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ABSTRACT

Cancer is now a leading health concern world-
wide. In an effort to provide these patients with
adequate care, coordination between anesthe-
siologists and surgeons is crucial. In cancer-re-
lated treatment, it is very clear that radio-
chemotherapy and medical procedures are
important. There are some obstacles to anes-
thesia when dealing with cancer treatment,
such as physiological disturbances, tumor-

related symptoms, and toxicity in traditional
chemotherapy treatment. Therefore, it is
important that a multisystemic, multidisci-
plinary and patient-centered approach is used
to preserve perioperative homeostasis and
immune function integrity. Adding adjuvants
can help increase patient safety and satisfaction
and improve clinical efficacy. Correctly paired
anesthetic procedures and medications will
reduce perioperative inflammatory and
immune changes that could potentially con-
tribute to improved results for future cancer
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patients. Further research into best practice
strategies is required which will help to enhance
the acute and long-term effects of cancer care in
clinical practice.
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Key Summary Points

A multisystemic, multidisciplinary and
patient-centered approach is crucial to
preserve perioperative homeostasis and
immune function integrity in cancer
patients.

Adding adjuvant treatments can increase
patient safety and satisfaction and
improve clinical efficacy.

Correctly paired anesthetic medications
and procedures will reduce perioperative
inflammation that could potentially
contribute to improved results for cancer
patients.

More research involving multidisciplinary
treatment and adjuvant therapy is
required to help enhance the acute and
long-term effects of cancer care in clinical
practice.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article, go to https://doi.org/10.6084/
m9.figshare.14207312.

INTRODUCTION

The interactions between oncology and anes-
thesiology have become a significant concern

over the past three decades. According to a
global health study of 29 cancer groups from
2006 to 2016, cancer incidence has increased by
28% [1]. Also, the majority of patients with
cancer require some form of anesthesia for first-
line surgical treatments such as mastectomy,
lobectomy, colon resection, gastrectomy, and
bladder resection, among other procedures.
Clinical trials of anesthetic interactions are
minimal due to a combination of drug regimens
for appropriate surgical sedation. Laboratory
and animal studies, however, suggest an asso-
ciation between anesthetic drugs and cancer
cell proliferation and inhibition.

For example, halothane, ketamine, and
thiopental have been shown to inhibit natural
killer cell (NK) activity, which is essential for
tumor cell detection and elimination [2, 3].
There is also evidence that opioids suppress the
immune system, although the mechanism is
not understood [4]. Volatile agents such as
isoflurane, sevoflurane, and halothane have also
been studied in the setting of cancer metastasis
through T-lymphocyte apoptosis and upregula-
tion of hypoxia-inducible factor 1-alpha (HIF-
1a) and, consequently, vascular endothelial
growth factor (VEGF) [5–8]. Propofol, a com-
monly used sedative-hypnotic agent, can
downregulate HIF-1a and inhibit cell migration
through neuroepithelial cell transforming gene-
1 and promote cell apoptosis through the miR-
24/p27 pathway [9–12]. Propofol can upregulate
the expression of the inhibitor of growth 3
(ING3) gene. ING3 is a member of the ING
tumor-suppressor family known to modulate
transcription and apoptosis through histone
acetylation of p53 [13, 14]. Furthermore, ING3
is involved in the progression of head and neck
squamous cell carcinoma, colorectal adenoma,
hepatocellular carcinoma, and gastric cancer,
thereby suggesting propofol use in the onco-
logical setting [13, 15, 16].

Furthermore, concomitant administration of
halothane and cyclophosphamide have been
associated with increased toxicity and mortality
in both animal and clinical studies [17, 18].
Lidocaine specifically inhibits bleomycin
degradation and repair of bleomycin-induced
DNA breakage [17, 19] Cardiotoxicity from
anthracyclines and monoclonal antibodies such
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as trastuzumab can cause fatal arrhythmias if
QT-prolonging drugs such as propofol or beta-2
agonists are administered [20]. This paper will
review the current literature discussing the
interaction between anesthetic agents, cancer,
and chemotherapy agents. Further clinical out-
come studies are warranted for the use of
specific anesthetic drugs in the reduction of
cancer recurrence. This article is based on pre-
viously conducted studies and does not contain
any new studies with human participants or
animals performed by any of the authors.

Effect of Anesthesia
on Immunosuppression

Ketamine, thiopental, propofol, opioids, and
volatile agents have been well studied in
immunosuppression. Ketamine acts on the
mitochondrial pathway and induces lympho-
cyte apoptosis in human cells [21]. Specifically
in breast cancer cells, however, bcl-2 is upregu-
lated and causes cancer proliferation and inva-
sion [22]. Ketamine also reduces the expression
of CD40, CD80, and major histocompatibility
complex (MHC) class II molecules in dendritic
cells, decreasing interleukin (IL)-6 and tumor
necrosis factor alpha (TNF-a), and thereby
reducing the cell-mediated response [23]. In
contrast, thiopental is shown to minimize acti-
vation of nuclear factor kappa B (NF-jB) and
decrease expression of IL-2, IL-6, IL-8, and
interferon gamma (IFN-c) [24]. Although the
mechanisms of these drugs are different, studies
show an increase in lung and liver metastasis
with both ketamine and thiopental use.

Several studies suggest that the role of
propofol in antitumor immunity is through its
antioxidant and anti-inflammatory effects.
Propofol inhibits cyclooxygenase (COX) activ-
ity, decreases IL-8 levels, and increases cytotoxic
T-lymphocyte activity and IL-10 production
[25–27]. In non-small cell lung cancer (NSCLC),
propofol inhibits HIF-1a through the reduction
of lipopolysaccharide-induced nuclear accumu-
lation [11]. Additionally, propofol does not alter
NK activity or Th1/Th2, IL-2/IL-4, and CD4/
CD8 T-cell ratios, suggesting its use in various
oncological procedures [28]. Opiates and their

derivatives act directly through opioid receptors
and toll-like receptors and indirectly through
the hypothalamic–pituitary–adrenal (HPA) axis
as well as the sympathetic nervous system
(SNS). By binding to the mu-opioid receptor,
T-cell differentiation is decreased through the
reduction of IL-1, IL-6, and TNF-a. The activa-
tion of the HPA axis and SNS causes an upreg-
ulation of immunosuppressive cytokines such
as IL-4, IL-10, and transforming growth factor
beta (TGF-b), and can promote cancer prolifer-
ation and metastasis [3, 29]. Interestingly,
methylnaltrexone has been studied in the set-
ting of decreasing cancer proliferation and
metastasis, particularly in NSCLC [30, 31].
Additional studies support morphine use in
reducing angiogenesis, invasion through matrix
metalloproteinases (MMP), and metastasis for
breast cancer [32–34]. Further studies are war-
ranted before new opioid protocols can be
implemented.

The results regarding the effects of volatile
anesthetics on immunosuppression are mixed,
likely due to varying effects on different cancer
types and studies. In general, volatile agents
such as halothane, sevoflurane, desflurane, and
isoflurane can decrease NK cell activity and
have variable effects on HIF-1a [3, 35]. Inter-
estingly, sevoflurane can suppress HIF-1a in
lung cancer cells through the p38 mitogen-ac-
tivated protein kinase (MAPK), whereas HIF-1a
is upregulated in head and neck squamous cell
carcinoma. Sevoflurane reduces the risk of
metastasis for both cancer types through this
pathway [36, 37]. In contrast, isoflurane has
been shown to increase the malignant potential
of ovarian cancer cells through upregulation of
insulin-like growth factor 1 (IGF-1) and VEGF,
likely through HIF-1a expression [38]. Both
sevoflurane and isoflurane induce lymphocyte
apoptosis, whereas halothane and desflurane do
not [3, 39]. The effects of anesthetic drugs on
immunosuppression vary widely and will need
to be further studied in the context of both
normal tissue and cancer.
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Timing of Surgery

There are three classifications of chemotherapy
in the setting of surgery: neoadjuvant, adjuvant,
and palliative therapy. Neoadjuvant therapy is
treatment before surgery, where the focus is
specifically aimed at shrinking the tumor,
destroying malignant cells, and reducing the
complexity of the procedure. Adjuvant therapy
is given after surgery with the goal of reducing
cancer recurrence [40]. Palliative therapy is
given to improve quality of life and prolong
survival when no cure is possible [40]. Patho-
logical complete response (pCR) is a term that
refers to the elimination of invasive cancer in a
tissue sample after resection of the tumor. Var-
ious types of cancers and their optimal timing
for surgery have been investigated with respect
to the risk of cancer growth. In a retrospective
study of 7794 patients with stage II and III colon
cancer, an increased risk of mortality was found
in patients initiating adjuvant therapy more
than 44 days after surgery. Each week of delay
was associated with a 7% decrease in survival,
highlighting the importance of receiving
chemotherapy within 6 weeks after surgical
resection [41].

For timing between neoadjuvant therapy
and lobectomy in clinical stage IIIA NSCLC,
findings suggest that overall survival is signifi-
cantly lower in patients who undergo surgery
after 6 weeks. Studies suggest that timing
between neoadjuvant therapy and surgery has
no impact on long-term outcomes and survival
for gastric and esophageal cancers [42, 43]. In a
meta-analysis of adjuvant chemotherapy,
delaying treatment more than 6 weeks was
associated with decreased overall survival for
both colorectal and gastric cancer (hazard
ratio = 1.2). The timing of adjuvant therapy
after pancreatic cancer did not affect long-term
outcomes [44]. These studies discourage a delay
in both surgery and adjuvant therapy in cancer
patients.

The time interval between chemotherapy
and breast surgery has been debated. Many
patients in clinical settings decide on breast
conservation therapies and would delay treat-
ment based on the severity of the disease and
the various treatment options available. The

ideal time for optimal survival from diagnosis is
less than 90 days for surgery, less than 120 days
for chemotherapy, and less than 1 year for
radiotherapy [45]. In a study evaluating pCR,
overall survival, and disease-free survival in 611
patients diagnosed with stage II and III breast
cancer, the optimal timing of surgery was
reportedly between 4 and 7 weeks [46]. In a
study that included stage I–III breast cancer,
adverse outcomes were associated with delaying
adjuvant chemotherapy more than 91 days after
breast surgery [47]. Although the specific time
frame between chemotherapy and surgery dif-
fers based on the inclusion criteria for these
studies, it can be inferred that delaying surgery
more than 6 weeks post-neoadjuvant therapy is
associated with cancer growth and invasion.
Similarly, patients should be started on adju-
vant therapy within 6 weeks after surgery for
optimal outcomes and survival. These guideli-
nes are helpful when assessing patients in the
preoperative setting because of potential inter-
actions between anesthetic drugs and
chemotherapeutic agents.

General Anesthesia

Inhaled anesthetic agents include enflurane,
desflurane, halothane, isoflurane, sevoflurane,
and nitrous oxide (N2O). The exact mechanism
of action of these agents is unknown but is
believed to inhibit excitatory synaptic pathways
and amplify inhibitory postsynaptic channel
activity within the central nervous system. The
amount of each inhaled anesthetic agent that
must be administered to provide anesthesia is
termed the minimum alveolar concentration
(MAC). Some studies have investigated the
interaction between the inhaled anesthetic
agents and chemotherapeutic agents that alter
MAC. In a survey of patients with hepatocellu-
lar carcinoma, neoadjuvant chemotherapy with
oxaliplatin and tegafur reduced the MAC values
of sevoflurane and desflurane [48]. The MAC
required to block autonomic response (MAC-
BAR) was lower with sevoflurane combined with
neoadjuvant chemotherapy using oxaliplatin
and Gio in gastric cancer patients [49]. These
findings suggest a titration of the anesthetic
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dose based on the interaction with the corre-
sponding chemotherapeutic agent. Other stud-
ies have found that specific chemotherapeutic
agents perform better when administered in
conjunction with inhaled anesthetics than
when administered alone. In a study on human
lung adenocarcinoma, cisplatin exhibited more
significant cell growth suppression when
administered with sevoflurane than when
administered alone [50]. Another study found
that halothane enhanced the antitumor effect
of IFN-c when the two were combined in
human colon cancer cells compared to non-
halothane treatment [51]. Some studies have
shown that certain anesthetics and
chemotherapeutic agents interact differently
depending on the type of cancer. Sevoflurane
and cisplatin produce chemoresistance in renal
cell carcinoma cells, and cause increased
chemosensitivity in non-small cell lung cancer
cells [52]. It was also found that exposure to
inhaled anesthetics and neoadjuvant
chemotherapy promoted cancer progression.
Isoflurane upregulates HIF-1a and its down-
stream effects in prostate cancer cells and the
development of chemoresistance [6]. In another
study showing cancer progression, sevoflurane
was used in an in vitro model of estrogen
receptor-positive (ER?) and ER- breast cancer.
In the ER? breast cancer cells, proliferation,
invasion, and migration were increased. An
increase in migration and proliferation, but not
invasion, was also observed in the ER- breast
cancer cells [53]. These studies show the
importance of knowing the type of cancer, and
if possible, the genetic factors of cancer before
deciding which inhaled anesthetic is ideal for
the treatment of each patient.

IV Agents

Two intravenous (IV) anesthetic agents that
interact with chemotherapeutic drugs are
propofol and ketamine. Propofol works by
amplifying the GABA-mediated inhibitory tone
within the central nervous system to provide its
anesthetic effect. Ketamine is an NMDA recep-
tor antagonist that creates a dissociative anes-
thetic effect. Propofol has been thoroughly

investigated due to its ability to enhance the
efficacy of chemotherapeutic agents when used
in conjunction. Propofol and BCR-ABL tyrosine
kinase inhibitors (TKIs) were studied in both
in vitro and in vivo xenograft models to explore
a potential synergistic benefit when used in
combination for the treatment of chronic
myeloid leukemia (CML). Propofol and dasa-
tinib administration led to lower CML CD34
cells. Also, propofol and imatinib led to lower
levels of p-Akt, p-mTOR, and p-S6. This study
suggests that propofol use in conjunction with
BCR-ABL TKIs led to an enhanced inhibitory
effect shown by increased suppression of the
Akt/mTOR pathway [54]. In a cervical cancer
study, propofol was able to enhance cisplatin-
induced cell apoptosis via the EGFR/JAK2/
STAT3 pathway [55]. An ovarian cancer cell
study found that propofol induced apoptosis of
the ovarian cancer cells and enhanced the
paclitaxel killing capacity of paclitaxel-sensitive
and paclitaxel-resistant cancer cells. The pacli-
taxel-resistant cancer cells were shown to
express high levels of transcription factor Slug,
which correlated with increased chemoresis-
tance. Propofol administration led to signifi-
cantly lower Slug levels and therefore increased
the chemosensitivity of the ovarian cancer cells
[56]. A study on a pancreatic cancer cell line
MIA PaCa-2 treated with gemcitabine showed
that propofol could downregulate nuclear fac-
tor-jB, leading to the chemosensitization of
these pancreatic tumors to gemcitabine [57].
Though numerous studies highlight propofol’s
ability to enhance the efficacy of chemothera-
peutic agents, studies have also shown delete-
rious effects of propofol on chemotherapeutic
agents. It was found that propofol reduced the
cytotoxicity of cisplatin through the inhibition
of gap junction intercellular communication,
which resulted in decreased cytotoxicity [58].
Ketamine administration alone has been shown
to be extremely advantageous in treating can-
cers and is known to have an inhibitory effect
on many different forms of cancer. In a study
on gastric cancer, it was found that ketamine
inhibited the progression of gastric cancer via
apoptosis and attenuation of the PI3K/Akt/
mTOR pathway [59]. Another study found that
pancreatic cancer cells expressed an NMDA
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receptor which, when exposed to ketamine,
decreased the rate of proliferation and apoptosis
and increased necrosis in human adenocarci-
noma pancreatic cells [60]. In lung adenocarci-
noma, an NK cell activation marker, CD69, was
found to be downregulated. Ketamine admin-
istration induced apoptosis in lung adenocarci-
noma through the upregulation of CD69 [61].

Regional Anesthesia

Regional anesthetics block voltage-gated
sodium channels, which then prevents sodium
from entering the cell, in turn blocking impulse
transmission. Regional anesthetic groups are
categorized based on where their metabolism
occurs. The amino-amides such as bupivacaine,
ropivacaine, and lidocaine are hydrolyzed in
the liver, whereas plasma cholinesterases
metabolize the amino-esters such as procaine,
chloroprocaine, and tetracaine [62]. Many of
the regional anesthetics have antitumor effects
when administered alone, but also increase the
efficacy of chemotherapeutic agents when
administered together. One study investigated
orthotic transplantation of bladder cancer cells
into rats and found that mitomycin C alone was
not effective for treatment. However, the use of
lidocaine and mitomycin C was found to pro-
long survival and reduce wet bladder weight
[63]. A study performed on human breast cancer
cell lines MCF-7 and MDA-MB-231, which are
triple-negative breast cancer cell lines, showed
that lidocaine increased the sensitizing effects
of cisplatin. When cisplatin was combined with
lidocaine, an increased apoptosis ratio and
enhanced inhibitory effect of cisplatin was
found [64]. A study with gastric cancer cells
found that with administration of bupivacaine,
their migration was inhibited at low (0.1 mM
and 0.05 mM) and high doses (1 mM and
5 mM); however, only high doses were found to
inhibit the survival of the cancer cells. When
bupivacaine was then administered with 5-flu-
orouracil (5-FU), a significant enhancement in
the inhibition of cancer cell growth and sur-
vival, but not migration, was observed [65]. In
melanoma cells, ropivacaine and lidocaine
increased the in vitro efficacy of dacarbazine on

the inhibition of migration, inhibition of pro-
liferation, and increased apoptosis in melanoma
cells. When either ropivacaine or lidocaine was
used in the treatment of melanoma cells with
vemurafenib, it was found to be more effective
than vemurafenib alone in the treatment of
melanoma [66]. Some studies have investigated
the use of lidocaine for overcoming
chemotherapeutic resistance in specific cancers.
A study conducted on the cisplatin resistance of
A549/DDP cells found that lidocaine provided
inhibition of cell viability, cell migration, and
cell invasion and reduced cisplatin resistance.
The cisplatin resistance was due to high
expression of miR-21in A549/DDP cells, and
miR-21 expression was found to be decreased
after lidocaine administration. The study then
administered an miR-21 inhibitor, which was
found to have the same decreasing cisplatin
resistance effect as lidocaine. This showed that
lidocaine re-sensitized cisplatin to A549/DDP
cells via decreased expression of miR-21 [67].
Another study investigated the use of lidocaine
in regulating ABC transporter proteins, which
are implicated in chemotherapeutic resistance.
This study was conducted on choriocarcinoma
JEG-3 and JAR cells and the administration of
lidocaine and 5-FU. The study found that lido-
caine in low concentrations had no effect but,
when administered at high doses, stimulated
cell apoptosis. When lidocaine was adminis-
tered in conjunction with 5-FU, JEG-3 and JAR
cell line sensitivity to 5-FU was enhanced via
increased induction of apoptosis. This study
found that lidocaine enhanced the cytotoxic
effect of 5-FU to choriocarcinoma cells by
reducing resistance via the downregulation of
ABC transporter protein expression [68].

Adjuvant Drugs

Opioids
Opioids are potent analgesics and have been
widely used in the perioperative setting for
surgery. Opioids are most commonly utilized in
peripheral and neuraxial anesthesia. Their use is
still limited because of the side effects that
accompany their use, such as respiratory
breathing, nausea, clouding of consciousness,
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constipation, addiction, and tolerance [69]. The
opioids exert their effects by potentiating the
anti-nociception of local anesthetics via G pro-
tein-coupled receptor mechanisms, resulting in
afferent sensory neuron hyperpolarization [70].
Adjuvant use of buprenorphine in the setting of
regional anesthesia is one example of studies
showing the median duration of analgesia for
upper and lower nerve blocks. By blocking the
inward rectifying potassium channels, the cells
become hyperpolarized, resulting in continued
neuronal excitability inhibition. The use of
morphine intrathecally has been shown to
prolong postoperative analgesia when com-
bined with intrathecal bupivacaine or ropiva-
caine. Opioids, in conjunction with local
anesthetics, produce a much greater analgesic
effect than either medication used alone. The
combination of these agents also lowers the risk
of experiencing side effects. The cytotoxic
effects of chemotherapy are reduced with the
concurrent use of opioids. This effect has been
observed with the administration of cisplatin.
Tramadol and flurbiprofen have been shown to
interfere with cisplatin cytotoxicity through
their effect on the coupling of gap junctions
[71]. The decrease in gap junction coupling
results in a decrease in the cytotoxicity of cis-
platin [72].

There is evidence of immune suppression
with opioids. Human cell and animal cell
studies show that the administration of mor-
phine and other opioids in acute and chronic
conditions results in a reduction of cell immu-
nity [73–76]. The immunomodulatory effects of
morphine are present in preclinical and clinical
studies [76]. Furthermore, morphine is associ-
ated with faster cancer development and
increased vulnerability to infection. Finally,
in vivo animal and in vitro human studies show
that intravenous opioids decrease NK cell cyto-
toxicity (NKCC) [77, 78]. The exact impact of
opioid-mediated immunosuppression depends
on the agent. Although morphine-, codeine-,
and fentanyl-mediated immunosuppressive
effects in animal models have been substanti-
ated, partial agonist buprenorphine tends to
have a more favorable immune profile devoid of
intrinsic immunosuppressive activity [78].

Fentanyl transdermal patch is approved for
use in patients with chronic pain who receive at
least 60 mg oral morphine or equivalent daily or
require continuous dosing. Transmucosal
immediate-release fentanyl (TIRF) is approved
for breakthrough cancer pain in opioid-tolerant
patients who also require at least 60 mg of oral
morphine or equivalent daily. Many drugs used
to treat cancer are metabolized by the cyto-
chrome P450 (CYP450) system. Fentanyl is a
weak substrate of CYP2D6, CYP3A4, and P-gly-
coprotein, and concurrent use of fentanyl and a
kinase inhibitor such as imatinib (a CYP3A4
inhibitor) or nilotinib (CYP3A4 and P-glyco-
protein inhibitor) can increase sedation in
patients [79].

Lidocaine
Local anesthetics are known for their ability to
block Na? channels. Aside from where they are
used traditionally, they have significant effects
in multiple settings other than local and regio-
nal anesthesia or antiarrhythmic treatment.
Direct administration of lidocaine during tumor
resection resulted in a substantial reduction in
pulmonary metastasis. Still, this effect was only
observed when combined with sevoflurane and
not with ketamine, suggesting that the thera-
peutic value of lidocaine is dependent on the
combination of anesthetics used during the
perioperative administration of voltage-gated
sodium channel inhibitors [80]. In a similar
model, the perioperative administration of
lidocaine in conjunction with sevoflurane
resulted in a reduction in pulmonary metastases
[81]. These nontraditional effects result from
the ability of local anesthetics to interact with
other cellular systems. Lidocaine has been
shown to cause sensitization of tumors against
chemotherapeutic agents, and this phe-
nomenon was linked to lidocaine’s ability to
enhance the effectiveness of the chemothera-
peutic agent through lidocaine-induced
demethylation of deoxyribonucleic acid in
breast cancer cells, thus interfering with the
regulation of gene expression within the tumor
[82]. A murine model of breast cancer surgery,
which used sevoflurane as its general anesthetic,
showed that the administration of lidocaine
with intravenous cisplatin significantly
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decreased lung metastatic colony counts when
compared to intravenous administration of cis-
platin alone, which is correlative with periop-
erative lidocaine attenuating the metastatic
activity after cancer surgery [83]. A similar study
investigating hepatocellular carcinoma showed
that lidocaine both suppressed tumor develop-
ment and enhanced tumor cell sensitivity to
cisplatin [84]. The accumulation of in vitro and
in vivo preclinical evidence suggests that
repurposing lidocaine to the oncology setting
may be of therapeutic value and is now being
investigated for potential associations with
cancer outcomes. However, these studies have
shown results that contradict one another.
Overall, there is an abundance of substantial
evidence suggesting a therapeutic role in the
perioperative setting. Carefully planned clinical
trials are needed to effectively test the antitu-
mor effects of general anesthetics, such as
lidocaine.

Nonsteroidal anti-inflammatory drugs
(NSAIDs)
Many types of cancers express cyclooxygenase-2
(COX-2), which plays a very important role in
the promotion of carcinogenesis and cancer cell
resistance to chemo- and radiotherapy. Cancer
cell resistance to chemotherapeutic drugs is
closely associated with COX-2 interactions with
transcriptional regulator proteins and anti-
apoptotic mediators. Thus, COX-2 inhibition is
a probable mechanism of exerting therapeutic
effects such as reducing metastatic spread in
cancer patients. However, COX-2 is known to
be adversely induced by chemotherapeutic
agents. Compared with standard cancer thera-
pies, COX-2 inhibitors such as NSAIDS are rel-
atively inexpensive, have tolerable side effects,
and can also sensitize cancer cells to radio- and
chemotherapy treatment regimens [85]. Studies
have shown a positive correlation between
COX-2 expression and the resistance of head
and neck squamous cell carcinoma (HNSCC) to
anticancer drugs, and COX-2 inhibition was
found to play an important role in increasing
the chemoresponse of tumor cells [86, 87]. One
study demonstrated that celecoxib has a potent
anticancer effect on HNSCC cells and that its
receptor-independent increase in reactive

oxygen species (ROS) mediates its effect on
cancer cell death [88]. COX-2 inhibitors are able
to relieve COX-2 mediated expression of mul-
tidrug resistance proteins [89], and when
administered in a perioperative setting, the
inhibitors were shown to reduce the risk of
surgical-related metastasis [90, 91]. An increase
in patient survival and a reduction in cancer
recurrence has been demonstrated through the
use of NSAIDS. The combination of NSAIDS
with chemotherapeutic agents has been repor-
ted to synergistically increase the antitumor
activity of certain chemotherapeutic agents as
well as improve the rate of tolerance to
chemoradiation and the overall response rate
for cancer at advanced stages. This is especially
true when NSAIDs are administered before
exposure to radiotherapy. When used in com-
bination, it is preferable to use the appropriate
chemotherapeutic agent to achieve the appro-
priate response, due to the complexity of sig-
naling pathways that contribute to the
regulation of COX-2 in cancer cells. For a vari-
ety of cancers, COX-2 is a marker that indicates
worse prognosis and a stimulator for many
cancers due to COX-2 and its extensive
involvement in the pathogenesis. Therefore, the
suppression of COX-2 is a very promising
approach to cancer therapy when paired as an
adjuvant with appropriate chemotherapeutic
agents [92].

Alpha-2 Agonist
The two major alpha-2 agonist drugs most
commonly used in the setting of anesthesia are
clonidine and dexmedetomidine. Clonidine, a
mixed alpha-1 and alpha-2 adrenoreceptor
agonist with predominant alpha-2 action, has
gained popularity as an adjuvant to regional
and general anesthesia in both pediatric and
adult populations [93]. With regard to cloni-
dine’s sedative effects, it has been used as an
adjuvant to other anesthetic agents.
Dexmedetomidine is a highly selective alpha-2
adrenergic receptor agonist and is useful clini-
cally for its sedative, analgesic, and sympa-
tholytic effects. These effects are advantageous
and include sedation with minimal respiratory
depression, and reduction in the stress response,
analgesia, and requirement for volatile
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anesthetics. Hence, there is less need for opioids
and anesthetics. Presumably, the use of
dexmedetomidine would be beneficial in surg-
eries. One meta-analysis reported that the use of
dexmedetomidine as an adjuvant in intrathecal
anesthesia demonstrated faster onset of sensory
block and longer duration of stable sensory
block and overall sensory block when compared
to the clonidine group (see Table 1) [93].

Beta Blockers
Beta-adrenergic blockade is usually discussed in
the context of cardiovascular physiology. To
date, there has been minimal research investi-
gating the use of beta-adrenergic antagonists
during anesthesia or in postoperative pain
management. Studies have shown that the
continuous infusion of esmolol resulted in a
decreased plasma propofol minimal alveolar
concentration (MAC) during propofol/nitrous
oxide/morphine anesthesia and reduced isoflu-
rane MAC during anesthesia with isoflurane/
alfentanil [94]. The exact mechanism of beta-
adrenergic antagonist potentiation of these
effects remains controversial. A reduction of
hepatic blood flow has been noted following
the administration of propranolol, resulting in a
decrease in the metabolism of agents primarily
metabolized by the hepatic system. This prop-
erty results in a prolonged analgesic effect of
fentanyl, which can decrease the consumption
of opioids postoperatively. One study demon-
strated that perioperative administration of
esmolol decreased early postoperative pain
intensity, opioid requirement, and the require-
ment for rescue analgesics and postoperative
nausea and vomiting (see Table 1) [95].
Anthracycline-based chemotherapy regimens
can lead to dose-dependent cardiotoxicity.
Recent studies have shown a smaller pre-and
post-chemotherapy reduction in left ventricular
ejection fraction (LVEF) compared to controls.
This therapeutic effect can be attributed to the
beta-adrenergic antagonist’s ability to reduce
the oxidative stress and myocardial calcium
overload. The optimal duration for a prophy-
lactic beta-adrenergic antagonist intervention
to exert a therapeutic effect is unclear. A study
demonstrated that prophylactic use of carvedi-
lol might attenuate or prevent the decline in

LVEF associated with the use of anthracyclines
to treat cancer (see Table 1) [96]. Another study
demonstrated that use of carvedilol resulted in a
significant reduction in troponin levels and
diastolic dysfunction [97].

Dexamethasone
Dexamethasone is a glucocorticoid steroid with
anti-inflammatory properties used as a pre-
treatment drug in cancer patients undergoing
chemotherapy. Dexamethasone carries out this
function by binding to the glucocorticoid
receptor to prevent allergic reactions and side
effects seen with chemotherapy. One study
showed that the use of dexamethasone with a
semi-synthetic analog of paclitaxel reduced the
sensitivity of triple-negative breast cancer cells
to treat many diseases, including cancer, where
it assists in managing various side effects of
chemotherapy, radiotherapy, and
immunotherapies. Studies have shown that
dexamethasone glucocorticoid receptor activa-
tion inhibits the taxane-induced tumor cell
death in breast, cervical, ovarian, and lung
cancer cell lines and xenograft models [98]. The
transcription of several genes is directly acti-
vated through glucocorticoid receptor activa-
tion, which encode for proteins that promote
epithelial cell survival during apoptosis. Co-
treatment with glucocorticoids was shown to
switch the balance between several interacting
signaling pathways to death in lymphoid cells
but to survival in cells derived from tissue or a
solid tumor. Therefore, it has been suggested
that glucocorticoids should be replaced with
nonsteroidal anti-emetic agents for cancer
therapy-induced emesis, since they do not
induce therapy resistance [99]. A meta-analysis
of randomized controlled trials showed that the
coadministration of dexamethasone and local
anesthetics for local anesthesia prolonged the
duration of sensory block/analgesia. This effect
was observed more frequently in the long-act-
ing anesthetics compared to the intermediate-
acting local anesthetics. Neuronal damage due
to dexamethasone has not been reported, and
one study demonstrated that dexamethasone
attenuates the neurotoxicity associated with
bupivacaine at the cellular level [100].
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Table 1 Adjuvant therapy in chemotherapy and anesthesia

Author
(year)

Groups studied and
intervention

Results and findings Conclusions

Study 1:
Zhou
[89]

Gastric cancer patients
undergoing radical gastrectomy
followed by adjuvant
chemotherapy

Evaluate the clinical efficiency and
safety of celecoxib combined
with chemotherapy in treatment
of gastric cancer

Patients with (?) COX-2 from
experimental group had a
significantly higher 3-year OS

Celecoxib combined with
chemotherapy yields clinical
benefits for gastric cancer
patients with positive COX-2,
which not only enhances the OS,
DFS, PFS, QoL, and short-term
clinical efficacy, but also does not
increase the risk of adverse
events

Study 2:
Weidong
Mi [93]

Seven studies that included 354
subjects that were C 18 years of
age that received intrathecal
anesthesia or analgesia

Compared the characteristics of
clonidine vs. dexmedetomidine
as adjuvants to local anesthetic
on adults

When dexmedetomidine was
applied as an adjuvant to the
intrathecal injection, sensory
block onset was substantially
shortened by 40 s. The duration
of the stable sensory block, the
duration of the complete sensory
block, and the time before
analgesic requirements were
needed were significantly
extended when
dexmedetomidine was used. No
significant differences were
detected in the motor block
characteristics and the time to
achieve peak sensory level
between dexmedetomidine and
clonidine

Compared to clonidine, the
addition of dexmedetomidine as
an adjuvant to local anesthetics is
associated with earlier, prolonged
sensory block characteristics and
later need for analgesic
requirements

Study 3:
Cleland
[96]

A double-blind study in patients
treated with doxorubicin,
comparing placebo with
different doses of carvedilol

In placebo-assigned patients, LVEF
decreased from 62 ± 5% at
baseline to 58 ± 7% at 6
months (p = 0.002), but no
statistically significant differences
were found in any of the 3
carvedilol groups

Just one of 116 patients (1%)
assigned to carvedilol had an
LVEF\ 50% at 6 months,
compared to four of the 38
patients assigned to placebo
(11%) (p = 0.013). In terms of
development of diastolic
dysfunction, no major variations
were reported between carvedilol
and placebo

Carvedilol can prevent LVEF
deterioration in doxorubicin-
treated cancer patients. Within
the spectrum analyzed, this effect
may not be dose-related
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Oxygen
A unique therapeutic challenge in the treat-
ment of solid tumors is tumor hypoxia. Tumor
hypoxia is a poor prognostic factor in multiple
cancer types. Recently, researchers have been
centered on either increasing the amount of

oxygen being delivered or administering addi-
tional agents that preferentially radiosensitize
or kill hypoxic cells. Hypoxia is associated with
resistance to radiotherapy and standard
chemotherapy, because the presence of oxygen
is necessary for optimal fixation of DNA damage

Table 1 continued

Author
(year)

Groups studied and
intervention

Results and findings Conclusions

Study 4:
Edimar
Alcides
Bocchi
[97]

200 patients with HER2-negative
breast cancer status and normal
LVEF were referred for ANT
(240 mg/m2) before
completion of chemotherapy to
receive carvedilol or placebo

No differences in changes of LVEF
or B-type natriuretic peptide
were noted between groups. A
significant difference existed
between groups in troponin I
levels over time, with lower levels
in the carvedilol group
(p = 0.003). Additionally, a
lower incidence of diastolic
dysfunction was noted in the
carvedilol group (p = 0.039). A
nonsignificant trend toward a
less pronounced increase in LV
end-diastolic diameter during the
follow-up was noted in the
carvedilol group
(44.1 ± 3.64 mm to
45.2 ± 3.2 mm vs.
44.9 ± 3.6 mm to
46.4 ± 4.0 mm; p = 0.057)

Carvedilol had no impact on the
incidence of early onset of LVEF
reduction. However, the use of
carvedilol resulted in a
significant reduction in troponin
levels and diastolic dysfunction

Study 5:
Van Wijk
[95]

Consisted of 19 RCTs with a
total of 936 participants, 470
receiving esmolol and 466
receiving placebo

Numeric pain scores at rest in the
immediate postoperative cycle in
the esmolol community were
decreased by 1.16 (95%
confidence interval [CI]:
1.97–0.35, I2 = 96.7%) out of
10. In the post-anesthesia
treatment unit, opioid intake
was also decreased relative to
placebo, mean difference of
5.1 mg (95% CI: 7.0–3.2,
I2 = 96.9%) morphine IV
equivalents; a 69% decrease in
opioid rescue dose was observed
(odds ratio [OR]: 0.31, 95% CI:
0.16–0.80, I2 = 0.0%). There
was also a 61% drop in
postoperative nausea and
vomiting (OR: 0.39, CI 95%:
0.20–0.75, I2 = 60.7%)

Perioperative esmolol as an adjunct
may reduce postoperative pain
intensity, opioid consumption,
and postoperative nausea
vomiting

LVEF left ventricular ejection fraction, ANT anthracycline, RCT randomized controlled trial, COX-2 cyclooxygenase-2, OS
overall survival, DFS disease-free survival, PFS progression-free survival, QoL quality of life
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induced by the ionized radiation [101]. These
hypoxic cells are much more invasive and
metastatic, resistant to apoptosis, and geneti-
cally unstable [102]. Resistance to anti-cancer
drugs can be explained with the example bleo-
mycin. Bleomycin resembles radiation in that
oxygen increases the cytotoxicity of this agent,
resulting in DNA lesions. The addition of Flu-
osol-DA treatment combined with breathing
high oxygen atmosphere has been shown to
improve response to treatment with bleomycin,
nitrosoureas, carboplatin, cyclophosphamide,
melphalan, and thioTEPA in several animal
tumor systems [103]. Hemoglobin-based oxy-
gen-carrying solutions (HBOC) increase the
oxygenation throughout experimental tumors
under normal breathing conditions, and there-
fore the combination of HBOC with
chemotherapeutic agents (such as carmustine,
cyclophosphamide, ifosfamide, Adriamycin,
TNP-470, minocycline, melphalan, and cis-
platin) significantly decreases the progression of
tumor growth [104–107]. Upon exposure to
hypoxia, cancer cells undergo replication stress
and upregulate the DNA damage and repair
pathways. Many anticancer drugs kill tumor
cells by causing DNA damage, which is consid-
ered the mechanism of action of these
chemotherapeutic agents. HIF-1a is associated
with the increased chemoresistant phenotype of
cancer cells, and downregulation of HIF-1a can
result in increased sensitivity toward etoposide
treatment. One study showed that etoposide
inhibited DNA strands more frequently under
hypoxic conditions than under normoxic con-
ditions due to increased levels of free radical
scavenger dehydrogenase inhibitors and dehy-
drogenase substrates [108]. These studies show
that hypoxia can induce a significant inhibitory
effect on chemotherapy efficiency. Cancer
resistance can be overcome by effectively
interfering with hypoxia to improve the thera-
peutic effect.

CONCLUSION

Currently, cancer is a leading worldwide health
problem. To provide optimal treatment to these
patients, it is imperative that there is

collaboration among anesthesiologists and sur-
geons. It is very clear that radiochemotherapy
and medical procedures are crucial in cancer-
related therapy. Multiple challenges for anes-
thesia exist when faced with cancer treatment
such as derangements in physiology, tumor-as-
sociated effects, and conventional chemother-
apy treatment toxicities. Therefore, it is
essential that a multisystemic, multidisci-
plinary, and patient-centered approach is uti-
lized in order to maintain perioperative
homeostasis and immune function integrity.
The addition of adjuvants can help to improve
patient safety and satisfaction and enhance
clinical efficiency. Correctly paired anesthetic
techniques and drugs can minimize the peri-
operative inflammatory and immune changes,
which can potentially lead to enhanced out-
comes for future cancer patients. Further
research into the best techniques for practice is
needed and will help improve the acute and
long-term effects seen with cancer treatment in
clinical practice.
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