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Simple Summary: The relationship between an anesthetic procedure and cancer is a common theme
of various research papers and systematic reviews. Prostate cancer, although it has a high incidence,
is one example for which we currently do not know the possible benefits of anesthetic techniques.
Our article starts from the current knowledge of the influence of anesthetic drugs and anesthetic
techniques, and we propose where we should go in the future to elucidate its role in prostate cancer
recurrence.

Abstract: Prostate cancer has become a major health problem in men. Its incidence is increasing as the
average age of the affected population tends to be higher. Of all the possible treatments, surgery is the
gold standard in its treatment. Surgery produces a deregulation in the immune system that can favour
the development of distant metastases. Different anesthetic techniques have raised the hypothesis
that different anesthetic drugs influence tumor recurrence and prognosis. Some mechanisms are
beginning to be understood by which halogenated agents in cancer patients and the use of opioids
may negatively affect patients. In this document, we group together all the available evidence on
how the different anesthetic drugs affect tumor recurrence in prostate cancer.

Keywords: surgery and inflammatory response; anesthesia; analgesia; cancer recurrence; metastasis;
anesthetics; opioids; statins; prostate cancer

1. Introduction

Cancer remains one of the diseases with the highest mortality and morbidity in the
world. In cancer patients, the main cause of death is not the primary tumor, but tumor
recurrence.

Prostate cancer has the highest incidence in men with tumor diseases of the urinary
tract and is one of the main health problems of any health system.

Many patients diagnosed with any type of tumor will require surgical intervention
as part of their cancer treatment. However, surgery, with undoubted curative power, has
also been related to the progression of tumor disease. Surgical manipulation results in a
significant systemic release of tumor cells. Whether these cells cause metastasis depends
largely on the balance between the aggressiveness of the tumor and the adaptability of the
organism [1]. Different works have shown that surgical stress favors tumor recurrence by
activating a sympathetic response, generating immunosuppression and deregulation of the
inflammatory response. Postoperative immunosuppression can last for about 2 weeks and
peaks 3 days after surgery [2]. The so-called “tumor microenvironment (TME)” determines
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the potential for tumor metastasis. Surgical intervention and tissue trauma easily disrupt
the TME and promote the spread of residual cancer cells [3,4]. Surgical stress activates
the hypothalamic–pituitary–adrenal (HPA) axis and the peripheral nervous system (PNS)
through the release of endogenous prostaglandins and catecholamines, suppresses the
activity of NK and Tc cells, which are the main immunosurveillance cells, and suppresses
cell-mediated immunity [5–7]. Unfortunately, an imbalance between proinflammatory
and anti-inflammatory responses can lead to the dysregulation of cellular immunity and
subsequent immunosuppression [8–14]. (Figure 1).
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The administration of anesthetic and analgesic drugs can promote or inhibit tumor
spread by causing transient immune impairment at the time of greatest risk of oncological
cell spread, such as during surgery.

Currently, prostate cancer is the most common malignancy among men, surpassed
only by skin cancer. Prostate cancer is also the second leading cause of cancer death in
men in the United States. In 2023, an estimated 288,300 men in the United States will be
diagnosed with prostate cancer, accounting for 27% of all male cancers. It is the fourth most
commonly diagnosed cancer in the world. Prostate cancer is also the second leading cause
of cancer death in men in the United States [15].

The main treatment for prostate cancer is surgery. One of the main concerns among
cancer patients is recurrence after cancer surgery. The results after radical retropubic
prostatectomy depend on the local evolution of the tumor that can be defined by the risk
in the D’Amico classification, the stage of lymph node involvement and the margins of
the resected tumor [16]. In addition, certain factors in the perioperative period, such as
the surgical manipulation of the tumor, need for blood transfusion, appearance of severe
hypothermia, pain and surgical stress, can influence the risk of oncological recurrence [17].
Other factors possibly involved in tumor recurrence are anesthetics, the anesthetic tech-
nique, the use of analgesics to control acute pain and the administration of opioids [18,19].

The hypothesis that anesthetic drugs and techniques play a role in the recurrence
of prostate cancer is based on other studies that have shown their association with the
recurrence of other urological tumors, such as bladder tumors [20,21], since there is an
important shortfall in evidence in prostate cancer. Retrospective studies on urinary tract
tumors have compared overall survival with different anesthetic techniques without iden-
tifying either specific receptors or the pathways by which they modulate the cell cycle
and produce such effects [20]. There is therefore a gap in understanding how and what
influence on tumor recurrence, specifically in prostate cancer, the drugs that are commonly
used in clinical practice have in the perioperative period. Our review aims to generate a
unique document that collects the current evidence on the influence of drugs used in the
perioperative period and their influence on recurrence in prostate cancer, in turn clarifying
the molecular mechanisms from which they exert that action. We intend to generate a work
that serves as a starting point for new studies that can relate the drugs and modulation
pathways to which we refer to modulation in gene expression and that finally generate a
specific indication for each anesthetic technique.
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In the rest of this paper, we describe the following points:
2. Anesthesia and Prostate Cancer
2.1. Hypnotic Agents: Propofol and Halogenated Agents
2.2 Opioids
2.3 Regional Anesthesia
3. Statins
4. Discussion: Towards a New Paradigm
5. Conclusions

2. Anesthesia and Prostate Cancer
2.1. Hypnotic Agents: Propofol and Halogenated Agents

Propofol seems to have a protective effect against the tumor progression of prostate
cancer, while inhaled agents have been described as pro-oncogenic, in line with other tumor
lines such as breast [22] or colorectal cells [23].

Volatile anesthetics and intravenous propofol have distinct influences on both cancer
cell biology and host immunity. Several in vitro studies have shown that the exposure of tu-
mor cells to volatile anesthetics is associated with the increased expression of prometastatic
and protumorigenic factors through signaling pathways including hypoxia-inducible factor
1α and transforming growth factor β/Smad [24], and cytoplasmic HIF-2α and nuclear p38,
both related to a worse prognosis in cancer patients [25]. Sevoflurane has been shown to
increase the levels of protumor cytokines and MMPs [26].

Propofol exerts a protective effect through various mechanisms, including an anti-
inflammatory effect, COX-2 inhibition and PGE-2 reduction, increased CTL activity and
decreased pro-inflammatory cytokines [27]. Propofol does not affect the Th1/Th2 ratio and
exhibits weak binding to the β-adrenoreceptor, exerting a beta-blocking effect that enhances
antitumor immunity and preserves NK cell function [28]. Patients receiving perioperative
β-blockers have a lower rate of recurrence of postoperative cancer metastases.

It has been postulated that volatile anesthetics can suppress both adaptive and mal-
adaptive immunity, especially of NK, while propofol has been reported to preserve host
immunity. This notion has been supported by the recent literature reporting the potential
benefit of propofol-based TIVA over volatile anesthesia on overall survival, but not on
recurrence in operated cancer patients [29].

Propofol acts both on prostate tumor cells, inhibiting proliferation and promoting
apoptosis, and at the immunological level, producing an anti-inflammatory effect and
stimulating NK cell activity [30]. One of the mechanisms by which propofol exerts an
antitumor effect on prostate cancer cells is through the inhibition of hypoxia-inducible
factor 1α (HIF-1α). This transcription factor plays a fundamental role in cell adaptation to
hypoxic environments, a frequent phenomenon at the tumor level due to uncontrolled and
accelerated cell growth. There are several in vitro studies [31] that have shown that propofol
produces a concentration-dependent inhibition of HIF-1α levels. As a result, it is associated
with a decrease in the progression and development of metastases in prostate cancer. In
addition, propofol suppresses the isoflurane-induced upregulation of hypoxia-inducible
factor 1α,10 and inhibits tumor cell proliferation, migration and invasion [32].

Activation of androgen receptors is related to greater tumor progression and metasta-
sis, with androgen inhibition being the treatment of choice in advanced prostate cancers.
Propofol decreases androgen receptor activation [33] as well as decreases the occurrence
of castration-resistant prostate cancer [34]. Isoflurane also decreases androgen receptor
activation but stimulates HIF-1α activation.

There are in vitro studies that attribute to propofol a role as an adjuvant with the
different chemotherapeutic agents used in prostate cancer. Qian et al. [33] demonstrated
that propofol produces a decrease in resistance to docetaxel induced by hypoxia or isoflu-
rane [34] as well as a decrease in the epithelial–mesenchymal transition (EMT). In line with
this, Yang et al. [35] showed that propofol produces an inhibition of lncRNA HOTAIR that
is related to a greater sensitivity to the effects of paclitaxel (Table 1).
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Table 1. Summary of drugs that may influence prostate cancer recurrence.

Drug Effect on Cancer Mechanism of Action Pathway
Described

Propofol Anti-Inflammatory
Effect COX-2 Inhibition COX Pathway

Decreases the
progression and
development of

metastases

Decreases HIF-1α
expression

(angiogenesis,
glycolysis,

proliferation)

HIF-1α

Promotes apoptosis MMP expression
STAT 3 STAT 3

Halogenated Agents Decrease androgen
receptor activation

Decrease the occurrence
of castration-resistant

prostate cancer
HOTAIR

Increase the
expression of

prometastatic and
protumorigenic

factors

Increase HIF-1α
expression

(angiogenesis,
glycolysis,

proliferation)

HIF-1α

– Increase HIF-2α
expression

P13K/Akt/mTOR
pathway

Opioids
Promote angiogenesis

and
neovascularization

Src-mediated
phosphorylation

VEGF

MAPK/ERK
pathway activation

Immunosuppressive
effect

Suppress NK
cell-mediated
cytotoxicity

mU opioid receptor
(MOR)

Regional Anesthesia

Decrease surgical
stress and

sympathetic
activation

Attenuates the cytokine
changes caused by

surgical stress

Increases IL-12 and
IFNγ

Decreases IL-6 and
IL-10

Statins

Decrease the
expression of PTEN
tumor suppressor

gene

Upregulation of
apoptotic pathways PI3K-AKT-mTOR

Suppress the growth
of tumor cells

Decrease EGFR and
androgen receptor

AKT pathways
JAK-SATA 3

At the clinical level, there is only one prospective study that compared TIVA with
halogenated drugs (sevoflurane and isoflurane) that found no statistically significant
differences in biochemical recurrences (45.2% inhaled versus 39.1% intravenous) [19].

2.2. Opioids

Since opioids are the standard treatment for pain, they are an important mainstay
in anesthesia. However, there is a trend to limit the use of opioids in the perioperative
period due to their numerous adverse effects, including nausea and vomiting, hyperalgesia,
addiction and death, and to consider a multimodal approach to pain.

At present, there is concern about the protumor effects that opioids may have [36].
From an oncogenic point of view, opioid receptors have been associated with phenomena
such as angiogenesis and neovascularization through various pathways [37]. In addition,
underlying mechanisms involving Src-mediated phosphorylation and transactivation of
the vascular endothelial growth factor receptor, as well as MAPK/ERK activation, resulting
in an immunosuppressive effect, have been demonstrated [38].
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Lennon et al. observed that synthetic opioids stimulate the endothelium, thus facil-
itating cell migration and proliferation, in addition to promoting angiogenesis with an
increase in the release of VEGF [39]. The intraoperative administration of fentanyl and its
relationship with metastatic recurrence is controversial. It has been suggested that fentanyl
suppresses NK cell-mediated cytotoxicity, however conclusive evidence has not yet been
published.

The mU opioid receptor (MOR) has been associated with the evolution of cancer. In
fact, MOR overexpression is related to a higher incidence of cancer metastasis [40].

Multiple studies have linked cancer recurrence with the use of opioids in the peri-
operative period. However, the current evidence is less conclusive in the case of prostate
cancer.

There are studies that have found less biochemical recurrence in patients undergoing
radical prostatectomy by epidural anesthesia versus opioid-based anesthesia [41]. The
studies by Biki et al. [42] and Scavonetto et al. [43] demonstrated a detrimental effect of
opioids on metastatic recurrence and overall survival in patients with prostate cancer.
Tsui et al. found significant differences when evaluating biochemical recurrence after
radical prostatectomy depending on the use or not of opioids [44]. Moreover, Kampa et al.
demonstrated in vitro that opioids were capable of inhibiting the growth of different cell
lines of prostate cancer cells [45] (Table 1).

On the other hand, a recent clinical trial compared biochemical recurrence in 146
patients with prostate cancer scheduled for prostatectomy in two randomized groups:
non-opioid anesthesia and opioid-based anesthesia. It was concluded that opioids do not
modify biochemical recurrence rates or disease-free time in patients with an intermediate or
high D’Amico risk after prostatectomy [18]. Neither did the work by Roiss et al. find signif-
icant differences in biochemical recurrence, metastasis or overall survival in patients who
underwent prostatectomy with or without opioids [46]. Finally, the work of Wuethrich et al.
found no differences in biochemical recurrence and overall survival despite finding less
tumor progression in patients with analgesia through an epidural catheter [47].

2.3. Regional Anesthesia

The use of locoregional techniques for multimodal anesthesia and analgesia seems to
increase the survival rates of cancer patients due to a decrease in the systemic response to
surgical stress, since it is known that sympathetic activation has an immunosuppressive
role that favors the development of metastases, as well as the sparing role of opioids and
other anesthetic drugs such as halogenated ones [48]. Furthermore, local anesthetics alone
can induce apoptosis in prostate cancer cells [49]. There are few studies that have compared
regional anesthesia (with or without general anesthesia) with exclusive general anesthesia
in prostate cancer treatment, being mostly retrospective.

A recent literature review concluded that in prostate cancer surgery, the risk of mortal-
ity is reduced with the use of regional anesthesia, but no association between the anesthetic
technique and survival free of progression or biochemical recurrence was found [50]. The
meta-analysis by Lee et al. [51] did not find statistically significant differences in biochemi-
cal recurrence, although it did in overall survival, favoring the regional anesthesia group
in contrast with Wuethrich et al. [52], who found that regional anesthesia did not increase
biochemical recurrence-free survival, cancer-specific survival or overall survival.

A study by Sessler et al. investigated whether the use of general anesthesia versus
regional anesthesia and analgesia in cancer surgery can produce a reduced rate of recurrence
or metastasis, due to its lower impact on the immune system. They examined opioid-
sparing anesthesia (such as regional anesthesia) and its impact on recurrence rate compared
to general anesthesia alone. They demonstrated that locoregional technique can attenuate
the cytokine changes caused by surgical stress by producing an increase in the serum
levels of IL-12 and IFN-γ and a decrease in IL-6 and IL-10. Therefore, the highest levels
of IFN-γ/IL-12, important cytokines for the CMI response, are maintained during the
perioperative period in favour of a Th1 environment [53] (Table 1).
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The use of locoregional techniques for anesthesia and multimodal analgesia seems to
increase the survival rates of cancer patients due to a decrease in the systemic response to
surgical stress, since it is known that sympathetic activation plays an immunosuppressive
role that favors the development of metastases from a distance, as well as for the sparing
role of opioids and other anesthetic drugs such as halogenated ones [40].

3. Statins

Although statins are not part of the anesthetic arsenal, due to their importance and
high prevalence in patients with prostate cancer, we considered its inclusion in this article.
Years ago, the relationship between the accumulation of cholesterol in prostate tissues
and prostate cancer was demonstrated [54]. Specifically, the deposit of cholesterol occurs
in the cell membrane in lipid rafts, which could activate signaling pathways related to
the development of this type of cancer [55] and decrease the expression of the PTEN
tumor suppressor gene, activating the pathway of PI3K-AKT-mTOR, related to high-grade
prostate cancer [56].

Statins reduce cholesterol by inhibiting 3-hydroxy-3-methyl-gluratil coenzyme A
(HMG-CoA) reductase, a key enzyme in the mevalonate pathway and currently one of the
most widely used drugs against this tumor. Deregulation of this pathway may increase the
risk of prostatic tumor progression [57]. On the other hand, by lowering cholesterol levels,
statins reduce lipid rafts, affecting the epidermal growth factor receptor, the androgen
receptor and the AKT and JAK-SATA three pathways, thus suppressing the growth of tumor
cells [58]. In addition, statins have been studied in relation to other cancers (breast [59],
colorectal [60] and prostate [61]) due to their anticancer properties (decreased inflammatory
response, antiangiogenic properties and induction of apoptosis) [62] (Table 1).

Murtola et al. did not demonstrate an association between prostate cancer risk and
statins in their 2007 study [63] but found that the active use of statins improved survival
compared with no use. The use of statins after cancer diagnosis was associated with a
lower risk of death in a subsequent study [64]. Yu et al. reported that postdiagnosis use
was associated with a decreased chance of death and was more marked in men who took
statins before prostate cancer diagnosis [65].

Regarding the risk of recurrence after radical prostatectomy, Allot et al. found that
statin treatment decreased the risk of biochemical recurrence by 36% [66]. On the contrary,
Jeong et al. did not demonstrate an association between the use of atorvastatin in patients
with high-risk disease after prostatectomy and those who took placebo [67]. Raval et al. in
a meta-analysis stated that statins reduce biochemical recurrence in patients undergoing
radiotherapy, but not in patients with radical surgery [68]. More recent studies have shown
a 40% risk reduction in biochemical recurrence with the use of statins and better oncological
outcomes after radical prostatectomy [69]. In two 2022 meta-analyses, Yin et al. were
only able to show some benefit in biochemical recurrence-free survival in patients with
high-risk prostate cancer but found no improvement in patients who were started on statins
after curative treatment [70]. Sun et al. demonstrated that statin users were significantly
less likely to experience biochemical recurrence after primary treatment, especially after
radiation therapy (Table 1). A high serum cholesterol level was significantly associated
with biochemical recurrence in this type of cancer [71].

4. Discussion: Towards a New Paradigm

Despite advances in hormonal treatments, most prostate cancer patients undergo
surgery for radical prostatectomy [72]. During surgical manipulation, tumor cells will reach
the bloodstream and become disseminated tumor cells (DTCs) with metastatic potential [4].
The metastatic potential of DTCs is determined by the TME [73]. The TME influences
prostate cancer survival/progression by enabling the immune evasion of tumor cells
mainly through the activation of the PD-1/PD-L1 axis [10].

In prostate cancer, mechanisms of tumor immune escape also include the suppres-
sion/exhaustion of tumor-infiltrating cytotoxic T lymphocytes, inhibition of suppressor NK
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cells and upregulation of immunosuppressive immune cells (regulatory T, M2 macrophage,
myeloid-derived suppressor, dendritic, stromal and adipocytic cells).

IFN-γ (the most investigated factor), TGF-β, TNF-α, IL-6, IL-17, IL-15, IL-27, com-
plement factor C5a and other soluble molecules secreted by TME components, as well as
hypoxia, also favour metastatic development [74].

Experimental studies have revealed that the intracellular pathways ERK/MEK, Akt-
mTOR, NF-kB, WNT and JAK/STAT are involved in the regulation of PD-L1 in prostate
cancer. Blocking PD-1/PD-L1 signaling using drugs can prevent immune escape from the
tumor [74].

Because the inflammatory and immunological status of the patient is critical for cancer
recurrence, it is critical that surgeons and anesthesiologists understand these factors and
apply them to perioperative management. For years there has been a growing interest in
how drugs used in the perioperative setting may affect the modulation of SMT and impact
the survival of the cancer patient undergoing surgery.

Current evidence supports the antitumor effect of total intravenous anesthesia (TIVA)
with propofol in cancer surgery mainly due to the positive regulation of NK cell and T
helper cell activity. In contrast, the use of volatile anesthetics appears to induce cancer cell
proliferation and migration in in vitro studies. On the other hand, a recent meta-analysis
reviewing the effect of perioperative regional anesthesia on cancer recurrence concluded
that regional anesthesia did not reduce the rate of cancer recurrence in cancer surgery
over general anesthesia in cancer patients [75]. Studies that have evaluated the effect of
regional versus general anesthesia in patients operated on for prostate cancer have had
mixed conclusions, being mostly negative for differences in overall survival, biochemical
recurrence-free survival or disease-free time. Most of these studies are retrospective except
for a secondary analysis in a prospective study [42,46,51,52,76,77]. Regarding opioid use,
we found conflicting conclusions regarding disease-free time and overall survival [43,77].

This paper reviews the current evidence on the effect of anesthetic drugs in prostate
cancer and although work on the effects of drugs used perioperatively as modulators of
SMT appears promising, the current evidence does not support a change in anesthetic
practice or the use of specific agents or techniques in order to reduce the risk of cancer
recurrence in prostate cancer surgery. Overall, the impact of anesthetic technique on
prostate cancer outcomes remains unclear [50]. This could be related to the fact that the
studies performed have important limitations that make them difficult to interpret and
most are retrospective, lack randomization and do not present standardized anesthetic
protocols for the treatment groups. The most significant effects have only been found
over long exposure times, much longer than most clinical anesthetic procedures. For most
anesthetics, the effects are clearly related to the drug concentration and exposure time.

Thus, as yet, no anesthetic–analgesic technique has demonstrated a direct correlative
causality between its use in the perioperative period and a reduction in prostate cancer
recurrence or an increase in disease-free time. However, knowing the different signaling
pathways through which these drugs can modulate phenomena such as cell migration,
apoptosis and neovascularization, among others, can generate coadjuvancy with the rest of
the therapeutic measures provided to the oncology patient.

Our research group proposes the need to interpret the use of anesthetics in relation
to the prognosis of patients who are going to be operated on due to prostate cancer. It
would also likely be beneficial to evaluate the use of anesthetics against other tumors as a
non-curative therapeutic tool but coadjutant towards the reduction in tumor recurrence.
At present, all works are focused not on knowing if different anesthetic drugs can help
reduce cancer recurrence in patients, but if they reduce it per se equating the anesthetic
action to surgical therapy or chemotherapeutic drugs. Although this may be the case in
some types of tumors, being able to initially demonstrate a modulation that reduces the
possibility of tumor recurrence should be enough to decide the ideal technique for each
tumor disease, and in this case, for the choice of anesthetic drugs used for patients with
prostate tumors. If we look at the example of cardioprotection by halogens, the modulation
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of different enzymatic pathways is enough to electively use inhaled drugs in this group of
patients, although the complication of a coronary anastomosis is unavoidable.

Currently, progress in this field is based on new markers and mediators of high sensi-
tivity and specificity, and with a fundamental weight in the process of tumor recurrence,
which will allow us to evaluate in future studies if there really is an antitumor modulation
that by itself does select a type of anesthetic technique/drugs, similar to cardiac surgery.

Further work is needed to identify biomarkers to better understand the influence
of anesthetic technique on tumor progression and to select the optimal anesthetic drug
for each cancer patient, generating an individualized anesthetic plan according to the
characteristics of the patient and the tumor process. In this respect, the coding process may
also be of great importance.

Our new paradigm on knowledge in this area is based on the proposed idea of
anesthetic action as a weapon in helping reduce cancer recurrence, and we believe that
through the use of non-coding RNA, we could be able to demonstrate it.

Non-coding RNAs, in particular microRNAs, play an increasingly important role
in the fields of oncology and anesthesia. Current evidence suggests that the beneficial
or detrimental effects of anesthetics during cancer surgery are mediated by genetic and
molecular mechanisms [78]. Undoubtedly, bridging the gap between basic research findings
and clinical data towards evidence-based treatment is challenging, but has enormous
potential to improve outcomes for prostate cancer patients.

Review articles have already investigated the role of lncRNAs in prostate cancer and
have proposed the use of lncRNAs as biomarkers [79]. LncRNAs are able to regulate the
proliferation and metastasis of prostate cancer cells and are related to the regulation of the
STAT3, NF-κB, PTEN, PI3K/Akt and miRNAs pathways [80,81].

Along these lines, it has been suggested that anesthetics may influence the surgical
outcome of cancer through miRNA changes both positively and negatively [82,83]. The
anesthetic effects on cancer cell biology, cancer immunity and cell-to-cell communication
via miRNA in prostate cancer should be the next point of study.

5. Conclusions

Evidence is clarifying how deregulation of the tumor microenvironment can favour
metastatic development. We know that in the perioperative period, the use of anes-
thetic/analgesic techniques plays an important role in the survival of cancer patients
undergoing surgery by interacting with the immune system. We believe that the type of
cancer should be considered as an important factor in the clinical decision to choose a
specific anesthetic plan, which is why we need more studies that show pharmacological
interaction with the prostate cancer cell, since most of the current works on this type of
tumor are contradictory and do not have a high level of evidence. It is also necessary to
carry out studies that analyze the influence of drugs such as dexmedetomidine, NSAIDs
and beta-blockers on prostate cancer.

It would be essential to identify the relationships between the RNAs that favor the
progression of prostate cancer and the modulations that the drugs used in the perioperative
period produce on these RNAs; in this way, we would understand what effect the use of
these anesthetics has on patients with prostate cancer and we could develop an antitumoral
anesthetic plan.
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