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Simple Summary: Metastatic disease is the leading cause of cancer-related morbidity and mortality,
accounting for over 80% of cancer deaths. Recent studies have introduced and refined several theories
on cancer metastasis, including ghost mitochondria (GM), vasculogenic mimicry (VM), and the
formation of polyploid giant cancer cells (PGCCs). Understanding the complex processes of cancer
metastasis is crucial for developing effective treatment options.

Abstract: The capacity of cancer cells to migrate from a primary tumor, disseminate throughout the
body, and eventually establish secondary tumors is a fundamental aspect of metastasis. A detailed
understanding of the cellular and molecular mechanisms underpinning this multifaceted process
would facilitate the rational development of therapies aimed at treating metastatic disease. Although
various hypotheses and models have been proposed, no single concept fully explains the mechanism
of metastasis or integrates all observations and experimental findings. Recent advancements in
metastasis research have refined existing theories and introduced new ones. This review evaluates
several novel/emerging theories, focusing on ghost mitochondria (GM), vasculogenic mimicry (VM),
and polyploid giant cancer cells (PGCCs).

Keywords: metastasis; cancer; ghost mitochondria; vasculogenic mimicry; polyploid giant cancer
cells; GM; VM; PGCCs

1. Introduction

Metastasis is a complex process in cancer biology that is not fully understood. Dissemi-
nated cancer is often a fatal disease and represents a significant global health challenge [1–3].
Among a cohort of 1,030,937 metastatic cancer survivors in the United States from the pe-
riod 1992–2019, 82.6% of the patients (n = 688,529) died from the cancer for which they
were diagnosed. The median survival duration for patients living with metastases is
10 months [4]. The primary hypothesis explaining the formation of nodal and distant organ
metastases is based on direct invasion by tumor cells into lymphatic and/or blood vessels
and the generation of circulating tumor cells (CTCs) within the lymphatic and blood vessel
systems [5,6]. However, the process of CTC colonization of regional lymphatic nodes and
distant organs seems to be disproportionately insufficient [7–9]. Studies on metastasis in
patients with melanoma have shown that only 2.5% of circulating cancer cells are able to
survive and form micrometastases [9]. Moreover, the formation of micrometastases does
not always result in the development of metastatic tumors, as only 1% of micrometastases
progress to disseminated disease [9]. These discoveries are inconsistent with the clinically
observed high efficiency of the metastatic process, which occurs even in patients who un-
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dergo aggressive treatment [10,11]. In our work, we review the literature to reveal potential
novel concepts related to cancer cell metastasis.

2. “Ghost” Mitochondria (GM)—Cancer Cell Communication or Independent
Metastatic Route?

The role of mitochondria in cancer was first identified by Otto Warburg, who hypoth-
esized that there is a mitochondrial defect in cancer cells [12]. Research has shown that
this defect should be considered not only an important factor of cancer cell metabolism
but also an essential part of carcinogenesis and metastasis. Thomas Seyfried proposed
that initial changes in cancer cells are not associated with mutations in genes but with
defective mitochondrial metabolism [13]. His hypothesis was based on numerous in vitro
studies that described the suppression of carcinogenesis in hybrid tumor cells after the
transplantation of normal cell cytoplasm or mitochondria [14–17]. Other studies revealed
that the transfer of mtDNA from cells with high metastatic potential to cells with low
metastatic potential can generate high metastatic potential in recipient cells [18].

Mitochondria in cancer cells exhibit remarkable adaptability to endure adverse con-
ditions, including hypoxia, nutrient deficiency, and various therapeutics. Consequently,
they are integral to tumor development, requiring a capacity for adjustment in response
to both cellular and environmental fluctuations. In addition to their role in bioenergetics,
numerous other facets of mitochondrial biology are associated with cellular transformation.
These processes encompass mitochondrial biogenesis and turnover, metabolic pathways,
dynamics of fission and fusion, regulation of oxidative stress, susceptibility to cell death,
and signaling mechanisms [19].

Cancer cells are able to produce various types of microparticles containing extracel-
lular vesicles (EVs) surrounded by a lipid bilayer and nonmembranous particles [20–22].
EVs can be divided into large exopheres, which can contain cellular organelles, and smaller
microvesicles (>150 nm) and exosomes (30–150 nm) [22,23]. EVs containing mitochondria
can not only appear locally but also be released into the bloodstream by both healthy and
injured cells [24–26]. The number of excreted mitochondria is elevated in injured cells,
including cancer cells [24,26]. Additionally, cancer cells release small exosomes that contain
mitochondrial proteins or mtDNA. These exosomes are present in blood and may serve as
potential new cancer markers detectable in blood samples [27,28]. Microparticles that carry
mitochondria often present surface markers of platelets or immune cells to promote inflam-
mation [26,29]. Circulating mitochondria are involved in immune response modulation
and are important in intracellular signaling pathways [30]. Cancer cells can receive healthy
mitochondria from tumor microenvironment (TME) cells, which may have a therapeutic
effect and suppress tumor growth [14,31,32]. However, mitochondrial transfer can also
enhance cancer cell metabolism and is associated with progression and metastasis [33,34].
Studies of mitochondrial transfer in the TME revealed that prostate cancer cells can recruit
mitochondria from stromal fibroblasts [21]. Cancer cells can receive mitochondria from
tumor-associated stromal cells even if functional mitochondria are already present in their
cytoplasm. The process of mitochondrial transplantation between cells is locally regulated.
Only fibroblasts reprogrammed by cancer cells to be highly glycolytic can transfer their
mitochondria, and only selected cancer cells can act as recipients [21]. The authors sug-
gested that the receiving mechanisms may depend on lactate excreted by cancer-associated
fibroblasts, which triggers changes in cancer cell metabolism and activates signaling path-
ways associated with mitochondrial uptake [21]. Mitochondrial transplantation is vital for
cancer cells to produce sufficient energy for active proliferation [21,32,35]. Studies of cancer
mitochondrial transfer are consistent with discoveries claiming that functional mitochon-
dria and oxidative energy production are essential for tumor cell proliferation [24,26,36,37].
Alterations in energy metabolism or the function of mitochondria may inhibit the anticancer
capabilities of immune cells and promote the immune escape of cancer cells within the
TME [38,39]. Recent research suggests that cancer cells may have the ability to appropriate
mitochondria from non-tumor cells within the TME [40]. Mitochondrial transfer is con-
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sidered a form of intercellular communication. It has been posited that cancer cells could
acquire mitochondria from T cells through nanotubes, thereby enhancing their own cellular
strength and facilitating immune escape.

Interestingly, mitochondrial transfer by platelets is performed in different physiologi-
cal and pathological states, e.g., wound healing. Activated platelets release mitochondria to
fibroblasts in wounds to enhance metabolic processes and promote angiogenesis [41]. Stud-
ies have revealed that mitochondrial transplantation between platelets occurs in cancer and
can potentially be associated with metastasis and proliferation. Zhang et al. [42] reported
that osteosarcoma cells are reprogrammed into a metastatic state through the acquisition of
platelet mitochondria via the PINK1/Parkin-Mfn2 pathway. Platelet mitochondria promote
lung metastasis by regulating the GSH/GSSG ratio and reactive oxygen species (ROS) in
cancer cells. Mitochondrial transfer between cells possibly plays an important role in local
intracellular interactions and is potentially a novel target in cancer therapy.

However, cancer cells contain not only functional but also damaged and nonfunctional
cancer mitochondria called “ghost” mitochondria (GM) [43]. The term GM refers to spheri-
cal mitochondria that arise from the downregulation of Mic60 in cancer cells [44]. Mic60
is an essential component of the mitochondrial contact site and cristae organizing system
(MICOS), which is pivotal for the development of the inner mitochondrial membrane and
the formation of functional cristae [45]. Impaired MICOS function results in the formation
of mitochondria, which are unable to fulfil their major functions: effective ATP production
and the regulation of cell death [43,45]. The presence of the GM may seem contradictory to
the energy demands of cancer cells, but it is linked to several proinflammatory signaling
pathways, the regulation of nuclear gene expression, and the evasion of programmed cell
death mechanisms [43]. Moreover, the presence of the GM can possibly influence cancer
metastasis because there seems to be a connection between the downregulation of Mic60
and the ability of cells to produce metastases [43].

Oxidative phosphorylation (OXPHOS) significantly contributes to the advancement
of various cancer cells. It not only supplies adequate energy essential for the survival of
tumor tissue but also modulates the conditions necessary for tumor proliferation, invasion,
and metastasis. Furthermore, modifications in OXPHOS can adversely affect the immune
functionality of immune cells within the TME, resulting in immune escape. Mic60-low
tumors demonstrate a significant decline in mitochondrial functionality, which is para-
doxically correlated with an enhanced tendency for metastasis. An elevated expression
of the Mic60-low gene signature has been linked to reduced patient survival in various
cancer types, including kidney cancer, uveal melanoma, testicular germ cell tumors, and
thymomas [46].

The role of the GM in cancer cells remains unclear and should be investigated in
future studies. We hypothesize that the mitochondrial transfer processes mentioned above
could also involve the pathological GM. The GM can be transported in EVs to distant
tissues, where it can serve as a signal to activate and proliferate dormant cells. The second
possible hypothesis involves the interaction of the GM with immune cells and metastatic
niche cells, which could be essential for preparing the TME for migrating cancer cells.
Studies have not yet clarified the quantity and proportions of the GM compared with those
of functional mitochondria in primary and metastatic cancer cells. Identifying markers
for cell-free GM could help determine the number of circulating mitochondria and their
potential role in assessing the risk of metastasis in patients with various types of cancer.
Given the evidence suggesting the inefficiency of metastasis formation solely through
circulating tumor cells [7,9], it is also important to explore the possibility that metastasis
could spread via smaller entities, such as mitochondria. Perhaps cytokinesis in highly
proliferative cancer cells (especially in tumors with an increased number of pathological
mitoses) could also be a source of mitochondria released from dividing cells. The GM
can enter previously healthy cells of distant organs and alter their metabolism and gene
expression to produce a cancer phenotype (Figures 1 and 2). Further studies are needed to
investigate this hypothesis and identify the potential signaling pathways involved.
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released by cancer cells into the tumor microenvironment (TME). Vesicles with mitochondria act as 
local signaling factors but can also enter the circulation. (B) Circulating GM enters sites of cancer 
metastasis through the bloodstream. (C) Vesicles with a GM fuse with the membrane of niche cells 
and modify their metabolism and gene expression to create a TME that is optimal for metastasis. 
(D) Previously healthy cells with internalized GM undergo dysregulation of cell death control and 
can present a cancer phenotype. 

 
Figure 2. Melanoma with a single normal mitotic figure near small blood vessels with erythrocytes 
((A), 400×) was observed. Pathologic mitoses with severe abnormal/asymmetrical morphology of 

Figure 1. The possible role of circulating “ghost” mitochondria (GM) in metastasis. (A) The GM is
released by cancer cells into the tumor microenvironment (TME). Vesicles with mitochondria act as
local signaling factors but can also enter the circulation. (B) Circulating GM enters sites of cancer
metastasis through the bloodstream. (C) Vesicles with a GM fuse with the membrane of niche cells
and modify their metabolism and gene expression to create a TME that is optimal for metastasis.
(D) Previously healthy cells with internalized GM undergo dysregulation of cell death control and
can present a cancer phenotype.
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3. Vasculogenic Mimicry (VM)—Need for Nutrients or Method of Metastasis on the
Basis of Interactions with Blood Cells?

Blood flow in cancer is crucial for supplying proliferating cancer cells with the nec-
essary nutrients and oxygen. Angiogenesis is one of the best-examined processes for
providing the blood supply to the TME. However, other mechanisms also exist, including
vasculogenic mimicry (VM). VM was first described by Maniotis et al. and refers to a
process by which cancer cells imitate endothelial cells to form the vasculature [47]. In VM,
cancer cells can create vessel-like structures without the presence of endothelial cells [48].
Mechanisms underlying the VM formation are complex and associated with hypoxia. The
decreased oxygen supply to the tumor leads to the activation of the hypoxia-inducible
factor (HIF) pathway in cancer stem cells (CSCs) [49]. CSCs are a population of cancer cells
that possess two features typical to stem cells: self-renewal and differentiation potential [50].
The activation of HIF-1 cascade in CSCs is responsible for the activation of pathways lead-
ing to epithelial-to-endothelial transition (EET) [49,51]. EET is a process of differentiation
of CSCs into cells with endothelial characteristics [51]. The extracellular matrix remod-
eling and the EET are major processes leading to the formation of vessel-like structures
in VM [49]. Two types of VM have been described: the tubular type and the patterned
matrix type [52]. In the tubular type, cancer cells form vessel-like structures very similar
to those of normal microvasculature [52,53]. The patterned matrix type is associated with
the formation of morphologically dissimilar vessel-like structures surrounded by a matrix
and clusters of cancer cells [52,53]. Regardless of the type, vessel-like canals originate from
blood vessels and provide slow blood flow into cancer tissue, which enables cancer cells
to interact with blood components [52]. The VM process is associated with the presence
of PGCCs, which can create tubular vascular-like channels [54]. VM and the formation of
PGCCs require similar hypoxia-induced pathways, and the stemness phenotype of PGCCs
enables them to perform EET [54,55]. Studies of PGCCs have revealed that their stem-like
features permit the cells to differentiate into erythrocyte-like cells which can enter the
bloodstream [54]. VM has been observed in various cancer types, including melanoma,
breast cancer, gastrointestinal cancers, and glioblastoma [47,53,56–58]. The presence of
VM is associated with poor clinical outcomes and is characterized by increased invasion,
metastasis, and resistance to antiangiogenic therapies [48,53]. In VM, cancer cells express
VE-cadherin, which participates in the formation of vessel-like structures and activates
pathways that promote survival and proliferation [53,59]. The structures formed during
the VM process allow cancer cells to enter the bloodstream and interact with blood cells.

Interactions between different blood cells and cancer cells have important influences
on CTC survival and the metastatic potential of tumors [60]. Studies have shown that
cancer cells can interact with platelets to avoid the immune system and facilitate metastasis
formation [61,62]. Once cancer cells enter the bloodstream, they can activate platelets
by secreting different factors, including tissue factor and thrombin [63,64]. Activated
platelets attach to CTCs and cover their surface, creating a protective layer and enabling cell
interactions [60,63,65]. Platelets are able to both promote and inhibit cancer metastasis [63].
Prometastatic platelet function is associated with facilitating cancer cell immune escape,
increasing adhesion ability and inhibiting cancer cell anoikis (a form of programmed
cell death that occurs when cells detach from the surrounding extracellular matrix) [63].
Immune escape is connected mainly with the modification of antigens presented by cancer
cells, which protects them from elimination by NK cells [63,66]. Platelets can also impair
tumor progression and metastasis via modification of the cell cycle and apoptosis [63].

Cancer cells can also influence erythrocytes by altering their immunological func-
tion [67]. DNA fragments, likely originating from cancer cells, have been detected in
mature red blood cells [68]. Tumor cells are able to produce vesicles containing RNA or
DNA (both nuclear and mitochondrial) that can be transferred to other cells and translated
into proteins, altering their function [69–72]. We postulate that VM and direct contact
between tumor cells and the blood are involved in the metastasis process. Cancer cells
possibly recruit platelets and erythrocytes to protect migrating cells from the immune
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system. Another potential mechanism involves these blood cells acting as vectors for cancer
genetic material, transporting it to distant sites, such as bone marrow. This material could
help prepare niches for future colonization by metastatic cancer cells, or it could be directly
transferred to stem cells, which may then be altered to express cancer phenotypes. Studies
on mouse models have not demonstrated the degree of deformability in cancer cells that
is essential for their entry into the circulation. However, observations of human prostate
cells suggest that circulating tumor cells (CTCs) exhibit a size and deformability similar to
those of blood cells [73]. This finding raises the possibility that CTCs, which are responsible
for metastasis, could actually be blood cells with cancer-like features. Moreover, studies
that are used to diagnose the presence of CTCs in the blood often rely on the detection of
surface antigens present in cancer cells and absent in healthy blood cells [73]. More studies,
including studies on the greater quantity of antigens associated with the examination of
cellular morphology, should be performed to determine the exact origin of CTCs. The po-
tential role of stem cells in carcinogenesis has been previously proposed, with the idea that
stem cells could differentiate into cancer cells [74]. Changes in the bone microenvironment
in premetastatic disease, including changes in stem cell proportions, have been observed
in previous studies, which suggests that cancer can modify the microenvironment before
the development of metastasis [75] (Figures 3 and 4). In our opinion, further research is
needed to investigate whether the indirect evidence of the use of blood cells to disseminate
and communicate with distant organs in cancer supports our hypothesis [76,77].
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Figure 3. The proposed mechanism of cancer metastasis through vasculogenic mimicry. (A) “Educa-
tion” of blood cells in vessel-like structures in cancer tissue. Cancer cells modify the function of blood
cells and implant DNA into erythrocytes and platelets. (B) “Modified” platelets and erythrocytes
are released into the circulation and migrate into the site of metastasis. (C) Metastasis formation
occurs via the migration of “modified” cells as a result of interactions with niche cells, the activation
of dormant cancer cells or the internalization of genetic material from cancer cells into healthy cells
(acting as a “vector”).
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Figure 4. A regular blood vessel lined by endothelial cells in uveal melanoma ((A); 400×). Connection
between the regular blood vessel lined by endothelial cells (green arrow) and the vascular channel
partially lined by tumoral cells (red arrow) in uveal melanoma; asterisk: tumoral cell during mitosis in
direct connection with the lumen of the vessel ((B); 600×). Dispersed vasculogenic mimicry (vascular
channels lined only by tumor cells) in metastatic cutaneous melanoma ((C); 400×).

4. Polyploid Giant Cancer Cells—Dormant Locators or Migrating Pioneers

Polyploid giant cells (PGCs) are formed through the fusion of multiple mononuclear
cells. The formation of PGCs is a common feature of the monocyte lineage and can occur
in both physiological conditions (e.g., osteoclasts) and pathological conditions, such as
Langhans giant cells in tuberculosis [78]. Polyploid giant cancer cells (PGCCs) are a subtype
of PGC composed of fused cancer cells and are commonly observed in various cancer
types, including melanoma, urothelial carcinoma, renal cell carcinoma, breast carcinoma,
ovarian carcinoma, pancreatic adenocarcinoma, and prostate carcinoma [79]. PGCCs are a
heterogenous group of cancer cells with diversified roles in cancer dormancy and metastasis,
and their numbers are correlated with disease progression [80,81].

Different functions of PGCCs are associated with stemness features. Studies revealed
that progeny cells of PGCCs possess stem cell markers including Oct-4, Sox-2, NANOG,
CD44, and CD133 [54,82]. PGCCs exhibit characteristics similar to CSCs and have the
ability to express CSC-related markers such as CD44 and CD133. Tumors derived from
PGCCs express proteins associated with EMT, such as N-cadherin, Snail/Slug, and Twist.
These proteins contribute to the increased metastatic and invasive capabilities of cancer
cells [83].

The process of PGCC formation is initiated by cellular stress factors such as hypoxia,
chemotherapy, radiotherapy, ROS production, viral infections, and other factors [79,84].
Hypoxia is the best known inductor and the hypoxia mimicking CoCl2 is commonly used
for in vitro PGCC formation [85]. The exact mechanisms of PGCC induction are not fully
understood; however, studies suggest similar pathways that are associated with VM [54,55].
Studies have revealed that important events leading to PGCC creation are connected with
HIF-1 pathway activation and DNA damage [54,55,84].

PGCCs remain arrested in the G2/M phase of the cell cycle [81,86]. Cell cycle arrest is
caused by impaired function of the cell cycle regulatory proteins CDC25B and CDC25C.
During mitosis initiation, these proteins are normally translocated from the cytoplasm into
the nucleus by cyclin B1. In dormant PGCCs, cyclin B1 is downregulated; however, it can
also be highly expressed in PGCCs, which is associated with reactivation and production
of daughter cells [81,85–87]. Studies of high-grade serous ovarian carcinoma revealed
that PGCCs are able to undergo microevolution, which is responsible for resistance to
chemotherapy and adaptation to metastasis [88,89]. During their dormant phase, PGCCs
undergo endomitotic nuclear divisions without cytokinesis, increasing the quantity of
genetic material [88]. Some factors, e.g., the cellular stress caused by radiotherapy or
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chemotherapy, can activate dormant PGCCs [90–93]. The activated PGCCs divide by
neosis, which consists of amitotic nuclear fragmentation and cytokinesis, to produce
blastomere-like organoids filled with daughter cells [90,92]. Moreover the stemness of
PGCCs enables them to differentiate into different cellular lines, including cells of each
germ layer, as a response to signalizing factors in the TME [54,55,82]. Fecundity daughter
cells can be released into the TME, where they undergo mitotic divisions, resulting in tumor
formation [88,92,94]. While PGCCs are widely described as dormant cells formed by fused
cancer cells [64,76], there is also a population of PGCCs that express surface proteins typical
of immune cells (e.g., macrophages), allowing them to migrate through blood vessels and
contribute to metastasis [95].

Macrophages constitute another significant cell population associated with cancer
metastasis and the possible formation of PGCCs [96]. As innate immune cells with phago-
cytic capabilities, macrophages play dual roles in cancer, contributing to both antitumor
immunity and disease progression. The role of macrophages in cancer is diverse; for that
reason, three novel types of macrophages have been identified [97]. The first type is regular
tumor-associated macrophages (TAMs), which are important elements of the TME. The
second type is the population of giant cells that contain cancer proteins and DNA fragments
but also express the macrophage-specific protein CD14; these cells are referred to as cancer-
associated macrophage-like cells (CAMLs) [97]. CAMLs carry the DNA and proteome from
phagocytosed cancer cells and can migrate into blood vessels to perform immune functions.
The third type of cancer-associated macrophage is giant hybrid cells (GHCs), which are
formed through the fusion of macrophages and cancer cells and contain functional cancer
cell nuclei. GHCs leave the TME in large numbers and enter the circulation as circulating
hybrid cells (CHCs) [95] (Figures 5–7). The immunotolerance provided by macrophage
surface markers and the ability to promote neovascularization through the expression of
TIE-2/CD146 support the hypothesis that PGCCs with a macrophage phenotype could
serve as an effective mechanism for cancer dissemination [95].
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Figure 5. Hypothetical role of polyploid giant cancer cells (PGCCs) in metastasis. (A) PGCCs are
generated in primary tumors by the fusion of cancer cells or by the fusion of cancer cells with
macrophages. (B) PGCCs, which are hybrids of macrophages and cancer cells, can enter the cir-
culation and migrate to sites of metastasis. (C) PGCCs residing in metastatic niches are activated
from a dormant state. Activated PGCCs undergo neosis and release daughter cells, which create
metastatic tumors.
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5. Discussion

Ghost mitochondria (GM), vasculogenic mimicry (VM), and polyploid giant cancer
cells (PGCCs) are three underestimated concepts that may help elucidate the process of
cancer metastasis. Currently, there are two active clinical trials on VM (NCT03600233) and
PGCCs (NCT06389201), discussed hereunder. We also discuss the correlation between
PGCCs and VM formation in several neoplasms.

Specific dormant PGCCs have garnered significant attention due to their correlation
with the clinical risk of recurrence in nasopharyngeal carcinoma (NPC). In a study by
You et al., the authors demonstrate that autophagy serves as a crucial mechanism for the
induction of PGCCs. Furthermore, the pharmacological inhibition of autophagy markedly
reduced the formation of PGCCs, leading to a significant decrease in metastasis and an
improvement in survival rates in a mouse model [98]. Consequently, one clinical trial
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(NCT06389201) will evaluate whether an autophagy inhibitor, hydroxychloroquine (HCQ),
inhibits the development of therapy-induced dormant PGCCs. This approach has the
potential to reduce the risk of recurrence and metastasis in patients with NPC.

CVM-1118 (foslinanib, TRX-818) is a novel small molecule with a high potential for
inhibiting VM formation via targeting TNF receptor-associated protein 1 (TRAP1) [99].
The notable occurrence of VM has been documented in neuroendocrine tumors (NETs).
Furthermore, VM has been identified as a component of various microvascular changes in
mouse models of pancreatic NETs. This compound has demonstrated significant anticancer
activity across various human cancer cell lines. The safety profile of CVM-1118 in human
subjects is currently being assessed through a phase 1 clinical study. The primary objective
of the phase 2 study (NCT03600233) is to further evaluate the efficacy of CVM-1118 in
patients diagnosed with advanced NETs [100].

The number of PGCCs is correlated with the formation of VM human glioma. The
walls of VM exhibit positive (or negative) staining for PAS and are negative for CD31
staining. Furthermore, the prevalence of VM is significantly greater in high-grade gliomas
compared to low-grade gliomas [101]. Similarly, the number of PGCCs is associated with
VM formation in human ovarian cancer. In a study by Zhang et al., the metastatic foci
of ovarian carcinoma exhibited the highest prevalence of PGCCs and VM. An increase
in the number of PGCCs and VM was observed in correlation with the grade of ovarian
carcinoma. PGCCs were found to generate erythroid cells through a budding process, and
collectively, these cells contributed to the formation of VM [102]. The quantity of PGCCs
and VM was also correlated with the differentiation of colorectal cancer. Additionally,
daughter cells that originate from PGCCs may facilitate lymph node metastasis through
the expression of EMT-related proteins. PGCCs, along with newly generated erythroid
cells, contribute to the formation of VM structures in colorectal cancer [103]. In another
study, Liu et al. found that primary anorectal malignant melanomas exhibiting lymph
node metastasis demonstrate a higher incidence of PGCCs and VM compared to those
without metastasis. Authors confirmed that PGCCs and their generated erythroid cells
have the ability to form VM [104]. Thus, the number of PGCCs is correlated with disease
development, progression, and formation of VM in glioma, ovarian carcinoma, colorectal
cancer, and malignant melanoma.

Blocking mitochondrial metabolism in cancer is a relatively new concept that led to
clinical trials targeting the mitochondrial energy homeostasis essential for cancer prolifer-
ation [105,106]. The new emerging field of cancer therapy could be identifying signaling
pathways associated with GM. The GCN2/Akt kinase signaling cascade seems to be one
of the most important targets in cancers with GM [43]. Blocking that pathway could be a
major component of metastatic cancer therapy that might possibly result in deceleration
of tumor progression and extend survival in patients with advanced disease [43]. In vitro
studies of available GCN2 inhibitors revealed promising effects on inducing cell death in
chronic diseases; however, its value in cancer therapy could be more complex and should be
determined in further clinical trials [107]. VM seems to be a promising target in therapy of
advanced cancers. Studies of fasudil revealed that the drug inhibited vascular-like structure
formation and tumor growth in melanoma mice xenografts [76]. Studies of in vitro glioma
models showed that histone deacetylase inhibitors inhibit the VM and could potentially be
used in therapy [77]. Achieving a better understanding of VM and determining the effects
of blocking VM pathways on overall patient outcome are important directions for further
studies. PGCCs are associated with drug resistance in many cancer types. The utilization of
drugs targeting PGCC endoreplication provides a possible additional therapy, eliminating
drug resistance. Mifepristone promotes apoptosis of endoreplicating PGCCs and blocks
their formation. The use of mifepristone with olaparib was more effective in restricting
tumor growth than each of the drugs in a monotherapy ovarian cancer model [108]. Tar-
geting GM, VM, and PGCCs is an emerging field for developing new cancer therapies in
advanced metastatic cancers.
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6. Conclusions

In summary, this article highlights the multifaceted nature of metastatic processes
and emphasizes the necessity of incorporating a wide range of scientific viewpoints to
enhance our comprehension. Targeting GM, VM, and PGCCs is an emerging field for
developing new cancer therapies in advanced metastatic cancers. The future of metastasis
research is anchored in the ongoing investigation of these emerging paradigms and their
application in clinical settings. These concepts may lead to the development of innovative
therapeutic strategies.
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