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Abstract: Perioperative management, especially the selection and implementation of anesthesia protocols, is
increasingly regarded as a potentially modifiable factor affecting long—term postoperative outcomes in tumor patients. This
paper systematically discusses the key pathophysiological mechanisms in the perioperative period that influence tumor
outcomes, including inflammation and immunosuppression caused by surgical trauma, physiological stress responses, and
subsequent changes in the tumor microenvironment, which create opportunities for tumor cell escape and progression. It
focuses on the potential effects of different types of anesthetics (sedative—hypnotics, inhaled anesthetics, local
anesthetics, analgesics) on the biological behaviors of tumors (such as proliferation, invasion, metastasis, and immune
response) as well as their possible molecular mechanisms. Meanwhile, this paper reviews current clinical research
evidence on the impact of anesthesia modality selection and specific anesthesia management strategies on the prognosis of
tumor patients. Although existing clinical evidence is insufficient to establish standardized perioperative anesthesia
protocols that can significantly improve tumor prognosis, both basic and clinical studies strongly suggest that optimizing
perioperative management (including the selection of anesthetics, the application of anesthesia techniques, and
comprehensive supportive measures) has the potential to influence tumor outcomes by multi-dimensionally regulating the
stress—inflammation—immune axis and the tumor microenvironment. Future research should focus on further clarifying the
relevant mechanisms and conducting high—quality prospective clinical trials, so as to promote the establishment of

evidence—based, precise and individualized perioperative management strategies for tumor patients, and ultimately

improve long—term patient survival.

Key words: perioperative management; anesthetic drugs; stress modulation; immune remodeling; oncologic

outcomes; immunosuppression; clinical evidence; precision medicine
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Mechanism Influencing Tumor Outcomes During the Perioperative Period
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SNS: sympathetic nervous system; HPA: hypothalamic—pituitary—adrenal axis; DAMP: damage—associated molecular patterns; HMGB1: high

mobility group box 1; HSP: heat shock proteins; NK cell: natural killer cell; Treg cell: regulatory T cell; MDSC: myeloid—derived suppressor cell; NET:

neutrophil extracellular trap.
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Fig.1 The key mechanisms influencing tumor outcomes during the perioperative period
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Table 1 Summary of evidence on the influence of commonly used perioperative anesthetic drugs on tumor outcomes

Major potential

mechanisms

Summary of pre-

clinical evidence

Summary of clinical evi-

dence

Evidence level

Refer-

ences

Representa-
Drug type .
tive drugs
Propofol
Sedative—
hypnotics
Etomidate

Inhibits HIF-1a/
VEGF pathway
modulates immune
response (contro-

versial )

Inhibits STAT3;
downregulates
PD-L1; affects cor-

tisol synthesis

Most studies dem-
onstrate antitumor
effects; a minority
suggest promotion
of metastasis,
which may be tu-
mor—type depen-

dent.

In vitro studies re-

veal antitumor po-

tential and possi-
ble immunoen-

hancement.

Retrospective studies
suggest that, compared
with inhalational anes-
thesia, propofol may be
associated with im-
proved survival in cer-
tain cancers (e.g. s
colorectal cancer).
However, large RCTs
have generally shown no
significant difference
between the two anes-

thetic approaches.

Limited clinical data;
mainly derived from pre-

clinical models.

Moderate clinical evi-

dence level. Although
retrospective data indi-
cate potential benefit for
some tumor types, most
prospective RCTs have
not conclusively demon-

strated a clear advantage.

Low clinical evidence
level ; a mechanistic ra-
tionale exists, but hu-
man relevance remains

to be established.

[31-35]

[58-60]

[36-40]

Inhalational Isoflurane/

Activates HIF-1o/

B-catenin, mTOR,
and related path-
ways; suppresses

NK cell function

Blocks
voltage-gated sodi-
um channels — in-

duces apoptosis;
anti-inflammatory ;
reduces NETs for-

mation

Numerous in vitro
studies demon-
strate enhanced
proliferation, mi-

gration, invasion,
and immunosup-

pression.

Inhibits the growth
and migration of
various cancer cell
types in vitro and

in animal models

Most retrospective stud-
ies have not shown a
consistent survival dis-
advantage ; some report
outcomes similar to or
slightly worse than
those with intravenous

anesthesia

Peritumoral infiltration
or regional anesthesia
(e.g., in breast cancer)
has been reported in

some studies to improve

DFS and OS.

Preclinical data raise
concern, but definitive
clinical impact is un-

clear; the evidence

strength is limited.

Promising adjunctive
strategy ; however, the
magnitude and domi-
nance of direct antitumor
effects in humans remain

to be defined.

[41-44]

[58-60]

[45-48]

anesthetics ~ Sevoflurane
Local . .

) Lidocaine
anesthetics
Analgesics NSAIDs

Inhibit COX-2/PGE
» pathway; anti-in-

flammatory

Demonstrated
clear antitumor

and antimetastatic

effects in preclini-

cal models.

Epidemiological and ad-

juvant therapy studies

confirm reduced risk of  properties; perioperative

specific cancers and

IOWGI" recurrence rates.

Well-established anti-
cancer and

metastasis-suppressing

short-term use and
long-term outcome data

are limited.

[49-52]
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Representa- Major potential Summary of pre-
Drug type . . - .
tive drugs mechanisms clinical evidence

Summary of clinical evi- . Refer-
Evidence level
dence ences

Promote cancer

Activate MOR/PI3  cell proliferation

K/Akt pathway ; and migration; in-

Opioid ago- .
. suppress cellular hibit NK and
nists X . L
immunity; promote  T-cell function in

angiogenesis experimental set-

tings.

Complex “analgesia -

immunity” trade-off; Mechanistic actions are
short-term perioperative ~ multifaceted ; clinical -
use has unclear impact  significance requires fur-
on long-term oncologic ther investigation.

outcomes.

HIF-1o: hypoxia—inducible factor 1 alpha; VEGFR: vascular endothelial growth factor receptor; RCT: randomized controlled trial; STAT3: sig-

nal transducer and activator of transcription 3; PD-L1: programmed death-ligand 15 mTOR: mammalian target of rapamycin; NK: natural killer;

NETSs: neutrophil extracellular traps; DFS: disease—free survival; OS: overall survival; NSAIDs: non—steroidal anti-inflammatory drugs; COX 2: cy-

clooxygenase—2; PGE2: prostaglandin E2; MOR : mu—opioid; PI3K: phosphoinositide 3—kinase; Akt: protein kinase B (Akt).
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