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Abstract

Colorectal cancer (CRC) is the third most common cancer worldwide and the
second most common cause of cancer death. Nanotherapies are able to selectively
target the delivery of cancer therapeutics, thus improving overall antitumor eff-
iciency and reducing conventional chemotherapy side effects. Mesoporous silica
nanoparticles (MSNs) have attracted the attention of many researchers due to
their remarkable advantages and biosafety. We offer insights into the recent
advances of MSNs in CRC treatment and their potential clinical application value.
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Core Tip: Chemotherapy is the main treatment strategy for cancer. Despite the rapid development of medicine, conventional
chemotherapy has some limitations. Mesoporous silica nanoparticles (MSNs) which can increase solubility, prolong the
circulation time and reduce toxicity are already in use today, and show great promise in clinical development. This is due to
their favorable properties as a nanocarrier, such as high surface area, tailorable pore sizes, controllable particle sizes and
shapes, and dual-functional surfaces (exterior and interior). MSNs based therapies have remarkable benefits in both in vitro
and in vivo testing. These nanosystems may lead to major advances in individualized treatment and have great potential for
clinical translation.
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INTRODUCTION

Cancer is currently the leading cause of death and the single most important barrier to increased life expectancy
worldwide. Colorectal cancer (CRC) is the third most common cancer worldwide and the second most common cause of
cancer death. There were over 1.8 million new CRC cases and 881000 deaths in 2018[1]. CRC is the second most common
cause of cancer death in the United States[2]. In addition CRC was estimated to be the second most commonly diagnosed
cancer and the second leading cause of cancer death in Europe in 2020, with nearly 520000 new cases and 245000 deaths
[3]. The 5-year relative survival rate for CRC ranges from 90% to 14%, and as the tumor stage increases, the 5-year relative
survival rate declines. The incidence of rectal cancer and colon cancer are 67% and 63%, respectively[4].

The current options for the standard treatment of CRC include surgery, chemotherapy, radiation therapy, immuno-
therapy and endocrine therapy. Chemotherapy is the main treatment strategy for cancer. Despite the rapid development
of medicine, conventional chemotherapy has some limitations. First, many chemotherapeutics have a short half-life or
low water solubility in the body, which prevents their clinical application. Second, chemotherapeutic drugs usually lack
tumor specificity, which results in undifferentiated killing of healthy cells and highly toxic side effects, and even death in
extreme cases.

Nanotherapies which can increase solubility, prolong the circulation time and reduce toxicity are already in use today,
and show great promise in clinical development. Among these nanoparticle platforms, mesoporous silica nanoparticles
(MSNs) are a class of materials which are a focus of research. This is due to their favorable properties as a nanocarrier,
such as high surface area, tailorable pore sizes, controllable particle sizes and shapes, and dual-functional surfaces
(exterior and interior). Therefore, MSNs have good drug encapsulation and delivery performance[5,6].

Kresge first reported the synthesis of MSNs in the 1990s and The United States Food and Drug Administration con-
siders silicon-based materials safe[7].

MSNs are characterized by particle sizes of 50-200 nm, pore sizes of 2-6 nm, bulk pore volume of 0.6-1 cm?/g and a
large surface area of 700-1000 m?/g[8]. The presence of Si-OH groups on the surface allows MSNs to be functionalized
using a wide variety of functional groups and allows targeted delivery to the required site of action[9].

In this review, we assess the current field of CRC therapy with mesoporous silica and offer insights into the recent
advances in MSN-based targeted nanosystems in CRC treatment and their potential clinical application value (Figure 1).

MSNS IN COLORECTAL CANCER DIAGNOSIS

The prognosis of CRC patients depends on the stage of the tumor at diagnosis. The mortality rate widely differs by stage,
being 8%-13% for stage 1/11, 11%-47% for stage III, and almost 90% for stage IV. As the tumor stage increases, the overall
survival rate declines[10].

Unfortunately, the primary diagnostic methods such as sigmoidoscopy, colonoscopy, computed tomography colono-
graphy can only detect polyps and cancers by shape/morphology. Smaller/flatter polyps are easily overlooked during
routine colonoscopy, as well as nascent neoplasms with recurrent disease.

Diagnostic sensitivity can be improved to detect small/flat polyps at an early stage. Or take advantage of new mole-
cular targeting and improve the specificity of efficient tumor diagnosis

More than half of the cancer biomarkers are glycoproteins. Specifically, changes in the composition and quantity of cell
surface glycosylation-associated molecules are common features of malignant transformation and progression. Fun-
ctionally, aberrant glycosylation facilitates tumor invasion, metastasis, and evasion of host immuno-surveillance.
However, the content of protein glycosylation is extremely low, making the identification of glycopeptides difficult due
to suppression by highly abundant non-glycopeptides. Selective enrichment is a crucial step before mass spectrometric
analysis of glycoproteins. Miao et al[11] developed amine functionalized MSNs which were successfully used in the
enrichment of N-glycoproteome in human CRC serum. Eighty-four N-linked glycosylation sites from 56 N-linked
glycoproteins were identified from as little as 5 pL. serum.
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Passive/Active targeting therapy

Immuno Photothermal
therapy therapy
A Enzyme

Redox

Stimuli-responsive gatekeepers

Figure 1 Mesoporous silica nanoparticle-based nanosystems for colorectal cancer therapy. These include targeted therapy, immunotherapy,
photothermal therapy and some stimuli-responsive gatekeepers used in colorectal cancer treatment.

Chen et al[12] reported polyp-targeting, fluorescently-labeled MSNs for endoscopic detection of premalignant colonic
lesions. FITC fluorescently-labeled MSNs enable fluorescence tracking both in vitro and in vivo. UEA1 (the a-L-fucose
targeting lectin Ulex europaeus Agglutinin-1) has been shown to bind human colorectal adenocarcinomas, adenomas, and
polyposis coli, but not normal epithelium. UEA1 was used for polyp-targeting, and demonstrated significant binding
specificity of nanoconstructs to pathological lesions.

MSNS IN COLORECTAL CANCER THERAPY

Nanoparticle targeting cancers mainly involves three approaches: One is passive tumor targeting by utilizing the
enhanced permeability and retention (EPR) of the tumor region; the second is active targeting, in which nanoparticles are
functionalized on the surface of overexpressed cancer-specific ligands, thereby guiding them to tumors and cancer cells;
the third is stimuli-responsive gatekeeper tumor targeting[13].

Passive targeting systems
The EPR effect has emerged as a promising therapeutic approach for cancer targeted treatment. There are already several
cancer nanomedicines approved to treat solid and hematologic malignancies[14,15].

Irinotecan is a key chemotherapeutic agent for the treatment of CRC and pancreatic ductal adenocarcinoma. Despite its
efficacy, irinotecan use is hindered by a high incidence of bone marrow and gastrointestinal (GI) toxicity. Liu et al[16]
designed a PEGylation and lipid bilayer (LB) coated MSN carrier for encapsulated irinotecan delivery. LB-coated MSNss,
are also known as “silicasomes”. Intravenous injection of silicasomes in a well-developed orthotopic colon cancer mouse
model demonstrated improved efficacy, increased survival, and reduced bone marrow and GI toxicity.

The naturally occurring polyphenol resveratrol (RES) has anticancer activity. However, the promising potential of RES
is hindered by its poor aqueous solubility, which limits its biological activity. Summerlin et al[17] encapsulated RES in
MSNs, and found that solubility increased almost two-fold and mediated in vitro cell death was higher than that of pure
RES.

Active targeting systems

The extent of EPR effect in tumor patients has been questioned. The EPR effect in human tumors is much more
complicated than in animal models. The EPR effect varies depending on cancer patients' pathological features and shows
intense heterogeneity in different cancer patients with solid tumors[18,19]. Active targeting can compensate for the
deficiency of EPR to improve tumor accumulation and retention. Specific ligands are conjugated to MSNs via surface
modification. Active targeting ligands can recognize receptors expressed on the membrane of cancerous cells via
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ligand-receptor interactions, thus improving the MSNs tumor targeting and therapeutic efficiency. The ligands could be
peptides, aptamers (Apt), antibodies, proteins, saccharides, and folic acid[20]. Biomarkers on the CRC cell membrane,
such as epidermal growth factor receptor (EGFR), vascular endothelial growth factors, epithelial cell adhesion molecule
(EpCAM) and matrix metalloproteinases can be exploited as targets for ligand binding[21].

Active targeting drug carriers
Since first synthesized by Heidelberger and his colleagues in 1957, fluorouracil (5-FU) has been used as a component in
both first-line chemotherapy regimens especially for CRC treatment and has shown good therapeutic results[22].

Chen et al[23] and She et al[24] developed hollow MSNs functionalized with epidermal growth factor (EGF) which
were used as nanocarriers for 5-FU delivery to CRC cells and CRC acquired drug resistance cells, and demonstrated
efficient and high specificity, and excellent targeting performance via the EGF-EGEFR interaction.

In preclinical oncology studies and clinical trials, mifepristone (MIF) had a potent anti-proliferative effect. Gao et al[25]
constructed MSNs conjugated with the EpCAM antibody and loaded them with MIF. The functionalized nanoparticles
targeted the circulating tumor cells in mouse blood long enough to deliver MIF and inhibit CRC lung metastasis.

Active targeting genes

Gene silencing by RNA interference is a personalized field of cancer treatment. Small interfering RNAs (siRNAs) can bind
to the mRNA causing site-specific cleavage and results in the silencing of specific genes responsible for cancer or other
pathological conditions. At present, the ideal delivery system should be able to target cancer cells with siRNAs and
release them into the cytoplasm to prevent their degradation by nucleases without adverse effects[26].

Babaei et al[27] constructed targeted rod-shaped MSNs for the co-delivery of survivin short hairpin RNA and ca-
mptothecin. PEGylated nanoparticles were tagged with AS1411 APt for guided transportation to CRC cells. Co-delivery
of these nanoparticles significantly suppressed tumor growth rate in C26 tumor-bearing mice and improved the survival
rate.

Stimuli-responsive gatekeeper targeting systems
In recent years, scientists have used the characteristics of the tumor microenvironment (TME) to design nanotargeted
tumor systems. The characteristics of the TME, ATP, pH, redox reactants, hypoxia and excessive levels of certain enzyme
secretions than normal tissues, are vital for tailoring stimuli-responsive targeting systems[28,29]. The pores of MSNs can
be sealed with various gatekeepers and triggered by TME stimuli, which offers an opportunity to design stimuli-
responsive targeting systems for controlled release.

pH-responsive gatekeeper systems

Energetic metabolism and deregulated glycolysis in cancer cells result in a high level of lactic acid and the TME has a
slightly lower pH (6.5-7.2). Thus, pH-responsive nanoparticles have attracted considerable attention due to the distinct
acidic features of tumor tissues compared with normal tissues[30,31].

Polydopamine pH-responsive gatekeeper
Polydopamine (PDA) can be stably coated on MSNs surface and acts as a pH-sensitive gatekeeper, controlling the sel-
ective release in the acidic tumor environment. PDA has good bio-compatibility and can be modified by various active
targeting ligands containing nucleophilic functional groups (amine and thiol). These unique properties make PDA an
ideal coating material[32].
DM]1 is a maytansine derivative and its application in clinical cancer therapy is limited by severe side effects. Xie et al
[33] developed MSNs loaded with DM1,PDA and EpCAM Apt. This pH targeted system is used for the treatment of CRC.
MicroRNA-155 (miR-155) is one of the most salient oncogenic microRNAs, which has been shown to regulate several
cancer-related pathways and is correlated with drug resistance and genome instability. Li et al[34] reported on anti-miR-
155-loaded MSNs surface modified with pH-sensitive PDA and AS1411 APt for the pH-responsive targeted downregu-
lation of miR-155 for cancer therapy.

Oral pH-responsive gatekeepers

Oral chemotherapy is the most preferred route of administration in cancer treatment. Unfortunately, poor oral bioavail-
ability limits its applications. Oral delivery systems may improve drug bioavailability by enhancing drug solubility and
avoiding premature release before reaching the GI tract targeted sites. The human body naturally exhibits different pH
values from the stomach (pH: 1.0-3.0) to the colon (pH: 7.0-8.0). The high variation in GI tract pH provides challenges for
nanostructures[35].

Nguyen et al[36] loaded prednisolone into 3-aminopropyl-functionalized MSNs and coated them with succinylated e-
polylysine (SPL). The pH-responsive SPL MSNss selectively released prednisolone in the pH conditions of the colon but
not in the more acidic conditions of the stomach or small intestine.

Tian et al[37] used the polymer poly (acrylic acid) (PAA) to anchor onto the pore channels of MSNs, which acted as a
pH-responsive gatekeeper. The PAA capped MSNs exhibited a high doxorubicin (DOX) loading capacity. The DOX was
protected when passing through the gastric environment and achieved targeted release in the colon.

Other pH-responsive gatekeepers
Zahiri et al[38] encapsulated DOX in MSNs coated with polycarboxylic acid dextran to provide pH-dependent drug
release. Moreover, a CD133 RNA Apt was tagged to target CD133 overexpressed tumor cells. Narayan et al[39] used
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chitosan as a pH-sensitive gatekeeper for the controlled release of capecitabine.

Redox-responsive gatekeeper systems

The amount of glutathione in tumor cells is approximately 10 times greater than that in normal cells. Liu ef al[40] used a
new methodology by “weaving” polyethylenimine (PEI) on the MSN surface through disulfide bonds to achieve delivery
of chemotherapy (DOX) and miRNA therapy (using miRNA-145). Furthermore, an active targeting WL8 peptide
(WIFPWIQL) was used to target glucose-regulated protein-78. The reducing environment hydrolyzed the disulfide bond
to remove the PEI gatekeeper, resulting in the release of DOX from the carrier. This redox-responsive co-delivery system
realized synergistic antitumor efficacy in vitro and in vivo, and significant anti-metastatic activity in an orthotopic
colorectal tumor model.

Enzyme-responsive gatekeeper systems
Kumar et al[41] utilized guar gum, a natural carbohydrate polymer as an enzyme-responsive gatekeeper to load 5-FU. The
release of 5-FU from capped guar gum was specifically triggered via colonic enzyme biodegradation.

Kumar et al[42] also constructed a guar gum enzyme-responsive delivery system for drug release and near-infrared
(NIR) triggered photodynamic therapy.

IMMUNOTHERAPY AND PHOTOTHERMAL THERAPY

The small molecule inhibitor of the signaling hub kinase GSK3 can interfere in the PD-1/PD-L1 axis and provide effective
cancer immunotherapy. Allen et al[43] loaded the GSK3 inhibitor AZD1080 into MSNss and coated them with a LB. Drug
delivery reduced PD-1 expression and resulted in significant tumor shrinkage in mouse tumor models.

IR825 is a NIR photothermal fluorescent dye with excellent photostability and high photothermal conversion capa-
bility. However, IR825 has poor water solubility and a short metabolic half-life. Persistent luminescence nanoparticles
were used as the trackable center and coated with MSNs. Wang et al[44] loaded IR825 and the chemotherapeutic drug
irinotecan into MSNs and encapsulated them with a cancer cell-macrophage hybrid membrane. The nanoplatform
produced precise combined CRC chemotherapy and image-guided photothermal therapy.

CONCLUSION

Cancer progression is a collective result of numerous pathological events. During the disease course, cancers generally
become more heterogeneous and have high mutation rates. As a result of this heterogeneity, the bulk tumor may include
diverse cells harboring distinct molecular signatures with differential levels of sensitivity to treatment[45]. Thus,
chemotherapy alone may not produce satisfactory therapeutic results. To overcome multidrug resistance and hetero-
geneity, combination therapies are given which are usually complementary to chemotherapy for better therapeutic
effects. MSNs can be used not only as drug delivery systems, but also as immunotherapy and photothermal nanosystems.
In this review, we have shown the potential of various MSN-based nanosystems and multimodal targeting MSNs, which
have demonstrated their merit over conventional therapeutic agents. These MSNs can be used for diagnosis, targeted
drug therapy, targeted gene therapy, immunotherapy and photothermal therapy of CRC. Although MSN chemotherapies
have shown remarkable benefits in testing, only one clinical trial on MSNs has been conducted[46]. Long-term biosafety
tests deserve further study at the preclinical and clinical levels. In addition, the optimal dosage ratio of nanotherapeutic
drugs requires further investigation. MSN-based nanosystems may lead to major advances in individualized treatment
and have great potential for clinical translation.
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Abstract

Thyroid carcinoma is a complex disease with several types, the most common
being well-differentiated and undifferentiated. The latter, “undifferentiated
carcinoma”, also known as anaplastic thyroid carcinoma (ATC), is a highly aggr-
essive malignant tumor accounting for less than 0.2% of all thyroid carcinomas
and carries a poor prognosis with a median survival of 5 months. BRAF gene
mutations are the most common molecular factor associated with this type of
thyroid carcinoma. Recent advances in targeted biological agents, immuno-
therapy, stem cell therapy, nanotechnology, the dabrafenib/trametinib com-
bination therapy, immune checkpoint inhibitors (ICI) and artificial intelligence
offer novel treatment options. The combination therapy of dabrafenib and tra-
metinib is the current standard treatment for patients with BRAF-V600E gene
mutations. Besides, the dabrafenib/trametinib combination therapy, ICI, used
alone or in combination with targeted therapies have raised some hopes for
improving the prognosis of this deadly disease. Younger age, earlier tumor stage
and radiotherapy are all prognostic factors for improved outcomes. Ultimately,
therapeutic regimens should be tailored to the individual patient based on
surveillance and epidemiological data, and a multidisciplinary approach is ess-
ential.
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carcinoma; Neck mass; Aggressive malignancies
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Core Tip: Anaplastic thyroid carcinoma is an infrequent but deadly form of cancer. Combining surgery, radiotherapy,
chemotherapy, novel targeted therapy and immunotherapy has improved the prognosis. Multimodal management and
individualized treatment with novel agents is encouraging. To further improve the outcomes, more studies shall be carried
out on the molecular microenvironment and biological drivers.

Citation: Zhou SY, Luo LX. An overview of the contemporary diagnosis and management approaches for anaplastic thyroid
carcinoma. World J Clin Oncol 2024; 15(6): 674-676

URL: https://www.wjgnet.com/2218-4333/full/v15/i6/674.htm

DOI: https://dx.doi.org/10.5306/wjco.v15.16.674

INTRODUCTION

Although the prevalence of thyroid carcinoma is on the rise, the incidences of anaplastic thyroid carcinoma (ATC) and
medullary thyroid carcinoma (MTC) remain relatively stable. Between 2000 and 2009, the overall prevalence of thyroid
carcinoma experiences a significantly accelerated increase of approximately 8% per annum in both males and females[1].
ATC is a rare undifferentiated form of thyroid malignancy that accunts for a small percentage of cases, ranging from less
than 0.2% to 1%-2%[2-4]. However, it is considered one of the most deadly neoplasms, with a median survival of only 4 to
6 months and a substantial decline in quality of life[3-5]. Multimodal therapy involving chemotherapy and external beam
radiotherapy has shown limited success in patients with unresectable or metastatic disease, resulting in a 12-month
overall survival of less than 20%. The presence of rapidly growing neck tumors often leads to severe and potentially life-
threatening complications. These tumors can invade various structures, such as the trachea, leading to airway obstruction
and asphyxia; the esophagus, causing dysphagia; the recurrent laryngeal nerve, resulting in paralysis and hoarseness; the
major blood vessels, leading to manifestations of superior vena cava syndrome or intermittent cerebral ischemia; and the
neural plexuses, causing persistent pain.

ADVANCEMENTS IN DIAGNOSIS, TREATMENT AND MANAGEMENT STRATEGIES OF ATC

An accurate diagnosis of ATC is essential and can be achieved through ultrasound and core needle biopsy. Computed
tomography and magnetic resonance imaging scans can be used for staging. Molecular testing can further refine the
diagnosis and reveal implicated genes, such as BRAF-V600E and BRAF wild type, which can be used to determine the
optimal treatment strategy, such as anti-BRAF, anti-VEGF-A or anti-EGFR agents[6].

Nanotechnology has the potential to revolutionize drug delivery systems by enabling targeted therapy and chemo-
photothermal (lenvatinib-laser irradiation) therapy. Furthermore, it may also lead to the development of magnetic or
radiolabeled probes that can be used to diagnose disease progression. Moreover, the uses of an anti-programmed cell
death-ligand 1 monoclonal antibody (atezolizumab) as immunotherapy may potentiate the effect of radiotherapy on mali-
gnant cells.

The initial outcomes of deep learning and artificial intelligence in the fields of diagnosis, image evaluation, treatment
and outcome prediction have exhibited great potential. To ensure optimal results, it is crucial to adopt a multidisciplinary
approach and formulate an individualized therapeutic regimen based on the principles outlined in surveillance,
epidemiology, and end results[2,7-10].

The management protocol encompasses the established therapeutic regimen, which involves prioritizing surgical
intervention, particularly debulking surgery. Additionally, adjuvant chemotherapy utilizing cisplatin or doxorubicin
combined with docetaxel-paclitaxel, along with accelerated hyperfunctional external beam radiotherapy, preferably used
in a neo-adjuvant and definitive manner, is a standard treatment. This therapeutic regimen has the potential to extend the
median survival by approximately 10 months[6]. The novel and promising approach of utilizing targeted biological ag-
ents and immunotherapy has effectively enhanced the overall survival rates in patients who were previously considered
to have a dismal prognosis[2,5,6,11,12].

The BRAF inhibitor dabrafenib and the MEK inhibitor trametinib were approved by the U.S. Food and Drug Adminis-
tration in 2014 and 2018 respectively, for the treatment of mutated melanoma and mutated anaplastic thyroid carcinoma.
Consequently, it has been effectively utilized in the case of metastatic or locally advanced inoperable ATC with BRAF-
V600E gene mutation. This targeted therapy has been advised as a neoadjuvant treatment followed by surgery. It
constitutes the standard treatment and guarantees a two-year overall survival rate of 80%5,6,13,14].

The primary determinants associated with better overall outcomes have been identified as younger age, earlier tumor
stage, tumor size, multifocality, utilization of radiotherapy and innovative targeted therapy[3,15].

CONCLUSION

This review assesses the understanding of highly aggressive ATC with a severe prognosis and emphasizes the signi-
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ficance of accurate diagnosis and treatment. The analysis is built on the data from a broad exploration of PubMed up to
September 2023, concentrating chiefly on full-text articles issued only in English within the past five years.
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Abstract

Sleep problems have become a significant public health concern, affecting a large
portion of the global population and have been linked to increased morbidity and
mortality. The incidence of gastrointestinal (GI) cancers continues to rise, posing a
substantial burden on healthcare systems worldwide. This editorial aims to delve
into the impact of sleep on GI cancers, including esophageal, gastric, colorectal,
hepatobiliary, and pancreatic cancer. Recent literature investigating the potential
connections between GI cancers and sleep was reviewed. We considered aspects
such as sleep duration, sleep disorders, and circadian rhythmicity, in order to
explore the underlying mechanisms that can contribute to the development of GI
cancers and propose avenues for future research.

Key Words: Sleep; Cancer; Gastrointestinal cancer; Esophagus; Stomach; Colon; Liver
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Core Tip: Sleep problems are a growing global health concern, affecting a large
population, while the rise in gastrointestinal (GI) cancers poses a significant burden on
healthcare systems. This editorial explores the impact of sleep on GI cancers, reviewing
up-to-date literature.
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INTRODUCTION

Sleep, the state the body requires as a process of recovery, is a vital life function that takes approximately one-third of
every day. We often encounter the discussion of which is more important, quality vs quantity, in sleep. The simple
answer is they are both important. However, it is crucial to understand that quantity and quality of sleep are closely
associated. Quality of sleep means several things, including subjective feeling of rest, sleep efficiency, and normal sleep
architecture (normal ratio of each sleep stage). The subjective feeling of rest is especially heavily associated with its
duration. Typical sleep duration for adults ranges from six to nine hours, which is impacted by daily activities and
environmental factors.

Sleep disorders encompass a wide range of conditions that disrupt normal sleep quality. The common sleep disorders,
including insomnia, obstructive sleep apnea (OSA), and circadian rhythm disorders, are well known to play a role in
chronic medical conditions and mental health disorders but have been understudied in cancer[1]. Commonly proposed
mechanisms of cancer development, such as intermittent hypoxia, dysfunction to anti-tumor immunity, gut microbiome,
and metabolic homeostasis, are also regularly discussed in the mechanism of sleep impact on medical conditions,
suggesting a potential link between sleep disruption and cancers. The relationship between sleep disorders and types of
cancer is still being investigated with possible bidirectional association[2,3].

There has been an increase in data supporting the relationship between sleep and various types of cancer, including
breast[4], prostate[5,6], thyroid[7], lung[8], and gastrointestinal (GI) cancer[9-11]. Globally, GI cancers, such as esop-
hageal, gastric, and hepatobiliary cancers, represent a major cause of morbidity and mortality [12]. Given the limitations
in data, we were particularly intrigued by the recent study that explored the association between sleep and GI cancer[13].
While the primary mechanism of the pathophysiology between cancer and sleep disorders is not fully understood, early
findings from this study indicated that sleep disorders and GI cancers, in particular, had an association around the time
when the cancer diagnosis is initially made, suggesting that sleep disorders may be an early sign of cancer. In this
editorial, our specific focus lies in the association between various aspects of sleep and the risk for specific GI cancers,
including esophageal, gastric, hepatobiliary, and pancreatic cancer.

CURRENT INSIGHTS INTO SLEEP AND GI CANCER

The connection between inadequate sleep quality and cancer is gradually being elucidated as the multifactorial etiology
of cancer is being better understood, involving cellular responses, hormonal alteration, immune function, and dietary
factors.

Inflammatory, immune and cellular responses

Sleep disturbance is linked to the activation of the sympathetic nervous system, triggering inflammatory activity in
human studies that can become chronic[14]. This chronic inflammation, in turn, fosters the initiation, progression, and
metastasis of cancer. A landmark study in humans by Irwin et al[15] revealed how exposure to short sleep can quickly
impact immunity against cancer, with a single night of four hours of sleep decreasing 70% of natural killer (NK) cells
circulating in the immune system compared to eight hours of sleep. C-reactive protein and interleukin (IL)-6, common
inflammatory markers, were associated with sleep disturbance and long sleep duration (> 8 h) whereas these markers
were not associated with short sleep duration (< 7 h)[14]. In university students, the increase in IL-1 has a positive
correlation with the Athens Insomnia Scale and Pittsburgh Sleep Quality Index (PSQI)[16]. What's more, chronic sleep
deprivation in an animal study has also been reported to compromise the anti-tumor immune response, impacting NK
cells and cytotoxic T cells[17]. In another animal model study that assessed the association between tumor growth and
sleep disruption, sleep-deprived mice showed a 200% increase in the progression of tumor growth compared to the
control group. Furthermore, in vitro study has demonstrated that chronic sleep deprivation affects the activation of
macrophages, particularly M2 macrophages, that promote cancer growth[18].

Melatonin effects

Short sleep, sleep disturbance, and evening chronotype are associated with low melatonin. Melatonin is believed to have
an anti-carcinogenic profile through various mechanisms, including eliminating reactive oxygen species (ROS),
promoting a DNA repair system, activating NK cell function, hindering the initiation phase of tumorigenesis, and
impeding the growth of cancer cell lines in humans[19]. The effects of melatonin in many types of GI cancer have been
reported including esophageal cancer suppression, gastric cancer cell growth inhibition, enhancement of the efficacy of
chemotherapy in hepatocellular carcinoma (HCC), colorectal cancer, and pancreatic cancer[20].

Sleep quality and quantity

For the majority of studies, the reference category for sleep duration was seven to eight hours per night. Short sleep
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duration was typically defined as less than seven hours each night, while long sleep was characterized as exceeding eight
hours per night[14]. Sleep fragmentation and insufficient sleep duration have been shown to amplify cortisol secretion,
heighten insulin resistance, and contribute to weight gain, obesity, and diabetes each representing an independent risk
factor for cancer[21,22]. Long sleep may indicate disrupted sleep continuity, impacting immune function and leading to
an elevated release of pro-inflammatory cytokines as mentioned earlier. Long sleep has also been related to sedentary
behavior and a less healthy lifestyle[23]. In patients with OSA, the intermittent hypoxia and disrupted sleep are believed
to be the pathophysiological mechanisms that lead to upregulation of oxidative stress, hypoxia-inducible factors-1
transcription factor, ROS, vascular endothelial growth factor and DNA mutation, ultimately promoting tumor
progression[24,25]. Duration of sleep has been shown in subsequent studies to impact GI cancers.

Circadian rhythm and its impact

Shift workers, especially night shift workers, are exposed to unnatural light at night, which can reduce melatonin
secretion and may increase inflammatory cytokines production, circadian gene dysfunction, and impairment of DNA
repair, leading to tumorigenesis. Lastly, chronotype impact on GI cancers can be linked to lifestyle, dietary, gut mic-
robiota, and dietary factors. Individuals with a morning chronotype are more likely to have a healthier lifestyle. For
example, smoking less and adhering to the Mediterranean diet in morning chronotype individuals have been associated
with reduced risk of cancer[26]. On the other hand, the evening chronotype usually has poorer eating habits, potentially
leading to heightened cancer risk[27]. Considering dietary factors is essential when estimating the risk of GI cancer. For
gut microbiota that is associated with GI cancer, a decrease of Alistipes and an increased Lachnospira in individuals with a
morning chronotype were found. The evening chronotype also exhibits higher insulin resistance and low-density
lipoprotein levels, which are linked to cancer development[10].

ESOPHAGEAL CANCER

Limited research exists linking sleep factors such as sleep duration, sleep disorders, chronotypes, and their potential
effects. This section explores available evidence and highlights the investigation into this specific GI malignancy.

Esophageal cancer is one of the most common types of cancer worldwide known risk factors for two types: esophageal
squamous cell carcinoma (ESCC) and esophageal adenocarcinoma (EAC). Esophageal cancer has not been reported to
have a significant correlation with sleep duration[28]. However, a notable association of sleep duration has been observed
when classified by type of esophageal cancer. Few studies have examined the association between sleep disorders and
these two types of esophageal cancer. In a prospective study that investigated sleep duration on EAC and ESCC risk in
the United Kingdom Biobank, poor sleep behavior (defined as less than six hours or greater than nine hours of sleep a
day and occasional daytime napping) was associated with a high risk of EAC, independent of genetic risk, but was not
seen for ESCC[29].

Previous sleep disorders, including sleep apnea, insomnia, hypersomnia, circadian rhythm disorders, narcolepsy,
parasomnia, sleep-related movement disorders, and unspecified sleep disorders that were found within one year of
cancer diagnosis of these GI cancers, revealed a positive association with GI cancers overall, suggesting that sleep
disorders may be a harbinger of GI cancers[13]. However, esophageal cancer alone failed to show a significant association
with sleep disorders in subgroup analysis, which supported the findings from the propensity score matching study for
participants with and without sleep disorders by Wu Zheng et al[30]. Moreover, there was no association between sleep
symptoms such as daytime sleepiness, and snoring, with esophageal cancer both overall or within each subtype[29,31].

Concerning shift work, rotating shift male workers, known to have disruptions to circadian patterns, were found to
have higher risks of esophageal cancer[32]. Surprisingly, fixed night shift work with persistent light exposure at night
was not associated with esophageal cancer[32,33]. What is more, the investigation of chronotype and esophageal cancer
revealed that the morning chronotype did not exhibit any apparent connection with esophageal cancer. In contrast,
individuals with evening chronotype exhibited an elevated risk, specifically for ESCC, following a two-year enrollment
period[13,29].

Based on the current evidence, both insufficient and excessive sleep durations may be contributing factors to EAC. The
specific types of esophageal cancer should be considered when evaluating these associations. Further studies are needed
to explore the impact of sleep disorders on esophageal cancer. Different types and settings of shift work as well as the
types of cancer may have varying impacts on cancer risk. It is important to consider circadian preferences and disr-
uptions, as there is potential relevance to specific types of esophageal cancer.

GASTRIC CANCER

Gastric cancer previously had a high incidence rate, but has shown a declining trend over the past several decades. Many
changes to known risk factors for gastric cancers from reduction in tobacco smoking to improved sanitation, and
diagnosing and treating Helicobacter pylori, have played an integral role in this trend. The association between sleep and
gastric cancer has not been well understood, but there have been some studies to assess potential associations.

Gastric cancers are classified anatomically by location as cardia or noncardia, and histologically by type as diffuse or
intestinal type, this separates types of gastric cancer into different risk profiles. Gastric cancer was investigated across five
case-control studies from the Stomach Cancer Pooling Project Consortium, using stratified analysis by key factors of sex,
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smoking status, socioeconomic status, anatomical site, histological type, and self-reported sleep duration[9].

Short sleep duration has been reported to be associated with gastric cancer in prior studies, this relationship was not
found in this study[9,13,23,34]. However, a long sleep duration of at least nine hours was noted to be associated with
gastric cancer, similar to previous studies. This relationship remained consistent whether categorized by anatomical site
or histological type. Similar to esophageal cancer, gastric cancer did not exhibit a significant relationship with overall
sleep disorders[13,30]. Interestingly, female adults with narcolepsy had a higher risk for gastric cancer[35]. Human
leukocyte antigen haplotypes and immunological derangement in narcolepsy may be associated with cancer suscept-
ibility. Frequent long naps were associated with an increased risk of gastric cancer and were exacerbated by night shift
work[23]. However, there was no association between night shift work alone and gastric cancer[32,33]. In terms of chro-
notype, there was an inverse correlation between morning chronotype and gastric cancer[10] which supported the
findings seen in gastroenteropancreatic neuroendocrine tumors, with lower progression and metastatic risks in the
morning chronotype and higher risk in the evening chronotype[36].

While the connection between short sleep duration and gastric cancer remains unclear, a notable link can be seen with
long sleep durations. Disruptions to circadian rhythm suggest increased gastric cancer risk, but the data remains contro-
versial. Among sleep disorders, only narcolepsy exhibits a significant relationship with gastric cancer. Further studies are
needed to explore the mechanisms for this association. The morning chronotype may be a protective factor for gastric
cancer, aligning with patterns observed in other related tumors.

COLORECTAL CANCER

Colorectal cancer is a common and lethal cancer worldwide with the World Health Organization estimating it as the third
most common diagnosed cancer and second leading cause of cancer-related death. Thus, early detection and treatment
are vital. Furthermore, the relationship between sleep and colorectal cancer has been implicated relationship between
sleep and colorectal cancer, further emphasizing the importance of understanding their relationship.

The evidence from a meta-analysis by Gong et al[19] demonstrated that long sleep duration (greater than nine or ten
hours) increased the risk of colorectal cancer. A short sleep duration (less than six hours) has been linked to an increased
risk of colonic adenomas development[37]. Nevertheless, neither short nor long sleep durations were associated with an
elevated risk of colorectal cancer-specific mortality[38]. A sleep duration of seven to eight hours was associated with a
lower risk of colorectal cancer[19]. Frequent daytime napping, occurring six to seven times per week, and extended
durations exceeding 30 min, were associated with increased odds of colorectal cancer[23]. A study with the National
Health Insurance Research Database of Taiwan to estimate the risk of colorectal cancer in those with sleep disorders
found a significant positive association[39]. However, recent findings did not reveal a significant correlation with the
overall history of sleep disorders, except if having more than five years of any sleep disorder diagnosis[13,30]. When
factoring in psychiatric disorders, patients with sleep disorders and concomitant depression were found to have five
times the incidence rate of colorectal cancer compared to the control group[39]. Further prospective studies are needed to
prove causality. There is conflicting evidence on OSA, the most common sleep-related breathing disorder, there are
conflicting evidence of OSA in the development of colorectal cancer[5,40]. Despite a non-significant relationship between
OSA and colorectal cancer in a meta-analysis; subgroup analysis on studies with a follow-up period longer than five
years indicated a significantly higher risk for colorectal cancer[4,41]. Adjustments for co-morbidities and variations in
follow-up duration may influence the slow progression nature of the disease. Exposure to light at night may be associated
with an increased risk of colorectal cancer in some studies[42]. However, similar to gastric cancer, night shift work did
not show an association with colorectal cancer in meta-analysis[33]. The result for colorectal cancer outcomes in this meta-
analysis displayed moderate heterogeneity, which is supported by this finding of a recent large study[32,33]. As with
gastric cancer, a morning chronotype was linked to a reduced risk of colorectal cancer[10].

Suboptimal sleep durations are linked to a higher risk of colorectal cancer. Both prolonged and frequent napping carry
a heightened risk for colorectal cancer. The literature shows a potential higher risk of sleep disorders in colorectal cancer
with sleep disorders, but additional research with long follow-up periods is needed to establish causality in these
relationships. Chronotype significantly influences colorectal cancer and could play a crucial role in preventive strategies.

HEPATOBILIARY-PANCREATIC CANCER

Hepatobiliary cancers are often common in individuals with chronic liver disease. There is very little evidence assessing
the association between hepatobiliary-pancreatic cancer and sleep. This section delves into relevant research on the
impact of sleep on the liver, biliary duct, and pancreatic cancer.

A prospective study of patients with advanced hepatobiliary-pancreatic cancer found that short and long durations
were associated with increased mortality in the U-shape pattern[43].

This U-shape correlation pattern was found in sleep duration and incidence of HCC, hepatobiliary cancer and the
mortality of HCC[44]. However, the correlation between sleep duration and individual cancer sites remains controversial.
For instance, another study found a significant inverse correlation between sleep duration and HCC and hepatobiliary
cancer[45]. For obese and postmenopausal patients in the United States, long sleep duration was found to be positively
associated with an increased risk of liver cancer, but short sleep was not[46]. However, long duration of sleep may imply
the compensation mechanism of preexisting medical conditions, including sleep disorders. Thus, it may not be the root
cause of cancer genesis. Overall, there is no strong evidence suggesting a significant relationship between sleep duration
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and liver or pancreatic cancer[28]. There was a positive correlation between the duration of daytime napping and both
HCC and biliary tract cancer[44,45]. In a meta-analysis conducted by Wu et al[4], OSA was found to be associated with a
higher risk for liver and pancreatic cancer. Nonetheless, recent studies have shown conflicting correlations between sleep
disorders and pancreatic cancer, and no correlation has been observed in liver cancer[13,30]. Insomnia may be a risk
factor for hepatobiliary cancer[45]. There was an association between a higher risk of liver cancer and the exposure to
outdoor light at night or night shift[47]. Rotating shift work is associated with a decreased risk of liver cancer in Japanese
men. In this study, there is no association between rotating shift work in the female gender and night shift work in both
genders[32]. In contrast, rotating shift work is associated with a higher risk of biliary duct cancer[48]. In terms of chr-
onotype, genetic liability to morningness was not associated with liver, biliary duct or pancreatic cancer in the combined
analysis.

The association of sleep durations, sleep disorders, shift work and the risk of hepatobiliary-pancreatic cancer remains
an area of interest, although conclusive evidence is currently lacking. The protective profile of morning chronotype
against hepatobiliary-pancreatic cancer has not yet been fully elucidated, emphasizing the need for further studies to
provide a more comprehensive assessment.

CLINICAL IMPLICATIONS

Lifestyle management, such as adhering to appropriate sleep durations based on age, can foster optimal development
and health. For individuals with insufficient sleep duration, implementing interventions such as sleep hygiene to extend
sleep duration may enhance sleep quality and potentially reduce the risk of GI cancer. Similarly, screening for underlying
conditions that may lead to prolonged sleep duration, followed by appropriate treatment, might normalize sleep
duration. Individuals with sleep disorders are likely to be encouraged to undergo early screening for tumor detection and
treatment, adhering to established protocols, given the potential impact on GI cancer. Embracing the habits of a morning
chronotype may confer health benefits, resulting in a lower risk of GI cancer. Interventions that may impact circadian
rhythm and sleep quality, such as melatonin and light exposure adjustment, have been studied and may offer assistance
in GI cancer treatment[20,48]. However, there is insufficient evidence to establish a clear recommendation for the
interventions. More research will be required to elucidate the impact of sleep adjustments on cancer, as they may
influence cancer outcomes.

CONCLUSION

Unfavorable sleep duration may increase the risk for GI cancers. Many studies indicated that an extended duration of
nocturnal sleep, frequent napping, and insufficient sleep may have deleterious effects on health, increasing the risk for
specific GI cancers. Future large-scale prospective studies, with additional stratification of individuals with sleep
disorders and more detailed measurement of sleep duration, shift work status and chronotype, are needed to clarify the
cause-effect relationship between sleep disturbances and GI cancers.

FOOTNOTES

Author contributions: Taweesedt PT conceptualized the study and finalized the manuscript; Kawai M reviewed and wrote the
manuscript; Lo ] wrote the manuscript and did the English language review.

Conflict-of-interest statement: The authors declare no conflict-of-interest.

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/

Country/Territory of origin: United States
ORCID number: Pahnwat T Taweesedt 0000-0002-5791-6920; Makoto Kawai 0000-0001-9176-4388.

S-Editor: Zhang H
L-Editor: A
P-Editor: Zhao YQ

REFERENCES

1 Grandner MA. Sleep, Health, and Society. Sleep Med Clin 2020; 15: 319-340 [PMID: 32386705 DOI: 10.1016/j.jsmc.2020.02.017]

3§9® WJCO | https://www.wjgnet.com 681 June 24,2024 | Volume15 | Issue6 |


https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0002-5791-6920
http://orcid.org/0000-0002-5791-6920
http://orcid.org/0000-0001-9176-4388
http://orcid.org/0000-0001-9176-4388
http://www.ncbi.nlm.nih.gov/pubmed/32386705
https://dx.doi.org/10.1016/j.jsmc.2020.02.017

Lo J et al. Impact of sleep on GI cancer

[\S)

6

Mogavero MP, DelRosso LM, Fanfulla F, Bruni O, Ferri R. Sleep disorders and cancer: State of the art and future perspectives. Sleep Med Rev
2021; 56: 101409 [PMID: 33333427 DOI: 10.1016/j.smrv.2020.101409]

Berisha A, Shutkind K, Borniger JC. Sleep Disruption and Cancer: Chicken or the Egg? Front Neurosci 2022; 16: 856235 [PMID: 35663547
DOI: 10.3389/fnins.2022.856235]

Wu D, Zhao Z, Chen C, Lu G, Wang C, Gao S, Shen J, Liu J, He J, Liang W. Impact of obstructive sleep apnea on cancer risk: a systematic
review and meta-analysis. Sleep Breath 2023; 27: 843-852 [PMID: 36129602 DOI: 10.1007/s11325-022-02695-y]

Fang HF, Miao NF, Chen CD, Sithole T, Chung MH. Risk of Cancer in Patients with Insomnia, Parasomnia, and Obstructive Sleep Apnea: A
Nationwide Nested Case-Control Study. J Cancer 2015; 6: 1140-1147 [PMID: 26516362 DOI: 10.7150/jca.12490]

Sun X, Ye D, Jiang M, Qian Y, Mao Y. Genetically proxied morning chronotype was associated with a reduced risk of prostate cancer. Sleep
2021; 44 [PMID: 33878190 DOI: 10.1093/sleep/zsab104]

Papantoniou K, Konrad P, Haghayegh S, Strohmaier S, Eliassen AH, Schernhammer E. Rotating Night Shift Work, Sleep, and Thyroid
Cancer Risk in the Nurses' Health Study 2. Cancers (Basel) 2023; 15 [PMID: 38067376 DOI: 10.3390/cancers15235673]

Xie J, Zhu M, Ji M, Fan J, Huang Y, Wei X, Jiang X, Xu J, Yin R, Wang Y, Dai J, Jin G, Xu L, Hu Z, Ma H, Shen H. Relationships between
sleep traits and lung cancer risk: a prospective cohort study in UK Biobank. Sleep 2021; 44 [PMID: 33823024 DOI: 10.1093/sleep/zsab089]
Collatuzzo G, Pelucchi C, Negri E, Kogevinas M, Huerta JM, Vioque J, de la Hera MG, Tsugane S, Shigueaki Hamada G, Hidaka A, Zhang
ZF, Camargo MC, Curado MP, Lunet N, La Vecchia C, Boffetta P. Sleep Duration and Stress Level in the Risk of Gastric Cancer: A Pooled
Analysis of Case-Control Studies in the Stomach Cancer Pooling (StoP) Project. Cancers (Basel) 2023; 15 [PMID: 37686594 DOI:
10.3390/cancers15174319]

Yuan S, Mason AM, Titova OE, Vithayathil M, Kar S, Chen J, Li X, Burgess S, Larsson SC. Morning chronotype and digestive tract cancers:
Mendelian randomization study. Int J Cancer 2023; 152: 697-704 [PMID: 36093575 DOI: 10.1002/ijc.34284]

Biittner-Teleaga A, Kim YT, Osel T, Richter K. Sleep Disorders in Cancer-A Systematic Review. Int J Environ Res Public Health 2021; 18
[PMID: 34770209 DOI: 10.3390/ijerph182111696]

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray F. Global Cancer Statistics 2020: GLOBOCAN Estimates of
Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin 2021; 71: 209-249 [PMID: 33538338 DOI:
10.3322/caac.21660]

Loosen S, Krieg S, Krieg A, Leyh C, Luedde T, Vetter C, Kostev K, Roderburg C. Are sleep disorders associated with the risk of
gastrointestinal cancer?-A case-control study. J Cancer Res Clin Oncol 2023; 149: 11369-11378 [PMID: 37378673 DOI:
10.1007/s00432-023-05009-1]

Irwin MR, Olmstead R, Carroll JE. Sleep Disturbance, Sleep Duration, and Inflammation: A Systematic Review and Meta-Analysis of Cohort
Studies and Experimental Sleep Deprivation. Biol Psychiatry 2016; 80: 40-52 [PMID: 26140821 DOI: 10.1016/j.biopsych.2015.05.014]
Irwin M, Mascovich A, Gillin JC, Willoughby R, Pike J, Smith TL. Partial sleep deprivation reduces natural killer cell activity in humans.
Psychosom Med 1994; 56: 493-498 [PMID: 7871104 DOI: 10.1097/00006842-199411000-00004]

Huang J, Song P, Hang K, Chen Z, Zhu Z, Zhang Y, Xu J, Qin J, Wang B, Qu W, Huang Z, Liang C. Sleep Deprivation Disturbs Immune
Surveillance and Promotes the Progression of Hepatocellular Carcinoma. Front Immunol 2021; 12: 727959 [PMID: 34539666 DOI:
10.3389/fimmu.2021.727959]

Bao H, Peng Z, Cheng X, Jian C, Li X, Shi Y, Zhu W, Hu Y, Jiang M, Song J, Fang F, Chen J, Shu X. GABA induced by sleep deprivation
promotes the proliferation and migration of colon tumors through miR-223-3p endogenous pathway and exosome pathway. J Exp Clin Cancer
Res 2023; 42: 344 [PMID: 38105184 DOI: 10.1186/s13046-023-02921-9]

Chen J, Chen N, Huang T, Huang N, Zhuang Z, Liang H. Sleep pattern, healthy lifestyle and colorectal cancer incidence. Sci Rep 2022; 12:
18317 [PMID: 36316431 DOI: 10.1038/s41598-022-21879-w]

Gong YQ, Hou FT, Xiang CL, Li CL, Hu GH, Chen CW. The mechanisms and roles of melatonin in gastrointestinal cancer. Front Oncol
2022; 12: 1066698 [PMID: 36591447 DOI: 10.3389/fonc.2022.1066698]

Cohn AY, Grant LK, Nathan MD, Wiley A, Abramson M, Harder JA, Crawford S, Klerman EB, Scheer FAJL, Kaiser UB, Rahman SA, Joffe
H. Effects of Sleep Fragmentation and Estradiol Decline on Cortisol in a Human Experimental Model of Menopause. J Clin Endocrinol Metab
2023; 108: e1347-¢1357 [PMID: 37207451 DOI: 10.1210/clinem/dgad285]

Zhang SX, Khalyfa A, Wang Y, Carreras A, Hakim F, Neel BA, Brady MJ, Qiao Z, Hirotsu C, Gozal D. Sleep fragmentation promotes
NADPH oxidase 2-mediated adipose tissue inflammation leading to insulin resistance in mice. /nt J Obes (Lond) 2014; 38: 619-624 [PMID:
23897221 DOTI: 10.1038/ij0.2013.139]

Papantoniou K, Castafio-Vinyals G, Espinosa A, Turner MC, Martin-Sanchez V, Casabonne D, Aragonés N, Gomez-Acebo I, Ardanaz E,
Jimenez-Moleon JJ, Amiano P, Molina-Barcel6 A, Alguacil J, Ferndndez-Tardon G, Huerta JM, Hernandez-Segura N, Perez-Gomez B, Llorca
J, Vidan-Alli J, Olmedo-Requena R, Gil L, Castafion-Lopez C, Pollan M, Kogevinas M, Moreno V. Sleep duration and napping in relation to
colorectal and gastric cancer in the MCC-Spain study. Sci Rep 2021; 11: 11822 [PMID: 34083698 DOI: 10.1038/541598-021-91275-3]

Gozal D, Almendros I, Phipps Al, Campos-Rodriguez F, Martinez-Garcia MA, Farré R. Sleep Apnoea Adverse Effects on Cancer: True, False,
or Too Many Confounders? Int J Mol Sci 2020; 21 [PMID: 33233617 DOI: 10.3390/ijms21228779]

Martinez CA, Kerr B, Jin C, Cistulli PA, Cook KM. Obstructive Sleep Apnea Activates HIF-1 in a Hypoxia Dose-Dependent Manner in
HCT116 Colorectal Carcinoma Cells. Int J Mol Sci 2019; 20 [PMID: 30669593 DOI: 10.3390/ijms20020445]

Godos J, Castellano S, Ferri R, Caraci F, Lanza G, Scazzina F, Alanazi AM, Marx W, Galvano F, Grosso G. Mediterranean diet and
chronotype: Data from Italian adults and systematic review of observational studies. Exp Gerontol 2023; 181: 112284 [PMID: 37673382 DOI:
10.1016/j.exger.2023.112284]

Mortas H, Ayhan B, Navruz Varli S, Kése S, Agagiindiiz D, Bilici S. Rise and shine for eating right: the link between healthy nutrition and
chronotype among young adults. Front Nutr 2023; 10: 1285015 [PMID: 37899840 DOI: 10.3389/fnut.2023.1285015]

Gu F, Xiao Q, Chu LW, Yu K, Matthews CE, Hsing AW, Caporaso NE. Sleep Duration and Cancer in the NIH-AARP Diet and Health Study
Cohort. PLoS One 2016; 11: ¢0161561 [PMID: 27611440 DOI: 10.1371/journal.pone.0161561]

Wang X, Tian R, Zong X, Jeon MS, Luo J, Colditz GA, Wang JS, Tsilidis KK, Ju YS, Govindan R, Puri V, Cao Y. Sleep Behaviors, Genetic
Predispositions, and Risk of Esophageal Cancer. Cancer Epidemiol Biomarkers Prev 2023; 32: 1079-1086 [PMID: 37195052 DOI:
10.1158/1055-9965.EP1-23-0101]

Wu Zheng SM, Chen JW, Huang YM, Chen WM, Wu SY. Effect of sleep disorders on the risks of cancers and site-specific cancers. Sleep
Med 2022; 100: 254-261 [PMID: 36122507 DOI: 10.1016/j.sleep.2022.08.014]

Li W, LiC, Liu T, Wang Y, Ma X, Xiao X, Zhang Q, Qu J. Self-reported sleep disorders and the risk of all cancer types: evidence from the

3%9@) WJCO | https://www.wjgnet.com 682 June 24,2024 | Volume15 | Issue6 |


http://www.ncbi.nlm.nih.gov/pubmed/33333427
https://dx.doi.org/10.1016/j.smrv.2020.101409
http://www.ncbi.nlm.nih.gov/pubmed/35663547
https://dx.doi.org/10.3389/fnins.2022.856235
http://www.ncbi.nlm.nih.gov/pubmed/36129602
https://dx.doi.org/10.1007/s11325-022-02695-y
http://www.ncbi.nlm.nih.gov/pubmed/26516362
https://dx.doi.org/10.7150/jca.12490
http://www.ncbi.nlm.nih.gov/pubmed/33878190
https://dx.doi.org/10.1093/sleep/zsab104
http://www.ncbi.nlm.nih.gov/pubmed/38067376
https://dx.doi.org/10.3390/cancers15235673
http://www.ncbi.nlm.nih.gov/pubmed/33823024
https://dx.doi.org/10.1093/sleep/zsab089
http://www.ncbi.nlm.nih.gov/pubmed/37686594
https://dx.doi.org/10.3390/cancers15174319
http://www.ncbi.nlm.nih.gov/pubmed/36093575
https://dx.doi.org/10.1002/ijc.34284
http://www.ncbi.nlm.nih.gov/pubmed/34770209
https://dx.doi.org/10.3390/ijerph182111696
http://www.ncbi.nlm.nih.gov/pubmed/33538338
https://dx.doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/37378673
https://dx.doi.org/10.1007/s00432-023-05009-1
http://www.ncbi.nlm.nih.gov/pubmed/26140821
https://dx.doi.org/10.1016/j.biopsych.2015.05.014
http://www.ncbi.nlm.nih.gov/pubmed/7871104
https://dx.doi.org/10.1097/00006842-199411000-00004
http://www.ncbi.nlm.nih.gov/pubmed/34539666
https://dx.doi.org/10.3389/fimmu.2021.727959
http://www.ncbi.nlm.nih.gov/pubmed/38105184
https://dx.doi.org/10.1186/s13046-023-02921-9
http://www.ncbi.nlm.nih.gov/pubmed/36316431
https://dx.doi.org/10.1038/s41598-022-21879-w
http://www.ncbi.nlm.nih.gov/pubmed/36591447
https://dx.doi.org/10.3389/fonc.2022.1066698
http://www.ncbi.nlm.nih.gov/pubmed/37207451
https://dx.doi.org/10.1210/clinem/dgad285
http://www.ncbi.nlm.nih.gov/pubmed/23897221
https://dx.doi.org/10.1038/ijo.2013.139
http://www.ncbi.nlm.nih.gov/pubmed/34083698
https://dx.doi.org/10.1038/s41598-021-91275-3
http://www.ncbi.nlm.nih.gov/pubmed/33233617
https://dx.doi.org/10.3390/ijms21228779
http://www.ncbi.nlm.nih.gov/pubmed/30669593
https://dx.doi.org/10.3390/ijms20020445
http://www.ncbi.nlm.nih.gov/pubmed/37673382
https://dx.doi.org/10.1016/j.exger.2023.112284
http://www.ncbi.nlm.nih.gov/pubmed/37899840
https://dx.doi.org/10.3389/fnut.2023.1285015
http://www.ncbi.nlm.nih.gov/pubmed/27611440
https://dx.doi.org/10.1371/journal.pone.0161561
http://www.ncbi.nlm.nih.gov/pubmed/37195052
https://dx.doi.org/10.1158/1055-9965.EPI-23-0101
http://www.ncbi.nlm.nih.gov/pubmed/36122507
https://dx.doi.org/10.1016/j.sleep.2022.08.014

41

42

43

44

46

47

48

Lo J et al. Impact of sleep on GI cancer

Kailuan Cohort study. Public Health 2023; 223: 209-216 [PMID: 37677850 DOI: 10.1016/j.puhe.2023.08.007]

Arafa A, Eshak ES, Iso H, Muraki I, Tamakoshi A. Night Work, Rotating Shift Work, and the Risk of Cancer in Japanese Men and Women:
The JACC Study. J Epidemiol 2021; 31: 585-592 [PMID: 32801280 DOI: 10.2188/jea.JE20200208]

Dun A, Zhao X, Jin X, Wei T, Gao X, Wang Y, Hou H. Association Between Night-Shift Work and Cancer Risk: Updated Systematic Review
and Meta-Analysis. Front Oncol 2020; 10: 1006 [PMID: 32656086 DOI: 10.3389/fonc.2020.01006]

Chen Y, Tan F, Wei L, Li X, Lyu Z, Feng X, Wen Y, Guo L, He J, Dai M, Li N. Sleep duration and the risk of cancer: a systematic review and
meta-analysis including dose-response relationship. BMC Cancer 2018; 18: 1149 [PMID: 30463535 DOI: 10.1186/s12885-018-5025-y]

Tseng CM, Chen YT, Tao CW, Ou SM, Hsiao YH, Li SY, Chen TJ, Perng DW, Chou KT. Adult narcoleptic patients have increased risk of
cancer: A nationwide population-based study. Cancer Epidemiol 2015; 39: 793-797 [PMID: 26651437 DOI: 10.1016/j.canep.2015.09.014]
Barrea L, Muscogiuri G, Pugliese G, Modica R, Laudisio D, Aprano S, Faggiano A, Colao A, Savastano S. Chronotype: what role in the
context of gastroenteropancreatic neuroendocrine tumors? J Transl Med 2021; 19: 324 [PMID: 34330303 DOI: 10.1186/s12967-021-03010-1]
Thompson CL, Larkin EK, Patel S, Berger NA, Redline S, Li L. Short duration of sleep increases risk of colorectal adenoma. Cancer 2011;
117: 841-847 [PMID: 20936662 DOI: 10.1002/cner.25507]

Stone CR, Haig TR, Fiest KM, McNeil J, Brenner DR, Friedenreich CM. The association between sleep duration and cancer-specific
mortality: a systematic review and meta-analysis. Cancer Causes Control 2019; 30: 501-525 [PMID: 30903483 DOI:
10.1007/s10552-019-01156-4]

Lin CL, Liu TC, Wang YN, Chung CH, Chien WC. The Association Between Sleep Disorders and the Risk of Colorectal Cancer in Patients: A
Population-based Nested Case-Control Study. /n Vivo 2019; 33: 573-579 [PMID: 30804144 DOI: 10.21873/invivo.11513]

Gozal D, Ham SA, Mokhlesi B. Sleep Apnea and Cancer: Analysis of a Nationwide Population Sample. Sleep 2016; 39: 1493-1500 [PMID:
27166241 DOI: 10.5665/sleep.6004]

Teo YH, Tan BKJ, Tan NKW, Yap DWT, Chai YX, Teo YN, Sia CH, Sundar R, Tan E, See A, Toh ST. Obstructive sleep apnea and the
incidence and mortality of gastrointestinal cancers: a systematic review and meta-analysis of 5,120,837 participants. J Gastrointest Oncol 2022,
13: 2789-2798 [PMID: 36636076 DOT: 10.21037/jg0-22-153]

Garcia-Saenz A, de Miguel AS, Espinosa A, Costas L, Aragonés N, Tonne C, Moreno V, Pérez-Gomez B, Valentin A, Pollan M, Castafio-
Vinyals G, Aubé M, Kogevinas M. Association Between Outdoor Light-at-night Exposure and Colorectal Cancer in Spain. Epidemiology 2020;
31: 718-727 [PMID: 32639250 DOI: 10.1097/EDE.0000000000001226]

Collins KP, Geller DA, Antoni M, Donnell DM, Tsung A, Marsh JW, Burke L, Penedo F, Terhorst L, Kamarck TW, Greene A, Buysse DJ,
Steel JL. Sleep duration is associated with survival in advanced cancer patients. Sleep Med 2017; 32: 208-212 [PMID: 28366336 DOI:
10.1016/j.sleep.2016.06.041]

Long L, Zhao L, Petrick JL, Liao LM, Huang T, Hakim A, Yang W, Campbell PT, Giovannucci E, McGlynn KA, Zhang X. Daytime napping,
nighttime sleeping duration, and risk of hepatocellular carcinoma and liver disease-related mortality. JHEP Rep 2023; 5: 100819 [PMID:
37691690 DOI: 10.1016/j.jhepr.2023.100819]

Yang X, Wang J, Wang H. Association between sleep traits and primary liver cancer: A Mendelian randomization analysis. Eur J Clin Invest
2023; 53: 14002 [PMID: 37029746 DOI: 10.1111/eci.14002]

Royse KE, El-Serag HB, Chen L, White DL, Hale L, Sangi-Haghpeykar H, Jiao L. Sleep Duration and Risk of Liver Cancer in
Postmenopausal Women: The Women's Health Initiative Study. J Womens Health (Larchmt) 2017; 26: 1270-1277 [PMID: 28933583 DOIL:
10.1089/jwh.2017.6412]

Park Y, Ramirez Y, Xiao Q, Liao LM, Jones GS, McGlynn KA. Outdoor light at night and risk of liver cancer in the NIH-AARP diet and
health study. Cancer Causes Control 2022; 33: 1215-1218 [PMID: 35840828 DOI: 10.1007/s10552-022-01602-w]

Seeherunwong A, Chaiear N, Khuntikeo N, Ekpanyaskul C. Cholangiocarcinoma Attributed to Occupation: A Systematic Reviews. Asian Pac
J Cancer Prev 2022; 23: 1837-1845 [PMID: 35763622 DOI: 10.31557/APJCP.2022.23.6.1837]

Celik A, Usta Yesilbalkan O. The Effect of the Bright White Light Application to Cancer Patients Receiving Palliative Care on Their Fatigue
Level and Sleep Quality: A Randomized Control Trial. Omega (Westport) 2023; 88: 303-317 [PMID: 35532064 DOI:
10.1177/00302228221093462]

3%9@) WJCO | https://www.wjgnet.com 683 June 24,2024 | Volume15 | Issue6 |


http://www.ncbi.nlm.nih.gov/pubmed/37677850
https://dx.doi.org/10.1016/j.puhe.2023.08.007
http://www.ncbi.nlm.nih.gov/pubmed/32801280
https://dx.doi.org/10.2188/jea.JE20200208
http://www.ncbi.nlm.nih.gov/pubmed/32656086
https://dx.doi.org/10.3389/fonc.2020.01006
http://www.ncbi.nlm.nih.gov/pubmed/30463535
https://dx.doi.org/10.1186/s12885-018-5025-y
http://www.ncbi.nlm.nih.gov/pubmed/26651437
https://dx.doi.org/10.1016/j.canep.2015.09.014
http://www.ncbi.nlm.nih.gov/pubmed/34330303
https://dx.doi.org/10.1186/s12967-021-03010-1
http://www.ncbi.nlm.nih.gov/pubmed/20936662
https://dx.doi.org/10.1002/cncr.25507
http://www.ncbi.nlm.nih.gov/pubmed/30903483
https://dx.doi.org/10.1007/s10552-019-01156-4
http://www.ncbi.nlm.nih.gov/pubmed/30804144
https://dx.doi.org/10.21873/invivo.11513
http://www.ncbi.nlm.nih.gov/pubmed/27166241
https://dx.doi.org/10.5665/sleep.6004
http://www.ncbi.nlm.nih.gov/pubmed/36636076
https://dx.doi.org/10.21037/jgo-22-153
http://www.ncbi.nlm.nih.gov/pubmed/32639250
https://dx.doi.org/10.1097/EDE.0000000000001226
http://www.ncbi.nlm.nih.gov/pubmed/28366336
https://dx.doi.org/10.1016/j.sleep.2016.06.041
http://www.ncbi.nlm.nih.gov/pubmed/37691690
https://dx.doi.org/10.1016/j.jhepr.2023.100819
http://www.ncbi.nlm.nih.gov/pubmed/37029746
https://dx.doi.org/10.1111/eci.14002
http://www.ncbi.nlm.nih.gov/pubmed/28933583
https://dx.doi.org/10.1089/jwh.2017.6412
http://www.ncbi.nlm.nih.gov/pubmed/35840828
https://dx.doi.org/10.1007/s10552-022-01602-w
http://www.ncbi.nlm.nih.gov/pubmed/35763622
https://dx.doi.org/10.31557/APJCP.2022.23.6.1837
http://www.ncbi.nlm.nih.gov/pubmed/35532064
https://dx.doi.org/10.1177/00302228221093462

700

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.5306/wijco.v15.i6.684

World Journal of
Clinical Oncology

World | Clin Oncol 2024 June 24; 15(6): 684-686

ISSN 2218-4333 (online)

EDITORIAL

Current status of anaplastic thyroid carcinoma

Abrahams Ocanto, Lisselott Torres, Felipe Coufiago

Specialty type: Oncology

Provenance and peer review:
Invited article; Externally peer

reviewed.
Peer-review model: Single blind

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

Creativity or Innovation: Grade C
Scientific Significance: Grade B

P-Reviewer: Figaroa OJA,
Netherlands

Received: January 11, 2024
Peer-review started: January 11,
2024

Revised: April 21, 2024
Accepted: April 25, 2024
Published online: June 24, 2024
Processing time: 165 Days and 1
Hours

Jaishideng

, WJCO | https://www.wjgnet.com 684

Abrahams Ocanto, Lisselott Torres, Felipe Coufiago, Department of Radiation Oncology, San
Francisco de Asis University Hospital, Genesis Care, Madrid 28002, Spain

Abrahams Ocanto, Lisselott Torres, Felipe Coufiago, Department of Radiation Oncology, Vithas
La Milagrosa University Hospital, Genesis Care, Madrid 28010, Spain

Corresponding author: Abrahams Ocanto, MD, Doctor, Department of Radiation Oncology, San
Francisco de Asis University Hospital, 28 Joaquin Costa St, Genesis Care, Madrid 28002,
Spain. abrahams.ocanto@genesiscare.es

Abstract

In this editorial we comment on the article by Pavlidis et al, published in the
recent issue of the World Journal of Oncology. We focus on the recent contributions
in the management of anaplastic thyroid carcinoma, highlighting the importance
of surgery and radiotherapy as first line therapies in its management and the
introduction of new systemic therapies beyond chemotherapy, focused on
molecular alterations, an essential step in the diagnosis and included in clinical
guidelines for the selection of the ideal treatment. In contrast to other neoplasms,
immunotherapy, is still beginning in studies of this pathology with encouraging
results. Therefore, multimodal management of the pathology together with new
drugs seems to be the logical step to increase the survival of this neoplasm.

Key Words: Anaplastic carcinoma; Thyroid diseases; Surgery; Radiotherapy; Immunoth-
erapy
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Core Tip: Anaplastic thyroid carcinoma is an entity with high mortality despite the
combination of treatments, today molecular analysis opens the door to new drugs that
impact survival in a positive way when used in a multimodal form.
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INTRODUCTION

Anaplastic thyroid cancer (ATC) is a clinical entity with a high mortality and a 5-year survival of less than 0.2%. Pavlidis
et al[1] have performed a review of ATC, emphasizing the importance of early diagnosis and multimodal therapy to
achieve the highest survival in this group of patients.

DIAGNOSIS

The initial diagnosis is the clinical presentation: Neck mass, cough, hemoptysis and dyspnea (more frequently),
hoarseness and dysphagia if tracheal involvement, physical examination and ultrasound, preferably high resolution,
followed by core needle biopsy; which should be prioritized over fine needle aspiration to obtain a representative sample
for histopathological, genetic and molecular analysis. For both locoregional and distant staging, computed tomography
angiography is preferable to magnetic resonance image. Positron emission tomography is the best option for finding
occult tumor deposits. Liquid biopsy can detect malignant cells and it could contribute to diagnosis, prognosis and
follow-up[1].

American thyroid association (ATA) recently integrated molecular testing in this type of tumors into its clinical
guidelines, highlighting the analysis of a series of mutations involved in the aggressive evolution of these tumors and
increased mortality[2], highlighting the mutation in the RAS gene, however, there are no approved targeted therapies that
can improve the evolution of this disease. Other genes such as BRAF, MET, NTRK have first-line targeted therapies. With
regard to the field of immunotherapy, PD-L1 expression is high in the samples analyzed, which may improve the
response according to data recently published[1].

The early diagnosis in young patients (< 65 years) as well as the absence of lymph node involvement and metastasis at
diagnosis, tumor size < 5 cm, are the most important prognostic factors and those that allow us to select the best
treatment combination[1].

TREATMENT AND NOVEL THERAPIES

Surgery and radiotherapy have so far been shown independently to be associated with increased survival, being the
corner stone, however the combination of treatments is the key, even with the advent of targeted therapies, new che-
motherapy drugs and immunotherapy. Surgery according to National Comprehensive Cancer Network[2] and ATA[3]
guidelines is indicated in localized cases: Lobectomy +/- thyroidectomy and lymphadenectomy. Palliative "debulky"
surgery is indicated in large tumor masses and clinically significant, accompanied by adjuvant radiotherapy, che-
motherapy and/or targeted therapy.

Chemotherapy, in this type of tumor there is talk of "chemoresistance", even so with the introduction of taxanes
combined with platinum or anthracyclines. The combination of dabrafenib and trametinib, in BRAF and MEK gene
mutation, helps to overcome this "resistance". For non-mutated gene cases, immunotherapy (anti-PD-1 and anti-PD-L1) is
a new option with promising results[4].

Recently, anlotinib (tyrosine kinase inhibitor) was approved for use in combination with chemotherapy as a first-line
treatment for ATC[5]. Lenvatinib, another tyrosine kinase inhibitor is used in ATC as an alternative to radioiodine and in
unresectable patients as neoadjuvant therapy with increased survival. The best data continues to be provided by the
combination of Dabrafenib-Trametinib when indicated. However, 5-year survival rates remain poor, immunotherapy has
so far demonstrated 1-year survival rates of around 40%, and results are awaited from new treatments including
oncolytic viruses, epigenetic modulators, apoptosis-inducing agents, multikinase and aurora inhibitors[1].

CONCLUSION

The management of ATC must be multimodal. The new targeted therapies as well as timing represent the change in the
management of the pathology where neoadjuvant or adjuvant therapy are the novelty, however the surgery continues to
be the best therapy in the initial stages of the disease. More studies and especially clinical trials directed to multimodal
molecular therapy with surgery and radiotherapy are needed to optimize the results of this group of patients.
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Abstract

Glioma is one of the most common primary intracranial tumors, characterized by
invasive growth and poor prognosis. Actin cytoskeletal rearrangement is an
essential event in tumor cell migration. Scinderin (SCIN), an actin severing and
capping protein that regulates the actin cytoskeleton, is involved in the prolif-
eration and migration of certain cancer cells. However, its biological role and
molecular mechanism in glioma remain unclear. Lin ef al explored the role and
mechanism of SCIN in gliomas. The results showed that SCIN mechanically
affected cytoskeleton remodeling and inhibited the formation of lamellipodia via
RhoA/FAK signaling pathway. This study identifies the cancer-promoting role of
SCIN and provides a potential therapeutic target for SCIN in glioma treatment.

Key Words: Glioma; Scinderin; Actin cytoskeleton; RhoA/FAK signaling; 1p/19q co-
deletion
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Core Tip: The role of scinderin (SCIN) in cancer progression has been studied, but its
role in glioma remains unknown. Lin et al found that the expression level of SCIN
mRNA was positively correlated with the tumor grade of glioma. SCIN affected
cytoskeletal remodeling and inhibited lamellipodia formation through RhoA/FAK
signaling pathway, thereby facilitating the migration and invasion of glioma cells.
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INTRODUCTION

Gliomas, tumors arising from glial cells or precursor cells, are the most common primary intracranial tumors, accounting
for 26% of all primary brain and other central nervous system tumors and 81% of malignant brain tumors. Although
relatively rare, they cause significant mortality and morbidity[1]. Though they are most common in the brain and glial
tissue, they can arise anywhere in the central nervous system[2]. Gliomas can be categorized as Grades 1-4 based on
malignant behavior, according to the fifth edition of the World Health Organization Classification of Tumors of the
Central Nervous System, where Grades 1 and 2 are low-grade gliomas (LGG) and Grades 3 and 4 are high-grade gliomas
[3]. 3 to 6 out of 100000 people suffer from glioma in China, the majority of which are Grades 3 and 4 gliomas [glio-
blastoma multiforme (GBM)]. For patients with intact brain function, surgical excision is still the preferred course of
treatment. For high-grade gliomas, chemotherapy and radiation therapy come next. Glioma sufferers still have a dismal
outlook, nonetheless. Thus, research into the molecular mechanisms underlying the growth of gliomas as well as the
creation of novel prognostic markers and therapeutic targets are becoming increasingly important.

SCIN’S PRO-ONCOGENIC FUNCTION

An initial and fundamental step in the process of tumor metastasis is the active migration of tumor cells, which depends
critically on the reorganization of the actin cytoskeleton, which drives the cellular motor signaling cascade downstream of
the complex. Factors that regulate actin assembly begin to emerge as potential targets to prevent the spread and invasion
of tumor cells[4]. Scinderin (SCIN), a member of the calcium-dependent gelatin superfamily, controls the tissue of actin
by cutting off and capping actin. The SCIN protein consists of six homologous structural domains (i.e., A1-A6). The
analysis of the X-ray crystal structure indicates that calcium binding at the N-terminal end of SCIN inhibits the activation
process, thereby exposing the F actin binding site on A2[5]. Prior research has documented that SCIN impacts several
cellular functions, such as cancer differentiation, migration, and proliferation. For example, SCIN promotes the survival
of prostate cancer cells by stabilizing epidermal growth factor receptor and MEK/ERK signaling[6]. Furthermore,
filopodia formation, Cdc42 expression, and the proliferation and migration of gastric cancer cells are all inhibited by
SCIN knockdown[7]. Lung cancer’s progression and dissemination are likewise encouraged by SCIN([8]. Uncertainty
persists regarding the molecular mechanism and biological function of SCIN in gliomas. Lin et al[9] were the first to
investigate how SCIN works in gliomas and to search for new targets for the treatment of gliomas. Based on the GEPIA
database, Lin et al[9] found that there was a notable increase in SCIN abundance in both LGG and GBM compared to
normal tissues, and there was also an increase in SCIN expression in different types of gliomas. Recent studies have
identified three particularly noteworthy molecular changes that occur early in glioma formation are prevalent in gliomas,
and are tumor markers[10]. The first molecular alteration identified in gliomas is codeletion of chromosome arms 1p and
19q (1p/19q codeletion), which is believed to be associated with the diagnosis of oligodendrogliomas, greater sensitivity
to chemotherapy, and better prognosis[11]. In addition, the other two are telomerase reverse transcriptase promoter
mutations and indole dehydrogenase (IDH) mutations[12,13]. Mutant IDH genes have been shown to generate the
proteins that change a-ketoglutarate into 2-hydroxyglutarate (2HG), a possible tumor metabolite[14]. One of the earliest
known processes in the creation of gliomas has been shown to involve IDH mutations; nevertheless, the ensuing 2HG
appears to promote broad epigenetic alterations, changing cellular differentiation and perhaps stimulating tumorigenesis
[15]. According to Lin et al[9], the expression of SCIN was found to be significantly reduced in gliomas with both IDH
mutations and 1p/19q chromosome co-deletion. They also observed a positive correlation between the expression level of
SCIN mRNA and the tumour grade of gliomas. Lin et al[9] experimentally demonstrated decreased cell proliferation after
silencing endogenous SCIN. Wound healing experiments demonstrated that SCIN-deficient cells migrated significantly
more slowly to the scratch area than to the sh-NC group. In addition, SCIN knockdown inhibited the invasive ability of
cells. The findings indicate that SCIN exerts a stimulatory influence on the migration and invasion of glioma cells. To
explore this even further, Lin et al[9] experimentally demonstrated that SCIN prevented the RhoA/FAK signaling
pathway from being activated. Interestingly, it is commonly recognized that F-actin polymerization is correlated with the
inhibition of the RhoA/FAK signaling pathway, which indicates weak F-actin polymerization[16], which implies that
SCIN regulates F-actin polymerization through RhoA/FAK signaling pathway. Moreover, cell motility was inhibited
after the selective FAK inhibitor pf573228 and the RhoA inhibitor CCG1423SCIN were employed, indicating that SCIN
promotes the malignant behavior of glioma cells through RhoA/FAK signaling pathway. In summary, lack of SCIN
prevented glioma cells from proliferating, invading, and migrating. Mechanistically, SCIN blocked the RhoA/FAK
signaling pathway to prevent plate foot formation and altered cytoskeletal remodeling[9]. This work establishes SCIN's
pro-oncogenic function and offers a possible therapeutic target for the management of gliomas.

CONCLUSION

A correlation has been identified between the presence of wild-type IDH and an advanced tumour grade, and an elevated
expression of SCIN. The absence of SCIN has been demonstrated to inhibit the development, invasion, and migration of
glioma cells. Mechanistically, SCIN influences the RhoA /FAK signaling pathway, which in turn influences cytoskeletal
remodeling and plate foot formation. As a possible therapeutic target for the treatment of gliomas, this study highlights
the pro-oncogenic activity of SCIN.
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Abstract

Vitamin D is a hot topic nowadays, especially its relationship with cancer pre-
vention. Normally, vitamin D is associated with bone health principally, but the
new research has discovered an impact on immune function and cellular sig-
naling, even in same studies talk about a hormone, however, the most important
relationship is its implication in cellular processes, inhibiting cancer growth. For
now, the recent studies are oriented about a benefit and a cause-effect relationship
between prostate cancer and normal levels of vitamin D. This premise opens a lot
of questions in this scenario. This editorial highlighted the most important studies
in this area.

Key Words: Prostate cancer; Vitamin D; Screening; Cancer; Prevention
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Core Tip: This editorial remarks the importance of vitamin D beyond bone health and its
relationship with prevention prostate cancer in the light of recent studies what suggests
how deficiency and increased levels are related with an augmented risk of prostate
cancer.
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INTRODUCTION

According to the GLOBOCAN 2020 data, prostate cancer is the second most common cancer in men worldwide and it is
also the fourth most common cancer overall. The incidence of prostate cancer is rising significantly, it is the most
frequently diagnosed cancer in 112 countries and the leading cause of cancer death in 48 countries[1], accounting for more
than 1.4 million cases and 396773 deaths. These numbers are expected to nearly double by 2040[2]. Furthermore, this is
affecting younger men who are being diagnosed at more advanced stages of the disease. In summary, prostate cancer is a
significant health problem, and early detection and proper management are critical to improving outcomes for patients.
The relationship between very prevalent tumors such as prostate cancer and certain elements such as vitamin D has
aroused great interest in recent days. Vitamin D serves as a precursor to the potent steroid hormone calcitriol, which
regulates numerous genes that control homeostasis, epithelial cell differentiation, proliferation, and apoptosis. Low level
of vitamin D is implicated in the development and progression of several diseases including bone fractures,
cardiovascular disease, diabetes mellitus, and cancers[3].

VITAMIND D AND PROSTATE CANCER

Recently, Cassell and Konneh[4] in the last issue of World Journal of Clinical Oncology made a review about vitamin D as an
essential nutrient that plays a crucial role in bone health and various body functions. Researchers have studied the
possible link between vitamin D and prostate cancer. As the article indicates vitamin D possesses a potentially significant
role in prostate cancer prevention, linked to its ability to influence cell proliferation, apoptosis, and angiogenesis, playing
a fundamental part in immune modulation. Although no definitive cause-and-effect relationship has been established, it
has been observed that adequate levels of vitamin D may be associated with a lower risk of certain cancers. There have
been numerous epidemiological studies examining the relationship between vitamin D and prostate cancer, however, the
evidence is mixed[5]. The findings from these studies vary, with some suggesting a potential link between higher vitamin
D levels and a lower risk of developing prostate cancer, while others have not found a significant association[6,7]. The
specific relationship between vitamin D and prostate cancer may vary among different populations due to factors such as
sunlight exposure, genetics, dietary habits, ethnicity, and lifestyle factors.

The relationship between vitamin D and prostate cancer in the Nordic and African American populations is a topic of
active research. Epidemiological studies have shown that regions with limited sun exposure, leading to decreased
vitamin D synthesis, often indicate more prostate cancer incidence. A longitudinal nested case-control study conducted
on Nordic men (Norway, Finland, and Sweden) has shown that both high and low levels of blood vitamin D are
associated with a higher prostate cancer risk in Nordic countries. Research found that both low (<19 nmol/L) and high (>
80 nmol/L) 25 (OH)-vitamin D serum concentrations are associated with higher prostate cancer risk. The normal average
serum concentration of 25(OH)-vitamin D (40 nmol/L-60 nmol/L) comprises the lowest risk of prostate cancer[8].
Supplementing for vitamin D deficiency is recommended, but too high a serum level of vitamin D could also promote the
development of cancer.

Vitamin D deficiency could be one of the reasons African American men experience more aggressive prostate cancer at
a younger age compared to European American men. Vitamin D deficiency is more common in African Americans (AAs)
and its deficiency is associated with advanced stage, higher tumor grade, and mortality in prostate cancer[9]. Study
shows that African American prostate cancer displays quantitatively distinct vitamin D receptor (VDR) cistrome-
transcriptome relationships regulated by BAZ1A. Study identified that genomic ancestry drives the VDR complex
composition, genomic distribution, and transcriptional function, and is disrupted by BAZ1A and illustrates a novel driver
for AA prostate cancer[10]. However, the role of vitamin D in aggressive prostate cancer in AAs is not well explored.

It is important to highlight that even in different populations there are different results that make it difficult to generate
this cause-effect relationship between vitamin D and prostate cancer. Therefore, according to these studies, while vitamin
D supplementation is recommended for individuals with a deficiency, it is essential to strike a balance to avoid excessive
levels that could promote the development of cancer or other adverse health effects.

Cassell and Konneh[4] also explored supplementation of vitamin D in prostate cancer[4]. Do we have any guidance on
vitamin D supplementation on either preventing or treating prostate cancer? Animal and cell studies have provided
essential proof for a direct causal relationship between vitamin D and prostate cancer development, with data that
provide solid support for the proof of principle that vitamin D signaling modulates progression through the early stages
of prostate carcinogenesis and for the idea that early, life-long dietary manipulation of serum vitamin D metabolites can
modify the course of early-stage prostate cancer[11].

There are several studies that have investigated the inclusion of vitamin D in the diet and the relationship of serum
vitamin D levels with prostate cancer[6,12-14]. Campbell et al[13] with intake of vitamin D3 dose titrated to achieve serum
level of 60 ng/mL founded that intensive nutritional intervention with vitamin D supplementation may benefit men on
active surveillance for prostate cancer and that patients with higher initial vitamin D levels were twice as likely to have a
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downward PSA slop[13]. However, there is still no definitive evidence of a beneficial effect of increasing vitamin D intake
on prostate cancer risk. Therefore, there are still no specific recommendations regarding the optimal vitamin D intake to
reduce the risk of prostate cancer in humans as well as to define the dose-response curve.

According to these data, the debate opens as to whether we should consider vitamin D values in all patients, even in
the absence of a cause-effect mechanism, and whether it is cost-effective and sustainable for health systems. The cost-
effectiveness of using vitamin D as a protective measure against prostate cancer is a complex issue and depends on
several factors. The relationship between vitamin D and prostate cancer is not fully established. Some studies suggest that
vitamin D may have a protective effect against prostate cancer, others have found no such association. Results strengthen
the evidence that high 25(OH)D may protect against more aggressive prostate cancer[15]. Any public health intervention
depends not only on its effectiveness but also on its cost. Vitamin D supplementation and food fortification are potentially
effective strategies for preventing vitamin D deficiency, but their cost can be significant[16]. Additionally, measuring
vitamin D levels in the entire population would also have an associated cost.

Another important topic is whether vitamin D can be used as a surrogate marker for prostate cancer screening that
potentially will help predict the presence or progression of the disease. A recent study found an absence of correlation
between the serum vitamin D concentration levels and prostate cancer risk[17]. There are still too few large-scale, well-
conducted studies to confirm the absence of correlation. While research on the relationship between vitamin D levels and
prostate cancer risk continues, it is important to note that using vitamin D levels as a sole marker for prostate cancer
screening is not currently supported.

CONCLUSION

There is no evidence that vitamin D is a substitute for standard cancer treatments. The relationship between vitamin D
and prostate cancer is an active area of research. Some studies suggest that vitamin D may have a protective effect against
prostate cancer. However, the results are conflicting and inconsistent. In conclusion, while there are indications that
vitamin D might play a role in cancer prevention, we cannot say for a definitive cause-and-effect relationship. More
research is needed to better understand this connection in different populations.
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Abstract

Gallbladder cancer (GBC) is one of the commonest biliary malignancies seen in
India, Argentina, and Japan. The disease has dismal outcome as it is detected
quite late due to nonspecific symptoms and signs. Early detection is the only way
to improve the outcome. There have been several advances in basic as well as
clinical research in the hepatobiliary and pancreatic diseases in the West and other
developed countries but not enough has been done in GBC. Therefore, it is imp-
ortant and the responsibility of the countries with high burden of GBC to find
solutions to the many unanswered questions like etiopathogenesis, early diagn-
osis, treatment, and prognostication. As India being one of the largest hubs for
GBC in the world, it is important to know how the country has progressed on
GBC. In this review, we will discuss the outcome of the publications from India
highlighting the work and the developments taken place in past several decades
both in basic and clinical research.

Key Words: Gallbladder cancer; India; basic research; Clinical research; Surgery;
Therapeutics

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

Core Tip: This review is important to know the work done on gallbladder cancer from
the country with high incidence of the disease and struggling to do its best. Research
outcome may help to compare with the work being done in rest of the world and for the
future collaborative research to find way for early diagnosis and to improve the
treatment outcome of this aggressive disease.
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INTRODUCTION

Gallbladder cancer (GBC) is the most common and most aggressive malignancy of the biliary tree. Early diagnosis is
crucial for better prognosis of this dreaded disease. However nonspecific clinical presentations often hinder the accurate
diagnosis of GBC at an early stage. GBC remains a highly lethal disease, with only 10% of all patients are upfront
resectable. People diagnosed with early GBC typically have a 5-year survival rate of 30%-40%, whereas individuals with
locally advanced lesions have a one-year survival rate of around 10%[1].

India carries one of the most substantial burdens of this condition, with its peak incidence among women in northern
India reaching 21.5 cases per 100000 individuals. The substantial morbidity and mortality from GBC significantly hinder
global cancer control efforts, particularly in high-risk populations. Currently, effective strategies to reduce GBC mortality
are lacking.

Chile has the highest incidence of GBC globally, with 9.7 new cases per 100000 inhabitants each year. This is followed
by Bolivia (8.1 per 100000 inhabitants), South Korea (6.5 per 100000 inhabitants), Laos (4.7 per 100000 inhabitants), and
Japan (4.7 per 100000 inhabitants)[2]. In the United Kingdom, GBC accounts for less than 1% of all new cancer cases. In
contrast, United States has significantly lower incidence rate compared to global trends, with rates of 1.4 per 100000
among women and 0.8 per 100000 among men.

Despite of large case load of GBC in Indian subcontinent, the extent of advancement in clinical and basic research
related to the etiology, pathogenesis, diagnosis, prevention, and treatment of GBC remains unclear. This review seeks to
evaluate India's progress in various aspects of GBC research and provide a comprehensive summary of GBC studies
conducted across the Indian subcontinent. In this review, we have endeavored to encompass all the significant research
conducted in India on GBC.

METHODOLOGY

We systematically reviewed published literature from India on gall bladder (GB) cancer between year 2000 to 2023 from
online search engine PubMed and Medline using the search terms gallbladder, etiopathogenesis, prevention, Indian
studies, basic research, epidemiological studies, clinical studies, and bullion operators like AND, OR, NOT. The
secondary sources retrieved from these publications were identified through a manual search and assessed for relevance.
Publications have been categorized in detail covering the areas of epidemiology, basic and clinical work. The result has
been discussed in detail.

RESULTS

We have categorized the research published from 2000 to 2023 into five distinct areas: Demography and Etiopatho-
genesis, Clinicopathogenesis, Genetics and Polymorphism, Diagnostics and Imaging, Surgical Approaches and Resection,
and Multimodality Therapy.

STUDIES ON DEMOGRAPHY AND ETIOPATHOGENESIS

Epidemiology

India has a high incidence of GBC and accounts for approximately 10% of the global burden of this disease. There is a
pronounced regional disparity in GBC incidence across India, with considerably higher rates observed in the northern
and northeastern regions compared to southern states. For instance, GBC incidence in North India (8.9/100000) is approx-
imately 10 times greater than that in Chennai (0.8/100000). According to data from the National Cancer Registry, Delhi
exhibits a similar Age-Standardized Rate (ASR) for GBC comparable to that of Chile. According to a study by Dutta et al
[3], the ASRs for GBC in northern India and northeastern India are 11.8 per 100000 population and 17.1 per 100000
population, respectively. These rates are comparable to the high incidence areas of Bolivia (14/100000) and Chile (9.3/
100000). Phadke et al[4] conducted a study to calculate the Annual Percentage Change (APC) in age-adjusted incidence
rates of a specific health condition. They found significant APC, in the high-risk regions of Cachar [7.0 (P = 0.02)], Delhi
[4.0 (P =0.04)], and Kamrup [4.3 (P = 0.02)]. Meanwhile, in the low-risk regions of Bengaluru and Pune, the APC was 5.7 (
P =0.04) and 3.4 (P = 0.04), respectively. S et al[5] discovered that GB cancer incidence among women in Kamrup urban
(ASR 16.2) was second highest after Chile[5]. Some epidemiological studies have also shown that, the population living in
high-risk regions is associated with an elevated risk of developing GBC. Mhatre et al[6] from Tata Memorial Hospital

WJCO | https://www.wjgnet.com 696 June 24,2024 | Volume15 | Issue6 |

Jaishideng®


https://www.wjgnet.com/2218-4333/full/v15/i6/695.htm
https://dx.doi.org/10.5306/wjco.v15.i6.695

Kumar A et al. Gall bladder cancer and Indian subcontinent

(TMH) in Mumbai conducted a study revealing demographic disparities in GBC. The study revealed 4.82-fold higher
odds (95%CI: 3.87-5.99) of developing GBC among individuals born in high-risk regions compared to those born in low-
risk regions. Additionally, there was a dose-response relationship observed between GBC risk and length of stay in high-
risk regions, showing a lifetime exposure odds ratio (OR) of 5.58 (95%CI: 4.42-7.05) with a significant P value (< 0.001).
Notably, the risk of GBC persisted even among individuals who migrated from high-risk to low-risk regions. All these
studies indicate a higher disease burden of GBC in India.

Demographic risk factors

Numerous risk factors contribute to the development of GBC in Indian patients, particularly in high-risk regions, notably
in the northern and northeastern states where many studies have been conducted. The Sutlej, Ganges, Yamuna, and
Brahmaputra rivers, originating from glaciers in the northern Himalayas, flow east and became contaminated dow-
nstream by industrial and human waste. Several studies have explored the hypothesis that increased pollution of these
rivers contributes to the risk of GBC in the North Indian population. Gupta et al[7] found that exposure to benzene
hexachloride, dichlorodiphenyltrichloroethane, and high concentrations of cadmium in the Ganga River contribute to
development of GBC. Several studies have shown an increase in Helicobacter pylori (H. pylori) and coliform counts in
drinking water in the rivers mentioned above. Several studies have also shown that Salmonella typhi (S. typhi) and H. pylori
, transmitted through fecal contamination, are linked to the development of GBC[8,9]. Evidence suggests that Helicobacter
species may increase the risk of GBC, with ORs ranging from 2.7 to 12 in different studies from India. Tewari et al[10]
found that S. typhi is significantly associated with GBC compared to gallstone disease (GSD; 33% vs 0%).

Many studies were conducted to find the other demographics risk factors for this dreaded disease. Mhatre et al[11]
discovered that there is an increased risk of GBC associated with higher parity and a shorter reproductive lifespan. Same
authors in another study reported that consumption of mustard oil was associated with increased risk of GBC[12]. In a
gallstone-matched study, Mishra et al[13] identified several factors associated with GBC, notably age 50 years or older,
low literacy, below-poverty-line socioeconomic status, infrequent bowel habits, history of hypertension, use of antihyper-
tensive medications, non-vegetarian diet, cooking with firewood, consumption of hand pump water, and high coffee
intake[13]. Gallstones are the most significant risk factor for GBC, present in 60%-90% of GBC patients compared to
20%-25% of an age-matched population[14]. Several studies conducted in the early 2000s explored the relationship
between gallstones and GBC. Mhatre et al[15] identified that the presence of gallstones is associated with an elevated risk
of developing GBC. Dutta et al[16] found that the presence of gallstones was an independent determinant associated with
a younger age of patients with GBC (OR 4, 95%CI: 1.5-11; P = 0.006). Sharma et al[17] identified that the duration of
symptom for gall stone disease is a significant risk factor for GBC. Conversely, Narang et al[18] found that ,a higher
number and larger size of gallstones, along with the presence of cholesterol in gallstones, may also elevate the risk of
developing GBC. Singh et al[19] reported that as the size of gallstones increases, there is a progression in the gallbladder
mucosa response, transitioning from cholecystitis and hyperplasia to metaplasia, ultimately into carcinoma. Studies
conducted in India highlighted the composition of bile and its role in gallbladder carcinoma. Sharma et al[19] discovered
that patients with GBC had a substantial decrease in lipid species and an increase in bacterial taxa in their bile. The
summary of other relevant publications on demography and etiopathogenesis is presented in Table 1[20-37].

STUDIES ON MOLECULAR PATHOGENESIS-GENETICS AND POLYMORPHISM

Our current understanding of the genetic and molecular changes associated with GBC remains limited. GBC, like other
tumors, is driven by multiple genetic alterations. Several studies in India have aimed to elucidate the genetic mutations
and molecular pathogenesis underlying gallbladder carcinoma. Studies from Sanjay Gandhi Postgraduate Institute of
Medical Sciences, Lucknow, have identified KRAS, PIK3CA, and EGER are the some of commonly mutated genes in GBC.
A summary of genes related to different stages of pathogenesis is illustrated in Figure 1. Iyer et al[38] identified ERBB2
alterations in early-stage GBC and proposed that anti-EGFR therapy (Afatinib) could be a promising therapeutic option.
Kazmi et al[39] studied the role of KRAS and found that K-ras codon 12 mutations were highly prevalent in GBC and
were associated with bad prognoses in resected GBC. Gupta et al[40] identified a new protein called Survivin, which was
significantly associated with GBC, suggesting its role in the pathogenesis of GBC. Many studies were conducted
regarding single gene expression and Global gene expression in GBC.

Studies on single gene expression

Many studies were conducted in India exploring single gene expression in GBC. Kumari et al[41] found that that C-erbB2
positive tumors exhibited a longer median survival compared to C-erbB2 negative tumors. Misra ef al[42] studies p53
protein overexpression in gallbladder carcinoma. Singh and colleagues reported that MASPIN and THBS1 have an
important epigenetic role in GBC[43]. Tekcham et al[44] identified downregulation of PTEN in GBC. Rai et al[45] found
that the expression of CCKAR was significantly higher in GBC compared to GSD.

Studies on global gene expression

Several studies have also investigated global gene expression in GBC. Yadav et al[46] conducted a study on targeted gene
sequencing of GBC and identified 184 somatic mutations and 60 germline mutations in cancer driver genes such as
SMADA4, lysine methyltransferase 2C (KMT2C), and tumor protein p53. Kumari et al[47] used high-throughput methods
and detected mutations in P53, STK11, RICTOR, TSC2, as well as FGF3-TACC fusion and FGF10 amplification using next-
generation sequencing platform.
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Table 1 Studies on etiopathogenesis of gall bladder cancer

Serial . et
Sample size Findings Ref.
No.
1 GBC (214) controls (214) Biomass burning was recognized as a significant risk factor for GBC Shridhar et al[20]
2 GBC (200); Gall stone disease (200) controls Residence in the Gangetic belt, consumption of tea, tobacco, joint family Jain et al[21]
(200) structure, chemical exposure, fried food, and high levels of secondary bile
salts are risk factors of GBC
3 GBC (54) Cholelithiasis is a predisposing factor for GBC Bhattacharjee and
Nanda[22]
4 GBC (1291) Exposure to high soil arsenic levels and proximity to river ganga are risk Madhawi et al[23]
factors for GBC
5 GBC (333) Smoking, cholelithiasis, alcohol consumption, typhoid in the past, post- Tyagi et al[24]
menopausal women are risk factors for GBC
6 GBC (63) Poor hygiene and water supply, malnutrition, cholelithiasis, tobacco and Khan et al[25]
alcohol consumption are modifiable risk factors for GBC
7 GBC (122); controls (122) Education, intake of vitamin C, parity, and type of fuel used were significant ~Panda et al[26]
factors for GBC
8 GBC (49) About 75% of patients diagnosed with GSD showed detectable H. pylori Bansal et al[27]
DNA in their gallbladder tissue
9 GSD (330) As the stone size increases, gallbladder mucosa changes progress from Mathur et al[28]
cholecystitis to carcinoma
10 GBC (n =11), Chronic cholecystitis (n = 23), The cholesterol content in gallstones of GBC was significantly lower Srivastava et al[29]
Xantho-granulomatous cholecystitis (1 = compared to that in benign gallbladder diseases
11)
11 GBC (390) Chronic bacterial infection of bile is considered an etiological factor in the Sharma et al[30]
development of gallbladder carcinoma
12 GSD (101) H. pylori colonizes regions of gastric metaplasia within the gallbladder Misra et al[31]
13 GBC (328); controls (328) Females, consumption of mustard oil, Family history, low socioeconomic Kumar et al[32]
status and drinking water from hand pump were the risk factors for GBC
14 GBC (27), GSD (196) High prevalence of salmonella typhi in gall bladder carcinoma Vaishnavi et al[33]
15 GBC (38) Higher levels of biliary nitrate associated with the gallbladder carcinogenesis Shukla et al[34]
16 GBC (1 = 30); controls (1 = 30) Decreased levels of selenium (Se), zinc (Zn), and vitamin E are associated Shukla et al[35]
with an increased risk of gallbladder carcinoma
17 GBC (n = 30); controls (n = 30) Significantly high biliary benzene hexachloride and dichloro diphenyl Shukla et al[36]
trichloroethane associated with gallbladder carcinogenesis
18 150 GBC Gall stones associated with development of metaplastic, dysplastic and Gupta et al[37]

neoplastic mucosal changes of gall bladder mucosa

GSD: Gallstone disease; GBC: Gallbladder cancer; H. pylori: Helicobacter pylori.

Loss of heterozygosity (LOH) is frequently observed in GBC. In GBCs this change is commonly seen as the loss of one
copy of a gene (heterozygous allelic loss) in multiple chromosomal regions. This phenomenon has been extensively
studied and is known as LOH. Priya et al[48] observed LOH in FHIT gene. Jain et al[49] detected LOH at 8 Loci, that is
3p12, 3p14.2, 5q21, 9p21, 9q, 13q, 17p13, and 18q for tumor suppressor genes (DUTT1, FHIT, APC, p16, FCMD, RB1, p53,
and DCC genes). There are few studies that examined the aberrant promoter methylation gene. Pandey et al[50] from
Lucknow studied candidate genes and identified GSTT1, NAT2, APOB, and MTHFR mutations. Numerous other studies
on genetics and polymorphisms have been published, and some of them are summarized in Table 2[51-93].

STUDIES ON CLINICOPATHOLOGICAL ASPECT OF GBC

In this section, we have described clinicopathological parameters including presenting symptoms, screening methods,
histopathological findings, prognostic factors, and tumor characteristics.

Symptomatology
Patients with GBC typically present with pain in the right upper quadrant and epigastrium region of the abdomen, with
or without changes in the character of the pain. They may also exhibit symptoms such as jaundice, features of GOO
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Table 2 Studies on genetics and polymorphism in gall bladder cancer

Serial . g
Sample size Findings Ref.
No.
1 - IGF-MAPK cascade, p38 MAPK pathway, p53 pathway, and FAS signaling pathway as highly Saxena et al[51]
enriched among dysregulated miRNAs in GBC
2 - PARP1 rs1136410 (A/G) associated with early onset of GBC Anjali et al[52]
8 GBC (29), controls VEGF-A expression can be used as potential prognostic biomarker in GBC Singh et al[53]
29)
4 = Studied the prognostic significance of the oxidative stress marker 8-OH-dG and genes associated with ~ Singh et al[54]
the BER pathway
B GBC (25) In gallbladder cancer patients, mutations were identified in both P53 and codon 12 of KRAS Shukla et al[55]
6 - Mutations in the sorcin gene associated with poor overall survival in GBC Shabnam et al[56]
7 GBC (523), Studied the TERT-CLPTMIL and 8424 Genetic Variants in GBC Yadav et al[57]
controls (274)
8 GBC (50) Individual and repetitive mutations of shh gene in GBC can be used as diagnostic marker Dixit et al[58]
9 GBC (50) Overexpression of Her2/neu and Ki67 in gallbladder cancer associated with lymph node metastasis ~ Pujani et al[59]
10 GBC (541), KRAS 1561764370 polymorphism is significantly associated with GBC Kazmi et al[60]
controls (307)
11 - Studied Epigenetic silencing of APC in advanced GBC. Tekcham et al[61]
12 GBC (24) Found 7 hypermethylated or down-regulated (e.g., FBN1, LPP, and SOD3) and 61 hypomethylated or ~ Sharma et al[62]
up-regulated markers (e.g., HBE1, SNRPF, TPD52) for GBC
13 Cases (50) The level of EGFR expression correlates with the aggressiveness of the disease Kumar et al[63]
14 GBC (52) Ty617 could serve as a potential predictive biomarker in GBC Patil et al[64]
15 GBC (30) The MTHFR A1298C polymorphism associated with development of GBC Dixit et al[65]
16 GBC (37) Telomere dysfunction and alterations are the earlier events in progression of GBC Poojary et al[66]
17 GBC (148), CYP-17 gene polymorphism is associated with risk of gallbladder cancer Dwivedi et al[67]
controls (256)
18 - LXR-p polymorphisms associated with GBC Sharma et al[68]
19 GBC (195), Vascular endothelial growth factor single nucleotide polymorphism associated with GBC Mishra et al[69]
controls (300)
20 GBC (35) mitochondrial D-loop mutation associated with GBC Maurya et al[70]
21 GBC (410), Estrogen and progesterone receptor sequence associated with increased risk of GBC Srivastava et al[71]
controls (210)
22 - KRAS p.Q25H polymorphism associated with development of GBC Parmanik et al[72]
23 GBC (230), Caspase-8 polymorphisms associated with GBC Srivastava et al[73]
controls (230)
24 GBC (51) P53 mutation are early events in the evolution of GBC Agrawal et al[74]
25 GBC (185), CYP7A1 haplotype associated with GBC Srivastava et al[75]
controls (195)
26 GBC (230), The role of pre-microRNA variants in GBC uncertain Srivastava et al[76]
controls (230)
27 GBC (62) Most common alteration in the p53 was frameshift mutation at codon 271 Nigam et al[77]
28 GBC (40) High LOH in CDH1 associated with pathogenesis of GBC Priya et al[78]
29 GBC (212), Studied the DNMT3B -579 G > T promoter polymorphism Srivastava et al[79]
controls (219)
30 GBC (233), Angiotensin I-converting enzyme insertion/deletion polymorphism associated with GBC Srivastava et al[80]
controls (260)
31 GBC (126), Role of DNA repair pathways GB carcinogenesis Srivastava et al[81]
controls (190)
32 GBC (171), Patients with ABCGS8 variant allele are at a higher risk of GBC Srivastava et al[82]
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controls (221)

33 GBC (185),
controls (200)

34 GBC (173),
controls (204)

85 GBC (144),
controls (210)

36 GBC (124),
controls (166)

37 GBC (142),
controls (217)

Complement receptor polymorphism associated with pathogenesis of GBC

Single nucleotide polymorphisms of DNA repair genes OGGI and XRCCI; associated with low risk
for GBC

Role of CCR5+/Delta32 polymorphism associated with risk of GBC

IL-1 gene polymorphisms associated with GBC

CYP1A1 C allele frequency associated with GBC

Srivastava and
Mittal[83]
Srivastava et al[84]
Srivastava et al[85]

Vishnoi et al[86]

Pandey et al[87]

38 - CYP7A1 polymorphism associated with GBC Srivastava et al[88]
39 = The X (+), D haplotype of APOB is associated risk for development of GBC Pandey et al[89]
40 - NAT2 slow acetylator phenotype associated with risk of GBC Pandey et al[90]

41 GBC (129), LRPAP1 polymorphism associated with GBC Pandey et al[91]

controls (208)
42 GBC (39) Mutation in codon 12 of the K-ras oncogene associated with GBC, which indicate role of chronic Singh et al[92]
inflammation in gallbladder carcinogenesis.
43 GBC (117), The apoB-Xbal gene polymorphism associated with GBC Singh et al[93]

controls (137)

GBC: Gallbladder cancer; GB: Gallbladder.
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Figure 1 Genes involved in gallbladder cancer pathogenesis at various stages.

(gastric outlet obstruction), and an incidentally detected mass on imaging. In a study conducted by Pandey et al[94] the
most common symptoms observed were weight loss (reported in 201 patients, 99%) followed by loss of appetite (reported
in 197 patients, 97%). Other observed symptoms included pain in the right hypochondrium (reported in 143 patients,
70%), a mass in the right hypochondrium (reported in 107 patients, 53%), jaundice (reported in 79 patients, 39%), and
nausea and vomiting (reported in 21 patients, 10%).

Histopathological types

Many patients in India who undergo cholecystectomy do not routinely have their gallbladder specimens sent for
histopathology due to financial burden. However, Agarwal et al[95] found that patients whose cholecystectomy
specimens were sent for histopathological examination (HPE) experienced earlier management if GBC was found in the
specimen, achieved a better RO resection rate, and had longer overall survival (OS) compared to those in whom
specimens were not sent. Histologically most of the GBCS are adenocarcinoma whereas most common architectural
pattern observed was sheets and acini, with a predominance of columnar cells[96]. Yadav et al[97] classified GBC based
on fine needle aspiration cytology (FNAC) into various subtypes, including Adenosquamous, mucinous, signet ring,
squamous, small cell, mixed adenoneuroendocrine, undifferentiated carcinomas, as well as spindle and giant cell
subtypes.
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Role of FNAC

Chandra et al[98] have introduced a classification system based on FNAC, which includes the following categories:
Category 1 (inadequate), Category 2 (negative for malignancy), Category 3 (atypical cells), Category 4 (highly atypical
cells suggestive of malignancy), and Category 5 (positive for malignancy). Yadav et al[99] reported 28 cases of neuroen-
docrine tumors (NETs) of the gallbladder. They classified these tumors into three categories based on their differentiation:
Well-differentiated (grades 1 and 2), small cell carcinoma (grade 3), and mixed adenoneuroendocrine carcinoma. A
positive diagnosis of NET was confirmed by the presence of TTF-1 in the nucleus. Kamboj et al[100] published 19 cases of
NEC of GB and described the aggressive nature of diseases. Krishnani ef al[101] reported that FNAC demonstrated a high
sensitivity of 90.63% and specificity of 94.74% in detecting carcinoma. For locally advanced or metastatic GBC,
preoperative histopathological confirmation is mandatory before initiating chemotherapy. Goyal et al[102] concluded that
FNAC can be a precise and reliable method for diagnosing GBC in these settings. Shukla et al[103] found that the
diagnostic accuracy of ultrasonography (USG)-guided FNAC was 95%. This is significantly higher compared to a dia-
gnostic accuracy of 60% on blind aspiration.

Xanthogranulomatous cholecystitis

Xanthogranulomatous cholecystitis (XGC) is malignant masquerade of GBC. Shukla et al[104] defined the pathological
features of XGC, proposing that they include the presence of foam cells, histiocytes, bile, multinucleate giant cells, and a
mixed population of inflammatory cells in varying proportions. These features are observed in a background of pink and
granular debris.

Immunohistochemistry

Some immunohistochemistry (IHC) based study also published to diagnosis and prognosticate the disease. Some studies
based on IHC have also been published to aid in the diagnosis and prognosis of the disease. Study conducted by Shukla
et al[105], revealed that although it is a common occurrence in females, GBC does not express hormone receptor. Yadav et
al[106] suggest that the overexpression of MMP9 and the loss of membranous beta-catenin may be indicative of poor
clinical outcomes and advanced disease. Jain et al[107] found significant overexpression of KRT7 and SRI in node positive
GBC patients compared to node negative GBC patients. This finding may have important implications for the diagnosis
and treatment of GBC.

Analysis of cancer-derived extracellular vesicles (EVs) is an emerging method employed to identify potential bio-
markers for disease detection and prognosis. Priya et al[108] studies GBC cell line- derived EVs and found 16 proteins
including haptoglobin which can be served as circulating biomarkers for early detection of GBC. Akhtar et al[109] studied
specific proteins (MPO, MMP9, and DEFA1) associated with neutrophil degranulation possess signal sequences. They
proposed that these proteins could serve as promising circulating markers for early detection of GBC. Priya ef al[110]
studied plasma-derived biomarker that can help in the early detection of GBC. According to their findings, NT5E and
ANPEP biomarkers are associated with advanced-stage GBC, while the MME biomarker is linked with early-stage GBC.
These studies could be significant in improving the diagnosis and treatment of GBC, allowing for earlier detection and
better patient outcomes.

Prognostic markers

Numerous studies have been conducted to identify prognostic markers for GBC. Mishra et al[111] found that presence of
Higher TNM stage, adjacent organ infiltration, nodal involvement, and jaundice predict poor survival. Negi et al[112]
found that lymph node (LN) ratio is a strong predictor of outcome after curative resection (CR) for GBC. Shah et al[113]
found that LN micro metastasis did not correlate with survival. Balachandran et al[114] found that Adjuvant therapy, RO
resection and extended cholecystectomy associated with improved survival in patient with GBC. Some other pathological
studies are described in Table 3[115-126].

STUDIES ON DIAGNOSTICS AND IMAGING

GBC presents significant diagnostic challenges due to its often-asymptomatic nature in the early stages and nonspecific
symptoms as it progresses. Early diagnosis of GBC is crucial for improving patient outcomes. Various imaging modalities
are critical for detecting and characterizing gallbladder lesions. USG is frequently chosen as the initial imaging modality
for its accessibility and capability to visualize gallbladder abnormalities. Computed tomography (CT) and magnetic
resonance imaging (MRI) offer detailed information on tumor extent, invasion of adjacent structures, and the presence of
distant metastases. Endoscopic ultrasound (EUS) is a valuable tool for staging GBC due to its high sensitivity in detecting
small lesions, assessing local tumor invasion, and facilitating biopsy when necessary. Additionally, positron emission
tomography (PET) imaging can help evaluate distant metastases and guide treatment decisions.

Ultrasound is an essential diagnostic tool used for investigating medical conditions in patients. It can detect various
abnormalities such as masses, ascites, metastasis, liver infiltration, and involvement of surrounding structures. It is
considered as the primary investigation method in most cases. Gallbladder adenocarcinomas can appear as one of three
morphologies in USG: Intraluminal mass, diffuse mural thickening, or a mass that replaces the gallbladder. Gallstones are
commonly present along with mass in 60%-90% cases. Some retrospective studies were conducted to determine the
accuracy of USG in diagnosing GBC. In a study conducted by Pandey et al[94], a mass lesion in the gallbladder was found
in 87% of the 177 patients examined via abdominal sonography. The masses were classified as either intraluminal (59%) or
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Table 3 Clinico pathological studies

Serial . .
Sample size Findings Ref.
No.
1 GBC (50) Her2 neu, p53, p16, survivin, COX-2, and EZH-2 expression associated with GBC Gupta et al[115]
2 GBC (200), Dysplasia (32), CC ~ HER-2/neu overexpression seen in patients with GBC Jain et al[116]
(100)
8 GBC (128) HER 2 and Ki-67 can be used as a prognostic biomarker for gallbladder carcinoma Halder et al
[117]
4 - Combination of ALU247 and ¢fDNA provides good sensitivity, specificity in diagnosis of Kumari et al
GBC [118]
5 - Proposed a scoring system for XGC Rajaguru et al
[119]
6 GBC (34) Quantitative analysis of cfDNA may aid in early diagnosis Kumari et al
[120]
7 GBC (39), cholelithiasis (30), Overexpression of survivin is associated with poor prognosis Nigam et al
and control (25) [121]
8 (GSD, n =30; GBC, n = 39) Expression of survivin in peripheral blood could be useful both in the diagnosis and Nigam et al
healthy control (n = 25) prognosis of GBC [122]
9 GBC (80) P53 expression is positively correlated with increasing tumor grade, whereas beta-catenin ~ Ghosh et al[123]
nuclear expression is associated with tumor grade and depth of invasion
10 9 case of Squamous cell Ultrasound-guided fine-needle aspiration is a useful minimally invasive investigation in the Gupta and
carcinoma preoperative diagnosis of squamous cell carcinoma of the gallbladder Gupta[124]
11 GBC (55), vontrols (8) Assay of CA242, CA19-9, CA15-3, and CA125 can be used as marker of carcinoma of the Shukla et al
gallbladder [125]

12 GBC (40) Intraoperative bile cytology can be used for diagnosis of in situ and early invasive GBC Arora et al[126]

GBC: Gallbladder cancer; CC: Chronic cholecystitis.

infiltrative (41%), with irregular margins and higher echogenicity compared to the liver. Infiltrative lesions were more
common at the gallbladder neck and fundus. In study by Batra ef al[127] mass replacing GB was most common findings
(73%) on USG followed by presence of gall stone along with mass (54%). Chhabra et al[128] demonstrated a new com-
bined type of GBC when GBC present as both thickening and mass replacing GB. Rana et al[129] proposed sonographic
“Cervix Sign” for GB neck malignancy. The role of USG for screening of GBC is controversial. In a pilot study conducted
by Patel et al[130] which included 778 patients from high-risk areas, 4 cases of GBC were detected. Anadure ef al[131]
found 6 GBC among 978 high risk healthy participants. Despite showing positive outcomes, it is challenging to conduct
screenings for the Indian population due to practical difficulties in real life.

It's quite challenging to differentiate between malignant and benign Thick-walled GB (TWGB). Many studies were
conducted in this regard. Gupta et al[132] a recommended scoring system called Gallbladder Reporting and Data System
can be used to evaluate gallbladder wall features in ultrasound scans. This system considers various factors such as
layered appearance, interface with the liver, symmetry and extent of involvement, intramural features like cysts and
echogenic foci. By using this system to risk stratify GB lesions; Surgeon can make more informed decisions about trea-
tment options. Gupta ef al[133] propose an imaging-based algorithm for gallbladder wall thickening. They suggest that
diffuse asymmetrical thickening or focal thickening, discontinuous mucosa or breach in mucosa, loss of layered pattern in
the gallbladder, high mean systolic velocity in color Doppler, and high shear velocity in Doppler are more indicative of
malignant gallbladder wall thickening. Kapoor et al[134] proposed that elastography effectively distinguishes between
benign and malignant gallbladder wall thickening. Combining this technique with sonography enables early-stage
diagnosis of gallbladder carcinoma, highlighting its value as a diagnostic tool. Kalage et al[135] suggested a Multipara-
metric MRI to distinguish between benign thick walls and malignant thick walls. This approach includes Diffusion-
weighted, dynamic contrast-enhanced perfusion, intravoxel incoherent motion, and diffusion tensor sequences. The study
found that the Multiparametric MRI technique had a 90% sensitivity and 88% specificity for diagnosing Malignant
TWGB, whereas conventional Contrast enhanced MRI had 80% sensitivity and 88% specificity.

Recently some authors studied the utility of EUS fine-needle aspiration (FNA) for evaluation of gallbladder mass.
Singla et al[136] demonstrated that EUS-FNA is a highly sensitive tool for evaluating gallbladder mass lesions associated
with obstructive jaundice. However, due to the low negative predictive value of the test, further evaluation is necessary
for cases where FNA results are negative.

CT scan
CT is the diagnosis modality of choice for staging the disease. Kalra et al[137] discovered that MDCT exhibited a
sensitivity of 72.7%, a specificity of 100%, and an accuracy of 85% in assessing the resectability of GBC. To diagnose

Buissidengs WICO | https:/ /www.wjgnet.com 702 June 24,2024 | Volume15 | Issue6 |



Kumar A et al. Gall bladder cancer and Indian subcontinent

hepatic and vascular invasion by the tumor, CT showed a 100% correlation with surgical findings. According to the study
conducted by Kumaran et al[138] CT scan has an overall accuracy of 93.3% in staging of GBC. Therefore Dual-phase
helical CT is a comprehensive method that can be used for preoperative staging of GBC to determine if it is resectable.
Soundararajan et al[139] proposed CT can be routinely used to determine gastro-intestinal tract involvement on GBC.

Role of PET-CT

GBC are not pet avid tumors. Standard guidelines do not advocate routine pet scan in GBC. In India Many studies were
published exploring the utility of PET-CT in GBC. According to a study conducted by Patkar et al[140] found that PET-CT
can detect metastatic disease in 46.6% of patients that could not be confidently detected using standard cross-sectional
imaging. Goel et al[141] found that PET-CT altered the management plan in approximately 25% of resectable GBC cases
and 30%-35% of locally advanced cases. Shukla et al[142] studied role of PET-CT in incidental GBC and found that MDCT
had a sensitivity and positive predictive value (PPV) of 42.8% each for determining residual disease, while PET-CT
showed a sensitivity of 28.5% and PPV of 20%. In patients diagnosed incidentally with GBC and no metastatic disease,
PET-CT and MDCT appear to offer complementary roles in clinical assessment. Goel et al[143] found that, the patients
with PET-negative pT1b tumors showed no residual disease, in contrast to PET-positive patients (0% vs 33%, P = 0.028).
They proposed that PET-negative pT1b patients could be monitored closely due to the low risk of relapse. Kumar et al
[144] investigated the efficacy of PET-CT in detecting tumor recurrence in GBC. Their study demonstrated that PET/CT
exhibited a high sensitivity (97.6%) and specificity (90%) for detecting tumor recurrence. These findings suggest that PET-
CT can be a valuable tool in the detection of tumor recurrence, Residual tumor in incidental GBC and in cases with
suspicious of distant metastasis.

Tumor markers

In patients with GBC Sinha et al[145]discovered a significant association between serum levels of tumor markers (such as
CA19-9, CEA, CA125, and CA242) and GBC. Agrawal et al[146] suggested that CA19-9, CA125 and CEA may serve as
predictors of resectability in GBC. They found that elevated levels of CA19-9 and CA125 associated with poorer prognosis
in affected patients. The role of different imaging modalities in the diagnosis of GBC is illustrated in Figure 2. Some other
studies on diagnostics and imaging modality are described in Table 4[147-157].

STUDIES ON SURGICAL APPROACH AND RESECTION

In this section, we have described various landmark studies published in the literature from India regarding the surgical
approaches for GBC. Staging laparoscopy is highly accurate in identifying peritoneal deposits and sub centimetric
metastases over liver surface and should be considered for all patients of GBC undergoing surgery. Agarwal et al[158]
found, staging laparoscopy prevented laparotomy in 23% of patients with GBC. They suggested performing routine
staging laparoscopy for GBC patients undergoing surgery. Another study by Agrawal et al[159] reported that staging
laparoscopy prevented a nontherapeutic laparotomy in 43% of patients initially deemed resectable based on pre-
operative imaging. Both of these studies underscored the importance of staging laparoscopy and advocated for its
mandatory use in GBC.

TWGB

Surgeons around the world do not widely accept laparoscopic cholecystectomy for TWGB due to the risk of malignancy.
Srikanth et al[160] in their study proposed that laparoscopic cholecystectomy can be performed in patients with diffuse
TWGB. However, there is an increased risk of to open cholecystectomy. Kapoor et al[161] proposed an approach of
anticipatory extended cholecystectomy for TWGB (Luckow Approach).

Role of 16b1 node

After staging laparoscopy, the usual first step is the sampling of interaortocaval (IAC) LNs. GBC involving the 16b1 (IAC)
LN is considered to be metastatic. Agarwal ef al[162] studied the role of routine frozen-section HPE of the 16b1 LN in the
management of GBC. They recommended the routine sampling of the 16b1 node during surgical procedures to prevent
non-therapeutic radical resection. Their study found that routine 16b1 LN biopsy prevented such resections in 18.6% of
patients. When 16b1 nodes tested positive, Agarwal et al[162] treated them along with systemic disease, and abandoned
surgery when these nodes were found to be positive. Ghosh et al[163] from SGPGIMS, Lucknow echoed the same finding,
they found that the median survival for IAC node positive group and patients with distant metastasis were same. Ho-
wever, Aggarwal et al[164] advocated that certain cases of GBC with IAC node metastasis may be eligible for CR followed
by adjuvant therapy. However, their study was limited by a small sample size.

Extent of resection

According to previous studies, only 10% of patients with GBC are deemed resectable. For Tis and T1a lesions, a simple
cholecystectomy with negative margins at the cystic duct is typically effective and can achieve cure rates ranging from
85% to 100%. However, gallbladder lesions classified as T1b and higher often come with nodal metastases, necessitating
radical resection. This typically involves en bloc hepatic bed resection (which may include removing 2-3 cm of liver
wedge or performing a formal segment IVb and V resection) along with regional lymphadenectomy. The surgical goal is
RO resection, aiming to achieve negative cystic duct margins (CDMs). In cases of positive margins, revision of the duct
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Table 4 Studies on diagnostic methods and imaging

Serial  Sample .
. P Findings Ref.
No. size
1 - PET-CT can be used to rule out metastatic disease and for post-therapy surveillance for recurrence in Bisht et al[147]
patients of GBC
2 GBC (38) Potential utility of CT texture-based radiomics analysis in patients with GBC. Gupta et al[148]
8 GBC (141)  Raised levels of serum CA19-9 beyond 20 units/mL should be used for prognostication purposes after EC ~ Agrawal et al[149]
4 GBC (141)  NMR-based methods can be used as a diagnostic modality for GBC Sharma et al[150]
5 GBC (41) CEA expression may help in diagnosis of GBC Mondal et al[151]
6 GBC (203)  Discontinuous mucosal lining, diffuse wall thickening, intramural nodules, and cholelithiasis may indicate ~ Sureka et al[152]
XGC rather than gallbladder carcinoma
7 GBC (74) Duodenal involvement significantly decreases resectability but does not preclude resection Kalayarasan et al
[153]
8 XGC (31) Mass-forming XGC mimics GBC Agarwal et al[154]
9 GBC (117)  CA 242 is a promising tumor marker for GBC and performs better than CEA and CA19-9. Rana et al[155]
10 GBC (15) Dynamic MRI with MRCP is a reliable method of showing gall bladder carcinoma. Kaza et al[156]
11 GBC (60) Color Doppler USG together can improve pickup rate of GBC Pradhan et al[157]

PET: Positron emission tomography; CT: Computed tomography; GBC: Gallbladder cancer; MRI: Magnetic resonance imaging; MRCP: Magnetic resonance

cholangiopancreatography.

o Intraluminal mass'*! o Vascular invasion**”! « Distant metastasis**"!

(12) « Equivocal findings on CT!**!]

o Diffuse mural thickening o Liver infiltration

[132]

o Irregular wall thickening o Metastasis

o GIT involvement**)

» Layered appearance

o Cervix sign**!

o Liver infiltration

Figure 2 Role of diagnostic modalities in gallbladder cancer. USG: Ultrasonography; CECT: Contrast-enhanced computed tomography; PET: Positron
emission tomography.

margin or extrahepatic bile duct (EHBD) excision may be necessary. Studies published in India exploring the ideal
surgical approach for GBC have not yet provided concrete recommendations.

Singh et al[165] found that CR is the only chance of cure, aggressive surgical approach and improve OS. Wagholikar et
al[166] advocated that simple cholecystectomy is effective only for GBC limited to the mucosa. However, patients
diagnosed with pT1b tumors should undergo extended cholecystectomy. The study proposes that for cases where
incidental GBC extends to the muscularis layer, early reoperation to complete an extended cholecystectomy is reco-
mmended.

There has been considerable debate regarding the optimal approach to liver resection in GBC, specifically whether
anatomical segment IVb and V resection is superior to non-anatomical wedge excision of the liver. There are some studies
regarding the same with conflicting results. Pottakkat et al[167] demonstrated that the extended criteria for radical
resection (Segment 4b and 5) are highly effective, achieving RO status in over 80% of GBC patients and yielding acceptable
long-term outcomes. Nag et al[168] from GB Pant Hospital, New Delhi, discovered that there was no significant difference
in mean recurrence-free survival (RFS) between segment 4b and 5 resections compared to wedge resection, with 58.2
months vs 42.3 months, respectively (P = 0.264). The OS was also similar between both of these groups. Therefore, they
concluded that segment 4b and 5 resections were not superior to wedge resection. Tewari et al[169] from Banaras Hindu
University (BHU) found that wedge resection of the gallbladder achieves adequate oncological clearance in early GBC.
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Margin status

Studies have shown that the surgical margin status is the most important factor in determining the overall outcome of
liver resection surgeries, rather than the type of resection performed. Behari et al[170] found similar results, with patients
who underwent RO resections having significantly better survival rates than those who underwent R1 resections (median
25.8 months vs 17.0 months; P = 0.03). Hence, the primary objective should be to achieve complete removal of the disease
with clear histologic margins.

Frozen section of CDM

Routine use of CDM frozen section analysis is controversial. Some study from India refuted this practice. Jajal et al[171]
suggest that routine CDM frozen analysis may not be necessary in patients with resectable GBC who do not have
jaundice. They found that a positive CDM has comparable survival outcomes to a negative CDM, with similar RO
resection rates and tumor stages. Some authors suggest that routine resection of the common bile duct during surgery
may aid in lymphadenectomy and increase LN yield. However, a study by Behari et al[170] from India found that EHBD
resection does not offer significant survival benefits.

Standard lymphadenectomy

The standard lymphadenectomy for GBC involves removing LNs located along the hepatoduodenal ligament, common
hepatic artery, and peri-pancreatic region (stations 8, 12, and 13). Pandey et al[172] from BHU proposed this systemic
regional lymphadenectomy in GBC gives a good lymph nodal yield and better outcome. Negi ef al[112] suggested that the
retrieval and examination of at least 6 nodes can have a positive impact on the quality of staging and disease-free survival
(DFS) in node-negative patients. Goel et al[173] from TMH found that for individuals diagnosed with T1b GB cancer, the
likelihood of nodal positivity is approximately 21%. Therefore, they recommended that radical surgery, including
comprehensive periportal lymphadenectomy, should be considered the standard of care.

Excision of extra-hepatic bile duct

Some authors believe that the presence of obstructive jaundice is a sign of inoperability. Agarwal et al[174] conducted a
study on 51 patients with GB cancer and obstructive jaundice. Of these 51 patients, 14 underwent resection with curative
intent, resulting in a resectability rate of 27.45%. Despite being jaundiced, these patients were able to undergo successful
resection. They found a mortality rate of 7.14% and a morbidity rate of 50%. The mean DFS was 23.46 months, with a
median of 26 months and a range spanning from 2 to 62 months. Among patients who underwent resection, 50%
survived beyond two years. They concluded that Biliary obstruction in GB cancer is not signs of inoperability and
resection results in prolongation of survival[174]. Pandey et al[172] found that EHBD resection to achieve RO resection is
safe, associated with acceptable postoperative morbidity, and may increase survival. A positive CDM, direct infiltration
of the hepatoduodenal ligament, and densely adherent peri-choledochal LNs were the indicators of EHBD resection. K et
al[175] studied 59 GBC patients who had jaundice. Total of 61.7% and 84%, respectively, of patients underwent CR and
non-CR had common bile duct involvement (P = 0.062). They found that Patients with GBC and jaundice have better
significant survival after CR.

Extended resection in GBC

There are some reserves among surgeons for extended resection in carcinoma GB. As operative techniques improve and
new technology develops, there is an increasing trend in extended resection. Commonly performed extended procedures
are segmentectomy 4B + 5, extended right hepatectomy, median sectorectomy and hepatopancreaticoduodenectomy.
Pottakkat et al[167] studied the outcomes of extended resection in GBC and identified postoperative complications in 60%
of patients. They achieved acceptable RO resection (83%) and survival rates. But Behari et al[170] could find that only 43%
of GBC undergoing extended resection could achieved RO resection. Singh et al[176] from Rajiv Gandhi Cancer institute
first to explore PVE followed by extended hepatectomy in GBC. In their study on 14 patients following Neo adjuvant
chemo therapy (NACT) and portal vein embolization. Seven (50%) underwent CR (extended hepatectomy). The median
OS was 27 months for resectable patients and 15 months for unresectable patients.

Agarwal et al's[177] study, which examined the duodenum's involvement in GBC, revealed that, of the 43 patients with
duodenal involvement, 26 had RO resection (61.9%). Of these, 16 had duodenal sleeve resection (61.54%), 9 had distal
gastrectomy with resection of the first part of the duodenum (34.62%), and 1 patient had hepato-pancreatoduodenectomy
(HPD; 3.85%). They concluded that duodenal infiltration does not serve as a sign of unresectability or a reason to undergo
HPD. For the majority of these patients, a distal gastrectomy combined with resection of the first segment of the
duodenum, or a duodenal sleeve resection can accomplish an oncologically appropriate RO resection[178].

With surgeons now willing for extended resection, further some studies published for resection in presence of
metastasis. Patkar et al[179] from TMH propose a potential role for aggressive treatment of advanced GBC with limited
metastatic burden, such as microscopic disease in the station 16b1 node, low-burden peritoneal disease with deposits
smaller than 1 cm in adjacent omentum or diaphragm, isolated N2 disease, or a solitary discontinuous liver metastasis in
adjacent liver parenchyma.

Minimally invasive surgery in GBC

With advance laparoscopic and robotic surgery now getting prominence, Agarwal et al[180] found that laparoscopic
radical cholecystectomy is safe and feasible for selected patients with GBC, and the outcomes are comparable to those of
open radical cholecystectomy. Nag et al[181] found laparoscopic hepatic bisegmentectomy is safe and feasible.
Palanisamy et al[182] from GEM hospital published their study and suggested that laparoscopic radical cholecystectomy
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may serve as a viable and feasible option for managing GBC, providing effective oncological clearance. Additionally, it
offers the typical benefits associated with minimal access procedures. Goel et al[183] from TMH suggested robotic radical
cholecystectomy is safe and feasible and the short-term results are compared with Open radical cholecystectomy.

Incidentally detected GBC

Incidentally detected carcinoma GB is another debatable topic. Some studies have been published on incidentally
detected gallbladder carcinoma from India. Shukla et al[184] studied the factors influencing operability in incidentally
detected GBC and found that stage is the most important factor in determining resectability. They found that as the T-
stage of the disease progressed, the probability of finding residual disease increased, while operability decreased. They
also found that incidence of lymph nodal disease is higher for pT1b cancers. Wagholikar et al[166] suggested that,
incidental GBC extending up to the muscularis requires completion extended cholecystectomy. Although there are no
prospective clinical trials, it is widely believed that complete resection of residual disease leads to improved survival.
Multiple studies have shown a survival advantage with CR, thereby supporting re-resection in incidental GBC beyond
pT1b. Patkar et al[185] from TMH, found contrasting results in their study on 425 patients of PT2 of GBC out of which 118
(27.7%) and 307 (72.23%) patients were in the upfront operated GBC and incidental GBC groups, respectively. They found
that incidentally detected pT2 GBCs have significantly worse outcomes compared to similarly staged patients undergoing
an upfront radical cholecystectomy. Some other studies on surgical management are described in Table 5[186-189].

STUDIES ON MULTIMODALITY THERAPY.

Despite improvement in surgical techniques, survival and resection rate of GBC remained the same. Gradually multi-
modality therapy evolved with the aim of improving survival. Patkar et al[190] published the experience of TMH,
Mumbai with largest cohort of 1307 patients with GBC. They advocated peri-operative chemotherapy both in adjuvant
and neo adjuvant settings in properly selected patients. We will first discuss adjuvant therapy followed by neoadjuvant
therapy and advances made in these fields.

Studies on adjuvant therapy in GBC

The role of adjuvant therapy on increasing survival in GBC is controversial. To date, there have been only a few
randomized studies conducted in India exploring the role of adjuvant radiotherapy (RT) or chemo RT (CRT) in resected
GBC.

Ostwal et al[191] from TMH, Mumbai in their study of 242 resectable stage II and III GBC patients found that patients
undergoing RO resections receiving adjuvant Gemcitabine and cisplatin bases chemotherapy have high completion rates
and good tolerance. Kattepur et al[192] found that adjuvant chemotherapy reduces distant failure rates but did not
improve OS in completely resected GBC patients. They found that lymphovascular invasion important predictor of RFS
in T2NO patients. Some centers tried RT in adjuvant setting. Mahantshetty et al[193] from TMH suggested adjuvant RT
along with CT improve survival in GBC after resection. Authors used 5 FU bases regimen in their cohort of patients.
Choudhary and Asthana[194] studied the effect of adjuvant treatment, including RT, CT, or CRT, following CR and found
improved survival compared to surgery alone but the difference was not statistically significant. Agrawal et al[195] found
that Adjuvant CRT followed by adjuvant chemotherapy improves outcomes in patients with R1 and node-positive
disease. There is only one Randomized control trial available that examines the function of CT and RT in adjuvant
situations.

The GB-GECCOR trial, a phase II multicenter study, investigated two treatment arms: CAPE-RT (consisting of 2-4
cycles of capecitabine followed by RT: 45 Gy over 25 fractions concurrent with capecitabine: 825 mg/m? twice daily,
followed by 2-4 additional cycles of capecitabine) vs GC (gemcitabine at 1000 mg/m? and cisplatin at 25 mg/m?
administered on days 1 and 8, every 3 wk) following resection. The DFS rate for the GC group was 88.9% vs 77.8% for
CAPE-RT group. These outcomes support the application of both regimens as appropriate care[196].

Unresectable and metastatic diseases

The appropriate regimen for unresectable and metastatic disease has not yet been defined. Many studies have been
published studying different therapies in these settings. Many studies shown that Gemcitabine/cisplatin combination
well tolerated and in advanced unresectable GBC[197-199]. Chatni ef al[200] studied infusion chemotherapy with cisplatin
and fluorouracil. Sharma et al[201] studied the gemcitabine and oxaliplatin regimen in unresectable GB cancer and found
a survival benefit. Same authors studied the efficacy of chemotherapy compared to best supportive care and reported that
chemotherapy improved OS and progression free survival (PFS) in unresectable GBC. Ali et al[202] in their comparative
study between Cisplatin-5-Fluorouracil and Gemcitabine-Cisplatin and found overall more benefit in Gemcitabine-
Cisplatin arm. Singh et al[203] advocated use of Gemcitabine based regimen in metastatic and advanced GBC which
improved PFS.

Currently there is no “standard” second-line therapy after failure of first-line gemcitabine and cisplatin in patients with
GBC. Ramaswamy et al[204] found that CAP-IRI is a well-tolerated second-line chemotherapeutic regimen in advanced
GBC. In GB-SELECT trial they found that single agent irinotecan can be used as second line treatment in palliative setting.
Some other important study on Adjuvant therapy in metastatic disease are described in Table 6[205-214].
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Table 5 Studies on surgical approaches and resection

Serial . g
Sample size  Findings Ref.
No.
1 GBC (521) Surgical resection improves survival in GBC with jaundice Goel et al
[186]
2 GBC (97) Radical cholecystectomy with wedge resection of the liver oncological equivalence compared to formal Patkar et al
segment IVb/V excision [187]
8 GBC (20) The technique of LHBRL is safe and feasible for patients with GBC Nag et al
[188]
4 07 incidental ~ Re-exploration and aggressive resection followed by adjuvant chemotherapy for incidental gallbladder Kaman et al
GBC carcinoma are safe and provide hope for long-term survival [189]

GBC: Gallbladder cancer; LHBRL: Laparoscopic hepatic bisegmentectomy with regional lymphadenectomy.

Table 6 Studies on adjuvant therapy on gall bladder carcinoma

Serial No. Sample size Findings Ref.
1 GBC (176) CT followed by CTRT improves outcomes in patients with limited volume disease Alam et al[205]
2 GBC (550) CT followed by cCTRT appears to improve survival in responders with good PS Alam et al[206]
8 GBC (38) Her2neu directed therapy significantly improved survival Das et al[207]
4 GBC (66) FOLFOX-4 is an effective and well-tolerated regimen as a second-line treatment Dodagoudar et al[208]
5 GBC (87) CAP-IRI is a well-tolerated second-line chemotherapeutic regimen in advanced GBC Ramaswamy et al[209]
6 GBC (121) Reduced dose intensity of chemotherapy in GBC Gangopadhyay et al[210]
7 GBC (210) Use of gem-platinum in Indian patients associated with slightly worse outcomes Sirohi et al[211]
8 - Autologous immune enhancement therapy associated with, an improvement of the quality of life ~ Bhamare et al[212]
9 GBC (104) Adjuvant chemoradiation improve survival Mallick et al[213]
10 - Chemoradiation improve survival in locally advanced GBC Engineer ef al[214]

GBC: Gallbladder cancer; CTRT: Chemo-radiotherapy; cCTRT: Consolidation chemoradiation.

STUDIES ON NEOADJUVANT TREATMENT

Surgical resection is the only potential cure for GBC. However, many patients are present with locally advanced state,
making it difficult to perform curative surgery. Neoadjuvant therapy can effectively downstage tumors in these patients
and help assess disease biology to identify the most suitable candidates for surgery. TMH has taken a step ahead and
started using NACT as an option in locally advanced GBC. Chaudhari et al[215] introduced the TMH criteria for
neoadjuvant chemotherapy in locally advanced or borderline resectable GBC, leading to curative surgical resection in a
significant percentage of patients. Agrawal et al[216] demonstrated the benefit of neoadjuvant chemo-RT in locally
advanced GBC. In their study they have reported Radiologic downstaging of liver involvement is 40.5% and lymphaden-
opathy is 67.5%[216].

A group of investigators is presently carrying out a prospective clinical experiment called POLCA-GB at TMH in
Mumbai. This experiment aims to assess the efficacy of chemotherapy administered alone (four cycles of gemcitabine-
cisplatin or gemcitabine-oxaliplatin) vs chemotherapy administered in combination with radiation treatment (RT)
contemporaneous with gemcitabine, followed by two rounds of gemcitabine-cisplatin or gemcitabine-oxaliplatin
chemotherapy. This trial aims to enable potentially CR by downstaging locally advanced GBC. The trial is now in the
recruiting stage[217]. Few other series from India have demonstrated a benefit of gemcitabine-platinum based
neoadjuvant therapy in GBC described in Table 7[218-221].

CONCLUSION

This review has found significant work and efforts made by India in addressing GBC over the past two decades. India has
produced a substantial number of quality research publications on GBC-epidemiology, etiopathogenesis, pathology,
surgery, and multimodal treatment approaches. Country has progressed well on surgical management and multimodal
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Table 7 Studies on neo-adjuvant therapy on gall bladder carcinoma

Serial No. Sample size  Findings Ref.
1 GBC (510) Surgery and peri-operative systemic therapy associated with improved survival Patkar et al[218]
2 GBC (28) Locally advanced GBC may benefit from neoadjuvant chemoradiation Engineer et al[219]
3 GBC (37) Neoadjuvant chemotherapy in patients with locally advanced gallbladder cancer Sirohi et al[220]
4 GBC (21) Resection after neoadjuvant chemotherapy improve survival Selvakumar et al[221]

GBC: Gallbladder cancer.

treatment strategies. However, there remains a lack of specific research on etiopathogenesis, early diagnosis, preventive
measures, and emerging treatments such as immunotherapy. The coming decades should prioritize efforts towards
screening strategy in high-risk zone, early detection, and the development of well-defined treatment protocol/ policy.
Collaborative international research would be useful to achieve and overcome the deficient areas.
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Abstract

Myeloproliferative neoplasms (MPNs) occur due to the abnormal proliferation of one or more terminal myeloid
cell lines in peripheral blood. Subjects suffering from MPNs display a high burden of cardiovascular risk factors,
and thrombotic events are often the cause of death in this population of patients. Herein, we provide a brief
overview of dyslipidemia and metabolic syndrome and their epidemiology in MPNs and examine the common
molecular mechanisms between dyslipidemia, metabolic syndrome, and MPNs, with a special focus on cardio-
vascular risk, atherosclerosis, and thrombotic events. Furthermore, we investigate the impact of dyslipidemia and
metabolic syndrome on the occurrence and survival of thrombosis in MPN patients, as well as the management of
dyslipidemia in MPNs, and the impact of MPN treatment on serum lipid concentrations, particularly as
side/adverse effects reported in the context of clinical trials.

Key Words: Polycythemia vera; Essential thrombocythemia; Myelofibrosis; Cardiovascular disease; Hypercholesterolemia;
Hypertriglyceridemia; Obesity; Diabetes; Inflammation; Oxidative stress

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

Core Tip: The topic of dyslipidemia in myeloproliferative neoplasms (MPNs) has only been superficially studied to date.
Although it is well known that cardiovascular risk factors impact the management of MPNs and increase the risk of
thrombosis which is the main cause of death in MPNs, most investigations have overlooked dyslipidemia as a significant
contributor to thrombotic risk and to the risk of death in MPNs. Herein, we provide, to the best of our knowledge, the first
overview of lipid abnormalities in MPNs.
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INTRODUCTION

Hematopoietic pluripotent stem cells (HPSCs) exhibit a remarkable capacity for self-renewal and undergo differentiation
into myeloid or lymphoid lineages. This intricate hematopoietic process culminates in the emergence of various mature
blood cells (BCs), which include red BCs (RBCs), lymphocytes, granulocytes, megakaryocytes, and macrophages. The
orchestration of hematopoiesis is intricately governed by the complex interplay of the bone marrow microenvironment,
growth factors, and transcriptional regulators[1].

Myeloproliferative neoplasms (MPNs) occur due to the abnormal proliferation of one or more terminal myeloid cell
lines in peripheral blood. This results in the manifestation of a heterogeneous group of disorders. The initial term
“myeloproliferative disorders,” originally introduced by William Dameshek in 1951, has been formally standardized and
rephrased as “myeloproliferative neoplasms” by the World Health Organization in 2016[2].

Within the classification of MPNs, the updated document encompasses seven distinct subcategories: chronic myeloid
leukemia, chronic neutrophilic leukemia, polycythemia vera (PV), primary myelofibrosis (PMF), essential thrombo-
cythemia (ET), chronic eosinophilic leukemia-not otherwise specified and MPN, unclassifiable. Notably, it is imperative
to highlight that mastocytosis no longer falls under the MPN category. This revised categorization represents a pivotal
advance in the field, indicating a comprehensive and rigorous approach to classifying these complex disorders[2,3].

PV is a chronic myeloproliferative neoplastic disorder characterized by the uncontrolled production of RBCs, resulting
in an elevated mass of RBCs. This condition often leads to concurrent stimulation of myeloid and megakaryocytic
lineages, leading to increased production of white BCs and platelets. Pathophysiology involves abnormal hematopoietic
cell clones with increased sensitivity to growth factors. Signs and symptoms such as headache, dizziness, claudication,
and thrombosis arise due to increased blood viscosity. Subjects diagnosed with PV exhibit driver mutations in the Janus
kinase 2 (JAK2) gene. In > 95% of cases, the JAK2V617F mutation is detected in exon 14 of the aforementioned gene, and
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the remaining 3%-4% of affected individuals exhibit mutations in exon 12 of the JAK2 gene[4,5]. Cytogenetic studies
reveal abnormal karyotypes in about 34% of patients. PV affects all ethnic groups, with a higher incidence in men, and is
usually diagnosed around 60-years-old[6]. In the United States, the overall incidence of PV between 2002 and 2016 was
1.57 (1.55-1.60) per 100000 person years, with fewer cases reported in Japan compared to the United States and Europe[6,
7]

ET is another classical BCR-ABL1-negative MPN. It is characterized by excessive platelet production and megaka-
ryocytic hyperplasia in the bone marrow. Initially identified in 1934 under the name “hemorrhagic thrombocythemia”, it
was subsequently classified as MPN by Damesheck in 1951[8]. About 55% of patients with ET harbor the JAK2V617F
point mutation[9,10]. ET is related to the development of vascular complications, for example, thrombosis and hem-
orrhage, which are associated with the presence of thrombocytosis, and there is a possibility of progression of the disease
to secondary myelofibrosis (MF)[11,12]. ET is more prevalent among MPNs, affecting 1.0 to 2.5 individuals per 100000
yearly, with a higher incidence in females. The condition becomes more common with age, and most cases present
between the ages of 50 and 60[13,14].

PMEF is characterized by the clonal overproduction of myeloid cells originating from HPSCs. Although not always
present, PMF often involves mutations in the JAK2, calreticulin, or myeloproliferative leukemia genes. Additional
features include the abnormal presence of collagen fibrosis in the bone marrow, the dysregulated expression of inflam-
matory cytokines, anemia, hepatosplenomegaly, extramedullary hematopoiesis, constitutional symptoms, cachexia, the
risk of progression to acute leukemia, and reduced life expectancy. The incidence of MF in the European Union varies
between 0.3 and 1.9 per 100000 people, with an average of 1.1 per 100000[15]. In the United States, the annual incidence of
MF is 1.33 per 100000[16]. In high-income countries of the European Union, the prevalence of MF ranges from 0.5 to 9 per
100000 per year[15]. The global prevalence of MF is approximately 1 per 100000 people[16].

BRIEF OVERVIEW OF CARDIOVASCULAR RISK FACTORS IN MPNs

Subjects suffering from MPNs exhibit a high burden of cardiovascular risk factors (CVRFs), thrombotic events often being
the cause of death in this patient population[17-19]. In a recent publication by Seguro et al[20], the authors conducted a
retrospective analysis of hemorrhagic and thrombotic events in a cohort of 334 Brazilian patients with Philadelphia-
negative chronic MPNs. The study identified risk factors associated with thrombosis in these patients. The authors of the
study used the revised International Prognostic Score in ET to classify patients into four risk categories using four
variables: CVRFs, history of thrombosis, age > 60 years, and presence of the JAK2V617F mutation. However, CVRFs were
not taken into account in the risk assessment of PV and MF in this study. Currently, thrombotic risk in PV is assessed
using traditional classification, which classifies individuals as low- or high-risk based on their age (< or > 60 years) and
history of thrombosis[20]. In the case of MF, there is currently no validated score to assess thrombotic risk. However,
current evidence suggests that one or more CVREF, such as hypertension, diabetes, cigarette smoking, dyslipidemia, or
obesity, may increase the risk of thrombosis in MPNs[21]. The previously agreed thrombotic risk classification models for
PV and ET introduced an intermediate risk category in addition to the traditional high and low risk categories. This
intermediate-risk category included patients under the age of 60 years of age with no history of thrombosis, but with the
presence of CVRFs. However, this thrombotic risk classification model is not widely used in clinical practice[22].

Cerquozzi et al[23] conducted a study to investigate the association between CVRF and the onset of arterial or venous
thrombotic complications in patients with MPNs at or after diagnosis[23]. The findings of their investigation revealed that
dyslipidemia, age < 60 years, diabetes, normal karyotype, and hypertension were associated with the development of
arterial events. On the other hand, female sex, a history of major hemorrhage, palpable splenomegaly, and age < 60 years
were associated with thrombosis in the venous territories[23].

In a recent report by Barbui et al[24], hypertension in low-risk patients with PV was emphasized to increase the risk of
arterial thrombosis[24]. Currently, for patients with PV or ET who are > 60 years of age and have one or more CVRF,
cytoreductive therapy is not recommended. In the revised 2018 management recommendations for classical MPN’s
negative for BCR-ABL1 issued by European LeukemiaNet, Barbui ef al[25] argued for the consideration of general risk
factors for thrombosis, such as smoking consumption, diabetes mellitus, hypertension and hypercholesterolemia, in the
management of MPNs[25].

Accurso et al[26] analyzed a cohort of 603 MPN patients who were followed from January 1997 to December 2019 to
assess the frequency of CVRF in this population of patients[26]. They investigated the prevalence of smoking, hyp-
ertension, diabetes, dyslipidemia, and obesity in different disease subgroups, including 138 cases of overt PMF or post-
ET/post-PV MF, 48 cases of prefibrotic PMF, 169 cases of PV, and 249 cases of ET. They also differentiated patients with a
single CVRF from those with multiple CVRFs. The overall prevalence of CVRFs in the MPN cohort was 75.95%, with
40.63% of patients having only one CVRF and 35.32% having multiple risk factors. The median age of CVRF patients was
67.57 years, while those without CVRF had a median age of 53.98 years (P < 0.001). The high frequency of CVRF in MPNs
raises important questions regarding prognosis and therapeutic decisions[26]. However, conclusive data on the impact of
CVRFs on thrombotic risk in Philadelphia-negative chronic MPNs are lacking. Prospective studies are needed to
determine the risk of thrombotic inflammation in patients with MPNs, both with and without CVREF. If it is demonstrated
that CVRFs significantly increase thrombotic risk in MPNs, cytoreductive therapy may be warranted for these ind-
ividuals. More research is needed to establish the exact relationship between cardiovascular and thrombotic risk in MPNs
and inform appropriate therapeutic strategies.
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EPIDEMIOLOGY OF DYSLIPIDEMIA IN MPNs AND ITS IMPACT ON THROMBOSIS AND SURVIVAL

Dyslipidemia and metabolic syndrome (MetS) remain some of the most common CVRFs in the general population.
Dyslipidemia has traditionally been defined as alterations in serum cholesterol concentrations: total cholesterol (TC), low-
density lipoprotein cholesterol (LDL-C) and/or high-density lipoprotein cholesterol (HDL-C) and/or triglycerides (TGs)
[27]. However, recent evidence suggests that secondary lipid biomarkers, for example, lipoprotein(a), apolipoproteins,
lipid subclasses, and/or subfractions, may provide additional information in terms of cardiovascular risk assessment[27-
29]. Furthermore, the MetS which comprises the association in various levels of insulin resistance, hypertension,
atherogenic dyslipidemia, and central obesity is also associated with the appearance of cardiovascular events[30].

The interplay of dyslipidemia, MetS, and obesity has been extensively studied not only in the field of cardiology but
also by oncology researchers. Metabolic dysfunction has been particularly associated with the development and outcome
of a myriad of solid cancers, as well as hematologic malignancies such as lymphoma, multiple myeloma, acute and
chronic leukemias, as well as myelodysplastic syndromes and MPNs[31-33]. Furthermore, low concentrations of apolipo-
protein Al (hazard ratio [HR] = 1.59, 95% confidence interval [CI]: 1.22-2.08; P < 0.001] and/or high-density lipoprotein
cholesterol (HR = 1.66, 95%CI: 1.22-2.26; P < 0.001) have been associated with an elevated risk of MPNs even after
multiple comparisons were considered[33].

A recent cohort study that evaluated 1537 individuals diagnosed with JAK2V617F-positive MPNs reported that dyslip-
idemia is the second most common CVRF after hypertension in these disorders. Overall, 14.1% of the cases analyzed
suffered from hyperlipidemia, which particularly affected PV (16.1%) and PMF (16%) rather than ET subjects (12%).
Furthermore, MPN individuals who developed thrombotic events were more frequently described as dyslipidemia
compared to those who were thrombosis-free (62.1% vs 37.9%; P < 0.0001). However, this investigation confirmed CVRFs
as predictive factors of thrombotic complications in MPNs[34].

Similarly, Guglielmelli et al[35] highlighted that, in their cohort of 382 subjects with prefibrotic PMF, dyslipidemia
(12%) was the third most common CVRF after hypertension (27%) and smoking (14%)[35]. Furthermore, dyslipidemia
was the CVRF most frequently discovered (16%) after hypertension (42.2%) and diabetes (18.6%) in a cohort of 668
patients with PMF and MF post-PV /post-ET. Furthermore, the authors revealed a negative association between survival
and the presence of dyslipidemia in MF (HR = 4.65, 95%CI: 3.11-6.95; P < 0.001) in the univariate analysis. However,
multivariate Cox proportional hazard models failed to demonstrate their impact on survival[36]. Accurso et al[37] also
confirmed that dyslipidemia is second among CVRF in people with PV (28.75%) and ET (24.89%) after hypertension
based on data derived from a cohort of 403 MPN patients and that CVRFs are associated with an elevated risk of
thrombotic events in MPNs[37]. Furthermore, Stein et al[38] highlighted that dyslipidemia was notably associated with a
history of thrombotic events (odds ratio [OR] = 2.31, 95%CI: 1.00-5.34; P = 0.05) in MPN subjects who harbor the
JAK2V617F mutation[38]. Another assessment indicated that CVRF (obesity, dyslipidemia, diabetes, hypertension, use of
cigarettes) are predictors of thrombotic complications after MPN diagnosis (HR = 4.22, 95%CI: 2.00-8.92; P < 0.001)[39].

Horvat et al[40] analyzed a cohort of 258 MPN individuals who developed arterial and/or venous thrombosis and
revealed that dyslipidemia was associated with the development of the aforementioned vascular events (OR = 3.5, 95%CI:
1.8-6.8; P < 0.001). However, dyslipidemia was more likely to be associated with the development of arterial (OR = 4.1,
95%CI: 2.0-8.3; P < 0.001) rather than venous (OR = 1.5, 95%CI: 0.5-4.5; P = 0.330) thrombotic complications[40]. When
researchers analyzed thrombotic events by MPN subtype and site of thrombosis, dyslipidemia was only related to arterial
but not venous thrombosis in ET (OR = 4.5, 95%CI: 1.6-12.6; P = 0.006) and PMF (OR = 6.1, 95%CI: 1.1-33.6; P = 0.046)[40].
Furthermore, a Japanese study indicated that elevated serum TG concentrations are positively associated with thrombotic
events in ET (HR = 3.530, 95%CI: 1.630-7.643; P < 0.001), whereas elevated serum LDL-C concentrations were marginally
associated with vascular events in ET (HR = 2.191, 95%ClI: 0.966-4.971; P = 0.061) in the univariate model. Furthermore,
elevated serum TG concentrations were the only CVRF associated with thrombosis in ET (HR = 3.364, 95%CI: 1.541-7.346;
P =0.002) in the multivariate model, while the role of elevated serum LDL-C concentrations warrants further invest-
igation (HR = 2.046, 95%CI: 0.895-4.676; P = 0.09). More specifically, serum TG concentrations > 106.19 mg/dL were
associated with decreased thrombosis-free survival in patients with ET patients (HR = 2.592; P = 0.026)[41].

Kostal et al[42] analyzed data from the Czech MPN registry to identify risk factors for stroke and/or transient ischemic
attack in anagrelide-treated MPNs, revealing that increased serum TC (34.6% vs 28.5%) and TG (30.6% vs 19.4%) concen-
trations were more frequent in MPN patients who developed cerebrovascular events vs those who did not. However, in
the univariate and multivariate analysis, respectively, only hypertriglyceridemia emerged as a notable risk factor for
cerebrovascular events (HR = 1.734, 95%CI: 1.162-2.586; P = 0.008) whereas hypercholesterolemia did not impact the onset
of these complications. Furthermore, hypertriglyceridemia and not hypercholesterolemia remained a significant risk
factor for cerebrovascular events even in MPN individuals who did not receive cytoreductive treatment (OR = 2.265,
95%Cl: 1.188-4.318; P = 0.015)[42].

It is well established that patients with MPNs experience an elevated occurrence of vascular complications. In the
largest epidemiological study on PV, CVRFs such as nonhemorrhagic stroke, congestive heart failure, coronary heart
disease, and pulmonary embolism contributed to 41% of all deaths[43]. Nonfatal thrombosis occurred at a rate of 3.8
events per year per 100 persons[44]. Similarly, in patients with ET, the rate of thrombosis ranges from 2% to 4% by
patients years. One of these thrombotic complications of particular interest due to its severity is splanchnic vein
thrombosis. Other microcirculatory thrombosis can also occur that results in vascular headaches, dizziness, visual
impairment, distal paresthesia, and erythromelalgia[43].

Multivariate analyses of CVRFs such as dyslipidemia, hypertension, diabetes, and smoking, which investigated the
impact on the occurrence of thrombosis in MPNs, have produced conflicting results. Some authors have reported that
these risk factors do not influence vascular complications in MPNs, while others propose that the existence of these risks
may elevate a low-risk patient to high-risk ED. In the recent International Prognostic Score of ET thrombosis score, the
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CVRFs mentioned above were independent variables influencing the rate of thrombosis[43,44]. However, data from a
Japanese ET registry that included 1232 subjects of whom 17.6% exhibited elevated LDL-C and 8.4% elevated TG concen-
trations, respectively, suggests that dyslipidemia is not a predictor of survival in ET, however, hypertriglyceridemia
significantly predicted thrombosis-free survival (HR = 3.018, 95%CI: 1.644-5.540; P < 0.001). Elevated LDL-C marginally
predicted (HR =1.722, 95%CI: 0.979-3.029; P = 0.059) thrombosis-free survival, which warrants investigating this potential
thrombotic risk factor in future assessments[45]. CVRFs also appear to be associated with recurrent thrombosis in ET (OR
= 3.148, 95%CI: 1.414-7.010; P = 0.005); however, the prevalence of dyslipidemia was similar between patients with/
without recurrent thrombotic events[46].

Interestingly, in a multicentric Italian cohort that recruited 816 subjects with PV of whom a number of 44 individuals
eventually progressed to secondary MF (post-VV), overweight and/or obese PV patients had reduced chances of
developing post-VV MF (HR = 0.38, 95%CI = 0.15-0.94; P = 0.04) and, in addition, experienced elevated survival rates (HR
= 0.42, 95%CI: 0.18-0.97; P = 0.04)[47]. However, it seems that MPN patients who also suffer from obesity show an
increased burden of symptoms and a reduced quality of life compared to normal weight MPN subjects[48]. This indicates
that the perception of people living with MPNs about their quality of life and total symptom burden is also modeled by
their cardiovascular comorbidities and increased symptom scores or reduced quality of life scores are not always
indicative of disease progression[48,17]. However, Aswad et al[49] reported that obesity does not impact the overall rate
of thrombotic events or recurrent thrombosis, nor the rates of arterial/ vein thrombosis or microvascular disturbances in
MPNs and that hereditary thrombophilia is more likely to contribute to the development of thrombotic complications
(OR =2.26; P = 0.007) and in particular arterial thrombosis (OR = 2.04; P = 0.046) vs CVRF[49].

Table 1 summarizes the most relevant findings regarding the interplay between dyslipidemia and/other metabolic
disturbances and thrombosis in MPNs.

MANAGEMENT OF DYSLIPIDEMIA AND METABOLIC SYNDROME IN MPNs AND IMPACT OF MPN
THERAPY ON THE LIPID PROFILE

Patients with MPNs often have dyslipidemia and MetS, making their management a clinical challenge that requires a
comprehensive and integrated approach. Dyslipidemia, characterized by an abnormal lipid profile, typically involves an
increase in TC, LDL-C, and TG levels, along with a decrease in HDL-C levels, respectively. Dyslipidemia can contribute to
the development of atherosclerosis and increase the risk of cardiovascular disease, and in patients with MPNSs, it can
trigger the onset of acute coronary syndromes[50,51].

In patients without MPNs, the treatment of dyslipidemia depends on lifestyle modifications, including diet
adjustments, increased physical activity, and weight reduction. Currently, pharmacotherapy, primarily with statins, that
is B-Hydroxy B-methylglutaryl-CoA reductase inhibitors, is used when lifestyle modifications are not sufficient. For most
patients, the goal is to lower LDL-C levels to less than 100 mg/dL, while those at very high cardiovascular risk may need
to target an LDL-C level of less than 70 mg/dL[52]. MetS is a cluster of metabolic conditions: elevated blood pressure,
central obesity, elevated serum TG, elevated fasting blood glucose, and low HDL-C levels. Each component
independently increases the risk of cardiovascular disease, type 2 diabetes, and all-cause mortality[53]. Treatment of MetS
involves primarily targeting its components through lifestyle modifications and pharmacotherapy, as required.

The American Diabetes Association and the American Heart Association have established specific goals for metabolic
control in patients with MetS. Targets include blood pressure less than 130/80 mmHg, fasting blood glucose less than 100
mg/dL, and hemoglobin levels A1C below 7.0%. Furthermore, the primary objective of treating dyslipidemia as part of
MetS is to reduce LDL-C; however, if TG is 200 mg/dL or greater, a secondary goal is to decrease non-HDL-C by 30% to
50% of the baseline of the patient[54].

In the context of patients with MPNs, these metabolic disorders pose unique challenges. JAK2 gene mutations, a
common feature in MPNs, can exacerbate metabolic dysregulation. These mutations are known to activate the JAK/signal
transducer and activator of transcription signaling pathway, leading to the proliferation of hematopoietic cells. JAK2 is an
essential component of the insulin receptor signaling pathway; upon binding of insulin to its receptor, JAK2 phosp-
horylates the insulin receptor, leading to downstream signaling events that facilitate glucose uptake[55]. Some studies
have demonstrated that carriers of JAK2 gene mutations show increased insulin, hypoglycemia, and adipose tissue
atrophy, reinforcing the link between this mutation and metabolic disorders[56]. Currently, there is growing evidence
that JAK2 gene mutations can lead to altered lipid metabolism due to increased metabolic demand[57,58].

Furthermore, MPNs are associated with a pro-inflammatory state, which could affect insulin sensitivity and lipid
metabolism through key homeostatic factors such as adiponectin, which warrants complete metabolic control[59].
Chronic inflammation is believed to contribute to the development of MetS through various mechanisms, including
dysregulated adipocytokine production, increased insulin resistance, and direct effects on lipid metabolism[60,61].

MPN-directed therapies can also influence the metabolic profile of these patients. Ruxolitinib, a JAK1/2 inhibitor, is
commonly used in the treatment of MPNs. This drug has been associated with weight gain and metabolic changes.
Weight gain associated with ruxolitinib is believed to occur due to blocking leptin signaling in the brain leading to
increased fat accumulation[62]. Furthermore, Mesa et al[63] detected elevated concentrations of TC and LDL-C in patients
treated with ruxolitinib compared to pretreatment levels of TC/LDL-C in the same patient cohort[63]. Ruxolitinib has
also been shown to increase systolic blood pressure after 72 wk of administration (P = 0.03)[64]. This underscores the need
for routine metabolic monitoring and personalized therapeutic strategies in patients with MPNs in such therapies. The
use of statins is beneficial in patients with MPNs. In a large population-based cohort study involving 876 patients with
ET, Podoltsev et al[65] demonstrated improved patient survival using statin therapy[65]. Furthermore, a nationwide
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Table 1 Relevant results on the interaction between dyslipidemia and other metabolic disturbances and thrombosis or other factors in

myeloproliferative neoplasm

Study

Ref.
sample

MPN subtypes Main findings

Pedersenetal 116728 Not specified | Apolipoprotein A1 (HR =1.59, 95%CI: 1.22-2.08; P < 0.001) = 1 risk of MPNs
[33]

Pedersenetal 116728 Not specified | HDL-C (HR = 1.66, 95%ClI: 1.22-2.26; P < 0.001) = 1 risk of MPNs

[33]

Zhang et al 1537 PV, ET, PMF 1 Rates of dyslipidemia in MPNs individuals with thrombotic events vs thrombosis-free (62.1% vs 37.9%; P

[34] <0.0001)

Garcia-Fortes 668 PMF, post-PV  Negative association of survival and dyslipidemia in MF (HR = 4.65, 95%CI: 3.11-6.95; P < 0.001)

et al[36] MEF, post-ET MF

Stein et al[38] 164 PV, ET, PMF Association of dyslipidemia and history of thrombotic events (OR = 2.31, 95%CI: 1.00-5.34; P = 0.05) in
JAK2V617F-positive MPNs

Gu et al[39] 567 PV CVREFs (including dyslipidemia) = predictors of thrombosis after MPN diagnosis (HR = 4.22, 95%ClI: 2.00-
8.92; P < 0.001)

Horvat et al 258 PV, ET, PMF Association between dyslipidemia and vascular events (OR = 3.5, 95%CI: 1.8-6.8; P < 0.001), arterial

[40] thrombosis (OR = 4.1, 95%ClI: 2.0-8.3; P < 0.001), venous thrombosis (OR = 1.5, 95%CI: 0.5-4.5; P = 0.330),
arterial thrombosis in ET (OR = 4.5, 95%Cl: 1.6-12.6; P = 0.006), and PMF (OR = 6.1, 95%Cl: 1.1-33.6; P =
0.046)

Furuya et al 580 ET 1 TG positively associated with thrombotic events in ET (HR = 3.530, 95%ClI: 1.630-7.643; P < 0.001)

[41]

Furuya et al 580 ET LDL-C concentrations marginally associated with vascular events in ET (HR = 2.191, 95%CI: 0.966-4.971; P

[41] =0.061)

Furuya et al 580 ET 1 TG = only CVREF associated with thrombosis in ET (HR = 3.364, 95%CI: 1.541-7.346; P = 0.002)

[41]

Furuya et al 580 ET TG 2106.19 mg/dL = | thrombosis-free survival in ET (HR = 2.592; P = 0.026)

[41]

Kostal et al 1142 PV, ET, PMF Hypertriglyceridemia not hypercholesterolemia = RF for cerebrovascular events (HR = 1.734, 95%CI: 1.162-

[42] 2.586; P = 0.008)

Kostal et al 1142 PV, ET, PMF Hypertriglyceridemia and not hypercholesterolemia = RF for cerebrovascular events in MPNs without

[42] cytoreductive treatment (OR = 2.265, 95%ClI: 1.188-4.318; P = 0.015)

Hashimoto et 1152 ET Hypertriglyceridemia predicts thrombosis-free survival (HR = 3.018, 95%ClI: 1.644-5.540; P < 0.001)

al[45]

Hashimoto et 1152 ET 1 LDL-C marginally predicts thrombosis-free survival (HR = 1.722, 95%CI: 0.979-3.029; P = 0.059)

al[45]

Benevoloetal 816 PV overweight/obese PV = | post-PV MF rates (HR = 0.38, 95%CI = 0.15-0.94; P = 0.04)

[47]

Benevolo etal 816 PV overweight/obese PV = 1 survival rates (HR = 0.42, 95%CI: 0.18-0.97; P = 0.04)

[47]

Christensen et 3114 PV, ET, PMF obesity + MPNs = 1 symptom burden & | QoL vs normal-weight MPNs

al[48]

CI: Confidence interval; CVRFs: Cardiovascular risk factors; ET: Essential thrombocythemia; HDL-C: High-density lipoprotein cholesterol; HR: Hazard
ratio; MF: Myelofibrosis; MPNs: Myeloproliferative neoplasms; OR: Odds ratio; PMF: Primary myelofibrosis; PV: Polycythemia vera; QoL: Quality of life;
RF: Risk factor; 1 increased/elevated; |: Reduced/decreased.

Danish case-control study demonstrated lower odds of being diagnosed with MPNs among statin users, alluding to the
possible anti-neoplastic mechanisms of statin drugs[66]. The intricate interplay between MPNs, dyslipidemia, and MetS
underscores the need for a comprehensive, multipronged approach to patient management. As our understanding of the
biological connections between these conditions expands, we can expect to refine our therapeutic strategies further,
ultimately improving patient outcomes.

Although the main objective of MPN treatment is to control the overproduction of one or more types of BCs, emerging
research has shown that MPN treatments can have unintended impacts on serum lipid concentrations of patients,
potentially leading to dyslipidemia and MetS[67]. Dyslipidemia, a condition characterized by an abnormal amount of
lipids in the blood, and MetS, a group of conditions including increased blood pressure, high blood sugar, excess body fat
around the waist, and abnormal TC or TG levels, have been increasingly reported as side effects of various MPN
treatments. These adverse effects can significantly affect the quality of life of patients, and if left untreated, they can
contribute to the development of cardiovascular disease, a leading cause of death among patients with MPNs[68]. An
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investigation led by Sung et al[69] reported that patients treated with ruxolitinib exhibited increased levels of LDL-C and
decreased levels of HDL-C, a lipid profile commonly associated with an increased risk of atherosclerotic cardiovascular
disease[69]. Interferon-alpha, another treatment prescribed for MPNs, has also been shown to induce changes in lipid
profiles. Sun et al[70] observed that treatment with pegylated interferon-alpha resulted in lower HDL-C levels in patients
with PV, supporting the hypothesis that interferon-alpha may lead to dyslipidemia and therefore increase cardiovascular
risk in MPN patients[70].

It is important to note that MPN patients are already at increased risk of thrombosis due to the nature of the disease
itself, and the addition of dyslipidemia and MetS can exacerbate this risk. The interplay between MPN treatment, lipid
metabolism, and cardiovascular risk is complex and multifaceted. For example, MPN treatments may influence MetS
development by inducing weight gain, a common side effect of JAK inhibitors such as ruxolitinib[62]. Furthermore,
patients with MPNs often present with inflammation, which can also contribute to dyslipidemia and MetS. Chronic
inflammation has been associated with insulin resistance, which is a key driver of MetS. MPN treatments such as
ruxolitinib have potent anti-inflammatory effects, but can also affect metabolic homeostasis, leading to adverse metabolic
effects[71].

Although these potential side effects are concerning, it is important to note that the benefits of MPN therapy, including
control of disease symptoms and improvement in survival, often outweigh these risks. However, these findings highlight
the need for regular monitoring of serum lipid profiles and metabolic parameters in patients undergoing MPN treatment.
They also emphasize the importance of lifestyle modifications, including diet and physical activity, to counteract these
potential side effects. It is crucial that clinicians consider the possible impact of MPN treatments on serum lipid concen-
trations, dyslipidemia, and MetS. By closely monitoring these parameters, early intervention and educating patients
about lifestyle changes, clinicians can help mitigate the risk of cardiovascular disease and improve the overall quality of
life for patients with MPNs.

MOLECULAR MECHANISMS COMMON IN DYSLIPIDEMIA, METS AND MPNs

Clonal hematopoiesis is the process of equipotential cloning of hematopoietic stem cells (HSCs) with the aim of providing
the body with a sufficient number of HSCs, therefore regulating the amount of its derivatives within the body[72,73]. The
process is similar to that of regular cell division. However, since gene replication is prone to errors due to DNA der-
angement and telomere shortening, the fact that cells with higher potency offer a larger range of expressed genes means
that any mutations within the replicated DNA will be expressed more frequently[73,74]. At the same time, telomere
shortening reduces the production of enzymes that delay cell senescence, apoptosis, and decrease susceptibility to genetic
mutations[75-78]. Researchers reported a correlation between telomere shortening and decline in stem cell function as
people age[75,76]. Another study inversely proved that mice overexpressing telomeres showed that mice with longer
telomeres had delayed aging and increased cancer resistance[79].

As cells are always exposed to the environment, they continuously accumulate oxidative stress throughout their life
[73]. Derangement may then be passed on to the next generation of cells: Causing transcription, translation, and
proofreading to fail during DNA synthesis. This perpetuates to form a cycle where cells live to continuously accumulate
derangements, only to be passed on later to the next generation of cells[73]. This explains why ‘degenerative” diseases
become more apparent as we age[73]. This process is called a somatic mutation, described as cellular level alteration in
somatic tissues occurring after fertilization that does not involve the germline and consequently does not carry on to the
offspring[80].

Exploring the root cause of DNA damage further, scientists have discovered that oxidative stress played a key role in
causing derangements of the molecular composition within amino acids that form the DNA chain[80,81]. Oxidative stress
occurs due to an imbalance between reactive oxygen and nitrogen species and antioxidants within the body[80-82]. It may
be obtained internally as a byproduct of metabolism (which includes pathogen-caused inflammation) and externally from
the environment. Eventually, these mutations can evolve from silent mutations into diseases deemed clinically significant
[80-82].

However, the occurrence of thrombotic events, particularly in young people, should warrant screening for blood
cancers and especially MPNs. Mayerhofer et al[83] highlighted that young individuals who experience episodes of stroke
display a three-times elevated prevalence of clonal hematopoiesis of indeterminate potential mutations and several suffer
from MPNs and eventually need of cytoreduction treatment. Furthermore, they defined that these patients express a
higher burden of atherosclerosis and an elevated carotid intima media thickness, reinforcing that there is pronounced
endothelial dysfunction in MPNs[83,84]. It is well known that dyslipidemia aggravates atherogenesis and is associated
with inflammation, oxidative stress, cytokines, and other molecular messengers to promote atherosclerosis, including in
subjects with MPNs[85-87]. We have learned from murine models that laboratory mice that express the JAK2V617F
mutation and suffer from dyslipidemia exhibit a myriad of aberrant molecular mechanisms that aggravate athero-
sclerosis, namely macrophage erythrophagocytosis, increased lipid peroxidation, p38 mitogen-activated protein kinase
signaling and concentrations of pro-inflammatory chemokines, RBC-derived microvesicles and cytokines, endothelial
damage, defective efferocytosis, inflammasome overactivation, ferroptosis, decreased levels of c-Mer tyrosine kinase, and
expansion of preleukemic HSCs[88-91]. ATP-binding cassette sub-family G member 1 and ATP binding cassette
subfamily A member 1, i.e. adenosine triphosphate-binding cassette transporters, N-acetyl cysteine, fedratinib, HDL-C,
and simvastatin seem to alleviate atherogenesis, myelopoiesis, and endothelial dysfunction in in vivo assessments of
JAK2V617F-positive mice[90,92,93]. These findings have been confirmed by investigations conducted in MPN subjects, as
Skov et al[94] pointed out that in MPNs, there is a dysregulation of several genes involved in the development of athero-
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sclerosis, for example downregulation of B-cell lymphoma 2 (Bcl-2) and upregulation of matrix metalloproteinase 1, Bcl-2-
like protein 1, thrombospondin-4, and prostaglandin-endoperoxide synthase 1 is in PV, ET, and PMF[%4]. Moreover,
elevated variant allele frequencies of JAK2V617F and neutrophil-to-lymphocyte ratios are associated with notable inflam-
mation, arterial stiffness, and atherosclerosis in MPNs[95-97]. Furthermore, in subjects with atherosclerosis, dyslipidemia
is associated with increased concentrations of platelet-derived growth factor and other cytokines which are molecules
known to stimulate proliferation of myeloid cells, and peripheral arterial disease, a vascular complication driven by lipid
abnormalities and atherogenesis, has been shown along with atrial fibrillation to be a notable predictor of thrombotic and
bleeding complications, as well as death in MPNs[98,99]. Thus, the crosstalk between dyslipidemia, inflammation, and
oxidative stress may stimulate a process of accelerated atherosclerosis in MPNs and eventually results in higher rates of
thrombotic and, in some cases, hemorrhagic complications in these hematological malignancies (Figure 1)[100].

Dyslipidemia

Oxidative stress
CHIP
Inflammation

Somatic mutations
(JAK2V617F)
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Figure 1 Schematic representation of the interplay among dyslipidemia, atherosclerosis, and myeloproliferative neoplasms, with a focus
on the main pathogenetic mechanisms that drive the development of atherosclerosis. CHIP: Clonal hematopoiesis of indeterminate potential; HSC:
Hematopoietic stem cells; MPNs: Myeloproliferative neoplasms.

CONCLUSION

Lipid abnormalities trigger the development of atherosclerosis and work together with oxidative stress, inflammation,
genetics, and a conundrum of molecules to increase the risk of thrombosis in MPNs. In addition, several drugs used in the
treatment of these blood cancers, such as ruxolitinib or interferon-alpha, may alter the lipid profiles of MPN subjects.
Thus, the interaction between dyslipidemia and MPNs appears complex and requires in-depth research in future studies
that should evaluate the impact of dyslipidemia as a unique and potentially deleterious CVRF in these hematologic
malignancies.
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Abstract

The advancement of renal replacement therapy has significantly enhanced the
survival rates of patients with end-stage renal disease (ESRD) over time. How-
ever, this prolonged survival has also been associated with a higher likelihood of
cancer diagnoses among these patients including breast cancer. Breast cancer
treatment typically involves surgery, radiation, and systemic therapies, with ap-
proaches tailored to cancer type, stage, and patient preferences. However, renal
replacement therapy complicates systemic therapy due to altered drug clearance
and the necessity for dialysis sessions. This review emphasizes the need for opti-
mized dosing and administration strategies for systemic breast cancer treatments
in dialysis patients, aiming to ensure both efficacy and safety. Additionally, ch-
allenges in breast cancer screening and diagnosis in this population, including
soft-tissue calcifications, are highlighted.
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Core Tip: Optimizing systemic breast cancer therapy in dialysis patients requires tailored approaches due to altered drug
clearance and dialysis sessions’ necessity. This review emphasizes the significance of optimizing dosing and administration
strategies, ensuring both efficacy and safety. Challenges in breast cancer screening, including soft-tissue calcifications, are
highlighted, underlining the necessity for precise diagnostic strategies in this population. Furthermore, nuanced und-
erstanding and guidelines are imperative to navigate the complexity of oncological treatment in dialysis patients, ultimately
enhancing patient outcomes.
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INTRODUCTION

The number of patients with end-stage renal disease (ESRD) worldwide has increased rapidly over the past few decades.
With the development of renal replacement therapy, patients with ESRD have had improved survival with time[1], which
increased their likelihood of being diagnosed with various cancers over time and increased the incidence of various
malignancies in this population[2-5]. In a study conducted in northeastern Italy, the risk of developing de novo mali-
gnancies was 1.3 times greater in the dialysis group than in the general population. This increased risk was particularly
notable for certain types of cancer, including nonmelanoma skin cancer, kidney cancer, oral cavity cancer, and Kaposi’s
sarcomal6].

Breast cancer is the most common cancer worldwide[7]. Some studies have shown an increased risk of breast cancer in
dialysis patients[8]. According to the United States Renal Data System, in the years 1996-2009, 3552 women on he-
modialysis (HD) were diagnosed with breast cancer, which is 42% higher incidence than in the general population[5]. A
prospective cohort study with a median follow-up time of 12.8 years explored cancer mortality instead of incidence.
Compared with participants with an estimated glomerular filtration rate (eGFR) > 60 mL/min/1.73 m? the hazard ratio
(HR) for breast cancer death for women with an eGFR < 60 mL/min/1.73 m? was 1.99 (95% confidence interval: 1.05- 3.85;
P =0.01) after adjusting for age, smoking status, and employment status. This increase in mortality was attributed to a
few different reasons. First, patients with ESRD often have multiple other medical comorbidities, the management of
which can lead to route cancer screening not being a priority. Second, adjusting the dose of cytotoxic agents for patients
with reduced kidney function can be challenging, and therefore, treatment can be suboptimal. Third, patients with ESRD
may have more aggressive breast cancer, given the state of chronic inflammation induced by continuous exposure to
oxidative stress (leading to tumor proliferation) and uremia (accentuating mitogenesis)[9]. Although ESRD has not been
proven to be a risk factor for breast cancer, it has a significant impact on its therapy because it drastically changes the
pharmacokinetics of cytotoxic drugs and other systemic agents used in breast cancer treatment.

Surgery, radiation, and systemic therapies are the mainstay of the treatment of breast cancer. The specific treatment
approach is usually tailored based on the type and stage of cancer, the patient’s health status, and personal treatment
preferences. Surgical intervention in breast cancer management is primarily focused on the excision of malignant tissue,
and it can be preceded or followed by chemotherapy, radiation therapy, or both. Radiation therapy employs potent
energy beams to destroy or inhibit cancer cell growth and encompasses external and internal radiation therapy[10].
Systemic therapies are designed to target cancer cells throughout the body and can be administered as adjuvant,
neoadjuvant, or palliative treatment. The primary categories include chemotherapy, hormone therapy [used in estrogen
and progesterone receptor (PR)-positive cancers], anti-human epidermal growth factor receptor 2 (HER2) therapy, cyclin-
dependent kinase 4/6 (CDK4/6) inhibitors, poly ADP-ribose polymerase (PARP) inhibitors, and immunotherapy[11,12].
When treating breast cancer patients with ESRD, renal replacement therapy does not limit the utility of surgical treatment
and radiotherapy; however, it significantly impacts systemic therapies due to the reduction or loss of renal clearance of
drugs and their metabolites and their elimination during dialysis sessions. This alteration of pharmacokinetics sig-
nificantly affects the dosage and timing of administration of these drugs in dialysis patients.

The purpose of this review is to highlight current knowledge on systemic treatments used in the adjuvant, neo-
adjuvant, and palliative treatment of breast cancer in dialysis patients. It highlights the existing research on reco-
mmended dose modifications and timing of these medications” administration about dialysis in this specific group of
patients to guarantee the most effective and safe treatment of breast cancer. It also sheds light on the challenges faced in
breast cancer screening and diagnosis in this population due to soft-tissue calcifications.

IMPLICATIONS OF SOFT-TISSUE CALCIFICATIONS IN ESRD ON BREAST CANCER SCREENING

Patients with chronic kidney disease (CKD) and ESRD are known to develop soft-tissue calcifications in multiple tissues,
including the breast, mainly secondary to hyperparathyroidism[13-15]. This can pose challenges in breast cancer sc-
reening in this population. They often develop vascular calcifications, which may be dense areas on mammograms and
mimic the appearance of breast microcalcifications, making distinguishing between benign and malignant findings
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difficult. This may lead to false positive or false negative findings in breast cancer screening in this population. False
positives can result in unnecessary workups and interventions, while false negatives may lead to delayed diagnosis and
treatment[16-18]. The investigation of this issue is critical in order to provide high-quality, precise breast care to women
with CKD or ESRD, yet there is currently little evidence available.

Studies have shown that breast vascular calcifications increase with the progression of CKD[19]. However, data on the
morphological characteristics of breast calcifications in this population, the incidence of benign vs malignant calcific-
ations, and their clinical implication are limited. Castellanos ef al[20] reviewed the mammograms, traced the rec-
ommended workup of women on HD, and compared it to that of women with normal renal function. The incidence of
calcifications was higher in HD patients but was attributed mainly to benign calcification patterns. Vascular calcification
was the most common pattern in both groups when comparing the categories of benign calcifications. At the same time,
HD patients were likelier to have other calcification patterns, including parenchymal spherical and lucent calcification
patterns. However, even when comparing the incidence of calcifications commonly considered to be associated with
malignancy (BI-RADS 4 and 5) prompting biopsy, patients on HD had significantly higher incidence and a greater
probability of being recommended for biopsy.

Further studies with a large sample size are recommended to investigate the incidence, morphologic characteristics,
and clinical implications of breast calcifications in HD patients to direct screening and biopsy recommendations in this
population. At this time, mammography remains the gold standard for screening breast cancer in women on dialysis.
Clinicians managing these patients should be aware of the increased incidence of calcifications and the risk for further
workup and interventions in these patients.

SYSTEMIC THERAPIES

In the context of treating breast cancer in patients with ESRD on HD, the selection and administration of chemothera-
peutic agents are marked by a significant degree of complexity and confusion. This stems mainly from the altered
pharmacokinetics in these patients, necessitating careful consideration of drug metabolism and renal clearance. The
decision-making process is further complicated by the need for potential dose adjustments and the impact of renal
function on drug efficacy and toxicity. While hormone therapies and other systemic treatments offer additional options,
their use in the ESRD population also requires a nuanced understanding of their interaction with renal dysfunction. The
current scenario highlights a critical need for more comprehensive research and precise guidelines to navigate the
intricacies of oncological treatment in this unique patient group. This would enable healthcare providers to optimize
therapy, balancing efficacy and safety and ultimately improving patient outcomes in breast cancer patients undergoing
HD.

Hormone therapies

Approximately 20%-30% of breast cancers express hormone receptors, including estrogen receptors (ERs) and PRs.
Hormone receptor-positive breast cancers depend on these hormones for growth and spread. Various hormone therapy
agents are used to treat these hormone receptor-positive breast cancers. However, prescribing these agents for dialysis
patients is unique because of alterations in drug metabolism and the high pill burden often associated with dialysis.

Tamoxifen

Tamoxifen is a selective ER modulator that works by inhibiting estrogen’s action on breast cancer cells. It is often used for
premenopausal women or those with contraindications to aromatase inhibitors (Als). The CYP2D6 and CYP3A4 enzymes
metabolize tamoxifen into more potent metabolites[21]. The drug avidly binds (95%) to proteins and has high lipo-
philicity. It is metabolized by cytochrome P450 enzymes in the liver, forming 4-hydroxy tamoxifen and N-desmethyl-
tamoxifen. Approximately 60 % of the drug is excreted unaltered in feces and 9%-14% in the urine. The plasma level of
tamoxifen remains constant for 3-4 weeks when it is daily dosed at 20-40 mg once a day. It is noted that the half-life of the
drug is 5-7 days, while the metabolite N-desmethyl tamoxifen needs 13 days to be cleared from the body[22]. The study
by Langenegger et al[23] described that the use of tamoxifen in an HD does not need any dose adjustments. The plasma
concentration of the drug was similar in HD patients compared to non-HD patients. It is advisable that due to the drug’s
high lipophilicity, it should be administered before the HD session. However, concomitant medications used in dialysis
may inhibit these enzyme systems, leading to reduced efficacy of tamoxifen. Close monitoring is required if this approach
is used in dialysis patients.

Als

This group of drugs includes anastrozole, letrozole, and exemestane. These drugs work by suppressing estrogen pro-
duction and achieving the estrogen deprivation state in a postmenopausal woman. Als are preferred over tamoxifen for
treating postmenopausal women with hormone receptor-positive breast cancer[24].

Anastrozole is a common drug for breast cancer in early and metastatic cancer stages. It is 40% bound to plasma
proteins. The liver is responsible for 85% of its metabolism and excretes into feces, but only 11% of the total drug is
excreted by the kidneys. The study by Langenegger et al[23] mentioned that the half-life of the drug is 41 hours. Ac-
cording to the same study, the serum concentration of anastrozole in patients on HD is similar to those seen in patients
with normal renal function. Therefore, it does not need any dose adjustment in patients with HD. However, due to low
molecular mass and strong affinity for plasma proteins, it is advisable to take the drug after an HD session.
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Exemestane avidly binds to proteins (90%) and is inactivated by the liver, which means the metabolites are not
biologically active. It is noted that only a small portion of the drug, which accounts for 1%, is excreted unaltered in the
urine. For individuals with creatinine clearance (CC) below 30 mL/min, the extent of exemestane absorption, shown by
the area under the curve (AUC), is twice as much as that in individuals with normal kidney function. There are no sp-
ecific guidelines on the administration and safety of this medication for patients with a GFR below 30 mL/min/1.73 m?,
including patients on renal replacement therapies. Therefore, dose adjustments for patients with CKD are not
recommended, but extreme caution is advised when administering the drug to patients undergoing dialysis. It is pre-
ferable to avoid the drug and use other alternative options if available; otherwise, exemestane should be used as a last
resort in that scenario[25].

Similarly, letrozole, an Al, is changed into its inactive metabolite (carbinol) in the liver by (isoenzymes: 3A4, 2A6 of
cytochrome P450)[23]. The characteristics of the drug show that it does not need any dose adjustment for patients with
CKD and CC greater than 30 mL/min. There is no data on patients with CC < 30 mL/min. There is a single clinical report
on a patient treated with Letrozole and lapatinib for breast cancer on HD; the therapy was well tolerated without ad-
justing the dosage[26].

Fulvestrant

Fulvestrant is another ER-directed agent that works differently from tamoxifen or Als. It is a selective ER down regulator
with no agonist effects. It is highly bound to plasma lipoproteins (99%), is metabolized very slowly in the liver via the
same pathways as endogenous steroids, and is excreted into feces[27]. Although CYP3A4 metabolizes fulvestrant,
pharmacokinetic studies have shown that dialysis patients may not require dose adjustments. The biological half-life of
the drug is estimated to be 40 days. No data on the drug’s safety and pharmacokinetics in dialysis patients is available.
Due to the limited role of the kidney in its elimination process, the drug can be used in ESRD patients on HD in un-
changed doses. Hence, this approach may benefit patients unsuitable for other hormone therapies[28].

Megestrol acetate

Megestrol acetate is a synthetic progestin that has anticachectic as well as antineoplastic effects and is used in the
treatment of advanced breast cancer with disease progression[29]. The drug has high affinity to bind albumins and there
is limited role of the kidneys in its excretion process. The liver slowly metabolizes the drug, and its metabolites are
excreted into feces. Megestrol acetate has been evaluated in numerous trials for its safety in dialysis patients and it can be
used in the therapy of metastatic breast cancer in this population[30].

CDK 4/6 inhibitors

More recently, CDK 4/6 inhibitor drugs such as (palbociclib, ribociclib, and abemaciclib) have been introduced for
hormone receptor-positive metastatic breast cancers. These agents enhance the efficacy of antiestrogen drugs. These
drugs undergo significant hepatic metabolism via CYP3A enzymes. All the CKD 4/6 inhibitors are protein-bound
molecules metabolized in the liver by cytochrome P450 isoenzymes and are excreted into feces. Although no studies are
available yet, according to the drug’s pharmacokinetics, there is no need to reduce the dose of the drug in CKD/ESRD
patients on HD. On the contrary, these drugs may have some nephroprotective effects by inhibiting the CDK4/6 pathway
and have been shown to decrease kidney injury caused by cisplatin[31]. It is essential to mention that in approximately
40% of the individuals, abemaciclib is associated with a reversible increase in serum creatinine concentration greater than
50% over the baseline levels[32]. The drug inhibited renal tubular secretion of creatinine without changes in the measured
GEFR and the structural markers of kidney tubular injury[33].

CHEMOTHERAPEUTIC AGENTS
Cyclophosphamide

Cyclophosphamide (CTX), a frequently utilized chemotherapeutic drug, affects various cell functions. Its therapeutic
efficacy is contingent upon metabolic activation, predominantly in the liver. This activation is facilitated by P450
isoenzymes, which convert P450 into its active derivatives, phosphoramide mustard, which contributes to cancer-fighting
capabilities, and acrolein, which is known for its toxicity and potential link to bladder cancer[34]. Notably, the ability of
CTX to suppress immune functions, including reducing lymphocyte counts and inhibiting the activity of both T cells and
B cells, accounts for its application in treating certain autoimmune disorders and preventing organ rejection in transplant
recipients.

Approximately 50% to 70% of CTX is excreted by kidneys within 48 hours, with approximately 32% expelled in its
unchanged form. The exploration of CTX in patients undergoing dialysis has been limited, yet some noteworthy
examples exist in the literature. For example, a case study reported a 48-year-old woman with breast cancer who was
receiving HD[35]. The study revealed that the peak plasma concentration of CTX was approximately 49 pg/mL and the in
vivo half-life of the drug extended to 67 hours. Based on these findings, it is evident that CTX is dialyzable and, as such,
should preferably be administered post-HD sessions or on days when dialysis is not scheduled. In another study, CTX
was administered intravenously at a dose of 0.5-1 g/m? for 1 hour in HD patients; an HD session was done 7 hours after
administration. Mean CTX clearance was moderately lower in HD patients than in patients with normal renal function.
The AUC was increased in HD patients. Thus, it is necessary to reduce the dose of CTX by 25% in HD patients[36].
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Two-drug regimen: AC/EC

Anthracyclines, particularly doxorubicin (doxorubicin; also known as adriamycin), function as antibiotics that interfere
with DNA by disrupting topoisomerase-II activity and generating free radicals. These processes hinder DNA replication
and transcription, ultimately leading to cellular death. A known side effect of doxorubicin is cardiotoxicity, necessitating
regular monitoring through echocardiography for patients receiving this treatment.

The regimen is typically administered every two to three weeks over several cycles, and the frequency and duration of
the anthracycline regimen, including doxorubicin, depends on multiple factors, such as the stage and specific type of
breast cancer. Research on the pharmacokinetics of doxorubicin in patients with renal insufficiency is sparse, presenting
challenges in understanding its efficacy and safety in this population. Both doxorubicin and its primary active metabolite
doxorubicinol are cleared renally.

Its efficacy is enhanced by its ability to target cancer cells via diverse mechanisms, increasing potential side effects. For
patients undergoing HD, there are specific guidelines for the anthracycline regimen, particularly for patients receiving
doxorubicin. A reduction in the doxorubicin dose of 20%-25% is generally considered safe for patients with CKD/ESRD,
including those receiving HD treatment. In dual-drug regimens for HD patients, administering these medications on
nondialysis days is advised to ensure optimal treatment efficacy and safety[37].

Paclitaxel and docetaxel

Paclitaxel and docetaxel, which are part of the taxane family of chemotherapeutic drugs, are utilized in treating a variety
of cancers, such as breast, ovarian, lung, and prostate cancer. Paclitaxel’s mode of action involves stabilizing cellular
microtubules, which are crucial for cell division, thereby inducing cell death, particularly in fast-dividing cancer cells[38].
A notable side effect of paclitaxel is peripheral neuropathy, characterized by numbness and pain. Additionally, it can
cause neutropenia, hair loss, and hypersensitivity reactions, the latter often linked to its formulation. Both drugs strongly
bind to proteins such as albumin and alpha-1-glycoprotein. These drugs are metabolized predominantly in the liver via
the cytochrome P450 system, followed by excretion primarily into the bile and, to a lesser extent, in the urine[39].

Studies indicate that the pharmacokinetics of a standard dose of paclitaxel (135 mg/m? administered over three hours
intravenously) in patients on HD mirrors those with normal renal function[40]. These findings suggested that renal
function does not significantly impact the elimination of the drug. The typical dosage for breast cancer treatment with
paclitaxel is 80 mg/m? administered weekly. Additionally, docetaxel has shown good tolerability in a 72-year-old patient
with prostate cancer undergoing HD[41]. Furthermore, Watanabe et al[40] reported the safe and practical application of
paclitaxel in a 40-year-old woman on HD.

Gemcitabine

Gemcitabine, a key chemotherapeutic drug, is crucial in the treatment of various solid tumors, including breast cancer. It
functions as a deoxycytidine analog and disrupts DNA synthesis. This disruption occurs when gemcitabine integrates
into DNA during the S phase of the cell cycle, leading to an interruption in the DNA chain. Metabolically, gemcitabine is
transformed into active forms, namely, diphosphate and triphosphate nucleosides[42]. The diphosphate form is essential
because it inhibits ribonucleotide reductase, an enzyme critical for synthesizing deoxyribonucleotides. Inhibiting this
enzyme via gemcitabine leads to a reduced pool of deoxynucleotides, thus hindering DNA synthesis. This sequence of
events triggers apoptosis in cancer cells. The drug’s effectiveness is also augmented by a self-enhancing mechanism that
increases its uptake into cells and integration into DNA, mainly by inhibiting ribonucleotide reductase.

Regarding metabolic processing, gemcitabine primarily undergoes processing in the liver, with limited renal in-
volvement, as only a minor portion is bound to plasma proteins and undergoes renal filtration. In conjunction with HD,
the kidneys facilitate the removal of the primary nontoxic metabolite difluorodeoxyuridine. Significantly, in patients with
CKD and ESRD, administering gemcitabine at doses up to 1200 mg/m? did not differ in toxicity or pharmacokinetics
compared to that in individuals with normal renal function, indicating that adjusting the dosage for CKD/ESRD patients
on HD may not be essential[43].

Carboplatin

Carboplatin, a chemotherapeutic agent that is a platinum compound, is extensively utilized in treating numerous cancer
types, including breast cancer. It resembles cisplatin but is differentiated by its unique toxicity profile. The primary
anticancer action of carboplatin involves the formation of crosslinks within DNA, thereby disrupting both DNA re-
plication and transcription processes, which is particularly effective against rapidly multiplying tumor cells. This agent’s
impact is not limited to a specific phase of the cell cycle, allowing it to affect cancer cells at various stages of growth. It is
notably efficacious in the treatment of triple-negative breast cancer (TNBC), a subtype devoid of estrogen, progesterone,
and HER2/neu receptors[44].

Carboplatin is administered intravenously and remains unbound mainly in the bloodstream initially but predom-
inantly binds to proteins within 24 hours. Approximately 55%-70% of the drug is eliminated by the kidneys within the
first 24 hours[44]. Carboplatin is considered safe for individuals with a CC above 20 mL/min, although dosage adju-
stments are required when the CC is less than 60 mL/min to avoid myelotoxicity[45]. In cases of renal impairment, the
Calvert formula is typically used for dosage calculations, aiming for a specific AUC[46]. Although not standard practice,
dialysis patients may receive reduced carboplatin doses. The AIOM guidelines recommend adjusting an AUC x 25 mg
dosage for HD patients[37].

To ensure efficient removal, HD and peritoneal dialysis (PD) should be carried out within 12-18 h after carboplatin
infusion before binding to proteins, decreasing dialysis. Research by Hiraike et al[47] showed that standard doses of
carboplatin, as per the Calvert formula, maintain predictable pharmacokinetics if HD is initiated one hour after adminis-
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tration. In PD patients, such as those undergoing continuous ambulatory PD, approximately 20% of carboplatin is
removed via dialysate, and its half-life is extended compared to that of patients with normal kidney function[48].
Although ideally administered on dialysis days just before the session, current protocols often suggest giving carboplatin
on non-dialysis days for logistical reasons[37].

Fluorouracil

5-fluorouracil (5-FU), a molecular entity weighing 130 Da, is a pyrimidine antimetabolite used in chemical treatment. The
mechanism of action of 5-FU lies in its structural resemblance to uracil and thymidine, fundamental elements of RNA and
DNA. It undergoes metabolic conversion into substances interrupting RNA and DNA synthesis[49]. A key metabolite,
fluorodeoxyuridine monophosphate, inhibits explicitly thymidylate synthase, which is crucial for synthesizing the
thymidine necessary for DNA replication. This inhibition results in a thymidine deficit, disrupting DNA synthesis and
leading to the death of rapidly multiplying cancer cells. Simultaneously, the presence of 5-FU metabolites in RNA affects
standard RNA processing. Despite its efficacy in cancer treatment, 5-FU has a range of side effects. Myelosuppression is
frequently observed, which can lead to reduced blood cell counts and increased risks of infection, anemia, and bleeding.
Gastrointestinal discomfort, such as nausea, diarrhea, and mucositis, are other common side effects. Cardiotoxicity,
manifesting as chest pain or irregular heartbeats, and neurotoxic symptoms such as confusion or lack of coordination are
also associated with 5-FU therapy.

Its half-life averages approximately 16 minutes when administered intravenously, although this can vary depending
on the administered dose. Notably, a mere 15% of the administered 5-FU is eliminated via the urine in its original form. In
the context of end-stage kidney disease (ESKD), the standard protocol involves administering 5-FU doses after HD
sessions or on days without dialysis, considering the modified excretion patterns in such patients. Given these potential
adverse effects, careful monitoring and dosage adjustments are imperative to ensure a safe balance between the drug’s
effectiveness and patient well-being, particularly in those with impaired renal function[50].

Capecitabine

Capecitabine, with a molecular weight of 359.3 Da, is a precursor to 5-FU. Expanding on this mechanism, Capecitabine is
metabolized in the liver and converted into 5-FU at the tumor site through a three-step enzymatic process. The enzyme
thymidine phosphorylase facilitates the final step and is more abundant in tumor cells than in normal cells, allowing
targeted drug action. The active form, 5-FU, subsequently inhibits thymidylate synthase, disrupting DNA synthesis and
repair and leading to cancer cell death. Capecitabine is a targeted cancer treatment, but it can also result in several side
effects. Apart from the myelosuppression above and gastrointestinal disturbances, patients might experience alopecia,
dermatological reactions, and, in some cases, cardiotoxicity, which necessitates careful dose management and vigilant
medical supervision. Such side effects underscore the importance of individualized treatment planning, especially for
patients with compromised renal function[51].

This prodrug is processed and excreted mainly through renal pathways, with 96% of its dosage identifiable in the
urine. The utilization of capecitabine in patients with advanced CKD or ESKD, particularly those undergoing HD, has
been explored in limited clinical studies. One notable investigation by Jhaveri et al[52] included 12 participants with
severe CKD or ESKD (with a CC less than 30 mL/min), among whom two received HD and were administered ca-
pecitabine. This cohort exhibited minimal toxicity, indicating the relative safety of the drug. For ESKD patients, the
regimen typically involves a dosage reduction to approximately 55% of the standard amount. Despite such dose
modulation, patients showed a favorable response to the treatment. The research also examined the pharmacokinetics of
capecitabine, recommending a 50% reduction in dosage for similar patients[52]. Given the lack of data and the need for
dosage adjustments, stringent monitoring of adverse effects such as myelosuppression, hand-foot syndrome, and
diarrhea is imperative after the commencement of treatment.

Methotrexate

Methotrexate (MTX) operates by targeting and inhibiting the enzyme dihydrofolate reductase, which is crucial in the folic
acid metabolic pathway. This pathway is essential for producing the building blocks of DNA and RNA, such as purines
and pyrimidines. By blocking dihydrofolate reductase, MTX reduces tetrahydrofolate, disrupting DNA, RNA, and
protein synthesis. This disruption mainly affects rapidly dividing cells, such as cancer cells. In addition to its use in
treating cancer, MTX is also used for treating certain autoimmune conditions due to its ability to diminish inflammatory
responses[53].

The broad action of MTX on cell division also accounts for its side effects. These include gastrointestinal discomfort,
manifesting as nausea or vomiting, mucositis, or inflammation of the mucous lining. Its impact on the bone marrow can
lead to myelosuppression, resulting in diminished blood cell production and elevated risks of infection, anemia, and
bleeding complications. Prolonged usage might contribute to liver damage, as indicated by increased liver enzymes, and
potentially advance to fibrosis or cirrhosis in severe instances. Although less frequent, pulmonary issues such as breath-
lessness or persistent cough can signify pulmonary toxicity. Renal effects are also noteworthy, particularly at higher
dosages, as they can cause an accumulation of the drug, heightening its toxic effects. This necessitates vigilant monitoring
and potential dose modifications, especially in individuals with renal challenges[53].

MTX, with a molecular weight of 454.4 Da, is a derivative of folic acid and is an antimetabolite. Its elimination is
primarily renal-based and depends significantly on the administered dose and the method of administration. When given
intravenously, approximately 90% of MTX is excreted unchanged from the body within the first day, and less than 10% is
biliary excreted. With the aid of aldehyde oxidase, the liver produces the significant metabolite 7-hydroxy MTX. For
patients receiving lower doses of MTX (under 30 mg/m?), the drug’s half-life in the final elimination phase ranges from 3

Buissidengs WICO | https:/ /www.wjgnet.com 735 June 24,2024 | Volume15 | Issue6 |



Khan S et al. Therapy in breast cancer with ESRD

to 10 hours. However, this extends to 8 to 15 hours in those receiving higher doses. The interaction of MTX with other
drugs that target other excretion pathways can elevate its serum concentrations. Notably, nonsteroidal anti-inflammatory
drugs can affect the renal clearance of MTX, potentially leading to increased toxicity. High-dose MTX, which is used in
hematology (up to 6 g/day), can cause adverse drug reactions (ADRs), such as hematuria and acute kidney injury. MTX
metabolites may crystallize in the renal tubules during therapy. To counter this, strategies such as intensive hydration
and urine alkalization (targeting a pH of 6.5-7.0) are employed, for instance, using sodium bicarbonate or acetazolamide,
less preferably in CKD. Acute renal failure, a risk factor particularly at doses exceeding 1000 mg/m?, can impair MTX
elimination, exacerbating ADRs, the likelihood of which increases with dosage[54].

In breast cancer therapy (such as the CMF regimen), the MTX dose is generally lower. However, cases such as the one
reported by Langleben et al[55] show severe toxicity after initial administration in breast cancer treatment. Reducing this
toxicity may be achieved through high-flux dialysis conducted daily[56]. In patients with ESKD, the use of MTX is
advised against if alternatives are available. In HD patients, a 75% dose reduction is recommended[37].

Anthracyclines

The guidelines from the National Comprehensive Cancer Network (NCCN), European Society for Medical Oncology, and
American Society of Clinical Oncology suggest that patients who have ER+/PR+/HER2+ invasive breast cancer and
positive lymph nodes should undergo an adjuvant chemotherapy regimen that includes anthracycline and CTX, followed
by taxanes and trastuzumab (AC to TH)[36]. The anthracyclines commonly used in breast cancer chemotherapy include
doxorubicin and epirubicin[57].

The production of hydroxyl free radicals by anthracyclines is linked to both anticancer properties and potential harm to
healthy tissues. The primary adverse effects that limit the dosage of anthracyclines include acute myelosuppression and
cumulative dose-related cardiotoxicity. Cardiomyopathy induced by anthracyclines is often irreversible, potentially
leading to clinical congestive heart failure[58]. Doxorubicin and epirubicin are removed mainly by the liver and, to a
lesser degree, are excreted by the kidneys (15% and 10%, respectively)[59]. Data on the pharmacokinetics of doxorubicin
in patients with renal insufficiency are currently limited[41]. Since doxorubicin and its primary active metabolite,
doxorubicin, are not predominantly excreted, the dose of doxorubicin should not be modified in renal insufficiency
patients[60].

Although the AUCs of doxorubicin and doxorubicin are greater in renal insufficiency patients than in patients with
normal renal function, the half-lives of these two compounds are the same in both patient groups[61]. Therefore, dose
reduction of doxorubicin in dialysis patients is not recommended[37]. There are currently limited data on epirubicin
pharmacokinetics in ESRD patients on HD. Although dose reduction should be considered in patients with a CC < 30
mL/min, studies on the effectiveness of a reduced dose are limited[59]. A case report presented by Gori et al[62]
described a patient with early breast cancer on HD who tolerated epirubicin without any adverse effects, including
leukopenia, thrombocytopenia, or cardiotoxicity.

Cisplatin

Cisplatin belongs to platinum drugs that alkylate DNA by forming platinum-DNA adducts, leading to DNA damage,
G1/S arrest, and apoptosis[63]. Cisplatin is not routinely used for breast cancer treatment, and the feasibility of cisplatin-
based regimens has been confirmed in non-breast cancer patients. There is currently no data concerning the safety and
efficacy of cisplatin in dialyzed breast cancer patients[59]. However, cisplatin can be an effective therapy for hereditary
BRCA-1-mutated breast cancer and sporadic TBNC because they share features suggesting common pathogenesis[64].
Despite not being a standard therapeutic option for TBNC at present, there is growing interest in the potential of
cisplatin, with 22 active clinical trials investigating its use, either as a standalone therapy or in combination with other
treatments[65]. Although cisplatin has been available for more than 40 years, we are still struggling with severe dose-
limiting side effects, particularly nephrotoxicity, which can affect dosing in approximately 30%-40% of patients[66]. The
nephrotoxicity caused by cisplatin is dose-dependent, and the renal failure it induces, typically manifesting as acute
tubular necrosis, is often reversible[13]. However, there are case reports in which patients developed permanent renal
failure after the use of neoadjuvant cisplatin[67]. Cisplatin is predominantly eliminated through the kidney (approx-
imately 90%)[37]. Although the use of cisplatin in patients with CKD should be avoided, it may still be used for patients
with ESRD on dialysis[59]. Dose adjustments must be made in patients with ESRD on dialysis due to Cisplatin’s ability to
form solid and irreversible bonds with plasma proteins[37]. Tomita ef al[68] recommended dose adjustment and adminis-
tration immediately before dialysis sessions. In contrast, since the rapid elimination of free cisplatin during dialysis is not
compensated by the portion of the drug complexed with protein, Janus et al[41] recommend administering a reduced
dose of 25%-50% after dialysis.

Vinorelbine
Vinorelbine is an antimitotic anticancer agent, and its primary mechanism of action is related to the inhibition of mic-
rotubule dynamics, leading to mitotic arrest and cell death[69]. Combination chemotherapy comprising vinorelbine and
doxorubicin has demonstrated effectiveness in treating advanced breast cancer, yielding response rates between 57% and
74% when used as first-line therapy[70]. The drug is eliminated mainly through the liver; only 8% of the administered
dose is recovered unchanged from the urine. Vinorelbine is mainly eliminated through the liver, with only 8% of the
administered dose recovered unchanged from the urine[71].

However, the superior efficacy of paclitaxel and docetaxel has led to taxane and anthracycline-based chemotherapies
becoming the standard first-line treatment for metastatic breast cancer[70]. Janus et al[41] recommended reducing the
initial dose of vinorelbine to 20 mg/m?/week. The pharmacokinetic data associated with vinorelbine in HD patients have
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not been studied; therefore, administering vinorelbine after HD sessions or on non-dialysis days is recommended.

HER-2 BASED THERAPIES

Approximately 20% of early breast cancers express HER2, and more than half of these patients are expected to progress
without HER2-targeted therapy[72]. HER2-directed therapies have improved survival.

Anti-Her2 monoclonal antibodies and conjugates

Trastuzumab: Trastuzumab is a recombinant monoclonal antibody that binds the extracellular domain of HER2. Tr-
astuzumab binds to HER2 receptors on breast cancer cells, leading to downstream heterodimerization, phosphorylation
pathways, and ultimately, cell cycle arrest through AKT inhibition and antibody-dependent cell cytotoxicity in HER2-
overexpressing breast cancer cells[73,74]. The efficacy of trastuzumab is comparable to that of endogenous immuno-
globulins (Igs). It has low systemic clearance, a low volume of distribution, a long half-life (about 28 days), and little to no
known drug-drug interactions. It is cleared by the Fc receptor-mediated IgG clearance mechanism[75,76].

Cardiotoxicity is a known concern associated with trastuzumab use and remains the primary reason for trastuzumab
discontinuation in patients[77]. To our knowledge, there are no reports of trastuzumab-induced nephrotoxicity, although
cases have been reported when trastuzumab was combined with other chemotherapeutic agents[78]. The product label
suggests no dosage adjustment for mild to moderate renal dysfunction. Although no information exists regarding dosage
adjustment in HD patients, this treatment is well tolerated in chronic renal failure and ESRD patients on HD[76,79,80]
After analysis of the Food and Drug Administration adverse event reporting system, renal events (10%) included pr-
oteinuria, acute kidney injury, elevated serum creatinine, and electrolyte imbalances. However, whether such events were
from concurrent or prior chemotherapy was unclear. Russo et al[81], in a study including 499 patients with ERB2+ early
breast cancer, reported increased cardiotoxicity from trastuzumab in patients with renal dysfunction. Similar results were
found in another study[82]. Notably, all the patients in this study by Russo et al[81] were exposed to prior chemotherapy.

Ado-trastuzumab-emtansine: It is an antibody-drug conjugate of trastuzumab and the cytotoxic agent emtansine (DM1),
a microtubule inhibitor[83]. It is used in HER2+ve metastatic breast cancer patients who progress after therapy with
trastuzumab and taxanes. It has a similar distribution volume to trastuzumab but a shorter half-life (about 4 days) and is
mainly cleared by the liver with minimal renal elimination[84,85]. Although there is minimal data regarding its use in
chronic renal failure and HD patients, individual case reports on its safe use and lack of dosage adjustment[80,56].

The package insert recommends no dosage adjustments for CrCl > 30 mL/minute. Hakroush et al[87] reported a case of
focal segmental glomerulosclerosis after the patient started trastuzumab-emtansine (T-DM1). That improved after drug
discontinuation. However, further large-scale clinical studies and post-marking analysis are needed to determine its
safety in treating renal impairment. Pertuzumab is a recombinant human monoclonal antibody that targets the ex-
tracellular domain of HER2 but has a different effect than trastuzumab. It blocks the dimerization of HER2 and is known
to work synergistically with trastuzumab[88].

Pertuzumab: It is used with trastuzumab in patients with locally advanced, inflammatory, early-stage, or metastatic
HER2+ breast cancer. Like other monoclonal antibodies, its mechanism of elimination is minimally dependent on kidney
function[89]. The NeoSphere, TRYPHAENA, and CLEOPATRA trials, which included pertuzumab use, did not
demonstrate renal toxicity[90-92]. It was safely tolerated in individual case reports on patients with chronic renal failure
and HD[76,93].

Margetuximab: It is a chimeric Fc-engineered monoclonal antibody that binds to HER2 with higher affinity than tr-
astuzumab[94]. It is approved for the treatment of metastatic HER2+ breast cancer patients who have failed prior HER2-
based therapies[95]. It is metabolized to smaller peptides by proteases, and no dosage adjustment is recommended for
patients with mild to moderate renal impairment[94]. To our knowledge, no studies report its use in renal failure and
dialysis patients.

Anti-HER2 tyrosine kinase inhibitors

Lapatinib: It is a reversible dual tyrosine kinase inhibitor that inhibits HER2 and EGFR by binding to the intracellular
domain of the receptor and inhibiting cell growth[96,97]. It is approved for use in treating metastatic HER2+ breast cancer
with trastuzumab or capecitabine[98]. The liver clears it with < 2% renal elimination. In a study of 11 ESRD patients with
breast cancer by Pai et al[99], lapatinib was determined to be safe. Another case report determined its safety when
combined with letrozole[26]. However, large-scale clinical trials investigating the use of lapatinib in chronic renal failure
and HD patients still need to be completed.

Neratinib: It is an irreversible tyrosine kinase inhibitor of the HER1, HER2, and HER4 receptors and is approved for use
in advanced HER2+ breast cancer patients[100]. Studies have also suggested its effectiveness in controlling and pr-
eventing brain metastasis in this population. Cases of acute kidney injury are likely secondary to diarrhea, which is the
most common treatment-related adverse effect[101]. The package insert does not provide dose adjustment information for
patients with renal function impairment, but renal function does not significantly impact neratinib pharmacokinetics.
Data regarding its use in renal failure and HD patients must be included. The summary of key considerations for ad-
ministering systemic therapies in breast cancer patients on hemodialysis is given in Table 1.
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Table 1 Summary of key considerations for administering systemic therapies in breast cancer patients on hemodialysis

Use in breast

Dose

Drug Class adjustmentin  Key considerations for ESRD on HD
cancer
HD
Tamoxifen Hormone therapy ER-positive cancers Yes Monitor efficacy due to altered metabolism in HD.
Reduced dose may be required
Anastrozole Aromatase inhibitor ~ ER-positive cancers Yes Reduced clearance in HD; dose modification necessary.
Monitor for reduced efficacy or increased toxicity
Letrozole Aromatase inhibitor ~ ER-positive cancers Yes Adjust dosage for renal impairment. Monitor for
adverse effects
Exemestane Aromatase inhibitor ~ ER-positive cancers Yes Use with caution in HD. Limited data; consider
alternative therapies
Cyclophosphamide Alkylating agent Various Yes Requires dose reduction. Administer post-HD due to
renal excretion
Doxorubicin Anthracycline Various Yes Moderate dose reduction advised. Cardiotoxicity and
clearance considerations. Administer on non-dialysis
days
Paclitaxel Taxane Various No Generally safe without dose adjustment. Monitor for
neuropathy and hypersensitivity reactions
Docetaxel Taxane Various Yes (limited Data on dialysis patients limited; likely requires dose
data) adjustment. Monitor for neutropenia and fluid retention
Gemcitabine Nucleoside analog Various No Standard doses can be used; monitor for myelosup-
pression and pulmonary toxicity
Carboplatin Platinum compound  Various Yes Dose adjustment based on renal function using the
Calvert formula. Administer post-HD for optimal
clearance
Methotrexate Antimetabolite Various Yes Contraindicated in high doses; significant dose
reduction required. Avoid if possible
Trastuzumab HER2-targeted HER2-positive No Monitor for cardiotoxicity; minimal renal impact. Safe in
therapy cancers ESRD on HD
Lapatinib Tyrosine kinase HER2-positive Yes (limited Safe in ESRD; dosage adjustments may be needed.
inhibitor cancers data) Limited data available
Atezolizumab Immunotherapy Triple-negative Yes (limited Limited data on ESRD patients. Monitor closely for
breast cancer data) immune-related adverse events
Vinorelbine Antimitotic agent Advanced breast Yes Reduced initial dose recommended. Eliminated mainly
cancer through the liver, but renal adjustment necessary
Capecitabine Prodrug to 5-FU Various Yes Significant reduction in dosage needed. Monitor closely
for toxicity, especially hand-foot syndrome and diarrhea
Fulvestrant Hormone therapy ER-positive cancers No No dose adjustment needed. Safe to use in ESRD
patients on HD
Megestrol acetate Progestin, antineo- Cancer cachexia, No Monitor for thrombosis risk, especially in ESRD patients

CDK 4/6 inhibitors
(palbociclib, ribociclib,
abemaciclib)

Cisplatin

5-FU

plastic

CDK 4/6 inhibitors

Platinum-based
chemotherapy

Antimetabolite

appetite stimulant
HR-positive
metastatic breast

cancers

BRCA-1-mutated
and TNBC

Various

Limited data

Yes

No clear dose adjustments; monitor for increased serum
creatinine and potential nephroprotective effects

High risk of nephrotoxicity; use cautiously and with
dose adjustments. Preferably administered immediately
before HD sessions

Administer post-HD

5-FU: 5-fluorouracil; HD: Hemodialysis; ESRD: End-stage renal disease; ER: Estrogen receptor; HR: Hazard ratio, HER2: Human epidermal growth factor
receptor 2; CDK: Cyclin-dependent kinase; TNBC: Triple-negative breast cancer.

IMMUNE CHECKPOINT INHIBITORS

ESRD poses significant challenges for cancer treatment due to altered drug pharmacokinetics and a heightened risk of
toxicity. Immunotherapy has radically improved outcomes in patients with various malignancies, including breast
cancer, but evidence in patients with ESRD is lacking[102]. There are critical knowledge gaps regarding the safety,
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efficacy, and pharmacokinetics of novel immunotherapies in this population. Immunotherapy aims to stimulate the
body’s own immune system to identify and destroy cancer cells[55]. The major classes of immune checkpoint inhibitors
include cancer vaccines and adoptive cell transfer.

In breast cancer, checkpoint inhibitors target regulatory molecules on T cells or cancer cells to enhance antitumor
immunity. Commonly used checkpoint agents include cytotoxic T-lymphocyte-associated antigen 4, programmed cell
death protein 1 (PD-1), and its ligand PD-L1[103]. Vaccines boost immune memory against tumor antigens, while
adoptive cell transfer involves engineering and growing large numbers of antitumor lymphocytes ex vivo before re-
infusing them[104]. However, since ESRD leads to the accumulation of immunotherapies and their metabolites, which
may increase toxicity, varying renal clearance levels among different agents necessitate individual dosage adjustments.
However, the data are currently minimal. General principles include avoiding nephrotoxic drugs, adjusting doses based
on estimated CC, and increasing toxicity monitoring.

The PD-L1 inhibitor atezolizumab was recently approved for use in treating metastatic TBNC based on clinical trials
showing efficacy[103], although data specific to the ESRD population are minimal, with less than 1% representation in
pivotal studies; moreover, no dedicated ESRD-focused trials have examined atezolizumab. Preliminary case reports show
potential for benefit[105]; however, appropriate dosing for patients with possible uremia-induced immune dysfunction
has yet to be established, and pharmacokinetic data are lacking[106]. In addition, the risk of adverse inflammatory events
provoked by checkpoint inhibition may be elevated relative to that associated with normal renal function, necessitating
quantification within ESRD patients to allow risk mitigation and predictive biomarker strategies; hence, further research
centered on therapeutic outcomes, side effect profiles, and ideal pharmacokinetically derived regimens for atezolizumab
use in ESRD patients with advanced breast cancer is critical to guide evidence-based practice for this subset of oncology
patients with high unmet needs.

Similarly, other checkpoint inhibitors overall have demonstrated survival benefits in advanced breast cancer patients,
especially those with triple-negative and HER2+ subtypes[107]. However, the data available to guide usage in ESRD
patients is minimal. A small study of nivolumab in advanced non-small cell lung cancer dialysis patients reported
comparable efficacy to non-dialysis historical controls with increased but manageable toxicity[108]. Minimal breast cancer
data exist. Overall, checkpoint inhibitors appear feasible for treating ESRD, but more extensive prospective studies are
desperately needed to clarify their safe dosing and efficacy, especially in breast cancer subgroups.

Cancer vaccines and adoptive cell transfer have primarily not been studied for breast cancer in the context of ESRD.
Therefore, robust clinical trials are vital to clarify the expected outcomes with these approaches. Without solid evidence,
clinicians are guided by dosing recommendations based primarily on pharmacokinetic data. The NCCN guidelines
advise considering reduced doses for multiple immunotherapies in severe renal dysfunction patients but do not give
specific quantitative advice. The Kidney Disease Improving Global Outcomes guidelines also highlight the general need
for dose reductions without any definitive recommendations[102]. Additional research is vital to establish definitive
dosing and safety guidelines for prescribing different immunotherapies to ESRD patients.

PARP INHIBITORS

PARP inhibitors (e.g., olaparib, talazoparib) target the DNA repair enzyme PARP, which helps repair single-strand DNA
breaks. By inhibiting this, they cause double-strand breaks when DNA replicates. Cancer cells with mutations in BRCA1/
2 or other homologous recombination deficiency have existing defects in the ability to repair double-strand DNA breaks.
Thus PARP inhibitors are especially toxic to these cells[109].

Olaparib and talazoparib are PARP inhibitor drugs that have been approved as single-agent therapies (monotherapies)
for metastatic or locally advanced HER2-negative breast cancer in patients with inherited mutations in the BRCA genes.
Specifically, approval has been granted for cases where the BRCA mutation is known or suspected to be deleterious[110].
Studies have shown that impaired kidney function significantly alters the pharmacokinetics of the PARP inhibitor
olaparib, resulting in increased overall exposure and peak concentrations in the body[111]. While increased adverse
events were not observed, the substantially higher olaparib exposure levels associated with renal impairment could
potentially lead to heightened toxicity risks, especially hematologic side effects, over time[112].

Consequently, dose reductions are recommended when administering olaparib to patients with moderate kidney
dysfunction. If dose adjustments are necessary during treatment, the estimated glomerular filtration rate calculated from
serum creatinine levels can sometimes overestimate the actual kidney function in these patients[113]; the aforementioned
applies also to talazoparib, as significantly increased exposure combined with decreased clearance of the drug is seen in
patients with impaired renal function, dose adjustments downward are recommended if treating those with moderate to
severe renal impairment to mitigate likely increased toxicity[114]. Currently, there are no solid guidelines established for
PARP inhibitor dosing or administration specifically adapted for ESRD patients. More research is still needed to confirm
the optimal therapeutic approach to PARP inhibition in breast cancer patients with significantly reduced kidney function
and ESRD patients.

CONCLUSION

The altered pharmacokinetics in these patients necessitate a tailored approach for each therapeutic agent, ensuring the
best possible outcomes while minimizing adverse effects. In this literature review, we have discussed most of the drugs
used in the treatment of breast cancer and whether dose adjustment needs to be made in ESRD patients on HD. However,
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it is crucial to acknowledge certain limitations in our study.

In summary, the approach to breast cancer treatment in individuals with advanced renal failure undergoing HD
demands a sophisticated comprehension of the pharmacokinetic changes due to renal dysfunction. Hormonal treatments
such as tamoxifen and inhibitors of aromatase (anastrozole, letrozole, exemestane) require prudent management given
their liver metabolism and renal excretion, with inhibitors of aromatase needing adjustments to avert toxicity. Me-
tabolized via CYP3A4, fulvestrant typically does not necessitate alterations, underscoring the diversity in managing
different therapies. Megestrol acetate, employed for its anticancer effects and to address cachexia in cancer, necessitates
careful prescribing due to an increased risk of clotting in this demographic.

Regarding chemotherapeutic agents and therapies targeting HER?2, they further exemplify the intricacies of adminis-
tering breast cancer care to patients with ESRD. CTX, doxorubicin, gemcitabine, and carboplatin each require specific
considerations for dosage adjustments or scheduling of dialysis procedures to maximize treatment benefits while re-
ducing unwanted effects. On the other hand, therapies targeting HER2, such as trastuzumab, lapatinib, and pertuzumab,
seem comparatively secure without significant dosage modification, although more investigation is advised to confirm
these guidelines. As an emerging avenue in cancer therapy, immunotherapy demands more research to ascertain its
efficacy and safety in ESRD patients. Hence, a customized strategy for each medication, informed by their pharma-
cokinetic profiles in advanced renal failure, is crucial for optimizing patient outcomes while minimizing potential risks in
this susceptible population.

The review did not provide information about the role of radiation and surgery in breast cancer patients with HD. This
omission limits the holistic understanding of treatment modalities for this patient population. A notable limitation is the
scarcity of data on the role of certain drugs in breast cancer patients with HD. While we discussed most drugs, some
medications lack sufficient research in this patient group, highlighting an area for future investigation. Generalizability,
publication bias, methodological quality of included studies, and inclusion/exclusion criteria should be acknowledged
for a more comprehensive interpretation of the review’s findings.
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Abstract

BACKGROUND

Hepatosplenic T-cell lymphoma (HSTCL) is a rare and aggressive peripheral T-
cell lymphoma with historically dismal outcomes, representing less than one
percent of non-Hodgkin lymphomas. Given its rarity, the true incidence of
HSTCL is unknown and most data have been extrapolated through case reports.
To the best of our knowledge, the largest and most up to date study addressing
the epidemiology and outcomes of patients with HSTCL in the United States
covered a period from 1996 to 2014, with a sample size of 122 patients.

AIM
To paint the most updated epidemiological picture of HSTCL.
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METHODS

A total of 186 patients diagnosed with HSTCL, between 2000 and 2017, were ultimately enrolled in our study by
retrieving data from the Surveillance, Epidemiology, and End Results database. We analyzed demographics,
clinical characteristics, and overall mortality (OM) as well as cancer-specific mortality (CSM) of HSTCL. Variables
with a P value < 0.01 in the univariate Cox regression were incorporated into the multivariate Cox model to
determine the independent prognostic factors, with a hazard ratio of greater than 1 representing adverse prog-
nostic factors.

RESULTS

Male gender was the most represented. HSTCL was most common in middle-aged patients (40-59) and less
common in the elderly (80+). Non-Hispanic whites (60.75%) and non-Hispanic blacks (20.97%) were the most
represented racial groups. Univariate Cox proportional hazard regression analysis of factors influencing all-cause
mortality showed a higher OM among non-Hispanic black patients. CSM was also higher among non-Hispanic
blacks and patients with distant metastasis. Multivariate Cox proportional hazard regression analysis of factors
affecting CSM revealed higher mortality in patients aged 80 or older and non-Hispanic blacks.

CONCLUSION

Overall, the outlook for this rare malignancy is very grim. In this retrospective cohort study of the United States
population, non-Hispanic blacks and the elderly had a higher CSM. This data highlights the need for larger
prospective studies to investigate factors associated with worse prognosis in one ethnic group, such as treatment
delays, which have been shown to increase mortality in this racial/ethnic group for other cancers.

Key Words: Extra nodal lymphoma; Mortality; Survival; Racial disparity; Age

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

Core Tip: Hepatosplenic T-cell lymphoma (HSTCL) is an uncommon and highly aggressive form of non-Hodgkin lymphoma
that carries a very poor prognosis. Very little is known about the survival outcomes of patients with HSTCL given its rarity.
This study will be the most updated and largest study on the survival outcomes of patients with HSTCL. We found that older
age and Non-Hispanic black ethnicity are the single most important factors for poor prognosis.
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INTRODUCTION

Hepatosplenic T-cell lymphoma (HSTCL) is a malignancy derived from T cells expressing the gamma/delta T-cell
antigen and more recently alpha/beta antigen that affects mainly the liver and fills the sinusoids, or the red pulp of the
spleen[1-3]. The disease is often diagnosed in relatively younger patients with a history of immunodeficiency, autoi-
mmune disease and or the use of immunosuppressive therapy[1]. However, the majority of cases of HSTCL occur de
novo. Discontinuation of immunotherapy does not appear to affect tumor progression[1].

Systemic B symptoms (fever, weight loss, night sweats), abdominal discomfort due to hepatosplenomegaly, and
clinical features of cytopenia are often present at diagnosis[4]. Hemophagocytic syndrome can be observed with a rapid
disease progression[5,6]. Lymph nodes are not often involved, making it difficult to diagnose the malignancy which can
mimic infectious etiologies or other malignant disorders. Diagnosis is made in most cases by liver and/or bone marrow
biopsy, or splenectomy|[7]. Given its rarity and paucity of clinical trials, the treatment is mostly extrapolated from clinical
trials of other peripheral T-cell lymphomas[8]. A satisfactory response to induction chemotherapy has been observed,
however, most patients tend to relapse[9,10].

Only a few studies have addressed the overall epidemiology of HSTCL[11-13]. However, there is still a paucity of
conclusive data and a lack of adequately powered studies properly defining epidemiology characteristics, survival
outcomes, and prognostic factors of patients with HSTCL over the past 2 decades. This is especially important with the
more recent emergence of hematopoietic stem cell transplants in the management of this fatal malignancy[14,15].

Using a nationally representative and most up to date database available, we evaluated the independent prognostic
factors amongst patients with HSTCL, to help fill in the existing gap of literature on the subject. Furthermore, we aimed
to establish patient populations that are predisposed to have a poorer prognosis. In our examination of HSTCL, we have
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identified a significantly higher cancer-specific mortality (CSM) among non-Hispanic blacks, a finding unprecedented in
the existing literature on this disease. This calls for a comprehensive multidisciplinary approach to explore the underlying
causes of this disparity in CSM. Our study not only sheds light on these urgent issues but also sets the stage for both
retrospective and prospective research aimed at uncovering the mechanisms behind these prognostic differences.

MATERIALS AND METHODS
Study design

A population-based retrospective cohort study of patients with HSTCL was conducted using the Surveillance, Epi-
demiology, and End Results (SEER) research plus data, 18 registries, Nov 2020 submission database (http://www.seer.
cancer.gov). The SEER Program is one of the largest and most authoritative sources of the cancer-related dataset in the
United States, which is sponsored by the United States National Cancer Institute. The SEER 18 database collects cancer
incidence, patients’ clinicopathological features, and survival data from 18 population-based cancer registries and covers
nearly 28% of the United States population[16].

Data selection

Inclusion criteria: All patients with HSTCL diagnosed from 2010 to 2017 were selected in our cohort from the SEER
database based on: (1) Primary site [c42.2, ¢22.0]; and (2) histological type [ICD-O-3: 9716,9702). The above-mentioned
ICD-9, ICD-10, and/or ICD-0-3 codes were used to extract data regarding these patients from the SEER database. This
database is a critical resource for research, particularly for rare cancers like HSTCL, because it aggregates data from
diverse demographics and geographical locations across the United States, enhancing the representativeness and general-
izability of the findings. The database is updated regularly, ensuring that the data reflect recent diagnostic, treatment, and
survival trends.

Exclusion criteria: We excluded patients with an unknown age at diagnosis, race, or stage of HSTCL.

Study variables
Main exposure: All the variables included in this cohort except year of diagnosis were used as main predictors of
prognosis.

Outcomes: Overall mortality (OM): Patients who died of any causes at the end of the study were categorized as “yes”,
and those who did not were categorized as “no”. Cancer-specific mortality: Patients who died of HSTCL at the end of the
study were categorized as “yes”, and those who died of other causes were classified as “no”.

Survival months: For OM, survival time was calculated from the date of diagnosis to the date of death, or the date of last
follow-up (December 31, 2017) as reported in the SEER registry. For the CSM, survival time was calculated from the date
of diagnosis to the date of HSTCL related death, or the date of last follow-up as recorded in the SEER registry.

Sociodemographic and tumor characteristics: Variables such as age at diagnosis, gender, race (White, Black, and others),
origin (Non-Hispanic and Hispanic), stage at diagnosis (localized, regional, and distant), geographic residential area,
yearly income, marital status, year of diagnosis, surgery and radiation were extracted.

Statistical analysis

Cox proportional hazard regression model is based on the assumption that hazard rates are proportional over time.
Variables with value < 0.1 in the univariate Cox regression model were incorporated into the multivariate Cox propor-
tional analysis to determine the independent prognostic factors associated with OM and CSM, with a hazard ratio > 1
representing adverse prognostic factors. All tests were two-sided, with a confidence interval set as 95% and P value < 0.05
deemed statistically significant. All statistical tests were performed by using Software STATA 18.0.

RESULTS

Our study included a total of 186 patients with a primary diagnosis of HSTCL. Table 1 summarizes the baseline character-
istics of patients included in our cohort. A male predominance (68.82%) was observed in our cohort. Most patients were
diagnosed between the ages of 40- and 59-years-old (36.02%), while non-Hispanic whites (60.75%) and non-Hispanic
blacks (20.97) comprised most of the cohort. The most commonly identified demographic features of diagnosed patients
included being diagnosed at later stages (69.35%), coming from counties in metropolitan areas of 1 million persons
(63.44%), having an annual income of $75000+ (46.24%), and being married (44.09%). Systemic B symptoms were reported
by up to 34.41% of patients and cancer directed surgery was performed in up to 37.63% of patients.

A crude analysis of factors associated with OM and CSM among United States patients between 2000 and 2017 is
demonstrated in Table 2. Non-Hispanic blacks had the highest OM. non-Hispanic blacks and those diagnosed at a later
stage had the highest CSM. Advanced age, marital status, B symptoms or surgery did not affect the OM nor the CSM.
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Table 1 Demographic and Clinicopathologic characteristics of United States patients with hepatosplenic T-cell lymphoma between 2000

and 2017

Characteristics n %
Total 186 100
Gender
Female 58 31.18
Male 128 68.82
Age at diagnosis, yr
0-39 63 33.87
40-59 67 36.02
60-79 44 23.66
80+ 12 6.45
Race
Non-Hispanic white 113 60.75
Non-Hispanic black 39 20.97
Hispanic 15 8.06
Other 19 10.22

Tumor stage

Localized 44 23.66
Regional 13 6.99
Distant 129 69.35
Living area
Counties in metropolitan areas of 1 million persons 118 63.44
Counties in metropolitan areas of 250000 to 1 million persons 38 20.43
Counties in metropolitan areas of 250000 persons 17 9.14
Nonmetropolitan counties 13 6.99

Income per year

$ < $55000 22 11.83

$55000-64999 33 17.74

$65000-74999 45 24.19

$75000+ 86 46.24
Marital status

Married 82 44.09

Single/unknown 78 41.94

Divorced/separated 14 7.53

Widowed 12 6.45
Radiation

No 173 93.01

Yes 13 6.99
Surgery

No 116 62.37

Yes 70 37.63
B symptoms
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No 122 65.59
Yes 64 34.41

Year of diagnosis

2000 1 0.54
2001 6 3.23
2002 5 2.69
2003 11 591
2004 10 5.38
2005 5 2.69
2006 11 591
2007 7 3.76
2008 8 4.30
2009 12 6.45
2010 11 591
2011 14 755
2012 10 5.38
2013 16 8.60
2014 12 6.45
2015 14 7.53
2016 14 7.53
2017 19 10.22

Table 3 summarizes the results of multivariate cox proportional hazard regression analyses of characteristics
influencing OM and CSM of patients with HSTCL diagnosed between 2000 and 2017. Age 80+ and non-Hispanic blacks
had the highest CSM. Once again, we found that advanced age, marital status, annual income, tumor stage, B symptoms
or surgery did not affect either the OM or the CSM.

DISCUSSION

Non-Hispanic blacks were found to have a higher CSM. To the best of our knowledge, our cohort is the first to make this
observation in HSTCL. HSTCL are extremely rare and there is a serious paucity of data in the epidemiologic profile of
this malignancy. In this United States population-based study, we found a male and non-Hispanic Whites predominance.
Elderly patients were also found to have a worse CSM. Advanced age, marital status, annual income, tumor stage, B
symptoms or surgery did not affect the mortality.

Most patients in our cohort were diagnosed between the ages of 40 and 59; these findings are different from the series
of Master et al[17] where most patients were diagnosed between 25-44 years of age. A male predominance was observed
in our cohort which is congruent with the literature[18,19]. Our cohort was predominantly white, findings that also
mirror the literature[13].

Splenomegaly is present in all patients with HSTCL[20,21]. The benefits of a splenectomy in the survival of patients
with HSTCL remain controversial with conflicting data[21,22]. A single institution observation at mayo clinic did not find
any survival benefits of the splenectomy[21], while the study by Gumbs et al[22] found substantial benefits of splenec-
tomy especially in patients with severe thrombocytopenia as this intervention led to resolution of the thrombocytopenia
and allowed patients to tolerate more aggressive therapies. Up to a third of patients in our cohort underwent a splen-
ectomy. However, this intervention did not seem to affect either OM or CSM.

Most diagnoses of HSTCL were made in metropolitan areas where higher income seemed to correlate with increased
incidence compared to lower income. Metropolitan areas tend to be better served with more advanced medical expertise,
and given the rarity and nonspecific presentation of HSTCL, patients with higher income will be more likely to afford the
extensive medical evaluation required to make the diagnosis.

Systemic B symptoms of fever, night sweats, or weight loss have been reported in 80% of patients with HSTCL[23]. The
prognostic value of B symptoms in non-Hodgkin lymphomas remains unclear with opposing data. Studies by Coiffier et
al[24], and Anderson et al[25], found worse prognosis in patients with systemic B symptoms, whereas studies by Portlock
et al[26], and McLaughlin et al[27], were unable to confirm this prognostic value. Up to a third of patients in our cohort
had documented systemic B symptoms. However, the systemic B symptoms did not appear to affect OM or CSM.
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Table 2 Crude analysis of factors associated with all-cause mortality and hepatosplenic T-cell ymphoma mortality among patients

between 2000 and 2017

Overall mortality crude proportional hazard ratio HSTCL crude proportional hazard ratio

Characteristics (95% confidence interval) (95% confidence interval)
Gender

Female 1 (reference) 1 (reference)

Male 0.96 (0.65-1.39) 0.99 (0.65-1.52)

Age at diagnosis, yr
0-39
40-59
60-79
80+

Race
Non-Hispanic white
Non-Hispanic black
Hispanic
Other

Tumor stage
Localized
Regional
Distant

Living area

Counties in metropolitan areas of 1 million
persons

Counties in metropolitan areas of 250000 to
1 million persons

Counties in metropolitan areas of 250000
persons

Nonmetropolitan counties

Income per year
$ < $55000
$55000-64999
$65000-74999
$75000+

Marital status
Married
Single/unknown
Divorced/separated
Widowed

Radiation
No
Yes

Surgery

No

1 (reference)
0.80 (0.53-1.22)
0.95 (0.59-1.54)

1.60 (0.68-3.77)

1 (reference)
1.97 (1.27-3.07)"
1.44 (0.71-2.89)

1.65 (0.96-2.86)

1 (reference)
1.28 (0.57-2.86)

1.54 (0.97-2.43)
1 (reference)

0.73 (0.46-1.16)
1.19 (0.63-2.24)
1.43 (0.76-2.70)
1 (reference)

1.26 (0.65-2.45)

1.18 (0.63-2.20)

0.82 (0.45-1.49)

1 (reference)
1.12 (0.76-1.64)
1.49 (0.8-2.85)

1.98 (0.89-4.38)

1 (reference)

0.77 (0.37-1.58)

1 (reference)
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1 (reference)
0.69 (0.44-1.11)
0.85 (0.50-1.45)

1.44 (0.57-3.65)

1 (reference)
2.34 (1.47-3.72)"
1.41 (0.64-3.13)

1.62 (0.86-3.04)

1 (reference)
1.63 (0.62-4.30)
2.23 (1.24-4.02)°
1 (reference)
0.69 (0.41-1.17)
1.02 (0.49-2.12)
1.22 (0.59-2.56)
1 (reference)
1.39 (0.65-2.99)

1.25 (0.59-2.61)

1.02 (0.51-2.03)
1 (reference)

1.32 (0.86-2.04)
1.77 (0.88-3.56)

1.82 (0.72-4.65)

1 (reference)

0.81 (0.38-1.75)

1 (reference)
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Yes 0.76 (0.53-1.09) 0.72 (0.48-1.09)
B symptoms

No 1 (reference) 1 (reference)

Yes 1.23 (0.85-1.80) 1.14 (0.75-1.75)
°P <0.01.

HSTCL: Hepatosplenic T-cell lymphoma.

Table 3 Multivariate cox proportional hazard regression analyses of factors affecting all-cause mortality and hepatosplenic T-cell

lymphoma related mortality among patients between 2000 and 2017

Overall mortality adjusted proportional hazard

HSTCL adjusted proportional hazard ratio

Characteristics ratio (95% confidence interval) (95% confidence interval)
Gender
Female 1 (reference) 1 (reference)
Male 0.79 (0.48-1.29) 0.83 (0.49-1.41)
Age at diagnosis, yr
0-39 1 (reference) 1 (reference)
40-59 0.60 (0.32-1.13) 0.62 (0.30-1.26)
60-79 1.32 (0.67-2.58) 1.65 (0.78-3.49)
80+ 2.98 (0.88-10.09) 4.72 (1.14-19.54)"
Race

Non-Hispanic white
Non-Hispanic black
Hispanic
Other

Tumor stage
Localized
Regional
Distant

Living area

Counties in metropolitan areas of 1 million
persons

Counties in metropolitan areas of 250,000
to 1 million persons

Counties in metropolitan areas of 250000
persons

Nonmetropolitan counties
Income per year

$ < $55000

$55000-64999

$65000-74999

$75000+
Marital status

Married

Single/unknown
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1 (reference)
1.61 (0.89-2.89)
1.87 (0.73-4.78)

159 (0.79-3.19)

1 (reference)

0.69 (0.24-2.01)

1.03 (0.57-1.87)

1 (reference)

119 (0.69-2.07)

1.07 (0.44-2.60)

2.71 (0.78-9.39)

1 (reference)

272 (0.82-9.07)

1.75 (0.53-5.85)

1.46 (0.43-4.96)

1 (reference)

0.83 (0.48-1.44)

751

1 (reference)
2.02 (1.08-3.79)"
1.90 (0.69-5.28)

1.49 (0.67-3.37)

1 (reference)
1.17 (0.33-4.19)
1.85 (0.87-3.89)
1 (reference)
1.05 (0.55-2.02)
0.68 (0.24-1.94)
2.36 (0.50-11.09)
1 (reference)
2.54 (0.58-11.08)

1.04 (0.23-4.63)

1.23 (0.28-5.53)

1 (reference)

0.94 (0.51-1.75)
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Divorced/separated 1.33 (0.61-2.90) 1.79 (0.77-4.19)
Widowed 1.19 (0.39-3.62) 1.01 (0.26-3.87)
Radiation

No 1 (reference) 1 (reference)

Yes 0.86 (0.35-2.10) 1.07 (0.38-3.01)
Surgery

No 1 (reference) 1 (reference)

Yes 0.83 (0.49-1.40) 0.97 (0.54-1.76)
B symptoms

No 1 (reference) 1 (reference)

Yes 1.66 (0.85-3.24) 2.21 (0.99-4.89)
2P <0.05.

HSTCL: Hepatosplenic T-cell lymphoma.

Non-Hispanic blacks were found to have a higher CSM. Since the lack of documentation of outcomes in non-Hispanic
blacks and given the growth of the Hispanic population in the United States, it is imperative to understand the difference
for personalized medicine. Extrapolating data from other cancer areas, several factors have explained higher CSM in non-
Hispanic black patients. The study by Fwelo et al[28] in breast cancer found that non-Hispanic black women were more
likely to undergo treatment delays compared their non-Hispanic White counterparts, and the variations in treatment,
socioeconomic status, and clinicopathological factors significantly explained 70% of the excess Breast cancer specific
mortality among non-Hispanic Blacks compared to their non-Hispanic White counterparts[29]. A study by Yabe et al[6],
supported the novel suggestions that HSTCL patients can be stratified into 2 prognostic groups, with an elevated serum
bilirubin level, ap T-cell receptor (TCR) expression, and trisomy 8 correlating with a poorer prognosis. Perhaps most non-
Hispanic black patients belong to the group classified by Yabe et al[6] as the poorer prognostic group. A multidisciplinary
team effort is needed to better understand the reason for this poorer CSM in non-Hispanic Blacks. This study paves the
way for future retrospective and prospective studies focusing in part on factors that can potentially explain this variation.

Certain limitations must be considered when interpreting the results of this study. Information gathered on patients
that underwent chemotherapy was not complete as the information available was reported as either “yes” or “no/
unknown”. As a result, that information could not be used in our cohort. Furthermore, the SEER database publicly
available does not provide information on comorbidities. However, this study has the merit of collecting data from the
largest cancer database in the USA. Furthermore, we were also able to enroll an adequate sample size despite the rarity of
the pathology.

CONCLUSION

The elevated CSM rates observed among non-Hispanic Black individuals and older populations over 80 years highlighted
in our study bring to the forefront significant disparities in health outcomes. This discrepancy necessitates a deeper
investigation into potential causative factors, which may include socioeconomic constraints, unequal access to medical
resources, and inherent differences in disease biology. Socioeconomic issues, such as delays in treatment coupled with
lower income levels and limited access to high-quality healthcare, can significantly influence survival outcomes across
racial lines. Additionally, the accessibility and quality of healthcare services, which vary dramatically with race and age,
can affect the timeliness and efficacy of treatment options available to patients. Moreover, biological factors, like
distinctive genetic markers and TCR expressions, may also contribute to prognostic differences. These complexities
demand a multidisciplinary approach for a fuller understanding and addressing these health inequities. Our study
emphasizes the critical need for extensive, targeted research to dissect these multifaceted causes of health disparities,
advocating for future studies that not only validate these findings but also examine potential interventions aimed at
reducing these disparities. Through such efforts, we can move closer to achieving personalized medicine that caters
effectively to the diverse needs of all population segments, thereby improving overall health outcomes.
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Abstract

BACKGROUND

Tankyrase 2 (TNKS2) is a potential candidate molecular target for the prognosis
and treatment of non-small cell lung cancer (NSCLC), but its biological functions
are unclear.

AIM
To investigate the biological functions of TNKS2 in NSCLC.

METHODS

Using a lentiviral vector, we generated H647 model cells with TNKS2 knockdown
by RNA interference and A549 model cells with TNKS2 overexpression by tran-
sfection with a TNKS2 overexpressing plasmid. Increased and decreased exp-
ression levels of TNKS2 in the two cell lines were verified using real-time reverse
transcriptase-polymerase chain reaction and Western blot analyses. Cell apopto-
sis, proliferation, and migration were determined using flow cytometry, carbo-
xyfluorescein succinimidyl ester staining, and scratch assay, respectively. Im-
munofluorescence staining was conducted to examine TNKS2 and B-catenin ex-
pression levels in the two transfected cell lines and the non-transfected cells.

RESULTS

TNKS2 mRNA and protein expression was significantly higher in the highly
malignant NCI-H647 cells, while it remained at a low level in the less malignant
A549 cells. Lentivirus-mediated overexpression of TNKS2 in A549 cells resulted in
a 3-fold increase in gene expression and a 1.7-fold increase in protein expression (
P < 0.01). Conversely, shRNA interference targeting TNKS2 Led to an 8-fold
decrease in gene expression and a 3-fold decrease in protein expression (P < 0.01)
in NCI-H647 cells. Furthermore, the cell apoptosis rate was significantly reduced
(50%) and cell migration rate was increased (35%) in the TNKS2 overexpression
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group than in the control group (P < 0.05). In contrast, shcTNKS2 promoted apoptosis by more than one fold and
reduced migration by 60% (P < 0.05). Immunofluorescence analysis revealed enhanced nuclear localization of B-
catenin fluorescence signal associated with high TNKS2 expression levels. Western blot analysis investigating
TNKS2/B-catenin-related proteins indicated consistent changes between TNKS2 and B-catenin expression in lung
cancer cells, whereas Axin displayed an opposite trend (P < 0.05).

CONCLUSION
The obtained results revealed that TNKS2 may serve as an adverse prognostic factor and a potential therapeutic
target in NSCLC.

Key Words: Apoptosis; Migration; Lung Cancer; Proliferation; Tankyrase 2

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

Core Tip: This study provides a comprehensive overview of the role of tankyrase 2 (TNKS2) overexpression, which fac-
ilitates B-catenin activation and nuclear accumulation of -catenin protein in non-small cell lung cancer (NSCLC) cells, in
turn contributing to disease onset and progression. The findings obtained herein elucidate that TNKS2 is a putative
molecular target candidate, which would serve as a prognostic indicator and a therapeutic agent for NSCLC patients.
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INTRODUCTION

Lung cancer has the highest fatality rate among all cancers worldwide[1,2], and non-small cell lung cancer (NSCLC) is the
most common histological subtype, accounting for approximately 85% of all lung cancer cases worldwide[3]. Despite
considerable advancements in lung cancer diagnosis and therapy (such as surgery, chemotherapy, and radiation the-
rapy), delays and difficulties in the early diagnosis of NSCLC contribute to its high mortality rates. At first diagnosis,
more than 60% of NSCLC cases are at an advanced stage. Consequently, the 5-year survival rate for NSCLC remains less
than 20%[4,5]. Non-small-cell lung cancer is a heterogeneous molecular disease. The molecular mechanisms underlying
this type of cancer are complex and have not yet been fully elucidated. Currently, a widely accepted pathogenic me-
chanism of NSCLC is the alteration of gene expression, leading to dysregulation of signaling pathways and abnormal
molecular biological behaviors. Therefore, further research on novel molecular markers of NSCLC is required.

Dysregulated p-catenin expression plays a causal role in the pathogenesis of NSCLC[6]. In the canonical activation of
the Wnt/B-catenin signal, B-catenin is phosphorylated and degraded, after which it undergoes nuclear translocation and
interacts with TCF4/LEF, promoting the transcription of downstream target genes[7]. The poly (ADP-ribose) polymerase
(PARP) tankyrase (TNKS) plays a key role in the carcinogenic Wnt/f-catenin signaling pathway, which can not only
promote the accumulation of cytoplasmic p-catenin but also participate in the process of driving the transcription of
proto-oncogenes[8]. TNKS are a family of enzymes belonging to the PARP superfamily which is located on chromosome
8 and contains 1327 amino acids. TNKS’ primary structure includes four domains: The C-terminal catalytic PARP domain
that mediates the poly(ADP-ribose) addition to its substrates, a sterile alpha module responsible for the homo- and
hetero-oligomer formation, the ankyrin domain divided into five clusters (ARC 1-5) which serve as the substrate binding
site, and the His, Pro, and Ser rich domain with unknown function at the N-terminus[9]. TNKS performs various fun-
ctions in different physiological processes: Mitosis, telomere maintenance, proteasome regulation, GLUT4 vesicles and
translocation, viral replication, and Wnt/b-catenin signaling[10].

Expression of the TNKS2 gene, which is located on 10q23.32, enhances B-catenin activation via induction of axin
degradation[8]. The Wnt/B-catenin pathway is a promising target for NSCLC[11]. TNKS2 is widely distributed and is
involved in the regulation of various physiological and pathological processes, including cell growth[12], signal tran-
sduction[13], proliferation and apoptosis[14]. It is also closely associated with the occurrence and development of various
diseases, including cancer. However, the expression pattern of TNKS2 in NSCLC cells has not been elucidated. Therefore,
in the present study, we explored the underlying mechanism of TNKS2 expression in regulating the biological behavior
of NSCLC cells.

MATERIALS AND METHODS

Cell culture
The NSCLC cell lines were purchased from the Cell Bank of the Chinese Academy of Sciences. TNKS2 expression was
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high in the H647 cells and low in the A549 cells, as confirmed by real-time reverse transcriptase-polymerase chain
reaction (RT-qPCR) and western blot analyses. Briefly, H647 cells were cultured in an RPMI-1640 medium (Corning,
Shanghai, China) supplemented with 10% fetal bovine serum (FBS; Gibco, NY, United States). A549 cells were cultured in
DMEM (Corning) containing 10% FBS. All the cells were grown in an incubator with saturated humidity at 37 °C and 5%
CO,.

Transfection

Ab549 and H647 cells were seeded in 12-well plates (Fisher Scientific, United States) at a density of approximately 40%. On
day 2 of the culture, H647 cells were infected with the corresponding shRNA (shRNA sequences designed by Invitrogen
Life Technologies). The shRNA sequences (Table 1) were designed to target different coding regions of the human TNKS2
mRNA sequence [GenBank Accession No. NM_025235.3], and A549 cells were infected with a lentivirus for TNKS2
overexpression. After 48 h of infection, the cells were selected with 1 pg/mL of puromycin for 48 h. Transfection effi-
ciency was assessed by quantitative polymerase chain reaction (QPCR) and Western blotting.

RT-qPCR

RNA was extracted from the cells using an RNAiso Plus kit (TaKaRa, 9108). Eppendorf tubes and tips were soaked in
0.1% diethylpyrocarbonate, and the total RNA was digested using DNase I (TaKaRa, 2270A). After determining RNA
purity and concentration, it was reverse-transcribed to cDNA using the RevertAid First-Strand cDNA Synthesis Kit
(Thermo, K1622). The reverse transcription system included 5 puL total RNA, 4 pL 5 x TransScript All-in-One SuperMix
for qPCR, 1 pL gDNA Remover, and 10 uL Rnase-free double-distilled water (ddH,0). qPCR was performed using the
Sso Advance Universal SYBR Green Supermix (Bio-Rad, cat 172-5274). The qPCR reaction system is listed as follows:
SybrGreen qPCR Master Mix (2 x) 10 pL, forward primer (10 uM) 0.4 pL, reverse primer (10 uM) 0.4 pL, ddH20 7.2 pL,
and template (cDNA) 2 pL. The primer sequences are shown in Table 1. The PCR conditions were set as follows: 3-min
predenaturation at 95 °C, followed by 45 cycles, each consisting of 7-s denaturation at 95 °C, 10-s annealing at 57 °C, and
15-s extension at 72 °C. The relative expression levels were calculated by the 24 method, using homo GAPDH as the
internal reference.

Western blot analysis

Cells were lysed in a RIPA buffer (CWBIO, CW2334S) containing protease and phosphatase inhibitors (CWBIO,
CW2383S). Protein samples were quantified using a bicinchoninic acid assay protein assay kit (Sigma-Aldrich). Briefly,
the protein samples (10 pg) were subjected to 10% SDS-PAGE and transferred onto polyvinylidene fluoride membranes
(Bio-Rad). The membranes were blocked with 5% non-fat milk for 1 h at 37 °C. The membranes were then incubated with
primary antibodies against TNKS2 (1:1000 dilution; Santa Cruz Biotechnology, sc-365897) or the loading control GAPDH
(1:2000; Abcam, ab8245) at 4 °C overnight, before incubation with a secondary goat anti-mouse IgG (1:1000; Biosharp,
BL0O01A). Immunoreactivity was detected using an ECL kit and analyzed using Image]J software (NIH, United States).

Flow cytometry

An annexin V-APC/7-ADD apoptosis kit (Lianke, 70-AP105-100) was used to detect apoptosis. After the cells in the
logarithmic growth phase were trypsinized, they were centrifuged at 500 x g for 5 min. The cells were seeded in wells of a
six-well plate (8 x 10* cells/well) and incubated overnight. On day 2, they were centrifuged at 500 x g for 5-10 min at
room temperature (22-25 °C) and collected for flow cytometry. After washing twice with 1 x phosphate-buffered saline
(PBS; precooled at 4 °C), the cells were centrifuged at 500 x g for 5-10 min. They were then resuspended in 1 x binding
buffer (diluted with ddH,0), and the cell density was adjusted to 1 x 10°-1 x 107 cells/mL. Thereafter, 100 pL of the cell
suspension was transferred to a flow tube, so that each tube contained approximately 1 x 10° to 1 x 10° cells. Following
this, 5 pL Annexin V-APC and 10 pL 7-ADD were added to each tube, and the mixture was incubated at room tem-
perature for 15 min in darkness. Subsequently, 300 pL of 1 x binding buffer was added to the cells, and they were
transferred to a flow tube and tested on a NovoCyte Flow Cytometer (Agilent, United States).

Carboxyfluorescein succinimidyl ester detection of cell proliferation

The cells were resuspended in PBS containing 5% fetal calf serum (FCS) before seeding into the wells of a six-well plate
(Thermo, United States) at a density of 1 x 10”/well. A carboxyfluorescein diacetate succinimidyl ester (CFSE) working
solution was prepared by adding 1 pL of 5 mmol/L CFSE solution to 1 mL of PBS containing 10% FCS. Thereafter, 1 mL
of the CFSE working solution was added to a tube containing 1 mL of the cell suspension, and the mixture was incubated
at 37 °C for 5-10 min. After washing thrice with a complete medium and centrifugation, ice-cold RPMI-1640 medium
containing 10% FBS was added to the cells, which were then centrifuged at 500 x g for 5 min. Cell proliferation was
determined by flow cytometry.

Wound healing assay

Logarithmic-phase cells were centrifuged at 500 x g for 5 mi and seeded into the wells of a six-well plate (5 x 10°/well).
After the cells were cultured to 80%-90% confluence, a 10 pL pipette tip was used to make a scratch through the cell layer.
After washing with PBS to remove any non-adherent cells, the cells were cultured in a medium containing 5% serum for
24 h. At 0 and 24 h of culture, photographs of the cells (100 x) were obtained using the Leica Application Suite software,
and the scratch distance (width) was recorded. The relative cell migration rate was calculated as follows: Experimental
group (scratch distance at 0 h-scratch distance at 24 h)/control group (scratch distance at 0 h-scratch distance at 24 h).
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Table 1 Sequences of shRNA and primers for real-time reverse transcriptase-polymerase chain reaction

Sequences of shRNA RT-qPCR primers

shNC 5'-GCTCAATCCCGACAGTAGAGT-3' TNKS2 GAPDH

shTNKS2 5'- GCGGAAAGACGTAGTTGAATA-  Forward 5-GCTGAGCCAACCATCCGAAAT- Forward 5-GGAGCGAGATCCCTCCAAAAT-3'
#1 B! 3'

shTNKS2 5'- GACCCCAATGCTCG AGATAAT-  Reverse 5'-ACTTGCGTGGCAGTTGACA-3' Reverse 5'-GGCTGTTGTCATACTTCTCATGG-
#2 3! 3!

RT-qPCR: Real-time reverse transcriptase-polymerase chain reaction.

Immunofluorescence staining

For immunofluorescence analysis, cells were centrifuged at 500 x g for 5 min and spread on glass coverslips at a density
of approximately 40%. The coverslips were placed in the wells of a 24-well plate. The cells were subjected to immuno-
fluorescence analysis the following day. Briefly, they were fixed with 4% paraformaldehyde for 10 min at room tem-
perature, incubated with 0.2% Triton X-100 solution for 10 min at room temperature, and then blocked with 5% bovine
serum albumin solution at 37 °C for 1 h. Thereafter, the cells were incubated with primary antibodies against p-catenin
(1:250 dilution; Abcam, ab2365) and TNKS2 (1:100 dilution; Abcam, ab155545) in a humidified box at 4 °C. The following
day, the wet box was incubated at room temperature for 30 min and the cells were washed thrice with 1 x PBS. They were
then incubated with 100 pL goat anti-rabbit IgG H&L (APC) (Abcam, pre-adsorbed secondary antibody) at 37 °C for 1 h
in darkness. The nuclei were counterstained with 4',6-diamidino-2-phenylindole. The cells were mounted using a
mounting tablet containing an anti-quenching agent. Staining results were evaluated using an Eclipse Ti-S fluorescence
microscope (Nikon, Japan).

Statistical analysis

All assays were independently repeated at least thrice. The representative results are presented. Data are expressed as the
mean *= SD. Comparisons between different groups were performed using Student’s ¢-tests or one-way analysis of
variance. Statistical significance was set at P < 0.05. All the statistical analyses were performed using GraphPad Prism
software (version 8.0; GraphPad, Inc., San Diego, CA, United States).

RESULTS

Construction of an H647 cell line stably transfected with TNKS2 shRNA and A549 cell line transfected with a lentiviral

vector for TNKS2 overexpression

To study the role of TNKS2 in NSCLC, we first selected H647 cells, which express a high level of TNKS2, to construct a
stably transfected TNKS2 interference cell line, and A549 cells, which have a low TNKS2 expression level, to be
transfected with a TNKS2-overexpression lentivirus (Figure 1A-C). To avoid the off-target effects of sShRNA, two shRNAs
were synthesized. RT-qPCR and Western blot analyses revealed that TNKS2 mRNA and protein levels were significantly
downregulated after transfection with shTNKS2. Of the two shRNAs examined, a better interference effect was observed
for shTNKS2#2. Therefore, shTNKS2#2 was used for H647 cells and shNC was used as a control in the assay. A549 cells
were transfected with a TNKS2-overexpression lentiviral vector or empty control vector. The transfected cells were
selected using puromycin. RNA and proteins were extracted from the collected cells for subsequent use in RT-qPCR and
Western blot analyses, respectively. The results of RT-qPCR and Western blot analyses revealed the successful
construction of a stable TNKS2-overexpressing A549 cell line and a TNKS2 interference H647 cell line, as shown by
TNKS2 overexpression at the mRNA and protein levels (Figure 1D and E).

Varying expression of TNKS2 does not affect NSCLC cell proliferation

The proliferative capacity of NSCLC cells transfected with shTNKS2 and TNKS2-overexpression lentiviral vectors was
assessed. Compared to the rate of proliferation seen in control cells, the proliferative ability of H647 cells was the same as
that of cells with silenced TNKS2, whereas the proliferative ability of A549 cells with TNKS2 overexpression was the
same as that of A549 cells (Figure 2A).

TNKS2 overexpression inhibits apoptosis of NSCLC cells

Using flow cytometry analysis, we investigated the effects of TNKS2 knockdown or overexpression on apoptosis in
NSCLC cells. Our results revealed that TNKS2 knockdown led to a significant increase in the apoptosis rate of H647 cells
compared to that in the control group. By contrast, TNKS2 overexpression distinctly inhibited the apoptosis of A549 cells
compared to that in the control group (Figure 2B). These results indicated that TNKS2 expression is negatively correlated
with apoptosis in NSCLC cells.
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Figure 1 Successful construction of cancer cell lines with TNKS2 knockdown or overexpression. A: Real-time reverse transcriptase-polymerase
chain reaction (RT-gPCR) analysis of tankyrase 2 (TNKS2) mRNA expression in all four lung cancer cell lines; B and C: Dot-blot analysis of TNKS2 protein
expression in all four lung cancer cell lines; D: Construction of stably transfected non-small cell lung cancer cell lines with TNKS2 interference and overexpression.
Efficiency of TNKS2 interference or overexpression was assessed in H647 and A549 cells utilizing RT-gPCR; E: Efficiency of TNKS2 interference or overexpression
was assessed in H647 and A549 cells via Western blot analysis. 2P < 0.05; °P < 0.01.

TNKS2 increases migration ability of NSCLC cells

The scratch test was used to determine the influence of TNKS2 silencing or overexpression on the migratory ability of
NSCLC cells. Our results showed that TNKS2 knockdown significantly reduced the scratch-healing ability of H647 cells,
indicating that cell migration was weakened by TNKS2 knockdown. In contrast, TNKS2 overexpression significantly
enhanced the scratch-healing ability of A549 cells, indicating that the migratory ability of A549 cells was enhanced by
TNKS2 overexpression (Figure 2C).

TNKS2 overexpression enhances B-catenin signaling activation in NSCLC cells

We used immunofluorescence staining to evaluate the expression of TNKS2 in NSCLC cells transfected with shTNKS2 or
TNKS2-overexpression vectors. TNKS2 expression notably decreased in shTNKS2-transfected H647 cells. B-catenin
protein expression was decreased in both the nucleus and cytoplasm (Figure 3A). Furthermore, immunofluorescence
staining was conducted to detect the effects of TNKS2 overexpression on the expression and location of p-catenin.
Conversely, its expression was upregulated in A549 cells transfected with a TNKS2-overexpression vector. Upon TNKS2
overexpression, p-catenin protein expression significantly increased in both the nucleus and cytoplasm (Figure 3B). The
proteins were then extracted, and the expression of TNKS2/B-catenin-related proteins (axin and B-catenin) was analyzed
by Western blotting. B-catenin expression was upregulated with the elevated expression of TNKS2, whereas axin
expression was downregulated (Figure 4). These results indicated that TNKS2 overexpression promotes p-catenin

activation.

DISCUSSION

Research to discover prognostic markers for NSCLC has attracted increasing attention; however, continued studies are
required to identify accurate, simple, and rapid markers for NSCLC[15-17]. Optimal prognostic markers for lung cancer
may be determined by conducting studies with rigorous design and large sample sizes. WNT/B-catenin signaling
pathway activation has emerged as a potential therapeutic target in NSCLC[18], and there are several candidate
therapeutic target proteins in the WNT/B-catenin signaling pathway[19-21]. One study conducted a focused analysis of
500 microarray probes in the Wnt receptor signaling pathway. TNKS1 and TNKS2 expression levels were 1.30- and 1.43-
fold higher in the NSCLC cells than in adjacent normal lung cells in a murine model[22]. In the present study, we
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Figure 2 Effects of tankyrase 2 knockdown or overexpression on proliferation of non-small cell lung cancer cells. A: Proliferative ability of
HB47 cells transfected with shTNKS2 and A549 cells with tankyrase 2 (TNKS2) overexpression; B: Apoptosis of non-small cell lung cancer cells assessed by flow
cytometry. Apoptotic rate of shTNKS2-transfected H647 cells and TNKS2-overexpressing A549 cells was calculated; C and D: Migration ability of H647 cells
transfected with shTNKS2 and A549 cells transfected with a TNKS2 overexpression vector at 24 h after transfection (magnification, x 100). 2P < 0.05; °P < 0.01.

provided preliminary evidence to support the hypothesis that TNKS2 overexpression promotes the malignant behavior of
lung cancer cells. These results suggest that TNKS2 is a feasible and clinically relevant target for the diagnosis and
treatment of NSCLC.

By constructing shRNA and overexpression vectors that alter the expression of TNKS2, we established NSCLC cell
lines with stable knockdown or overexpression of TNKS2 and studied the correlation between TNKS2 expression and the
biological behavior of NSCLC cells. Low TNKS2 expression led to increased apoptosis in NSCLC cells, while high
expression had the opposite effect. Apoptosis is the orderly and autonomous death of cells that is controlled by gene
expression to maintain a stable internal environment[23-25]. Unlike cell necrosis, apoptosis is not a passive process but an
active one that involves the activation, expression, and regulation of a series of genes. It is not a phenomenon of auto-
logous injury under pathological conditions but a process in which death is induced to actively achieve better adaptation
to the living environment. From the perspective of cell apoptosis, tumors occur because of the inhibition of cell apoptotic
mechanisms and the inability to clear abnormal cells through apoptosis[26]. Our findings revealed that TNKS2 inhibits
apoptosis and induces the proliferation of NSCLC cells.

Malignant tumors easily metastasize through various channels, such as lymphatic vessels and blood circulation[27-29].
Migration and invasion are key processes in tumor metastasis[30-32]. In the present study, we performed a wound-
healing assay to determine the effect of TNKS2 on tumor cell migration. Our results revealed that high TNKS2 expression
enhanced the migration of NSCLC cells, whereas low TNKS2 expression had the opposite effect. Previous studies have
consistently shown that TNKS2 accelerates the growth and invasiveness of triple-negative breast[30] and cervical cancer
cells[33]. TNKS2 can dissociate the destruction complex containing axins, thereby enhancing the stability of p-catenin[34].
Activation of B-catenin contributes to the malignant phenotype of NSCLC. Herein, the knockdown and overexpression of
TNKS?2 inhibited and promoted, respectively, the expression of nuclear p-catenin protein in NSCLC cells, consequently
confirming the antitumor potential of inhibiting these molecules in the WNT/-catenin pathway.

The present study has certain limitations. It only included in vitro experiments. As the lungs are the major respiratory
organs of the human body, the growth environment and oxygen concentration of lung cancer cells cultured in vitro are
different from those of lung tissues in vivo. Therefore, our results do not reflect the specific effects of TNKS2 on cells in
vivo. Additionally, future studies need to include a more detailed and in-depth analysis to explore the mechanism of
TNKS2/B-catenin or other pathways.
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shTNKS2-transfected H647 cells; B: TNKS2-overexpressing A549 cells (magnification, x 200). Nuclei were stained blue; the target protein was stained red.
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Figure 4 Expression of TNKS2/B-catenin-related proteins assessed by Western blot assay. A: Expression levels of tankyrase 2 (TNKS2), axin, and

B-catenin proteins; B: Protein expression of TNKS2-overexpressing A549 cells compared with NC-overexpressing A549 cells was analyzed by gray value; C: Protein
expression of shTNKS2-transfected H647 cells compared with shNC H647 cells was analyzed by gray value. 2P < 0.05; °P < 0.01.

The results of the present study provide insights into the biological functions of TNKS2 in NSCLC cells. Furthermore,
the obtained findings indicate that TNKS2 may affect the proliferation, apoptosis, and migration of lung cancer cells

through the TNKS2/B-catenin pathway. These findings may be useful in the development of therapies targeting TNKS2
for the treatment of NSCLC.

CONCLUSION

Taken together, our results demonstrate that TNKS2 is a promising prognostic factor and therapeutic target for NSCLC.
Furthermore, TNKS2 overexpression is associated with the malignant behavior of NSCLC cells (as shown in Figure 5);
however, the underlying molecular mechanisms require further investigation.
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Figure 5 Tankyrase 2 overexpression promotes the malignant behavior of lung cancer cells. Tankyrase 2 dissociates the destruction complex
containing axins, thereby enhancing the stability of B-catenin. Activated B-catenin translocates into the nucleus, where it activates target genes, which contribute to
the malignant behavior of lung cancer cells.
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Abstract

BACKGROUND

Lung cancer bone metastasis (LCBM) is a disease with a poor prognosis, high risk
and large patient population. Although considerable scientific output has accu-
mulated on LCBM, problems have emerged, such as confusing research stru-
ctures.

AIM

To organize the research frontiers and body of knowledge of the studies on LCBM
from the last 22 years according to their basic research and translation, clinical
treatment, and clinical diagnosis to provide a reference for the development of
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new LCBM clinical and basic research.

METHODS

We used tools, including R, VOSviewer and CiteSpace software, to measure and visualize the keywords and other
metrics of 1903 articles from the Web of Science Core Collection. We also performed enrichment and protein-
protein interaction analyses of gene expression datasets from LCBM cases worldwide.

RESULTS

Research on LCBM has received extensive attention from scholars worldwide over the last 20 years. Targeted
therapies and immunotherapies have evolved into the mainstream basic and clinical research directions. The basic
aspects of drug resistance mechanisms and parathyroid hormone-related protein may provide new ideas for
mechanistic study and improvements in LCBM prognosis. The produced molecular map showed that ribosomes
and focal adhesion are possible pathways that promote LCBM occurrence.

CONCLUSION
Novel therapies for LCBM face animal testing and drug resistance issues. Future focus should centre on advancing
clinical therapies and researching drug resistance mechanisms and ribosome-related pathways.

Key Words: Lung cancer; Bone metastasis; Bibliometrics; Targeted therapy; Immunotherapy; Enrichment analysis

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

Core Tip: A comprehensive analysis of 1903 publications from 2000 to 2022 was conducted to identify trends in lung cancer
bone metastasis (LCBM) research. The literature on LCBM was systematically organized and analysed according to the
changing trends in the knowledge volume, distribution of countries/regions, evolution of research topics and co-occurrence
of keywords. The results show that immunotherapy and targeted therapy are new research hotspots and ribosome-related
genes play an important role in LCBM. This study also preliminarily explored the potential molecular biological
mechanisms of LCBM, which mainly involved ribosome and focal adhesion pathways.
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INTRODUCTION

Currently, lung cancer (LC) bone metastasis (LCBM) is an incurable disease[1]. Patients with LCBM often experience bone
and joint pain, pathological fractures and neuropathic pain, which all seriously affect their prognoses and quality of life[2,
3]. For many years, LC has had high incidence and mortality rates and the difficulties in early diagnosis mean that many
patients have advanced LC at the time of diagnosis[4,5]. The size of the patient population with LCBM is not optimistic as
more than 30% of the patients with advanced LC may develop BM[6]. Considering these facts, LCBM can be understood
as a life-threatening disease in terms of both the clinical data and symptoms, and it thus requires further study.

Over the past 20 years, a wide range of researchers have gradually started to concentrate on the study of LCBM, and a
considerable amount of scientific output has accumulated. However, problems, such as confusing research structures,
have arisen. Moreover, no comprehensive or objective metrological studies have been reported on topics such as the
tracking or evaluation of the research dynamics of LCBM research. Therefore, while dealing with rapid changes in the
study of LCBM, researchers not only face difficulty in quickly grasping these developments, they must also waste
additional effort as a result[7,8]. For example, they must also waste additional effort sifting through studies to find
relevant data. Bibliometrics, which have the advantage of objectively analysing a large amount of literature on multiple
levels, can help solve these problems and have been used extensively in the field of medical research[9].

Therefore, we performed a bibliometric analysis of metrics such as the keywords in articles on LCBM from the Web of
Science Core Collection (WOSCC). In addition, we conducted a preliminary investigation of the potential molecular
biological mechanisms in LCBM. We hope that this study will help researchers interested in LCBM quickly and
accurately grasp the research dynamics involved and provide insights into the global developments in LCBM research.
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MATERIALS AND METHODS

Collection of data from articles on LCBM

The data from the articles on LCBM were obtained from the WOSCC (https:/ /www.webofscience.com/). The search
formula used in this study was as follows: TS = ((“osteolytic metastas*”) OR (“metastatic tumor of bone*”) OR (“bone
metastas*”) OR (“osteolytic metastas*”) OR (“osteoblastic metastas*”) OR (“skeletal metastas*”) OR (“bone marrow
metastas*”) OR (“metastatic carcinoma of bone marrow”) OR (“metastatic bone disease”)) AND ((“lung cancer”) OR
(“cancer of the lung”) OR(“cancer of the lung*”) OR (“lung *carcinoma”) OR (“*carcinoma of the lung*”)).

The inclusion and exclusion criteria for the LCBM articles in this study were as follows: (1) To avoid the effects of too
many changes in the data due to updates or limitations of the WOSCC, only articles published between 2000 and 2022
were included; (2) To ensure the rigor of the analysis results, only three types of articles were included: Articles, review
articles and early-access articles; and (3) Owing to the limitations of the software, only articles written in English were
included. In the end, we included 1903 articles (Figure 1).

Identification of studies via Web of Science Core Collection

Records identified from Web
of Science Core Collection
from 2000 to 2022

n = 2269

Records marked as ineligible:
Non-English language
n =65

Identification

Records excluded: Some types

Records screened of papers (barring paper, review
> paper, early access); Not relevant
n=2204 )
to the topic
n =301

Reports assessed for
eligibility
n =1903

z
2
=
T
T
5
g
g
g
]

N Reports excluded:
n=0

Papers included in
bibliometric analysis
n =1903

Figure 1 Flowchart of data collection from articles on lung cancer bone metastasis.

All the data for this study were downloaded from the WOSCC in the BibTeX format on January 9, 2023, and the
records were “Full Record and Cited Reference”. The data collection was performed by two authors. Disagreements
between the two authors during this process were discussed in depth and eventually resolved by both authors along with
the other authors.

Bibliometric analysis of the data from the articles on LCBM

We used the powerful features of R software (4.2.2), such as advanced statistical calculations, visualization and complete
bibliometric analysis, to produce topic evolution maps, keyword time heat maps and other materials. In this study, we
also took advantage of VOSviewer software (1.6.18), which can handle large amounts of data and provide strong
graphical presentation capabilities for producing keyword clustering maps and other visualisation tools. In addition, we
used CiteSpace software (6.1.R6 basic), which can detect hotspot sensitively, and produced keyword burst detection
maps.

Exploration of the molecular mechanisms of LCBM

We screened the GSE175601 dataset in the Gene Expression Omnibus, The Cancer Genome Atlas, Sequence Read Archive
and ArrayExpress databases based on the criterion that the data should be from Homo sapiens tissues with both LC and
LCBM tissue data and downloaded the dataset. We then used R software to extract the expression matrix from the dataset
and screen the differentially expressed genes (DEGs) of LCBM. The criteria for screening the DEGs were |log fold
change| > 1 and P values < 0.05. We then performed Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes
and Reactome enrichment analyses of the screened DEGs as a preliminary analysis of the potential molecular biological
mechanisms of LCBM. In addition, we used STING (v11.5) and Cytoscape (v3.9.1) to construct protein-protein interaction
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(PPI) network maps to further analyse the mechanisms involved in LCBM.

RESULTS

Changes in the volume and distribution of knowledge of LCBM

Figure 2A reflects the overall trend of the year-on-year increase in the number of publications and citations since 2000,
when 31 papers were published with 10 citations. The volume of knowledge skyrocketed during the last 3 years, with the
number of publications exceeding a quarter of the volume of the articles included in this study. The number of citations
was no fewer than 10 across 77 articles. Among all of the countries where these articles were published, China had the
highest number of publications (602), accounting for approximately one-third of the articles included in this study
(Table 1). In addition, other countries that were major contributors to LCBM research include the United States, Japan,
and Italy. As shown in Figure 2B and C, developing countries, such as China, Iran, and India, have seen a surge in their
number of LCBM-related publications in recent years.

Table 1 Number of articles on lung cancer bone metastasis that were published in countries/regions

Country/region Number of publications
China 602
United States 446
Japan 238
Italy 123
Canada 122
Germany 121
United Kingdom 109
Republic of Korea 70
France 68
Spain 60
Netherlands 53
Turkey 46
Australia 42
Switzerland 41
Belgium 33
Austria 32
Greece 31
Brazil 25
Denmark 21
Hungary 16

Thematic changes in LCBM research

Thematic strategic coordinate map for LCBM: We analysed the keywords plus (ID) and authors” keywords (DE) in the
LCBM articles (Supplementary Tables 1 and 2, Supplementary Figure 1) and depicted the LCBM hotspot changes using a
theme strategy coordinate map (Figure 3). Among the themes identified, zoledronic acid, quality of life and skeletal-
related events are the mature and important topics. Palliative, palliative radiotherapy and stereotactic body radiotherapy
are mature but currently unimportant topics. Immunotherapy, meta-analysis and epidermal growth factor receptor
(EGFR) are immature but important topics, and chemotherapy and docetaxel are marginal topics.

Evolution of the subject terms related to LCBM: We further analysed the changes in the hot topics to capture the
knowledge changes in the research on LCBM (Figures 4 and 5). Among the hot topics, immunotherapy, osimertinib,
afatinib, EGFR, palliative radiotherapy and SEER have become new focuses of attention, while brain metastasis, lung
adenocarcinoma, non-small cell LC and other similar topics have long been the focus of LCBM research.
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Figure 2 Annual change and distribution map of lung cancer bone metastasis knowledge volume. A: Annual publications and citations of articles
on lung cancer bone metastasis (LCBM) from 2000 to 2022, the red line corresponds to “publications’; the green line corresponds to “citations”; B: Thermal diagram
of the time distribution of national/regional articles, the values represent the ratio of the total number of papers published in a country from 2000 to a certain year to
the total number of papers published in a country; C: Analysis chart of articles on LCBM at the country/region level.

Keyword co-occurrence analysis of articles on LCBM: The construction of an LCBM keyword co-occurrence network is
beneficial for an in-depth reproduction of the composition of LCBM knowledge. We extracted 139 high-frequency
keywords with over 20 occurrences from 1903 articles for the co-occurrence network construction. The network can be
divided into five categories (Figure 6): Cluster 1, basic research (red), including resorption, hormone-related protein,
microenvironment and osteoclastogenesis; cluster 2, clinical treatment and related experiments (green), including
gefitinib, immunotherapy and chemotherapy, where keywords on immunotherapy and targeted therapy are emerging;
cluster 3, clinical diagnostic-related studies (blue), including diagnosis, positron emission tomography (PET) and
fluorine-18-fluorodeoxyglucose PET/computed tomography (PET/CT); cluster 4, adjuvant therapy (yellow), including
skeletal-related events, zoledronic acid and denosumab; and cluster 5, palliative care (purple), including painful BM and
palliative radiotherapy. In addition, we found that some mechanisms, such as EGFR mutation, microRNA and tyrosine
kinase inhibitors, were explored and distributed across the clusters.

Exploration of the molecular biological mechanisms of LCBM

We screened 1238 DEGs from the dataset, including 606 upregulated genes and 632 downregulated genes. GO and
Reactome functional annotations revealed that the functions of the DEGs in LCBM are mainly focused on the ribosome,
the cytosolic ribosome, the formation of the pool of free 40S subunits related to ribosome-related pathways and focal
adhesion related to cell adhesion migration (Figure 7). A PPI analysis of the ribosome-related DEGs in LCBM revealed
that this pathway is mainly an interaction between the 60S ribosomal protein large subunit (RPL) and 40S ribosomal
protein small subunit (RPS) families.

DISCUSSION

BM from primary tumours often suggest a poor prognosis[3,10]. Researchers have long been devoted to studying the
basis and mechanisms of LCBM. With the development of high-throughput sequencing, this body of knowledge has
exploded. This study is the first to organize and quantify the current large and confusing knowledge structure to provide
suggestions for further LCBM research.

Changes in LCBM knowledge volume and country/region distribution

More systematic and precise treatments with immunotherapy and targeted therapy have helped to improve significantly
the prognosis in LC, but BM remains a critical problem in these patients[11]. The worldwide LC patient population is
very large[12]. In addition, approximately 350000 deaths are caused by BM in the United States each year[13]. This has
objectively driven scholars to explore and develop the study of LCBM. The major contributors to LCBM research are
primarily in developed countries, reflecting the level of social development needed to promote science and technology.
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However, some developing countries have emerged in recent years as forces that play an important role in this research.
This is helpful for alleviating the dilemma facing developing countries of backward medical technology amid high
morbidity and mortality rates for LCBM[12]. Furthermore, developed countries should strengthen their future coo-
peration efforts with developing countries to help resolve this dilemma (Supplementary Figure 2).

Changes in LCBM research hotspots

At the same time, the development of the knowledge on LCBM has been iterated owing to the continuous exploration
and attention of researchers worldwide. Zoledronic acid, quality of life and skeletal-related events constitute the motor
themes, suggesting that although neither denosumab nor zoledronic acid can change the outcomes and side effects of
patients with LCBM, they can effectively reduce the skeletal-related events associated with a poor prognosis[14,15].
Palliative, palliative radiotherapy and chemotherapy constitute a falling theme that may be related to their relatively
limited scope of action, high toxicity, myelosuppression and low efficacy[16,17]. On the other hand, the emergence of
targeted therapies is related to the large amount of basic research on EGFR. A previous study claimed that EGFR is
mutated in approximately 70% of patients with LCBM[18]. Specifically, in LCBM cells, epidermal growth factor or Wnt
signalling pathways stimulate high ROR1 expression levels to interact with EGFR, which in turn promotes cancer cell
proliferation, survival and invasion[19]. In addition, acquired resistance generated by first- and second-generation EGFR-
tyrosine kinase inhibitors is closely associated with the behaviour of genes, such as the T790M mutation, MET
amplification, AXL activation, IGF1R blockade, HER2 amplification, PTEN deletion and PIK3CA mutation[20]. These
results invariably drive the creation of more effective EGFR-targeted therapies. The clinical application of immuno-
therapy is dependent on the maturation of research on immune mechanisms and the promotion of immune checkpoint
inhibitors[21]. These are also examples of the basic research that drives clinical progress. Therefore, it is necessary to
strengthen the basic research in the future to improve and clarify the relevant molecular mechanisms in LCBM. In recent
years, the maturation of computer and other technologies, such as high-throughput sequencing, has enabled bioin-
formatics to become widely used in the study of LCBM. For example, in vitro models of LC cell-derived exocysts have
been constructed to predict their BM capacity using methods such as meta-analysis[22]. Using meta-analyses, Sharma et al
[23] and Chen et al[24] evaluated the efficacy of brachytherapy as compared with denosumab and zoledronic acid
therapies in patients with LCBM. In an analysis of data from 8067 patients with advanced NSCLC, the use of pro-
grammed cell death protein 1 inhibitors in patients with BM was found to have no significant altering effect on
progression-free survival[25]. In addition, the log-rank test, multiple Cox regression analysis and Kaplan-Meier method
are other common research tools[26]. These studies are important for research on the construction of prognostic models,
assessment of clinical outcomes and development of molecular diagnoses and treatments. This suggests that bioin-
formatic analysis may presently be an effective method for studying LCBM; however, most studies still lack further
experimental validation.

In addition, as long-standing topics of interest in the field of LCBM, lung adenocarcinoma, non-small cell LC and so on
reflect the large patient base of non-small cell LC, which is the most common type of LC[12,27]. However, brain and other
metastases have also emerged as themes as they share some common problems. For example, both BM and brain
metastasis in LC are closely related to the interaction of various components of the LC microenvironment, such as the
epithelial-mesenchymal transition[28,29].
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in each year to its highest frequency in a year. The B and D values represent the ratio of the total frequency of the keyword from 2000 to a certain year to its total
frequency.

Main research directions in LCBM research

The volume of knowledge in LCBM research has been enriched gradually, mainly in the following areas. In terms of
mechanism exploration, researchers have started to explore and identify key LCBM molecules through technological
advancements, such as high-throughput sequencing. For example, Miki et al[30] and Liu et al[31] found that high
expression levels of zinc finger E-box binding homology box 1 in LC cells leads to increased expression levels of
parathyroid hormone-related protein, which prompts LC cells to undergo a continuous process of retention in the
capillary bed, angiogenesis and proliferation, and causes the emergence of the site of metastasis, then metastasis to bone
and an increase the number of BMs in the body. BM incidence is also increasing. In addition, primary tumours secrete
several different factors and extracellular vesicles (EVs) into the circulation to reach bone, altering the bone microenvir-
onment through mechanisms such as the action of calmodulin 11 in EVs with osteoblasts, eventually forming a pre-
metastatic ecological niche in bone and preparing the tumour for BM[32,33]. When LC cells reach bone, since LC cells
cannot directly damage the bone and colonize it, they must disrupt the RANKL/RANK/OPG pathway that forms a
dynamic balance between osteogenesis and bone resorption, which is regulated by osteoblasts and osteoclasts. In this
case, the action of the osteoclasts prevails and triggers the corresponding bone destruction and resorption, allowing LC
cells to colonize and further invade and grow[34,35]. In addition, the mechanism of LCBM is similar to that of breast
cancer BM[1]; thus, it is not surprising that the term “breast cancer” appears in our findings (Figure 6).

In terms of clinical treatments, the clinical exploration of targeted therapies and immunotherapies is in full swing.
Numerous clinical studies have shown that both targeted therapy and immunotherapy can significantly extend survival
and improve the prognosis of LCBM patients[36,37]. Among these, nivolumabtherapy may be effective in preventing
bone destruction and relieving bone pain and other symptoms with long-term efficacy[38]. This is important for imp-
roving the quality of life for LCBM patients. Nevertheless, targeted therapies and immunotherapies for LCBM still face
challenges, such as still being in the animal testing stage or drug resistance, and there is still a long way to go before they
can be used as effective LCBM treatments[38-40].

Although palliative treatments have not been shown to make a significant positive impact on the survival of patients
with BM, they can be highly effective for improving patient quality of life by providing rapid symptom relief[41,42].
Therefore, considering the unsatisfactory results of emerging therapies and the current absence of viable cures, palliative
care is considered the best option for patients with BM to maintain a relatively high quality of life at the end of life[43].

Moreover, although adjuvant treatments, such as denosumab and zoledronic acid, can induce serious side effects,
including hypocalcaemia, femoral fractures and osteonecrosis of the jaw, a large body of data suggests that they can play
a significant role in prolonging the overall survival of LCBM patients and reducing the occurrence of a range of skeletal
complications[14,15,44]. Therefore, it is not surprising that these treatments are major hot topics in LCBM research.

For clinical diagnosis, the commonly used PET/CT is useful for providing an accurate assessment of the risk LC
patients have for developing BM and has great potential for therapeutic guidance[45,46]. This suggests that PET/CT may
continue as a hot topic in the future. In addition, the scattering of certain mechanisms in the distribution of the abovemen-
tioned topics and the extensive connections with many application-related topics may reflect the fact that the relevant
basic results are already driving the development of clinical applications.

Preliminary exploration of the molecular mechanisms of LCBM

The updated global molecular map of LCBM that we constructed suggests that the factors affecting the development of
BM in LC patients may be closely related to abnormalities in the ribosomal pathway. This is largely consistent with
existing reports. It has been reported that RPLP2, which encodes the eukaryotic 60S large ribosomal subunit P2, is
significantly upregulated in patients with LCBM and is an important marker of a poor prognosis in these patients[47].
RPLP2 is also associated with DNA repair, cell division, apoptosis and the progression of multiple types of tumorigenesis
[47]. Not coincidentally, Ebright ef al[48] found that mice with breast cancer and high RPL15 expression levels have a
greater likelihood of breast cancer cell metastasis to multiple organs. In LCBM tissue, the upregulation of COL6A1, which
is closely related to the ribosome-related pathways, can enhance the proliferation and invasion of tumour cells and their
adhesion to osteoblasts[49]. The upregulation of SMYD?2, a transcriptional regulator, can activate the transcription of
ribosomal small subunit protein 7 by binding to its promoter, thereby promoting the proliferation, migration, invasion
and distant metastasis of LC cells[50]. Small nucleolar RNA can enhance downstream SCD1 translation and regulate lipid
peroxidation and mechanistic target of rapamycin by promoting the 2’-O-methylation modification of the C3680 site on
28S rRNA to inhibit autophagy of LC cells and thereby promote LC cell growth and metastasis[51]. Ribosomal S6 kinase 2
can jointly promote CaMKIV signal transduction and enhance CREB activity through interaction with GDH1, thereby
promoting LC cell metastasis[52]. More importantly, there are also in vivo experiments showing that the use of biominer-
alized metal-organic framework nanoparticles with protein toxins and nuclear factor-xB ligand receptor activator an-
tibodies can reduce the occurrence of BM through the irreversible inactivation of ribosomes, a decrease in the number of
LC cells and an interference with the interaction between LC cells and bone cells[53]. These indicate that ribosomes are
very likely to be an important link in the occurrence of BM by LC cells and the interaction between LC cells and bone cells
to cause skeletal-related events. This also reveals the clinical potential of this dual-protein therapy in the treatment of LC
and LCBM. Furthermore, Bowley et al[54] found that high expression levels of RPL and RPS lead to aberrant ribosome
synthesis that can promote the onset and progression of melanoma brain metastasis. A 20-year empirical report indicated
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that Diamond-Blackfan anaemia patients, which is caused by RPL or RPS mutations, has a high susceptibility to mali-
gnancy[55]. This is similar to the interaction between the RPS and RPL families in the results of the PPI analysis of the
ribosome-related pathways. However, no direct evidence has confirmed that the ribosomal pathway in LC cells can also
trigger BM through a similar action. In addition, focal adhesion-related pathways may also be closely associated with the
BM of LC cells. One study that used microarray fractionation identified long-stranded noncoding RNAs that may
mediate the development of spinal metastasisby affecting processes such as focal and cell adhesions in lung adenocar-
cinoma cells[56]. Another study claimed that the focal adhesion kinase/ AKT/Rho-associated kinase pathway induces LC
cell invasion and metastasis by interacting with bone bridge proteins, thus effectively inhibiting some protein activity
[57]. These findings are similar to those of our enrichment analysis and fully suggest that focal adhesion may play a BM-
promoting role in LC.

In addition, these pathways also play a role in other tumours or metastases. For example, the interaction between focal
adhesion and extracellular matrix receptors can lead to changes in the actin cytoskeletal pathway and thereby promote
the migration of LC cells to the brain[58]. MiR-215-5p downregulates the metastatic ability of colorectal cancer cells by
regulating molecular biological processes, such as extracellular matrix-receptor interactions and focal adhesion[59]. The
study revealed that miR-215-5p is likely to become a potential target for the treatment of the distant metastases of colo-
rectal cancer. FSTL1 interacts with VIM to activate the focal adhesion signalling pathway and cytoskeleton rearrangement
to achieve colorectal cancer liver metastasis[60]. EIF4A2, which is required for the binding of mRNA to ribosomes, plays
an important role in the lung metastasis of colorectal cancer cells in vivo[61]. The significant molecular biological charac-
teristics of LC brain metastasis include the significant enhancement of pathways related to ribosome activity and
metabolic reprogramming[62]. In addition, there are studies claiming that ribosome biogenesis is a target with a strong
clinical potential for treating many tumour metastases and alleviating drug resistance[63]. This also further illustrates the
rationality of ribosome and focal adhesion-related pathways playing a role in LCBM. However, whether similar
mechanisms are achieved in LCBM and what specific biological processes involve these mechanisms in the expression of
molecules, transcriptional regulation, epigenetic modification and their clinical potential are still unknown. In the future,
we plan to conduct more research that further explores and improves the data on the related biological mechanisms.

However, not all of the abovementioned molecular biological mechanisms appeared directly in the results of the biblio-
metric analysis of this study. This may be due to the fact that much of the literature was included in this study for the
bibliometric analysis but only one dataset was used in constructing the LCBM-related molecular map. However, we
believe that the direction of the basic research on LCBM is still weak. For example, the few existing studies mentioned
earlier have shown that ribosomal and focal adhesion-related pathways may be the link that promotes BM by LC cells.
This link is promising as a new target for the treatment of LCBM. However, as of now, no mature studies have explained
the detailed processes of these pathways and developed clinical therapeutic diagnostics based on them. This is also
illustrated by the fact that a dataset met our filtering requirements in multiple worldwide datasets. In addition, we invest-
igated GTP hydrolysis and the joining of the 60S ribosomal subunit, translation, viral mRNA translation and NMD-
related pathways in LCBM. However, no study has directly confirmed this. This requires further experimental validation.
Thus, while clinical studies and new drugs have helped improve the survival prognosis for LC, there remains an urgent
need for larger population data to enrich the molecular landscape of LCBM and more representative animal models to
explain the biological behaviour of LCBM. This will lay the foundation for further advancements in the development of
more effective diagnostic and therapeutic options for LCBM.

Limitations of the study and future research arrangements

This study has the following shortcomings: (1) It included only articles written in English that were of high quality and
whose data could be comprehensively examined from the WOSCC. In the future, we should also include an analysis of
articles on LCBM from other databases for supplementation and validation; (2) The study addressed only the current
mainstream evolution of LCBM, hot directions, the current status of research on LCBM and future directions using
limited analysis. We will further examine the valuable information behind these bibliometric indicators in the future; and
(3) Although this study used various methods to analyse only the data sets that met the inclusion requirements for invest-
igating the possible biological behaviour of LCBM and obtained strong suggestive and pioneering information, it lacks
the verification of in vivo and in vitro experiments. In the future, we should conduct in vivo and ex vivo experiments to
confirm the molecular biological mechanisms in LCBM.

CONCLUSION

In summary, LCBM has received extensive attention in recent years owing to targeted therapies and immunotherapies on
the clinical research side and drug resistance mechanisms on the basic research side. Although the current regimens can
provide improvements in patient quality of life, they cannot change the outcomes in patients with LCBM. This is mainly
related to the poor effects of novel therapies and weak basic research. Future scientific research on LCBM can increase
efforts on targeted therapies, immunotherapies and basic research to provide new concepts for the study of LCBM
mechanisms and improve its prognosis.
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Abstract

In response to Dr. Yue et al's study on prognostic factors for post-hemihep-
atectomy outcomes in hepatocellular carcinoma (HCC) patients, this critical
review identifies methodological limitations and proposes enhancements for
future research. While the study identifies liver stiffness measure and standard
residual liver volume as potential predictors, concerns regarding small sample
size, reliance on biochemical markers for safety assessment, and inadequate ad-
justment for confounding variables are raised. Recommendations for rigorous
methodology, including robust statistical analysis, consideration of confounding
factors, and selection of outcome measures with clinical components, are
proposed to strengthen prognostic assessments. Furthermore, validation of novel
evaluation models is crucial for enhancing clinical applicability and advancing
understanding of postoperative outcomes in patients with HCC undergoing hem-
ihepatectomy.
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Core Tip: Methodological rigor is essential for evaluating post-hemihepatectomy outcomes in patients with hepatocellular
carcinoma. This paper highlights limitations in the current research methodologies, emphasizing the need for robust
statistical analysis and validation of novel evaluation models. Addressing these challenges will enhance prognostic
assessments and advance our understanding of postoperative outcomes in this patient population.
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TO THE EDITOR

We recently have read with great interest a recent article by Dr. Yue et al[1], "Clinical study of standard residual liver
volume and transient elastography in predicting poor prognosis of patients after hemihepatectomy" which was published
in World Journal of Clinical Oncology. The study aimed to investigate the risk factors associated with poor prognosis after
hemihepatectomy in patients with hepatocellular carcinoma (HCC) secondary to hepatitis B cirrhosis. Their findings
suggest that both preoperative and liver stiffness measure (LSM) and standard residual liver volume (SRLV) values could
serve as independent risk factors for postoperative liver dysfunction, providing valuable insights into prognostic asse-
ssment for HCC patients undergoing hemihepatectomy. However, while acknowledging the significance of the findings
in addressing the gap in the existing body of evidence on this topic, there are concerns regarding the study's validity that
necessitate a cautious approach to interpreting the results.

One of the paramount considerations in this study, in addition to the small sample size that could potentially affect the
statistical robustness of the findings, is the methodology employed and the outcome measure considered to assess the
safety of hemihepatectomy in these patients. The reliance on biochemical assessments of liver function, such as abnormal
international normalized ratio or total bilirubin levels, as indicators of operation safety, poses a significant limitation. The
limitation of this approach lies in the possibility that patients may have exhibited these abnormal paraclinical liver
profiles prior to the surgical intervention, thereby clouding the assessment of procedure safety when using this endpoint
as the measure. The article did not provide information about the baseline status of the patients' liver function tests of the
patients and also did not exclude patients with abnormal liver function from the study. Excluding patients with
preexisting liver dysfunction could help ensure the integrity of the study's results by providing a clearer understanding
of the impact of hemihepatectomy on liver function in individuals with HCC, where their liver function is not already
compromised. Besides, the inclusion of outcome measures with clinical components in addition to liver dysfunction such
as postoperative hepatic decompensation could offer a more comprehensive evaluation of the safety of hemihepatectomy
in patients with HCC.

Second, while the authors employed a multivariable logistic regression model to evaluate the association between LSM
value, SRLV, and postoperative liver dysfunction, they failed to address potential confounding factors or mitigate biases
in their analysis model. It's recommended that relevant factors previously shown to be linked to the outcome variable,
postoperative liver dysfunction, in the literature should be considered in the modeling analysis phase, where applicable
[2-4]. This comprehensive approach would strengthen the study's validity and provide a more robust foundation for
interpreting its findings.

Furthermore, the study introduced a new liver reserve evaluation model, integrating the Child-Pugh score with LSM
values, which was reported in this study to have a superior accuracy in predicting postoperative liver function compared
to the traditional Child-Pugh score. Based on the eligibility criteria of the study, however, patients with complications
before the operation, such as hepatic encephalopathy, and abdominal dropsy, two items out of the five items of the Child-
Pugh score and the six items of the new assessment model, were excluded. Therefore, the superiority of this new model
may be subject to further scrutiny, and further studies with more diverse patient cohorts are needed to ascertain the
performance of these two models.

In conclusion, while Dr. Yue et al's study contributes valuable insights into prognostic evaluation for HCC patients
undergoing hemihepatectomy, cautious interpretation is warranted due to methodological limitations and potential
biases. Addressing these concerns through rigorous methodology and comprehensive analysis would enhance the
reliability and applicability of the study's findings, thereby advancing our understanding of postoperative outcomes in
this patient population.
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