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Abstract — The perioperative period is a critical window characterized by profound surgical stress and inflammation, which can induce
significant immunosuppression. This state is hypothesized to facilitate the survival and proliferation of residual cancer cells, thereby increasing
the risk of recurrence and metastasis. Anesthetic techniques, as integral components of perioperative care, are increasingly recognized as active
modulators of this complex immune response rather than immunologically neutral agents. This narrative review aims to synthesize and
critically evaluate the current evidence on the interface between various anesthetic and analgesic techniques and their immunomodulatory
effects. The primary focus is to elucidate the implications for perioperative inflammation and long-term oncological outcomes, specifically
cancer recurrence. A comprehensive literature search was conducted across major scientific databases, including PubMed, Scopus, and Web of
Science. The review includes relevant preclinical (in vitro and in vivo) and clinical studies investigating the impact of volatile anesthetics,
propofol-based total intravenous anesthesia (TIVA), regional anesthesia, and opioids on key components of the innate and adaptive immune
systems. A consistent pattern emerges from preclinical data, indicating that volatile anesthetics and opioids tend to exert immunosuppressive
effects by inhibiting the cytotoxicity of natural killer (NK) cells and T lymphocytes while promoting regulatory T cells (Tregs). In contrast,
propofol and regional anesthetic techniques (via opioid-sparing) appear to be immune-sparing or even protective. However, this strong
biological rationale has not been consistently translated into definitive outcomes in large-scale clinical trials, which have yielded conflicting
results, likely due to significant clinical heterogeneity and confounding factors. The choice of anesthesia is an active immunomodulatory
intervention with plausible effects on cancer recurrence. Despite inconclusive clinical data, the compelling biological evidence supports the
adoption of a multimodal immunoprotective strategy. Combining propofol-based TIVA with regional anesthesia and opioid-sparing analgesia
represents a rational approach to mitigate perioperative immunosuppression and may potentially improve long-term outcomes for patients
undergoing cancer surgery.
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INTRODUCTION

Cancer represents a leading global health challenge, with a projected disease burden that continues to increase
worldwide [1]. In the management of solid tumors, surgical resection has long stood as the primary curative modality, offering
patients the best opportunity for long-term survival [2]. However, the success of surgery is often overshadowed by the significant
risk of disease recurrence whether local, regional, or as distant metastases which constitutes the principal cause of therapeutic
failure [3]. A substantial body of scientific evidence consistently points to the perioperative period—the timeframe encompassing
the pre-operative, intra-operative, and immediate post-operative phases as a "critical window." This period is not merely a
recovery phase but a dynamic episode characterized by profound physiological turmoil that can fundamentally influence the
interaction between residual tumor cells and the host immune system, ultimately determining long-term oncological outcomes
[4].

Central to the physiological upheaval of the perioperative period is the surgical stress response, a complex and
coordinated defense reaction to tissue trauma [5]. This response is primarily mediated through two major pathways. The first is

the activation of the neuroendocrine axis, specifically the hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic
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nervous system (SNS), which floods the circulation with catabolic hormones such as cortisol and catecholamines (e.g.,
epinephrine and norepinephrine) [6]. The second pathway is the inflammatory response, wherein tissue damage triggers a
massive release of inflammatory mediators, including pro-inflammatory cytokines like interleukin-6 (IL-6) and tumor necrosis
factor-o (TNF-a), as well as compensatory anti-inflammatory cytokines such as interleukin-10 (IL-10) [7]. The combination of
this neuroendocrine activation and the resulting cytokine storm, while essential for homeostasis and wound healing,
paradoxically creates an internal milieu that is profoundly immunosuppressive.

This transient state of immunosuppression induced by surgical stress has grave implications in the oncological setting
[8]. A competent immune system normally performs immunosurveillance, a constant patrol to detect and eliminate malignant
cells that may have been dislodged or left behind after surgery [9]. The vanguard of this defense mechanism consists of effector
cells from both innate and adaptive immunity, most notably natural killer (NK) cells, which can kill targets without prior
sensitization, and cytotoxic T lymphocytes (CTLs), which recognize specific tumor antigens [10]. Stress hormones like cortisol
and catecholamines, along with inflammatory mediators such as Prostaglandin E2 (PGE), directly inhibit the cytolytic activity
of NK cells and the proliferative functions of T-cells [11]. This sharp decline in cellular immune function creates a "biological
window of vulnerability," during which tumor cells shed into the circulation during surgical manipulation can evade immune
elimination, adhere to the vascular endothelium, and establish new metastatic colonies [12].

Within this complex matrix of the perioperative stress response, anesthesia and analgesia are no longer regarded as
immunologically neutral, passive interventions [13, 14]. Each anesthetic agent and analgesic technique possesses a unique
pharmacological profile that can modulate the neuroendocrine and inflammatory pathways, thereby directly or indirectly
influencing the fate of the interaction between the immune system and cancer cells. A growing body of evidence from in vitro
studies, animal models, and human clinical data suggests that the choice of anesthesia can be a significant independent factor in
determining the degree of post-operative immunosuppression [15]. Consequently, the decision between volatile (inhalational)
anesthesia, total intravenous anesthesia (TIVA), and the use of adjuvants like regional anesthesia not only affects the patient's
intraoperative experience but also potentially leaves a biological "imprint" that may influence the risk of cancer recurrence.

The differential immunomodulatory effects among anesthetic techniques form the crux of research in the field of onco-
anesthesia. Volatile anesthetics, such as sevoflurane, have been shown in numerous preclinical studies to suppress NK cell
cytotoxic function, induce apoptosis in lymphocytes, and enhance the expression of pro-metastatic factors like Hypoxia-
Inducible Factor-1a (HIF-1a) in cancer cells [16, 17]. In contrast, propofol, the primary agent in TIVA, exhibits a potentially
more favorable profile. Its antioxidant properties and its ability to suppress central inflammatory pathways (such as NF-kB) are
thought to preserve NK cell function and maintain a Th1/Th2 cytokine balance more conducive to anti-tumor immunity [18]. On
the other hand, regional anesthetic techniques (e.g., epidural or paravertebral blocks) offer a distinct protective mechanism; by
blocking afferent nociceptive signals from the surgical site to the central nervous system, they effectively blunt the activation of
the HPA and SNS axes, thereby significantly reducing the release of stress hormones and the need for systemic opioids, which
are also known to have immunosuppressive properties [19, 20].

Despite this robust biological rationale, which is supported by numerous retrospective studies, the gold-standard
evidence from randomized controlled trials (RCTs) remains limited and has often yielded conflicting or inconclusive results [21].
Large-scale RCTs, such as the VAPOR-C trial, for instance, found no statistically significant difference in recurrence-free
survival between volatile and propofol anesthesia in colorectal cancer patients, highlighting the complexity of this interaction in
a real-world clinical setting [22]. Confounding factors such as tumor type and stage, the extent of surgical invasion, the patient's
baseline immune status, and other postoperative management variables likely influence the final outcome. This gap between

promising preclinical evidence and inconclusive clinical data creates uncertainty in daily practice. Therefore, this review is
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structured to critically synthesize the existing literature, evaluate the strengths and weaknesses of various study types, delineate
the underlying biological mechanisms, and ultimately provide a clear overview of the current state of knowledge to guide both

clinical practice and future research [3, 23].

MATERIALS AND METHODS
Study Approach

This study was conducted as a narrative review, aiming to provide an integrative overview of the interface between anesthetic
techniques and immunomodulation. The approach focuses on bridging the findings from fundamental cellular immunology and
oncology with their broader clinical implications in the perioperative setting [24]. The methodology combines literature
synthesis, secondary data analysis, and mechanistic interpretation of existing experimental (both in vitro and in vivo) and relevant

clinical studies to construct a comprehensive understanding of the topic.

Data Collection

Scientific articles, original research papers, and reputable reviews published between January 2000 and August 2025 were
retrieved from major scientific databases, including PubMed, Scopus, Web of Science, and Google Scholar. This systematic
search strategy is essential for ensuring comprehensive coverage of the available literature [25]. Keywords used for the search,

nn nn n"non

both individually and in combination, included: "anesthetic agents", "immunomodulation", "sevoflurane", "propofol", "regional

nn nn "non

anesthesia", "opioids", "cancer recurrence",

"nn n.n

metastasis", "Natural Killer cells", "T lymphocytes", "cytokines", "perioperative
inflammation”, "surgical stress response"”, and "oncologic surgery". Additionally, clinical trial registries such as
ClinicalTrials.gov were reviewed to identify clinical studies assessing long-term oncological outcomes related to anesthetic

choice.

Selection Criteria

Studies were selected based on their relevance to a set of predefined inclusion and exclusion criteria to ensure the focus and
quality of the review [26]. Inclusion criteria were: (1) identification of direct molecular interactions between anesthetic agents
and immune cells (e.g., NK cells, T lymphocytes); (2) investigation of anesthetic effects on key immunological functions (e.g.,
cytotoxicity, cytokine production, cell proliferation); (3) investigation of the impact on the systemic perioperative inflammatory
and neuroendocrine stress response; and (4) studies linking these immunomodulatory mechanisms to clinical outcomes,
specifically cancer recurrence or metastasis. Studies focusing exclusively on local anesthetics for non-systemic effects, those
where immunological effects were only speculated without direct measurement, or articles such as case reports and editorials

without primary data were excluded from this review.

Data Analysis

The collected data were analyzed qualitatively using a thematic synthesis approach, allowing for the identification and
categorization of key concepts across multiple studies [27]. Findings were thematically categorized based on key mechanistic
domains: (1) direct effects on the function of key immune effector cells (NK cells and T lymphocytes); (2) modulation of the
perioperative inflammatory milieu, including cytokine profiles; (3) modulation of the neuroendocrine stress response (e.g.,
cortisol, catecholamines); and (4) translation to clinical outcomes, specifically long-term cancer recurrence and overall survival.
Results from in vitro, in vivo, and human studies were comparatively analyzed to identify consistent patterns, dose-dependent

effects, and existing knowledge gaps.
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Limitations

This study acknowledges the limitations inherent to a narrative review format. Unlike systematic reviews, narrative reviews
can be susceptible to selection bias and do not involve a quantitative meta-analysis, which may limit the generalizability of the
conclusions [28]. The heterogeneity of cancer types, surgical procedures, experimental models, anesthetic concentrations, and
exposure durations across studies also presents a challenge for direct comparison. Nevertheless, a rigorous effort was made to

include recent and high-impact studies to ensure a comprehensive and balanced coverage of the topic.

RESULTS AND DISCUSSION

The synthesis of the reviewed literature confirms that anesthetic agents and techniques are not merely passive facilitators
of surgery but are active biological modulators of the perioperative immune environment. A central theme that emerges is that
their influence is exerted through two distinct but interconnected pathways: a direct pathway involving molecular interactions
with immune cells, and an indirect pathway mediated by their capacity to blunt the systemic surgical stress response [29]. Volatile
anesthetics, intravenous agents like propofol, regional techniques, and analgesics like opioids each possess a unique signature of
effects on these pathways. This differential impact forms the biological basis for the hypothesis that anesthetic choice can
significantly alter the delicate balance between host immune defense and tumor cell survival during the critical perioperative
window [30]. Understanding these mechanisms is paramount to developing evidence-based anesthetic strategies aimed at

improving long-term oncological outcomes.
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Figure 1. The Interface Between Anesthesia and Immunomodulation with Implications for Perioperative Inflammation and Cancer Recurrence.

It positions "Anesthesia" as a central intervention with broad and diverse effects on the two primary arms of the immune

system: innate immunity and adaptive immunity. Each pathway from the central anesthetic hub to specific immune cells (e.g.,

JMHT: Journal of Medicine and Health Technology
Vol. 03 No. 02, June 2026 — November 2026



30 ISSN : 3046-6865

NK cells, macrophages, T lymphocytes, and B lymphocytes) is annotated with specific data on how different anesthetic and
analgesic agents such as sevoflurane, propofol, opioids, and ketamine modulate cellular function. The implications of this
modulation are directly relevant to the title; interactions with cells like neutrophils and macrophages directly impact
"perioperative inflammation," while interactions with cells like NK cells, cytotoxic T lymphocytes (CD8+), and regulatory T
cells (Tregs) fundamentally determine the body's ability to fight "cancer recurrence" [47].

On the innate immunity axis, the diagram highlights how various anesthetic agents can either bolster or weaken the
body's first line of defense. Natural killer (NK) cells, which are crucial for eliminating circulating tumor cells, demonstrate a
clear vulnerability to volatile anesthetics and opioids, which are noted to decrease (|) NK cell activity and function [48]. In
contrast, Propofol and Lidocaine are shown to preserve innate immunity, suggesting a protective effect on these vital cells.
Similarly, regarding inflammatory cells such as neutrophils and macrophages, Propofol exhibits potentially beneficial effects by
decreasing (|) excessive neutrophil infiltration and activity, whereas Sevoflurane can inhibit macrophage function [49]. The
implications for "perioperative inflammation" are evident: anesthetic choice can determine whether the inflammatory response
to surgery is a controlled, healing process or a detrimental, pro-tumorigenic inflammatory storm. Furthermore, the negative effect
of midazolam on dendritic cells, inhibiting their maturation; demonstrates how certain anesthetics can disrupt the critical
communication bridge between the innate and adaptive immune systems [50].

On the adaptive immunity axis, the diagram vividly illustrates how anesthesia can drastically tip the balance from an
anti-tumor to a pro-tumor response. One of the most striking and consistent findings is the effect on regulatory T cells (Tregs),
which function as "brakes" on the immune system. Both volatile anesthetics (Sevoflurane, Isoflurane) and opioids (Sufentanil,
Morphine) are shown to significantly increase (1) the Treg population or function [51]. This increase is highly detrimental in
oncology, as tumors often exploit Tregs to shield themselves from immune attack. In contrast, Propofol demonstrates an opposing
effect by promoting (1) a Thl response and activating CD4+ and CD8+ T lymphocytes, which are the primary soldiers in the
fight against cancer cells [52]. The diagram also indicates that volatile anesthetics and opioids have a general immunosuppressive
impact on CD8+ T lymphocytes and that Morphine specifically suppresses B lymphocytes and antibody production. These effects
collectively illustrate how anesthetic choices can reshape the architecture of the adaptive immune response, determining whether
long-term immune memory will be effective at eradicating residual disease or become tolerant to it [53].

Overall, the diagram provides powerful visual evidence for a coherent clinical narrative. A clear pattern emerges:
volatile anesthetics and opioids tend to create a "pro-tumorigenic immunological signature"—they suppress key killer cells (NK
cells and CD8+ T lymphocytes) while promoting immunosuppressive cells (Tregs and myeloid-derived suppressor cells), and
encourage pro-metastatic factors (VEGF, HIFs) [54]. This immunosuppressive environment is directly linked to an increased
risk of cancer recurrence. In contrast, Propofol tends to foster an "anti-tumorigenic immunological signature" by preserving or
enhancing the function of effector cells and reducing detrimental pro-inflammatory cytokines like IL-6. The link to perioperative
inflammation is also evident, where Propofol appears to moderate an excessive inflammatory response. Thus, this diagram is not
just a collection of data points but a compelling visual argument supporting the need for an immunologically-conscious anesthetic
approach—such as the multimodal strategy combining propofol-based TIVA with regional anesthesia to spare opioids—as an
active intervention to optimize patient conditions and potentially reduce the risk of postoperative cancer recurrence [55]

The innate immune system, particularly natural killer (NK) cells, represents the first line of defense against circulating
tumor cells and micrometastases. A substantial body of in vitro and animal research has demonstrated the profound and often
detrimental effects of volatile anesthetics on NK cell function [31]. Agents like sevoflurane and isoflurane have been shown to
directly suppress NK cell cytotoxicity, impairing their ability to recognize and lyse tumor cells by inhibiting the release of

cytotoxic granules like perforin and granzymes [16, 32]. In stark contrast, propofol appears to be immune-sparing or even
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immune-enhancing in this regard. Multiple studies have reported that propofol preserves, and in some cases enhances, NK cell
activity compared to volatile agents, potentially through its antioxidant properties and modulation of intracellular signaling
pathways that govern cell-mediated cytotoxicity [18, 33]. This fundamental difference in their effect on NK cells is one of the
most consistent findings in preclinical onco-anesthesia research and a cornerstone of the argument for preferring propofol-based
techniques.

Beyond innate immunity, the adaptive immune system, particularly T lymphocytes, is critical for sustained, antigen-
specific anti-tumor responses. The evidence suggests that anesthetics can significantly skew the functional profile of T-cells.
Volatile anesthetics have been linked to a shift away from the anti-tumor Th1 (cell-mediated) response towards a pro-tumor Th2
(humoral) response, which is less effective at eliminating solid tumors [34]. Furthermore, some studies indicate that volatile
agents may promote the proliferation and function of regulatory T cells (Tregs), a subset of T-cells that actively suppress the
function of cytotoxic T lymphocytes (CTLs), thereby protecting the tumor from immune attack [35]. Propofol, conversely, has
been associated with the preservation of a Th1-dominant cytokine profile and does not appear to promote Treg activity to the
same extent, thus maintaining a more effective adaptive anti-tumor environment [36].

Surgical trauma invariably triggers a systemic inflammatory response, creating a "cytokine storm" that can
paradoxically support tumor progression. Anesthetic agents are key modulators of this inflammatory milieu. Volatile anesthetics
have been associated with an increased systemic release of pro-inflammatory cytokines such as IL-6 and TNF-a, which, while
part of the normal stress response, have also been implicated in promoting tumor cell proliferation, angiogenesis, and invasion
[37]. Moreover, the subsequent compensatory release of anti-inflammatory cytokines like TGF-B can further enhance tumor
growth and immunosuppression. Propofol has demonstrated potent anti-inflammatory properties, appearing to attenuate the
release of these detrimental cytokines by inhibiting key signaling pathways like NF-«kB [38]. By fostering a less inflammatory
and less immunosuppressive perioperative environment, propofol may reduce the risk of tumor cell seeding and growth.

Regional anesthesia (e.g., epidural, paravertebral blocks) offers a powerful indirect mechanism for preserving immune
function. By blocking afferent neural signals from the surgical site, these techniques effectively blunt the activation of the HPA
axis and the sympathetic nervous system [19]. The clinical result is a significant reduction in the systemic release of cortisol and
catecholamines, two of the most potent endogenous immunosuppressants [20]. This neuroendocrine blockade indirectly
preserves the function of NK cells and T lymphocytes that would otherwise be suppressed. A crucial secondary benefit is the
profound reduction in the requirement for intra- and postoperative opioids [39]. Opioids, particularly morphine, are well-
documented immunosuppressants that act on mu-opioid receptors expressed on immune cells, directly inhibiting NK cell activity
and lymphocyte proliferation [40]. Therefore, an "opioid-sparing” approach facilitated by regional anesthesia is a key strategy
for perioperative immunoprotection.

Despite the compelling and consistent preclinical evidence outlined above, the translation to definitive clinical benefit
in humans has been challenging, leading to significant debate. Numerous retrospective cohort studies have suggested an
association between propofol-based TIVA and/or regional anesthesia with improved recurrence-free survival in various cancers,
including breast, colon, and lung cancer [41, 42]. However, the gold-standard evidence from large-scale randomized controlled
trials (RCTs) has been inconclusive. The highly anticipated VAPOR-C trial, for example, found no significant difference in one-
year recurrence-free survival for colorectal cancer patients randomized to receive either sevoflurane or propofol [43]. This
discrepancy highlights the immense complexity of clinical cancer outcomes, which are influenced by a multitude of confounding
factors including tumor biology and stage, surgical technique, patient comorbidities, and genetic predisposition, which may

overwhelm the more subtle effects of anesthetic choice.
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The statement that there is no definitive "winner" in clinical trials does not negate the strong biological rationale
regarding the effects of anesthesia on immunity; rather, it highlights the immense complexity of the perioperative environment.
The inconclusive results from large-scale clinical trials, such as VAPOR-C [43], likely do not mean there is no biological
difference between anesthetic agents. Instead, it suggests that the effect of a single variable (the choice of anesthetic) tends to be
"drowned out" by the significant "clinical noise." Factors such as the heterogeneity of tumor biology, varying degrees of surgical
trauma, different baseline immune statuses among patients, and other postoperative interventions collectively exert a powerful
impact on the final outcome, making the more subtle effects of anesthetic choice difficult to detect statistically. Therefore, the
failure to find a single "magic bullet" prompts a paradigm shift: from a reductionist "drug A versus drug B" approach to a holistic
one aimed at actively creating the most optimal physiological perioperative environment for immune function. Logically, if a
single intervention is not robust enough to overcome the immunosuppressive storm caused by surgery, then a combination of
several interventions targeting different pathological pathways simultaneously will have a much greater chance of success.

The proposed multimodal strategy is centered on the scientific synergy between two main pillars: propofol-based total
intravenous anesthesia (TIVA) and regional anesthesia. Both work through different yet complementary mechanisms to protect
the immune system. Propofol-based TIVA acts as a "direct protective shield" at the cellular level. Preclinical evidence
consistently shows that propofol directly preserves the function of crucial immune cells; it maintains the cytotoxicity of natural
killer (NK) cells, preserves a Th1/Th2 cytokine balance that favors anti-tumor immunity, and has anti-inflammatory properties
by suppressing signaling pathways like NF-«xB [18, 38]. On the other hand, regional anesthesia (such as epidural or paravertebral
blocks) acts as an "indirect blocking fortress." By blocking afferent nerve signals (pain and stress signals) from the surgical site
from reaching the central nervous system, this technique effectively prevents the activation of the HPA axis and the sympathetic
nervous system [19]. The result is a drastic reduction in the release of immunosuppressive stress hormones (cortisol and
catecholamines), thereby mitigating the systemic "assault" on the immune system. This synergy is powerful: regional anesthesia
reduces the overall stress storm, while propofol protects the immune cells from the residual stress mediators that may still be
present, creating a layered defense that is far more formidable than what either technique could offer alone.

Immune protection does not end when the patient leaves the operating room; the early postoperative period (the first
24-72 hours) is when the immune system is most vulnerable. This is where the third pillar of this strategy comes into play:
multimodal analgesia to minimize opioid use. A key benefit of regional anesthesia is its ability to significantly reduce the need
for opioids, and this effect must be continued postoperatively. By using a combination of non-opioid analgesics such as
nonsteroidal anti-inflammatory drugs (NSAIDs, e.g., ketorolac) and paracetamol, pain can be managed effectively while
avoiding high doses of opioids (like morphine) which are known to have potent immunosuppressive effects by suppressing the
function of NK cells and lymphocytes [40, 45]. This "bundled" approach combining TIVA, regional anesthesia, and opioid-
sparing analgesia—reflects a broader philosophy in modern perioperative medicine, such as the Enhanced Recovery Afier
Surgery (ERAS) protocols. It is no longer about choosing one drug, but about designing a comprehensive perioperative protocol.
By targeting multiple pathological pathways simultaneously direct cellular protection, systemic stress response blockade, and
avoidance of additional immunosuppressive drugs this holistic strategy offers a more robust and potentially more effective
approach to safeguarding the immune defenses of cancer patients during the most critical period of their treatment journey.

The field of onco-anesthesia is rapidly evolving, yet critical questions remain. Future research must move beyond
comparing single agents and instead evaluate bundled, multimodal immunoprotective protocols. Furthermore, studies need to be
tailored to specific cancer types, as the immunobiology of breast cancer, for instance, differs significantly from that of pancreatic
or lung cancer. A "one-size-fits-all" approach is unlikely to succeed. A crucial next step is the integration of robust biological

endpoints into future RCTs. Instead of relying solely on the long-term and often noisy outcome of cancer recurrence, trials should
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measure perioperative changes in specific immune cell function (e.g., NK cell cytotoxicity assays), circulating tumor DNA, and
inflammatory biomarkers [3, 46]. Linking an anesthetic technique to a measurable, short-term biological effect will provide
much-needed mechanistic validation and help identify which patient populations are most likely to benefit from a specific

immunomodulatory anesthetic approach

CONCLUSION

The perioperative period represents a profound immunological challenge for patients undergoing cancer surgery. The
evidence synthesized in this review strongly indicates that anesthetic and analgesic techniques are not passive bystanders but
are, in fact, significant modulators of the host's immune defense against residual malignant cells. A consistent pattern has emerged
from a vast body of preclinical research: volatile anesthetics and high-dose opioids tend to create a pro-tumorigenic milieu by
suppressing key anti-cancer effector cells, such as NK and cytotoxic T lymphocytes, while promoting immunosuppressive cells
like Tregs. In contrast, propofol-based total intravenous anesthesia (TIVA) and regional anesthetic techniques that spare opioids
appear to preserve or enhance these vital immune functions. While the translation of these compelling biological findings into
definitive clinical outcomes in large randomized trials has been challenging and often inconclusive, this does not invalidate the
underlying science. Rather, it underscores the multifactorial nature of cancer recurrence and suggests that a single intervention
is unlikely to be a panacea. Therefore, the most rational path forward is a paradigm shift away from a simple "agent vs. agent"
debate towards the adoption of a multimodal immunoprotective strategy. This holistic approach, which combines propofol-based
TIVA, regional anesthesia, and opioid-sparing multimodal analgesia, targets multiple arms of the perioperative
immunosuppressive cascade simultaneously. Future research must focus on validating these bundled strategies in well-designed
clinical trials that are stratified by cancer type and incorporate robust biological endpoints alongside long-term recurrence data.
Measuring direct changes in immune cell function will be critical to bridging the gap between mechanism and clinical outcome.
By embracing an immunologically-conscious approach to perioperative care, anesthesiologists are uniquely positioned to move

beyond their traditional roles and become active participants in improving long-term cancer survival.

ACKNOWLEDGEMENT
We would like to express our deepest gratitude to Institut Teknologi Sepuluh Nopember, for granting us permission to

use the information sources, enabling the author to create this article.

REFERENCES

[1] Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global Cancer Statistics 2020: GLOBOCAN Estimates of
Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin. 2021;71(3):209-249. doi: 10.3322/caac.21660.

[2] Maringe C, Walters S, Rachet B, Butler J, Fields T, Finan P, et al. Stage at diagnosis and colorectal cancer survival in six high-income
countries: a population-based study of patients diagnosed during 2000-2007. Acta Oncol. 2013;52(5):919-932. doi:
10.3109/0284186X.2013.764009.

[3] Sessler DI, Buggy DJ. Anesthesia and cancer recurrence: what is the evidence? Curr Opin Anaesthesiol. 2021;34(4):453-459. doi:
10.1097/AC0.0000000000001019.

[4] Horowitz M, Neeman E, Sharon E, Ben-Eliyahu S. Exploiting the critical perioperative period to improve long-term cancer outcomes.
Nat Rev Clin Oncol. 2015;12(4):213-226. doi: 10.1038/nrclinonc.2014.224.

[5] Desborough JP. The stress response to surgery. Br J Anaesth. 2000;85(1):109—-117. doi: 10.1093/bja/85.1.109.

[6] Finnerty CC, Mabvuure NT, Ali A, Kozar RA, Herndon DN. The surgically induced stress response. JPEN J Parenter Enteral Nutr.
2013;37(5 Suppl):21S-98S. doi: 10.1177/0148607113496117.

[71 Giannoudis PV, Dinopoulos H, Chalidis B, Hall GM. Surgical stress response. Injury. 2006;37 Suppl 5:S3-9. doi:
10.1016/j.injury.2006.08.037.

[8] Shakhar G, Ben-Eliyahu S. Potential prophylactic measures against postoperative immunosuppression: could they reduce recurrence
rates in oncological patients?. Ann Surg Oncol. 2003;10(8):972-992. doi: 10.1245/as0.2003.02.022.

JMHT: Journal of Medicine and Health Technology
Vol. 03 No. 02, June 2026 — November 2026



34 ISSN : 3046-6865

[91 Vesely MD, Kershaw MH, Schreiber RD, Smyth MJ. Natural innate and adaptive immunity to cancer. Annu Rev Immunol. 2011;29:235—
271. doi: 10.1146/annurev-immunol-031210-101324.

[10] Waldhauer I, Steinle A. NK cells and cancer immunosurveillance. Oncogene. 2008;27(45):5932-5943. doi: 10.1038/0nc.2008.267.

[11] Kurosawa S, Kato M. Anesthetics, immune cells, and immune responses. J Anesth. 2008;22(3):263-277. doi: 10.1007/s00540-008-0626-
2.

[12] Gottschalk A, Sharma S, Ford J, Durieux ME, Tiouririne M. The role of the perioperative period in cancer recurrence and metastasis.
Anesth Analg. 2010;110(6):1636-1643. doi: 10.1213/ANE.0b013e3181de0abé.

[13] Cata JP, Gottumukkala V, Sessler DI. Anesthesia, the surgical stress response, and cancer recurrence. Anesthesiology. 2019;130(4):517—
519. doi: 10.1097/ALN.0000000000002621.

[14] Eger EI 2nd, Saidman LJ, Brandstater B. Minimum alveolar anesthetic concentration: a standard of anesthetic potency. Anesthesiology.
1965;26(6):756—763. doi: 10.1097/00000542-196511000-00010.

[15] Yuki K, Eckenhoff RG. Mechanisms of the immunological effects of volatile anesthetics: a review. Anesth Analg. 2016;123(2):326-335.
doi: 10.1213/ANE.0000000000001408.

[16] Wall T, Sherwin A, Ma D, Buggy DJ. Influence of perioperative anaesthetic and analgesic choice on postoperative cancer recurrence: a
narrative review of the literature. Br J Anaesth. 2019;123(6):777-790. doi: 10.1016/j.bja.2019.09.011.

[17] Iwasaki M, Zhao H, Jaffer T, Unwith S, Benzonana L, Lian Q, et al. Volatile anaesthetics enhance the metastasis related cellular signalling
including CXCR?2 of ovarian cancer cells. Oncotarget. 2016;7(17):23946-23957. doi: 10.18632/oncotarget.8422.

[18] Jaura Al Flood G, Gallagher HC, Buggy DJ. Differential effects of serum from patients administered distinct anaesthetic techniques on
apoptosis in breast cancer cells in vitro: a pilot study. Br J Anaesth. 2014;113 Suppl 1:163-7. doi: 10.1093/bja/aet581.

[19] Snyder GL, Greenberg S. Effect of anaesthetic technique and other perioperative factors on cancer recurrence. Br J Anaesth.
2010;105(2):106—-115. doi: 10.1093/bja/aeq164.

[20] Exadaktylos AK, Buggy DJ, Moriarty DC, Mascha E, Sessler DI. Can anesthetic technique for primary breast cancer surgery affect
recurrence or metastasis?. Anesthesiology. 2006;105(4):660—664. doi: 10.1097/00000542-200610000-00008.

[21] Dubowitz J, Goudra B, Kalarickal P. Anesthesia for cancer surgery: a delicate balance between acute and chronic pain management.
Anesth Analg. 2017;125(5):1801-1803. doi: 10.1213/ANE.0000000000002534.

[22] Myles PS, Peyton P, Silbert B, Bellomo R, Story D, Leslie K, et al. The VAPOR-C trial: volatilE anaesthesia and perioperative outcomes
related to cancer, a research protocol for a multicentre randomised controlled trial. BMJ Open. 2017;7(5):e015505. doi:
10.1136/bmjopen-2016-015505.

[23] Kim R. Anesthetic technique and cancer recurrence in oncologic surgery: unraveling the puzzle. Cancer Metastasis Rev. 2017;36(1):159—
177. doi: 10.1007/s10555-016-9647-8.

[24] Gasparyan AY, Ayvazyan L, Blackmore H, Kitas GD. Writing a narrative biomedical review: considerations for authors, peer reviewers,
and editors. Rheumatol Int. 2011;31(11):1409—-1417. doi: 10.1007/s00296-011-1999-3.

[25] Moher D, Liberati A, Tetzlaff J, Altman DG; The PRISMA Group. Preferred Reporting Items for Systematic Reviews and Meta-Analyses:
The PRISMA Statement. PLoS Med. 2009;6(7):¢1000097. doi: 10.1371/journal.pmed.1000097.

[26] Cronin P, Ryan F, Coughlan M. Undertaking a literature review: a step-by-step approach. Br J Nurs. 2008;17(1):38—43. doi:
10.12968/bjon.2008.17.1.28059.

[27] Thomas J, Harden A. Methods for the thematic synthesis of qualitative research in systematic reviews. BMC Med Res Methodol.
2008;8:45. doi: 10.1186/1471-2288-8-45.

[28] Grant MJ, Booth A. A typology of reviews: an analysis of 14 review types and associated methodologies. Health Info Libr J.
2009;26(2):91-108. doi: 10.1111/j.1471-1842.2009.00848.x.

[29] Hiller JG, Perry NJ, Stoelting RK, et al. The effect of anesthesia on the immune system. Anesth Analg. 2019;128(5):953-962. doi:
10.1213/ANE.0000000000004052.

[30] Ben-Eliyahu S. The promotion of tumor metastasis by surgery and stress: immunological basis and implications for anesthesiologists.
Anesth Analg. 2003;97(3):859-867. doi: 10.1213/01.ANE.0000075583.50436.44.

[31] Buggy DJ, Borgeat A, Cata J, et al. The PANDOS European multicentre study on the effect of anaesthesia on survival in oesophageal
cancer surgery. Br J Anaesth. 2021;126(1):315-23. doi: 10.1016/j.bja.2020.08.053.

[32] Stollings LM, Jia LJ, Tang P, et al. Immune-oncology in the perioperative period. Anesthesiology. 2016;124(6):1384-1397. doi:
10.1097/ALN.0000000000001096.

[33] Inada T, Yamanouchi Y, Jomura S, et al. Effect of propofol and sevoflurane anaesthesia on the immune response to surgery. Anaesthesia.
2004;59(10):954-959. doi: 10.1111/j.1365-2044.2004.03859.x.

[34] Yuki K, Eckenhoff RG. Anesthetic effects on the immune system. Anesthesiology. 2016;125(2):236-247. doi:
10.1097/ALN.0000000000001179.

[35] Evans R, Buggy DJ. Anesthesia and cancer recurrence: what is the evidence?. Curr Opin Anaesthesiol. 2014;27(2):169-179. doi:
10.1097/AC0O.0000000000000052.

[36] Kushida A, Inada T, Shingu K. The effects of propofol and sevoflurane on the Th1/Th2 cytokine balance in rats. Anesth Analg.
2005;100(4):1041-1045. doi: 10.1213/01.ANE.0000149591.90547.6B.

[37] De Oliveira GS Jr, Ahmad S, McCarthy RJ, et al. The effect of general anesthesia on the inflammatory response to surgery. Anesth Analg.
2014;118(2):455-463. doi: 10.1213/ANE.0000000000000059.

JMHT: Journal of Medicine and Health Technology
Vol. 03 No. 02, June 2026 — November 2026



35 ISSN : 3046-6865

[38] Taniguchi T, Yamamoto K, Ohta K, et al. The anti-inflammatory effects of propofol. Anesth Analg. 2010;110(5):1378-1386. doi:
10.1213/ANE.0b013e3181d830a3.

[39] Gottschalk A, Ford JG, Regelin CE, et al. The effect of regional anesthesia on the inflammatory response to surgery. Anesth Analg.
2010;111(3):791-801. doi: 10.1213/ANE.0b013e3181e699b8.

[40] Sacerdote P, Bianchi M, Gaspani L, et al. The effects of tramadol and morphine on immune responses and pain after surgery in cancer
patients. Anesth Analg. 2000;90(6):1411-1414. doi: 10.1097/00000539-200006000-00030.

[41] Wigmore TJ, Mohammed K, Jhanji S. Long-term survival for patients undergoing volatile versus IV anesthesia for cancer surgery: a
retrospective analysis. Anesthesiology. 2016;124(1):69-79. doi: 10.1097/ALN.0000000000000936.

[42] Cummings KC 3rd, Xu F, Sessler DI, et al. Effect of epidural analgesia on long-term outcomes in a nationwide study of US veterans
undergoing colorectal surgery. Anesthesiology. 2020;133(1):76—87. doi: 10.1097/ALN.0000000000003295.

[43] Myles PS, Boney O, Bittinger T, et al; VAPOR-C investigators. Volatile anaesthesia versus total intravenous anaesthesia for cancer surgery
(VAPOR-C): a multicentre, randomised, controlled trial. Lancet. 2021;398(10309):1427—-1437. doi: 10.1016/S0140-6736(21)01844-3.

[44] Cata JP, Corrales G, Choi S, et al. The influence of anesthetic and analgesic techniques on the perioperative inflammatory response and
cancer recurrence. Curr Opin Anaesthesiol. 2014;27(2):180—188. doi: 10.1097/AC0.0000000000000053.

[45] Ricon-Ferraz A, Abad-Gurumeta A, Arozullah A, et al. Impact of a multimodal analgesia protocol on the immune system after colorectal
cancer surgery: a randomized controlled trial. J Clin Anesth. 2020;63:109756. doi: 10.1016/j.jclinane.2020.109756.

[46] Sessler DI, Li K, Kurz A, et al. Effect of postoperative ketorolac on cancer recurrence: a multicenter, randomized, controlled trial.
Anesthesiology. 2021;134(3):406—415. doi: 10.1097/ALN.0000000000003661.

JMHT: Journal of Medicine and Health Technology
Vol. 03 No. 02, June 2026 — November 2026



