyma between the gut wall and the fluid
collection can be identified during CH-EUS. Moreover, CH-EUS can reveal necrosis as unenhanced areas and can differ-
entiate the vascularized tissue within cystic pancreatic lesions to avoid a mis diagnosis and allow for the drainage of such
lesions. However, large studies on its use during drainage are lacking.

CH-EUS BILIARY DRAINAGE

The aim in the use of CEH-EUS to guide biliary drainage is to obtain better detection of a poorly visible intrahepatic bile
duct due to echogenic, concentrated bile or intrabilliary neoplastic material[57]. The use of CH-EUS has been reported for
only seven patients, and it allowed for clarifying the borders of the intrahepatic (3 patients) and extrahepatic (4 patients)
bile ducts before planning EUS drainage[58-62].

EUS gallbladder drainage is contraindicated in cases of gangrenous cholecystitis with special transabdominal
ultrasound features (decreased focal wall perfusion on colour Doppler, irregular mucosal outline, gallbladder wall
thickening and delamination, gas within the gallbladder, absence of gallstones, and large pericholecystic collections) or
computed tomography scan features (gas in the wall or lumen, intraluminal membranes, an irregular or absent wall)[63-
66]. Its identification (disruptive layered structure, focal hypoenhanced gallbladder wall) could represent a potential
application for CH-EUS prior to gallbladder drainage[60,62,63]. To our knowledge, no specific study in this area has been
published.

The evaluation of residual stones in the common bile duct after endoscopic retrograde cholangio-pancreatography by
the injection of a contrast agent through a nasobiliary tube was reported in 6 patients and confirmed by EUS cholan-
giography[67], but its usefulness remains anecdotical.

CH-EUS-GUIDING RADIOFREQUENCY ABLATION

Contrast enhancement allows for real-time visualization of the perfusion of the target nodule in parallel with that of the
normal parenchyma, similar to what occurs in hepatic conditions treated by ultrasoundguided procedures. Choi et al[68]
evaluated the dynamics of perfusion of solid intraabdominal nodules 5-7 d after radiofrequency ablation and reported
incomplete ablation in 12 of 19 patients. At the 1-year followup, a complete response was reported in 68.4% of patients,
with a median of 2 sessions[68]. Similar to the use of CH-EUS after ablation of liver masses, its immediate use after

ablative procedures might reveal incomplete ablations and prevent 3-6 months of waiting until a CT scan evaluation[69,
70].

CONCLUSION

CH-EUS tissue acquisition is a promising advanced EUS technique that can improve the diagnosis in selected patients by
differentiating tumoral vascularisation from the surrounding parenchyma, thus improving the histological results.
Additionally, this technique reveals vessels that are not visible via colour Doppler EUS, and allows the identification of
structures with thick content to be targeted for drainage while avoiding the puncture of these vessels. Additionally, CH-
EUS assessment allows for timely evaluation of any tissue destruction after ablative procedures.

FOOTNOTES

Author contributions: Gheorghiu MI and Sparchez Z contributed to the manuscript writing and study design; Gheorghiu MI, Seicean A,
Pojoga C, Hagiu C, Seicean R, and Sparchez Z reviewed the literature, revised the draft, and validated the final version of the
manuscript.

Conflict-of-interest statement: The authors declare no conflicts of interest related to this article.

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: https:/ /creativecommons.org/ Licenses/by-nc/4.0/

Beienideng>  VVIG | https://www.wjgnet.com 2316 May 7,2024 | Volume30 | Issuel7 |


https://creativecommons.org/Licenses/by-nc/4.0/

Gheorghiu MI et al. Contrast-enhanced EUS guided procedures

Country/Territory of origin: Romania

ORCID number: Marcel loan Gheorghiu 0000-0003-1886-8791; Andrada Seicean 0000-0002-5809-1334; Cristina Pojoga 0000-0001-9881-4114;
Claudia Hagiu 0000-0001-9197-5249; Radu Seicean 0000-0003-4519-2352; Zeno Sparchez 0000-0002-3813-1677.

S-Editor: Chen YL
L-Editor: A
P-Editor: Yu HG

REFERENCES

1 LiZ, Liu W, Xu X, Li P. A Meta-Analysis Comparing Endoscopic Ultrasound-guided Fine-needle Aspiration With Endoscopic Ultrasound-
guided Fine-needle Biopsy. J Clin Gastroenterol 2022; 56: 668-678 [PMID: 35470294 DOI: 10.1097/MCG.0000000000001702]

2 Togliani T, Lisotti A, Rinaldi R, Fornelli A, Pilati S, Passigato N, Fusaroli P. Tumor Location in the Head/Uncinate Process and Presence of
Fibrosis Impair the Adequacy of Endoscopic Ultrasound-Guided Tissue Acquisition of Solid Pancreatic Tumors. Cancers (Basel) 2022; 14
[PMID: 35884606 DOI: 10.3390/cancers14143544]

3 Kamata K, Takenaka M, Omoto S, Miyata T, Minaga K, Yamao K, Imai H, Sakurai T, Nishida N, Chikugo T, Chiba Y, Matsumoto I,
Takeyama Y, Kudo M. Impact of avascular areas, as measured by contrast-enhanced harmonic EUS, on the accuracy of FNA for pancreatic
adenocarcinoma. Gastrointest Endosc 2018; 87: 158-163 [PMID: 28619244 DOI: 10.1016/j.gie.2017.05.052]

4 Kitano M, Kudo M, Yamao K, Takagi T, Sakamoto H, Komaki T, Kamata K, Imai H, Chiba Y, Okada M, Murakami T, Takeyama Y.

Characterization of small solid tumors in the pancreas: the value of contrast-enhanced harmonic endoscopic ultrasonography. 4m J

Gastroenterol 2012; 107: 303-310 [PMID: 22008892 DOI: 10.1038/aj2.2011.354]

Gincul R, Palazzo M, Pujol B, Tubach F, Palazzo L, Lefort C, Fumex F, Lombard A, Ribeiro D, Fabre M, Hervieu V, Labadie M, Ponchon T,

Napoléon B. Contrast-harmonic endoscopic ultrasound for the diagnosis of pancreatic adenocarcinoma: a prospective multicenter trial.

Endoscopy 2014; 46: 373-379 [PMID: 24532350 DOI: 10.1055/5-0034-1364969]

6 Kitano M, Yamashita Y, Kamata K, Ang TL, Imazu H, Ohno E, Hirooka Y, Fusaroli P, Seo DW, Napoléon B, Teoh AYB, Kim TH, Dietrich
CF, Wang HP, Kudo M; Working group for the International Consensus Guidelines for Contrast-Enhanced Harmonic Endoscopic Ultrasound.
The Asian Federation of Societies for Ultrasound in Medicine and Biology (AFSUMB) Guidelines for Contrast-Enhanced Endoscopic
Ultrasound. Ultrasound Med Biol 2021; 47: 1433-1447 [PMID: 33653627 DOI: 10.1016/j.ultrasmedbio.2021.01.030]

7 Saftoiu A, Napoleon B, Arcidiacono PG, Braden B, Burmeister S, Carrara S, Cui XW, Fusaroli P, Gottschalk U, Hocke M, Hollerbach S,
Iglesias-Garcia J, Jenssen C, Kitano M, Larghi A, Oppong KW, Sahai AV, Sun S, Burmester E, Di Leo M, Petrone MC, Santos E, Teoh AYB,
Hwang JH, Rimbas M, Sharma M, Puri R, Kahaleh M, Dietrich CF. Do we need contrast agents for EUS? Endosc Ultrasound 2020; 9: 361-368
[PMID: 32675463 DOL: 10.4103/cus.cus 20 20]

8 Fusaroli P, Napoleon B, Gincul R, Lefort C, Palazzo L, Palazzo M, Kitano M, Minaga K, Caletti G, Lisotti A. The clinical impact of
ultrasound contrast agents in EUS: a systematic review according to the levels of evidence. Gastrointest Endosc 2016; 84: 587-596.¢10 [PMID:
27311654 DOI: 10.1016/j.gie.2016.06.006]

9 Iglesias-Garcia J, Lindkvist B, Larifio-Noia J, Abdulkader-Nallib I, Dominguez-Muiioz JE. Differential diagnosis of solid pancreatic masses:
contrast-enhanced harmonic (CEH-EUS), quantitative-elastography (QE-EUS), or both? United European Gastroenterol J 2017; 5: 236-246
[PMID: 28344791 DOI: 10.1177/2050640616640635]

10 Tordache S, Costache MI, Popescu CF, Streba CT, Cazacu S, Saftoiu A. Clinical impact of EUS elastography followed by contrast-enhanced
EUS in patients with focal pancreatic masses and negative EUS-guided FNA. Med Ultrason 2016; 18: 18-24 [PMID: 26962549 DOI:
10.11152/mu.2013.2066.181.ich]

11 Yamashita Y, Shimokawa T, Napoléon B, Fusaroli P, Gincul R, Kudo M, Kitano M. Value of contrast-enhanced harmonic endoscopic
ultrasonography with enhancement pattern for diagnosis of pancreatic cancer: A meta-analysis. Dig Endosc 2019; 31: 125-133 [PMID:
30338569 DOI: 10.1111/den.13290]

12 Seicean A, Badea R, Moldovan-Pop A, Vultur S, Botan EC, Zaharie T, Saftoiu A, Mocan T, lancu C, Graur F, Sparchez Z, Seicean R.
Harmonic Contrast-Enhanced Endoscopic Ultrasonography for the Guidance of Fine-Needle Aspiration in Solid Pancreatic Masses. Ultraschall
Med 2017; 38: 174-182 [PMID: 26274382 DOI: 10.1055/s-0035-1553496]

13 Fusaroli P, Spada A, Mancino MG, Caletti G. Contrast harmonic echo-endoscopic ultrasound improves accuracy in diagnosis of solid
pancreatic masses. Clin Gastroenterol Hepatol 2010; 8: 629-34.e1 [PMID: 20417721 DOI: 10.1016/j.cgh.2010.04.012]

14 Braden B, Jenssen C, D'Onofrio M, Hocke M, Will U, Méller K, Ignee A, Dong Y, Cui XW, Saftoiu A, Dietrich CF. B-mode and contrast-
enhancement characteristics of small nonincidental neuroendocrine pancreatic tumors. Endosc Ultrasound 2017; 6: 49-54 [PMID: 28218201
DOI: 10.4103/2303-9027.200213]

15 Ishikawa R, Kamata K, Hara A, Tanaka H, Okamoto A, Yamazaki T, Nakai A, Omoto S, Minaga K, Yamao K, Takenaka M, Minami Y,
Watanabe T, Chiba Y, Chikugo T, Matsumoto I, Takeyama Y, Matsukubo Y, Hyodo T, Kudo M. Utility of contrast-enhanced harmonic
endoscopic ultrasonography for predicting the prognosis of pancreatic neuroendocrine neoplasms. Dig Endosc 2021; 33: 829-839 [PMID:
33020955 DOL: 10.1111/den.13862]

16 Kasono K, Hyodo T, Suminaga Y, Sugiura Y, Namai K, Ikoma A, Tamemoto H, Imawari M, Kawakami M, Ishikawa SE. Contrast-enhanced
endoscopic ultrasonography improves the preoperative localization of insulinomas. Endocr J 2002; 49: 517-522 [PMID: 12402985 DOI:
10.1507/endocrj.49.517]

17 Palazzo M, Napoléon B, Gincul R, Pioche M, Pujol B, Lefort C, Fumex F, Hautefeuille V, Fabre M, Cros J, Felce M, Couvelard A, Sauvanet
A, Lévy P, Ruszniewski P, Palazzo L. Contrast harmonic EUS for the prediction of pancreatic neuroendocrine tumor aggressiveness (with
videos). Gastrointest Endosc 2018; 87: 1481-1488 [PMID: 29325706 DOI: 10.1016/j.gie.2017.12.033]

18 Tang A, Tian L, Gao K, Liu R, Hu S, Liu J, Xu J, Fu T, Zhang Z, Wang W, Zeng L, Qu W, Dai Y, Hou R, Tang S, Wang X. Contrast-
enhanced harmonic endoscopic ultrasound (CH-EUS) MASTER: A novel deep learning-based system in pancreatic mass diagnosis. Cancer
Med 2023; 12: 7962-7973 [PMID: 36606571 DOI: 10.1002/cam4.5578]

W

3%9@) WIG | https://www.wjgnet.com 2317 May 7,2024 | Volume30 | Issuel7 |


http://orcid.org/0000-0003-1886-8791
http://orcid.org/0000-0003-1886-8791
http://orcid.org/0000-0002-5809-1334
http://orcid.org/0000-0002-5809-1334
http://orcid.org/0000-0001-9881-4114
http://orcid.org/0000-0001-9881-4114
http://orcid.org/0000-0001-9197-5249
http://orcid.org/0000-0001-9197-5249
http://orcid.org/0000-0003-4519-2352
http://orcid.org/0000-0003-4519-2352
http://orcid.org/0000-0002-3813-1677
http://orcid.org/0000-0002-3813-1677
http://www.ncbi.nlm.nih.gov/pubmed/35470294
https://dx.doi.org/10.1097/MCG.0000000000001702
http://www.ncbi.nlm.nih.gov/pubmed/35884606
https://dx.doi.org/10.3390/cancers14143544
http://www.ncbi.nlm.nih.gov/pubmed/28619244
https://dx.doi.org/10.1016/j.gie.2017.05.052
http://www.ncbi.nlm.nih.gov/pubmed/22008892
https://dx.doi.org/10.1038/ajg.2011.354
http://www.ncbi.nlm.nih.gov/pubmed/24532350
https://dx.doi.org/10.1055/s-0034-1364969
http://www.ncbi.nlm.nih.gov/pubmed/33653627
https://dx.doi.org/10.1016/j.ultrasmedbio.2021.01.030
http://www.ncbi.nlm.nih.gov/pubmed/32675463
https://dx.doi.org/10.4103/eus.eus_20_20
http://www.ncbi.nlm.nih.gov/pubmed/27311654
https://dx.doi.org/10.1016/j.gie.2016.06.006
http://www.ncbi.nlm.nih.gov/pubmed/28344791
https://dx.doi.org/10.1177/2050640616640635
http://www.ncbi.nlm.nih.gov/pubmed/26962549
https://dx.doi.org/10.11152/mu.2013.2066.181.ich
http://www.ncbi.nlm.nih.gov/pubmed/30338569
https://dx.doi.org/10.1111/den.13290
http://www.ncbi.nlm.nih.gov/pubmed/26274382
https://dx.doi.org/10.1055/s-0035-1553496
http://www.ncbi.nlm.nih.gov/pubmed/20417721
https://dx.doi.org/10.1016/j.cgh.2010.04.012
http://www.ncbi.nlm.nih.gov/pubmed/28218201
https://dx.doi.org/10.4103/2303-9027.200213
http://www.ncbi.nlm.nih.gov/pubmed/33020955
https://dx.doi.org/10.1111/den.13862
http://www.ncbi.nlm.nih.gov/pubmed/12402985
https://dx.doi.org/10.1507/endocrj.49.517
http://www.ncbi.nlm.nih.gov/pubmed/29325706
https://dx.doi.org/10.1016/j.gie.2017.12.033
http://www.ncbi.nlm.nih.gov/pubmed/36606571
https://dx.doi.org/10.1002/cam4.5578

Gheorghiu Ml et al. Contrast-enhanced EUS guided procedures

19 Saftoiu A, Vilmann P, Dietrich CF, Iglesias-Garcia J, Hocke M, Seicean A, Ignee A, Hassan H, Streba CT, loncica AM, Gheonea DI, Ciurea
T. Quantitative contrast-enhanced harmonic EUS in differential diagnosis of focal pancreatic masses (with videos). Gastrointest Endosc 2015;
82: 59-69 [PMID: 25792386 DOI: 10.1016/j.gie.2014.11.040]

20 Buxbaum J, Ko C, Varghese N, Lee A, Sahakian A, King K, Serna J, Lee H, Tchelepi H, Van Dam J, Duddalwar V. Qualitative and
Quantitative Contrast-enhanced Endoscopic Ultrasound Improves Evaluation of Focal Pancreatic Lesions. Clin Gastroenterol Hepatol 2020,
18: 917-925.e4 [PMID: 31499247 DOI: 10.1016/j.cgh.2019.08.054]

21 Seicean A, Badea R, Stan-Iuga R, Mocan T, Gulei I, Pascu O. Quantitative contrast-enhanced harmonic endoscopic ultrasonography for the
discrimination of solid pancreatic masses. Ultraschall Med 2010; 31: 571-576 [PMID: 21080306 DOI: 10.1055/s-0029-1245833]

22 Numata K, Ozawa Y, Kobayashi N, Kubota T, Shimada H, Nozawa A, Nakatani Y, Sugimori K, Matsuo K, Imada T, Tanaka K. Contrast-
enhanced sonography of pancreatic carcinoma: correlations with pathological findings. J Gastroenterol 2005; 40: 631-640 [PMID: 16007398
DOI: 10.1007/s00535-005-1598-8]

23 Kuo YT, Chu YL, Wong WF, Han ML, Chen CC, Jan IS, Cheng WC, Shun CT, Tsai MC, Cheng TY, Wang HP. Randomized trial of contrast-
enhanced harmonic guidance versus fanning technique for EUS-guided fine-needle biopsy sampling of solid pancreatic lesions. Gastrointest
Endosc 2023; 97: 732-740 [PMID: 36509113 DOI: 10.1016/j.gie.2022.12.004]

24 Sugimoto M, Takagi T, Hikichi T, Suzuki R, Watanabe K, Nakamura J, Kikuchi H, Konno N, Waragai Y, Watanabe H, Obara K, Ohira H.
Conventional versus contrast-enhanced harmonic endoscopic ultrasonography-guided fine-needle aspiration for diagnosis of solid pancreatic
lesions: A prospective randomized trial. Pancreatology 2015; 15: 538-541 [PMID: 26145837 DOI: 10.1016/j.pan.2015.06.005]

25 Guedes HG, Moura DTH, Duarte RB, Cordero MAC, Santos MELD, Cheng S, Matuguma SE, Chaves DM, Bernardo WM, Moura EGH. A
comparison of the efficiency of 22G versus 25G needles in EUS-FNA for solid pancreatic mass assessment: A systematic review and meta-
analysis. Clinics (Sao Paulo) 2018; 73: €261 [PMID: 29451621 DOI: 10.6061/clinics/2018/e261]

26 Cho IR, Jeong SH, Kang H, Kim EJ, Kim YS, Cho JH. Comparison of contrast-enhanced versus conventional EUS-guided FNA/fine-needle
biopsy in diagnosis of solid pancreatic lesions: a randomized controlled trial. Gastrointest Endosc 2021; 94: 303-310 [PMID: 33497643 DOI:
10.1016/j.gie.2021.01.018]

27 Bang JY, Hawes R, Varadarajulu S. A meta-analysis comparing ProCore and standard fine-needle aspiration needles for endoscopic
ultrasound-guided tissue acquisition. Endoscopy 2016; 48: 339-349 [PMID: 26561917 DOI: 10.1055/5-0034-1393354]

28 Delconte G, Cavalcoli F, Magarotto A, Centonze G, Bezzio C, Cattaneo L, Rausa E, Kelly ME, Bonitta G, Milione M, Enzo M. Does ProCore
Fine-Needle Biopsy Really Improve the Clinical Outcome of Endoscopic Ultrasound-Guided Sampling of Pancreatic Masses? Dig Dis 2022;
40: 78-84 [PMID: 33780932 DOI: 10.1159/000516177]

29 Seicean A, Samarghitan A, Bolboaca SD, Pojoga C, Rusu I, Rusu D, Sparchez Z, Gheorghiu M, Al Hajjar N, Seicean R. Contrast-enhanced
harmonic versus standard endoscopic ultrasound-guided fine-needle aspiration in solid pancreatic lesions: a single-center prospective
randomized trial. Endoscopy 2020; 52: 1084-1090 [PMID: 32650346 DOI: 10.1055/a-1193-4954]

30 Itonaga M, Kitano M, Kojima F, Hatamaru K, Yamashita Y, Tamura T, Nuta J, Kawaji Y, Shimokawa T, Tanioka K, Murata SI. The
usefulness of EUS-FNA with contrast-enhanced harmonic imaging of solid pancreatic lesions: A prospective study. J Gastroenterol Hepatol
2020; 35: 2273-2280 [PMID: 32529685 DOI: 10.1111/jgh.15144]

31 Facciorusso A, Mohan BP, Crino SF, Ofosu A, Ramai D, Lisotti A, Chandan S, Fusaroli P. Contrast-enhanced harmonic endoscopic
ultrasound-guided fine-needle aspiration versus standard fine-needle aspiration in pancreatic masses: a meta-analysis. Expert Rev Gastroenterol
Hepatol 2021; 15: 821-828 [PMID: 33481633 DOI: 10.1080/17474124.2021.1880893]

32 Lai JH, Lin CC, Lin HH, Chen MJ. Is contrast-enhanced endoscopic ultrasound-guided fine needle biopsy better than conventional fine needle

biopsy? A retrospective study in a medical center. Surg Endosc 2022; 36: 6138-6143 [PMID: 35484412 DOI: 10.1007/s00464-022-09253-3]

Cherciu Harbiyeli IF, Constantin A, Cazacu IM, Burtea DE, Gheorghe EC, Popescu CF, Bejinariu N, Georgescu CV, Pirici D, Ungureanu

BS, Copaescu C, Saftoiu A. Technical Performance, Overall Accuracy and Complications of EUS-Guided Interventional Procedures: A

Dynamic Landscape. Diagnostics (Basel) 2022; 12 [PMID: 35885546 DOI: 10.3390/diagnostics12071641]

Rustagi T, Gleeson FC, Chari ST, Lehrke HD, Takahashi N, Malikowski TM, Abu Dayyeh BK, Chandrasekhara V, Iyer PG, Kendrick ML,

Pearson RK, Petersen BT, Rajan E, Smoot RL, Storm AC, Topazian MD, Truty MJ, Vege SS, Wang KK, Levy MJ. Safety, Diagnostic

Accuracy, and Effects of Endoscopic Ultrasound Fine-Needle Aspiration on Detection of Extravascular Migratory Metastases. Clin

Gastroenterol Hepatol 2019; 17: 2533-2540.e1 [PMID: 30953754 DOI: 10.1016/j.cgh.2019.03.043]

Yamashita Y, Ueda K, Itonaga M, Yoshida T, Maeda H, Macekita T, Iguchi M, Tamai H, Ichinose M, Kato J. Usefulness of contrast-enhanced

endoscopic sonography for discriminating mural nodules from mucous clots in intraductal papillary mucinous neoplasms: a single-center

prospective study. J Ultrasound Med 2013; 32: 61-68 [PMID: 23269711 DOIL: 10.7863/jum.2013.32.1.61]

36 Ohno E, Hirooka Y, Kawashima H, Ishikawa T, Fujishiro M. Endoscopic ultrasonography for the evaluation of pancreatic cystic neoplasms. J
Med Ultrason (2001) 2020; 47: 401-411 [PMID: 31605262 DOI: 10.1007/s10396-019-00980-0]

37 Lisotti A, Napoleon B, Facciorusso A, Cominardi A, Crino SF, Brighi N, Gincul R, Kitano M, Yamashita Y, Marchegiani G, Fusaroli P.
Contrast-enhanced EUS for the characterization of mural nodules within pancreatic cystic neoplasms: systematic review and meta-analysis.
Gastrointest Endosc 2021; 94: 881-889.e5 [PMID: 34217751 DOI: 10.1016/j.gie.2021.06.028]

38 Marchegiani G, Andrianello S, Borin A, Dal Borgo C, Perri G, Pollini T, Romano G, D'Onofrio M, Gabbrielli A, Scarpa A, Malleo G, Bassi
C, Salvia R. Systematic review, meta-analysis, and a high-volume center experience supporting the new role of mural nodules proposed by the
updated 2017 international guidelines on IPMN of the pancreas. Surgery 2018; 163: 1272-1279 [PMID: 29454468 DOI:
10.1016/j.surg.2018.01.009]

39 Fusaroli P, Serrani M, De Giorgio R, D'Ercole MC, Ceroni L, Lisotti A, Caletti G. Contrast Harmonic-Endoscopic Ultrasound Is Useful to
Identify Neoplastic Features of Pancreatic Cysts (With Videos). Pancreas 2016; 45: 265-268 [PMID: 26474428 DOLI:
10.1097/MPA.0000000000000441]

40 Thornton GD, McPhail MJ, Nayagam S, Hewitt MJ, Vlavianos P, Monahan KJ. Endoscopic ultrasound guided fine needle aspiration for the
diagnosis of pancreatic cystic neoplasms: a meta-analysis. Pancreatology 2013; 13: 48-57 [PMID: 23395570 DOI: 10.1016/j.pan.2012.11.313]

41 European Study Group on Cystic Tumours of the Pancreas. European evidence-based guidelines on pancreatic cystic neoplasms. Gut 2018;
67: 789-804 [PMID: 29574408 DOIL: 10.1136/gutjnl-2018-316027]

42 Tanaka M, Fernandez-Del Castillo C, Kamisawa T, Jang JY, Levy P, Ohtsuka T, Salvia R, Shimizu Y, Tada M, Wolfgang CL. Revisions of
international consensus Fukuoka guidelines for the management of IPMN of the pancreas. Pancreatology 2017; 17: 738-753 [PMID: 28735806
DOI: 10.1016/j.pan.2017.07.007]

43 Elta GH, Enestvedt BK, Sauer BG, Lennon AM. ACG Clinical Guideline: Diagnosis and Management of Pancreatic Cysts. Am J

w
w

(%)
=

w
W

Jg%g@? WIG | https://www.wjgnet.com 2318 May 7,2024 | Volume30 | Issuel7 |


http://www.ncbi.nlm.nih.gov/pubmed/25792386
https://dx.doi.org/10.1016/j.gie.2014.11.040
http://www.ncbi.nlm.nih.gov/pubmed/31499247
https://dx.doi.org/10.1016/j.cgh.2019.08.054
http://www.ncbi.nlm.nih.gov/pubmed/21080306
https://dx.doi.org/10.1055/s-0029-1245833
http://www.ncbi.nlm.nih.gov/pubmed/16007398
https://dx.doi.org/10.1007/s00535-005-1598-8
http://www.ncbi.nlm.nih.gov/pubmed/36509113
https://dx.doi.org/10.1016/j.gie.2022.12.004
http://www.ncbi.nlm.nih.gov/pubmed/26145837
https://dx.doi.org/10.1016/j.pan.2015.06.005
http://www.ncbi.nlm.nih.gov/pubmed/29451621
https://dx.doi.org/10.6061/clinics/2018/e261
http://www.ncbi.nlm.nih.gov/pubmed/33497643
https://dx.doi.org/10.1016/j.gie.2021.01.018
http://www.ncbi.nlm.nih.gov/pubmed/26561917
https://dx.doi.org/10.1055/s-0034-1393354
http://www.ncbi.nlm.nih.gov/pubmed/33780932
https://dx.doi.org/10.1159/000516177
http://www.ncbi.nlm.nih.gov/pubmed/32650346
https://dx.doi.org/10.1055/a-1193-4954
http://www.ncbi.nlm.nih.gov/pubmed/32529685
https://dx.doi.org/10.1111/jgh.15144
http://www.ncbi.nlm.nih.gov/pubmed/33481633
https://dx.doi.org/10.1080/17474124.2021.1880893
http://www.ncbi.nlm.nih.gov/pubmed/35484412
https://dx.doi.org/10.1007/s00464-022-09253-3
http://www.ncbi.nlm.nih.gov/pubmed/35885546
https://dx.doi.org/10.3390/diagnostics12071641
http://www.ncbi.nlm.nih.gov/pubmed/30953754
https://dx.doi.org/10.1016/j.cgh.2019.03.043
http://www.ncbi.nlm.nih.gov/pubmed/23269711
https://dx.doi.org/10.7863/jum.2013.32.1.61
http://www.ncbi.nlm.nih.gov/pubmed/31605262
https://dx.doi.org/10.1007/s10396-019-00980-0
http://www.ncbi.nlm.nih.gov/pubmed/34217751
https://dx.doi.org/10.1016/j.gie.2021.06.028
http://www.ncbi.nlm.nih.gov/pubmed/29454468
https://dx.doi.org/10.1016/j.surg.2018.01.009
http://www.ncbi.nlm.nih.gov/pubmed/26474428
https://dx.doi.org/10.1097/MPA.0000000000000441
http://www.ncbi.nlm.nih.gov/pubmed/23395570
https://dx.doi.org/10.1016/j.pan.2012.11.313
http://www.ncbi.nlm.nih.gov/pubmed/29574408
https://dx.doi.org/10.1136/gutjnl-2018-316027
http://www.ncbi.nlm.nih.gov/pubmed/28735806
https://dx.doi.org/10.1016/j.pan.2017.07.007

Gheorghiu MI et al. Contrast-enhanced EUS guided procedures

Gastroenterol 2018; 113: 464-479 [PMID: 29485131 DOI: 10.1038/aj2.2018.14]

44 Olar MP, Bolboaca SD, Pojoga C, Mosteanu O, Gheorghiu M, Seicean R, Rusu I, Sparchez Z, Al Hajjar N, Seicean A. Clinical Utility of the
Contrast-Enhanced Endoscopic Ultrasound Guided Fine Needle Aspiration in the Diagnosis of Pancreatic Cyst. Diagnostics (Basel) 2022; 12
[PMID: 36140610 DOI: 10.3390/diagnostics12092209]

45 Oh D, Seo DW, Hong SM, Jun JH, Song TJ, Park DH, Son BK, Lee SS, Lee SK, Kim MH. The usefulness of contrast-enhanced harmonic
EUS-guided fine-needle aspiration for evaluation of hepatic lesions (with video). Gastrointest Endosc 2018; 88: 495-501 [PMID: 29859228
DOI: 10.1016/j.gie.2018.05.019]

46 Akay E, Atasoy D, Altinkaya E, Kog¢ A, Ertan T, Karaman H, Caglar E. Endoscopic Ultrasound-Guided Fine Needle Aspiration Using a 22-G
Needle for Hepatic Lesions: Single-Center Experience. Clin Endosc 2021; 54: 404-412 [PMID: 33291191 DOI: 10.5946/ce.2020.065]

47 Khashab MA, Fockens P, Al-Haddad MA. Utility of EUS in patients with indeterminate biliary strictures and suspected extrahepatic
cholangiocarcinoma (with videos). Gastrointest Endosc 2012; 76: 1024-1033 [PMID: 22749367 DOI: 10.1016/].gie.2012.04.451]

48 Pouw RE, Barret M, Biermann K, Bisschops R, Czakd L, Gecse KB, de Hertogh G, Hucl T, Iacucci M, Jansen M, Rutter M, Savarino E,
Spaander MCW, Schmidt PT, Vieth M, Dinis-Ribeiro M, van Hooft JE. Endoscopic tissue sampling - Part 1: Upper gastrointestinal and
hepatopancreatobiliary tracts. European Society of Gastrointestinal Endoscopy (ESGE) Guideline. Endoscopy 2021; 53: 1174-1188 [PMID:
34535035 DOI: 10.1055/a-1611-5091]

49 de Moura DTH, Ryou M, de Moura EGH, Ribeiro IB, Bernardo WM, Thompson CC. Endoscopic Ultrasound-Guided Fine Needle Aspiration
and Endoscopic Retrograde Cholangiopancreatography-Based Tissue Sampling in Suspected Malignant Biliary Strictures: A Meta-Analysis of
Same-Session Procedures. Clin Endosc 2020; 53: 417-428 [PMID: 31684700 DOI: 10.5946/ce.2019.053]

50 Yoshida K, Iwashita T, Uemura S, Mita N, Iwata K, Mukai T, Yasuda I, Shimizu M. Efficacy of contrast-enhanced EUS for lymphadenopathy:
a prospective multicenter pilot study (with videos). Gastrointest Endosc 2019; 90: 242-250 [PMID: 30922863 DOI: 10.1016/j.21e.2019.03.015]

51 Liu JB, Machado P, Eisenbrey JR, Gummadi S, Forsberg F, Wessner CE, Kumar AR, Chiang A, Infantolino A, Schlachterman A, Kowalski T,
Coben R, Loren D. Identification of sentinel lymph nodes in esophageal cancer patients using contrast-enhanced EUS with peritumoral
injections. Endosc Ultrasound 2023; 12: 362-368 [PMID: 37795347 DOI: 10.1097/eus.0000000000000001]

52 Ignee A, Jenssen C, Cui XW, Schuessler G, Dietrich CF. Intracavitary contrast-enhanced ultrasound in abscess drainage--feasibility and

clinical value. Scand J Gastroenterol 2016; 51: 41-47 [PMID: 26166454 DOI: 10.3109/00365521.2015.1066423]

Heinzmann A, Miiller T, Leitlein J, Braun B, Kubicka S, Blank W. Endocavitary contrast enhanced ultrasound (CEUS)--work in progress.

Ultraschall Med 2012; 33: 76-84 [PMID: 22183864 DOI: 10.1055/5-0031-1299056]

54 Hori Y, Yoshida M, Hayashi K, Naitoh I, Kato A, Miyabe K, Kataoka H. Endoscopic drainage using a lumen-apposing metal stent under
contrast-enhanced harmonic endoscopic ultrasonography guidance. Endoscopy 2019; 51: E187-E188 [PMID: 30978734 DOI:
10.1055/a-0875-3546]

55 Minaga K, Takenaka M, Omoto S, Miyata T, Kamata K, Yamao K, Imai H, Watanabe T, Kitano M, Kudo M. A case of successful
transluminal drainage of walled-off necrosis under contrast-enhanced harmonic endoscopic ultrasonography guidance. J Med Ultrason (2001)
2018; 45: 161-165 [PMID: 28353159 DOI: 10.1007/s10396-017-0784-7]

56 Guo J, Saftoiu A, Vilmann P, Fusaroli P, Giovannini M, Mishra G, Rana SS, Ho S, Poley JW, Ang TL, Kalaitzakis E, Siddiqui AA, De La
Mora-Levy JG, Lakhtakia S, Bhutani MS, Sharma M, Mukai S, Garg PK, Lee LS, Vila JJ, Artifon E, Adler DG, Sun S. A multi-institutional
consensus on how to perform endoscopic ultrasound-guided peri-pancreatic fluid collection drainage and endoscopic necrosectomy. Endosc
Ultrasound 2017; 6: 285-291 [PMID: 29063871 DOI: 10.4103/eus.cus_85 17]

57 Iwashita T, Senju A, Tezuka R, Uemura S, Shimizu M. Contrast enhancement for undetectable intrahepatic bile duct to facilitate endoscopic
ultrasound-guided hepaticogastrostomy. Endoscopy 2023; 55: ES11-E512 [PMID: 36894144 DOI: 10.1055/a-2032-3512]

58 Tamura T, Kitano M. Role of CH-EUS as guidance for EUS-biliary drainage malignant obstruction. Minerva Gastroenterol (Torino) 2022;
68: 210-215 [PMID: 33793159 DOI: 10.23736/S2724-5985.21.02859-X]

59 Tamura T, Kitano M, Kawai M, Itonaga M, Okada KI, Yamaue H. Contrast-enhanced harmonic endoscopic ultrasound-guided drainage of a
postoperative pancreatic fistula. Endoscopy 2020; 52: E174-E175 [PMID: 31791107 DOI: 10.1055/a-1045-4324]

60 Kamata K, Takenaka M, Kitano M, Omoto S, Miyata T, Minaga K, Yamao K, Imai H, Sakurai T, Nishida N, Kashida H, Chikugo T, Chiba Y,
Nakai T, Takeyama Y, Lisotti A, Fusaroli P, Kudo M. Contrast-enhanced harmonic endoscopic ultrasonography for differential diagnosis of
localized gallbladder lesions. Dig Endosc 2018; 30: 98-106 [PMID: 28632914 DOI: 10.1111/den.12900]

61 Choi JH, Seo DW, Choi JH, Park DH, Lee SS, Lee SK, Kim MH. Utility of contrast-enhanced harmonic EUS in the diagnosis of malignant
gallbladder polyps (with videos). Gastrointest Endosc 2013; 78: 484-493 [PMID: 23642490 DOI: 10.1016/j.gie.2013.03.1328]

62 Imazu H, Mori N, Kanazawa K, Chiba M, Toyoizumi H, Torisu Y, Koyama S, Hino S, Ang TL, Tajiri H. Contrast-enhanced harmonic
endoscopic ultrasonography in the differential diagnosis of gallbladder wall thickening. Dig Dis Sci 2014; 59: 1909-1916 [PMID: 24664415
DOI: 10.1007/s10620-014-3115-5]

63 Okamoto K, Suzuki K, Takada T, Strasberg SM, Asbun HJ, Endo I, Iwashita Y, Hibi T, Pitt HA, Umezawa A, Asai K, Han HS, Hwang TL,
Mori Y, Yoon YS, Huang WS, Belli G, Dervenis C, Yokoe M, Kiriyama S, Itoi T, Jagannath P, Garden OJ, Miura F, Nakamura M, Horiguchi
A, Wakabayashi G, Cherqui D, de Santibafies E, Shikata S, Noguchi Y, Ukai T, Higuchi R, Wada K, Honda G, Supe AN, Yoshida M, Mayumi
T, Gouma DJ, Deziel DJ, Liau KH, Chen MF, Shibao K, Liu KH, Su CH, Chan ACW, Yoon DS, Choi IS, Jonas E, Chen XP, Fan ST, Ker CG,
Giménez ME, Kitano S, Inomata M, Hirata K, Inui K, Sumiyama Y, Yamamoto M. Tokyo Guidelines 2018: flowchart for the management of
acute cholecystitis. J Hepatobiliary Pancreat Sci 2018; 25: 55-72 [PMID: 29045062 DOI: 10.1002/jhbp.516]

64 Corr P. Sonography of gangrenous cholecystitis. J Emerg Trauma Shock 2012; 5: 82-83 [PMID: 22416162 DOI: 10.4103/0974-2700.93112]

65 Bennett GL, Rusinek H, Lisi V, Israel GM, Krinsky GA, Slywotzky CM, Megibow A. CT findings in acute gangrenous cholecystitis. A/R Am
J Roentgenol 2002; 178: 275-281 [PMID: 11804880 DOI: 10.2214/ajr.178.2.1780275]

66 Ripollés T, Martinez-Pérez MJ, Martin G, Vizuete J, Martinez-Garcia R, Diez J, Marti E. Usefulness of contrast-enhanced US in the diagnosis
of acute gangrenous cholecystitis: A comparative study with surgical and pathological findings. Eur J Radiol 2016; 85: 31-38 [PMID:
26724646 DOI: 10.1016/j.ejrad.2015.10.010]

67 Wang Y, Yang Y, Wang K, Tang S. The Value of Contrast-Enhanced Ultrasound-Guided Contrast Injection via the Endoscopic Nasobiliary
Drainage Duct in Diagnosing Residual Common Bile Duct Stones. Biomed Res Int 2020; 2020: 3281241 [PMID: 32685467 DOI:
10.1155/2020/3281241]

68 Choi JH, Seo DW, Song TJ, Park DH, Lee SS, Lee SK, Kim MH. Utility of Contrast-Enhanced Harmonic Endoscopic Ultrasound for the
Guidance and Monitoring of Endoscopic Radiofrequency Ablation. Gut Liver 2020; 14: 826-832 [PMID: 32000466 DOI: 10.5009/gnl19123]

W
w

Jg%g@? WIG | https://www.wjgnet.com 2319 May 7,2024 | Volume30 | Issuel7 |


http://www.ncbi.nlm.nih.gov/pubmed/29485131
https://dx.doi.org/10.1038/ajg.2018.14
http://www.ncbi.nlm.nih.gov/pubmed/36140610
https://dx.doi.org/10.3390/diagnostics12092209
http://www.ncbi.nlm.nih.gov/pubmed/29859228
https://dx.doi.org/10.1016/j.gie.2018.05.019
http://www.ncbi.nlm.nih.gov/pubmed/33291191
https://dx.doi.org/10.5946/ce.2020.065
http://www.ncbi.nlm.nih.gov/pubmed/22749367
https://dx.doi.org/10.1016/j.gie.2012.04.451
http://www.ncbi.nlm.nih.gov/pubmed/34535035
https://dx.doi.org/10.1055/a-1611-5091
http://www.ncbi.nlm.nih.gov/pubmed/31684700
https://dx.doi.org/10.5946/ce.2019.053
http://www.ncbi.nlm.nih.gov/pubmed/30922863
https://dx.doi.org/10.1016/j.gie.2019.03.015
http://www.ncbi.nlm.nih.gov/pubmed/37795347
https://dx.doi.org/10.1097/eus.0000000000000001
http://www.ncbi.nlm.nih.gov/pubmed/26166454
https://dx.doi.org/10.3109/00365521.2015.1066423
http://www.ncbi.nlm.nih.gov/pubmed/22183864
https://dx.doi.org/10.1055/s-0031-1299056
http://www.ncbi.nlm.nih.gov/pubmed/30978734
https://dx.doi.org/10.1055/a-0875-3546
http://www.ncbi.nlm.nih.gov/pubmed/28353159
https://dx.doi.org/10.1007/s10396-017-0784-7
http://www.ncbi.nlm.nih.gov/pubmed/29063871
https://dx.doi.org/10.4103/eus.eus_85_17
http://www.ncbi.nlm.nih.gov/pubmed/36894144
https://dx.doi.org/10.1055/a-2032-3512
http://www.ncbi.nlm.nih.gov/pubmed/33793159
https://dx.doi.org/10.23736/S2724-5985.21.02859-X
http://www.ncbi.nlm.nih.gov/pubmed/31791107
https://dx.doi.org/10.1055/a-1045-4324
http://www.ncbi.nlm.nih.gov/pubmed/28632914
https://dx.doi.org/10.1111/den.12900
http://www.ncbi.nlm.nih.gov/pubmed/23642490
https://dx.doi.org/10.1016/j.gie.2013.03.1328
http://www.ncbi.nlm.nih.gov/pubmed/24664415
https://dx.doi.org/10.1007/s10620-014-3115-5
http://www.ncbi.nlm.nih.gov/pubmed/29045062
https://dx.doi.org/10.1002/jhbp.516
http://www.ncbi.nlm.nih.gov/pubmed/22416162
https://dx.doi.org/10.4103/0974-2700.93112
http://www.ncbi.nlm.nih.gov/pubmed/11804880
https://dx.doi.org/10.2214/ajr.178.2.1780275
http://www.ncbi.nlm.nih.gov/pubmed/26724646
https://dx.doi.org/10.1016/j.ejrad.2015.10.010
http://www.ncbi.nlm.nih.gov/pubmed/32685467
https://dx.doi.org/10.1155/2020/3281241
http://www.ncbi.nlm.nih.gov/pubmed/32000466
https://dx.doi.org/10.5009/gnl19123

Gheorghiu Ml et al. Contrast-enhanced EUS guided procedures

69 Mangiavillano B, Auriemma F, Scaltrini F, Bianchetti M, Di Leo M, Carrara S, Repici A. Endoscopic Ultrasonography-Guided
Radiofrequency Ablation for a Perianastomotic Neoplastic Colorectal Recurrence. Am J Gastroenterol 2019; 114: 1709 [PMID: 31651446
DOI: 10.14309/ajg.0000000000000435]

70 Lisotti A, Piscaglia F, Fusaroli P. Contrast-enhanced harmonic endoscopic ultrasound-guided ethanol injection for a small hepatocellular
carcinoma. Endoscopy 2019; 51: E317-E318 [PMID: 31163490 DOI: 10.1055/a-0915-1385]

71 Hou X, Jin Z, Xu C, Zhang M, Zhu J, Jiang F, Li Z. Contrast-enhanced harmonic endoscopic ultrasound-guided fine-needle aspiration in the
diagnosis of solid pancreatic lesions: a retrospective study. PLoS One 2015; 10: €0121236 [PMID: 25793739 DOI:
10.1371/journal.pone.0121236]

72 Facciorusso A, Cotsoglou C, Chierici A, Mare R, Crino SF, Muscatiello N. Contrast-Enhanced Harmonic Endoscopic Ultrasound-Guided
Fine-Needle Aspiration versus Standard Fine-Needle Aspiration in Pancreatic Masses: A Propensity Score Analysis. Diagnostics (Basel) 2020;
10 [PMID: 33036222 DOI: 10.3390/diagnostics10100792]

3%9@) WIG | https://www.wjgnet.com 2320 May 7,2024 | Volume30 | Issuel7 |


http://www.ncbi.nlm.nih.gov/pubmed/31651446
https://dx.doi.org/10.14309/ajg.0000000000000435
http://www.ncbi.nlm.nih.gov/pubmed/31163490
https://dx.doi.org/10.1055/a-0915-1385
http://www.ncbi.nlm.nih.gov/pubmed/25793739
https://dx.doi.org/10.1371/journal.pone.0121236
http://www.ncbi.nlm.nih.gov/pubmed/33036222
https://dx.doi.org/10.3390/diagnostics10100792

World Journal of
Gastroenterology

Submit a Manuscript: https:/ /www.f6publishing.com World | Gastroenterol 2024 May 7; 30(17): 2321-2331

DOI: 10.3748 / wjg.v30.i17.2321

ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Retrospective Study

ORIGINAL ARTICLE

Efficacy and safety of targeted therapy plus immunotherapy
combined with hepatic artery infusion chemotherapy (FOLFOX) for
unresectable hepatocarcinoma

Zhi-Peng Lin, Xiao-Long Hu, Du Chen, Da-Bei Huang, Xu-Gong Zou, Hai Zhong, Sheng-Xiang Xu, Yuan Chen,

Xiao-Qun Li, Jian Zhang

Specialty type: Gastroenterology
and hepatology

Provenance and peer review:
Unsolicited article; Externally peer
reviewed.

Peer-review model: Single blind

Peer-review report’s classification
Scientific Quality: Grade B, Grade
C

Novelty: Grade B, Grade B
Creativity or Innovation: Grade B,
Grade B

Scientific Significance: Grade B,
Grade B

P-Reviewer: Abbas HA, Egypt;
Cillo U, Italy

Received: February 19, 2024
Revised: March 25, 2024
Accepted: April 9, 2024
Published online: May 7, 2024

Zhi-Peng Lin, Xiao-Long Hu, Du Chen, Da-Bei Huang, Xu-Gong Zou, Hai Zhong, Sheng-Xiang Xu,
Yuan Chen, Xiao-Qun Li, Jian Zhang, Department of Interventional Medicine, Zhongshan
People’s Hospital, Zhongshan 528400, Guangdong Province, China

Corresponding author: Jian Zhang, Doctor, Associate Chief Physician, Department of
Interventional Medicine, Zhongshan People’s Hospital, No. 2 Sun Wen East Road, Zhongshan
528400, Guangdong Province, China. wy18988583838(@163.com

Abstract

BACKGROUND

The advent of cutting-edge systemic therapies has driven advances in the
treatment of hepatocellular carcinoma (HCC), and therapeutic strategies with
multiple modes of delivery have been shown to be more efficacious than mono-
therapy. However, the mechanisms underlying this innovative treatment
modality have not been elucidated.

AIM

To evaluate the clinical efficacy of targeted therapy plus immunotherapy
combined with hepatic arterial infusion chemotherapy (HAIC) of FOLFOX in
patients with unresectable HCC.

METHODS

We enrolled 53 patients with unresectable HCC who received a combination of
targeted therapy, immunotherapy, and HAIC of FOLFOX between December
2020 and June 2021 and assessed the efficacy and safety of the treatment regimen.

RESULTS

The objective response rate was 60.4% (32/53), complete response was 24.5%
(13/53), partial response was 35.9% (19/53), and stable disease was 39.6% (21/53).
The median duration of response and median progression-free survival were 9.1
and 13.9 months, respectively. The surgical conversion rate was 34.0% (18/53),
and 1-year overall survival was 83.0% without critical complicating diseases or
adverse events (AEs).
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CONCLUSION
The regimen of HAIC of FOLFOX, targeted therapy, and immunotherapy was curative for patients with
unresectable HCC, with no serious AEs and a high rate of surgical conversion.

Key Words: Hepatocellular carcinoma; Hepatic arterial infusion chemotherapy; Targeted therapy; Immunotherapy; Adverse
events
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Core Tip: The therapeutic strategy of combining multiple modes of drug delivery for the treatment of hepatocellular
carcinoma (HCC) has been shown to be more efficacious than single treatment modality, but the underlying mechanism of
action has not been clarified. In this study, we observed the clinical efficacy of targeted therapy plus immunotherapy
combined with FOLFOX hepatic artery infusion chemotherapy in the treatment of unresectable HCC, which provides a
clinical basis for the clinical application of the combination of therapy in HCC.
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INTRODUCTION

Globally, the third most prevalent cause of cancer-related mortality and the sixth most frequently occurring cancer type is
primary hepatocellular carcinoma (HCC)[1]. The first-line treatment options for early-stage HCC are surgical resection
and liver transplantation[2,3]. Most patients with early-stage HCC do not have obvious symptoms, and many of them
have already developed middle- or late-stage disease at the time of diagnosis. Additionally, since malignant vascular
invasion is considered a contraindication to surgical treatment, only 5%-10% of patients with HCC are suitable candidates
[4]. There are a variety of treatment methods for unresectable HCC, including interventional therapy, ablation therapy,
antitumor targeted therapy, antitumor immunotherapy, radiation therapy, and radioactive seed implantation therapy.
The efficacy of hepatic arterial infusion chemotherapy (HAIC) for advanced HCC with vascular invasion or multiple
intrahepatic lesions is highly regarded in clinical practice. The Japan Society of Hepatology recommends HAIC as the
first-line option for HCC with portal vein tumor thrombus (PVTT)[5]. HCC tumors receive a dual blood supply from the
portal vein and hepatic artery (primarily from the hepatic artery). HAIC involves injecting chemotherapeutic drugs
directly into the HCC tumor through the hepatic artery. Although HAIC increases the concentration of anticancer drugs
in tumor cells, the incidence of side effects is reduced due to the localized distribution. Therefore, HAIC may have a
stronger antitumor effect and a lower incidence of adverse events (AEs) compared with other chemotherapeutic methods.
Although sorafenib plus HAIC of FOLFOX was reported to improve the objective response rate (ORR) in patients with
HCC rather than sorafenib alone, the survival duration remained inadequate[6].

The advent of cutting-edge systemic therapy has led to rapid advances in HCC treatment. Strategies involving
medications with various modes of administration have proved much more effective than monotherapy, even though the
causes of the success of such innovative HCC remedies remain poorly clarified. A two-drug approach, including
concurrent or successive therapy with personalized treatment and immunotherapy, is among those protocols currently
being explored[7-9]. The aim of this study was to retrospectively evaluate the effect of a regimen of targeted therapy,
immunotherapy, and HAIC of FOLFOX.

MATERIALS AND METHODS

Patient information

We enrolled patients with HCC who underwent HAIC of FOLFOX combined with antitumor targeted therapy plus
immunotherapy at Zhongshan People’s Hospital for HCC from December 2020 to June 2021. The inclusion criteria were
as follows: (1) HCC diagnosed by > 2 experienced physicians or pathologically diagnosed and no previous HCC
treatment; (2) age 18-75 years old; (3) Child-Pugh class A or B; (4) Eastern Cooperative Oncology Group (ECOG)
performance status grade 0 or 1; and (5) Barcelona Clinic Liver Cancer (BCLC) stage B or C. The exclusion criteria were:
(1) White blood cell count < 2.0 x 10°/L; (2) platelet count < 30 x 10°/L; (3) serum total bilirubin > 51 pmol/L; (4)
uncontrolled or systemic infection surrounding the lesion (excluding viral hepatitis); (5) severe liver, kidney, heart, or
lung function insufficiency; (6) history of other malignant tumors; and (7) known history of human immunodeficiency
virus infection.
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This retrospective study was approved by the Ethics Committee of Zhongshan People’s Hospital (approval No. 2022-
029). All study participants or their legal guardians provided informed written consent prior to study enrollment.

Surgical methods: Hepatic artery catheterization

The patient was placed supine on the catheter bed, and the bilateral inguinal areas were disinfected. Then, the femoral
artery (or radial artery or distal radial artery) was punctured under local anesthesia for the placement of an arterial
sheath. The catheter was selectively inserted into the celiac artery and superior mesenteric artery, and angiography was
used to observe the blood supply to the intrahepatic tumor. If the intrahepatic tumor was fed by a separate hepatic artery,
the microcatheter was placed into the appropriate vascular target. If the intrahepatic tumor was fed by both hepatic
arteries, the microcatheter was placed into the appropriate hepatic artery. In cases where the intrahepatic tumor was
supplied by the left and right hepatic arteries and the gastroduodenal artery could not be avoided, the gastroduodenal
artery underwent coil embolization before placing the microcatheter into the appropriate hepatic artery. Finally, the
microcatheter was bandaged and fixed. FOLFOX chemotherapy was initiated upon return to the ward.

HAIC

The regimen for HAIC of FOLFOX included oxaliplatin (85 mg/m? intra-arterial infusion) for 2 h, followed by leucovorin
(400 mg/m? intravenous infusion) combined with 5-fluorouracil (400 mg/m? intra-arterial infusion) for 1 h and then 2400
mg/m? for 23 h, repeated every 3 wk. If the tumor shrunk significantly after HAIC treatment, the chemotherapy
perfusion dose was appropriately reduced.

Selection of antitumor targeted therapy drugs and immunotherapy drugs

Lenvatinib (Eisai Co., Ltd.), sorafenib (Bayer), sintilimab (Innovent Biologics Suzhou Co., Ltd.), camrelizumab (Suzhou
Suncadia Biopharmaceuticals Co., Ltd.), atezolizumab (Roche), and bevacizumab (Roche) were administered within 1 wk
after the first HAIC treatment. The dosages were as follows: Lenvatinib, 8 mg [body weight (BW) < 60 kg] or 12 mg (BW 2
60 kg), orally, daily; sorafenib, 0.4 g, orally, daily; bevacizumab, 15 mg/kg, intravenous drip, once every 3 wk; sintilimab
and camrelizumab, 200 mg, intravenous drip, once every 3 wk; and atezolizumab, 1200 mg, intravenous drip, once every
3 wk. Each drug was suspended, re-used (including dose reduction), or permanently discontinued according to the level
of the corresponding drug-related AEs that occurred during treatment.

Efficacy and safety evaluations

Each patient underwent enhanced magnetic resonance imaging or enhanced computed tomography of the upper
abdomen; routine blood, liver function, and renal function tests; HCC index evaluations; and other examinations prior to
HAIC. Curative effects included complete response (CR), partial response (PR), stable disease (SD), and progressive
disease (PD) and were assessed using Response Evaluation Criteria in Solid Tumors (RECIST) 1.1 and modified RECIST
(mRECIST)[10,11]. The ORR was calculated as the PR + CR, and the disease control rate (DCR) was calculated as the PR +
CR + SD. The duration of response (DOR), surgical conversion rate, progression-free survival (PFS), 6-month and 12-
month PFS, and safety were also determined.

Statistical methods
Statistical analysis was performed using SPSS 20.0 software. Data were shown as means * SD or range. Survival data
were presented using Kaplan-Meier curves.

RESULTS

Patient information

Of the 61 patients initially recruited, four withdrew after the first or second round of HAIC, and four showed poor
compliance and did not come to our hospital for regular treatment on time (HAIC interval > 2 months). The final study
cohort (n = 53) comprised 45 males and 8 females aged 51.6 (27.0-74.0) years. Of them, 45 (84.9%) had a history of hepatitis
B, and 48 (90.1%) had a history of liver cirrhosis. The ECOG performance status was grade 0 in 26 (49.1%) and grade 1 in
27 (50.9%) cases, the BCLC stage was B in 27 (50.9%) and C in 26 (49.1%) cases, and there were 42 (79.2%) cases of Child-
Pugh class A and 11 (20.8%) of Child-Pugh class B. Alpha-fetoprotein was elevated in 23 patients (43.4%) and was > 400
ng/mL in 30 (56.6%) patients. The tumor diameter was < 5 cm in 9 (16.9%), 5-10 cm in 18 (34.0%), and > 10 cm in 26
(46.7%) cases. The tumor capsule was complete in 28 (52.8%) and incomplete in 25 (47.2%) cases. Portal and/or hepatic
vein tumor thrombus were present in 24 patients, including 5 cases each of PVTT in the second-order branches of the
portal vein and the first-order branch of the portal vein, respectively, 11 cases of PVIT in the main trunk and/or a
contralateral portal vein, and 6 cases of hepatic vein trunk tumor thrombus. Extrahepatic metastases were present in 12
patients (lung, 7; adrenal gland, 1; bone, 2; bone and lung, 2; and lymph nodes, 6; Table 1). The follow-up end date was
June 30, 2022.

Targeted therapy, inmunotherapy, and HAIC treatment

Patients received 4-6 rounds of HAIC (average, 4.5 rounds), and the time interval between each round was 28.6 d (median
time interval, 27.0 d). The average doses were as follows: Oxaliplatin, 79.9 mg/m? (arterial infusion); leucovorin, 371.6
mg/m? (intravenous infusion); 5-fluorouracil, 375.5 mg/m? (intravenous infusion); and 5-fluorouracil, 2197.3 mg/m?
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Table 1 Basic patient information

Characteristics Number Proportion (%)
Gender

Male 45 0.849
Female 8 0.151
Age (yr)

<50 22 0.415
=50 31 0.585
HBsAg

Positive 45 0.849
Negative 8 0.151
Liver cirrhosis

Yes 48 0.901
No 5 0.099
ECOG grade

0 26 0.491
1 27 0.509
Child-Pugh class

A 42 0.792
B 11 0.208
BCLC stage

B 27 0.509
C 26 0.491
Maximum tumor diameter (cm)

<5 9 0.169
5-10 18 0.340
>10 26 0.491
Tumor capsule

Complete 28 0.528
Incomplete 25 0.472
Alpha-fetoprotein (ng/mL)

<400 ng/mL 23 0.434
>400 ng/mL 30 0.566
Number of tumors

<3 30 0.566
>3 23 0.434
Vascular invasion

Vp2 5 0.099
Vp3 5 0.099
Vp4 11 0.208
Vv2 6 0.113
Vv3 0 0.000

Extrahepatic metastases
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Yes 12 0.226
No 41 0.774
Lymph node metastases

Yes 6 0.113

No 47 0.887

HBsAg: Hepatitis B surface antigen; ECOG: Eastern Cooperative Oncology Group; PVTT: Portal vein tumor thrombus; BCLC: Barcelona Clinic Liver
Cancer; Vp2: PVTT in the second-order branches of the portal vein; Vp3: PVTT in the first-order branch of the portal vein; Vp4: PVTT in the main trunk

and/or a contralateral portal vein; Vv2: Hepatic vein trunk tumor thrombus.

(arterial infusion).

The choice of targeted therapy drugs and immunotherapy drugs depended on the patient’s wishes and their economic
status. There were 18 patients who received sorafenib combined with camrelizumab (sorafenib: 800.0 mg/d, average
666.7 mg/d; camrelizumab: 200 mg every 3 wk, intravenous drip); 10 chose sorafenib combined with sintilimab
(sorafenib: 800.0 mg/d, average 640.0 mg/d; sintilimab: 200 mg every 3 wk, intravenous drip); 13 chose lenvatinib
combined with camrelizumab (lenvatinib: average 10.8 mg/d; camrelizumab: 200 mg every 3 wk, intravenous drip); 11
chose lenvatinib combined with sintilimab (lenvatinib: < 60 kg BW, 8.0 mg/d and > 60 kg BW, 12.0 mg/d, average 10.5
mg/d; sintilimab: 200 mg every 3 wk, intravenous drip); and 1 chose atezolizumab combined with bevacizumab (atezol-
izumab: 1200 mg every 3 wk, intravenous drip; bevacizumab, 1100 mg every 3 wk, intravenous drip).

Tumor treatment response

Assessment of the tumor treatment responses using mRECIST revealed that the number of cases of CR, PR, SD, and PD
was 13 (24.5%), 19 (35.9%), 21 (39.6%), and 0 (0.0%), respectively, the ORR was 60.4%, and the DCR was 100.0%.
Assessment according to RECIST v1.1 revealed that the number of cases of CR, PR, SD, and PD was 2 (3.8%), 23 (43.4%),
28 (52.8%), and 0 (0.0%), respectively, the ORR was 47.2%, and the DCR was 100.0% (Table 2).

AEs

AEs of different degrees were observed in all patients after receiving the combination therapy. Abdominal pain, nausea,
vomiting, increased levels of transaminases, anorexia, fatigue, and diarrhea mainly occurred in the perioperative period
of HAIC, and all patients recovered within a few days. No treatment-related grade 4 or 5 AEs were reported (Table 3).

Follow-up outcomes

The follow-up period was 14.1 (3.8-23.6) months. PFS at 6- and 12 months was 88.7% and 62.3%, respectively. The median
DOR was 9.1 months [95% confidence interval (95%CI): 8.40-not estimable (NE)] and 10.7 months (95%CI: 10.26-NE)
according to mRECIST and RECIST v1.1, respectively. The median PFS (mPFS) was 13.9 months (95%CI: 12.63-NE), the 1-
year overall survival (OS) rate was 83.0%, and a median OS (mOS) was not reached (95%CI: NE-NE) (Figure 1). Eighteen
patients (34.0%) met the criteria for surgical resection, and all underwent surgery (Figure 2).

DISCUSSION

HCC is a serious threat to human life and has a high rate of morbidity and mortality. Despite the wide use of a combined
therapeutic approach to HCC in recent years, there are no reports of > 2 therapies working together. In this study, we
explored the clinical efficacy of targeted therapy plus immunotherapy combined with HAIC in patients with unresectable
HCC. We found that HAIC of FOLFOX, targeted therapy, and immunotherapy were effective for patients with
unresectable HCC.

In 2018, there were approximately 841000 new cases of HCC worldwide and 781000 associated deaths, of which around
50% of newly reported cases and associated deaths occurred in China[12,13]. The main treatments in early-stage HCC are
surgical resection, liver transplantation, and ablation. Transcatheter arterial chemoembolization is effective in middle-
stage unresectable HCC with multiple nodules. However, systemic treatments, such as targeted therapy and immuno-
therapy, are ineffective for some patients with late-stage HCC, and their prognosis is often poor[14]. One of the important
means of interventional therapy for HCC is HAIC, and excellent results have been achieved using HAIC of an oxaliplatin-
based sequential FOLFOX regimen to treat advanced HCC, making HAIC a more preferred method[15].

HAIC is an interventional treatment method. HCC tumors often have a rich blood supply, with > 95% originating from
the hepatic artery, which justifies the treatment of HCC through the hepatic artery[16]. The direct infusion of drugs into
the arterial blood supply of the tumor overcomes the physiological barriers through which some intravenous chemo-
therapeutics are unable to pass, thereby significantly increasing the local drug concentration in the tumor and improving
the curative effect. At the same time, the chemotherapeutic drugs circulate in the bloodstream throughout the entire
body, playing a role in systemic chemotherapy. Compared with systemic chemotherapy, HAIC improves the local drug
perfusion concentration and reduces the systemic toxic and side effects of chemotherapeutics, opening up a wide range of
valuable clinical applications[17].
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Table 2 Tumor treatment response assessment, n (%)

Variables CR PR SD PD ORR DCR
mRECIST 13 (24.5) 19 (35.9) 21 (39.6) 0(0) 32 (60.4) 53 (100.0)
RECIST V1.1 2(38) 23 (43.4) 28 (52.8) 0(0) 25 (47.2) 53 (100.0)

CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease; ORR: Objective response rate; DCR: Disease control rate;
mRECIST: Modified Response Evaluation Criteria in Solid Tumors.

Table 3 Patient treatment-related adverse events, n (%)

AEs Any grade Grade 1 Grade 2 Grade 3
Leukopenia 21 (39.62) 11 (20.75) 10 (18.87) 0
Thrombocytopenia 12 (22.64) 12 (22.64) 0 (0.00) 0

Rash 7 (13.21) 3 (5.66) 4 (7.55) 0

Itchy skin 5(9.43) 5(9.43) 0 (0.00) 0
Hand-foot syndrome 17 (32.08) 10 (18.87) 7 (13.21) 0
Increased serum ALT and AST levels 25 (47.17) 23 (43.40) 2 (3.77) 0
Increased serum bilirubin 8 (15.09) 6 (11.32) 2(3.77) 0
Diarrhea 5(9.43) 3 (5.66) 2 (3.77) 0
Nausea, vomiting 24 (45.28) 13 (24.53) 11 (20.75) 0
Proteinuria 10 (18.87) 4 (7.55) 6 (11.32) 0
Hypothyroidism 16 (30.19) 0 (0.00) 16 (30.19) 0
Gastrointestinal bleeding 5(9.43) 0 (0.00) 1(1.88) 4 (7.55)
Stomachache 17 (32.08) 10 (18.87) 7 (13.21) 0

Hair loss 4 (7.55) 4 (7.55) 0 (0.00) 0
Weight loss 9 (16.98) 9 (16.98) 0 (0.00) 0
Decreased appetite 25 (47.17) 23 (43.40) 2(3.77) 0
Fatigue 19 (35.85) 19 (35.85) 0 (0.00) 0
Hypertension 24 (45.28) 2(3.77) 22 (41.51) 0

HAIC has been used for HCC treatment for over 60 years, and the earliest date can be traced back to 1961. Some
scholars used femoral artery puncture and catheterization or right gastroepiploic artery incision and catheterization to
infuse HCC therapeutics[18]. In 1986, there were reports of epirubicin-based HAIC for HCC treatment, but the effect was
poor[19]. Around 2000, the cisplatin-based HAIC regimen was used abroad, resulting in the ORR reaching 27.6%-40.5%
[20]. Because HAIC has long been used to treat HCC, the arterial perfusion schemes, doses, and number of cycles vary
across countries and regions, and their therapeutic effects also differ. However, due to a lack of high-level evidence-based
medicine, its clinical application is limited. In 2013, the EACH trial proved the curative effect of FOLFOX chemotherapy
for HCC[21]. In 2018, Chinese scholars demonstrated an effective rate of 79.6% for HAIC of FOLFOX][15], and in 2022, an
oxaliplatin-based FOLFOX4 regimen of systemic chemotherapy and HAIC therapy became the recommended treatment
for advanced HCC[22].

Targeted therapy and immunotherapy have been widely used in clinical practice and are the main treatment methods
for advanced tumors. However, their efficacy as a single application is low and does not meet the clinical needs. Thus, a
combination of targeted therapy and immunotherapy has been proposed in an effort to develop a more effective
treatment method. The current understanding of tumor pathogenesis involves not only the study of tumor cells but also
the study of various cells and cytokines within cancer tissues, termed the tumor microenvironment (TME)[23]. For the
indefinite proliferation of tumor cells, the TME must be hypoxic, with a low pH and low nutrient levels. This induces the
formation of proangiogenic factors and an immunosuppressive microenvironment[24,25]. The TME both increases and
decreases immunosuppression, while targeted therapy inhibits the migration and distant metastasis of immune cells.
Immunotherapy stimulates the body’s immune system by affecting the target and enhancing the tumor suppression effect
of immune cells.
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Figure 1 Prognostic outcomes of patients with hepatocellular carcinoma followed up within 25 months after treatment. A: Median duration of
response (DOR) using modified Response Evaluation Criteria in Solid Tumors; B: Median DOR using RECIST v1.1; C: Median progression-free survival; D: Median
overall survival.

Targeted therapy and immunotherapy have been widely used to treat unresectable HCC. Another option for patients
with unresectable HCC is whole-body treatment. The phase III IMbravel50 clinical trial compared a regimen of atezol-
izumab and bevacizumab (n = 336) with that of sorafenib (n = 165) in 501 patients with advanced unresectable HCC[9].
The mOS in the combination regimen group was notably increased compared with the sorafenib regimen group (19.2
months vs 13.4 months, respectively), while in the 194 Chinese subgroups, the mOS and OS in the combination regimen
group were 19.2 and 24 months, respectively, with the risk of death reduced by 47%. Most major guidelines prefer a
regimen of atezolizumab and bevacizumab for late-stage HCC. The phase Ib KEYNOTE-524 clinical trial with a regimen
of lenvatinib and pembrolizumab[26] reported the mOS and mPFS of 100 patients as 22 months and 9.3 months and the
ORR and DCR as 46% and 88%, respectively. However, the OS and PFS of this regimen failed expectations. Study117, a
phase Ib clinical study with a regimen of lenvatinib and nivolumab, demonstrated better results than a regimen of
lenvatinib and pembrolizumab. For the 30 patients in the study, the CR was 10%, PR was 66.7%, ORR was 76.7%, and
DCR was 96.7%[27]. A phase II/III clinical study compared a regimen of sintilimab and bevacizumab with that of
sorafenib in 157 patients with unresectable or metastatic HCC[28]. Compared with the sorafenib regimen, the effect of the
sintilimab and bevacizumab regimen was markedly better (mOS: NE vs 10.4 months), notably reduced the risk of
mortality by 44%, and improved ORR by 20%. Targeted therapy and immunotherapy are also effective second-line
treatments for unresectable HCC. A phase Ia/IIb clinical study with a regimen of apatinib and camrelizumab in advanced
HCC[29] reported an mOS and mPFS of 3.4 and 9.3 months, respectively, an ORR of 46%, and a DCR of 88%.

The continuous exploration and progress of new treatment methods for advanced HCC has revealed that the effect
brought about by a single treatment mode is inadequate. The upcoming therapies for progressed, incurable HCC are
expected to increasingly integrate local and universal approaches. A prospective randomized controlled study suggested
that a regimen of HAIC and sorafenib had better outcomes than that of sorafenib alone[6]. The OS of the combination
regimen and sorafenib regimen was 13.37 months and 7.13 months, the PFS was 7.03 months and 2.60 months, and the
ORR was 40.80% and 2.46%, respectively. Radical surgical resection was performed for 16 patients with the combined
regimen and only 1 patient with the sorafenib regimen, and the success rate of surgical conversion was 12.8% and 0.8%,
respectively. A single-center retrospective single-arm study reported the effect of HAIC of FOLFOX combined with
targeted therapy and immunotherapy[30], in which the CR was 48.0%, PR was 48.0%, SD was 4.0%, and the ORR was as
high as 96.0%. Furthermore, the median time to resolve was 50.5 d (95%CI: 31.02-64.00). Studies have shown that local
therapy combined with systemic therapy has a better effect and a higher tumor remission rate.

Multiple treatment combinations can achieve surgical conversion in approximately 15%-20% of cases of unresectable
HCC[31]. A potential multidisciplinary strategy for addressing severe HCC involves integrating HAIC-based locore-
gional treatment with selective treatment and immunotherapy[32]. Furthermore, a retrospective study with a regimen of
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Figure 2 Imaging and pathological results of patients with hepatocellular carcinoma. A and B: Massive hepatocellular carcinoma in the right lobe of
the liver and tumor thrombus formation in the main portal vein and right branch; C: Digital subtraction angiography showing a mass in the right lobe of the liver; D:
Microcatheter insertion into the appropriate hepatic artery for FOLFOX chemotherapy; E and F: After four rounds of hepatic arterial infusion chemotherapy, enhanced
computed tomography of the upper abdomen revealed that the intrahepatic lesions were significantly reduced, the portal vein was reopened, and the portal vein
tumor thrombus was significantly reduced; G-I: Gross pathological specimens after surgery; J-L: The tumor was completely necrotic with no residual cancer tissue,
indicating complete pathological remission.
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HAIC and targeted therapy and immunotherapy showed that 15 of 25 (60.0%) patients underwent conversion to operable
criteria; 1 refused surgery and the remaining 14 underwent surgical resection. Of them, 7 (28.0%) achieved pathological
CR after resection, and the recurrence-free survival was 13.17 months[30]. A prospective, single-arm phase II clinical
study on 30 patients with unresectable HCC treated with HAIC combined with sintilimab and bevacizumab biosimilar
(IBI305) reported that RO resections were achieved in all 14 (100.0%) patients who underwent surgical resection (2022
ASCO POSTER Abstract #4073). In this retrospective analysis, the surgical conversion rate did not achieve the above-
mentioned results as expected. This might have been because a large proportion of the enrolled patients were BCLC
grade C, the tumor burden was high, and there was a large number of patients with PVTT and extrahepatic metastases.
Therefore, the surgical conversion rate was not significantly increased.

The common AEs of targeted therapy and immunotherapy combined with HAIC include decreased appetite, fatigue,
leukopenia, thrombocytopenia, abdominal pain, nausea and vomiting, hypertension, diarrhea, liver function damage,
and hand-foot syndrome, and effective relief occurs after medication. Patients undergoing curative-specific treatment
most frequently experienced hypertension as an acute side effect[33,34], occurring in approximately 42% of patients
receiving lenvatinib and 36% receiving combination therapy. Furthermore, the first side effect observed in patients with
advanced HCC receiving combination therapy was hypertension[26]. Thus, it is recommended that blood pressure is
monitored before combined treatment and antihypertensives be timely administered if blood pressure rises. If antihyper-
tensive drugs are ineffective, the dosage of targeted drugs can be reduced or even terminated. In our study, the AEs in
both groups were manageable, and no grade 4 or 5 AEs occurred.

The main limitation of our study is its single-center retrospective single-arm design, which leads to selection bias in
treatment choice. Thus, higher-quality multicenter prospective studies are necessary to verify our findings. Second, the
targeted therapy and immunotherapy drugs used by the patients in this study varied, and there were many different
combinations. Third, patients had a large baseline range in terms of tumor stage and liver function, which may have
affected clinical treatment effects and outcomes. Fourth, the follow-up period to assess OS was short (1 year), and a
longer follow-up of OS is required. Fifth, the intervals between HAIC rounds were relatively long, which may have
affected its efficacy.

CONCLUSION

Targeted therapy and immunotherapy combined with HAIC of FOLFOX is clinically effective for unresectable HCC,
improves the surgical conversion rate, and has controllable AEs.
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Abstract

BACKGROUND

Hemorrhoidal artery embolization (Emborrhoid) is a novel method for the
treatment of severe hemorrhoidal bleeding. Despite having a technical success
rate of 93%-100%, the clinical success ranges between 63% and 94%, with a
rebleeding rate of 13.6%.

AIM

To evaluate the effectiveness of this procedure in reducing hemorrhoidal flow and
hemorrhoidal bleeding.

METHODS

This prospective observational pilot study was conducted at Division of General
Surgery 1 and Tertiary Referral Pelvic Floor Center, Treviso Regional Hospital,
Italy. In a 2 months period (February-March 2022), consecutive patients with
hemorrhoidal bleeding scores (HBSs) 2 4, Goligher scores of II or III, failure of
non-operative management, and a candidate for Emborrhoid were included.
Endoanal ultrasound with eco-Doppler was performed preoperatively and 1
month after the procedure. The primary endpoint was to quantify the changes in
arterial hemorrhoidal flow after treatment. The secondary endpoint was to
evaluate the correlation between the flow changes and the HBS.
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RESULTS

Eleven patients underwent Emborrhoid. The overall pretreatment mean systolic peak (MSP) was 14.66 cm/s. The
highest MSP values were found in the anterior left lateral (17.82 cm/s at 1 o’clock and 15.88 cm/s at 3 o’clock) and
in the posterior right lateral (14.62 cm/s at 7 o’clock and 16.71 cm/s at 9 o’clock) quadrants of the anal canal. After
treatment, the overall MSP values were significantly reduced (P = 0.008) although the correlation between MSP and
HBS changes was weak (P = 0.570). A statistical difference was found between distal embolization compared with
proximal embolization (P = 0.047). However, the coil landing zone was not related to symptoms improvement (P =
1.000). A significant difference in MSP changes was also reported between patients with type 1 and type 2 superior
rectal artery (SRA) anatomy (P = 0.040). No relationship between hemorrhoidal grades (P = 1.000), SRA anatomy (P
=1.000) and treatment outcomes was found.

CONCLUSION

The preliminary findings of this pilot study confirm that Emborrhoid was effective in reducing the arterial
hemorrhoidal flow in hemorrhoidal disease. However, the correlation between the post-operative MSP and HBS
changes was weak. Hemorrhoidal grade, SRA anatomy and type of embolization were not related to treatment
outcomes.

Key Words: Hemorrhoidal artery embolization; Hemorrhoidal embolization; Hemorrhoidal vascularization; Transanal eco-
Doppler; Transanal ultrasound

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This was a prospective observational pilot study seeking to evaluate the changes in the arterial hemorrhoidal flow
after hemorrhoidal artery embolization, and the correlation between the mean systolic peak and the hemorrhoidal bleeding
score changes. Embolization was effective in reducing the arterial hemorrhoidal flow in hemorrhoidal disease, however the
correlation between flow and symptoms was weak.
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INTRODUCTION

The main vascular hemorrhoidal supply is provided by the superior rectal artery (SRA), which splits into three to five
distal branches[1,2]. Panneau et al[3] described three patterns of arterial hemorrhoidal vascularization: (1) Type 1 consists
of one or more dominant SRAs without hypertrophy of the middle rectal artery (MRA); (2) Type 2 includes unilateral
hypertrophy of the SRA and hypertrophy of the contralateral MRA; (3) Type 3 includes bilateral hypertrophy of the MRA
without hypertrophy of the SRA. Schuurman et al[4] found that vascularization of the corpus cavernosum recti and distal
rectum is provided almost exclusively by branches of the SRA, and that the distal distribution is not limited to sectorial
o’clock positions. By using endoanal duplex color, Ratto et al[5] showed that the hemorrhoidal arteries lie in the perirectal
fat outside the rectal walls at 6.5 cm and 4.0 cm over the anorectal junction (AR]) where they are located in the right and
left lateral and in the right and left posterolateral sectors. No hemorrhoidal arteries were found in the right and left
anterolateral sectors. From 3 cm at the lowest 2 cm above the AR]J, arteries move toward the submucosa and distribute
circumferentially in each quadrant[6].

Symptomatic hemorrhoids are associated to destructive changes in the supporting connective tissue with downward
displacement of normal anal cushions and to abnormal arterial supply to the anal canal with hyperperfusion, dilation and
distortion of the hemorrhoidal plexus[7-9]. The hemorrhoidal bleeding score (HBS; range 0-9) has been proposed to
evaluate the severity of this symptom[10].

In patients with early stage hemorrhoidal disease, if non-operative treatment fails, minimally invasive techniques
including rubber band ligation, injection sclerotherapy, infrared coagulation, cryosurgery, and laser are proposed[11]. In
advanced stages, traditional hemorrhoidectomy, stapled mucoprolapsectomy or transanal hemorrhoidal dearterialization
(THD) are used to treat both the prolapse and the bleeding[12].

Hemorrhoidal artery embolization (Emborrhoid) is a novel method for the treatment of severe bleeding. Through the
catheterization of the femoral or radial arteries and a selective angiogram of the inferior mesenteric artery, embolic agents
are used to occlude the SRA branches[13]. Despite a technical success rate up to 93%-100%, clinical success was reported
in 63%-94% of cases with a rebleeding rate of 13.6%. It was shown that in 24% of cases, rebleeding was due to the
presence of a significant MRA[14]. There are no data in the literature that evaluated the changes in the hemorrhoidal
arterial flow after embolization.
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Figure 1 Schematic representation of endoanal ultrasound technique with the linear transducer positioned 2 cm above the anorectal
junction.

The primary endpoint of this study was to quantify the reduction in the blood supply occurring after Emborrhoid by
using transanal eco-Doppler. The secondary endpoint was to evaluate the correlation between the flow reduction and the
hemorrhoidal bleeding.

MATERIALS AND METHODS

A prospective observational pilot study was conducted at the Division of General Surgery 1, Treviso Regional Hospital,
Italy. In a 2-mo period (February-March 2022), consecutive patients who were candidates for hemorrhoidal artery
embolization were included. The study was approved by the local Ethical Committee (No. 1286/CE Marca) and
registered on clinicaltrials.gov (NCT05627999). All patients gave written informed consent.

Indications to the procedure were HBS > 4, Goligher score II or III, more than 18 years of age, failure of non-operative
management (lifestyle change, dietary modification, supplemental fibers, and over-the-counter treatment). Exclusion
criteria were a Goligher score of IV, pregnancy, previous hemorrhoidal surgery, inflammatory bowel disease. Use of
anticoagulants or anti-aggregants was not considered an exclusion criterion[15].

Patients underwent history and physical (proctological) examination and assessment of the Goligher and HBS scores
by a single operator (RT) before and 1 mo after the procedure. Symptom improvement was defined a reduction of at least
three points of the HBS score.

To measure the hemorrhoidal artery flow, transanal ultrasonography with eco-color Doppler was performed the same
day of the procedure and at 1-mo follow-up at the Tertiary Referral Pelvic Floor Center, Treviso Regional Hospital, Italy
by a single expert operator, who was blinded at the clinical findings. Data on SRA anatomy|[3], type of embolization
(distal or proximal) and the coil landing zone (distal vs proximal) were collected. Relationships between hemorrhoidal
grade and treatment outcome, between changes in the mean arterial systolic peak (MSP) and the type of embolization
(distal or proximal) and between the SRA anatomy|[3], the coil landing zone (distal vs proximal) and treatment outcomes
were analyzed. The correlation between changes in the MSP and the HBS score before and after treatment was also
evaluated. Post-procedural complications were reported according to Clavien-Dindo classification[16].

Endoanal ultrasound
Ultrasound was performed by using a Flexfocus 5000 (BK Medical, Herlev, Denmark) with an endocavitary transducer
(3DX14L4-9038, BK Medical), 16 mm diameter, frequency range 4-14 MHz, focal range 3-60 mm, linear array with 65 mm
acoustic surface and automatic three-dimensional acquisition. Before examination, patients were administered two
enemas to flush the rectum and were placed in the left lateral position. Close contact of the transducer with the rectal
mucosa was maintained while carefully avoiding excessive pressure on the rectal wall to minimize artifacts due to arterial
compression. The same care was taken to maintain the transducer perpendicular to the examined structures in order to
have a perpendicular angle of intersection between the Doppler beam and the vessels. Angle correction was used to
adjust the angulation of the ultrasound beam and standardize the calculations of the velocity flow.

According to Ratto et al[5], the hemorrhoidal arterial flow was assessed in the 1, 3, 5, 6, 7, 9, 11, and 12 o’clock positions
2 cm above the AR]J, localized by ultrasound at the proximal edge of the puborectalis sling (Figure 1). Pulsed wave
Doppler was used to measure the peak systolic velocity (cm/s), corresponding to the tallest peak in the spectrum window
(Figure 2). For each investigated sector, pictures graphically displaying the flow velocity over time were obtained for
reviewing after the examination.
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Table 1 Patient demographics and pre-treatment symptom severity

Patient Age Sex Comorbidities Anticoagulant therapy Goligher score Pre-treatment HBS
1 56 F No comorbidities No therapy 3 5
2 43 F No comorbidities No therapy 3 6
3 75 M Atrial fibrillation Warfarin 3 4
4 54 F Hypothyroidism No therapy 2 5
5 62 M No comorbidities No therapy 3 6
6 53 M No comorbidities No therapy 3 3
7 46 F No comorbidities No therapy 2 4
8 46 M No comorbidities No therapy 3 3
9 63 F No comorbidities No therapy 3 4
10 55 M No comorbidities No therapy 2 5
11 28 M No comorbidities No therapy 3 3

HBS: Hemorrhoidal bleeding score.

Emborrhoid technique

Embolization was performed as described by Vidal et al[1] under local anesthesia via the femoral or radial routes. No
prophylactic antibiotic was given. The inferior mesenteric artery was catheterized using a 4 Fr Simmons catheter (Cordis
Corp, Bridgewater, NJ, United States) and the SRAs were then catheterized with a microcatheter (Direxion HI-FLO;
Boston Scientific, Marlborough, MA, United States) and a microwire (0.16-inch Fathom; Boston Scientific; Figure 3A-C). In
distal embolization, each superior rectal branch was selectively embolized as distally as possible with 2-3 pushable coils,
usually 3 mm in diameter (0.018 VortX; Boston Scientific). In proximal embolization, one or two coils, usually 4 mm in
diameter (0.018 VortX; Boston Scientific) were deployed before the bifurcation into the main branch of the SRA. If a
middle or inferior rectal artery anastomosis was observed on one or both sides of the hemorrhoidal plexus from the right
or left internal iliac arteries, treatment was by selective catheterization of the distal branches of the SRA with a
microcatheter and slow injection of a small amount of biocompatible, hydrophilic, non-resorbable microspheres (700 pm
in diameter, acrylic polymer; Embosphere; Merit Medical, South Jordan, UT, United States) until the anastomosis was
occluded. Then the distal branches of the SRA were embolized with pushable coils as previously described. Embolization
was carried out until the angiographic endpoint of neither flow in the distal branches of the SRA or in the hemorrhoidal
terminal branches (Figure 3D-F). At the end of the procedure, hemostasis of the femoral or radial arteries was achieved by
manual compression. Patients were sent home the day after the procedure.

Statistical analysis

Descriptive data were analyzed using SPSS version 16 for Windows (SPSS Inc., Chicago, IL, United States). The results
were reported as mean + SD, median (range) and number (percentage) of patients. Overall and sectorial mean arterial
systolic peaks were compared preoperatively and at 1-mo follow-up by using the Student ¢-test. Relationships between
MSP changes, treatment outcomes and anatomical and technical details were analyzed by using the Student ¢-test and the
chi-squared test. A P value of < 0.05 was considered statistically significant. The linear correlation between changes in
MSP and changes in HBS was calculated using Pearson’s correlation coefficient.

RESULTS

Eleven patients, consisting of five women and six men with median of age 52.6 (range 28-75) years and who are
candidates for Emborrhoid, were included in the study. Patient demographics and pre-treatment symptom severity are
shown in Table 1. Three patients (27.3%) had Goligher grade 2, and eight patients (72.7%) had Goligher grade 3
hemorrhoids. Median HBS was 4 (range 4-6). No major comorbidities were reported. In a patient on oral anticoagulant
therapy for chronic atrial fibrillation, the therapy was discontinued and replaced with low molecular weight heparin for
the procedure.

The overall pre-treatment MSP was 14.66 cm/s (SD * 1.93). Sectorial analysis showed that the highest values were
found in the anterior left lateral (17.82 cm/s at 1 o’clock, 15.88 cm/s at 3 o’clock positions) and in the posterior right
lateral (14.62 cm/s at 7 o’clock and 16.71 cm/s at 9 o’clock positions) quadrants of the anal canal. The lowest values were
registered at 5 o’clock (13.03 cm/s) and 11 o’clock (12.74 cm/s) positions (Table 2, Figure 4A-D).

The radial artery was catheterized in 7 patients and the femoral artery was catheterized in 4. Eight patients (72.7%) had
type 1 SRA anatomy and three patients (27.3%) had type 2 SRA anatomy (Table 3). Embolization was performed distally
in 8 patients (72.7%) and proximally in 3 patients (27.3%). In patients with type 2 SRA anatomy, the SRA/MRA
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Table 2 Sectorial pre- and post-treatment systolic peaks

b 1 o’clock 3 o’clock 5 o’clock 6 o’clock 7 o’clock 9 o’clock 11 o’clock 12 o’clock
atient
Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post
1 9.61 13.10 5112 5.44 9.50 6.19 20.50 14.90 15.00 9.93 7.47 10.80 20.10 17.40 6.62 13.00
2 20.40 512 2491 16.10 15.90 8.11 24.90 13.10 10.90 6.62 15.40 14.90 6.50 8.11 10.40 20.50
3 17.00 19.90 10.70 17.00 13.70 19.40 8.86 8.97 15.80 12.40 8.97 22.60 12.00 14.40 20.00 14.90
4 13.10 20.40 18.50 20.40 16.19 7.36 6.19 6.83 12.00 9.61 19.40 15.80 13.00 8.00 21.00 24.90
5 25.40 25.20 16.90 10.60 6.62 7.58 8.65 8.00 13.60 10.60 26.40 20.20 19.40 14.10 15.00 7.47
6 20.50 14.50 15.50 8.43 8.11 13.00 7.79 9.39 13.20 8.22 12.80 14.30 7.36 13.70 10.10 5.87
7 17.70 ND 16.40 ND 8.22 ND 8.86 ND 19.40 ND 13.80 ND 8.11 ND 8.65 ND
8 17.40 20.40 15.60 13.60 8.11 8.65 12.70 8.22 15.50 7.79 25.00 15.70 20.50 15.30 15.50 8.00
9 24.00 20.40 25.00 6.51 8.00 6.40 15.70 8.22 11.20 12.20 18.60 14.30 11.00 19.00 16.20 8.86
10 5.90 14.10 13.00 13.00 20.00 11.60 7.79 7.79 8.22 8.97 10.00 4.38 12.70 8.00 5.70 5.87
11 25.00 ND 13.10 ND 29.00 ND 25.00 ND 26.00 ND 26.00 ND 9.50 ND 15.20 ND
Mean 17.82 17.01 15.88 12.34 13.03 9.81 13.36 9.49 14.62 9.59 16.71 14.77 12.74 13.11 13.12 12.15
Systolic peak data are in cm/s. ND: Not defined.
anastomosis was also embolized (Table 3). The angiographic complete interruption of the blood flow in the distal
branches of the SRA was achieved in all cases (technical success of the procedure 100%).
Four patients (36.4%) reported post-operative complications, including one patient C-D 1, two patients C-D 2 and one
patient C-D 3b. Complications included acute urine retention, orchitis, radial artery thrombosis with deep brachial vein
and superficial cephalic vein thrombosis. One patient reported severe hemorrhoidal bleeding requiring transfusions and
an emergency excisional hemorrhoidectomy. In that case, it was not possible to perform the post-operative Doppler
assessment.
After 1 mo, a follow-up evaluation was performed in 9 patients because 1 refused to repeat an endoanal ultrasound.
All patients had persisting prolapse. Bleeding was absent or slight in 5 patients (55.5%, median HBS 1; Figure 4E and F)
and persistent in 4 (44.5%, mean HBS 3.75; Figure 5A).
Overall post-treatment MSP was 12.29 cm/s (SD + 2.68). The difference between pre- and post-treatment overall MSP
was significant (P = 0.008) (Table 4, Figure 5B). Sectorial analyses showed that the MSP reduction was significant only at 7
o’clock (14.62 cm/s vs 9.59 cm/s; P = 0.008; Table 2). MSP was significantly reduced in patients treated by distal
compared with proximal embolization [-2.52 cm/s (SD 1.70) vs 1.03 cm/s (SD 2.53); P = 0.047]. However, the coil landing
zone was not associated with symptom improvement (P = 1.000). The difference in MSP change in patients with type 1
and type 2 SRA anatomy was significant [-2.54 cm/s (SD 1.68) vs 1.10 cm/s (SD 2.43); P = 0.040].
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Table 3 Superior rectal artery classification, Emborrhoid treatment, and outcomes

Patient SRA e e Pre-treatment Post-treatment Pre-treatment Post-treatment
classification MSP MSP HBS HBS

1 Type 1 Distal (particles and coils) 11.74 11.34 5 0

2 Type 1 Distal (particles and coils) 16.16 11.57 6 0

3 Type 2 Proximal (particles and coils; coils in SRA/MRA  13.38 16.20 4 4
anastomosis)

4 Type 1 Proximal (particles and coils) 14.92 14.16 5 0

5 Type 1 Distal (particles and coils) 16.50 12.97 6 4

6 Type 2 Distal (particles and coils; particles and coilsin ~ 11.92 10.93 3 0
SRA/MRA anastomosis)

7 Type 1 Distal (particles and coils) 12.64 ND 4 ND

8 Type 1 Distal (particles and coils) 16.29 12.21 3 0

9 Type 1 Distal (particles distally; one coil proximal) 16.21 11.99 4 4

10 Type 1 Distal (coils) 10.41 9.21 b5 8

11 Type 2 Proximal (particles and coils; particles and coils ~ 21.10 ND 3 ND

in SRA/MRA anastomosis)

HBS: Hemorrhoidal bleeding score; MRA: Middle rectal artery; MSP: Mean systolic peak; ND: Not defined; SRA: Superior rectal artery.

Table 4 Overall pre- and post-treatment mean systolic peak

Position Pre-treatment MSP Post-treatment MSP P value
1 o’clock 17.82 17.01 0.993
3 o’clock 15.88 12.34 0.158
5 o’clock 13.03 9.81 0314
6 o’clock 13.36 9.49 0.077
7 o’clock 14.62 9.59 0.008
9 o’clock 16.71 14.77 0.604
11 o’clock 12.74 13.11 0.708
12 o’clock 13.12 12.15 0.592
Overall 14.66 12.29 0.008

Systolic peak data are in cm/s. MSP: Mean systolic peak.

In 5 patients (55.5%) with HBS reductions 2 3, no significant difference was found between pre- (14.20 cm/s) and post-
treatment (12.04 cm/s) MSP values (P = 0.07). The same was reported in 4 patients (44.5%) who complained of persisting
bleeding and who showed no significant difference between pre- (14.12 cm/s) and post-treatment (12.59 cm/s) MSP
values (P = 0.41). No relationship was found between hemorrhoidal grade and treatment outcome (P = 1.000) or between
SRA anatomy and treatment outcome (P = 1.000). Pearson’s correlation analysis showed a weak positive correlation [rs (9)
=0.21, P = 0.57] between MSP and HBS changes, with a monotonic relationship, as assessed by visual inspection of the
scatterplot (Figure 6).

DISCUSSION

Hemorrhoidal peak velocities were shown to be significantly different in a healthy control group and in patients with
hemorrhoidal disease[17]. Doppler ultrasound-guided hemorrhoidal artery ligation (DHAL) and THD techniques have
been proposed as minimally invasive modalities to treat hemorrhoidal bleeding by selective dearterialization[5,13]. A
systematic review and meta-analysis showed an advantage of THD over traditional hemorrhoidectomy in terms of
shorter operative time and reduced pain and complications[18]. However, this procedure is associated with a recurrence
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Figure 3 Pre-treatment and post-treatment angiography. A: Case 1, anastomosis between superior (SRA) and middle (MRA) rectal arteries, bilaterally; B:
Case 5, anastomosis between right MRA and inferior (IRA) rectal arteries; C: Case 8, anastomosis between right MRA and left SRA; D: Case 1, embolization of the
distal branches of the SRA (arrows) and occlusion of the anastomosis with MRA; E: Case 5, embolization of the distal branches of the SRA and occlusion of the
anastomosis with IRA and MRA (arrow); F: Case 8, embolization of the distal branches of the SRA (arrow) and occlusion of the anastomosis between right MRA and
left SRA. IMA: Inferior mesenteric artery.

rate up to 40%[18,19]. A systematic review of the literature showed an overall recurrence rate of 17.5% after DHAL[20].
These data are different from those of Ratto et al[5] who reported a correlation between technical success and clinical
success of the THD procedure at a 1-year follow-up. These findings may be due to the peripheral hemorrhoidal artery
ligation used in their study[6].
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Figure 4 Endoanal ultrasound. A-D: Preoperative endoanal ultrasound performed by a linear endocavitary transducer (3DX14L4-9038, BK Medical, Herlev,
Denmark). Three-dimensional ultrasound with color Doppler showing grade 3 hemorrhoidal plexus (HP) at 11 o'clock position (A); The mean hemorrhoidal artery (HA)
systolic peak velocity was 20.5 cm/s (B); Three-dimensional ultrasound with color Doppler showing grade 3 HP at 1 o’clock position (C); and the mean HA systolic
peak velocity was 20.2 cm/s (D); E and F: Endoanal ultrasound at 1-mo follow-up. Three-dimensional ultrasound with color Doppler showing the regression of HP at
11 o’clock position (E); and the reduction of the mean HA systolic peak velocity (8.22 cm/s) (F, same case of Figure A and B). EAS: External anal sphincter; IAS:
Internal anal sphincter; PR: Puborectalis muscle.

Embolization with particles conceptually mirrors the DHAL and THD techniques[21]. Compared to those procedures,
Emborrhoid has the advantage of identifying all the hemorrhoidal arterial branches to be occluded by arteriography,
potentially improving therapeutic effectiveness[1]. This technique was initially performed in the 1990s in patients with
disabling chronic rectal bleeding[22]. Currently, indications for the procedure include mild-to-severe hemorrhoidal
bleeding, recurrence after hemorrhoidal surgery, coagulation disorders, and presence of high operative risk[13].
Embolization, avoiding anal manipulation, has also been proposed for patients with faucal incontinence and hemorr-
hoidal bleeding to avoid anal sphincter damages due to hemorrhoidectomy[23]. In the United Kingdom, Emborrhoid is
still carried out only for research purposes as its advantage over the others techniques has not yet been demonstrated[21].

Ratto et al[5] analyzed the effects of THD on the hemodynamic parameters of the hemorrhoidal arteries, finding a
significant reduction in MSP values (post treatment 10.3 cm/s vs pretreatment 18.7 cm/s). However, the analysis was
limited to patients who reported resolution of the bleeding after treatment. These results are consistent with those of our
pilot study showing that the overall MSP of hemorrhoidal arteries was significantly reduced after Emborrhoid. The
present study demonstrated that distal embolization resulted in a greater reduction in MSP values compared with
proximal embolization. Sectorial analysis revealed that the reduction was significant in the right posterolateral quadrant.
Similar results were reported by Zakharchenko et al[21] who measured the hemorrhoidal blood flow by ultrasound. They
demonstrated a drop in the flow from 109.0 mL/min/100 g + 1.2 mL/min/100 g (SD) to 60.2 mL/min/100 g + 4.4 mL/
min/100 g (SD) (P < 0.05) the day after embolization, and unchanged at 1 mo of follow-up. Patient satisfaction was 94% in
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Figure 5 Mean systolic peak. A: Pre- and post-treatment mean systolic peak (MSP, cm/s) changes; B: Overall pre- and post-treatment MSP (cm/s).
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Figure 6 Scatterplot of the correlation between mean systolic peak and hemorrhoidal bleeding score change. HBS: Hemorrhoidal bleeding
score; MSP: Mean systolic peak.

grade 1-2 and 83% in grade 3 hemorrhoids. These investigators used 0.3 mm diameter non-lysing synthetic polyvinyl
alcohol particles and standard metallic coils. No data were provided on the correlation between flow and symptoms.

Our findings demonstrate that the benefit of Emborrhoid was not associated with the hemorrhoidal, probably due to
the small size of the study cohort. However, in a previous study, we reported that Emborrhoid was more effective in
grade 2 than in grade 3 hemorrhoids, with 84% vs 50% of symptoms resolution, respectively at the 6 mo follow-up[15].

Particles over coils or a combination of both, as in our patients, were not superior in terms of clinical success in a
comparative study by Moussa et al[24] with a longer follow-up period.

Our study findings included a weak, nonsignificant correlation between post-operative MSP and HBS changes in both
asymptomatic patients and in cases with persistent bleeding. Consequently, our results do not confirm the hypothesis
that hypervascularization of the branches of the SRA and severity of hemorrhoidal bleeding are correlated. This data
could explain why the technical success of the procedure, defined as the absence of the flow in the branches of SRA and
absence of opacification of the terminal branches in the projection of the hemorrhoids, has been reported up to 93%-100%.
On the other hand, the clinical success, assessed by using composite scores for symptoms evaluation, quality of life, and
satisfaction, ranged between 63.0% and 94.0%, with 13.6% of rebleeding[14]. Vidal et al[13] treated 14 patients with
embolization, reporting 100% technical success and 72% clinical success (mean follow-up, 192 d). These data are
consistent with the results of our study, with 100.0% technical success, 55.5% clinical success, and persistent bleeding in
44.5% of cases (mean HBS: 3.75). The difference between the technical success reported at the end of the procedure and
the clinical success at 1-mo of follow-up could be due to a revascularization of the branches of the SRA or the MRA.
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The type of SRA anatomy is crucial to the effectiveness of MSP changes. We demonstrated greater flow reduction in
patients with type 1 SRA anatomy compared with those with type 2. Accordingly, patients with persistent or recurrent
bleeding and no significant hemorrhoidal flow reduction at the follow-up eco-Doppler assessment may receive a second
or third embolization. However, as described by Vidal et al[13], clinical success after repeated sessions was still not
achieved in 28% of cases.

Post-operative complications after SRA embolization included fever, persistent bleeding, hematoma at the site of the
puncture, tenesmus, hemorrhoidal thrombosis and pain. Eberspacher et al[25] reported a case of rectal ischemia resulting
in rectal stenosis treated with bowel dilation. In our study, post-operative complications occurred in 36.4% of cases. The
radial artery access, proposed to reduce the need for post-operative bed rest and offer patients a prompt return to normal
activities[13,26], was complicated by a radial artery thrombosis.

Limitations

Limitations of this study are the small sample-size and the short follow-up period. However, given the novelty of this
technique, we decided to conduct a pilot study to preliminarily assess the effectiveness of the procedure. Our results in
terms of moderate efficacy and weak correlation between symptoms and flow suggest a word of caution. In hemorrhoidal
disease the increased arterial flow might not be the main cause of symptoms. Studies in a larger group of patients and
with a longer follow-up are needed to draw definitive conclusion on long term effectiveness and recurrence rate.

CONCLUSION

The preliminary findings of this pilot study confirm that Emborrhoid was effective in reducing the arterial hemorrhoidal
flow in hemorrhoidal disease. The MSP reduction was significant in type 1 SRA anatomy and in distal embolization.
However, the correlation between post-operative changes in MSP values and HBS was weak and no relationship was
found between hemorrhoidal grades, SRA anatomy, type of embolization, and treatment outcomes.
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Abstract

BACKGROUND

The GALAD score has improved early hepatocellular carcinoma (HCC) detection
rate. The role of the GALAD score in staging and predicting tumor characteristics
or clinical outcome of HCC remains of particular interest.

AIM

To determine the diagnostic/prognostic performances of the GALAD score at
various phases of initial diagnosis, tumor features, and 1-year mortality of HCC
and compare the performance of the GALAD score with those of other serum
biomarkers.

METHODS

This prospective, diagnostic/prognostic study was conducted among patients
with newly diagnosed HCC at the liver center of Vajira Hospital. Eligible patients
had HCC staging allocation using the Barcelona Clinic Liver Cancer (BCLC)
categorization. Demographics, HCC etiology, and HCC features were recorded.
Biomarkers and the GALAD score were obtained at baseline. The performance of
the GALAD score and biomarkers were prospectively assessed.

RESULTS
Exactly 115 individuals were diagnosed with HCC. The GALAD score increased
with disease severity. Between BCLC-0/A and BCLC-B/C/D, the GALAD score
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predicted HCC staging with an area under the curve (AUC) of 0.868 (95%ClI: 0.80-0.93). For identifying the curative
HCC, the AUC of GALAD score was significantly higher than that of Alpha-fetoprotein (AFP) (0.753) and Lens
culinaris agglutinin-reactive fraction of AFP-L3 (0.706), and as good as that of Protein induced by vitamin K
absence-II (PIVKA-II) (0.897). For detecting aggressive features, the GALAD score gave an AUC of 0.839 (95%CI:
0.75-0.92) and significantly outperformed compared to that of AFP (0.761) and AFP-L3 (0.697), with a trend of
superiority to that of PIVKA-II (0.772). The performance to predict 1-year mortality of GALAD score (AUC: 0.711,
95%CI: 0.60-0.82) was better than that of AFP (0.541) and as good as that of PIVKA-II (0.736). The optimal cutoff
value of GALAD score was 2 6.83, with a specificity of 72.63% for exhibiting substantial reduction in the 1-year
mortality.

CONCLUSION

The GALAD model can diagnose HCC at the curative stage, including the characteristic of advanced disease, more
than that by AFP and AFP-L3, but not PIVKA-II. The GALAD score can be used to predict the 1-year mortality of
HCC.

Key Words: Alpha-fetoprotein; Barcelona clinic liver cancer; GALAD score; Hepatocellular carcinoma; Lens culinaris
agglutinin-reactive fraction of alpha-fetoprotein; Protein induced by vitamin K absence-II

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The GALAD score performance showed a benefit not only in the accuracy of curative hepatocellular carcinoma
(HCC) staging but also in the characteristic of advanced disease. Incorporating the GALAD model may increase the
opportunity for prognosis prioritization for patients with HCC to predict the 1-year mortality.

Citation: Jitpraphawan O, Ruamtawee W, Treewatchareeckorn M, Sethasine S. Diagnostic and prognostic performances of GALAD
score in staging and 1-year mortality of hepatocellular carcinoma: A prospective study. World J Gastroenterol 2024; 30(17): 2343-
2353

URL: https://www.wjgnet.com/1007-9327/full/v30/i17/2343 .htm

DOI: https://dx.doi.org/10.3748/wjg.v30.i17.2343

INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the leading causes of cancer-related mortality worldwide. In Thailand, it was
the leading cause of cancer-related deaths among males and the third-highest cause among females[1]. Despite the rapid
introduction of novel and efficient HCC treatments, screening for HCC using a combination of serum alpha-fetoprotein
(AFP) and ultrasonography, slightly improved the early detection rate of HCC[2,3].

Due to the suboptimal improvements obtained from combining AFP with ultrasound, the European Association for the
Study of the Liver and the American Association for the Study of Liver Diseases recommended only biannual ultrasound
for HCC surveillance[3-5]. Other biomarkers including AFP-L3, the Lens culinaris agglutinin-reactive fraction of AFP,
which appears to be more specific for HCC[6,7]; and des-carboxy-prothrombin (DCP), a prothrombin precursor produced
by HCC, have been investigated as potential tumor markers for HCC in several ethnic populations[8-10]. Additionally,
AFP, AFP-L3, and DCP levels have been extensively studied in relation to prognosis[11-15]. According to a meta-analysis,
combining these serum biomarkers may boost sensitivity and specificity compared to that from using each biomarker
alone[16].

Previous research has presented a novel diagnostic algorithm, the GALAD score, which considers gender, age, AFP-L3,
AFP, and DCP. This model shows enhanced early-stage HCC detection sensitivity[17-20]. As such, the role of the GALAD
score in terms of tumor stage or clinical outcomes of HCC was intriguing. Thus, this study aimed to determine the
diagnostic/prognostic performances of the GALAD score at various phases of the initial HCC diagnosis, tumor features,
and 1-year mortality of patients with HCC and compare the performance of the GALAD score with that of individual
serum biomarkers.

MATERIALS AND METHODS
Study design and study population

This prospective study was conducted at Faculty of Medicine Vajira Hospital, Navamindradhiraj University, Bangkok,
Thailand. Participants were required to be at least 18 years old and diagnosed with HCC for the first time between
September 2021 and March 2022. Hepatitis B and C virus (HBV and HCV, respectively) infections were verified based on
the presence of hepatitis B surface antigen and anti-HCV antibodies. Alcohol consumption was considered a cause of
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HCC when there was a significant and documented history of alcohol abuse in the patient[21]. Metabolic-associated fatty
liver disease (MAFLD) was diagnosed based on either an increase in liver ultrasound echogenicity or steatosis, as
determined by a transient liver stiffness test in the presence of metabolic syndrome[22]. Cirrhosis was defined by: (1)
Histology; (2) cirrhosis characteristics in imaging studies using ultrasound or computed tomography (CT) imaging
(nodular configuration of the liver, dilated portal vein (PV), splenomegaly with or without ascites); or (3) transient
elastography with a cut point of liver stiffness greater than 12.5 kPa. The predictive prognosis of cirrhosis was evaluated
using both the Child-Pugh and Model for End-Stage Liver Disease scores. HCC was diagnosed based on: (1) Histology; or
(2) presence of cirrhosis with the radiologic characteristics of HCC on a CT scan. In chronic HBV infection, HCC diagnosis
is determined by the presence of both radiologic hallmarks and an AFP level > 200 ng/mL[23-25]. Patients with other
primary liver malignancies, patients with liver metastases, and patients with HCC who did not complete the informed
consent form were excluded. All individuals who receive a diagnosis of HCC will be eligible for standard treatment
according to the Barcelona Clinic Liver Cancer (BCLC) guideline. Each individual provided informed consent prior to
enrollment, after the researchers had thoroughly explained them the research topic. Participants” demographic
information, including age, sex, body mass index, symptoms at initial presentation, HCC etiology, performance status,
tumor burden and characteristics of advanced disease, was collected. The following biochemical data were collected:
Total blood count, blood urea nitrogen, creatinine level, levels of electrolytes, coagulogram, liver function test, and viral
markers.

Individual blood samples (10 mL) for AFP, AFP-L3, and Protein induced by vitamin K absence- II (PIVKA-II) (stored at
20 °C) were measured using the pnTASWako i30 fully automated immune analyzer (Fujifilm Wako Pure Chemical
Corporation, Osaka, Japan)[26]. Microfluidic chips were analyzed using liquid-phase binding assays, followed by
capillary electrophoresis and fluorescence detection. This machine had lower limited detections of 0.3 ng/mL for AFP
and 5 mAU/mL for PIVKA-II for each biomarker. The percentage of AFP-L3 was measured when the AFP value was
more than 0.3 ng/mL.

The GALAD score was computed as follows: Z = -10.08 + 0.09 x age + 1.67 x sex + 2.34 Log (AFP) + 0.04 x (AFP-L3) +
1.33 Log (DCP). The formula x 0.012 was used to convert the DCP (ng/mL) to the PIVKA-II value (mAU/mL)[27]. https:/
/www.mayoclinic.org/medical-professionals/model-end-stage-liver-disease/ GALAD is a web-based calculator. The
definition of sex was 1 for males and 0 for females. The BCLC staging system was used to categorize tumor stages[28].
Participants who were eligible received conventional HCC treatment. Mortality was measured from the initial HCC
diagnosis until death or at the end of follow-up at 1 year.

Sample size calculation
The sample size determined the number of participants for estimating accuracy index formula using the area under the
curve (AUC)[29]:

n=2722,V (AUC)/d

Where 1 is the sample size for each group with disease/endpoint and non-disease/non-endpoint, V' ,;c, = (0.0099 x ) x
(64’ +16), a= @,y x 1.414, and ¢ is the inverse of standard cumulative normal distribution or Z .

The reference AUC values of GALAD score for calculating sample sizes for staging patients with HCC into each of the
five stages of BCLC (0/A/B/C/D) and predicting other endpoints were not obtained from any research through our
review. Therefore, we used the values from previous research that studied the GALAD performance to diagnose HCC.
The reference AUC values were obtained from a systematic review and meta-analysis of the performance of GALAD
score for diagnosing HCC in patients with chronic liver diseases, with an AUC of 0.86 for detecting early-stage HCC
(BCLC 0/ A)[20], and from a multicenter case-control study with an AUC of 0.933 for advanced HCC (BCLC B/C/D)[30].
The reference value used to calculate the sample size for 1-year mortality was obtained from a recent study with an AUC
of 0.792[31]. Z,, is the Z-score corresponding to a normal distribution defined as 1.96 (a = 0.05) with 95% confidence; and
the degree of precision of estimate being about 0.129[20], 0.14[30], and 0.1188[31] (d was set at 15% error of AUC) for
statistical significance, with V', = 0.092483. Therefore, the required sample size obtained by inserting the formula[29]
was 44 participants for detecting early-stage HCC, 18 participants for detecting advanced-stage HCC, and 68 participants
for predicting 1-year mortality of patients with HCC.

Ethical approval

The institutional review board of the Faculty of Medicine at Vajira Hospital (COA 165/2564) authorized the study
protocol, which was conducted in accordance with the ethical norms of the 1975 Declaration of Helsinki. All participants
provided written informed consent prior to enrollment in the trial.

Statistical analysis
STATA version 13.0 (Stata Corporation, College Station, TX, United States) was used for statistical analyses. Pearson’s chi-
squared or Fisher’s exact tests were used to assess comparable categorical data between HCC stages. A one-way analysis
of variance (one-way ANOVA) or Kruskal-Wallis test was used to compare continuous variables. Statistical significance
was set at P value < 0.05. The diagnostic and prognostic performance of GALAD score and biomarkers were estimated
using the c-statistic, commonly referred to as the area under the receiver operating characteristic (ROC) curve analysis.
The area under the ROC curve, sensitivity, specificity, positive and negative predictive values, positive and negative
likelihood ratio, correctly classified of the GALAD score and each tumor marker for staging HCC, clinical features of the
advanced disease, and 1-year mortality were obtained.

The diagnostic and prognostic performance of the GALAD score and other tumor markers were measured using the
AUC that reflects the overall discriminative value of the test. The AUC ranged from 0 (at 0.5 representing “the probability
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of a false and true diagnosis is both 50%” and such the test is no better than flipping a coin) to 1.0 (indicating excellent
discrimination)[32]. Generally, an AUC of 0.75 is considered high enough for use in clinical practice. Therefore, the best
cutoff point was the point closest-to- (0,1) corner in the ROC plane (Euclidean distance), that reached 100% sensitivity and
100% specificity. Hence, the cut-points for GALAD score and tumor markers were selected to optimize the values of both
sensitivity and specificity based on the Euclidean distance[32,33]. The AUC of the GALAD score and each tumor marker
were compared for very early stage (BCLC-0) and early stage (BCLC-A) HCC, curative HCC stage (BCLC-0 to A), and
non-curative HCC stage (BCLC B to D), clinical features of poor prognosis, and 1-year mortality.

RESULTS

Tumor characteristics, biomarkers, GALAD score and staging of HCC

A total of 115 individuals were diagnosed with HCC, of which 98 (85.2%) were male. The most prevalent symptom was
abdominal pain (38.3%), followed by gastrointestinal hemorrhage (10.4%). More than one-third (33.9%) of the patients
had no symptoms. The most common cause of chronic hepatitis was hepatitis B (37.4%), followed by chronic hepatitis C
(CHC) (12.2%), alcoholic hepatitis (14.8%), and MAFLD (7.8%). The remaining 27.8% of the patients were classified as
having mixed etiologies. Eighty percent of the patients with HCC were diagnosed with cirrhosis. Child-Pugh scores A, B,
and C were distributed as follows: 56.5%, 34.8%, and 8.7%, respectively. Most participants (68.1%) were in good physical
condition. Sixty-four individuals (55.7%) had tumors > 5 cm in size. Fifty patients (43.5%) were diagnosed with a single
lesion. The percentage of each stage (0, A, B, C, and D) according to the BCLC criteria was 11.3%, 23.47%, 31.3%, 13.3%,
and 20%, respectively. Approximately 65.2% of the patients were in the non-curative stage. Characteristics of advanced-
stage HCC (PV thrombosis, macrovascular invasion, and metastasis) were observed in 21.7%, 13.9%, and 8.0% of the
cases, respectively. The median levels of AFP, AFP-L3 (%), and PIVKA-II at the time of HCC diagnosis were 38.9 ng/mL
(5.4-3305), 7% (1-34.1), and 604 mAU/mL (54-21878), respectively. The median GALAD score for BCLC stages 0, A, B, C,
and D were -2.27 (-3.9, 1.2), -0.62 (-1.81, 1.86), 4.15 (1.21, 8.81), 9.59 (6.17, 13.33), and 7.22 (3.7, 10.12), respectively (Table 1).
There were no significant differences in median GALAD score and the various etiology of HCC (Supplementary Table T).

Comparisons of the diagnostic performance between GALAD score and serum biomarkers

For very early stage (BCLC-0) and early stage (BCLC- A) of HCC: AUC for predicting very early stage HCC was non-
significantly superior with GALAD score (0.6097, 95%CI: 0.40 to 0.82) compared to that using individual AFP (0.5655,
95%CI 0.36 to 0.77, P = 0.3721) and AFP-L3 (0.5128, 95%CI 0.32 to 0.70, P = 0.2992), and was comparable with that of
PIVKA-II (0.7236, 95%CI 0.54 to 0.91, P = 0.1798). PIVKA-II showed a trend of higher AUC than that of AFP (P = 0.1100)
and AFP-L3 (P = 0.0409; Table 2).

For curative HCC stage (BCLC- 0 to A) and non-curative HCC stage (BCLC B to D): The diagnostic performance of the
GALAD score in curative HCC stage was more accurate than that in very early stage (0.6097 to 0.8677). For the prediction
of BCLC stage 0 to A, AUC of the GALAD score (0.8677, 95%CI 0.80 to 0.93) was significantly higher than that of AFP
(0.7525, 95%CI1 0.67 to 0.84, P < 0.001) and AFP-L3 (0.7058, 95%CI 0.61 to 0.80, P < 0.001). The performance of the GALAD
score was as good as PIVKA-II: AUC at 0.8970 (95%CI 0.84 to 0.95, P = 0.2353) to predict for curative stage of HCC. For
predicting curative stage of HCC, the optimal cutoff value of the GALAD score was > 2.65, with 74.67% sensitivity and
85.0% specificity (Table 2 and Figure 1A).

For characteristics of advanced diseases and patient’s mortality: The characteristics of advanced diseases were
composed of any one of the following: Macrovascular invasion, 13.9% (n = 16); PV thrombosis, 21.7% (n = 25); and
extrahepatic metastasis, 8.7% (n = 10). For predicting aggressive feature of HCC, AUC of the GALAD score (0.8385, 95%ClI
0.75 to 0.92) significantly outperformed that of AFP (0.7613, 95%CI 0.65 to 0.87, P = 0.0136) and AFP-L3 (0.6969, 95%CI
0.58 to 0.82, P = 0.0152); moreover, the AUC of the GALAD score showed a superior trend to that of PIVKA (0.7718,
95%CI 0.68 to 0.86, P = 0.0683). There was no significant difference in aggressive feature between PIVKA-II and AFP (P =
0.8476; Table 2 and Figure 1B).

After the diagnosis of HCC, standard therapy was commenced following the BCLC guidelines; however, after 1-year of
follow-up, none of the 20 patients (17.39%) survived. Reasons for mortality included severe or terminal disease (12), HCC
rupture (3), or sepsis (5). All non-survivors were in advanced or terminal stages, except one patient with BCLC stage B
and ruptured HCC.

In terms of predicting the 1-year mortality, the GALAD score (0.7108, 95%CI 0.61-0.82) outperformed AFP (0.5405,
95%CI 0.39-0.69, P < 0.001), but was as good as PIVKA-II (0.7395, 95%CI 0.63-0.85, P = 0.5349). For predicting 1-year
mortality of HCC, the optimal cutoff value of the GALAD score was 2 6.83, this cutoff value was within intermediate or
advanced HCC stage, and gave 60.0% sensitivity and 72.63% specificity. The optimal cutoff value of PIVKA-II for
patient’s mortality was > 2959 mAU/mL, which gave a slightly lower specificity (68.42%). Even though the GALAD score
gave lower sensitivity, it gave higher specificity to predict 1-year mortality than that of PIVKA-II (Table 2 and Figure 1C).

DISCUSSION

The prevalence of HCC among all cancer diagnoses in the global population is increasing. Currently, ultrasonography
with AFP is the recommended screening method for diagnosing HCC. Other biomarkers, including AFP, AFP-L3, and
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Table 1 Patient characteristics and biomarkers, n (%)

Total Stage 0 Stage A Stage B Stage C Stage D
P value*
(n=115) (n=13) (n=27) (n=236) (n=16) (n=23)
Age (mean * SD) 60.83 +12.93 60.69 + 11.64 61.07+11.34  58.67 +15.03 62.00 +12.73 63.22 +12.48 0.754
Male 98 (85.2) 11 (84.6) 22 (81.5) 31 (86.1) 15 (93.8) 19 (82.6) 0.849
BMI (kg/mz) 231235 24.31+3.12 2343 +2.74 23.06 +3.33 22.98 £5.06 22.26 +3.53 0.543
Symptom at first presentation
Abdominal pain 44 (38.3) 1(7.7) 7 (25.9) 16 (44.4) 10 (62.5) 10 (43.5) 0.02
Jaundice 7 (6.1) 1(7.7) 0 (0) 1(2.8) 1(6.3) 4(17.4) 0.106
Anemia 1(0.9) 0(0) 0(0) 1(2.8) 0 (0) 0(0) 0.697
Ascites 9(7.8) 2 (15.4) 1(37) 1(2.8) 2 (12.5) 3 (13) 0368
Weight loss 7 (6.1) 0(0) 0(0) 5 (13.9) 0(0) 2(8.7) 0.102
Fever 1(0.9) 1(7.7) 0 (0) 0(0) 0 (0) 0 (0) 0.095
Edema 4(35) 0(0) 1(37) 0(0) 2 (12.5) 1(43) 0223
Abdominal mass 3 (2.6) 0 (0) 0 (0) 3(8.3) 0 (0) 0 (0) 0.154
Gl bleeding 12 (10.4) 1(7.7) 0 (0) 2 (5.6) 5 (31.3) 4(17.4) 0.012
Asymptomatic 39 (33.9) 8 (61.5) 17 (63) 11 (30.6) 1(6.3) 2(8.7) <0.001
Etiology
CHB 43 (37.4) 8 (61.5) 7 (25.9) 18 (50) 5 (31.3) 5 (21.7) 0.043
CHC 14 (12.2) 1(7.7) 5 (18.5) 3(8.3) 3(18.8) 2(87) 0.615
Alcohol 17 (14.8) 2 (15.4) 4(14.8) 5 (13.9) 2 (12.5) 4(17.4) 0.995
MAFLD 9(7.8) 1(7.7) 4 (14.8) 2 (5.6) 1(6.3) 1(43) 0.64
CHB with alcohol 20 (17.4) 0(0) 4(14.8) 4(11.1) 5 (31.3) 7 (30.4) 0.069
CHC with alcohol 12 (10.4) 1(7.7) 3 (11.1) 4(11.1) 0 (0) 4 (17.4) 0.526
Cirrhosis 92 (80) 9(69.2) 21 (77.8) 27 (75) 12 (75) 23 (100) 0.108
CTP-A/B/C (%) 56.5/34.8/8.7 88.9/11.1/0 81/19/0 70.4/29.6/0 50/50/0 8.7/56.5/34.8 <0.001
MELD (mean * SD) 10.31+£7.28 7.54+7.24 8.78 £6.73 8.28 £6.33 10.5 £ 6.98 16.74 £ 6.17 <0.001
Performance status
0-1 79 (68.7) 12 (92.3) 26 (96.3) 36 (100) 4(25) 1(4.3) <0.001
2 2(17) 0(0) 1(3.7) 0(0) 0(0) 1(43) 0.613
3 15 (13) 0 (0) 0 (0) 0(0) 10 (62.5) 5 (21.7) <0.001
4 19 (16.5) 1(7.7) 0(0) 0(0) 2 (12.5) 16 (69.6) <0.001
Tumor size (cm)
<2 23 (20) 12 (92.3) 8 (29.6) 1(28) 0 (0) 2(87) <0.001
213 14 (12.2) 1(7.7) 12 (44.4) 0(0) 0(0) 1(43) <0.001
315 14 (12.2) 0 (0) 7 (25.9) 4(11.1) 0 (0) 3 (13) 0.065
>5 64 (55.7) 0(0) 0(0) 31 (86.1) 16 (100) 17 (73.9) <0.001
Tumor number
1 50 (43.5) 13 (100) 14 (51.9) 17 (47.2) 2 (12.5) 4(17.4) <0.001
2 35 (30.4) 0 (0) 10 (37) 8 (22.2) 10 (62.5) 7 (30.4)
>3 30 (26.1) 0(0) 3(11.1) 11 (30.6) 4 (25) 12 (52.2)
Tumor characteristic
Macrovascular 16 (13.9) 0 (0) 0 (0) 2(5.6) 8 (50) 6 (26.1) <0.001
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invasion
PV thrombosis 25 (21.7) 0 (0) 0(0) 1(2.8) 11 (68.8) 13 (56.5) <0.001
Metastasis 10 (8.7) 0 (0) 0(0) 0(0) 6 (37.5) 4 (17.4) <0.001

Liver function test

Albumin (mg/dL) 3.7 38 41 39 3.55 27 <0.001
(31,42 (37,44) (35,43) (3.45, 4.25) (315,37) (23,3.4)
Total bilirubin 1.04 091 0.69 0.86 135 3.44 <0.001
(mg/dL)
(0.63,1.84) (0.69,1.12) (056, 1.64) (0.55,1.5) (117,1.83) (0.92,5.19)
AST (IU/L) 79 (47, 130) 34 (29, 67) 52 (36, 68) 79 (53, 116.5) 145 (945, 141 (93, 479) <0.001
207.5)
ALT (IU/L) 41 (24, 65) 24 (20, 43) 35 (20, 43) 53 (38, 71) 41(205,124) 48 (24,97) 0.017
ALP (IU/L) 136 (92, 237) 86 (71,108) 108 (79,130) 1435 (102,271.5) 176 (152, 201 (159, 314) <0.001
276.5)

Biomarker (median, 25-75 quartile)

AFP (ng/mL) 38.9 31 10 50 22146.3 79 <0.001

(5.4, 3305.3) (1.7, 50) (2.8, 61) (13.2, 2482.65) (190.55, (17.2, 23475)
163697)

AFP-L3 (%) 7 4.55 4.83 6.07 25.8 30.5 <0.001
(1,34.1) (0.5, 6.76) (0.5,8.1) 0.9,24.7) (3.95, 63.9) (8.16,74.7)

PIVKA II (mAU/mL) 604 26 55 7820 20188 4807 <0.001
(54, 21878) (20,35) (37, 220) (139, 44019.5) (761, 91915) (581, 203031)

GALAD score

Median (range) 3.08 -2.27 -0.62 415 9.59 7.22 <0.001

(-0.56, 9.09) (-3.9,1.2) (-1.81,1.86) (1.21, 8.81) (6.17,13.33) (3.7,10.12)

P value < 0.05 is statistically significant, ANOVA test, Kruskal-Wallis test, Chi-square test, or Fisher’s exact test were used.

AFP: Alpha-fetoprotein; AFP-L3: Lens culinaris agglutinin-reactive fraction of alpha-fetoprotein; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; ALP: Alkaline phosphatase; BMI: Body mass index; CTP: Child Turcotte Pugh; CHB: Chronic hepatitis B; CHC: Chronic hepatitis C; GI:
Gastrointestinal; MAFLD: Metabolic associated fatty liver disease; MELD: Model for end stage liver disease; PIVKA II: Protein induced by vitamin K
absence- II; PV: Portal vein.

PIVKA-II, have been shown to boost the diagnostic sensitivity for HCC[34-38]. The GALAD score was developed to
enhance the utility of combining various markers derived from sex and age, which has been validated in non-alcoholic
fatty liver disease[18,38].

Our investigation revealed a higher median GALAD score in CHC, which was consistent with data from the Chinese
population, with the use of the GALAD score in CHC offering greater diagnostic power for HCC than for other etiologies
[39]. In contrast to previous studies in which the GALAD utility was established for early HCC diagnosis[16,18], our
study demonstrates the novel utility of the GALAD score for accurate HCC staging and prognosis. We emphasized that
GALAD has multiple utilities, and it was demonstrated that GALAD has a high AUC for HCC at the curative stage.
According to comparable patient’s age for each HCC stage, the increase of the GALAD score in parallel with higher BCLC
stage, with the exception of BCLC stage D, reflects liver decompensation itself but not tumor burden.

Serum prothrombin produced by the lack of PIVKA-II is an aberrant prothrombin caused by a deficiency of gamma-
glutamyl carboxylase and vitamin K[40]. PIVKA-II is not only more specific than AFP, but a positive result also increases
the likelihood of micro- and macrovascular invasion[41,42]. Owing to the distinct synthesis pathway, the benefits of
PIVKA-II were complementary to those of AFP[43]. Enrollment in our curative-stage HCC study showed that PIVKA-II
performed much better than AFP. Some nations have suggested using both biomarkers for the initial detection of HCC.
The cause of HCC in majority of our patients was chronic hepatitis B (CHB), and our PIVKA-II identification of early
CHB-related HCC was comparable to that of previous reports[44,45]. According to our data, using PIVKA-II was
associated with poor performance in MAFLD-HCC enrollment, which is consistent with the results of a previous study
[46]. However, because only a few MAFLD cases were analyzed, our findings may not be definitive. Regarding to the
enrollment of substantial number of patients with BCLC stage 0 or A, this may be of interest for prospective clinical
outcome prediction research.

The characteristics of advanced disease can be evaluated by utilizing both GALAD scores and PIVKA-II levels. In the
present study, after 1-year of mortality monitoring, all non-survivors were in the intermediate and advanced stages of
HCC, as established by disease staging and treatment. According to a recent systematic review and meta-analysis,
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Table 2 Diagnostic performances of GALAD score and other biomarkers on Barcelona Clinic Liver Cancer staging, aggressive features,

and prognostic performances for 1-year mortality of hepatocellular carcinoma

Barcelona Clinic Liver Cancer staging

Scores Aggressive features®* 1-year mortality*
0vs A’ 0/A vs BIC/D*
GALAD
AUC (95%Cl) 0.6097 (0.40-0.82) 0.8677 (0.80-0.93) 0.8385 (0.75-0.92) 0.7108 (0.60-0.82)

Cutoff values

Sensitivity /Specificity (%)

PPV/NPV (%)

Positive/Negative LR

Correctly classified (%)
PIVKA-II

AUC (95%CI)

Cutoff values

Sensitivity /Specificity (%)

PPV/NPV (%)

Positive/Negative LR

Correctly classified (%)
AFP

AUC (95%CI)

Cutoff values

Sensitivity / Specificity (%)

PPV/NPV (%)

Positive/Negative LR

Correctly classified (%)
AFP-L3

AUC (95%CI)

Cutoff values

Sensitivity / Specificity (%)

PPV/NPV (%)

Positive/Negative LR

Correctly classified (%)
Comparison of AUC

GALAD and PIVKA-II

GALAD and AFP

GALAD and AFP-L3

PIVKA-II and AFP

PIVKA-II and AFP-L3

>-1.95
81.48/53.85
78.57/58.33
1.77/0.34

72.50

0.7236 (0.54-0.91)
>37

77.78/76.92
87.50/62.50
3.37/0.29

77.50

05655 (0.36-0.77)
>44

74.07/53.85
76.92/50.00
1.60/0.48

67.50

05128 (0.32-0.70)
>4.383
51.85/53.85
70.00/35.00
1.12/0.89

52.50

P=0.1798
P=03721
P =0.2992
P =0.1100

P =0.0409"

>265
74.67/85.00
90.32/64.15
4.98/0.30

78.26

0.8970 (0.84-0.95)
> 354
81.33/92.50
95.31/72.55
10.84/0.20

85.22

0.7525 (0.67-0.84)
>16

74.67/60.00
77.78/55.81
1.87/0.42

69.57

0.7058 (0.61-0.80)
>74

64.00/77.50
84.21/53.45
2.84/0.46

68.70

P =0.2353
P <0.001"
P <0.001°
P <0.001°

P <0.001%

>7.22
75.00/85.54
66.67/89.87
5.19/0.29

82.61

0.7718 (0.68-0.86)
>581
93.75/63.86
50.00/96.36
259/0.10

7217

0.7613 (0.65-0.87)
>79

75.00/71.08
50.00/88.06
259/0.35

7217

0.6969 (0.58-0.82)
>123
65.63/71.08
46.67/84.29
227/0.48

69.57

P =0.0683
P =0.0136"
P =0.0152"
P =0.8476

P =0.2801

>6.83
60.00/72.63
31.58/89.61
2.19/0.55

70.43

0.7395 (0.63-0.85)
> 2959
75.00/68.42
33.33/92.86
238/0.37

69.57

0.5405 (0.39-0.69)
>79

50.00/60.00
20.83/85.07
1.25/0.83

58.26

0.7361 (0.61-0.86)
2145
65.00/72.63
33.33/90.79
2.38/0.48

71.30

P =0.5349
P <0.001"
P =0.6656
P =0.0086"

P =10.9610

P value < 0.05 is statistically significant.

IMacrovascular invasion or portal vein thrombosis or extrahepatic metastasis.

2Optimal cutoff points were determined to the point closest-to- (0,1) corner in the receiver operating characteristic plane (Euclidean distance).
3Cutoff values were adapted based on the Euclidean distance criteria to maximize specificity for predicting the 1-year mortality with acceptable sensitivity.
AFP: Alpha-fetoprotein; AFP-L3: Lens culinaris agglutinin-reactive fraction of alpha-fetoprotein; AUC: Area under the curve; LR: The likelihood ratio;

NPV: Negative predictive value; PIVKA-II: Protein induced by vitamin K absence- II; PPV: Positive predictive value; ROC: Receiver operating

Boishideng® WIG | https://www.wjgnet.com

2349

May 7,2024 | Volume30 |

Issue17 |



Jitpraphawan O et al. GALAD score-staging and prognosis of HCC

characteristic.
A B
1.00 ; 1.00
0.75 4 0.75
£ £
2 0.50 2 0.50
g g
Q Q
2] 2]
0.25 4 0.25
T
0.00 1! 0.00
T T T T T T T T T T
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
1-specificity 1-specificity
GALAD AUC: 0.8677  ======== PIVKA-II AUC: 0.897 ——— GALAD AUC: 0.8385 ~ ====----- PIVKA-II AUC: 0.7718
— — — AFP AUC: 0.7525 — --— AFP-L3 AUC: 0.7058 — — — AFP AUC: 0.7613 — - - — AFP-L3 AUC: 0.6969
Reference Reference
1.00 1 =
‘_Jf e :;:;‘___JJ
0.75 I
|
"
Z [f
= 0.50 ——
.‘é
Q
2]
0.25
0.00
0.00 0.25 0.50 0.75 1.00
1-specificity
GALAD AUC: 0.7108  «-eevveee PIVKA-II AUC: 0.7395
— — — AFP AUC: 0.5405 -— AFP-L3 AUC: 0.7361

Reference

Figure 1 Receiver operating characteristic curves displaying the diagnostic performances of GALAD and other biomarkers. A: On staging
curative hepatocellular carcinoma; B: On aggressive features of hepatocellular carcinoma; C: On 1-year mortality of hepatocellular carcinoma. AFP: Alpha-fetoprotein;
AFP-L3: Lens culinaris agglutinin-reactive fraction of alpha-fetoprotein; AUC: Area under the curve; PIVKA II: Protein induced by vitamin K absence — II.

GALAD score was useful for diagnostic performance but not for prognosis of disease progression[20]. We highlight the
updated significance of GALAD performance not only in the accuracy of curative HCC staging, but also in the charac-
teristic of advanced diseases and predicting a decline in 1-year mortality. A combination of age and PIVKA-II in the
GALAD model may offer an indirect method for determining the aggressiveness of malignancies[47]. It would be
intriguing to incorporate the GALAD model in future research for increasing the staging accuracy and for the person-
alized prognosis of HCC. High pre-treatment serum AFP-L3% levels were also associated with a poor prognosis in our
patients with HCC; however, we believe that high AFP-L3% levels may have considerable prognostic value for patients
with HCC with low AFP concentrations.

This study had some limitations. Despite the ability to recruit participants based on our sample size calculations, the
number of participants in each stage, particularly the initial stage, is very low. This could potentially impact the
performance of the GALAD application. If more patients with HCC utilize the GALAD score, the overall advantage in
proper disease staging and prognosis may become more apparent. Second, our clinical data was archived with short
follow-up periods. The prognostic performance may increase with longer follow-up periods.

CONCLUSION

The GALAD model can enhance the diagnosis of HCC at the curative stage more than that by AFP and AFP-L3, but not
PIVKA-II; moreover, it can also be used to predict the 1-year mortality in non-curative HCC.
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Abstract

BACKGROUND

Difficulty in obtaining tetracycline, increased adverse reactions, and relatively
complicated medication methods have limited the clinical application of the
classic bismuth quadruple therapy. Therefore, the search for new alternative
drugs has become one of the research hotspots. In recent years, minocycline, as a
semisynthetic tetracycline, has demonstrated good potential for eradicating
Helicobacter pylori (H. pylori) infection, but the systematic evaluation of its role
remains lacking.

AIM
To explore the efficacy, safety, and compliance of minocycline in eradicating H.
pylori infection.

METHODS

We comprehensively retrieved the electronic databases of PubMed, Embase, Web
of Science, China National Knowledge Infrastructure, SinoMed, and Wanfang
database as of October 30, 2023, and finally included 22 research reports on H.
pylori eradication with minocycline-containing regimens as per the inclusion and
exclusion criteria. The eradication rates of H. pylori were calculated using a fixed
or a random effect model, and the heterogeneity and publication bias of the
studies were measured.

RESULTS
The single-arm meta-analysis revealed that the minocycline-containing regimens
achieved good overall H. pylori eradication rates, reaching 82.3% [95% confidence
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interval (CI): 79.7%-85.1%] in the intention-to-treat analysis and 90.0% (95%CI: 87.7%-92.4%) in the per-protocol
analysis. The overall safety and compliance of the minocycline-containing regimens were good, demonstrating an
overall incidence of adverse reactions of 36.5% (95%CI: 31.5%-42.2%). Further by traditional meta-analysis, the
results showed that the minocycline-containing regimens were not statistically different from other commonly
used eradication regimens in eradication rate and incidence of adverse effects. Most of the adverse reactions were
mild to moderate and well-tolerated, and dizziness was relatively prominent in the minocycline-containing
regimens (16%).

CONCLUSION
The minocycline-containing regimens demonstrated good efficacy, safety, and compliance in H. pylori eradication.
Minocycline has good potential to replace tetracycline for eradicating H. pylori infection.

Key Words: Helicobacter pylori; Minocycline; Eradication; Safety; Resistance

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Regarding the utilization of minocycline in the eradication therapy of Helicobacter pylori (H. pylori) infection,
there is a lack of literature summarizing the potential and role of minocycline in the eradication of H. pylori infection. This is
the first comprehensive account of the role, efficacy, and current state of research on minocycline in the eradication therapy
of H. pylori infection by traditional meta-analysis as well as single-arm meta-analysis methods. We have summarized this
minocycline in terms of bactericidal mechanism, pharmacodynamics, pharmacokinetics, drug resistance, eradication
efficacy, safety and compliance.
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INTRODUCTION

Helicobacter pylori (H. pylori) infection and its related diseases (gastric cancer, peptic ulcer, chronic atrophic gastritis/
intestinal metaplasia, dyspepsia, efc.) are crucial global health issues. In clinics, many patients require eradication therapy
for H. pylori infection for its effective prevention and treatment[1,2]. H. pylori infection eradication has become more and
more difficult with the increasing resistance to antibiotics, such as clarithromycin, levofloxacin, etc[3,4]. The global
consensuses of experts in diagnosing and treating H. pylori infection generally recommends the classic bismuth quadruple
therapy (BQT) for eradication, i.e., proton pump inhibitor, tetracycline, full-dose metronidazole, and bismuth[1,5-8].
However, this regimen demonstrated a high incidence of adverse reactions and relatively complex usage. Tetracycline is
difficult to clinically obtain in many countries and regions, which has greatly limited the clinical application of BQTI[9,
10]. The use of other drugs to replace tetracycline to effectively eradicate H. pylori infection has become one of the hot
research directions in this field.

Minocycline, as a semi-synthetic tetracycline[11,12], has been currently prominently used in clinical treatment of
diseases such as acne, sexually transmitted diseases, and special respiratory infections. Compared with tetracycline,
minocycline has demonstrated better bactericidal activity on other bacteria[13]. In 2002, scholars attempted to use the
minocycline-containing regimen for eradicating H. pylori infection[14]. Since then, basic and clinical studies have
successively investigated the efficacy, safety, compliance, and drug resistance of different minocycline-containing
regimens in treatment-naive or retreated patients with H. pylori infection[11,12]. In general, these studies have
demonstrated that minocycline demonstrated good potential and effect in eradicating H. pylori infection and is a very
promising alternative in cases where tetracycline is difficult to obtain. Herein, we conducted a review and meta-analysis
of the minocycline-containing regimens to comprehensively explore their role, effect, and research status in eradicating H.
pylori infection.

MATERIALS AND METHODS

Bactericidal mechanism of minocycline

Chlortetracycline, the first tetracycline compound, was introduced in the 1950s. Shortly thereafter, Duggar et al[15]
analyzed the mutant of chlortetracycline in Staphylococcus aureus and revealed demeclocycline, a precursor, which was
further reduced and transformed into minocycline. Minocycline is a tetracycline derivative with a similar mechanism of

Beienideng>  VVIG | https://www.wjgnet.com 2355 May 7,2024 | Volume30 | Issuel7 |


https://www.wjgnet.com/1007-9327/full/v30/i17/2354.htm
https://dx.doi.org/10.3748/wjg.v30.i17.2354

Zhou K et al. Minocycline in H. pylori eradication

action to that of tetracycline. It enters the bacteria mainly through the outer membrane protein channel and specifically
binds to A site of the 30S subunit aminoacyl group of bacterial ribosomes, thereby blocking the aminoacyl-tRNA binding
at this site, preventing peptide chain extension and bacterial protein synthesis, and playing the bactericidal role[16]
(Figure 1). The affinity between minocycline and ribosome is 20 times higher and the in vitro translational suppression
efficiency is 2-7 times higher than that of tetracycline. Therefore, minocycline demonstrated better and more potent
bactericidal effects[17,18]. Minocycline contains a broad antimicrobial spectrum covering Gram-positive cocci, Gram-
negative bacilli, and cocci, as well as atypical pathogens[16].

Pharmacodynamics and pharmacokinetics of minocycline

Minocycline has a longer serum half-life than tetracycline of up to 12-18 h and can reach the peak plasma concentration
within 2-3 h after oral administration. Minocycline is only taken once or twice daily and is not taken as frequently as
tetracycline, which helps improve treatment compliance[12,19]. Compared with tetracycline, minocycline is not
susceptible to food impact and has a high absorption rate, which is conducive to obtaining better bioavailability[19].
Minocycline demonstrated better lipid solubility and tissue permeability than other tetracyclines, which are beneficial to
improving drug distribution and concentration in tissues[20]. Minocycline is almost completely absorbed in the
duodenum and jejunum (95%-100%), widely distributed in body fluids, bile, and tissues, and mainly excreted through
feces (20%-34%) and kidneys (5%-15%)[19].

Drug resistance of minocycline

In 2009, Horiki et al[21] discussed the antibiotic resistance rate of the H. pylori strain (n = 3521) in an investigation in Japan
from 1996 to 2008, and they revealed a very low primary drug resistance rate of minocycline [0.06% (2/3, 521)]. Five
studies from China, including drug resistance testing, clinical cohort, and randomized controlled trials (RCTs), discussed
the drug resistance of minocycline in the Chinese mainland. The results indicated a low drug resistance rate of
minocycline (approximately 0.7%-8.2%), which was similar to that of tetracycline in the same period[11,22-25]. A study in
Japan evaluated the antibacterial activity, i.e., the minimum inhibitory concentration (MIC) of minocycline against clarith-
romycin-resistant H. pylori strain, and revealed MIC50 and MIC90 of 0.5 pg/mL, which were similar to those of
tetracycline (1 pg/mL), indicating that minocycline, similar to tetracycline, had significantly sensitive antibacterial
activity against H. pylori strain[21]. Further, Murakami et al[26] concluded similar results. The in-depth study of antibiotic
resistance revealed that tetracycline resistance mutation has been discovered in the stem-loop of the 31% helix of 165
rRNA of H. pylori strain, with the triple mutation A965U/G966U/A967C, conferring high-level resistance against
tetracycline as well as an increased MIC for minocycline[27].

Methods

We conducted a comprehensive literature retrieval and meta-analysis, which was described in detail below, to explore the
eradication rates, adverse reaction incidences, and minocycline-containing regimens compliance.

Literature retrieval: PRISMA statement guidelines were followed for conducting and reporting the meta-analysis data.
We have conducted a comprehensive and systematic retrieval in PubMed, Web of Science, EMBASE, China National
Knowledge Infrastructure, SinoMed and Wanfang database. The retrieval cut-off date was October 30, 2023. The retrieval
keywords included (Minocycline) AND (Helicobacter pylori OR Helicobacter nemestrinae OR Campylobacter pylori OR
Campylobacter pylori subsp. pylori OR Campylobacter pyloridis OR H. pylori OR Hp) AND (Eradication OR Thera-
peutics OR Therapeutic OR Therapy * OR Treatment * OR Eradicate * OR Regimen *).

Literature inclusion criteria were minocycline contained in H. pylori infection eradication regimen; adult patients over
18 years old; specific information of eradication regimens obtained, including drug types, dosages, frequencies, and
treatment durations; reported numbers of successful and unsuccessful eradication in patients. Literature exclusion criteria
were treatment duration of <7 d; repeated studies; and loss to follow-up rate of > 20%.

First, preliminary screening was conducted on the included articles by titles, abstracts, and keywords. The remaining
study reports passing the preliminary screening were then subjected to further review as per inclusion and exclusion
criteria. Finally, the full text was thoroughly and carefully reviewed. We did not limit the minimum sample size in the
analysis to reduce the bias. Figure 2 shows the process for article retrieval, screening, and inclusion.

Literature quality evaluation: Both authors (Zhou K and Li CL) used the Cochrane bias risk tool to assess bias risk in a
single study across five domains, i.e., selection bias, performance bias, detection bias, reporting bias, and other biases.
Any disagreements were resolved through discussions with the expert (Song ZQ). The standard answers included: (1)
Yes, indicating a high bias risk; (2) No, indicating a low bias risk; and (3) Unclear, indicating an uncertain bias risk.

Data extraction: All retrieved studies were loaded into the Endnote X9, which is a reference management software. Two
authors (Zhou K and Li CL) extracted and recorded the following study data in pre-designed information extraction
tables, including author, publication year, study country, study type, patient type, drug dose and frequency, sample size,
treatment course, eradication rate, compliance, safety, and drug resistance rate. The two authors extracted the data
independently and cross-checked them. Pre-extraction was performed before formal data extraction to assess the
rationality of the data extraction table design and the consistent degree of understanding of the same issue. The two
authors first communicated and resolved disagreements that arose during the extraction process. If disagreements persist,
consensus is reached through discussions with the expert (Song ZQ).

Data analysis: The meta package of the R program (version 4.2.2) was used for the combined analysis of the single-arm
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Figure 1 Scheme of the minocyclines’ mechanism of action. Amino acids and tRNAs are linked together by aminoacyl-tRNA synthetase to produce
specific Aminoacyl-tRNAs. ribosomes on the ribosomal complex then read the code along the 5'-3’ direction of the mRNAs while linking various aminoacyl-tRNA-
transported amino acids according to the instructions of the mRNA coding sequences for the process of protein synthesis. When minocycline enters into bacteria, it
specifically binds to the A site of bacterial ribosomal 30S subunit aminoacyl group, thus blocking the aminoacyl-tRNA binding at this site, preventing peptide chain
elongation and bacterial protein synthesis, and exerting bactericidal effects. AA: Amino acids.
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Figure 2 Literature identification process.

eradication rates. The heterogeneity was investigated using I%. I? of > 50% is considered a heterogeneity, and the random
effect model was adopted to assess the effect size of included studies; otherwise, the fixed effect model was utilized. A
relatively large heterogeneity was observed in the single-arm eradication rates. Therefore, the eradication rates in
intention-to-treat (ITT) and per-protocol (PP) analyses and the corresponding 95% confidence interval (CI) were
respectively summarized by the random effect model. Funnel plot, Egger’s test, and Begg’s test were used to evaluate the
publication bias, and publication bias was considered if P values were < 0.05. Sensitivity analysis was conducted by
assessing the stability of the results by deleting each study in turn.
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Figure 3 Forest plots comparing eradication rates for intention-to-treat and per-protocol analyses of quadruple regimens with and
without minocycline. Cl: Confidence interval.

RESULTS

Basic information of included studies

Table 1 shows the specific information of the included studies (n = 22)[11,12,23-26,28-43]. A total of 36 minocycline-
containing treatment groups were found in 22 studies, including 19 treatment-naive and 17 retreatment groups.
Regarding the eradication regimen type, 5 treatment groups in 2 studies received triplet minocycline-containing
regimens, 30 treatment groups in 21 studies received quadruplet minocycline-containing regimens, and 1 treatment
group received quadruple therapy combined with probiotics. Of the included studies, 20 originated from China, 1 from
Japan, and 1 from Italy. Regarding treatment course, 4 treatment groups (n = 177) in 2 studies adopted a 7-d course, 7
treatment groups (n = 332) in 5 studies adopted a 10-d course, and 16 studies (1 = 2588) adopted a 14-d course. Regarding
study design type, 1 study used a randomized grouping approach in treatment-naive patients, and patients in the salvage
treatment group were assigned to different treatment regimen subgroups according to metronidazole-resistance status.
Among the remaining 21 studies, 11 were RCTs and 10 were cohort studies.

Pooled analysis of eradication rates and incidences of adverse reactions

Regarding antibiotic combinations in the minocycline-containing eradication regimens, nitroimidazole antibiotics
(metronidazole, tinidazole, or ornidazole) were combined in 14 treatment groups from 12 studies[12,23-26,28,32,36-40],
amoxicillin was combined in 17 treatment groups from 11 studies[11,26,29-31,33,34,36,41-43], and faropenem, levof-
loxacin, cefuroxime, furazolidone, and rifabutin were respectively combined in 1 treatment group[25,26,28,35,37]. Overall
eradication rates of minocycline-containing eradication regimens were 82.3% (95%ClI: 79.7%-85.1%, I* = 70%, P < 0.01) in
ITT analysis and 90.0% (95%Cl: 87.7%-92.4%, I = 80%, P < 0.01) in PP analysis. The included studies demonstrated a high
degree of heterogeneity. The pooled analysis included the overall eradication rates of the minocycline-containing
regimens, the combination regimen of minocycline-containing and nitroimidazole antibiotics, the combination regimen of
minocycline-containing and amoxicillin, the eradication rates in treatment-naive patients, and the eradication rates in
retreated patients. Table 2 shows the results (see the appendix for details of the corresponding forest plots). Additionally,
the overall incidence of adverse reactions in minocycline-containing eradication regimens was 36.5% (95%CI: 31.5%-
42.2%)[9,11,12,23-25,31-33,36-38] (Supplementary Figures 1-10).

Comparative analysis of eradication rates

Comparison of efficacy of quadruplet eradication regimens with and without minocycline: The analysis included five
RCTs that adopted minocycline-containing quadruple regimens[23-25,32,36]. Combinations of antibiotics in the
minocycline-containing groups included metronidazole (n = 5), amoxicillin (n = 1), and cefuroxime (n = 1) and that in the
control group included a tetracycline with metronidazole (1 = 2), amoxicillin with clarithromycin (n = 2), and cefuroxime
with metronidazole (n = 1). The figure shows no obvious heterogeneity in the ITT analysis using the fixed effect model (y?
=3.51, P =048, I = 0), and the eradication efficacy between the quadruple regimens with and without minocycline was
not statistically significantly different [risk ratio (RR) = 1.03, 95%CI: 0.98-1.07, P = 0.22]. The PP analysis revealed similar
results to the ITT analysis. The two groups demonstrated no significant heterogeneity (y* = 6.17, P = 0.19, I = 35%) and no
statistically significant difference in efficacy (RR = 1.03, 95%CI: 1.00-1.07, P = 0.07). ITT and PP analyses revealed the
eradication rates of quadruple regimens with and without minocycline of 83.8% vs 82.4% and 91.1% vs 89.3%, respectively
(Figure 3).
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Eradication Eradication

Adverse

Ref. Country Study - Patient Regimen S.a mple Duration rate (ITT rate (PP Compliance effects Resistance
type type size (d) . . rate
analysis)  analysis) rate
Murakami Japan RCT 1 R 20 mg bid + 40 7 82.5% 84.6%
et al[26], CLA 200 mg bid (33/40) (33/39)
2006 + AMX 750 mg
bid
R 20 mg bid + 39 7 38.5% 40.5%
MIN 100 mg bid (15/39) (15/37)
+ AMX 750 mg
bid
Cohort 2™ R20mgbid+ 67 7 85.1%
study MIN 100 mg bid (57/67)
+ MTZ 250 mg
bid
R20mgbid+ 21 7 9.5% (2/21)
MIN 100 mg bid
+ FAR 600 mg
bid
lerardiet  Italy RCT 22 R 20 mg bid + 27 10 77.8% 84.0%
al[28], RIF 150 mg bid + (@1/27) (21/25)
2014 MIN 100 mg bid
+ B 120 mg tid
R 20 mg bid + 27 10 51.9% 51.9%
MIN 100 mg bid (14/27) (14/27)
+TNZ 500 mg
bid + B 120 mg
tid
Zhanget  China RCT >pnd R 10 mg bid + 63 10 84.1% 88.3% 95.2% 23.8%
al[29], MIN 100 mg bid (53/63) (53/60) (60/63) (15/63)
2015 + AMX 1000 mg
bid + B 220 mg
bid
Tailored therapy 62 10 75.8% 79.7% 96.8% 33.9%
(triple treatment) 47/62) (47/59) (60/62) (21/62)
Songetal  China Cohort 1% R 10 mg bid + 160 14 87.5% 92.6% 94.7% 24.0% 6.9% (4/58)
[11], 2016 study MIN 100 mg bid (140/160)  (137/148)  (213/225) (54/225)
+ AMX 1000 mg
bid + B 220 mg
bid
pad R10mgbid+ 70 14 82.9% 89.1% 23.8% 8.7% (2/23)
MIN 100 mg bid (58/70) (57/64) (15/63)
+AMX 1000 mg
bid + B 220 mg
bid
Songetal  China Cohort 1% E 20 mg bid + 152 14 85.5% 92.6% 91.3% 35.6%
[12], 2016 study MIN 100 mg bid (130/152)  (137/148)  (136/149) (53/149)
+ MTZ 400 mg
qid + B110 mg
qid
pad E 20 mg bid + 64 14 82.8% 89.5% 90.5% 36.5%
MIN 100 mg bid (53/64) (51/57) (57/63) (23/63)
+ MTZ 400 mg
qid + B 110 mg
qid
Zhou[30], China RCT >ond AMLZ 20 mg bid 50 7 80.00%
2017 + MIN 100 mg (40/50)
bid + AMX 1000
mg bid
AMLZ 20 mg bid 50 10 82.00%
+MIN 100mg (41/50)
bid + AMX 1000
mg bid
AMLZ 20 mg bid 50 10 84.00%
+MIN 100 mg (42/50)
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Zhang et China
al[31],

2017

Zhanget  China
al[32],

2018

Pu et al
[33], 2018

China

Xu et al
[34], 2019

China

Liet al China

[35], 2019

Zhanget  China
al[36],

2019

Zhanget  China
al[37],

2022

Cohort
study

RCT

Cohort
study

Cohort
study

RCT

RCT

RCT

> 2nd

15[

2nd

an

> an

15{

bid + AMX 1000
mg bid + B 220
mg bid

AMLZ 20 mg bid
+ CLA 500 mg
bid + AMX 1000
mg bid + B 220
mg bid

R 10 mg bid +
MIN 100 mg bid
+ AMX 1000 mg
bid + B 220 mg
bid

R 10 mg bid +
MIN 100 mg bid
+MTZ 400 mg
tid + B 220 mg
bid

R 10 mg bid +
CLA 500 mg bid
+ AMX 1000 mg
bid + B 220 mg
bid

R 10 mg bid +
MIN 100 mg bid
+ AMX 1000 mg
bid + B 220 mg
bid

R 10 mg bid +
MIN 100 mg bid
+ AMX 1000 mg
bid + B 220 mg
bid

R 20mg bid +
MIN 100mg bid
+ AMX 1000mg
bid + B 300 mg
bid

R 20mg bid +
MIN 100mg bid
+ AMX 1000mg
bid + B 300mg
bid

E 20mg bid + RIF
150mg bid +
FUR 100mg tid

E 20mg bid +
MIN 100mg bid
+ FUR 100mg tid
+ B 110mg qid

R 10mg bid +
MIN 100mg bid
+ AMX 1000mg
bid + B 220mg
bid

R 10mg bid +
MIN 100mg bid
+ MTZ 400mg
tid + B 220mg
bid

R 10mg bid +
CLA 500mg bid
+ AMX 1000mg
bid + B 220 mg
bid

R 10mg bid +
MIN 100mg bid
+ MTZ 400mg
tid + B 220mg
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52.00%
(26/50)
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(143/180)

84.0%
(79/94)

83.2%
(79/95)

83.9%
(109/130)

86.5%
(83/96)

88.5%
(46/52)

82.1%
(23/28)

82.4%

(61/74)

84.7%
61/72)

85.7%
(102/119)

77.1%
(91/118)

71.7%
(86/120)

80.3%
(61/76)

84.1%
(143/170)

87.8%
(79/90)

86.8%
(79/91)

94.8%
(109/115)

96.5%
(83/86)

93.6%
(44/47)

95.7%
(22/23)

91.0%

(61/67)

93.8%
(61/65)

89.5%
(102/114)

84.3%
(91/108)

76.8%
(86/112)

83.6%
61/73)
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2021

Huang et
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2021

Cui et al
[40], 2022

Liet al
[41], 2022

Guo et al
[42], 2023

Hao et al
[43], 2022

Suo et al
[23], 2023

Zhang et
al[25],
2023

China Cohort 1%
study

China Cohort 1%
study

China Cohort 1%
study

China RCT 15

China Cohort 1%
study
> an
China Cohort =24

study

China RCT 1%

China RCT 15

bid

R 10mg bid +
MIN 100mg bid
+ LEV 500mg qd
+ B 220mg bid

R 10mg bid +
MIN 100mg bid
+ MTZ 400mg
tid + B 220mg
bid

E 20mg bid +
MIN 100mg bid
+ ONZ 500mg
bid + B 220mg
bid

E 20mg bid +
MIN 100mg bid
+ ONZ 500mg
bid + B 220mg
bid + Bifidobac-
terium Lactoba-
cillus trifecta
2000mg bid

R 10mg bid +
MIN 100mg bid
+ MTZ 400mg
tid + B 220mg
bid

E 20mg bid +
CLA 500mg bid
+AMX 1000mg
bid + B 200mg
bid

E 20mg bid +
MIN 100mg bid
+ AMX 1000mg
bid + B 200mg
bid

E 20mg bid +
FUR 100mg bid
+ AMX 1000mg
bid + B 200mg
bid

E 20mg bid +
MIN 100mg bid
+ AMX 750mg
tid + B 200mg tid

E 20mg bid +
MIN 100mg bid
+ AMX 750mg
tid + B 200mg tid

R 10mg bid +
MIN 100mg bid
+ AMX 1000mg
bid + B 300mg
bid

E 20mg bid +
MIN 100mg bid
+ MTZ 400mg
qid + B110mg
qid

E 20mg bid +
TET 500mg qid +
MTZ 400mg gid
+ B 110mg qid

E 20mg bid +
MIN 100mg bid
+ MTZ 400mg
qid + B 220mg
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89.2%
(66/74)
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(126/175)

96.0%
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(73/91)
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(57/67)

84.0%
(21/25)
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(56/65)
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(63/80)

83.4%
(181/217)

83.0%
(180/217)

84.0%
(126/150)
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bid

E 20mg bid + 150 14 82.7% 90.9% 91.8% 22.6% 8.5% (4/47)
MIN 100mg bid (124/150) (120/132) (134/146) (33/146)

+ CEF 500mg bid

+ B 220mg bid

E 20mg bid + 150 14 82.0% 88.2% 91.9% 28.9% 9.1% (4/44)
CEF 500mg bid + (123/150) (120/136) (137/149) (43/149)

MTZ 400mg qid

+ B 220mg bid

Huanget  China RCT 22™  E20mgbid + 184 14 88.0% 98.0% 88% 55.4% 0.7%
al[24], MIN 100mg bid (162/184)  (149/152)  (162/184)  (102/184) (1/145)
2023 + MTZ 400mg

qid + B 220mg

bid

E 20mg bid + 184 14 88.6% 97.4% 88.6% 53.3% 0.7%
TET 500mg qid + (163/184) (150/154) (163/184) (98/184)  (1/143)
MTZ 400mg qid

+ B 220mg bid

RCT: Randomized controlled trial; ITT: Intention-to-treat; PP: Per-protocol; R: Rabeprazole; CLA: Clarithromycin; AMX: Amoxicillin; MIN: Minocycline;
MTZ: Metronidazole; FAR: Faropenem; RIF: Rifabutin; B: Bismuth; TNZ: Tinidazole; E: Esomeprazole; AMLZ: Omeprazole; FUR: Furazolidone; LEV:
Levofloxacin; ONZ: Ornidazole; TET: Tetracycline; CEF: Cefuroxime.

Table 2 Pooled eradication rates

Overall eradication rate % Eradication rate for first- Eradication rate for retreatment
(95%Cl) treatment patients % (95%Cl) patients % (95%Cl)
Intention-to- Per-protocol Intention-to-treat Per-protocol Intention-to- Per-protocol
treat analysis  analysis analysis analysis treat analysis  analysis
Minocycline-containing regimen 82.3% (79.7%- 90.0% (87.7%-  83.6% (80.6%- 90.5% (88.7%-  82.3% (79.5%- 90.8% (86.4%-
85.1%) 92.4%) 86.7%) 92.3%) 85.2%) 95.4%)
Minocycline-containing combination  82.1% (77.9%- 89.5% (86.0%-  82.4% (77.9%- 89.4% (86.9%-  85.4% (81.0%- 80.2% (56.8%-
regimen with nitroimidazole 86.5%) 93.0%) 87.0%) 91.9%) 90.0%) 100.0%)
antibiotics
Minocycline-containing combination  83.8% (81.9%- 89.9% (86.3%-  85.9% (83.0%- 92.7% (90.4%-  82.7% (80.0%- 90.9% (85.9%-
regimen with amoxicillin 85.9%) 93.6%) 89.0%) 95.1%) 85.5%) 96.1%)

CI: Confidence interval.

Comparison of eradication efficacy between quadruple regimens with or without minocycline and nitroimidazole
antibiotics: The analysis included five RCTs that adopted minocycline-containing quadruple regimens with nitroim-
idazole antibiotics[23-25,32,36]. The combination of antibiotics in the control groups included tetracycline and
metronidazole (n = 2), amoxicillin and clarithromycin (n = 2), cefuroxime and metronidazole (n = 1), minocycline and
amoxicillin (n = 1), and minocycline and cefuroxime (n = 1). ITT analysis using a fixed effect model indicated no obvious
heterogeneity (y* = 0.36, P = 0.99, I = 0) or statistically significant difference in the eradication efficacy between quadruple
regimens with or without minocycline and nitroimidazole antibiotics (RR = 1.00, 95%CI: 0.96-1.05, P = 0.91). The PP
analysis revealed similar results to those of the ITT analysis. The two groups demonstrated no obvious heterogeneity (y* =
0.44, P = 0.98, I* = 0) and no statistically significant difference in efficacy (RR = 1.01, 95%CI: 0.98-1.04, P = 0.56). ITT and PP
analyses revealed that the eradication rates of quadruple regimens with or without minocycline and nitroimidazole
antibiotics were 83.7% vs 82.8% and 91.4% vs 89.6%, respectively (Figure 4).

Safety and compliance

The overall incidences of adverse reactions to minocycline-containing eradication regimens in the five studies were
22.6%-55.4%[23-25,32,36]. Most of the adverse reactions, mainly including inappetence, asthenia, abdominal discomfort,
abdominal pain, diarrhea, headache, dizziness, nausea, vomiting, dysgeusia, rash, etc., were mild to moderate and well-
tolerated. Figure 5A shows no statistically significant difference in the incidences of adverse reactions between the
quadruple regimens with and without minocycline (RR = 0.94, 95%ClI: 0.84-1.06, I = 0, P = 0.63). Among them, 16% of
patients treated with the minocycline-containing eradication regimens developed dizziness symptoms. Further
comparative analysis (Figure 5B) revealed that significantly more patients adopting eradication regimens with
minocycline developed dizziness than those adopting eradication regimens without minocycline (23.4% vs 10.4%, P <
0.001). Additionally, minocycline-containing eradication regimens demonstrated better compliance (= 90%) in treatment-
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Quadruple therapy with minocycline-meteronidazole Minocycline-meteronidazole-free quadruple therapy Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95%CI M-H, fixed, 95%CI
2.1.1 Minocycline-metronidazole ITT
Huang 2023 162 184 163 184 11.7% 0.99[0.92,1.07) I
Suo 2023 181 217 180 217 129% 1.01(0.92,1.09] 1 -
Zhang 2018 79 94 79 a5 5.6% 1.01(0.89,1.15] ]
Zhang 2019 91 118 188 239 8.9% 0.98(0.87,1.10]
Zhang 2023 126 150 247 300 11.8% 1.02[0.93,1.11 — s~
Sllbtgal (95%Cl) 763 1035 50.9% 1.00 [[0.96, 1.05: ‘
Total events 639 857

Heterogeneity: Chi*= 0.36, df= 4 (P=0.99), F= 0%
Testfor overall effect. Z= 0.11 (P=0.91)

2.1.2 Minocycline-metronidazole pp

Huang 2023 149 152 150 154 10.7% 1.01(0.97,1.04] R

Suo 2023 177 193 176 191 127% 1.00[0.94, 1.06) N T

Zhang 2018 79 a0 79 9 5.6% 1.01(0.90,1.13] ———pe———————
Zhang 2019 91 108 188 226 8.7% 1.01[0.92,1.12) I
Zhang 2023 122 133 240 268 11.4% 1.02[0.96,1.09] S Ve —
Subtotal (95%Cl) 676 930 49.1% 1.01[0.98, 1.04] ’

Total events 618 833

Heterogeneity. Chi*= 0.44, df= 4 (P=0.98), F= 0%

Test for overall effect: Z= 0.58 (P = 0.56)

Total (95%Cl) 1439 1965 100.0% 1.01[0.98, 1.03]

Total events 1257 1690

Heterogeneity: Chi*= 0.83, df= 8 (P=1.00); F= 0% 0 =85 0=9 ; t 1‘2

Test for overall effecl: Z= 0.43 (P= 0.67)

Favi expe! ental) F. ) |
Testfor subaroun differences: Chi*= 0.07. df= 1 (P= 0.80). F= 0% avours [experimental. Favours (controll

Figure 4 Forest plots comparing eradication rates for intention-to-treat and per-protocol analyses of quadruple regimens with and
without minocycline-metronidazole. CI: Confidence interval.

A Minocycline-containing quadruple regimen  Minocycline-free quadruple therapy Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95%CI M-H, fixed, 95%CI
Zhang 2018 38 94 39 95 11.2% 0.98(0.70,1.39) —
Zhang 2023 85 294 43 149 16.5%  1.00(0.74,1.36)
Zhang 2019 81 240 48 120 185%  0.84([0.64,1.12] e
Suo 2023 75 215 88 214 255% 0.85(0.67,1.08] —
Huang 2023 102 184 98 184 28.3%  1.04[0.86,1.26) — T
Total (95%Cl) 1027 762 100.0%  0.94 [0.84, 1.06]
Total events 381 316
At e N SRR
estior overa ect£=1. - Favours [experimental] Favours [control)
B Minocycline-containing quadruple regimen  Minocycline-free quadruple therapy Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight M-H, fixed, 95%CI M-H, fixed, 95%CI
Huang 2023 81 184 41 184 59.2% 1.98[1.44,2.71) ——
Suo 2023 35 215 13 214 188%  2.68(1.46,492) —_—
Zhang 2018 22 94 6 95 8.6% 3.71[1.57,8.73)
Zhang 2023 46 294 7 149 13.4% 3.33[1.54,7.20] -
Total (95%Cl) 787 642 100.0%  2.44[1.89,3.15] -
Total events 184 67
Heterogeneity: Chi* = 3.35, df= 3 (P = 0.34); F=11% y y f t t t
o 01 02 05 2 5 10
Testfor overall effect: Z= 6.83 (P < 0.00001) Favours [experimental] Favours [control]

Figure 5 Comparison of the incidence of adverse reactions of quadruple therapy and dizziness in quadruple therapy with and without
minocycline. A: Comparison of the incidence of adverse reactions of quadruple therapy with and without minocycline; B: Comparison of the incidence of dizziness
in quadruple therapy with and without minocycline. Cl: Confidence interval.

naive and retreated patients.

Publication bias analysis

Funnel plots of all included studies were plotted through ITT and PP analyses[11,12,23-26,28-43]. The funnel plots were
all asymmetric, and the P values of Begg’s test and Egger’s test were < 0.05, indicating a risk of publication bias.
Sensitivity analysis was conducted on the comprehensive results of the included studies by deleting each study in turn.
The results were stable and the combination results fluctuated within a small range (Figures 6 and 7). We used the
Cochrane Bias Risk Tool to evaluate the risk of bias in the study[23-25,32,36] and revealed that these five RCTs were
mostly low risk in terms of selection, follow-up, and reporting biases, while high and unclear risks in terms of
performance, measurement, and other biases (the bias risk plot was detailed in the Supplementary Figure 11).

DISCUSSION

The classic BQT has been recommended for eradicating H. pylori infection by many expert consensuses or guidelines
globally. However, the difficulty in obtaining tetracycline clinically in many countries and regions has greatly limited its
wide application[5-10]. In recent years, studies focused on the use of minocycline to replace tetracycline for eradicating H.
pylori infection. The preliminary results have indicated good eradication efficacy, safety, and compliance. This has offered
more drug options for clinical treatment and has become one of the hot spots and concerns in the current research[11,12,
23]. Compared with tetracycline, minocycline has unique characteristics and advantages for eradicating H. pylori
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Figure 6 Funnel plots of all included studies through intention-to-treat and per-protocol analyses. A: Intention-to-treat analyses; B: Per-protocol
analyses.

infection. In particular, longer half-life and dosing once or twice a day are conducive to improving the compliance of
patients. Higher absorption rates, better lipid solubility, and fewer interactions with food are conducive to better bioavail-
ability. Furthermore, minocycline demonstrated better clinical availability, bactericidal effects, and safety in studies on
other bacteria[12,16,19,20].

Currently, the minocycline-containing eradication regimens are mostly in the form of a quadruple drug combination,
i.e., a combination of gastric acid inhibitor, bismuth agent, minocycline, and another antibiotic. We revealed through
single-arm meta-analysis that the minocycline-containing regimen demonstrated good overall eradication effects,
reaching an eradication rate of 82.3% (95%CI: 79.7%-85.1%) in the ITT analysis and 90.0% (95%CI: 87.7%-92.4%) in the PP
analysis. The nitroimidazole combination was the most common among the antibiotic combinations, followed by the
amoxicillin combination. Further, the combination with other antibiotics was relatively few. All antibiotic combinations
have demonstrated good eradication efficacy. Moreover, the minocycline-containing regimens exhibited satisfactory
eradication efficacy in both treatment-naive and retreated patients[12,23-26,28,30,32,36-40]. Furthermore, we compared
the eradication efficacy difference between the minocycline-containing regimens and other eradication regimens through
meta-analysis. The results revealed that minocycline-containing regimens or regimens containing minocycline and
metronidazole were not statistically different from other commonly used eradication regimens (including the classic BQT)
[23-25,32,36]. These analyses have strongly indicated that minocycline could be applied to eradicate H. pylori infection
and used as a good alternative, especially when tetracycline is difficult to obtain.

The pooled analysis results revealed a relatively good overall safety of the minocycline-containing regimens, with an
adverse reaction rate of 36.5% (95%CI: 31.5%-42.2%). Although the incidence of adverse reactions is relatively high in
numerical terms, the results of this meta-analysis showed that minocycline-containing regimens were similar to other
commonly used eradication regimens in terms of safety (P = 0.63). In addition, the RCT conducted by Suo et al[23]
showed no significant difference in the incidence of adverse reactions between minocycline-containing regimen and
classic BQT (combination of tetracycline and metronidazole) regimen (34% vs 41.1%, P = 0.18). Common adverse reactions
were mild to moderate, and intolerable cases were rare. The types of adverse reactions were similar with other regimens
[23-25,32,36]. However, patients who received the minocycline-containing regimens were more likely to experience
dizziness (RR = 2.44, 95%CI: 1.89-3.15, P = 0.34), which might be associated with the reversible vestibular response of
minocycline. Tinnitus, ataxia, nausea, vomiting, efc., may accompany such a response[36]. Minocycline demonstrated
strong lipophilicity and is more likely than other tetracyclines to pass through the blood-brain barrier, thereby causing
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A Study Proportion 95%CI P value Tau2 Tau I?
Omitting Murakami 2006 —— 0.84 [0.82; 0.86] . 00017 00416 59%
Omitting Enzo lerardi 2014 —— 0.83  [0.80; 0.85] . 0.0035 00590 70%
Omitting Zhang 2015 —— 0.82 [0.79; 0.85] . 0.0046 0.0680 73%
Omitting Song 2016 —_ 0.82 [0.79; 0.85] . 0.0047 00682 72%
Omitting Song 2016 —i— 0.82 [0.79; 0.85] . 00048 00690 73%
Omitting Zhang 2017 —— 0.82 [0.80; 0.85] . 0.0045 0.0673 T72%
Omitting Zhou 2017 —— 0.82 [0.79; 0.85] . 0.0047 0.0687 T72%
Omitting Zhang 2018 —— 0.82 [0.79; 0.85] . 0.0047 0.0685 73%
Omitting Pu 2018 _— 0.82 [0.79; 0.85] . 0.0047 0.0689 73%
Omitting Zhang 2019 —i— 0.82 [0.79; 0.85] . 0.0047 0.0688 72%
Omitting Li 2019 —i— 0.82 [0.79; 0.85] . 0.0046 00682 73%
Omitting Xu 2019 —E— 0.82 [0.79; 0.85) . 0.0046 00678 73%
Omitting Zhang 2021 —i— 0.83 [0.81;0.86] . 00030 00544 68%
Omitting Huang 2021 —— 0.82 [0.80; 0.84] . 0.0024 00490 61%
Omitting Zhang 2022 —i— 0.82 [0.79; 0.85] . 0.0047 0.0688 73%
Omitting Cui 2022 —— 0.83  [0.80; 0.85] . 0.0041 0.0640 T72%
Omitting Li 2022 —— 0.82 [0.80; 0.85] . 0.0045 0.0671 73%
Omitting Hao 2022 —— 0.82 [0.80; 0.85] . 00044 00665 72%
Omitting Suo 2023 _— 0.82 [0.79; 0.85] . 00048 00692 73%
Omitting Zhang 2023 —— 0.82 [0.79; 0.85] . 0.0048 00694 73%
Omitting Huang 2023 —i— 0.82 [0.79; 0.85] . 0.0044 00663 72%
Omitting Guo 2023 —— 0.82 [0.79; 0.85] . 0.0046 00682 73%
Random effects model e 0.82  [0.80; 0.85] . 0.0042 0.0648 T71%

0.7 0.75 0.8 0.85 0.9
B

Study Proportion 959%CI P value Tau2 Tau I?
Omitting Murakami 2006 = 0.90 [0.88; 0.93] . 0.0017 0.0407 77%
Omitting Enzo lerardi 2014 -—-'"——' 0.91 [0.88; 0.93] . 0.0015 0.0390 78%
Omitting Zhang 2015 /= 0.90 [0.88; 0.93] . 0.0021 0.0454 81%
Omitting Song 2016 - = 0.90 [0.87;0.92] . 0.0022 0.0474 81%
Omitting Song 2016 - 0.90 [0.87;0.92] . 00022 0.0473 81%
Omitting Zhang 2017 —— 0.91 [0.88; 0.93] . 0.0016 0.0404 79%
Omitting Zhang 2018 —'— 0.90 [0.88; 0.93] . 0.0020 0.0453 81%
Omitting Pu 2018 N 0.90 [0.87;0.92] . 0.0019 0.0432 80%
Omitting Zhang 2019 - . 0.90 [0.88;0.93] . 0.0020 0.0444 80%
Omitting Li 2019 /= 0.90 [0.87;0.92] . 0.0021 0.0460 81%
Omitting Xu 2019 N 0.90 [0.87;0.92) . 0.0021 0.0457 81%
Omitting Zhang 2021 —-'-— 0.90 [0.88; 0.93] . 0.0019 0.0438 80%
Omitting Zhang 2022 -/ 0.90 [0.88;0.93] . 0.0020 0.0446 80%
Omitting Cui 2022 L 0.90 [0.88; 0.93] . 0.0020 0.0444 381%
Omitting Li 2022 /= 0.90 [0.88;0.93] . 0.0020 0.0448 81%
Omitting Suo 2023 e 0.90 [0.87;0.92] . 0.0022 0.0473 81%
Omitting Zhang 2023 —’_ 0.90 [0.87;0.92] . 0.0023 0.0475 81%
Omitting Huang 2023 _":— 0.90 [0.88; 0.92] . 0.0011 0.0337 71%
Random effects model =l 0.90 [0.88; 0.92] . 0.0019 0.0439 80%

I 1 I I 1 I 1 I
0.8 0.82 0.84 0.86 0.88 0.9 0.92 0.94

Figure 7 Sensitivity analysis of all included studies by sequentially removing each study with intention-to-treat and per-protocol
analyses. A: Intention-to-treat analyses; B: Per-protocol analyses. Cl: Confidence interval.

instability of the y-aminobutyric supervisory acid loop in the cerebellar arch and resulting in vestibular dysfunction[44,
45]. This adverse reaction often occurs during initial administration and most patients recover 24-48 h after drug discon-
tinuation[36]. Additionally, minocycline-containing regimens demonstrated good overall compliance (mostly > 90%),
which was similar to other commonly used regimens.

As a relatively new drug for eradicating H. pylori, related pooled analyses that involve minocycline are currently
lacking. We conducted a comprehensive and systematic analysis of the existing relevant literature through compre-
hensive literature retrieval and the use of standardized and systematic analytical methods. Both the single-arm meta-
analysis method was used to summarize the eradication rate, and the traditional meta-analysis method was utilized to
compare the efficacy with other commonly used regimens. This study has offered convenience and a good reference to a
comprehensive understanding of the bactericidal mechanism, drug metabolism characteristics, eradication efficacy,
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safety, compliance, use, and research of minocycline, and has also enhanced the rational drug selection for treating H.
pylori infection. The recent meta-analysis on minocycline published by Gao et al[46] compared the efficacy and incidence
of adverse reactions of the minocycline-containing quadruple regimen using the same traditional analytical methods, but
two studies were repeatedly compared, which increased the weight of the article and might lead to biased results.
Additionally, we further compared the efficacy of the combination of minocycline and nitroimidazole antibiotics and
comprehensively summarized the efficacy and incidence of adverse reactions of minocycline in eradicating H. pylori
infection through a single-arm meta-analysis that included more relevant research reports, thereby making the results
more objective and accurate.

However, this study had certain limitations. At present, studies on minocycline-containing eradication regimens are
lacking, and the countries and regions involved remain relatively small (20 studies originated from China, 1 from Japan,
and 1 from Italy). The eradication regimens involved in the studies were relatively scattered, the study results had
obvious heterogeneity, and the overall quality of the study design was low. These factors might affect the reliability of the
obtained results. Large-sample, multi-center, RCTs from more countries and regions are warranted in the future to
further determine its eradication efficacy, safety, etc.

CONCLUSION

Therefore, this comprehensive and systematic meta-analysis has demonstrated the satisfactory efficacy, safety, and
compliance of minocycline-containing regimens in eradicating H. pylori infection. Compared with tetracycline,
minocycline demonstrated low drug resistance and unique drug metabolism characteristics and advantages, but a few
patients may experience dizziness due to vestibular dysfunction. Minocycline can be applied to clinical practice as a drug
for eradicating H. pylori infection and used as an alternative, especially when tetracycline is difficult to obtain, but more
research is needed to further confirm its effect.
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Abstract

Exosomes, the smallest extracellular vesicles, have gained significant attention as
key mediators in intercellular communication, influencing both physiological and
pathological processes, particularly in cancer progression. A recent review article
by Wang et al was published in a timely manner to stimulate future research and
facilitate practical developments for targeted treatment of hepatocellular
carcinoma using exosomes, with a focus on the origin from which exosomes
derive. If information about the mechanisms for delivering exosomes to specific
cells is incorporated, the concept of targeted therapy for hepatocellular carcinoma
using exosomes could be more comprehensively understood.

Key Words: Exosomal delivery; Therapeutic targets; MicroRNAs; Hepatocellular
carcinoma
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Core Tip: Wang et al thoroughly explored the functions and biomedical significance of
exosomal microRNAs transferred by both parenchymal and nonparenchymal cells in the
framework of potential therapeutic targets for hepatocellular carcinoma. This review
aimed to do more than just summarize the role of microRNAs in hepatocarcinogenesis.
It also sought to illuminate the process of cellular communication using exosomal
microRNA cargo. Therefore, it would be beneficial for the review to include infor-
mation on how this cargo is delivered to target cells.
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TO THE EDITOR

We have read the original review article titled 'Function and biomedical implications of exosomal microRNAs delivered
by parenchymal and nonparenchymal cells in hepatocellular carcinoma' by Wang et al[1], published in the October issue
of World Journal of Gastroenterology. We would like to extend our congratulations to the authors for this informative article
and offer some suggestions.

Following an introduction to exosomes regarding their formation, composition, and function, this review briefly
summarizes the crucial role of microRNAs in hepatocarcinogenesis. Subsequently, the direct and indirect effects of
various microRNAs carried by exosomes on hepatocellular carcinoma cells, such as hepatic stellate cells, cancer-
associated fibroblasts, adipocytes, vascular endothelial cells, and immune cells of different types, are systematically
categorized based on their origin. Finally, the authors list potential therapeutic applications of microRNA delivery
through exosomes.

Most of this review is dedicated to listing examples of microRNAs involved in the development and progression of
hepatocellular carcinoma. This review effectively illustrates which types of cells deliver specific microRNAs to
communicate with hepatocellular carcinoma cells. In the concluding discussion, the authors explore the potential applic-
ations of microRNAs in the treatment of hepatocellular carcinoma using exosomes; however, there is no information
provided on how the released exosomes will reach their target cells.

While exosomes theoretically have the ability to be delivered to various cell types, targeted delivery to specific cell
types has been observed and achieved through the engineering of specific exosomes. Lima et al[2] reported that cytokines
in tumor interstitial fluid bind to cancer exosomes and determine their biodistribution based on cytokine receptor
expression. Liang et al[3] summarized the current knowledge of exosome engineering through genetic and chemical
methods for targeted drug delivery.

The current review proposes targeted therapy for hepatocellular carcinoma using exosomal delivery of microRNAs.
Understanding the specific exosome delivery mechanisms would significantly advance the development of more precise
and effective therapies for hepatocellular carcinoma.
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parameter score such as Hepatic Steatosis Index which includes liver enzymes,
gender, basal metabolic index, and presence of diabetic mellitus is not sufficient to
exclude other causes of deranged liver enzymes especially medications and
autoimmune related liver diseases. As the guideline suggests ultrasound is the
preferred first-line diagnostic procedure for imaging of NAFLD, as it provides
additional diagnostic information and the combination of biomarkers/scores and
transient elastography might confer additional diagnostic accuracy and evident
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Core Tip: Combining imaging modalities along with laboratory parameter-based scores
increases the diagnostic yield of non-alcoholic fatty liver disease, and helps in the
exclusion of the other secondary causes.
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Karim MM et al. Association of low muscle strength with MAFLD

TO THE EDITOR

We found the article by Lee et al[1] compelling as the article addressed an important aspect of metabolic dysfunction-
associated fatty liver disease (MAFLD), which has emerged as an emerging pandemic and a major public health issue
worldwide, particularly in Asian countries[1-4]. In this study, the author emphasized the significant yet underexplored
link between muscle strength and MAFLD.

However, in the current study, the diagnosis of MAFLD was based on the “Hepatic Steatosis Index” (HSI), a score
consisting of non-invasive laboratory parameters. While the HSI demonstrated the highest sensitivity and specificity at
93% and 92%, respectively, there is still a possibility of missing approximately 7%-8% of patients (equivalent to 1400
patients) with MAFLD in the context of this study[5].

Moreover, HSI is calculated as HIS = 8 x [alanine aminotransferase (ALT)/aspartate aminotransferase (AST) ratio] +
basal metabolic index (+ 2, if female; + 2, if diabetes mellitus). According to this formula deranged liver enzymes (AST
and ALT) due to any concomitant cause can result in false positive results when other causes were not ruled out
especially medication and autoimmune-related liver injuries which were not excluded in this study.

Furthermore, the European Association Society for Liver Diseases guideline suggests ultrasound as the preferred first-
line diagnostic procedure for imaging of MAFLD, as it provides additional diagnostic information. However, the
combination of biomarkers/scores with transient elastography might confer additional diagnostic accuracy|[6].

In a similar European study about the association between fatty liver disease and low muscle mass by Rigor et al[7], the
ultrasound abdomen was used to screen patients with fatty liver disease. Additionally, another recent Korean population-
based study by Seo et al[8] also measured hepatic steatosis based on Fibro scan.

In our opinion, using imaging modalities such as ultrasound abdomen or fibroscan along with laboratory parameter-
based scores could have not only increased diagnostic yield but also helped in the exclusion of the other secondary
causes.
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