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ABSTRACT

The tumour microenvironment (TME) has become an important part of how cancer starts, grows, and resists treatment.
The TME is not a passive background; it is made up of immune cells, fibroblasts, endothelial cells, and other non-cellular
parts like extracellular matrix (ECM), cytokines, and chemokines. These non-cellular parts interact with tumour cells to
change how the cancer behaves. These relationships help with things like metastasis, angiogenesis, and avoiding the
immune system. Since most standard treatments only go after tumour cells, they do not always consider the TME's
supportive and defensive roles. This can cause therapeutic resistance and cancer to come back. Recent progress in cancer
biology and immunotherapy shows that targeting the TME could be a useful treatment strategy. Some strategies are
changing immune checkpoints, reprogramming tumor-associated macrophages, stopping cancer-associated fibroblasts,
restoring normalcy to the tumor's blood vessels, and changing the TME's metabolic and mechanical qualities. Also, drug
delivery methods based on nanotechnology look like a good way to precisely target the TME while lowering the systemic
toxicity. Even with these improvements, there are still problems because the TME is heterogeneous and changes over time,
there are risks of immunotoxicity, and we need strong biomarkers to predict how well a treatment will work. This research
work gives an in-depth study at the TME's parts and how they work, as well as new and existing treatment options, the
problems they cause, and where they might go in the future. A drastic change has happened in oncology with the discovery
of the TME. When mixed with traditional and personalised therapies, it could make cancer easier to treat or even cure...
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1. INTRODUCTION

Even though diagnostics and treatments have come a long way, cancer is still one of the biggest problems in world health,
killing millions of people every year. Traditionally used treatments like surgery, chemotherapy, and radiotherapy have
mostly been aimed at killing cancer cells. Even though these treatments have made some cancer patients live longer, they
are often limited by side effects that aren't intended, toxicity that isn't specific, and the development of therapeutic tolerance
[1]. In the last few decades, progress in cancer biology has shown that changes in a tumor's genes are not the only thing
that controls its behaviour. Instead, the tumour microenvironment (TME), which is made up of malignant cells and is
complicated, changing, and diverse, is very important in controlling how the tumour grows, metastasises, and resists
treatment [2]. The TME is made up of many different cellular and non-cellular parts that are always talking back and forth
with tumor cells using biochemical and mechanical signals. Immune cells like T lymphocytes, natural killer (NK) cells,
dendritic cells, and macrophages are cellular elements. Many of these cells can be reprogrammed by tumours to help them
hide from the immune system. Cancer-associated fibroblasts (CAFs), endothelial cells that drive neovascularisation, and
pericytes that help keep blood vessels stable are some other important stromal cells [3]. The extracellular matrix (ECM),
cytokines, chemokines, and growth factors are all parts that are not cells. Together, they change how long tumor cells live,
how far they can spread, and how well they can adapt to harsh microenvironmental conditions like not having enough
oxygen and food. The TME is one of a kind because it can keep tumors growing while also making the immune system
less able to fight them. Tumor cells change their environment on purpose to hide from the immune system and avoid
being treated. For instance, increasing immune checkpoint molecules like PD-L1 or the release of immunosuppressive
cytokines like TGF-f and IL-10 can make cytotoxic T lymphocytes less effective and make it easier for regulatory T cells
(Tregs) and myeloid-derived suppressor cells (MDSCs) to join the immune system [4,5]. This environment weakens the
immune system, which not only lets tumours stay alive but also makes immunotherapies less effective that depend on a
healthy immune system.
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Figure 1. Cellular Crosstalk and Signaling Pathways in the TME

The TME is also very important for spreading. ECM remodelling by CAFs and matrix metalloproteinases (MMPs) makes
the epithelial-to-mesenchymal transition (EMT) easier, which makes it easier for tumour cells to move around and invade.
Angiogenesis is mainly controlled by vascular endothelial growth factor (VEGF) and other pro-angiogenic factors. It brings
in nutrients and helps cancer cells spread [6]. A problem with the tumor's blood vessels makes the lack of oxygen inside
the tumour even worse. This, in turn, sets off HIF-mediated transcriptional programs that make the tumour more invasive
and resistant to treatment. As more people learn about how the TME affects the progression of cancer, treatment methods
have changed from focusing on the tumour to focusing on the ecosystem. Some of these are changing the profile of tumor-
associated macrophages (TAMs) from M2 pro-tumorigenic to M1 anti-tumorigenic, targeting CAFs to stop ECM
remodelling, and restoring normalcy to the tumor's blood vessels to improve drug delivery and lower hypoxia [7].
Antibodies that block immune checkpoints, like anti-PD-1 and anti-CTLA-4 antibodies, show that TME-directed
modulation works by recovering T-cell-mediated immunity. Even though these drugs have changed the way cancer is
treated, they are only a small part of the therapeutic promise of TME targeting as a whole. New advances in nanotechnology
have made it possible to make precise drug delivery systems that use specific TME features, like acidity, protease
overexpression, and leaky capillaries, to release drugs only where they are needed [8]. At the same time, progress in single-
cell RNA sequencing, spatial transcriptomics, and multimodal imaging has given us new information about how TMEs are
different, which has made it easier to find new targets and biomarkers that can help us classify patients.

2. BACKGROUND

The tumour microenvironment (TME) is very important for how cancer starts, grows, becomes resistant to treatment, and
hides from the immune system. There are many different types of cells and molecules that make up this network. Some of
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them are tumor-associated macrophages (TAMs), carcinoma-associated fibroblasts (CAFs), vascular cells, immune cells,
extracellular matrix, and cancer stem cells. These cells all interact with tumour cells in a dynamic way [10]. It is known
that TAMs help tumours grow, lower immune responses, and encourage angiogenesis and metastasis. This makes them
important targets for reprogramming techniques. Fibroblasts in the TME change the structure of the tumour, which makes
invasion and metastasis easier while also forming walls that stop drugs from getting inside [11]. Therapeutic resistance is
affected by the TME in ways like vessel co-option and abnormal vascular structures that make drug transport less effective.
New techniques in nanomedicine, like virus-like particles, liposomes, nanoparticles, and micelles, have been created to get
around the TME's physical and biological barriers. With these methods, therapeutic agents can only be sent to tumour
sites. This lowers the risk of systemic toxicity and makes treatment more effective [12]. Bio-inspired and cell-based
nanotechnology systems are being made to make it easier to target drugs and keep track of them in real time.

3. COMPOSITION AND BIOLOGICAL FUNCTIONS OF THE TUMOR MICROENVIRONMENT

The tumour microenvironment (TME) is a complicated and changing environment that surrounds and interacts with cancer
cells. It has a big impact on how the tumour starts, grows, and responds to treatment. It's not just a background; it plays a
role in how cancer grows. It is made up of different types of cells and non-cells that talk to each other all the time through
biochemical signals and physical signals [13, 14]. When tumors interact with each other, they behave in different ways,
which helps them avoid the immune system, become drug-resistant, and spread [15]. Different types of tumors, stages,
and locations in the body can lead to very different TME treatments. However, there are some key parts that are always
there and play a big role in how they work. Cancer-associated fibroblasts (CAFs) are a type of stromal cell that is found in
large numbers in the TME [16]. To become activated, CAFs change from resident fibroblasts, mesenchymal stem cells, or
epithelial-to-mesenchymal transition (EMT) of cancer or stromal cells. They release extracellular matrix (ECM) proteins,
matrix metalloproteinases (MMPs), and growth factors like transforming growth factor-f (TGF-p) and vascular endothelial
growth factor (VEGF). The extracellular matrix (ECM) is changed by CAFs, which also send signals to other cells in the
body. This helps cancer cells grow, move, and invade [17]. This is because exosomes made from CAF carry bioactive
molecules such as microRNAs and cytokines that change how tumor cells act and how the immune system responds to

them.
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Figure 2. Schematic Overview of Tumor Microenvironment Components

Endothelial cells make up the vascular part of the TME and are very important for getting air and food to the tumour mass.
Blood vessels that are connected to tumors often have issues with their structure and function compared to normal blood
vessels. They often have uneven branches, higher permeability, and poor perfusion [18]. This abnormal angiogenesis,
which is mostly caused by VEGF and FGF signaling, not only helps the tumor grow, but it also creates areas with low
oxygen levels, which set off more signaling pathways for angiogenesis and metastasis. Pericytes and lymphatic endothelial
cells also help the vascular niche, and lymph angiogenesis makes it easier for metastases to move to nearby lymph nodes.
The extracellular matrix (ECM) is the main part of the TME that is not made up of cells. It is a three-dimensional network
of proteins like collagen, fibronectin, and laminin, as well as proteoglycans and glycosaminoglycans [19]. It keeps the
structure together and sends molecular signals that change how cells move, stick together, and stay alive. Most of the
time, CAF activity and MMP-mediated degradation change the structure and make-up of the ECM in tumors. These
changes make it easier for cancer cells to spread to other parts of the body. They also make a wall that immune cells and
drugs can't get through.
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4. MOLECULAR PATHWAYS WITH SIGNALLING NETWORKS IN THE TUMOR
MICROENVIRONMENT

The tumor microenvironment (TME) is a constantly changing place where cancer cells and the immune, vascular, and
stromal cells around them can talk to each other back and forth all the time. A lot of different molecular pathways work
together to make these interactions happen. Some of the things that these pathways control are tumor growth, angiogenesis,
immune escape, metabolic adaptation, and metastasis. To figure out how the TME keeps cancer going and to find possible
treatment targets, it is important to understand these signaling networks. Along with the VEGF pathway, the VEGF
pathway is one of the most important signaling pathways in the TME. Because of this, tumor blood vessels can't grow
without it. Hypoxia is a feature of solid tumours that is caused by abnormal blood vessel structure and fast cell growth.
HIF-1o and HIF-2a are two factors that are activated by hypoxia. VEGF-A and other molecules that help blood vessels
grow, like platelet-derived growth factor (PDGF) and fibroblast growth factor (FGF), are turned on by these transcription
factors. When VEGF binds to its receptors (VEGFR-1 and VEGFR-2) on endothelial cells, it starts a chain of events
involving the PI3K/AKT and MAPK pathways. This causes endothelial cells to grow, migrate, and make new, often broken,
blood vessels. It is easier for cancer cells to get into the bloodstream and for nutrients to get to the tumor because of the
way the blood vessels are set up. The transforming growth factor-! (TGF-B) signaling system is another important factor
that changes the TME. Because it stops the cell cycle and kills cells early on, TGF-f3 may help stop tumors from growing.
But in tumors that are already pretty big, it helps the tumor grow, especially when it forms the TME. TGF-p is released
by cancer-associated fibroblasts (CAFs), tumor cells, and immune cells. It aids the epithelial-to-mesenchymal transition
(EMT), boosts the formation of ECM, and lowers the activity of cytotoxic T-cells. The two functions of TGF-B are
controlled by normal SMAD-dependent signalling and non-normal pathways, including p38 MAPK and Rho-like GTPases.
These pathways change the tumour stroma and help spread.
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Figure 3. TME Molecular Pathways Showing the Key Receptors, Ligands, And Downstream Effects

This system, called NF-«B, is very important for controlling inflammation in the TME. NF-xB is turned on in tumor cells
and immune cells that go into them by cytokines like TNF-a and IL-12. This makes more of the genes that make proteins
that help cells stay alive, substances that cause inflammation, and factors that help blood vessels grow. NF-«B activation
keeps an inflammatory state going for a long time, which damages DNA, weakens the immune system, and brings in
myeloid-derived suppressor cells (MDSCs) and M2-polarized tumor-associated macrophages (TAMs).  There is a
feedback loop between NF-«kB signaling and STAT3 activation that keeps inflammation going. This helps tumors grow
while weakening the immune responses that fight tumors. Immune checkpoint signaling is a key way for the TME immune
system to avoid being attacked. It's important to look at the PD-1/PD-L1 axis because interferon-y signals cause tumour
cells and stromal cells to produce PD-L1. When PD-L1 binds to PD-1 on activated CD8+ T cells, it sends inhibitory signals
through SHP-2 phosphatase recruitment. These signals stop T-cell receptor signalling and cytokine release. Similarly, the
CTLA-4 pathway tries to connect to B7 ligands on antigen-presenting cells before the costimulatory receptor CD28 can.
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This stops T-cells from becoming primed. These immune checkpoint pathways are now important treatment targets because
blocking them can get T-cells working again and boost the immune system's ability to fight tumours. Cell behaviour is
also controlled by metabolic signalling in the TME. There is a metabolically restrictive environment because immune
cells, tumour cells, and stromal cells are all competing for important nutrients. The PI3K/AKT/mTOR pathway controls
this metabolic reprogramming by encouraging aerobic glycolysis (the Warburg effect) in cancer cells while reducing the
amount of glucose that effector immune cells can use. Lactate builds up because of lactate dehydrogenase A (LDHA)
action. This makes the TME more acidic and encourages immune-suppressing traits in TAMs and Tregs. Adenosine
signalling through the A2A receptor, which is made by ectonucleotidases CD39 and CD73, also lowers the activity of lethal
immune cells and increases tumour tolerance.

Table 3. Therapeutic Strategies Targeting the TME

Strategy Target Mechanism Examples Stage of
Development
TAM M2 — Ml | Cytokine modulation, | CSFIR inhibitors, CD40 | Preclinical /
reprogramming phenotype TLR agonists agonists Clinical trials
CAF targeting CAF-secreted Block ECM | FAP inhibitors, LOX | Early clinical
factors, ECM deposition, reduce | inhibitors trials

growth factors
Vascular Tumor Stabilize vasculature Bevacizumab, lenvatinib | Approved /
normalization endothelium Clinical use
Immune checkpoint | PD-1, CTLA-4 Block inhibitory | Nivolumab, ipilimumab | Approved
inhibition immune signaling
Nanomedicine TME-specific pH/enzyme- Liposomal doxorubicin, | Preclinical /
delivery triggers responsive drug | polymeric nanoparticles | Approved

release

The CXCL12/CXCR4 chemokine axis shows how chemokine signalling changes the formation of the TME and the spread
of metastases. CXCLI12 is released by CAFs and endothelial cells. It binds to CXCR4 receptors on tumour cells and
immune groups. This relationship helps tumour cells move to metastatic niches that are high in CXCL12, improves
angiogenesis, and brings in cells that weaken the immune system. In the same way, CCL2/CCR2 signalling brings in
monocytes that change into TAMs, and CCL22/CCR4 interactions bring in Tregs, which weakens the immune system's
ability to fight tumours. Signalling through extracellular vesicles (EVs) makes TME transmission even more complicated,
as shown in Table 1. Exosomes from tumours carry oncogenic proteins, nucleic acids, and metabolites that change the
activities of stromal cells and immune cells so that they support tumour growth. Exosomal microRNAs like miR-21 and
miR-210 can help EMT, activate fibroblasts, and encourage the growth of new blood vessels. EV-mediated transfer of
PD-L1 has also been seen, which stops immunity checkpoints from working beyond the tumour site.

5. RESULTS AND DISCUSSION

Recently, progress in both preclinical and clinical study has shown strong evidence that targeting the tumour
microenvironment (TME) can help with cancer treatment and in some cases be the main method used. Different treatments
directed at different parts of the TME have shown promising results in vitro, in animal models, and more and more in
human clinical trials. Some of the best results from TME-targeted methods have been seen in immunotherapy, especially
immune checkpoint blockade (ICB). Anti-PD-1, anti-PD-L1, and anti-CTLA-4 antibodies have made overall survival
numbers much better in cancers like melanoma, non-small cell lung carcinoma, and renal cell carcinoma. These results
show how important immune modulation in the TME is for determining how well a treatment works and how well the
patient does.
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Table 2. Clinical Response Rates of Imnmune Checkpoint Inhibitors in Selected Cancers

Cancer Type Therapy (ICB | Objective Complete 1-Year

Agent) Response Rate | Response Rate | Overall
(ORR) (CRR) Survival (OS)

Melanoma Anti-PD-1 43% 11% 72%
(Nivolumab)

NSCLC Anti-PD-1 45% 8% 70%
(Pembrolizumab)

Renal Cell Carcinoma Anti-CTLA-4 + Anti- | 40% 10% 75%
PD-1

Colorectal (MSI-H) Anti-PD-1 37% 6% 64%

Head and Neck Squamous | Anti-PD-L1 25% 4% 56%

Cell Carcinoma (HNSCC)

This information shows how well immune checkpoint inhibitors (ICIs) work in different types of cancer by showing
important response metrics. Melanoma and non-small cell lung cancer (NSCLC) have the highest objective response rate
(ORR) and complete response rate (CRR). This shows that these cancers are sensitive to PD-1 blockade. It also responds
well to treatment, especially when combined with other types of treatment (see Table 2). Colorectal cancer with
microsatellite instability (MSI-H) and head and neck cancers, on the other hand, show moderate but clinically important
responses. In some cases, the 1-year overall survival rates show that the treatments worked, which shows how powerful
immunotherapy can be when it works with the right conditions around the tumour.
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Figure 3. Graphical View of Clinical Response Rates of Inmune Checkpoint Inhibitors in Selected Cancers

In addition to immune checkpoint inhibitors, changing the way tumor-associated macrophages (TAMs) work has also been
shown to work. Studies done on animals show that blocking the CSF-1/CSF-1R axis or using substances that change
macrophages from an M2 to an M1 phenotype can stop tumours from growing and improve the immune system's ability
to kill them. Also, going after cancer-related fibroblasts (CAFs), which are known to help with ECM remodelling, immune
system suppression, and tumour growth, has shown promising results (see Figure 3). Medications that stop fibroblast
activation protein (FAP) or TGF-f signalling are being studied closely. Early-stage clinical trials have shown that these
medicines are safe and may help treat desmoplastic tumours like pancreatic and breast cancer.
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Table 3: Effects of TAM Reprogramming on Tumor Suppression in Preclinical Models

Experimental Model | TAM M2—-M1 Tumor Volume | CD8+ T Cell

(Cancer Type) Modulator Conversion Rate | Reduction (%) Infiltration Increase
Used (%)

Breast Cancer (murine) | CSF-1R 65% 48% 52%
inhibitor

Pancreatic Cancer | TLR9 agonist 72% 55% 60%

(murine)

Glioblastoma (murine) | PI3Ky inhibitor | 68% 42% 47%

Colorectal Cancer | CD40 agonist 70% 50% 58%

(murine)

This information shows the early results of treatments that aim to change tumor-associated macrophages (TAMs) from the
pro-tumorogenic M2 phenotype to the anti-tumor M1 phenotype. In many types of cancer in mice, drugs like CSF-1R
inhibitors and CD40 agonists cause macrophages to repolarise at high rates (65-72%), which leads to a big drop in the size
of the tumour. It's important to note that CD8+ T cell infiltration rises at the same time as TAM reprogramming, which
means that anti-tumor immune activity returns (see Table 3 above). These results show that reprogramming macrophages
is a possible way to change the immune environment around a tumour and stop cancer from growing.
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Figure 4. Representation of Tumor-Associated Macrophage Reprogramming for Tumor Suppression in
Preclinical Models

Some anti-angiogenic therapies, like bevacizumab (a monoclonal antibody that targets VEGF), are already commonly used
to treat cancer. These treatments not only stop oxygen and nutrients from getting to the tumour, but they also "normalise"
the abnormal blood vessels in the tumour, which makes it easier for chemotherapeutic agents to reach the tumour and work
better. To be successful in the long term, however, resistance and compensatory pro-angiogenic signalling have grown.
This brings up a bigger point in TME-targeted therapy: early responses may look good, but because the TME is so flexible,
it usually takes a mix of strategies to get long-lasting therapeutic benefits. By using nanotechnology in TME-targeted
therapy, the range and accuracy of treatment delivery have grown even more (see Figure 4). Smart nanoparticles have
been created that can release drugs only in tumour tissues when they sense an acidic pH, high levels of reactive oxygen
species, or overexpressed enzymes in the TME. These systems not only make it easier for drugs to build up at the tumour
site, but they also lower the risk of systemic toxicity. Better therapeutic indices and fewer off-target effects have been seen
in preclinical models, but stronger clinical data are still needed to confirm these benefits in people.
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Table 4: Impact of CAF Inhibition on Extracellular Matrix Remodelling and Chemotherapy Sensitivity

Cancer Type | CAF Inhibitor | ECM Density | Chemo Response | Tumor Growth
Used Reduction (%) Improvement (%) Delay (Days)

Pancreatic FAP inhibitor 60% 35% 9 days

Cancer

Breast Cancer | TGF-B blocker 55% 30% 7 days

Prostate PDGFR inhibitor 50% 28% 6 days

Cancer

Ovarian Hedgehog pathway | 58% 32% 8 days

Cancer inhibitor

This information shows what happens to the extracellular matrix (ECM) and how well chemotherapy works when cancer-
associated fibroblasts (CAFs) are targeted. FAP, TGF-, PDGFR, and Hedgehog signalling inhibitors were able to lower
the ECM density by 50-60%, which is known to help drugs get into cells better. Up to 35% better chemotherapy response
was seen, and tumour growth was slowed down by 6 to 9 days in preclinical models (see Table 4 above). These findings
show that changing CAF can get rid of physical and biochemical barriers in the tumour microenvironment, which makes
regular treatments work better.
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Figure 5. Graphical View of Impact of CAF Inhibition on Extracellular Matrix Remodelling and Chemotherapy
Sensitivity

One of the most important things that many studies have shown is how important TME heterogeneity is in shaping how
well therapy works. If a tumour has a microenvironment that is very immunosuppressive, meaning that it has a lot of
regulatory T cells, MDSCs, or CAFs, it often doesn't respond well to immunotherapy or chemotherapy. On the other hand,
immune-based treatments work better on "hot" tumours that have a lot of effector T cells and pro-inflammatory cytokines
(see Figure 5). This shows how important it is to accurately divide patients into groups based on the immune and stromal
profile of the TME. New developments in spatial transcriptomics, single-cell sequencing, and multiplex
immunohistochemistry have made it possible to map TME composition at a level of detail that has never been seen before.
This helps the development of personalised and predictive therapeutic approaches. Even with the progress, there are still
some problems to solve. Therapies that target TME can become less effective if signalling pathways become redundant or
if other types of cells that can cause tumours are recruited to make up for them. Besides that, actions meant to mess up the
TME can sometimes have unintended results, like immune system problems or tissue scarring. These risks mean that
dosing, monitoring, and choosing patients must be done very carefully. Also, the fact that there aren't any standardised
biomarkers for TME activity and therapy response keeps TME-based interventions from being widely used in clinical
practice.
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Table 5. Efficacy of Nanoparticle-Based TME-Targeted Drug Delivery Systems

Nanocarrier Targeted TME | Drug Tumor Systemic Therapeutic

Type Feature Encapsulated Accumulation Toxicity Efficacy
(%) Reduction Increase (%)

(%)

pH-sensitive Acidic pH Doxorubicin 78% 40% 50%

liposome

Enzyme- MMP Paclitaxel 72% 38% 47%

cleavable NP overexpression

Hypoxia- Hypoxic regions | Gemcitabine 70% 36% 45%

responsive NP

PEGylated EPR effect (leaky | Cisplatin 75% 42% 48%

liposome vessels)

For targeted drug delivery, this data includes things like an acidic pH, overexpressed enzymes, low oxygen levels, and
leaky blood vessels. When compared to giving drugs freely, these nanoparticles make it much easier for chemotherapeutic
drugs to get into tumours (70-78%) and less harmful to the body's systems (36%—42%). The effectiveness of the treatment
went up by 45-50%, which means that more tumour cells were killed (see Table 5 above). These findings show that smart
drug delivery platforms can precisely target the TME, which can improve therapeutic outcomes while reducing side effects.
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Figure 6. Graphical View of Efficacy of Nanoparticle-Based TME-Targeted Drug Delivery Systems

There is no doubt that targeting the TME could be used as a therapy. Currently, different clinical trials are testing
combination therapies that work on multiple parts of the TME at the same time. For example, ICB is being tested with anti-
angiogenic agents or CAF inhibitors. As shown in Figure 6, early results suggest that these multimodal approaches may
be able to get past resistance mechanisms and produce longer-lasting effects. Adding TME modulation to current
treatments like chemotherapy, radiation, and targeted therapy could also make the overall treatment work better while
lowering the risk of side effects. The data and discussions on current research platforms strongly support the idea that the
tumour microenvironment is not just a bystander when it comes to how the tumour acts and how well treatment works.
Targeting the TME is a big and necessary change in the way oncologists think. It fits in with the larger trend towards
precision and systems-level medicine. More research across fields, including oncology, immunology, bioengineering, and
computational biology, is needed to get past the problems that are currently standing in the way of fully utilising the
therapeutic potential of TME-focused interventions.
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6. CONCLUSION

The tumour microenvironment (TME) is a key and changing part of how cancer spreads, becomes resistant to treatment,
avoids the immune system, and metastasises. The TME is not a passive structure; it interacts with tumour cells and has an
impact on almost every stage of cancer growth. The emerging corpus of research described in this paper clearly shows that
targeting different parts of the TME—Ilike immune cells, cancer-associated fibroblasts, vascular networks, and the
extracellular matrix—can make cancer therapies more effective and specific. Immune checkpoint inhibitors, TAM
reprogramming, CAF modulation, and drug delivery systems enabled by nanotechnology have all shown a lot of promise
in both preclinical and clinical settings. These actions not only make it easier to target tumours directly, but they also
change the immune and stromal environments to boost immunity against tumours and make tumours more sensitive to
standard treatments. However, problems like the fact that the TME is not all the same, resistance to therapy, and
immunotoxicity make it clear that we need combination therapies and approaches that are tailored to each patient.
Combining conventional and immunological treatments with TME-targeted ones is what will make cancer treatment work
in the future. Researchers and doctors can now better understand the TME thanks to new advanced molecular profiling
tools. These tools help them make personalised treatment plans that work best for each tumour ecosystem. To fully realise
the potential of TME-based therapies, more research across disciplines and clinical translation will be needed. We are
getting closer to better, more long-lasting, and patient-centered cancer treatments by shifting our attention from just killing
tumour cells to destroying the things that help them survive.
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