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ABSTRACT

This review examines combining tumor ablation therapy with immunotherapy for respiratory and digestive system tumors, particularly NSCLC and
liver cancer. Despite advancements in traditional methods, they face limitations in advanced-stage tumors. Ablation techniques like RFA, MWA, and
cryoablation offer minimally invasive options, while immune checkpoint inhibitors enhance the immune system’s tumor-fighting ability. This re-
view highlights their synergistic effects, clinical outcomes, and future research directions, including optimizing protocols, exploring new combi-
nations, uncovering molecular mechanisms, advancing precision medicine, and improving accessibility. Combined therapy is expected to improve
efficacy and patient outcomes significantly.

1. Introduction

The incidence and mortality rates of tumors affecting the respiratory and digestive systems have been rising steadily worldwide,
posing a significant threat to global health. Based on the latest global cancer statistics, solid tumors in the respiratory system, such as
non-small cell lung cancer (NSCLC) and small cell lung cancer, have some of the highest incidence and mortality rates. Similarly, solid
tumors in the digestive system, including gastric cancer, liver cancer, and colorectal cancer, also rank among the highest in both
incidence and mortality [1,2]. In the current field of medical research, liver cancer and lung cancer are particularly challenging
malignancies and are among the leading causes of cancer-related deaths globally. Lung cancer, one of the most common and deadliest
respiratory malignancies, accounts for millions of new cases and deaths each year [3,4]. NSCLC is the predominant type of lung cancer,
comprising approximately 85 % of all lung cancer cases [5].

Similarly, within the realm of digestive system tumors, primary liver cancer, normally include hepatocellular carcinoma (HCC) and
intrahepatic cholangiocarcinoma, and metastatic liver cancer cause numerous fatalities, making them significant contributors to
mortality in both developed and developing countries [6,7]. The high incidence and mortality rates of NSCLC and liver cancer
significantly add to the global health burden, highlighting the urgent need for enhanced cancer prevention and treatment strategies.
Consequently, these cancers have become focal points in contemporary medical research, driving efforts to develop more effective
diagnostic, therapeutic, and preventive measures.
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Despite certain advancements in the treatment of solid tumors through surgery, chemotherapy, and radiotherapy, these methods
still have significant limitations in treating advanced-stage respiratory and digestive system tumors [8,9]. Surgery remains the
preferred option for early-stage solid tumors, but its efficacy diminishes for patients with late-stage tumors, and the risk of post-
operative recurrence remains high [10-14]. Chemotherapy and radiotherapy can control tumor growth to some extent, but their
severe side effects often lead to a decline in patients’ quality of life, and achieving long-term tumor control is challenging [15-17].
Furthermore, the development of resistance to chemotherapeutic drugs by tumor cells further compromises the long-term efficacy of
these treatments [18-21].

In this context, the exploration of new treatments for advanced solid tumors has gained unprecedented attention. There is a
particular focus on research aimed at improving therapeutic outcomes and reducing side effects. Tumor ablation therapy is an
innovative approach that has garnered significant attention. This method, commonly known as ablation, directly destroys tumor tissue
using physical or chemical means [22,2.3]. This method offers several advantages, including being minimally invasive, highly effective,
and promoting rapid recovery [24-26]. Ablation therapy can be used with multiple repetitions to achieve optimal results [27,28].
These characteristics make ablation a promising option for both palliative and curative treatment of solid tumors, demonstrating
excellent clinical potential.

With the exploration and understanding of tumor immune mechanism and local microenvironment, cancer immunotherapy has
rapidly made exciting progress and breakthroughs. Immune checkpoint inhibitors (ICIs) targeting programmed cell death protein 1
(PD-1)/programmed death-ligand 1 (PD-L1) and Cytotoxic T lymphocyte-associated antigen 4 (CTLA-4), which have become standard
treatments, have significantly improved patient outcomes [29-31]. Additionally, emerging therapies such as CAR-T cell therapy and
cancer vaccines are currently undergoing small-scale clinical trials and experimental studies, offering potential new treatment options
for patients [32,33].

In this review, we examine the latest advancements in combining NSCLC and liver cancer treatments with ablation and immu-
notherapy, focusing on clinical studies and breakthroughs from the past three years. This review aims to highlight the synergistic
potential of these therapies in improving patient outcomes and to provide insights for future research and clinical application
directions.

2. Ablation therapy
2.1. Definition and principle

Ablation therapy is a localized treatment method for solid tumors that destroys tumor tissue through physical, chemical, or bio-
logical means. The basic principles of ablation include the use of high temperatures, low temperatures, radiofrequency, electro-
magnetic waves, lasers, or chemical agents to cause coagulative necrosis and apoptosis of tumor cells [34-37]. This rapidly kills a large
number of tumor cells, effectively controlling tumor growth and potentially reducing or completely eliminating the tumor. The
commonly used physical ablation include radiofrequency ablation (RFA), microwave ablation (MWA), cryoablation, laser ablation,
high-intensity focused ultrasound (HIFU), and irreversible electroporation (IRE) [38-40].

RFA uses high-frequency current to heat tumor tissue, causing protein denaturation and cell death. It is effective for treating liver
cancer and offers an alternative for patients who cannot undergo surgery [41]. MWA transmits microwave energy to the tumor, quickly
raising its temperature and ablation speed, making it suitable for large or complex tumors without needing electrode pads [42].
Cryoablation uses extreme cooling with liquid nitrogen or argon gas to form ice crystals that disrupt cell structures, leading to cell
death and microvascular occlusion [43]. It is effective for hard-to-reach tumors, providing precise control and pain relief [44]. Laser
ablation employs specific wavelength lasers to heat tumor tissue, causing protein denaturation and cell necrosis, and is used for skin,
liver, and prostate cancers. HIFU focuses ultrasound beams to heat tumor tissue, causing cell death through coagulative necrosis [45].
Its non-invasive nature and precision make it suitable for various cancers, including uterine, liver, pancreatic, and prostate [46]. IRE
uses a high-voltage electric field to create nanopores in tumor cell membranes, disrupting cellular homeostasis and causing cell death
without significant temperature increases, ideal for tumors near sensitive structures [47-49]. Table 1 concisely presents the principles,
temperature changes, applicable ranges, and main advantages of each technology.

Compared to surgical treatment, ablation has its own unique advantages. Firstly, it is a minimally invasive treatment method,
typically performed through skin puncture or laparoscopic guidance, resulting in minimal damage to the skin and surrounding normal
tissues, quick postoperative recovery, and shorter hospital stays for patients. Secondly, ablation therapy can be precisely targeted and
monitored under imaging guidance, ensuring both the efficacy and safety of the treatment. Thirdly, for patients who cannot undergo
surgical resection or are unsuitable for surgery, ablation therapy provides an efficient alternative that can quickly control symptoms.
Finally, ablation therapy can be combined with other treatments, such as surgery, radiotherapy, and chemotherapy, to enhance overall
treatment efficacy.

Although there are many types of ablation therapies, they all share the characteristics of precision, minimal invasiveness, and
significant effectiveness. They have broad indications for NSCLC and liver cancer and have shown excellent clinical outcomes.

3. Immunotherapy
3.1. Definition and principle

Tumor immunotherapy is a treatment method that against tumors by modulating and enhancing the body’s immune system. The



Table 1

Comparative analysis of ablation techniques in tumor treatment.

Technique

Working Principle

Temperature Range

Effects

Applications

Advantages

Radiofrequency
Ablation (RFA)

Microwave Ablation
(MWA)

Cryoablation

Laser Ablation

High-Intensity Focused
Ultrasound (HIFU)

Irreversible
Electroporation
(IRE)

Uses high-frequency current (450-500 kHz)
emitted by electrode needles to cause ion
oscillation and friction within tumor tissue,
generating heat

Transmits microwave energy to the tumor site
through an antenna, converting to heat

Uses probes with liquid nitrogen or argon gas to
adjust the local temperature to —40 °C to
-80°C

Delivers laser beams of specific wavelengths
through optical fibers, guided by imaging
techniques

Focuses ultrasound beams on the tumor site,
causing rapid temperature rise and mechanical
effects

Applies high-voltage electric field to create
permanent nanopores in cell membranes

60 °C-80 °C or
higher

60 °C-100 °C or
higher

—40°Cto —80°C

High temperatures

generated by lasers

55 °C-100 °C

Non-thermal
mechanism

Protein denaturation, tumor cell
damage, and cell death

Rapid temperature rise, causing
tumor cell death

Ice crystal formation causing
mechanical damage, microvascular
occlusion, local immune response
Protein denaturation, cell necrosis,
coagulative necrosis

Coagulative necrosis, disruption of
tumor cells and structures

Disruption of cell membrane
integrity, uncontrolled ion
movement, cell death

Treating all stages of HCC and
metastatic liver cancer; alternative
for patients unable to undergo
surgery

Treating large tumors and tumors
with complex anatomical structures

Tumors difficult to treat with other
techniques, cancer pain relief

Skin cancer, liver cancer, prostate
cancer

Uterine leiomyomas, liver cancer,
pancreatic cancer, prostate cancer

Tumors near sensitive structures like
blood vessels, nerves, critical organs

Effective, potentially curative,
applicable to various tumors

Wider heating range, faster
ablation, no electrode pads
required, suitable for patients with
pacemakers

Minimally invasive, precise control,
preserves normal tissue, alleviates
pain

Minimal trauma, quick recovery,
precise targeting of tumor tissue

Non-invasive, precise, minimal side
effects, suitable for challenging
tumor sites

Non-thermal, minimal collateral
damage, preserves healthy tissues
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basic principle is to use the body’s immune system to recognize and destroy tumor cells, thereby controlling and eliminating them.
Tumors use various methods to evade immune surveillance during growth and metastasis, making it difficult for the immune system to
identify and attack these abnormal cells, leading to tumor development. For NSCLC, tumor cells often upregulate PD-L1 expression to
inhibit T-cell function, while liver cancer cells exploit the liver’s unique immune environment to further increase immune evasion
[50-53].

Tumor immunotherapy aims to activate and enhance the immune system to recognize and attack tumor cells. Key treatment forms
include ICIs, CAR-T therapy, tumor vaccines, cytokine therapy, and bispecific antibodies. ICIs, blocking inhibitory signals like PD-L1
and CTLA-4, restore T-cell function and are effective in cancers such as NSCLC and HCC [54,55]. CAR-T therapy engineers patient
T-cells to target tumor cells, showing efficacy in hematologic malignancies. Tumor vaccines, preventive or therapeutic, are used in
cancers like cervical cancer [56].

Additionally, Cytokine therapy enhances immune responses using interleukins and interferons, though its use is limited by po-
tential side effects. Bispecific antibodies bind to T-cells and tumor cells, directing immune attacks. Inmunotherapy’s application in
NSCLC and liver cancer is a clinical research focus.

ICIs in NSCLG, including anti-PD-1, anti-PD-L1, and anti-CTLA-4 antibodies, have improved survival rates, with drugs like nivo-
lumab and pembrolizumab approved for various treatment lines [57-59]. Combining immunotherapy with targeted therapy may
enhance outcomes for patients with specific genetic mutations, despite challenges like resistance and immune-related adverse events
(irAEs).

In HCC, ICIs such as nivolumab, pembrolizumab, and atezolizumab (combined with bevacizumab) show promise, but risks of irAEs
and complications necessitate close monitoring. Challenges in immunotherapy include partial or non-responses in many patients, irAEs
affecting quality of life, and the complex tumor microenvironment which employs mechanisms to inhibit immune attacks.

Firstly, not all tumor patients respond to immunotherapy; some may show no response or only partial response, leading to sub-
optimal treatment outcomes. Studies have found that nearly half of NSCLC patients are not sensitive to these drugs [60,61]. Similarly,
the proportion of liver cancer patients showing significant effects from common immunotherapies is not high.

Secondly, common irAEs not only affect patients’ quality of life but may also lead to treatment interruption or discontinuation.
Additional complications arise from concomitant liver diseases and the liver’s immune tolerance, leading to treatment resistance in
HCC patients. Predicting and managing these effects and improving efficacy are critical research areas in tumor immunotherapy.
Table 2 summarizes the characteristics and indications of various antitumor immunotherapies.

Despite its promising potential, not all NSCLC patients exhibit positive benefits and antitumor responses to immunotherapy due to
various factors. One key factor is the expression rate of PD-1/PD-L1. High PD-L1 expression on tumor cells is often associated with a
better response to PD-1/PD-L1 inhibitors, as these therapies block the interaction between PD-1 on T-cells and PD-L1 on tumor cells,
restoring T-cell activity. However, tumors with low or absent PD-L1 expression may not respond as effectively. Additionally, tumor
mutational burden (TMB) plays a significant role; tumors with a high TMB are more likely to produce neoantigens that the immune
system can recognize, making them more susceptible to immunotherapy.

The tumor microenvironment significantly influences the response to immunotherapy. An environment rich in immunosuppressive
cells can inhibit effective immune responses. These cells include regulatory T-cells and myeloid-derived suppressor cells. Genetic
mutations and alterations in immune evasion pathways can also lead to resistance. These include mutations in the STK11/LKB1 or
EGFR genes. Such mutations may alter the immune landscape. They can make the tumor less recognizable or less responsive to immune
attack. Patient-specific factors can also affect immunotherapy effectiveness. These factors include overall health, comorbidities, and
prior treatments. Therefore, understanding and improving immunotherapy responses in NSCLC requires a multifaceted approach. This
approach must consider PD-1/PD-L1 expression, TMB, the tumor microenvironment, genetic factors, and patient-specific conditions.

To improve the effectiveness of tumor immunotherapy, researchers are exploring various combination therapy strategies. Likely,
the combined use of ICIs with chemotherapy, radiotherapy, or targeted therapy has shown potential for enhanced efficacy [62-65].

Table 2
Summary of key characteristics of tumor immunotherapy techniques.
Immunotherapy Mechanism Applications Advantages Challenges
Technique
ICIs Block immune checkpoint molecules Various cancers including Significant clinical Non-response in some
like PD-L1 and CTLA-4, restoring T-cell =~ NSCLC and HCC. efficacy in various patients, irAEs.
function. cancers.

CAR-T Cell Therapy  Genetically engineer T-cells to express
chimeric antigen receptors that target

tumor cells.

Preventive and therapeutic vaccines to
stimulate an immune response against

tumors.

Tumor Vaccines

Cytokine Therapy Inject or induce cytokines to enhance
immune response.
Bispecific Bind to two different antigens
Antibodies simultaneously, directing T-cells to

attack tumor cells.

Hematologic malignancies
such as leukemia and
lymphoma.

Preventive: cervical cancer;

Therapeutic: ongoing research.

Various cancers.

Various cancers, commonly
using CD3 and tumor-specific
antigens.

Significant efficacy in
blood cancers.

Potential to prevent and
treat cancers.

Promotes activation and
proliferation of immune
cells.

Activates T-cells to
directly target tumors.

Limited success in solid
tumors, high cost.

Limited success in
therapeutic vaccines.

Potential adverse reactions
and limited efficacy.

Development of resistance
and immune-related side
effects.
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Studies have also indicated that certain factors within the tumor microenvironment, such as tumor-associated macrophages and
stromal cells, may influence the effectiveness of immunotherapy, making the modulation of the tumor microenvironment another
important research direction.

Overall, while immunotherapy has shown unprecedented potential in the treatment of NSCLC and liver cancer, it still faces multiple
challenges and limitations. Further research and clinical trials are needed to continuously optimize treatment strategies, improve
efficacy, reduce side effects, and promote the development of personalized treatment, providing patients with safer and more effective
therapeutic options.

4. The theoretical basis of combination therapy
4.1. Collaborative mechanism

Tumor ablation therapy is emerging as a crucial component in combination treatment strategies, enhancing outcomes and alle-
viating symptoms such as shortness of breath, compression, or cachexia when combined with chemotherapy, radiotherapy, or
immunotherapy. The synergistic mechanisms of ablation therapy and immunotherapy in NSCLC and liver cancer have garnered
significant attention. Ablation therapy destroys tumor tissue through physical, chemical, or thermal means, causing tumor cell necrosis
and releasing antigens. These antigens are processed by antigen-presenting cells, activating T-cells and initiating an antitumor immune
response. This "antigen release effect" enhances antigen presentation and T-cell activation, promoting a robust antitumor immune
response. Combined immunotherapy not only eliminates tumor cells but also establishes long-lasting immune memory, reducing
recurrence risk.

ICIs enhance local T-cell activity. They relieve immune suppression within the tumor microenvironment. Combining these in-
hibitors with ablation therapy enhances T-cell activation and infiltration. This synergy significantly improves tumor control. In NSCLC,
this combination induces a systemic immune response. It effectively controls primary and metastatic lesions. In liver cancer, ablation
disrupts tumor tissue. The local inflammatory response that follows enhances immune recognition and response to tumor antigens.
This improves progression-free and overall survival rates. Ablation therapy can reduce immune suppression and promote the recog-
nition and killing of tumor cells by the immune system. This method greatly enhances the efficacy of immunotherapy.

This dual approach combines direct tumor cell elimination and immune microenvironment reshaping. It creates a powerful
antitumor synergy. Ablation quickly reduces tumor size and symptoms, providing immediate clinical benefits. It induces antigen
release and activates immune responses. This mitigates the immunosuppressive microenvironment and amplifies immunotherapy
effects. The local inflammatory response attracts immune cells and releases cytokines. This mechanism enhances immune recognition
and elimination of tumor antigens.

Fig. 1 illustrates the synergistic mechanism between tumor ablation and immunotherapy. It shows how ablation induces coagu-
lation necrosis, releases tumor-associated antigens, and activates antigen-presenting cells. This enhances T-cell mediated cytotoxicity,
leading to effective tumor cell lysis.

Combined immunotherapy further activates T-cells and other immune cells, strengthening the antitumor immune response and
establishing long-term immune memory, preventing recurrence. This strategy embodies precision medicine principles, utilizing
multiple approaches for comprehensive tumor eradication. Safety and side effect management are also anticipated advantages, with
optimized treatment plans and personalized strategies minimizing damage to normal tissues and improving patient tolerability and
quality of life. In summary, combining tumor ablation therapy and immunotherapy in NSCLC and liver cancer offers significant ad-
vantages, including direct tumor cell elimination, enhanced immune responses, improved treatment durability, and optimized side
effect management.

4.2. Existing research and clinical trials

In preclinical studies, ablation therapy has demonstrated a potent immune activation effect. This therapy directly kills tumor cells,

Imm rapy
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Fig. 1. Mechanism of Synergy between Tumor Ablation and Immunotherapy.
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releases antigens, induces a local inflammatory response, and attracts immune cells. When combined with PD-1/PD-L1 or CTLA-4
inhibitors, ablation therapy can enhance the immune response, inhibiting tumor growth and metastasis. Animal experiments have
shown that this combined therapy significantly suppresses the growth of primary and metastatic liver cancer lesions, prolongs survival
time, improves chronic inflammation and liver fibrosis, and promotes liver function recovery.

Clinical trials have also shown promising results for the combined use of tumor ablation therapy and immunotherapy in treating
NSCLC and liver cancer. In NSCLC clinical trials, combination therapy has demonstrated enhanced antitumor effects and improved
patient outcomes. One review evaluated the efficacy of combining RFA with the PD-1 inhibitor pembrolizumab [66].

Patients receiving the combination therapy exhibited a significantly higher tumor regression rate compared to those receiving
immunotherapy alone. These patients not only experienced effective local tumor control but also showed a significant reduction in
distant metastases. Another trial assessed the combination of cryoablation with the PD-L1 inhibitor atezolizumab, revealing that the
combination therapy group had significantly extended progression-free survival and overall survival [67]. A study supports cryo-
ablation induces higher PD-L1 expression and T cell infiltration, but fewer PD-L1highCD11b + myeloid cells than MWA. CRA com-
bined with anti-PD-L1 therapy shows superior curative effects in mice by enhancing CTL/NK cell responses and reducing the
immunosuppressive microenvironment.

The anti-PD-L1 antibody avelumab (Bavencio) outperforms atezolizumab (Tecentriq) in inducing ADCC effects against PD-
L1highCD11b + myeloid cells [68]. These findings indicate that tumor ablation therapy can release large amounts of tumor antigens
and alter the tumor microenvironment, making it more conducive to immune cell infiltration and activation, thereby enhancing the
efficacy of immunotherapy.

In clinical studies of liver cancer, the combination of tumor ablation therapy and immunotherapy has also shown significant ef-
ficacy. Liver cancer patients often face limitations with traditional surgical treatments due to impaired liver function or the tumor’s
location, making ablation therapy a minimally invasive alternative [69]. One study evaluated the combination of RFA with the PD-1
inhibitor nivolumab, finding that the combination therapy significantly improved overall survival and reduced tumor recurrence rates
[70].

After drastic heat changes, necrotic tumor cells led to a significant increase in antigen release and activated specific T cell responses.
The PD-1 inhibitor further lifted immune suppression, enhancing the antitumor immune effect. Another study evaluated the combi-
nation of MWA with the CTLA-4 inhibitor ipilimumab, showing that the combination therapy significantly inhibited tumor growth and
metastasis, and was well-tolerated with a favorable safety profile [71].

These clinical trials and studies suggest that the combined use of tumor ablation therapy and immunotherapy can produce syn-
ergistic effects, effectively improving therapeutic outcomes. Tumor ablation therapy directly destroys tumor tissue, induces immu-
nogenic cell death, releases tumor antigens, and triggers a local inflammatory response, thereby attracting and activating immune
cells. Immunotherapy, by blocking immune checkpoint molecules, relieves immune suppression and enhances T-cell antitumor ac-
tivity, further amplifying the immune effects of ablation therapy. This combination not only effectively controls primary tumors but
also prevents tumor recurrence and distant metastasis through immune memory effects.

4.3. Future research directions

Future research directions for the combined use of tumor ablation therapy and immunotherapy in treating NSCLC and liver cancer
will focus on optimizing treatment strategies, exploring new therapeutic combinations, uncovering molecular mechanisms, and
developing precision medicine and personalized treatment methods. These research directions aim to further enhance the efficacy and
safety of combined treatments, improving patient prognosis and quality of life.

Firstly, optimizing treatment strategies is a crucial area of future research. This includes determining the best ablation techniques
and immunotherapy combinations, as well as optimizing treatment timing and dosage. Different ablation techniques may exhibit
varying effectiveness in different types and stages of tumors [72,73]. Research should compare these techniques in combination with
immunotherapy to identify the optimal protocols. Additionally, the types and dosages of immunotherapies, including ICIs like
PD-1/PD-L1 inhibitors, CTLA-4 inhibitors, tumor vaccines, and adoptive T-cell therapies, need further optimization through clinical
trials.

Secondly, exploring new therapeutic combinations is another key research direction. Beyond the existing ICIs, future research
could investigate other types of immunotherapies such as oncolytic virus therapy, cytokine therapy, and novel immunomodulators.
These new therapies, when used in conjunction with ablation therapy, could further enhance antitumor immune responses. Moreover,
targeted therapies and anti-angiogenic drugs could be combined with ablation and immunotherapy to form multi-faceted treatment
strategies that inhibit tumor growth and metastasis from multiple angles.

Uncovering the molecular mechanisms of combined therapy is essential for a deeper understanding and improvement of treatment
outcomes. Ablation therapy induces immunogenic cell death, releases a large number of tumor antigens, and alters the tumor
microenvironment [74]. The specific processes by which these changes enhance the effectiveness of immunotherapy require thorough
investigation. Multi-omics approaches, including genomics, transcriptomics, and proteomics, can systematically analyze changes in
the tumor and its microenvironment before and after combined treatment, revealing key molecular pathways and immune response
mechanisms. These studies will not only help to understand the mechanisms of action but also identify new therapeutic targets and
biomarkers, laying the foundation for precision therapy.

Precision medicine and personalized treatment are important future directions for combined therapy. Patients exhibit significant
variability in their responses to treatment, and personalized treatment plans can improve efficacy and safety. Through gene sequencing
and biomarker analysis, researchers can identify patient populations suitable for combined therapy, predict treatment outcomes and
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adverse reaction risks, and develop individualized treatment plans. Biomarkers such as tumor mutation burden, microsatellite
instability, and specific immune gene expression levels may serve as predictive indicators for combined therapy. Future research
should establish and validate the clinical utility of these biomarkers, advancing personalized treatment.

Moreover, future research should focus on the long-term efficacy and safety of combined therapy. Existing clinical trials primarily
assess short-term efficacy, while long-term outcomes and safety require further validation. This includes long-term follow-up of pa-
tients to evaluate tumor recurrence, metastasis, and survival, as well as documenting and managing long-term adverse reactions.
Large-scale, multicenter clinical trials can provide comprehensive efficacy and safety data, supporting clinical application.

Future research should consider the economic feasibility and accessibility of combined therapy. The high cost of tumor ablation
therapy and immunotherapy can pose a financial burden on patients and healthcare systems. Research should assess the cost-
effectiveness of combined therapy, explore methods to reduce treatment costs, and improve accessibility so that more patients can
benefit. This includes developing more efficient, low-cost ablation devices and immunotherapy drugs, simplifying treatment protocols,
and reducing hospitalization time and treatment frequency.

The future research directions for the combined use of tumor ablation therapy and immunotherapy in treating NSCLC and liver
cancer encompass optimizing treatment strategies, exploring new combinations, uncovering molecular mechanisms, advancing pre-
cision medicine, evaluating long-term efficacy and safety, and improving economic feasibility and accessibility. These studies will
provide important theoretical and practical foundations for further enhancing the efficacy and safety of combined therapy, improving
patient prognosis and quality of life. Through continuous innovation and exploration, the combined application of tumor ablation
therapy and immunotherapy is expected to play a more significant role in future cancer treatment, bringing more hope and benefits to
patients.

In conclusion, combining tumor ablation therapy and immunotherapy for NSCLC and liver cancer enhances tumor control, survival
rates, and quality of life. Ablation therapy’s direct tumor destruction and immunogenic cell death complement checkpoint inhibitors,
targeting primary tumors and stimulating systemic antitumor responses to reduce recurrence and metastasis. Future research should
optimize protocols, techniques, and schedules, understand molecular mechanisms, and address economic aspects for better accessi-
bility. Overall, this integration offers new hope and improved outcomes for solid cancer patients.
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