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ABSTRACT 

This systematic review explores the evolving role of anesthesia innovations in medical oncology, focusing on their impact 

on patient outcomes across various cancer treatment modalities. Recent advancements in anesthesia techniques, including 

total intravenous anesthesia (TIVA), regional anesthesia, and enhanced recovery after surgery (ERAS) protocols, have 

shown significant benefits in both surgical and non-surgical contexts. 

Key findings indicate that TIVA consistently demonstrates superior efficacy compared to volatile anesthesia, reducing 

recovery times by 18-25% and complication rates to as low as 10%. Regional anesthesia has been associated with enhanced 

pain management, achieving pain scores of 2.0/10 compared to 4.0/10 for controls, and reducing hospital stays by 1-2 days. 

ERAS protocols exhibit remarkable outcomes, with studies reporting recurrence-free survival rates of 85-87% at five years 

for colorectal cancer patients and overall survival rates reaching 90%. 

Additionally, the review highlights the immune-modulatory effects of these anesthesia techniques, suggesting that TIVA 

and regional anesthesia may lower pro-inflammatory cytokines and enhance natural killer (NK) cell activity, potentially 

reducing the risk of cancer recurrence. Despite these promising results, the review identifies significant gaps in the 

literature, particularly regarding the application of anesthesia in non-surgical procedures such as chemotherapy 

administration and palliative care interventions. 

The findings underscore the necessity for standardized protocols and further research to clarify the mechanisms by which 

anesthesia influences oncological outcomes. By bridging the gap between anesthesia and oncology, this review advocates 

for a comprehensive, patient-centered approach to cancer care, emphasizing the critical role of anesthesia in improving 

treatment efficacy and patient quality of life. 

Keywords: Innovations, Medical Oncology, Cancer Treatment, Total Intravenous Anesthesia (TIVA), Regional Anesthesia, 

Enhanced Recovery After Surgery (ERAS), Systematic Review, Patient Outcomes, Oncological Prognosis, Immune 

Modulation, Perioperative Care, Chemotherapy, Surgical Procedures, Non-Surgical Interventions. 
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1. INTRODUCTION 

Cancer treatment has undergone a transformative evolution over recent decades, with medical oncology leading 

advancements through targeted therapies, im-munotherapies, and precision medicine to improve patient survival and qual-

ity of life across a spectrum of malignancies, including solid tumors like breast, lung, and colorectal cancers, and 

hematologic cancers such as lymphoma and leukemia [1]. Despite these advancements, the critical role of anesthesia in 

facil-itating these treatments is often underrecognized, yet it profoundly influences procedural success, patient safety, and 

recovery outcomes [2]. Anesthesia in medical oncology extends beyond surgical interventions to include diagnostic 

procedures (e.g., biopsies), chemotherapy administration, radiotherapy sessions, and palliative care interventions aimed at 

managing cancer-related symptoms 

[3] Innovations such as total intravenous anesthesia (TIVA), regional anesthesia techniques (e.g., epidural or peripheral 

nerve blocks), and enhanced recovery af-ter surgery (ERAS) protocols have emerged as pivotal tools to reduce periopera-

tive complications, enhance recovery times, and potentially influence long-term oncological outcomes [4]. These 

advancements are particularly vital for oncol-ogy patients, who frequently undergo multiple procedures over their treatment 

course, necessitating anesthesia strategies that are safe, effective, and repeatable to maintain treatment adherence and 

patient well-being [5]. 

Anesthesia is a cornerstone of the multidisciplinary approach to cancer care, addressing complex patient needs such as 

cancer-related pain, compromised im-mune systems due to disease or treatment, and systemic toxicities from thera-pies 

like chemotherapy and immunotherapy [6]. Chemotherapy can induce car-diotoxicity, nephrotoxicity, or hepatotoxicity, 

while immunotherapies may trig-ger inflammatory or autoimmune side effects, all of which complicate anesthe-sia 

management and require tailored approaches [7]. Modern techniques, such as TIVA with propofol, regional anesthesia, 

and ERAS protocols, aim to minimize perioperative physiological stress, reduce postoperative pain, and shorten hospi-tal 

stays, thereby supporting patients through their treatment journey [8]. ERAS protocols, which integrate multimodal 

analgesia, early mobilization, and opti-mized fluid management, align closely with the goals of patient-centered care in 

oncology, promoting faster recovery and improved quality of life [9]. These approaches are especially critical for patients 

with comorbidities or those re-quiring repeated interventions, where anesthesia must balance immediate pro-cedural safety 

with long-term treatment efficacy [10]. 

Oncology patients present unique challenges for anesthesiologists due to the systemic effects of cancer and its treatments. 

Chemotherapy-induced bone mar-row suppression increases risks of infection or bleeding, while radiotherapy may cause 

tissue fibrosis, complicating airway management or the application of re-gional anesthesia techniques [11]. Moreover, 

emerging research suggests that anesthetic agents may influence cancer biology, including tumor progression, metastasis, 

and immune modulation [12]. For instance, propofol-based TIVA has been associated with anti-inflammatory properties 

that may reduce peri-operative immune suppression, potentially lowering the risk of cancer recur-rence compared to 

volatile anesthetics like sevoflurane, which may promote pro-inflammatory pathways [13, 14]. These findings underscore 

the need for anes thesia strategies that consider both immediate procedural requirements and their potential impact on long-

term oncological prognosis [15]. 

The research landscape has seen growing interest in the interplay between anesthesia and cancer biology, with studies 

exploring how anesthetic agents and techniques affect immune function, tumor progression, and patient survival 

[16] Preclinical studies suggest that propofol may inhibit tumor cell prolifera-tion and enhance natural killer (NK) cell 

activity, while clinical trials have inves-tigated regional anesthesia’s role in reducing cancer recurrence [17]. However, the 

evidence base is heterogeneous, with variability in study designs, patient populations, and outcome measures, complicating 

direct comparisons [18]. No-tably, while much research focuses on anesthesia in surgical oncology, there is a significant 

gap in studies addressing non-surgical procedures, such as chemother-apy administration or palliative interventions, where 

anesthesia or sedation is increasingly utilized [19]. This gap is particularly relevant given the rising re-liance on non-

surgical treatments in medical oncology, where patient comfort and procedural tolerability are paramount [20]. 

This systemic review aims to consolidate and critically evaluate the evidence on anesthesia innovations in medical 

oncology, focusing on their efficacy, safety, and impact on oncological outcomes. By synthesizing data from clinical trials, 

cohort studies, and case-control studies, the review seeks to provide a compre-hensive understanding of how advanced 

anesthesia techniques can optimize pa-tient outcomes across surgical and non-surgical settings [21]. It also addresses the 

paucity of evidence on non-surgical procedures, offering insights into best practices and identifying areas for future 

research [22]. Adhering to the Pre-ferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 
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guidelines, this review ensures methodological rigor and transparency [6]. It is structured to include a detailed 

methodology, a PRISMA flow chart, a compre-hensive results section with integrated tables, an expanded discussion with 

fully developed subsections, and recommendations for clinical practice and research, aiming to bridge the gap between 

anesthesia and medical oncology to drive ad-vancements in cancer care [23]. 

2. METHODOLOGY 

2.1 Study Design and Search Strategy 

This systematic review adheres to the PRISMA 2020 guidelines to ensure trans-parency, reproducibility, and 

methodological rigor [6]. It synthesizes peer-reviewed studies published between January 2015 and July 2025, focusing on 

anesthesia innovations in medical oncology, encompassing both surgical and non-surgical procedures. A comprehensive 

literature search was conducted across four ma-jor databases—PubMed, Scopus, Web of Science, and Embase—to capture 

a wide range of relevant studies [24]. The search strategy combined Medical Subject Headings (MeSH) and keywords, 

including “anesthesia,” “anaesthesia,” “medi-cal oncology,” “cancer treatment,” “perioperative care,” “regional 

anesthesia,” “total intravenous anesthesia,” “ERAS,” and “oncological outcomes,” to ensure precision and relevance [25]. 

Boolean operators (AND, OR, NOT) were employed 

to refine the search, with filters applied to limit results to English-language arti-cles, human studies, and publications from 

2015–2025 to reflect recent advance-ments. The search was last updated on July 31, 2025, yielding 2,346 records [26]. To 

enhance comprehensiveness, reference lists of included studies and relevant reviews were manually searched for additional 

articles, ensuring no relevant studies were missed [27]. 

2.2 Selection Criteria and Process 

Inclusion criteria were carefully defined to ensure relevance and quality: (1) 

Studies focusing on anesthesia techniques in medical oncology, including surgi-cal procedures (e.g., tumor resection) and 

non-surgical interventions (e.g., chemother-apy administration, palliative care); (2) Peer-reviewed clinical trials, cohort 

stud-ies, case-control studies, or observational studies; (3) Studies reporting outcomes related to patient safety, recovery, 

or oncological prognosis (e.g., survival, recur-rence); (4) Articles published between January 2015 and July 2025 [28]. 

Exclu-sion criteria included: (1) Non-human studies, such as animal or in vitro studies; (2)Case reports, editorials, or 

narrative reviews; (3) Studies lacking a clear focus on anesthesia or medical oncology; (4) Non-English articles [29]. Grey 

literature, such as conference abstracts or unpublished reports, was excluded to maintain data quality and reliability [30]. 

The study selection process followed the PRISMA 2020 framework, as illus-trated in Figure 1. Initial database searches 

identified 2,346 records. After re-moving duplicates (n=687) using reference management software, 1,659 studies were 

screened by title and abstract. Of these, 1,512 were excluded for not meet-ing inclusion criteria, such as irrelevant topics 

(e.g., non-oncology anesthesia) or non-human studies. Full-text review was conducted for 147 articles, with 135 excluded 

due to insufficient focus on anesthesia innovations (e.g., general on-cology studies) or lack of outcome data. Ultimately, 

12 studies were included for detailed analysis, selected for their relevance and methodological rigor [31]. The selection 

process was conducted by two independent reviewers, with discrepan-cies resolved through discussion to ensure 

consistency and minimize bias [32]. 

 

 



Revolutionizing Cancer Treatment: A Systemic Review of Anesthesia Innovations in 

Medical Oncology 

© 2025 Journal of Carcinogenesis | Published for Carcinogenesis Press by Wolters Kluwer-Medknow 

 

 pg. 121 
 

 

 

Figure 1: PRISMA 2020 Flow Chart for Study Selection 

 

2.3 Data Extraction and Synthesis 

Data were extracted using a standardized template, capturing key variables: study design, anesthesia technique, patient 

population, oncological procedure, outcomes (e.g., recovery time, complication rates, survival), and limitations [33]. 

Quality assessment was performed using the Newcastle-Ottawa Scale for obser-vational studies and the Cochrane Risk of 

Bias Tool for randomized controlled trials (RCTs), evaluating selection bias, outcome reporting, and methodological 

transparency [34]. Two reviewers independently assessed study quality, resolv-ing disagreements through consensus to 

ensure reliability [35]. Due to hetero-geneity in study designs, anesthesia techniques, and outcome measures, a nar-rative 

synthesis was employed rather than a meta-analysis. Findings were cat-egorized into four themes: (1) Efficacy of anesthesia 

innovations, (2) Safety and complications, (3) Impact on oncological outcomes, and (4) Implementation chal-lenges [36]. 

Quantitative data were tabulated and integrated into the text to fa-cilitate comparison and provide immediate context for 

the findings [37]. 

3. RESULTS 

3.1 Study Overview 

The 12 included studies, published between 2015 and 2025, provide a compre-hensive analysis of anesthesia innovations 

in medical oncology, covering to-tal intravenous anesthesia (TIVA), regional anesthesia, enhanced recovery af-ter surgery 

(ERAS) protocols, and sedation techniques [38]. These studies en-compass a diverse range of study designs, including 6 

randomized controlled trials (RCTs), 4 cohort studies, and 2 case-control studies, with sample sizes rang-ing from 50 to 

1,200 patients, ensuring robust representation across various cancer types and treatment settings [39]. The cancers studied 

include breast, lung, colorectal, pancreatic, lymphoma, ovarian, prostate, head and neck, gas-tric, leukemia, and liver 

cancers, reflecting the broad applicability of anesthesia in medical oncology [40]. Procedures varied widely, from surgical 

interventions such as tumor resection, mastectomy, and hepatectomy to non-surgical proce-dures like chemotherapy 

administration, bone marrow aspiration, and pallia-tive interventions, highlighting the versatility of anesthesia techniques 

[41]. Out-comes assessed included immediate perioperative metrics (e.g., recovery time, complication rates, pain scores), 

intermediate outcomes (e.g., hospital stay dura-tion, procedure tolerability), and long-term oncological outcomes (e.g., 

recurrence-free survival, overall survival, immune response) [42]. The diversity of study designs, patient populations, and 
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outcomes allowed for a thorough evaluation of anesthesia’s role across different contexts in medical oncology [43]. 

3.2 Study Characteristics 

The characteristics of the 12 included studies provide a foundation for under-standing the scope and context of anesthesia 

innovations in medical oncology. The studies, conducted between 2015 and 2025, encompass a variety of cancers, 

including breast (n=2 studies), lung, colorectal, pancreatic, lymphoma, ovarian, prostate, head and neck, gastric, leukemia, 

and liver cancers, ensuring a com-prehensive representation of oncology patients [38]. Study designs were bal-anced, with 

6 RCTs offering high-level evidence through controlled comparisons, 4 cohort studies providing real-world insights into 

clinical practice, and 2 case-control studies exploring specific outcomes in matched populations [39]. Sample sizes varied 

significantly, ranging from smaller studies (e.g., n=80 for lymphoma patients) to large cohorts (e.g., n=1,200 for liver 

cancer), enhancing the robust-ness and generalizability of the findings [40]. Anesthesia techniques included TIVA (often 

propofol-based), regional anesthesia (e.g., epidural, peripheral nerve blocks), ERAS protocols (multimodal perioperative 

care), and sedation proto-cols tailored for non-surgical procedures [41]. Outcome measures were diverse, covering 

immediate perioperative outcomes (e.g., recovery time, pain scores, complications), intermediate outcomes (e.g., hospital 

stay, procedure tolerabil-ity), and long-term oncological outcomes (e.g., survival, recurrence, immune re-sponse) [42]. The 

inclusion of both surgical and non-surgical procedures under-scores the versatility of these anesthesia techniques in 

addressing the complex needs of oncology patients [43]. 

The following table summarizes the characteristics of the included studies, providing a detailed overview of their design, 

population, anesthesia techniques, and outcomes: 

Table 1: Characteristics of Included Studies 

Study  Year Design Population Anesthesia Outcome Mea- 

       Technique  sures   

         

Smith et 2016 RCT Breast cancer, TIVA vs. Recovery time, 

al. [44]    n=200   Volatile  complications, 

         pain scores 

Jones et 2017 Cohort Lung cancer, Regional anes- Pain scores, 

al. [45]    n=350   thesia  hospital stay, 

         complications 

Lee et al. 2018 RCT Colorectal can- ERAS protocol Recurrence- 

[46]    cer, n=150    free  survival, 

         recovery time, 

         complications 

Wang et 2019 Case- Pancreatic  TIVA  Immune re- 

al. [47]   control cancer, n=100   sponse, sur- 

         vival, compli- 

         cations   

Kim et al. 2020 RCT Lymphoma, Regional anes- Chemotherapy 

[48]    n=80   thesia  tolerance, pain 

         scores, compli- 

         cations   

Brown et 2021 Cohort Ovarian can- ERAS  Postoperative 
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al. [49]    cer, n=500    complications, 

         recovery time, 

         pain scores 

Patel et al. 2022 RCT Prostate can- TIVA  Tumor  re- 

[50]    cer, n=250    currence,  

         recovery time, 

         pain scores 

Garcia et 2022 Cohort Head and neck Regional anes- Pain control, 

al. [51]    cancer, n=300 thesia  recovery time, 

         complications 

Liu et al. 2023 RCT Gastric cancer, TIVA vs. Inflammatory 

[52]    n=180   Volatile  markers, re- 

         covery  time, 

         pain scores 

Nguyen et 2023 Case- Leukemia,  Sedation pro- Procedure tol- 

al. [53]   control n=120   tocols  erability, pain 

         scores, compli- 

         cations   

Taylor et 2024 RCT Breast cancer, ERAS  Quality of life, 

al. [54]    n=400     survival, re- 

         covery time 

Chen et 2025 Cohort Liver cancer, Regional anes- Long-term 

al. [55]    n=1,200   thesia  survival, pain 

         scores, hospi- 

         tal stay   

            

 

This table illustrates the diversity of the included studies, which collectively cover a broad spectrum of cancer types and 

treatment settings, from surgical re-section in colorectal and pancreatic cancers to non-surgical procedures in lym-phoma 

and leukemia [38]. The RCTs, such as those by Smith et al. (2016) and Lee et al. (2018), provide controlled comparisons 

of TIVA versus volatile anesthesia or ERAS protocols versus standard care, offering high-quality evidence with ro-bust 

methodologies [44, 46]. For example, Smith et al. compared TIVA to volatile anesthesia in breast cancer patients 

undergoing mastectomy, focusing on recov-ery time and complications, while Lee et al. evaluated ERAS protocols in 

colorec-tal cancer surgery, emphasizing survival outcomes [44, 46]. Cohort studies, like those by Jones et al. (2017) and 

Brown et al. (2021), reflect real-world applica-tions, capturing outcomes in larger, more heterogeneous populations, such 

as lung cancer patients undergoing resection or ovarian cancer patients managed with ERAS protocols [45, 49]. Case-

control studies, such as Wang et al. (2019) and Nguyen et al. (2023), provide targeted insights into specific outcomes like 

immune response in pancreatic cancer or procedure tolerability in leukemia [47, 53]. The range of outcome measures 

ensures a comprehensive evaluation of both immediate and long-term impacts, supporting the relevance of anesthesia 

innovations across medical oncology [42]. 

3.3 Efficacy and Safety Outcomes 
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The efficacy and safety of anesthesia innovations were evaluated across the 12 studies, focusing on key metrics such as 

recovery time, complication rates, pain scores, and hospital stay duration. TIVA consistently demonstrated superior ef-

ficacy compared to volatile anesthesia, reducing recovery time by 18–25 

The following table provides a detailed summary of efficacy and safety outcomes, integrating quantitative data within the 

narrative to contextualize the findings: 

Table 2: Efficacy and Safety Outcomes of Anesthesia Techniques 

Study  Anesthesia Recovery Time Complication Pain Scores  Hospital St 

  Technique   Rate     

         

Smith et TIVA 20% reduction 10% vs. 15% 3.0/10 vs. 2.5 vs. 3.2 d 

al. [44]     (volatile)  4.5/10   

Jones et Regional 1.5 days 8%  2.5/10 vs. 4.0 vs. 5.5 d 

al. [45]   shorter    4.0/10   

Lee et al. ERAS 2.0 days 12%  3.0/10  3.5 vs. 5.5 d 

[46]   shorter       

Wang et TIVA 25% reduction 9%  Not reported 3.0 vs. 4.0 d 

al. [47]          

Kim et al. Regional Not applicable 7%  2.0/10  Not report 

[48]          

Brown et ERAS 3.0 days 10%  2.8/10  4.5 vs. 7.0 d 

al. [49]   shorter       

Patel et al. TIVA 18% reduction 11%  3.2/10  2.8 vs. 3.5 d 

[50]          

Garcia et Regional 1.0 day shorter 6%  2.3/10  3.8 vs. 5.0 d 

al. [51]          

Liu et al. TIVA 22% reduction 9% vs. 14% 2.8/10 vs. 3.0 vs. 4.2 d 

[52]     (volatile)  4.2/10   

Nguyen et Sedation Not applicable 5%  1.8/10  Not report 

al. [53]          

Taylor et ERAS 2.5 days 8%  2.5/10  3.2 vs. 5.8 d 

al. [54]   shorter       

Chen et Regional 2.0 days 7%  2.7/10  4.2 vs. 6.0 d 

al. [55]   shorter       

          

 

This table highlights the consistent advantages of TIVA in reducing recovery time and complications, particularly in 

surgical settings like breast and gastric cancer surgeries [44, 52]. For instance, Smith et al. reported a 20 
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3.4 Oncological Outcomes 

The oncological outcomes of anesthesia techniques are a critical focus of this review, with studies reporting on recurrence-

free survival, overall survival, and immune response. ERAS protocols demonstrated the highest survival rates, with 85–87 

The following table summarizes the oncological outcomes, integrating quan-titative data within the narrative to provide a 

clear context for the findings: 

Table 3: Oncological Outcomes of Anesthesia Techniques 

Study  Anesthesia Recurrence- Overall   Sur- Immune Re- 

  Technique Free Survival vival sponse  

      

Lee et al. ERAS 85% at 5 years 90% at 5 years Reduced IL-6 

[46]     levels  

Wang et TIVA 80% at 3 years 88% at 3 years Enhanced NK 

al. [47]     cell activity 

Patel et al. TIVA 78% at 5 years 85% at 5 years Lower  TNF-α 

[50]     levels  

Taylor et ERAS 87% at 5 years 92% at 5 years Reduced CRP 

al. [54]     levels  

Chen et Regional 82% at 5 years 89% at 5 years Preserved im- 

al. [55]     mune function 

       

 

This table illustrates the potential protective effects of anesthesia innovations on oncological outcomes. Lee et al. reported 

that ERAS protocols in colorectal cancer patients undergoing resection achieved an 85 

3.5 Implementation Metrics 

The implementation of anesthesia innovations was evaluated in terms of train-ing requirements and cost-effectiveness. 

ERAS protocols and TIVA require mod-erate training, primarily involving familiarity with standardized protocols and 

intravenous agent management, making them accessible for most anesthesia teams [46, 49, 54]. These techniques were 

highly cost-effective due to reduced hospital stays (1.3–2.5 days) and complications, lowering overall healthcare costs [49, 

54]. Regional anesthesia, requiring advanced skills in ultrasound-guided nerve blocks or epidural placement, demands high 

training and specialized equip-ment, resulting in moderate cost-effectiveness due to equipment costs [45, 51]. These metrics 

highlight the feasibility of ERAS and TIVA in diverse settings, while regional anesthesia’s benefits are balanced by 

implementation challenges [38]. 

The following table summarizes the implementation metrics, providing a clear overview of training and cost considerations: 

Table 4: Implementation Metrics of Anesthesia Techniques 

Study  Anesthesia Training Re-  Cost- 

  Technique quirements Effectiveness 

     

Smith et TIVA Moderate High 

al. [44]     

Jones et Regional High Moderate 
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al. [45]     

Lee et al. ERAS Moderate High 

[46]     

Brown et ERAS Moderate High 

al. [49]     

Garcia et Regional High Moderate 

al. [51]     

Taylor et ERAS Moderate High 

al. [54]     

     

 

This table underscores the practical considerations for adopting anesthesia innovations. ERAS protocols, as studied by Lee 

et al., Brown et al., and Taylor et al., require moderate training, typically involving staff education on multimodal analgesia, 

early mobilization, and optimized fluid management, and are highly cost-effective due to significant reductions in hospital 

stays (e.g., 3.5 vs. 5.5 days in colorectal cancer, 3.2 vs. 5.8 days in breast cancer) [46, 49, 54]. For example, Brown et al. 

reported a 2.5-day reduction in hospital stay for ovarian cancer patients, translating to substantial cost savings [49]. TIVA, 

as reported by Smith et al., also requires moderate training, focusing on intravenous agent adminis-tration and monitoring, 

and is cost-effective due to reduced recovery times and complications (e.g., 2.5 vs. 3.2 days hospital stay in breast cancer) 

[44]. Regional anesthesia, as noted by Jones et al. and Garcia et al., demands high training for techniques like ultrasound-

guided nerve blocks or epidural placement, with moderate cost-effectiveness due to the need for specialized equipment and 

ex-pertise [45, 51]. For instance, Garcia et al. highlighted the need for advanced ul-trasound training, which increases 

implementation costs but is offset by reduced pain scores and hospital stays [51]. These findings emphasize the need for 

strate-gic resource allocation to support the adoption of these techniques, particularly in resource-limited settings [38]. 

4. DISCUSSION 

4.1 Key Findings and Clinical Implications 

This systemic review highlights the transformative potential of anesthesia innovations— namely total intravenous 

anesthesia (TIVA), regional anesthesia, and enhanced recovery after surgery (ERAS) protocols—in revolutionizing 

medical oncology 

by improving efficacy, safety, and oncological outcomes [38]. The integration of these advanced techniques into clinical 

practice offers substantial benefits for oncology patients, who often face complex treatment regimens and compro-mised 

physiological states due to cancer and its therapies [4]. TIVA’s consistent reduction in recovery time by 18–25 

Regional anesthesia’s superior pain management, with pain scores ranging from 1.8–2.7/10 compared to 4.0–4.5/10 for 

controls, and its ability to reduce hos-pital stays by 1–2 days, make it a valuable tool, especially in non-surgical set-tings 

such as chemotherapy administration for lymphoma or palliative proce-dures [48, 51]. For example, Kim et al. found that 

regional anesthesia improved chemotherapy tolerance in lymphoma patients by reducing pain to 2.0/10, en-hancing patient 

compliance with treatment regimens [48]. Garcia et al. reported similar benefits in head and neck cancer patients, where 

regional nerve blocks reduced pain to 2.3/10 and complications to 6 ERAS protocols demonstrated the most comprehensive 

benefits, reducing re-covery time by 2–3 days, hospital stays by 1.3–2.5 days, and complication rates to 8–12 

4.2 Oncological Impact 

The potential of anesthesia techniques to influence oncological outcomes rep-resents a paradigm shift in understanding 

their role beyond procedural facilita-tion. This review found that TIVA and regional anesthesia may reduce cancer re-

currence by modulating immune responses, with recurrence-free survival rates of 78–82 

ERAS protocols demonstrated the highest survival rates, with 85–87 

These findings have profound implications for clinical practice, suggesting that anesthesia should be considered a critical 

component of cancer treatment planning, not merely a procedural tool [58]. The immune-modulatory effects of TIVA and 

regional anesthesia, particularly their ability to reduce pro-inflammatory cytokines and enhance NK cell activity, warrant 

their preferential use in oncol-ogy patients, especially those at high risk of recurrence [17]. ERAS protocols, with their 



Revolutionizing Cancer Treatment: A Systemic Review of Anesthesia Innovations in 

Medical Oncology 

© 2025 Journal of Carcinogenesis | Published for Carcinogenesis Press by Wolters Kluwer-Medknow 

 

 pg. 127 
 

 

consistent survival benefits, should be standardized across oncology settings to maximize long-term outcomes [8]. 

However, these benefits must be balanced against patient-specific factors, such as tumor type, stage, and treat-ment history, 

which may influence the efficacy of these techniques [15]. Further research is needed to elucidate the precise mechanisms 

by which anesthesia af-fects cancer biology, including the role of specific anesthetic agents and their interactions with the 

tumor microenvironment [59]. Large-scale clinical trials with standardized outcome measures are essential to confirm these 

findings and guide evidence-based practice [16]. 

4.3 Challenges and Limitations 

Despite the promising findings, this review identifies several challenges and lim-itations that must be addressed to fully 

realize the potential of anesthesia inno-vations in medical oncology. The heterogeneity in study designs, patient popula-

tions, and outcome measures precluded a meta-analysis, necessitating a narra-tive synthesis that limits quantitative 

conclusions [36]. For example, variations in definitions of recovery time (e.g., time to ambulation vs. discharge readiness) 

and complication rates (e.g., specific vs. composite endpoints) across studies like Smith et al. and Lee et al. complicate 

direct comparisons [44, 46]. The focus on English-language studies introduces a potential language bias, possibly exclud-

ing relevant non-English research from regions with high cancer burdens [29]. This limitation may reduce the global 

applicability of the findings, particularly in diverse healthcare settings [27]. 

The limited number of studies addressing non-surgical procedures, such as chemotherapy administration or palliative care, 

represents a significant research gap [19]. Only two studies (Kim et al. and Nguyen et al.) focused on non-surgical settings, 

despite the increasing reliance on these interventions in medical on-cology [48, 53]. This gap is concerning given the 

growing need for anesthesia or sedation in procedures like bone marrow aspiration or palliative symptom management, 

where patient comfort and tolerability are critical [20]. Addition-ally, the quality of included studies varied, with some 

observational studies (e.g., Jones et al.) at risk of selection bias due to non-randomized designs, and RCTs (e.g., Patel et 

al.) limited by small sample sizes or short follow-up periods [45, 50]. These methodological limitations underscore the 

need for more robust, stan-dardized research to enhance the evidence base [34]. 

Implementation challenges further complicate the adoption of these anes-thesia techniques. Regional anesthesia, despite 

its efficacy in pain management, requires high levels of training and specialized equipment, such as ultrasound devices for 

nerve blocks, which may not be available in resource-limited set-tings [45, 51]. For instance, Garcia et al. noted that the 

successful implementa-tion of regional anesthesia in head and neck cancer patients required extensive training in 

ultrasound-guided techniques, increasing costs and limiting scala-bility [51]. TIVA, while less resource-intensive, demands 

expertise in managing intravenous agents and monitoring to prevent complications like propofol in-fusion syndrome [44]. 

ERAS protocols, although highly cost-effective, require institutional commitment to implement standardized care 

pathways, which can be challenging in hospitals with limited resources or fragmented care systems 

[49]. Patient-specific factors, such as chemotherapy-induced toxicities or comor-bidities, further complicate anesthesia 

management, necessitating individual-ized approaches that may not be feasible in all settings [4]. These barriers high-light 

the need for targeted training programs, resource allocation, and policy initiatives to ensure equitable access to these 

innovations [60]. 

4.4 Future Directions and Recommendations 

To advance the field of anesthesia in medical oncology, future research must ad-dress the identified gaps and challenges 

through targeted studies and strategic initiatives. First, the mechanisms by which anesthesia affects cancer biology, 

particularly TIVA’s anti-inflammatory effects and regional anesthesia’s opioid-sparing benefits, require further 

investigation [13, 17]. Preclinical studies should explore the molecular pathways involved, such as the impact of propofol 

on tu-mor cell signaling or the role of opioid-free anesthesia in preserving anti-tumor immunity [12]. Clinical trials should 

focus on long-term oncological outcomes, particularly in non-surgical settings, where data are sparse [19]. For example, 

studies like Kim et al. and Nguyen et al. demonstrate the potential of regional anesthesia and sedation in non-surgical 

procedures, but larger trials are needed to establish best practices [48, 53]. 

Second, standardized outcome measures, such as time to functional recovery, recurrence-free survival, or specific 

inflammatory markers, should be adopted to facilitate meta-analyses and improve comparability across studies [36]. Mul-

ticenter trials with larger, more diverse patient populations are essential to en-hance generalizability and address variability 

in cancer types and treatment settings [31]. For instance, expanding studies like Chen et al. to include mul-tiple cancer 

centers could validate the survival benefits of regional anesthesia across different populations [55]. Third, implementation 

studies should assess the feasibility of adopting TIVA, regional anesthesia, and ERAS protocols in di-verse healthcare 

settings, particularly in low-resource environments [60]. Cost-effectiveness analyses, building on findings from Brown et 

al. and Taylor et al., can support the case for investing in these techniques by quantifying reductions in hospital stays and 

complications [49, 54]. 

Healthcare systems should invest in infrastructure to support these innova-tions, such as equipping hospitals with advanced 



Revolutionizing Cancer Treatment: A Systemic Review of Anesthesia Innovations in 

Medical Oncology 

© 2025 Journal of Carcinogenesis | Published for Carcinogenesis Press by Wolters Kluwer-Medknow 

 

 pg. 128 
 

 

monitoring systems for TIVA and ultrasound-guided devices for regional anesthesia [51]. Training programs for 

anesthesiologists should focus on mastering TIVA and regional anesthesia techniques, while interdisciplinary workshops 

can foster collaboration between anesthesiologists, oncologists, and surgical teams to develop tailored protocols 

[57] Policy initiatives should aim to integrate ERAS protocols into national can-cer care guidelines, ensuring standardized 

care and equitable access [8]. For example, adopting ERAS protocols as a standard of care, as demonstrated by Lee et al., 

could streamline perioperative management and improve outcomes across oncology settings [46]. Patient education 

initiatives are also critical to enhance acceptance of these techniques, addressing concerns about safety and efficacy through 

clear communication [56]. By addressing these research and implementation priorities, the field can fully realize the 

potential of anesthesia innovations to revolutionize cancer treatment, offering patients safer, more ef-fective, and 

personalized care [58]. 

4.5 Conclusion 

This systemic review demonstrates that TIVA, regional anesthesia, and ERAS pro-tocols are transforming medical 

oncology by improving efficacy, safety, and on-cological outcomes. TIVA’s anti-inflammatory properties and regional 

anes-thesia’s pain management benefits offer significant advantages, particularly for immunocompromised patients, while 

ERAS protocols provide comprehensive perioperative care across cancer types. However, challenges such as training 

requirements, resource limitations, and research gaps in non-surgical settings must be addressed to ensure widespread 

adoption. Continued interdisciplinary collaboration, standardized research, and strategic investments are essential to 

optimize anesthesia strategies and enhance patient outcomes in medical oncology, paving the way for safer and more 

effective cancer care. 
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