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Abstract: Tumor heterogeneity is a major obstacle to achieving consistent outcomes in cancer
therapy. We offer a novel perspective on tumor heterogeneity, informed by an advanced
understanding of tumor evolution. We understand any cells, or any organism, will inherently
respond with specific capacities when faced with adversity. Our concepts, which extend beyond
canonical views, posit that tumor evolution is driven by cellular responses to survival challenges.
The disease is driven by a rudimentary action taken by any organism when confronted with
adversity - a cellular response to generate specific capacities to overcome the threat - the responses
that utilize advantageous genetic mutations and other cellular contents to attain these capacities and
further drive the disease. The disease is initiated by a cellular response to survival challenges and
the ongoing development of hallmark cancer capabilities, as cells endeavor to obtain a competitive
advantage, results in increased molecular disarray, observed as tumor heterogeneity. When the
evolutionary drive for survival is impeded by therapeutic inhibition of critical genes, cell death
occurs, a phenomenon termed oncogene addiction. Drawing from the same idea that cells
responding to survival challenges, we recognize the increasing primitiveness of cancer during its
progress stems from the innate cellular response to the demand for regeneration under sustained
cellular damage. This necessitates a regression to a more primitive state purposed to renew progeny,
unleashing a hitherto undiscerned cellular capacity. Taken together, the ideas explored herein pave
the way for novel cancer therapies and the betterment of human health.
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Main Concept

Tumor heterogeneity refers to the diversity of tumor cells in terms of various cellular and
molecular characteristics (1, 2). This variation is observed among different tumors, called inter-tumor
heterogeneity, and within a single tumor, termed intra-tumor heterogeneity. Such heterogeneity
poses significant challenges in developing effective treatment strategies (3, 4, 5). Meticulously
examining and characterizing the driving forces behind this heterogeneity can bolster our
comprehension of the disease's origins and progression and guide the development of more effective
treatment methods.

Tumor progression necessitates a continuous process whereby most, if not all, cancer hallmarks
are activated once a triggering event occurs (6, 7). Conversely, if only a limited number of cancer
hallmark phenotypes could emerge, tumor progression would be non-existent, and the condition
wouldn't be classified as cancer. Once triggered, the uninterrupted process hinges on the
interconnectedness of these phenotypes, with each one arising from the previous. This cascade
prompts the notion that activation of more phenotypes can exacerbate the situation, ushering in
additional phenotypes or an increased heterogeneity of capabilities at both single-cell and population
levels. This continuous interplay of phenotypes must result from the advantage of each behavior that,
once initiated, leads to another advantageous phenotype. The presence of common cancer hallmarks
in most, if not all, various human cancers suggests that these traits are unlikely to be mere random
occurrences caused by random mutations. Instead, they may represent necessary, non-random
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acquisitions of specific advantageous characteristics in a process of adaptation for survival and other
purposes. Thus, tumor progression can be seen as a continuous evolutionary process at each step
invoked, then acquired, and perpetuated, irrespective of any specific mutations or cellular
alternations that may be utilized to attain each step. The disease is propelled by an action any
organism will take when confronted with adversity — the cellular responses to generate essential
survival capabilities, by utilizing advantageous alterations in genetic material and other cellular
contents, which further exaggerate the progression. The chaotic situation disrupts the molecular
networks that underpin these capacities. The molecular-level heterogeneity seen in cancer, which
often becomes more evident when the disease progresses, stems from this continuous escalation as
cells persistently grapple to respond with more advantageous capabilities (Figure 1).

Figure 1 Tumor evolution
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Figure 1. A model of tumor evolution based on evolutionary biology principles. Cells facing
survival challenges initiate a response by activating critical hallmark capabilities to ensure their
persistence. These necessary hallmarks prompt a cascade of molecular activations. In later stages,
continual stress leads to molecular chaos as the interconnected hallmarks of cancer become
progressively engaged. The resultant diversity at this point is subject to selective environmental
pressures, favoring cells with advantageous adaptations. These cells advance, acquiring new
beneficial capabilities, furthering their evolutionary progress. Tumor evolution is propelled by
cellular response to survival threats, specifically, the response involves utilizing advantageous genetic
mutations and other cellular content to develop capabilities that enhance survival and advance the
evolution. It is the cellular response to the survival threats by activating its own genomic machine
that drives the disease.

Inherent/inherited cellular diversity undoubtedly leads to varying levels of susceptibility to
survival threats. However, it is the heterogeneous molecular responses to the survival threat -
response based the inherent/inherited cellular diversity and triggered by the activation of the cell's
own genomic machinery, that ultimately determine survivability. The previously presumed cause of
tumor heterogeneity, genomic instability (1, 8 - 12), is less likely the root cause but perhaps a parallel
process or even an outcome of the continuous evolution of advantageous capacities. As cells vie for
dominance under stress, beneficial mutations and various cellular alternations that enhance crucial
tumor functions keep exploited and emerge, amidst genomic instability. The diversity generated at
this juncture will be selectively favored by environmental pressure, and cells with more
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advantageous characteristics will proceed to the next beneficial capability. Nonetheless, simplistically
speaking, the essence of the disease lies not just in survival threat as the initial trigger but more
critically cellular evolution under sustained survival threats necessitates the amplification of cancer
hallmark capacities as a cellular response, leading to molecular chaos within and among different
tumors.

Metastasis represents the most perilous phase of cancer progression, where cancer cells migrate
from their original location and establish themselves in different parts of the body (13, 14).
Chemotaxis may guide cells to new locations that offer resources that have become scarce at their
original site, or attract the cells to environments beneficial for their survival. Initially, new
implantation sites may offer beneficial conditions. Once situated in this new environment, the cells
often revert to a non-aggressive state as they obtain what was lacking. This halts their evolutionary
trajectory and suppresses the emergence of further essential mutations. This phenomenon aligns with
findings from numerous studies that have observed that metastatic tumors often harbor key
mutations that reflect those found in the primary site (18, 19, 20, 21).

Moreover, despite these cells carrying mutations that induce aggression at the original site, they
often remain dormant in their new environment (22, 23, 24, 25, 26), reinforcing the concept that
cellular aggression arises from a necessity for survival. When the cells' needs are adequately met in
the new location, it diminishes the imperative for aggression, even in the presence of critical gene
mutations. However, these cells may eventually face new survival challenges due to the unfamiliar
conditions of the new environment. This leads to a temporary setback; however, these cells frequently
pursue survival by reverting to a more aggressive state, as noted in numerous studies (23, 27, 28, 29).
Consequently, the same evolutionary process of the disease and the molecular chaos recurs at the
distant site, potentially in unlimited cycles.

There is an urgent need for advancements in cancer treatments. The innate immune system
functions as an individual's primary line of defense against foreign invaders and abnormal cells.
While a robust immune system presumably mounts a defensive response against both primary and
metastatic tumors (30, 31), the concept we're exploring underscores that human cells, upon
transforming into cancerous states, adeptly elude the body's regular immune defenses—a
phenomenon corroborated as observed (30, 31, 32). This evasion stems from the fact that tumors,
despite their mutations, aren't seen as external threats. Rather, their emergence is grounded in the
cells' intrinsic adaptive response. This understanding may explain a critical observation that boosting
the efficacy of cancer immunotherapy frequently results in autoimmune-like side effects and damage
to normal tissues (33, 34, 35, 36, 37). Clearly, tumor disease needs to be treated by addressing the
intricacies of tumor evolution. As our understanding of disease progression navigates the evolving
clinical landscape, several critical considerations emerge for future applications:

1. Rethinking Oncogene Addiction: As our grasp of cellular evolution and tumor heterogeneity
deepens, the necessity to re-evaluate oncogene addiction becomes evident. The phenomena of
oncogene addiction might be better understood as a cell fate outcome, occurring when cells are
detached from the evolutionary process when the target oncogene is inhibited.

2.  Deepening Insights into Oncogenes and Tumor Suppressors: Reclassifying genes according to
their heterogeneity levels has promise. Treatment strategies resulting from this approach could
focus on amplifying the homogeneity of critical genes and specifying precise levels of
homogeneity, which in turn is likely to enhance the predictability and efficacy of therapeutic
outcomes.

3. Exploring Aging's Role in Cancer Development: A better understanding of aging's role in
cancer will allow us to probe the links between aging and cancer onset. A focus here should be
distinguishing between normal aging decline and tumor formation. Such insights will contribute
to innovative strategies to enhance broader human health.

Future Perspectives

1) Rethinking oncogene addiction.
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Oncogene addiction refers to the reliance of cancer cells on one or more genes for their survival
(38, 39). As a result, inhibiting the proteins corresponding to these oncogenes can lead to a complete
halt or regression in tumor growth (38, 39). This concept of "addiction" explains the selectivity and
effectiveness seen in certain molecularly targeted therapies currently used in clinical practice despite
the common occurrence of resistance at later stages of treatment (38, 39, 40, 41, 42).

The concept outlined here suggests that cells continuously develop advantageous capacities in
response to environmental pressures. Consequently, beneficial gene mutations keep exploited,
including but not limited to oncogenes. This process contributes to the evolution of adaptive
capabilities, with survival being a primary objective of this evolution. When treatment agents inhibit
these advantageous genes, the evolutionary process is disrupted, leading to cell death, a phenomenon
observed as oncogene addiction (38, 39). Moreover, the occurrence of oncogene addiction further
reinforces the notion that survival is one of the key objectives driving the evolution. It is crucial to
understand that any genes that contribute to tumor capacities are essential for the cells to respond to
and overcome environmental pressures, thereby facilitating survival. As such, when oncogenes are
inhibited, or tumor suppressors are activated, the initial observation post-treatment is a decrease in
the cells' aggressiveness, and this is almost immediately followed by cell death (43, 44, 45) when the
cells are removed from their evolutionary trajectory. Intriguingly, if the evolutionary process
becomes unnecessary, the cells may revert to a normal state by ceasing the generation of aggressive
traits, irrespective of the presence or absence of the oncogene. Though this is rare due to constant
environmental pressures, such occurrences have been documented in some studies (46, 47, 48, 117).

Each tumor capability represents a step in the evolutionary process; when the oncogene fosters
tumor capacities, the more reliant cells are on this particular gene for tumor capacities and continued
evolution, the more significant the evolutionary loss will be when the gene is inhibited. The cessation
of the evolutionary process, in turn, leads to cell death (Figure 2, right side). Activating more tumor
capabilities and displaying increased aggressiveness are the primary factors determining the degree
of cell addiction to the genes that drive this aggressiveness, in the sense that any cells in the tumor
are addicted when there is a necessity to be aggressive. Suppose the gene is not the primary or sole
contributor to the cells' aggressiveness, and several other contributing factors could emerge. In that
case, inhibiting this oncogene is unlikely to result in oncogene addiction unless multiple targets are
inhibited, as observed (58, 59, 60). This may explain why, in the advanced stage or any phase of the
disease, when it is more likely that cells will construct intricate networks to support their continued
evolution, many cells develop resistance to the inhibitor treatments administered at the beginning of
the disease (81, 82, 83).

Figure 2
Oncogene addiction and cancer stem cells
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Figure 2. Oncogene Addiction and Generation of Cancer Stem Cells. Right side: during the tumor
evolution, advantageous genes are selected and activated. When advantageous oncogenes are
inhibited, cells lose their survival response mechanism. This evolutionary disruption results in cell
death, a phenomenon termed "oncogene addiction". Left side: Cancer stemness arises from the cell's
imperative to repair the incurred damage. The ability to initiate the regeneration process is contingent
upon cell survival, and this regeneration, in turn, enhances the prospects of cell survival.

Drug-tolerant persister cells constitute a rare, slowly proliferating population that can withstand
drug treatments (49, 50, 51). It's widely recognized that drug therapies impose significant pressure
on cells, often prompting some cells to develop new survival mechanisms, a phenomenon known as
adaptive drug resistance (52, 53). It is reasonable to presume that when cells lose advantageous genes
and grapple with adapting to the environment during targeted gene inhibition, they're likely to
compensate for this loss by seeking alternative pathways or proceeding with new advantageous
genetic changes. After treatment, any residual cells not only adapt to the loss of advantageous genes
and are able to survive but also develop alternative mechanisms that enable them to continue their
evolutionary process, fostering aggressive adaptive capabilities. This response is likely amplified by
the added survival pressure from the treatment, which tends to make these remaining cells both
aggressive and diverse, as observed (54, 55, 56, 57).

It is important to note that oncogene mutations typically become the catalyst for tumorigenesis
when cells begin to evolve, meaning without a necessity for cellular evolution at any phase of a
disease, cells won't transition into or continue as tumor cells despite the presence of an oncogene.
Thus, another way to improve current therapy based on this concept is to relieve the cells from the
survival pressures that need to be identified and investigated. This will be particularly essential for
inherited genetic defects in crucial genes that are prevalent in families (61, 62, 63). These genetic
defects may cause cell damage already or may enhance the cell's potential to develop tumorigenic
capabilities (61, 62, 63) when necessary. Vigilantly monitoring and alleviating cellular stress is crucial
in preventing disease development in such individuals.

During the development of tumor capabilities, advantageous genes are selected and remain
activated to cope with environmental pressures. Cancer stem cells are known to be the slow-cycling
cells that are often found to be resistant to target therapies or any kind of therapies by numerous
studies (64, 65, 66). In the inherently chaotic environment within cells, it's reasonable to presume that
not all cells will proceed with the same advantageous genes. It's plausible that certain cells, not
limited to cancer stem cells, might not express a specific advantageous oncogene. In these instances,
the oncogene may not be the singular advantageous factor, and these cells could depend on or be
addicted to other networks to sustain their tumorigenic capacities and drive disease progression, and
this is observed as resistance in target inhibition therapies (64, 65, 66).

Cancer stem cells share a similarity with embryonic and tissue stem cells known as replicative
immortality (67, 68). There are two sources for cancer stem cells. First, when stem cells with 'stemness’
attributes originate from tissue stem cells (69, 70, 71), they probably don't face the same survival
pressures as more differentiated cells due to their inherent relative immortality. As such, they can
remain dormant yet viable and be resistant under treatment. Secondly, cancer stem cells can derive
from more differentiated tumor cells through a process referred to as dedifferentiation or, as observed,
dynamic stemness (72, 73, 74, 75).

Pathologists commonly grade cancers based on their differentiation status, suggesting that many
human cancers are in a more primitive state at the time of diagnosis. In this paper, cancer is perceived
as an inherent cellular response to survival threats. Thus cancer dedifferentiation can be perceived as
a mechanism triggered when cellular damage necessitates regeneration as part of this adaptive
response. From this viewpoint, any human cells that possess oncogenic potential inherently can
revert to a more stem-like state, just as a pathologist grades the tumors. Supporting this idea, existing
research suggests normal fibroblasts can be induced to adopt a more primitive state (76). Interestingly,
a striking resemblance exists between fibrosarcoma cells, which activate specific key genes to sustain
their stem cell component (77, 78, 79), and the stem-like characteristics observed in normal fibroblasts
when they are experimentally exposed to these same genes (76). Yamanaka factors typically should
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not be expressed in tissues that can give rise to fibrosarcoma, indicating the cells in fibrosarcoma that
do express Yamanaka factors likely originate from a dedifferentiation process. We suggest that the
shift toward a more stem-like state is intrinsically initiated by the cell in response to cellular damage
aiming for regeneration (Figure 2, left side). The innate potential of normal differentiated cells to
revert to a stem-like state without the artificial introduction of embryonic transcription factors has
been documented in some studies (118). We perceive that when cancer cells harness this capability,
the cells navigate toward regeneration and repair triggered by cellular damage, thereby
circumventing the proclivity for cell death induced by survival threats. This hitherto undiscerned
cellular capacity could potentially open new avenues for future research.

Cancer cells are observed to increasingly revert to a more primitive state as cancer advances (79,
80), likely because the accumulation of cellular damage triggers a more intensified regeneration
process. Once they develop stemness, they can become resistant to the necessity of evolution for
innate survivability, they can temporarily shift to a dormancy state even under treatment. On the
other hand, during treatment, cells that can still activate their regeneration process might not
succumb to the drug. Hence, it's not that 'stemness' is inherently resistant to treatment; rather,
stemness emerges as a response to the treatment because of the increased pressure and the intensified
demand for regeneration. In this respect, cancer is not merely viewed as a process where cells acquire
stemness solely for enhanced survivability, leaning towards a dormant state. Instead, because
survivability remains a prerequisite for regeneration, cancer is perceived as a continuous progression
in a chaotic environment where most cells keep responding to pressures and the imperative for
regeneration. Cells persistently regress to a more primitive state, a shift driven by continuous survival
challenges that compel them to regress to earlier development stages to regenerate the damaged
progeny. While offspring cells integrate into the population, the prevailing trend sees this population
increasingly gravitating towards the primitive state rather than undergoing differentiation and
regeneration. Within this context, cancer manifests as a progressively deeper regression into
primitiveness under ongoing survival challenges, and cancer stem cells become a direct result - and
hence, a sign - of the increased risk for survival.

As survival threats escalate, there's a heightened compulsion in cells to develop stemness, and
for the same reason, these cells exhibit a stronger predisposition towards tumorigenesis, a trend
substantiated by studies (84, 85, 86). Clearly, in these scenarios, the possible enhanced survivability
associated with stemness is offset by persistent survival threats. Any cells that can respond will
become tumorigenic. Once cancer stem cells are activated, their tumorigenic potential, coupled with
the molecular alterations derived and accumulated in the later phase of the disease when they are
derived, is further amplified by their capacity to display one of the primary characteristics of tumors
— uncontrolled proliferation. This proliferation then sets off a cascade of subsequent steps more
attainable and driven by heightened survival threats; thus, the cells become aggressive, and once they
need to become aggressive, they will be addicted to the genes that drive the aggressiveness.

2) Deepening Insights into Oncogenes and Tumor Suppressors.

During the early stages of the disease, it is widely observed that invasive cells constitute only a
minority of the cell population within the primary tumor (87, 88, 89). The limited growth potential
observed in these invasive cells suggests that they acquire their proliferative capacity at a distant
metastatic site. This underscores that a disease cannot be deemed aggressive if a cell can only
proliferate without the ability to invade, or if a cell can only invade without the ability to proliferate.
It is reasonable to assume that different cellular behaviors, such as proliferation and invasion,
necessitate distinct oncogenic networks, signaling pathways, and oncogenic mutations for optimal
activation, as observed (92, 93, 94, 95). The apparent inhibited growth ability in invasive cells may
exemplify how one oncogenic network supporting invasion reduces the intensity of another
oncogenic network that supports growth. This concept can be extended to other cancer hallmark
behaviors, as each of them is regulated by various signaling pathways, oncogenic networks, and
mutations.

Consequently, cells must adjust these driving factors for each behavior to achieve the ideal level
needed for disease progression. At the population level, this modulation manifests as heterogeneity.
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At the single-cell level, it is seen as cell plasticity. Conversely, an increase in population homogeneity
restricts the number of oncogenic behaviors activated to achieve the optimal level, resulting in a
reduction of disease aggressiveness by lessening the intensity of at least some oncogenic behaviors.

The traditional understanding of an oncogene or tumor suppressor suggests that when a gene
is activated, it can either safeguard against or facilitate cellular aggression during tumor progression.
These tumor suppressors and oncogenes are likely the primary drivers of identified oncogenic
behaviors, and these genes probably play a role in influencing downstream network regulations (90,
91). Based on the concept in this paper, significant alterations in oncogene expression might reflect
how cells progress through the disease by modifying their own genome machinery to cope with
survival pressures. Optimal levels of each behavior likely involve a distinct gene network or require
a specific intensity of the oncogene (92, 93, 94, 95). Fine-tuning the heterogeneity of oncogene levels
allows cells to transition towards states characterized by a full range of tumorigenic behaviors by
increasing diversity, reducing the intensity of specific behaviors through more homogeneity, or even
diminishing overall tumorigenicity (Figure 3). It's crucial to note that not all cell states lead to
metastasis, which typically occurs at a later stage when a broader range of aggressive behaviors is
enhanced (96, 97). The concepts discussed here propose a shift in defining oncogenes and tumor
suppressors, focusing on the heterogeneity of the leading genes. The heterogeneity can be categorized
as high (oncogene) or low (tumor suppressor). This concept may shed light on the dual roles of
oncogenes and tumor suppressors. Notably, some genes with dual functions have already been
observed (98, 99, 100, 101). A deeper exploration of the relationship between the heterogeneity of
these crucial genes and their dual nature warrants further investigation.

Figure 3 To improve oncogene homogeneity
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l Survival threats from internal damage or environment stress
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Figure 3. Heterogeneity in Oncogene Expression. Each hallmark capability of cancer requires
varying levels of oncogene activation, leading to heterogeneity in oncogene expression.
Consequently, when there's greater homogeneity in oncogene expression, cells may experience
reduced intensity in certain hallmark capabilities, transitioning to a less aggressive phenotype.

We propose a focus on regulating target oncogene fluctuation as an alternative method to
implementing a strict inhibition on the advantageous genes. The treatment-induced pressure often
leads the cells to activate a wider spectrum of tumorigenic capacities (102, 103) to cope with the
enhanced stress caused by inhibiting advantageous genes. Thus, when the complete eradication of
all residual cancer cells proves challenging, causing a shift to an aggressive state, it becomes necessary
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to develop treatment strategies that extend beyond merely aiming at the strenuous inhibition of the
oncogenes. The aim should be to achieve homogeneity of the oncogene across cells. This strategy can
be coupled with other debulking methods, such as surgery or radiation, for effective disease control.
On the other side, in tumors with greater homogeneity, we propose to emphasize the identification
of the precise total oncogene levels within the tumor. The goal is to adjust these levels such that
individual tumorigenic behaviors experience a significant decrease from their peak, suggesting that
the cells have shifted away from their utmost aggressiveness.

In contrast to existing treatment paradigms, these approaches give precedence to halting disease
progression rather than attempting to eliminate cells outright. This reduces the risk of provoking an
aggressive cell state in the residual cells post-treatment. This perspective suggests that human cancer
treatment strategies could go beyond methods that intensify or modulate oncogene addiction. They
could also encompass approaches to stabilize the expression state and to achieve precise levels of the
addicted oncogene, leading to new drug designs.

3) Exploring Aging's Role in Cancer Development.

Aging is a process marked by a progressive deterioration in normal cellular function, an
increased susceptibility to diseases, and elevated mortality rates (104). As we age, our cells accrue
DNA damage due to a mixture of environmental exposure to mutagens and natural errors in DNA
replication. Although cells possess repair mechanisms to correct these errors, these systems can also
become less efficient as we age, leading to an accumulation of mutations (104, 105). This paper
suggests that accumulating irreparable cellular damage can have dire implications for cells. When
such damage surpasses a critical point that threatens cell survival, cells may respond adaptively. This
adaptation often results in tumor formation or prolonged tumor progression if the threats continue.
Thus, the emergence of cancer may be an almost inevitable outcome for any cells during their lifetime,
especially within the context of aging. The rate at which this happens is largely influenced by the
extent of damage these cells endure. Any form of cellular damage, aging included, elevates the
likelihood of tumor emergence (106, 107). The initiation of tumor transformation signifies the onset
of a cellular response and regeneration process stemming from internal or external inherent defects.

If without the ability to form tumors, cells will just continue a path of decline. In essence, the
usual decline observed in aging could be perceived as the converse of tumor development, and both
these processes, aging and tumor formation, originate from the same premise of cellular damage (104,
105, 106, 107). This suggests that certain mechanisms that contribute to the decline in healthy aging
might also reduce the potential for tumor development. When tumor cells tend to evolve beneficial
genetic mutations and other cellular modifications in response to damage, the loss of control over
normal aging processes likely becomes a key element in this evolution. Notably, several prominent
tumor suppressors have key roles in both the aging process and tumor suppression (108, 109). Despite
the predisposition to tumorigenesis due to cellular damage and the presence of advantageous
oncogenes, it is frequently observed that an additional 'hit' on these tumor suppressors is necessary
for tumor initiation (110, 111). In situations where there's an existing risk of tumor formation, cells
might counteract this by amplifying their natural aging processes despite the activation of oncogenes,
and this can be observed as senescence, a typical hallmark in aging (104). Interestingly, proliferation
stands in contrast to senescence and is one of the earliest hallmarks of most cancer to manifest, likely
resulting from a cell fate decision.

Another vital response of organisms to environmental threats to their survival is the state of
dormancy (112). This phase in an organism's life cycle encompasses a temporary pause in growth,
development, and physical activity (112). Used as a survival strategy during unfavorable
environmental conditions, dormancy is observed in various organisms and on a cellular level,
including human cells (113). When a cell enters a dormant state, it likely hasn't succumbed to cell
death, even in the face of damage. It's reasonable to infer that dormant cells are resilient enough to
endure existing harm. But if adverse conditions or damage escalate, the cell might be unable to
sustain its dormant state and counteract the damage.

Similarly, if the initial damage is sufficiently severe, cells may bypass dormancy as their initial
response. It's essential to differentiate between dormancy and senescence, a characteristic of aging
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(104). In the face of survival threats, cells might initially opt for dormancy. If the threat persists, cells
are then at a crossroads: either continue their decline or give rise to tumors, paths that are opposed
(Figure 4). Dormant cells are often observed at the onset of tumor formation, after specific targeted
therapies, and when they first colonize a distant location (114, 115, 116). These observations suggest
that cells, at first, could handle the stresses stemming from the endurance to existing damage. Most
often, the eventual reactivation signifies that, even in a dormant state, cells continually face survival
threats unless they reach permanent senescence and then decline as in the aging process.

Figure 4
Cell fate choices
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Figure 4. Cell Fate Choices. Upon facing survival vulnerabilities, cells have several options: 1), Enter
a dormancy state, 2), Undergo deterioration through the aging decline process, or 3), respond and
adapt by activating essential cancer hallmark capabilities, progressing to tumorigenesis.

Knowledge of the mechanisms underlying aging could profoundly influence the treatment
strategies for metastatic tumors. Typically, metastatic tumors manifest during the disease's advanced
stages. By this phase, cancer cells have already undergone complex transformations, enhancing their
tumorigenic capabilities (23, 27, 28, 29). As a result, they are less likely to depend on single or limited
genes for survival compared to their predecessors, giving these cancers resistance to targeted
treatments (82, 83). Treating at this stage requires multifaceted strategies. First, there is a need to
mitigate environmental stresses that contribute to tumor progression. Second, we can consider
inducing a state of cellular dormancy by deciphering what was provided at the distant site that
mitigates the cells.

However, these approaches may offer only temporary solutions. As a potential last resort,
encouraging a cell's natural aging deterioration might be more advantageous, especially compared
to continuing to inhibit advantageous genes, as that risks further cell evolution due to complexity
already formed. A pivotal strategy in this context is to amplify cellular chaos likely by intensified
genomic instability, one of the hallmarks of aging, thereby diminishing the chance that a cell can
strategically resort to respond and adapt by tumorigenesis. Instead, faced with a supremely
intensified chaotic state, cells may have no alternative option but to succumb to deterioration. Future
research should address the link in between, thereby contributing to therapeutic interventions for
advanced-stage cancer patients.

Final Remark

Tumor heterogeneity poses a significant challenge for many clinical therapies. This review seeks
to shed light on the origins of cancer heterogeneity and offers suggestions to bolster existing
therapeutic strategies. Tumor progression can be perceived as a continuous evolutionary process
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driven by cellular response. We suggest that tumor heterogeneity originates from the chaotic
molecular responses when cells keep evolving beneficial tumor capacities under survival pressure.
The phenomenon of oncogene addiction arises when cellular evolution is disrupted.

Drawing from the same idea that cells responding to survival challenges, we introduce the
notion that cancer stem cells arise from the necessity to regenerate under continuous cellular damage,
revealing a hitherto undiscerned cellular capacity to regress into primitive state for progeny renewal
demanded by regeneration imperative.

Furthermore, we advocate for a strategy aimed at enhancing oncogene homogeneity across cells
to reduce the overall aggressiveness. We present a method for patients with advanced-stage cancer
designed to induce cellular deterioration through heightened cellular chaos that could be attained by
increasing genomic instability. By introducing these innovative perspectives, we hope to pave the
way for new treatment strategies, furthering the overarching mission of healing patients and
enhancing human health.
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