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Simple Summary: Gastric cancer (GC) patients who are candidates for radical gastrectomy will
experience various perioperative events, which have been shown to promote recurrence and decrease
the long-term survival of GC patients. Therefore, although the perioperative period is relatively short,
it is critical in determining the local recurrence and distant metastasis risk after radical gastrectomy.
Herein, we will summarize the perioperative events and their effects on the long-term survival of
patients with GC. Then, we discuss the possible mechanisms underlying perioperative vulnerability
to cancer recurrence, directing the investigation of perioperative strategies to improve the survival of
patients following gastrectomy.

Abstract: Radical gastrectomy is a mainstay therapy for patients with locally resectable gastric cancer
(GC). GC patients who are candidates for radical gastrectomy will experience at least part of the
following perioperative events: surgery, anesthesia, pain, intraoperative blood loss, allogeneic blood
transfusion, postoperative complications, and their related anxiety, depression and stress response.
Considerable clinical studies have shown that these perioperative events can promote recurrence
and decrease the long-term survival of GC patients. The mechanisms include activation of neural
signaling and the inflammatory response, suppression of antimetastatic immunity, increased release
of cancer cells into circulation, and delayed adjuvant therapy, which are involved in every step of the
invasion-metastasis cascade. Having appreciated these perioperative events and their influence on
the risk of GC recurrence, we can now use this knowledge to find strategies that might substantially
prevent the deleterious recurrence-promoting effects of perioperative events, potentially increasing
cancer-free survival in GC patients.

Keywords: gastric cancer; gastrectomy; recurrence; postoperative events; surgical stress response

1. Introduction

Gastric cancer (GC) is the leading malignancy-related death worldwide, and radical
gastrectomy is the foremost therapeutic strategy for patients with GC [1]. However, even
though complete control of locoregional disease is considered to have been achieved,
a considerable number of patients will experience tumor recurrence. GC patients who
are candidates for radical gastrectomy will experience at least some of the following
perioperative events: surgery, anesthesia, pain; intraoperative blood loss, allogeneic blood
transfusion, and postoperative complications (POCs). Accumulating evidence suggests
that the stress response to these surgery-related events will lead to the metastatic spread of
many types of solid tumors, including GC [2]. For example, meta-analyses concluded that
POCs were associated with worse survival, and allogeneic blood transfusion was shown to
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increase recurrence rates in GC patients following gastrectomy [3–6]. In addition, patients
with GC undergoing extended surgery showed an increased risk of recurrence, especially
peritoneal metastasis [7,8].

Therefore, although the perioperative period is relatively short, it is critical in deter-
mining the local recurrence and distant metastasis risk after radical gastrectomy. In this
review, we aim to summarize the perioperative events and their effects on the long-term
survival of patients with GC. Then, we discuss the possible mechanisms underlying peri-
operative vulnerability to cancer recurrence, directing the investigation of perioperative
strategies to improve the survival of patients following gastrectomy.

2. Perioperative Events and Prognosis of GC Patients
2.1. Radical Gastrectomy

In the past four decades, several randomized controlled trials (RCTs) have been
performed to compare the outcomes between surgical approaches with different extents in
GC patients (Supplementary Table S1). The first two RCTs were conducted in Europe to
determine the effectiveness of D2 lymphadenectomy, and both studies reported a high rate
of POCs and surgery-related deaths but no additional survival benefits, however, after a
median follow-up of 15 years, D2 lymphadenectomy is associated with lower locoregional
recurrence and GC-related death rates than D1 surgery in Dutch D1D2 trial [7,9]. Other
comparisons between different surgical extents, such as D2 vs. D2 plus para-aortic lymph
node dissection (PAND), with vs. without splenectomy, bursectomy vs. nonbursectomy,
and the left thoraco-abdominal (LTA) vs. transhiatal (TH) approach, were mainly carried
out in East Asia [8,10–13]. All of them found that although most extended surgeries did not
provide a survival advantage, they also had no significant negative effect on the recurrence
of GC. In recent years, minimally invasive surgery (MIS) has dominated surgical oncology,
including laparoscopic or robotic gastrectomy for early or advanced GC. However, only
some postoperative recovery advantages have been demonstrated, and no survival benefit
has been observed [14–17].

From these RCTs, we cannot conclude that more extensive surgery will lead to more
GC recurrence. However, some points must be re-evaluated when interpreting these trials
regarding the intensity of surgery. First, the probability of residual cancer cells is very low in
early GC; therefore, when comparing the effects of different surgical approaches in patients
with early GC, only differences in short-term outcomes can be detected, and the long-term
survival will always be similar. Second, these trials aimed to determine the therapeutic
efficacy of different surgical approaches but did not focus on the effects of surgery intensity.
Therefore, individual trials only included specific GC subtypes; for example, only patients
with cancer located in the gastric body or cardia with esophageal invasion of 3 cm or less
were included in the JGOG0902 trial [8]. It is difficult to dissect the effects of surgery on the
recurrence of cancer because radical surgery is still the main approach that can potentially
cure a cancer patient. Extended surgery may indeed improve the survival of patients
whose cancer cells have already spread distantly but are still within the scope of resection.
Therefore, the therapeutic effects may offset its recurrence-promoting functions. Third, the
majority of these studies were carried out in patients from East Asia, in whom aggressive
gastrectomy for cancer can be easily performed due to their low body mass index, fewer
comorbidities, and experienced surgical skills of surgeons resulting from the high incidence
of GC. The differences in the intensity of the stress response to different surgeries may be
smaller than we expected. Fourth, the majority of these studies were conducted before
the establishment of scientific perioperative management, which has clearly reduced the
stress response to surgery and improved the survival of patients in recent years. Therefore,
all surgical approaches activated a strong stress response, and the differences in impacts
on recurrence could not be detected. Fifth, in January 2007, the efficacy of adjuvant S-1
chemotherapy was demonstrated and established as the standardized treatment strategy in
patients with stage II and III GC [18]. In trials performed after 2007, adjuvant chemotherapy
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was integrated into the perioperative management, which might have counteracted the
survival impact of extended surgery.

Therefore, when we further analyzed these studies, some results indicated that ex-
tensive surgery might impact the survival of some patients with GC, although these
analyses were post hoc and prone to bias. In the MRC trial, pancreatico-splenectomy was
independently associated with poor survival when compared with both pancreas and
spleen preservation [7]. Subgroup analysis found that less extensive surgery showed better
survival in patients with more advanced diseases (T3 and T4, or node positive), which
indicates that the probability of residual tumor cells is relatively high, and the negative
effects of extended surgery on cancer recurrence can be revealed [10]. Therefore, when
preoperative chemotherapy was given with the ability to minimize distant micrometastases,
D2 plus PAND can provide better survival [19,20]. In the JCOG 0110 trial, the incidence
of No. 10 metastasis was very low, and the majority of patients with No. 10 metastasis
died of recurrence [11]. Several recent studies have investigated spleen-preserving hilar
lymph node dissection, and nearly half of them concluded that prophylactic splenectomy
to macroscopically remove splenic hilar negative lymph nodes will decrease the survival
of GC patients when compared with spleen-preserving hilar lymph node dissection [21].
However, the majority of studies were retrospectively designed. In only one RCT, the 5-year
survival rates were equal between the two groups. Furthermore, the 5-year survival rate
of patients with No. 10 lymph node metastasis was 0 in both groups [13]. These findings
indicate that when cancer cells are found in No. 10 lymph nodes, they are also dissemi-
nated into distant organs, splenectomy cannot cure the disease and may also promote the
growth of pre-existing micrometastases, which is the case at least in patients with cancer
not invading the great curvature. In addition, the differences in intensity may be the most
obvious between LTA and TA gastrectomy; therefore, in the JCOG9502 trial, a nonsignifi-
cantly higher 5-year disease-free survival (DFS) rate was observed in the TH group, and a
22% lower 10-year overall survival (OS) rate and more peritoneal seeding were found in
type 3 tumors treated by LTA [8]. This phenomenon has been validated in experimental
studies, which have shown that not only a laparotomy, but also an isolated thoracotomy,
might promote the seeding of colon cancer cells in the peritoneum, and thoraco-laparotomy
results in a greater number of metastatic nodules and a shorter survival time in rats with
intraperitoneal and intravenous inoculation of Sato lung cancer cells [22,23].

2.2. Anesthesia and/or Analgesia

Given that the majority of patients with GC will experience at least one anesthesia,
the effects of different anesthetic approaches and drugs on the cancer outcomes of GC
patients have been increasingly regarded as a research priority. The choices of anesthetic
approach (general vs. neuraxial anesthesia), anesthetic agent (inhalational vs. intravenous),
and accompanying prescribed analgesic drugs have long been assumed to influence the
risk of cancer recurrence [24]. However, the available limited evidence regarding the
effects of these techniques and drugs on cancer recurrence in GC has been inconclusive
(Supplementary Table S2). Regarding anesthetic techniques, epidural anesthesia has popu-
lated in recent years in oncological surgery [24]. A small number of retrospective studies
have reported the relationships between epidural anesthesia and GC patient outcomes
with conflicting results. Only one study reported a positive effect of epidural anesthesia on
OS but did not report the effects on cancer recurrence [25]. Another study reported that
epidural anesthesia might decrease the 2-year recurrence of gastroesophageal cancer [26].
The other authors concluded that neither increased OS nor relapse-free survival (RFS) were
observed in patients undergoing epidural anesthesia [27–30]. Three studies focused on
the differences in cancer outcomes between propofol-based total intravenous anesthesia
(TIVA) and inhalation anesthesia in patients with GC. Two studies reported an increased
OS in the TIVA group, but the effects on cancer recurrence were not mentioned [31,32].
Another study reported a hazard ratio (HR) of 0.91 (0.50–1.67) for 1-year cancer-related
mortality [33]. In addition, although preclinical studies have demonstrated that opioids
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can stimulate the progression of GC, their impact on cancer recurrence in clinical situations
is unclear [34].

Therefore, the influence of anesthesia and/or analgesia on the prognosis of patients
following gastrectomy remains debated. However, all of these studies were retrospec-
tively designed with significant heterogeneity. The mechanisms through which different
anesthetic techniques and drugs impact cancer recurrence were proposed to influence the
stress response to surgery, which will last for several days to two weeks [35]. However,
the efficacy and total dose-exposure to regional anesthesia have not always received much
attention. In light of this, in the study by Hiller et al., longer administration and effective
regional anesthesia improved the 2-year survival [26]. In addition, positive results tend to
be observed in studies on gastrectomy with greater surgical intensity [31,33]. Despite these
controversies, the cancer outcome effects should be taken into consideration when making
a decision during the anesthesia of gastrectomy.

2.3. POCs

Gastrectomy is a technically demanding procedure, making POCs some of the most
common perioperative events, reported to be in the range of 1.88–59.8% in a meta-analysis [3].
POCs were associated with an eventful postoperative recovery course and were also re-
ported to increase cancer recurrence in GC patients following radical resection. Mounting
evidence exists regarding the association between POCs and the recurrence or survival
of patients with GC [3,36]. The majority of studies set OS as the primary endpoint and
did not exclude early postoperative deaths, which may have diluted the prognostic in-
fluence of cancer recurrence. In addition, there was clear between-study heterogeneity
regarding disease stage, surgical approach, and type and severity of POCs. Therefore, the
conclusions were inconsistent. Despite these limitations, two meta-analyses concluded
that POCs correlate with increased cancer recurrence (Supplementary Table S3) [3,36]. The
negative effects remained when early deaths were excluded from the survival analysis [3].
These effects are mainly contributed by infectious and severe complications and are only
found in advanced but not early GC. The underlying mechanisms are not completely clear,
one possible explanation may be that POCs promote the progression of residual cancer
cells mainly by exaggerating and prolonging the stress response initiated by gastrectomy.
Therefore, minimizing micrometastases before surgery by neoadjuvant chemotherapy may
abolish the recurrence-promoting role of POCs [37].

2.4. Anemia, Intraoperative Blood Loss and Blood Transfusion

Anemia is estimated to range from 27% to 44% preoperatively in GC patients, can
also be found intraoperatively or postoperatively, and is associated with bleeding and
the perioperative stress response [38]. Anemia leads to an eventful postoperative course
as well as poor survival. Several retrospective studies and one meta-analysis have re-
ported that pretreatment anemia was associated with poor disease-free survival (DFS);
however, this was only the case in univariate analysis, indicating that anemia is not an
independent predictive factor for cancer recurrence but an accompanying manifestation of
other indicators with definite prognostic value, such as advanced stage and intraoperative
bleeding (Supplementary Table S4) [38]. As mentioned above, D2 gastrectomy is technically
demanding, and excessive intraoperative blood loss occurs repeatedly even at the hands
of experienced surgeons. Most studies on intraoperative blood loss in gastrectomy have
reported an increased recurrence rate (especially peritoneal metastasis) in patients with
GC (Supplementary Table S5). Intraoperative blood loss inevitably increases the rates of
perioperative allogeneic blood transfusion and POCs, which were also proposed to be
negative prognostic factors. However, even after excluding these patients or adjusting for
these confounding factors, the adverse effects of intraoperative blood loss on recurrence
were still significant. Except for intraoperative blood loss, anemia also increased the need
for perioperative transfusion. A number of studies and meta-analyses have been performed
to analyze the association between allogeneic blood transfusion and recurrence in patients
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with GC. Although the results from individual studies were conflicting, three meta-analyses
all concluded that allogeneic blood transfusion is negatively associated with cancer-related
mortality and GC recurrence (Supplementary Table S6) [4–6].

2.5. Malnutrition and Nutritional Support

The pervasiveness of reduction of digestion and absorption, obstruction of the diges-
tive tract, and anorexia caused by tumor-derived cytokines places patients with GC at high
risk of malnutrition. Surgical trauma stress and eating restriction may further aggravate
malnutrition. Therefore, nutrition screening and assessment is an important part of the
perioperative management of patients with GC [39]. Numerous studies on the association
between malnutrition and long-term survival in GC patients have been reported with vari-
ous parameters to identify malnutrition, including food intake, body mass index, weight
loss, body composition assessment, laboratory measures, or their combinations, such as the
Global Leadership Initiative on Malnutrition (GLIM) criteria, prognostic nutritional index
(PNI), and controlling nutritional status (CONUT). Not surprisingly, all of them reported a
poor prognosis, including RFS, in GC patients with malnutrition [40–42]. As one of the few
factors that can be corrected before surgery, numerous nutritional support formulas and
approaches have been tested and compared during the perioperative period in patients
with GC. However, all of them focused on short-term outcomes, such as POCs, immune
function, and inflammatory response [39]. No results regarding the survival benefit of
nutritional support have been reported. The reason may be that it is unethical to design an
RCT with malnourished patients uncorrected. Given the encouraging short-term outcomes,
perioperative nutritional support, especially some specific nutritional elements, should
provide a survival advantage, which was validated in an RCT including patients with head
and neck cancer [43].

3. Mechanisms Underlying the Increased Recurrence Rate Resulting from
Perioperative Events

Radical gastrectomy is defined by no detectable tumors other than the primary lesion
that can be removed by surgery. However, a considerable number of patients will experience
recurrence following radical gastrectomy, indicating that these patients have tumor cells left
after the surgery. These residual cancer cells may be pre-existing micrometastases, incompletely
resected fractions of tumor cells or disseminated from the primary tumor in the operation.
Whether these cancer cells grow to clinically apparent disease is determined by the balance
between tumor surveillance of immune cells and the ability of tumor cells to survive, proliferate,
and promote angiogenesis [44]. Following gastrectomy, the immune system is suppressed
by various mechanisms and fails to eliminate these residual cancer cells, while the same
mechanisms also support the survival, proliferation and angiogenesis of cancer cells, leading to
local recurrence, peritoneal implantation or distant organ metastasis (Figure 1).
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3.1. Perioperative Events Involved in Each Step of the Invasion-Metastasis Cascade

The invasion-metastasis cascade is a complicated but inefficient process. First, the
cancer cells detach from the primary lesion and intravasate into the lymph or blood
circulation, in which they must survive antitumor immunity and anoikis. Then, these cells
extravasate into distant organs that have already been preconditioned to form a privileged
microenvironment (premetastatic niche) [45]. In these places, whether colonized cancer
cells become dormant or grow visible metastatic lesions is determined by perturbations
of the local microenvironment and systemic functions, and all aspects can be affected by
perioperative events [45]. The neural signaling and inflammation activated by perioperative
events induce the epithelial-mesenchymal transition (EMT) of cancer cells, which is a
well-established premise for cancer cells to acquire the ability to detach from primary
lesions, migrate and invade adjacent tissues and lymphatic and/or blood circulation [46].
Perioperative platelet and neutrophil elevation caused by inflammation or splenectomy
leads to the formation of microclots, ‘platelet cloaking’ and neutrophil extracellular traps
(NETs), which afford protection to liberated circulating tumor cells (CTCs) from both
vascular shear stress and detection by anticancer immune cells and facilitate extravasation
to distant tissues [47,48]. Surgical stress responses, including inflammation and neural
signaling, also denude the microcirculatory endothelium and attract mesenchymal stem
cells to distant organs to create a premetastatic niche [49,50]. Locally or systematically
activated inflammation also increases soluble growth factors, such as epidermal growth
factor (EGF), platelet-derived growth factor (PDGF), and vascular endothelial growth factor
(VEGF), thus activating dormant micrometastases, stimulating angiogenesis, inducing
propagation and supporting the growth of residual or newly colonized cancer cells [51,52].
Throughout the invasion-metastasis cascade, immunosuppression caused by perioperative
events also plays an important role in successfully forming a metastasis [35].

3.2. Physiological Responses to Perioperative Events
3.2.1. Activation of Neural Signaling

The protumor roles of the sympathetic nervous system (SNS) and its released neu-
rotransmitters have been validated in many types of cancer [53]. The abovementioned
perioperative events, along with tissue damage during gastrectomy, pain and emotional
changes, activate the hypothalamus pituitary adrenal (HPA) axis and SNS to release cate-
cholamines into circulation [54]. Clinical studies have found that in GC patients undergoing
more extended surgery or experiencing an eventful postoperative course, the levels of
circulating catecholamines increase significantly [52]. The biological functions of cate-
cholamines are mediated by adrenergic receptor (AR) families, with β2-AR being the main
type expressed in GC [55]. The levels of noradrenaline and the expression of β2-AR were
aberrantly elevated in GC tissues compared with adjacent normal gastric mucosa [55,56].
Catecholamines were shown to enhance the ability of primary GC cells to migrate to the
liver and lung to form metastases, while propranolol can abolish the formation of metastatic
lesions [55]. Higher protein levels of β2-AR were also associated with venous invasion,
lymph node metastasis and poor prognosis in patients with GC [55,57,58]. The findings of
several studies showed that activation of β2-AR promotes EMT and endows GC cells with
stem cell-like properties through hypoxia inducible factor-1α (HIF-1α)-Snail, ERK, matrix
metalloproteinases (MMPs) and STAT3-CD44 pathways, all of which are closely related to
the invasion, migration, and dissemination of cancer [59–62]. In addition, lymphatic flow is
also regulated by neural signaling, and high levels of circulating catecholamines have been
found to increase flow through lymphatic vessels [63]. Given the high lymphatic vessel
density in the stomach and its intraoperative rupture, the activation of neural signaling
may promote the dissemination of cancer cells through lymphatic systems. Catecholamine
signaling might also facilitate cancer metastasis by establishing a receptive environment
for disseminated tumor cells (DTCs) [49]. Furthermore, catecholamines have been shown
to suppress antimetastatic immunity directly by deactivating natural killer (NK) cells or
cytotoxic T lymphocytes (CTLs) or indirectly by elevating the levels of immune inhibitory
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components, such as regulatory T (Treg) cells and M2 macrophages [64,65]. Together, these
findings suggest that activation of neural signaling by perioperative events in GC patients
is an important contributor to recurrence and metastasis.

3.2.2. Activation of Inflammatory Responses

The survival of residual cancer cells after gastrectomy depends on several factors, of
which inflammation contributes the most. Acute surgical stress activates the inflammatory
response, while POCs further prolong its duration. The processes of wound healing after
surgery share common inflammatory pathways with cancer evolution [66]. Therefore, sev-
eral studies have reported that increased inflammatory indicators, such as the neutrophil to
lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR), and C-reactive protein (CRP),
are associated with cancer recurrence and poor prognosis following radical resection in
many types of cancer, including GC [50,67,68]. When compared with levels before gastrec-
tomy, inflammatory markers, including neutrophil percentage, CRP, procalcitonin (PCT)
and plasma cortisol, were significantly increased after surgery [69]. These clinical findings
indicate that gastrectomy and its associated events activate an inflammatory response,
resulting in more recurrence after surgery. The inflammatory changes at the surgical site
recruit various immune and inflammatory cells, which release humoral factors, such as
VEGF and MMPs, all of which are important factors for the growth and dissemination
of cancer cells [70]. Furthermore, the recruitment of fibroblasts and mesenchymal stem
cells leads to growth factor secretion, and the systemic increased inflammatory reaction
also creates a premetastatic niche, both of which provide a privileged environment for the
growth of residual tumor cells and colonization by CTCs [51,71]. For example, interleukin-1
(IL-1) and tumor necrosis factor (TNF-α) were shown to enhance the adhesion of GC cells
to mesothelial monolayers, which may partly account for peritoneal implants [72]. In
addition, pre-existing dormant micrometastases can be awakened or propagated by local
and systemic inflammatory responses. Gastrectomy, POCs, intraoperative blood loss and
transfusion also increase the levels of prostaglandin E2 (PGE2) in the resection site and in
circulation [73]. PGE2 facilitates the recurrence of cancer through actions on cancer cells
directly or indirectly on immune cells. PGE2 plays an important role in GC metastasis
by inducing sustained inflammation and promoting GC cell stemness, angiogenesis and
invasion [74,75]. PGE2 has also been shown to decrease the number of activated CD8+

T cells, induce the expansion of Treg cells, and convert T helper 1 (Th1) cell cytokines
to cancer-promoting Th2 cytokines [76]. NK-cell infiltration was found to be negatively
correlated with the expression level of cyclooxygenase-2 (COX-2), a rate-limiting enzyme
for PGE2 synthesis, and NK-cell dysfunction was mainly induced by PGE2 derived from
cultured GC cells [77].

3.2.3. Suppression of Anticancer Immunity

Animal studies have provided unequivocal evidence in support of a role of the
immune system in antimetastasis, which mainly relies on antimetastatic immune cells,
including CTLs, NK cells, macrophages, and dendritic cells. Immunosuppression is
an established phenomenon throughout the perioperative period that plays an impor-
tant role in accelerating metastatic progression [35]. Multifactorial processes might
lead to perioperative immunosuppression. The complex mechanisms through which
these perioperative events weaken antimetastatic immunity are mainly activation of
the abovementioned neural signaling and inflammatory responses, which have been
reviewed elsewhere [2,35,73]. Postoperative immunosuppression has been observed in
patients with GC. The total number of lymphocytes was found to significantly decrease
after radical gastrectomy, which can last for more than 1 week, and immune checkpoint
molecules, such as programmed cell death ligand 1 (PD-L1) and lymphocyte activation
gene-3 (LAG-3), were upregulated on CD4+ and CD8+ T cells after surgery for GC [78].
Postoperative immunosuppression may facilitate the survival and growth of residual
cancer cells, leading to detectable metastatic lesions.
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3.3. Individual Event Aspects Affecting Recurrence
3.3.1. Radical Gastrectomy

Gastrectomy itself and its related physiological perturbations (see Section 3.2) also
have the probability of increasing the risk for cancer cell dissemination and progression of
preexisting micrometastases. Manipulation and disruption of the tumor and its vasculature
during surgery might release cancer cells into the circulation. CTC numbers have been
found to increase following gastrectomy, and patients with postoperative increased CTCs
have earlier and more hematogenous metastasis and shorter DFS [79]. DTCs in lymphatic
vessels and sentinel lymph nodes have been observed in experimental animals and cancer
patients [80,81]. Interstitial edema along with increased lymphatic clearance of cellular
debris leads to lymphatic transit of residual cancer cells [82]. Transcoelomic dissemination
of GC is another common route, and extended surgery has been shown to significantly
increase the incidence of peritoneal recurrence [8,11,83]. Although studies on perioperative
CTC changes and dissemination of cancer cells to the peritoneal cavity in patients under-
going gastrectomy are limited, it is possible that cancer cell dissemination during surgery
contributes to peritoneal implants, distant metastasis and local recurrence.

3.3.2. Anesthetic and Analgesic Drugs

Some anesthetic and analgesic drugs have an impact on GC recurrence. Although
controversy exists and data are limited in GC, inhalational anesthetics, including isoflurane
and sevoflurane, have been shown to promote cancer progression by immunosuppression
and their cytoprotective effects [84,85]. Pain is an inevitable phenomenon during the
perioperative period, especially after major surgeries, such as gastrectomy. Traditionally,
opioid analgesics were widely used to relieve postoperative pain. No conclusive evidence
suggests avoiding the use of opioids with the goal of reducing the risk of recurrence in GC,
as no clinical evidence is available for GC, and the effect of opioids on the prognosis of
patients with cancer types other than GC are inconclusive [86]. However, current preclinical
evidence supports the direct role of stimulation of opioid receptors in survival, proliferation,
migration, invasion, angiogenesis and cancer cells. Indirectly, opioids can exert stimulatory
effects on cancer progression through the suppression of antimetastatic immune cells,
including NK cells, CTLs, dendritic cells, and macrophages [87].

3.3.3. POCs

The negative impacts of POCs on the survival of GC patients following radical re-
section have been supported by many studies [3,36]. Major POCs, which are defined as
Clavien–Dindo (CD) III or higher by the majority of studies, need invasive intervention
that will strengthen the surgical tress. POCs after gastrectomy, especially infectious com-
plications, can actually prolong the postoperative inflammatory and immunosuppression
processes, which can be measured by changes in daily temperature and WBC, CRP and
NLR levels [88]. These effects were also validated in rodent models, surgery and intraab-
dominal sepsis, have been demonstrated to promote metastasis through systemic signaling,
the expansion of regulatory T cells, reduction in the number of CD8 and NK cells, and
the accumulation of tumor-associated macrophages and neutrophils [89]. Furthermore,
lower rates of and delayed receipt of adjuvant therapy in patients who experience POCs is
another proposed reason for their poor prognosis, which was supported by a retrospective
analysis of the US GC Collaborative database [90]. The likelihood of patients who expe-
rienced POCs following gastrectomy to complete the adjuvant therapy was reduced by
50%. Therefore, among patients who received adjuvant and/or neoadjuvant therapy, the
prognosis was similar between patients who did and did not experience a POC [89,91].
A mechanism to explain the prognostic benefit of neoadjuvant chemotherapy would be
the effect of chemotherapy on microscopic residual disease. A preclinical rodent study
demonstrated that isolated tumor cells and micrometastases are vulnerable to preoperative
or postoperative fluoropyrimidine-based chemotherapy [92]. Therefore, it seems plausible
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that preoperative therapy may have treated the microscopic residual disease, so that it was
less susceptible to activation and growth during POCs [89].

3.3.4. Anemia, Hemorrhage and Blood Transfusion

Theoretically, anemia existing preoperatively or caused by blood loss intraopera-
tively will aggravate the hypoxic microenvironment. As an adaptive response to hypoxia,
elevated expression of HIF-1 promotes the survival, migration, invasion and metastasis
of cancer cells [93]. Despite causing anemia, intraoperative blood loss leads to increased
cancer recurrence through several causes, including the spillage of cancer cells into
the peritoneal cavity, immunosuppression of antitumor immunity, increased POCs and
perioperative transfusion [94]. As a rapid and effective means to correct anemia and
circulatory instability, allogeneic blood transfusion also has a negative impact on cancer-
related outcomes mainly through the inhibition of host immunity and increasing the
risk of POCs. These adverse effects are thought to mainly be caused by transfused
allogenic leukocytes, however, current transfusion products are often leukodepleted,
and no difference in the prognosis has also been found in comparative studies between
leukocyte-depleted blood and non-leukocyte-depleted blood, indicating that the roles of
these leukocytes remain unclear [95]. In addition, cell apoptosis occurring during refrig-
erated storage may also lead to immunosuppression [96]. Allogeneic blood transfusion
induces several inflammatory mediators to inhibit IL-2 and interferon-γ (IFN-γ) produc-
tion, suppress the function of anticancer cells, and increase immunosuppressive cells
and PGs. Allogeneic blood transfusion also promotes invasion of cancer cells through
IL-6, VEGF and hepatocyte growth factor (HGF) [95,96].

3.3.5. Malnutrition and Nutritional Support

Currently, the underlying mechanisms by which malnutrition affects cancer re-
currence remain uncertain. There was a significant correlation between malnutrition
and poor patient-related or advanced tumor-related factors, such as older age, larger
tumor size, and more advanced stages, which may increase the recurrence of GC [40–42].
Therefore, whether malnutrition is a cause or a consequence of GC remains unknown.
However, preoperative malnutrition may interfere with treatment implementation for
GC patients, even being unsuitable for adjuvant therapy in clinical practice, and was
also significantly associated with the occurrence of POCs, suggesting that malnutrition
can promote GC recurrence indirectly. Nutritional support can correct malnutrition and
prevent these malnutrition-related disadvantages, along with its immune-enhancing
function, thereby theoretically decreasing the recurrence of GC. However, excessive nu-
tritional support, specifically parenteral nutrition, could potentially facilitate tumor-cell
proliferation in preclinical studies [97]. Therefore, further investigations are needed
to determine which patients should receive nutritional support and how to carry out
nutritional support optimally.

4. Perspectives on Translating Therapy

As discussed above, the perioperative events contribute significantly to GC re-
currence. Therefore, strategies should be explored and applied to minimize surgical
stress and its contributing factors to potentially improve patients’ chances of surviving
cancer-free. It is reasonable to choose surgical approaches based on the latest scientific
evidence and avoid extended gastrectomy, which does not provide a survival advantage.
Laparoscopic or robotic gastrectomy for early or even advanced GC, are increasingly
used as alternatives to traditional open gastrectomy. Although no survival benefit has
been observed, evidence for less blood loss, fewer POCs, and reduced surgical stress
has been established [98,99]. Based on findings from RCTs, prophylactic splenectomy
to remove macroscopically negative splenic hilar lymph nodes is not justified. Several
retrospective studies suggest that spleen-preserving No. 10 lymph node dissection might
be an alternative treatment for high-risk patients [21]. However, because patients with
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No. 10 lymph node metastasis will always experience recurrence, the survival benefit
of spleen-preserving No. 10 lymph node dissection needs to be tested in future studies.
From the perspective of operative experience, gastrectomy for GC should be performed
by specialist surgeons in high-throughput centers to minimize POCs and improve prog-
nosis [100]. The administration of preoperative chemotherapy to eliminate pre-existing
micrometastases may be a possible way to prevent them from progressing to detectable
lesions promoted by extensive surgical stress. Anti-adrenergic, anti-inflammatory, or
antithrombotic drugs are all commonly applied in clinical practice and have been widely
validated for their role in reducing surgical stress, which may also be applied in radical
gastrectomy [101–103]. Until further evidence is obtained through dedicated clinical
trials, when feasible propofol-based TIVA should be chosen with priority to inhalation
anesthesia, and it seems preferable to replace opiates with epidural anesthesia/analgesia
and/or NSAIDs for the suppression of postoperative pain and nociception [52,104]. In
addition, patient blood management (PBM) has been examined in radical gastrectomy
and was associated with a reduction in allogeneic blood transfusion rate and improve-
ment in postoperative outcomes, as well as possible survival benefits [105,106]. Finally,
along with the wide application of immunotherapy in clinical oncology and the opening
of research on therapies targeting metastasis, how extrapolate these strategies to the
perioperative period in GC patients deserves further investigation [35,107].

5. Conclusions

Radical gastrectomy is highly technically demanding, and patients undergoing this
procedure are inevitably exposed to many perioperative events, such as anesthesia, analge-
sia, intraoperative blood loss, POCs, transfusion and psychological stress. Ample preclinical
and clinical evidence suggests that perioperative events and their biological perturbations
can promote metastatic progression and impact the long-term survival of patients with
GC. The relationships between these events and GC recurrence are complex, and many of
them remain inconclusive and poorly understood. The results of these studies do not imply
that the current applied radical gastrectomy should be abandoned. In contrast, radical gas-
trectomy enables complete cure or long-term DFS of patients with locoregionally confined
GC, the hard-won results obtained from painstaking sequential RCTs. However, having
appreciated these perioperative events and their influence on the risk of GC recurrence and
the benefits of many perioperative interventions, physicians can now use this knowledge
to initiate urgently needed clinical trials to demonstrate their effects in GC and find inex-
pensive strategies that might substantially prevent the deleterious recurrence-promoting
effects of perioperative events, potentially increasing cancer-free survival in GC patients.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/cancers14143496/s1, Table S1: Clinical trials comparing effects
of different surgical approaches on long-term survival of patients with gastric cancer; Table S2:
Studies on effects of different anesthetic approaches and drugs on long-term survival of patients with
gastric cancer; Table S3: Meta-analyses of postoperative complications and prognosis of patients with
gastric cancer; Table S4: Studies on effects of anemia on long-term survival of patients with gastric
cancer; Table S5: Studies on effects of intraoperative blood loss on long-term survival of patients
with gastric cancer; Table S6: Meta-analyses of perioperative blood transfusion and prognosis of
gastric cancer [108–130].

Author Contributions: Writing—original draft preparation, X.Z. and X.K.; Review and editing, J.L.;
supervision, J.L. All authors have read and agreed to the published version of the manuscript.

Funding: This study was supported by Scientific Research Projects of Health Commission of Mi-
anyang City (202012).

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/article/10.3390/cancers14143496/s1
https://www.mdpi.com/article/10.3390/cancers14143496/s1


Cancers 2022, 14, 3496 11 of 16

References
1. Joshi, S.S.; Badgwell, B.D. Current treatment and recent progress in gastric cancer. CA Cancer J. Clin. 2021, 71, 264–279. [CrossRef]

[PubMed]
2. Ben-Eliyahu, S. Tumor excision as a metastatic Russian Roulette: Perioperative interventions to improve long-term survival of

cancer patients. Trends Cancer 2020, 6, 951–959. [CrossRef] [PubMed]
3. Li, J.; Zhang, Y.; Hu, D.M.; Gong, T.P.; Xu, R.; Gao, J. Impact of postoperative complications on long-term outcomes of patients

following surgery for gastric cancer: A systematic review and meta-analysis of 64 follow-up studies. Asian J. Surg. 2020, 43,
719–729. [CrossRef] [PubMed]

4. Agnes, A.; Lirosi, M.C.; Panunzi, S.; Santocchi, P.; Persiani, R.; D’Ugo, D. The prognostic role of perioperative allogeneic blood
transfusions in gastric cancer patients undergoing curative resection: A systematic review and meta-analysis of non-randomized,
adjusted studies. Eur. J. Surg. Oncol. 2018, 44, 404–419. [CrossRef] [PubMed]

5. Sun, C.; Wang, Y.; Yao, H.S.; Hu, Z.Q. Allogeneic blood transfusion and the prognosis of gastric cancer patients: Systematic
review and meta-analysis. Int. J. Surg. 2015, 13, 102–110. [CrossRef] [PubMed]

6. Li, L.; Zhu, D.; Chen, X.; Huang, Y.; Ouyang, M.; Zhang, W. Perioperative allogenenic blood transfusion is associated with
worse clinical outcome for patients undergoing gastric carcinoma surgery: A meta-analysis. Medicine 2015, 94, e1574. [CrossRef]
[PubMed]

7. Cuschieri, A.; Weeden, S.; Fielding, J.; Bancewicz, J.; Craven, J.; Joypaul, V.; Sydes, M.; Fayers, P. Patient survival after D1 and D2
resections for gastric cancer: Long-term results of the MRC randomized surgical trial. Surgical Co-operative Group. Br. J. Cancer
1999, 79, 1522–1530. [CrossRef] [PubMed]

8. Kurokawa, Y.; Sasako, M.; Sano, T.; Yoshikawa, T.; Iwasaki, Y.; Nashimoto, A.; Ito, S.; Kurita, A.; Mizusawa, J.; Nakamura, K.
Ten-year follow-up results of a randomized clinical trial comparing left thoracoabdominal and abdominal transhiatal approaches
to total gastrectomy for adenocarcinoma of the oesophagogastric junction or gastric cardia. Br. J. Surg. 2015, 102, 341–348.

9. Songun, I.; Putter, H.; Kranenbarg, E.M.; Sasako, M.; van de Velde, C.J. Surgical treatment of gastric cancer: 15-year follow-up
results of the randomised nationwide Dutch D1D2 trial. Lancet Oncol. 2010, 11, 439–449. [CrossRef]

10. Sasako, M.; Sano, T.; Yamamoto, S.; Kurokawa, Y.; Nashimoto, A.; Kurita, A.; Hiratsuka, M.; Tsujinaka, T.; Kinoshita, T.;
Arai, K.; et al. D2 lymphadenectomy alone or with para-aortic nodal dissection for gastric cancer. N. Engl. J. Med. 2008, 359,
453–462. [CrossRef]

11. Sano, T.; Sasako, M.; Mizusawa, J.; Yamamoto, S.; Katai, H.; Yoshikawa, T.; Nashimoto, A.; Ito, S.; Kaji, M.; Imamura, H.; et al.
Randomized controlled trial to evaluate splenectomy in total gastrectomy for proximal gastric carcinoma. Ann. Surg. 2017, 265,
277–283. [CrossRef] [PubMed]

12. Kurokawa, Y.; Doki, Y.; Mizusawa, J.; Terashima, M.; Katai, H.; Yoshikawa, T.; Kimura, Y.; Takiguchi, S.; Nishida, Y.;
Fukushima, N.; et al. Bursectomy versus omentectomy alone for resectable gastric cancer (JCOG1001): A phase 3, open-label,
randomised controlled trial. Lancet Gastroenterol. Hepatol. 2018, 3, 460–468. [CrossRef]

13. Yu, W.; Choi, G.S.; Chung, H.Y. Randomized clinical trial of splenectomy versus splenic preservation in patients with proximal
gastric cancer. Br. J. Surg. 2006, 93, 559–563. [CrossRef]

14. Katai, H.; Mizusawa, J.; Katayama, H.; Morita, S.; Yamada, T.; Bando, E.; Ito, S.; Takagi, M.; Takagane, A.; Teshima, S.; et al. Survival
outcomes after laparoscopy-assisted distal gastrectomy versus open distal gastrectomy with nodal dissection for clinical stage IA
or IB gastric cancer (JCOG0912): A multicentre, non-inferiority, phase 3 randomised controlled trial. Lancet Gastroenterol. Hepatol.
2020, 5, 142–151. [CrossRef]

15. Kim, H.H.; Han, S.U.; Kim, M.C.; Kim, W.; Lee, H.J.; Ryu, S.W.; Cho, G.S.; Kim, C.Y.; Yang, H.K.; Park, D.J.; et al. Effect of
laparoscopic distal gastrectomy vs open distal gastrectomy on long-term survival among patients with stage I gastric cancer: The
KLASS-01 randomized clinical trial. JAMA Oncol. 2019, 5, 506–513. [CrossRef]

16. Yu, J.; Huang, C.; Sun, Y.; Su, X.; Cao, H.; Hu, J.; Wang, K.; Suo, J.; Tao, K.; He, X.; et al. Effect of laparoscopic vs open distal
gastrectomy on 3-year disease-free survival in patients with locally advanced gastric cancer: The CLASS-01 Randomized Clinical
trial. JAMA 2019, 321, 1983–1992. [CrossRef]

17. Hyung, W.J.; Yang, H.K.; Park, Y.K.; Lee, H.J.; An, J.Y.; Kim, W.; Kim, H.I.; Kim, H.H.; Ryu, S.W.; Hur, H.; et al. Long-term
outcomes of laparoscopic distal gastrectomy for locally advanced gastric cancer: The KLASS-02-RCT randomized clinical trial.
J. Clin. Oncol. 2020, 38, 3304–3313. [CrossRef]

18. Sasako, M.; Sakuramoto, S.; Katai, H.; Kinoshita, T.; Furukawa, H.; Yamaguchi, T.; Nashimoto, A.; Fujii, M.; Nakajima, T.;
Ohashi, Y. Five-year outcomes of a randomized phase III trial comparing adjuvant chemotherapy with S-1 versus surgery alone
in stage II or III gastric cancer. J. Clin. Oncol. 2011, 29, 4387–4393. [CrossRef]

19. Tsuburaya, A.; Mizusawa, J.; Tanaka, Y.; Fukushima, N.; Nashimoto, A.; Sasako, M. Neoadjuvant chemotherapy with S-1 and
cisplatin followed by D2 gastrectomy with para-aortic lymph node dissection for gastric cancer with extensive lymph node
metastasis. Br. J. Surg. 2014, 101, 653–660. [CrossRef]

20. Wang, Y.; Yu, Y.Y.; Li, W.; Feng, Y.; Hou, J.; Ji, Y.; Sun, Y.H.; Shen, K.T.; Shen, Z.B.; Qin, X.Y.; et al. A phase II trial of Xeloda
and oxaliplatin (XELOX) neo-adjuvant chemotherapy followed by surgery for advanced gastric cancer patients with para-aortic
lymph node metastasis. Cancer Chemother. Pharmacol. 2014, 73, 1155–1161. [CrossRef]

21. Toriumi, T.; Terashima, M. Disadvantages of complete No. 10 lymph node dissection in gastric cancer and the possibility of
spleen-preserving dissection: Review. J. Gastric Cancer 2020, 20, 1–18. [CrossRef] [PubMed]

http://doi.org/10.3322/caac.21657
http://www.ncbi.nlm.nih.gov/pubmed/33592120
http://doi.org/10.1016/j.trecan.2020.06.004
http://www.ncbi.nlm.nih.gov/pubmed/32654993
http://doi.org/10.1016/j.asjsur.2019.10.007
http://www.ncbi.nlm.nih.gov/pubmed/31703889
http://doi.org/10.1016/j.ejso.2018.01.006
http://www.ncbi.nlm.nih.gov/pubmed/29398320
http://doi.org/10.1016/j.ijsu.2014.11.044
http://www.ncbi.nlm.nih.gov/pubmed/25486261
http://doi.org/10.1097/MD.0000000000001574
http://www.ncbi.nlm.nih.gov/pubmed/26426632
http://doi.org/10.1038/sj.bjc.6690243
http://www.ncbi.nlm.nih.gov/pubmed/10188901
http://doi.org/10.1016/S1470-2045(10)70070-X
http://doi.org/10.1056/NEJMoa0707035
http://doi.org/10.1097/SLA.0000000000001814
http://www.ncbi.nlm.nih.gov/pubmed/27280511
http://doi.org/10.1016/S2468-1253(18)30090-6
http://doi.org/10.1002/bjs.5353
http://doi.org/10.1016/S2468-1253(19)30332-2
http://doi.org/10.1001/jamaoncol.2018.6727
http://doi.org/10.1001/jama.2019.5359
http://doi.org/10.1200/JCO.20.01210
http://doi.org/10.1200/JCO.2011.36.5908
http://doi.org/10.1002/bjs.9484
http://doi.org/10.1007/s00280-014-2449-1
http://doi.org/10.5230/jgc.2020.20.e8
http://www.ncbi.nlm.nih.gov/pubmed/32269840


Cancers 2022, 14, 3496 12 of 16

22. Raa, S.T.; Oosterling, S.J.; van der Kaaij, N.P.; van den Tol, M.P.; Beelen, R.H.; Meijer, S.; van Eijck, C.H.; van der Sijp, J.R.;
van Egmond, M.; Jeekel, J. Surgery promotes implantation of disseminated tumor cells, but does not increase growth of tumor
cell clusters. J. Surg. Oncol. 2005, 92, 124–129. [CrossRef] [PubMed]

23. Hattori, T.; Hamai, Y.; Takiyama, W.; Hirai, T.; Ikeda, T. Enhancing effect of thoracotomy on tumor growth in rats with special
reference to the duration and timing of the operation. GANN Jpn. J. Cancer Res. 1980, 71, 280–284.

24. Montejano, J.; Jevtovic-Todorovic, V. Anesthesia and cancer, friend or foe? A narrative review. Front. Oncol. 2021, 11, 803266.
[CrossRef] [PubMed]

25. Wang, Y.; Wang, L.; Chen, H.; Xu, Y.; Zheng, X.; Wang, G. The effects of intra- and post-operative anaesthesia and analgesia choice
on outcome after gastric cancer resection: A retrospective study. Oncotarget 2017, 8, 62658–62665. [CrossRef] [PubMed]

26. Hiller, J.G.; Hacking, M.B.; Link, E.K.; Wessels, K.L.; Riedel, B.J. Perioperative epidural analgesia reduces cancer recurrence after
gastro-oesophageal surgery. Acta Anaesthesiol. Scand. 2014, 58, 281–290. [CrossRef]

27. Cummings, K.C., 3rd; Patel, M.; Htoo, P.T.; Bakaki, P.M.; Cummings, L.C.; Koroukian, S. A comparison of the effects of epidural
analgesia versus traditional pain management on outcomes after gastric cancer resection: A population-based study. Reg. Anesth.
Pain Med. 2014, 39, 200–207. [CrossRef]

28. Wang, J.; Guo, W.; Wu, Q.; Zhang, R.; Fang, J. Impact of combination epidural and general anesthesia on the long-term survival of
gastric cancer patients: A retrospective study. Med. Sci. Monit. 2016, 22, 2379–2385. [CrossRef]

29. Shin, S.; Kim, H.I.; Kim, N.Y.; Lee, K.Y.; Kim, D.W.; Yoo, Y.C. Effect of postoperative analgesia technique on the prognosis of
gastric cancer: A retrospective analysis. Oncotarget 2017, 8, 104594–104604. [CrossRef]

30. Pei, J.P.; Zhang, C.D.; Liang, Y.; Zhang, C.; Wu, K.Z.; Zhao, Z.M.; Dai, D.Q. Effects of epidural combined with general anesthesia
versus general anesthesia alone in gastric cancer surgery: A propensity score matching analysis. Ann. Transl. Med. 2020, 8, 473.
[CrossRef]

31. Zheng, X.; Wang, Y.; Dong, L.; Zhao, S.; Wang, L.; Chen, H.; Xu, Y.; Wang, G. Effects of propofol-based total intravenous anesthesia
on gastric cancer: A retrospective study. Onco. Targets. Ther. 2018, 11, 1141–1148. [CrossRef] [PubMed]

32. Huang, N.C.; Lee, M.S.; Lai, H.C.; Lin, H.T.; Huang, Y.H.; Lu, C.H.; Hsu, C.H.; Wu, Z.F. Propofol-based total intravenous
anesthesia improves survival compared to desflurane anesthesia in gastric cancer surgery: A retrospective analysis. Medicine
2020, 99, e20714. [CrossRef] [PubMed]

33. Oh, T.K.; Kim, H.H.; Jeon, Y.T. Retrospective analysis of 1-year mortality after gastric cancer surgery: Total intravenous anesthesia
versus volatile anesthesia. Acta Anaesthesiol. Scand. 2019, 63, 1169–1177. [CrossRef] [PubMed]

34. Hou, M.; Zhou, N.B.; Li, H.; Wang, B.S.; Wang, X.Q.; Wang, X.W.; Wang, K.G.; Xue, F.S. Morphine and ketamine inhibit immune
function of gastric cancer patients by increasing percentage of CD4(+)CD25(+)Foxp3(+) regulatory T cells in vitro. J. Surg. Res.
2016, 203, 306–312. [CrossRef] [PubMed]

35. Matzner, P.; Sandbank, E.; Neeman, E.; Zmora, O.; Gottumukkala, V.; Ben-Eliyahu, S. Harnessing cancer immunotherapy during
the unexploited immediate perioperative period. Nat. Rev. Clin. Oncol. 2020, 17, 313–326. [CrossRef] [PubMed]

36. Wang, S.; Xu, L.; Wang, Q.; Li, J.; Bai, B.; Li, Z.; Wu, X.; Yu, P.; Li, X.; Yin, J. Postoperative complications and prognosis after radical
gastrectomy for gastric cancer: A systematic review and meta-analysis of observational studies. World J. Surg. Oncol. 2019, 17, 52.
[CrossRef]

37. Eto, K.; Hiki, N.; Kumagai, K.; Shoji, Y.; Tsuda, Y.; Kano, Y.; Yasufuku, I.; Okumura, Y.; Tsujiura, M.; Ida, S.; et al. Prophylactic
effect of neoadjuvant chemotherapy in gastric cancer patients with postoperative complications. Gastric Cancer 2018, 21, 703–709.
[CrossRef]

38. Huang, X.Z.; Yang, Y.C.; Chen, Y.; Wu, C.C.; Lin, R.F.; Wang, Z.N.; Zhang, X. Preoperative anemia or low hemoglobin predicts
poor prognosis in gastric cancer patients: A meta-analysis. Dis. Markers 2019, 2019, 7606128. [CrossRef]

39. Xu, R.; Chen, X.D.; Ding, Z. Perioperative nutrition management for gastric cancer. Nutrition 2022, 93, 111492. [CrossRef]
40. Li, J.; Xu, R.; Hu, D.M.; Zhang, Y.; Gong, T.P.; Wu, X.L. Prognostic nutritional index predicts outcomes of patients after gastrectomy

for cancer: A Systematic review and meta-analysis of nonrandomized studies. Nutr. Cancer 2019, 71, 557–568. [CrossRef]
41. Huang, D.D.; Yu, D.Y.; Song, H.N.; Wang, W.B.; Luo, X.; Wu, G.F.; Yu, Z.; Liu, N.X.; Dong, Q.T.; Chen, X.L.; et al. The relationship

between the GLIM-defined malnutrition, body composition and functional parameters, and clinical outcomes in elderly patients
undergoing radical gastrectomy for gastric cancer. Eur. J. Surg. Oncol. 2021, 47, 2323–2331. [CrossRef] [PubMed]

42. Takagi, K.; Domagala, P.; Polak, W.G.; Buettner, S.; Wijnhoven, B.; Ijzermans, J. Prognostic significance of the controlling nutritional
status (CONUT) score in patients undergoing gastrectomy for gastric cancer: A systematic review and meta-analysis. BMC Surg.
2019, 19, 129. [CrossRef] [PubMed]

43. Buijs, N.; van Bokhorst-de van der Schueren, M.A.; Langius, J.A.; Leemans, C.R.; Kuik, D.J.; Vermeulen, M.A.; van Leeuwen, P.A.
Perioperative arginine-supplemented nutrition in malnourished patients with head and neck cancer improves long-term survival.
Am. J. Clin. Nutr. 2010, 92, 1151–1156. [CrossRef]

44. Holmgren, L.; O’Reilly, M.S.; Folkman, J. Dormancy of micrometastases: Balanced proliferation and apoptosis in the presence of
angiogenesis suppression. Nat. Med. 1995, 1, 149–153. [CrossRef]

45. Garg, M. Emerging roles of epithelial-mesenchymal plasticity in invasion-metastasis cascade and therapy resistance.
Cancer Metastasis Rev. 2022, 41, 131–145. [CrossRef] [PubMed]

46. Dongre, A.; Weinberg, R.A. New insights into the mechanisms of epithelial-mesenchymal transition and implications for cancer.
Nat. Rev. Mol. Cell Biol. 2019, 20, 69–84. [CrossRef]

http://doi.org/10.1002/jso.20273
http://www.ncbi.nlm.nih.gov/pubmed/16231370
http://doi.org/10.3389/fonc.2021.803266
http://www.ncbi.nlm.nih.gov/pubmed/35004329
http://doi.org/10.18632/oncotarget.16724
http://www.ncbi.nlm.nih.gov/pubmed/28977978
http://doi.org/10.1111/aas.12255
http://doi.org/10.1097/AAP.0000000000000079
http://doi.org/10.12659/MSM.899543
http://doi.org/10.18632/oncotarget.21979
http://doi.org/10.21037/atm.2020.03.127
http://doi.org/10.2147/OTT.S156792
http://www.ncbi.nlm.nih.gov/pubmed/29535538
http://doi.org/10.1097/MD.0000000000020714
http://www.ncbi.nlm.nih.gov/pubmed/32569207
http://doi.org/10.1111/aas.13414
http://www.ncbi.nlm.nih.gov/pubmed/31180151
http://doi.org/10.1016/j.jss.2016.02.031
http://www.ncbi.nlm.nih.gov/pubmed/27363637
http://doi.org/10.1038/s41571-019-0319-9
http://www.ncbi.nlm.nih.gov/pubmed/32066936
http://doi.org/10.1186/s12957-019-1593-9
http://doi.org/10.1007/s10120-017-0781-y
http://doi.org/10.1155/2019/7606128
http://doi.org/10.1016/j.nut.2021.111492
http://doi.org/10.1080/01635581.2019.1577986
http://doi.org/10.1016/j.ejso.2021.02.032
http://www.ncbi.nlm.nih.gov/pubmed/33712345
http://doi.org/10.1186/s12893-019-0593-6
http://www.ncbi.nlm.nih.gov/pubmed/31488105
http://doi.org/10.3945/ajcn.2010.29532
http://doi.org/10.1038/nm0295-149
http://doi.org/10.1007/s10555-021-10003-5
http://www.ncbi.nlm.nih.gov/pubmed/34978017
http://doi.org/10.1038/s41580-018-0080-4


Cancers 2022, 14, 3496 13 of 16

47. Németh, T.; Sperandio, M.; Mócsai, A. Neutrophils as emerging therapeutic targets. Nat. Rev. Drug Discov. 2020, 19, 253–275.
[CrossRef] [PubMed]

48. Haemmerle, M.; Stone, R.L.; Menter, D.G.; Afshar-Kharghan, V.; Sood, A.K. The platelet lifeline to cancer: Challenges and
opportunities. Cancer Cell 2018, 33, 965–983. [CrossRef]

49. Campbell, J.P.; Karolak, M.R.; Ma, Y.; Perrien, D.S.; Masood-Campbell, S.K.; Penner, N.L.; Munoz, S.A.; Zijlstra, A.; Yang, X.;
Sterling, J.A.; et al. Stimulation of host bone marrow stromal cells by sympathetic nerves promotes breast cancer bone metastasis
in mice. PLoS Biol. 2012, 10, e1001363. [CrossRef]

50. Kinoshita, T.; Goto, T. Links between inflammation and postoperative cancer recurrence. J. Clin. Med. 2021, 10, 228. [CrossRef]
51. Elinav, E.; Nowarski, R.; Thaiss, C.A.; Hu, B.; Jin, C.; Flavell, R.A. Inflammation-induced cancer: Crosstalk between tumours,

immune cells and microorganisms. Nat. Rev. Cancer 2013, 13, 759–771. [CrossRef] [PubMed]
52. Hiller, J.G.; Perry, N.J.; Poulogiannis, G.; Riedel, B.; Sloan, E.K. Perioperative events influence cancer recurrence risk after surgery.

Nat. Rev. Clin. Oncol. 2018, 15, 205–218. [CrossRef] [PubMed]
53. Saloman, J.L.; Albers, K.M.; Rhim, A.D.; Davis, B.M. Can stopping nerves, stop cancer. Trends Neurosci. 2016, 39, 880–889.

[CrossRef] [PubMed]
54. Chen, Z.; Zhang, P.; Xu, Y.; Yan, J.; Liu, Z.; Lau, W.B.; Lau, B.; Li, Y.; Zhao, X.; Wei, Y.; et al. Surgical stress and cancer progression:

The twisted tango. Mol. Cancer 2019, 18, 132. [CrossRef] [PubMed]
55. Zhang, X.; Zhang, Y.; He, Z.; Yin, K.; Li, B.; Zhang, L.; Xu, Z. Chronic stress promotes gastric cancer progression and metastasis:

An essential role for ADRB2. Cell Death Dis. 2019, 10, 788. [CrossRef] [PubMed]
56. Wang, Y.; Wang, S.; Yang, Q.; Li, J.; Yu, F.; Zhao, E. Norepinephrine enhances aerobic glycolysis and may act as a predictive factor

for immunotherapy in gastric cancer. J. Immunol. Res. 2021, 2021, 5580672. [CrossRef] [PubMed]
57. Zhi, X.; Li, B.; Li, Z.; Zhang, J.; Yu, J.; Zhang, L.; Xu, Z. Adrenergic modulation of AMPK-dependent autophagy by chronic stress

enhances cell proliferation and survival in gastric cancer. Int. J. Oncol. 2019, 54, 1625–1638. [CrossRef]
58. Koh, M.; Takahashi, T.; Kurokawa, Y.; Kobayashi, T.; Saito, T.; Ishida, T.; Serada, S.; Fujimoto, M.; Naka, T.; Wada, N.; et al.

Propranolol suppresses gastric cancer cell growth by regulating proliferation and apoptosis. Gastric Cancer 2021, 24, 1037–1049.
[CrossRef]

59. Lu, Y.J.; Geng, Z.J.; Sun, X.Y.; Li, Y.H.; Fu, X.B.; Zhao, X.Y.; Wei, B. Isoprenaline induces epithelial-mesenchymal transition in
gastric cancer cells. Mol. Cell. Biochem. 2015, 408, 1–13. [CrossRef]

60. Shan, T.; Cui, X.; Li, W.; Lin, W.; Li, Y.; Chen, X.; Wu, T. Novel regulatory program for norepinephrine-induced epithelial-
mesenchymal transition in gastric adenocarcinoma cell lines. Cancer Sci. 2014, 105, 847–856. [CrossRef]

61. Lu, Y.; Zhang, Y.; Zhao, H.; Li, Q.; Liu, Y.; Zuo, Y.; Xu, Q.; Zuo, H.; Li, Y.; Li, Y. Chronic stress model simulated by salbutamol
promotes tumorigenesis of gastric cancer cells through β2-AR/ERK/EMT pathway. J. Cancer 2022, 13, 401–412. [CrossRef]
[PubMed]

62. Shi, M.; Liu, D.; Duan, H.; Han, C.; Wei, B.; Qian, L.; Chen, C.; Guo, L.; Hu, M.; Yu, M.; et al. Catecholamine up-regulates MMP-7
expression by activating AP-1 and STAT3 in gastric cancer. Mol. Cancer 2010, 9, 269. [CrossRef]

63. Le, C.P.; Nowell, C.J.; Kim-Fuchs, C.; Botteri, E.; Hiller, J.G.; Ismail, H.; Pimentel, M.A.; Chai, M.G.; Karnezis, T.; Rotmensz, N.; et al.
Chronic stress in mice remodels lymph vasculature to promote tumour cell dissemination. Nat. Commun. 2016, 7, 10634. [CrossRef]
[PubMed]

64. Neeman, E.; Ben-Eliyahu, S. Surgery and stress promote cancer metastasis: New outlooks on perioperative mediating mechanisms
and immune involvement. Brain Behav. Immun. 2013, 30, S32–S40. [CrossRef] [PubMed]

65. Cole, S.W.; Nagaraja, A.S.; Lutgendorf, S.K.; Green, P.A.; Sood, A.K. Sympathetic nervous system regulation of the tumour
microenvironment. Nat. Rev. Cancer 2015, 15, 563–572. [CrossRef]

66. Chang, H.Y.; Nuyten, D.S.; Sneddon, J.B.; Hastie, T.; Tibshirani, R.; Sørlie, T.; Dai, H.; He, Y.D.; van’t Veer, L.J.; Bartelink, H.; et al.
Robustness, scalability, and integration of a wound-response gene expression signature in predicting breast cancer survival.
Proc. Natl. Acad. Sci. USA 2005, 102, 3738–3743. [CrossRef] [PubMed]

67. Huang, Y.; Chen, Y.; Zhu, Y.; Wu, Q.; Yao, C.; Xia, H.; Li, C. Postoperative Systemic Immune-Inflammation Index (SII): A superior
prognostic factor of endometrial cancer. Front. Surg. 2021, 8, 704235. [CrossRef]

68. Yasui, K.; Shida, D.; Nakamura, Y.; Ahiko, Y.; Tsukamoto, S.; Kanemitsu, Y. Postoperative, but not preoperative, inflammation-
based prognostic markers are prognostic factors in stage III colorectal cancer patients. Br. J. Cancer 2021, 124, 933–941. [CrossRef]

69. Cheng, W.; Liu, J.; Zhi, M.; Shen, D.; Shao, M.; Zhang, C.; Wang, G.; Jiang, Z. Stress and autonomic nerve dysfunction monitoring
in perioperative gastric cancer patients using a smart device. Ann. Noninvasive Electrocardiol. 2022, 27, e12903. [CrossRef]

70. Murdoch, C.; Muthana, M.; Coffelt, S.B.; Lewis, C.E. The role of myeloid cells in the promotion of tumour angiogenesis.
Nat. Rev. Cancer 2008, 8, 618–631. [CrossRef]

71. Carpinteri, S.; Sampurno, S.; Bernardi, M.P.; Germann, M.; Malaterre, J.; Heriot, A.; Chambers, B.A.; Mutsaers, S.E.; Lynch, A.C.;
Ramsay, R.G. Peritoneal tumorigenesis and inflammation are ameliorated by humidified-warm carbon dioxide insufflation in the
mouse. Ann. Surg. Oncol. 2015, 22 (Suppl. S3), S1540–S1547. [CrossRef] [PubMed]

72. Yu, G.; Tang, B.; Yu, P.W.; Peng, Z.H.; Qian, F.; Sun, G. Systemic and peritoneal inflammatory response after laparoscopic-
assisted gastrectomy and the effect of inflammatory cytokines on adhesion of gastric cancer cells to peritoneal mesothelial cells.
Surg. Endosc. 2010, 24, 2860–2870. [CrossRef] [PubMed]

http://doi.org/10.1038/s41573-019-0054-z
http://www.ncbi.nlm.nih.gov/pubmed/31969717
http://doi.org/10.1016/j.ccell.2018.03.002
http://doi.org/10.1371/journal.pbio.1001363
http://doi.org/10.3390/jcm10020228
http://doi.org/10.1038/nrc3611
http://www.ncbi.nlm.nih.gov/pubmed/24154716
http://doi.org/10.1038/nrclinonc.2017.194
http://www.ncbi.nlm.nih.gov/pubmed/29283170
http://doi.org/10.1016/j.tins.2016.10.002
http://www.ncbi.nlm.nih.gov/pubmed/27832915
http://doi.org/10.1186/s12943-019-1058-3
http://www.ncbi.nlm.nih.gov/pubmed/31477121
http://doi.org/10.1038/s41419-019-2030-2
http://www.ncbi.nlm.nih.gov/pubmed/31624248
http://doi.org/10.1155/2021/5580672
http://www.ncbi.nlm.nih.gov/pubmed/33855088
http://doi.org/10.3892/ijo.2019.4753
http://doi.org/10.1007/s10120-021-01184-7
http://doi.org/10.1007/s11010-015-2477-0
http://doi.org/10.1111/cas.12438
http://doi.org/10.7150/jca.65403
http://www.ncbi.nlm.nih.gov/pubmed/35069890
http://doi.org/10.1186/1476-4598-9-269
http://doi.org/10.1038/ncomms10634
http://www.ncbi.nlm.nih.gov/pubmed/26925549
http://doi.org/10.1016/j.bbi.2012.03.006
http://www.ncbi.nlm.nih.gov/pubmed/22504092
http://doi.org/10.1038/nrc3978
http://doi.org/10.1073/pnas.0409462102
http://www.ncbi.nlm.nih.gov/pubmed/15701700
http://doi.org/10.3389/fsurg.2021.704235
http://doi.org/10.1038/s41416-020-01189-6
http://doi.org/10.1111/anec.12903
http://doi.org/10.1038/nrc2444
http://doi.org/10.1245/s10434-015-4508-1
http://www.ncbi.nlm.nih.gov/pubmed/25794828
http://doi.org/10.1007/s00464-010-1067-1
http://www.ncbi.nlm.nih.gov/pubmed/20419322


Cancers 2022, 14, 3496 14 of 16

73. Ricon, I.; Hanalis-Miller, T.; Haldar, R.; Jacoby, R.; Ben-Eliyahu, S. Perioperative biobehavioral interventions to prevent cancer
recurrence through combined inhibition of β-adrenergic and cyclooxygenase 2 signaling. Cancer 2019, 125, 45–56. [CrossRef]
[PubMed]

74. Echizen, K.; Hirose, O.; Maeda, Y.; Oshima, M. Inflammation in gastric cancer: Interplay of the COX-2/prostaglandin E2 and
Toll-like receptor/MyD88 pathways. Cancer Sci. 2016, 107, 391–397. [CrossRef] [PubMed]

75. Wong, C.C.; Kang, W.; Xu, J.; Qian, Y.; Luk, S.; Chen, H.; Li, W.; Zhao, L.; Zhang, X.; Chiu, P.W.; et al. Prostaglandin E(2) induces
DNA hypermethylation in gastric cancer in vitro and in vivo. Theranostics 2019, 9, 6256–6268. [CrossRef]

76. Ruan, D.; So, S.P. Prostaglandin E2 produced by inducible COX-2 and mPGES-1 promoting cancer cell proliferation in vitro and
in vivo. Life Sci. 2014, 116, 43–50. [CrossRef]

77. Li, T.; Zhang, Q.; Jiang, Y.; Yu, J.; Hu, Y.; Mou, T.; Chen, G.; Li, G. Gastric cancer cells inhibit natural killer cell proliferation and
induce apoptosis via prostaglandin E2. Oncoimmunology 2016, 5, e1069936. [CrossRef]

78. Takaya, S.; Saito, H.; Ikeguchi, M. Upregulation of immune checkpoint molecules, PD-1 and LAG-3, on CD4+ and CD8+ T cells
after gastric cancer surgery. Yonago Acta. Med. 2015, 58, 39–44.

79. Zhang, Q.; Shan, F.; Li, Z.; Gao, J.; Li, Y.; Shen, L.; Ji, J.; Lu, M. A prospective study on the changes and clinical significance of
pre-operative and post-operative circulating tumor cells in resectable gastric cancer. J. Transl. Med. 2018, 16, 171. [CrossRef]

80. Hayashi, K.; Jiang, P.; Yamauchi, K.; Yamamoto, N.; Tsuchiya, H.; Tomita, K.; Moossa, A.R.; Bouvet, M.; Hoffman, R.M. Real-time
imaging of tumor-cell shedding and trafficking in lymphatic channels. Cancer Res. 2007, 67, 8223–8228. [CrossRef]

81. Tvedskov, T.F.; Jensen, M.B.; Kroman, N.; Balslev, E. Iatrogenic displacement of tumor cells to the sentinel node after surgical
excision in primary breast cancer. Breast Cancer Res. Treat. 2012, 131, 223–229. [CrossRef] [PubMed]

82. Greco, K.V.; Lara, P.F.; Oliveira-Filho, R.M.; Greco, R.V.; Sudo-Hayashi, L.S. Lymphatic regeneration across an incisional wound:
Inhibition by dexamethasone and aspirin, and acceleration by a micronized purified flavonoid fraction. Eur. J. Pharmacol. 2006,
551, 131–142. [CrossRef] [PubMed]

83. Sasako, M.; Sano, T.; Yamamoto, S.; Sairenji, M.; Arai, K.; Kinoshita, T.; Nashimoto, A.; Hiratsuka, M. Left thoracoabdominal
approach versus abdominal-transhiatal approach for gastric cancer of the cardia or subcardia: A randomised controlled trial.
Lancet Oncol. 2006, 7, 644–651. [CrossRef]

84. Soltanizadeh, S.; Degett, T.H.; Gögenur, I. Outcomes of cancer surgery after inhalational and intravenous anesthesia: A systematic
review. J. Clin. Anesth. 2017, 42, 19–25. [CrossRef]

85. Tavare, A.N.; Perry, N.J.; Benzonana, L.L.; Takata, M.; Ma, D. Cancer recurrence after surgery: Direct and indirect effects of
anesthetic agents. Int. J. Cancer 2012, 130, 1237–1250. [CrossRef]

86. Zhang, H.; Zhou, D.; Gu, J.; Qu, M.; Guo, K.; Chen, W.; Miao, C. Targeting the mu-Opioid Receptor for Cancer Treatment.
Curr. Oncol. Rep. 2021, 23, 111. [CrossRef]

87. Carli, M.; Donnini, S.; Pellegrini, C.; Coppi, E.; Bocci, G. Opioid receptors beyond pain control: The role in cancer pathology and
the debated importance of their pharmacological modulation. Pharmacol. Res. 2020, 159, 104938. [CrossRef]

88. Shimizu, S.; Saito, H.; Kono, Y.; Murakami, Y.; Shishido, Y.; Miyatani, K.; Matsunaga, T.; Fukumoto, Y.; Fujiwara, Y. The
prognostic significance of the comprehensive complication index in patients with gastric cancer. Surg. Today 2019, 49,
913–920. [CrossRef]

89. Vicente, D.; Ikoma, N.; Chiang, Y.J.; Fournier, K.; Tzeng, C.D.; Song, S.; Mansfield, P.; Ajani, J.; Badgwell, B.D. Preoperative
therapy for gastric adenocarcinoma is protective for poor oncologic outcomes in patients with complications after gastrectomy.
Ann. Surg. Oncol. 2018, 25, 2720–2730. [CrossRef]

90. Jin, L.X.; Sanford, D.E.; Squires, M.H., 3rd; Moses, L.E.; Yan, Y.; Poultsides, G.A.; Votanopoulos, K.I.; Weber, S.M.; Bloomston, M.;
Pawlik, T.M.; et al. Interaction of postoperative morbidity and receipt of adjuvant therapy on long-term survival after resection
for gastric adenocarcinoma: Results from the U.S. Gastric Cancer Collaborative. Ann. Surg. Oncol. 2016, 23, 2398–2408. [CrossRef]

91. Li, S.S.; Udelsman, B.V.; Parikh, A.; Klempner, S.J.; Clark, J.W.; Roeland, E.J.; Wo, J.Y.; Hong, T.S.; Mullen, J.T. Impact of
postoperative complication and completion of multimodality therapy on survival in patients undergoing gastrectomy for
advanced gastric cancer. J. Am. Coll. Surg. 2020, 230, 912–924. [CrossRef] [PubMed]

92. Eguchi, T.; Kodera, Y.; Nakanishi, H.; Yokoyama, H.; Ohashi, N.; Ito, Y.; Nakayama, G.; Koike, M.; Fujiwara, M.; Nakao, A. The
effect of chemotherapy against micrometastases and isolated tumor cells in lymph nodes: An in vivo study. In Vivo 2008, 22,
707–712.

93. Jing, X.; Yang, F.; Shao, C.; Wei, K.; Xie, M.; Shen, H.; Shu, Y. Role of hypoxia in cancer therapy by regulating the tumor
microenvironment. Mol. Cancer 2019, 18, 157. [CrossRef] [PubMed]

94. Misawa, K.; Kurokawa, Y.; Mizusawa, J.; Takiguchi, S.; Doki, Y.; Makino, S.; Choda, Y.; Takeno, A.; Tokunaga, M.; Sano, T.; et al.
Negative impact of intraoperative blood loss on long-term outcome after curative gastrectomy for advanced gastric cancer:
Exploratory analysis of the JCOG1001 phase III trial. Gastric Cancer 2021, 25, 459–467. [CrossRef]

95. Nakanishi, K.; Kanda, M.; Kodera, Y. Long-lasting discussion: Adverse effects of intraoperative blood loss and allogeneic
transfusion on prognosis of patients with gastric cancer. World J. Gastroenterol. 2019, 25, 2743–2751. [CrossRef] [PubMed]

96. Goubran, H.; Sheridan, D.; Radosevic, J.; Burnouf, T.; Seghatchian, J. Transfusion-related immunomodulation and cancer.
Transfus. Apher. Sci. 2017, 56, 336–340. [CrossRef]

97. Huhmann, M.B.; August, D.A. Perioperative nutrition support in cancer patients. Nutr. Clin. Pract. 2012, 27, 586–592. [CrossRef]

http://doi.org/10.1002/cncr.31594
http://www.ncbi.nlm.nih.gov/pubmed/30291805
http://doi.org/10.1111/cas.12901
http://www.ncbi.nlm.nih.gov/pubmed/27079437
http://doi.org/10.7150/thno.35766
http://doi.org/10.1016/j.lfs.2014.07.042
http://doi.org/10.1080/2162402X.2015.1069936
http://doi.org/10.1186/s12967-018-1544-1
http://doi.org/10.1158/0008-5472.CAN-07-1237
http://doi.org/10.1007/s10549-011-1720-y
http://www.ncbi.nlm.nih.gov/pubmed/21850395
http://doi.org/10.1016/j.ejphar.2006.08.090
http://www.ncbi.nlm.nih.gov/pubmed/17045986
http://doi.org/10.1016/S1470-2045(06)70766-5
http://doi.org/10.1016/j.jclinane.2017.08.001
http://doi.org/10.1002/ijc.26448
http://doi.org/10.1007/s11912-021-01107-w
http://doi.org/10.1016/j.phrs.2020.104938
http://doi.org/10.1007/s00595-019-01828-3
http://doi.org/10.1245/s10434-018-6638-8
http://doi.org/10.1245/s10434-016-5121-7
http://doi.org/10.1016/j.jamcollsurg.2019.12.038
http://www.ncbi.nlm.nih.gov/pubmed/32035978
http://doi.org/10.1186/s12943-019-1089-9
http://www.ncbi.nlm.nih.gov/pubmed/31711497
http://doi.org/10.1007/s10120-021-01266-6
http://doi.org/10.3748/wjg.v25.i22.2743
http://www.ncbi.nlm.nih.gov/pubmed/31235997
http://doi.org/10.1016/j.transci.2017.05.019
http://doi.org/10.1177/0884533612455203


Cancers 2022, 14, 3496 15 of 16

98. Hakkenbrak, N.; Jansma, E.P.; van der Wielen, N.; van der Peet, D.L.; Straatman, J. Laparoscopic versus open distal gastrectomy
for gastric cancer: A systematic review and meta-analysis. Surgery 2022, 171, 1552–1561. [CrossRef]

99. Kim, Y.M.; Hyung, W.J. Current status of robotic gastrectomy for gastric cancer: Comparison with laparoscopic gastrectomy.
Updates Surg. 2021, 73, 853–863. [CrossRef]

100. Claassen, Y.; van Amelsfoort, R.M.; Hartgrink, H.H.; Dikken, J.L.; de Steur, W.O.; van Sandick, J.W.; van Grieken, N.; Cats, A.;
Boot, H.; Trip, A.K.; et al. Effect of hospital volume with respect to performing gastric cancer resection on recurrence and survival:
Results from the CRITICS trial. Ann. Surg. 2019, 270, 1096–1102. [CrossRef]

101. Liao, P.; Song, K.; Zhu, Z.; Liu, Z.; Zhang, W.; Li, W.; Hu, J.; Hu, Q.; Chen, C.; Chen, B.; et al. Propranolol suppresses the growth
of colorectal cancer through simultaneously activating autologous CD8(+) T cells and inhibiting tumor AKT/MAPK pathway.
Clin. Pharmacol. Ther. 2020, 108, 606–615. [CrossRef] [PubMed]

102. Haldar, R.; Ricon-Becker, I.; Radin, A.; Gutman, M.; Cole, S.W.; Zmora, O.; Ben-Eliyahu, S. Perioperative COX2 and β-adrenergic
blockade improves biomarkers of tumor metastasis, immunity, and inflammation in colorectal cancer: A randomized controlled
trial. Cancer 2020, 126, 3991–4001. [CrossRef] [PubMed]

103. Glasner, A.; Avraham, R.; Rosenne, E.; Benish, M.; Zmora, O.; Shemer, S.; Meiboom, H.; Ben-Eliyahu, S. Improving survival rates
in two models of spontaneous postoperative metastasis in mice by combined administration of a beta-adrenergic antagonist and
a cyclooxygenase-2 inhibitor. J. Immunol. 2010, 184, 2449–2457. [CrossRef] [PubMed]

104. Missair, A.; Cata, J.P.; Votta-Velis, G.; Johnson, M.; Borgeat, A.; Tiouririne, M.; Gottumukkala, V.; Buggy, D.; Vallejo, R.;
Marrero, E.B.; et al. Impact of perioperative pain management on cancer recurrence: An ASRA/ESRA special article. Reg. Anesth.
Pain. Med. 2019, 44, 13–28. [CrossRef]

105. Osorio, J.; Jericó, C.; Miranda, C.; Santamaría, M.; Artigau, E.; Galofré, G.; Garsot, E.; Luna, A.; Puértolas, N.; Aldeano, A.; et al.
Improved postoperative outcomes and reduced transfusion rates after implementation of a Patient Blood Management program
in gastric cancer surgery. Eur. J. Surg. Oncol. 2021, 47, 1449–1457. [CrossRef]

106. Keding, V.; Zacharowski, K.; Bechstein, W.O.; Meybohm, P.; Schnitzbauer, A.A. Patient Blood Management improves outcome in
oncologic surgery. World J. Surg. Oncol. 2018, 16, 159. [CrossRef]

107. Fidler, I.J.; Kripke, M.L. The challenge of targeting metastasis. Cancer Metastasis Rev. 2015, 34, 635–641. [CrossRef]
108. Cuschieri, A.; Fayers, P.; Fielding, J.; Craven, J.; Bancewicz, J.; Joypaul, V.; Cook, P. Postoperative morbidity and mortality after

D1 and D2 resections for gastric cancer: Preliminary results of the MRC randomised controlled surgical trial. The Surgical
Cooperative Group. Lancet 1996, 347, 995–999. [CrossRef]

109. Bonenkamp, J.J.; Hermans, J.; Sasako, M.; van de Velde, C.J.; Welvaart, K.; Songun, I.; Meyer, S.; Plukker, J.T.; Van Elk, P.;
Obertop, H.; et al. Extended lymph-node dissection for gastric cancer. N. Engl. J. Med. 1999, 340, 908–914. [CrossRef]

110. Sano, T.; Sasako, M.; Yamamoto, S.; Nashimoto, A.; Kurita, A.; Hiratsuka, M.; Tsujinaka, T.; Kinoshita, T.; Arai, K.;
Yamamura, Y.; et al. Gastric cancer surgery: Morbidity and mortality results from a prospective randomized controlled trial
comparing D2 and extended para-aortic lymphadenectomy–Japan Clinical Oncology Group study 9501. J. Clin. Oncol. 2004, 22,
2767–2773. [CrossRef]

111. Kim, W.; Kim, H.H.; Han, S.U.; Kim, M.C.; Hyung, W.J.; Ryu, S.W.; Cho, G.S.; Kim, C.Y.; Yang, H.K.; Park, D.J.; et al. Decreased
morbidity of laparoscopic distal gastrectomy compared with open distal gastrectomy for stage I gastric cancer: Short-term
outcomes from a multicenter randomized controlled trial (KLASS-01). Ann. Surg. 2016, 263, 28–35. [CrossRef] [PubMed]

112. Hu, Y.; Huang, C.; Sun, Y.; Su, X.; Cao, H.; Hu, J.; Xue, Y.; Suo, J.; Tao, K.; He, X.; et al. Morbidity and mortality of laparoscopic
versus open D2 distal gastrectomy for advanced gastric cancer: A randomized controlled trial. J. Clin. Oncol. 2016, 34, 1350–1357.
[CrossRef] [PubMed]

113. Jiang, J.; Ouyang, J.; Liu, S.; Chen, J.; Zhang, H.; Wang, C.; Wu, W.; Zhang, C.; He, Y. The prognostic impact of pretreatment anemia
in patients with gastric cancer and nonhypoalbuminemia undergoing curative resection: A retrospective study. Ann. Transl. Med.
2021, 9, 1046. [CrossRef] [PubMed]

114. Liu, X.; Qiu, H.; Huang, Y.; Xu, D.; Li, W.; Li, Y.; Chen, Y.; Zhou, Z.; Sun, X. Impact of preoperative anemia on outcomes in patients
undergoing curative resection for gastric cancer: A single-institution retrospective analysis of 2163 Chinese patients. Cancer Med.
2018, 7, 360–369. [CrossRef]

115. Wang, S.L.; Ma, L.L.; Chen, X.Y.; Zhou, D.L.; Li, B.; Huang, D.D.; Yu, Z.; Shen, X.; Zhuang, C.L. Impact of visceral fat on surgical
complications and long-term survival of patients with gastric cancer after radical gastrectomy. Eur. J. Clin. Nutr. 2018, 72, 436–445.
[CrossRef]

116. Chen, L.; Yan, Y.; Zhu, L.; Cong, X.; Li, S.; Song, S.; Song, H.; Xue, Y. Systemic immune-inflammation index as a useful prognostic
indicator predicts survival in patients with advanced gastric cancer treated with neoadjuvant chemotherapy. Cancer Manag. Res.
2017, 9, 849–867. [CrossRef]

117. Xue, F.; Lin, F.; Yin, M.; Feng, N.; Zhang, X.; Cui, Y.G.; Yi, Y.P.; Kong, X.Y.; Chen, X.; Liu, W.Z. Preoperative albumin/globulin ratio
is a potential prognosis predicting biomarker in patients with resectable gastric cancer. Turk. J. Gastroenterol. 2017, 28, 439–445.
[CrossRef]

118. Wu, G.; Zhang, D.Y.; Duan, Y.H.; Zhang, Y.Q.; Cui, X.N.; Luo, Z. Correlations of hemoglobin level and perioperative blood
transfusion with the prognosis of gastric cancer: A retrospective study. Med. Sci. Monit. 2017, 23, 2470–2478. [CrossRef]

119. Lee, J.W.; Lee, M.S.; Chung, I.K.; Son, M.W.; Cho, Y.S.; Lee, S.M. Clinical implication of FDG uptake of bone marrow on PET/CT
in gastric cancer patients with surgical resection. World J. Gastroenterol. 2017, 23, 2385–2395. [CrossRef]

http://doi.org/10.1016/j.surg.2021.11.035
http://doi.org/10.1007/s13304-020-00958-5
http://doi.org/10.1097/SLA.0000000000002940
http://doi.org/10.1002/cpt.1894
http://www.ncbi.nlm.nih.gov/pubmed/32418204
http://doi.org/10.1002/cncr.32950
http://www.ncbi.nlm.nih.gov/pubmed/32533792
http://doi.org/10.4049/jimmunol.0903301
http://www.ncbi.nlm.nih.gov/pubmed/20124103
http://doi.org/10.1136/rapm-2018-000001
http://doi.org/10.1016/j.ejso.2020.11.129
http://doi.org/10.1186/s12957-018-1456-9
http://doi.org/10.1007/s10555-015-9586-9
http://doi.org/10.1016/S0140-6736(96)90144-0
http://doi.org/10.1056/NEJM199903253401202
http://doi.org/10.1200/JCO.2004.10.184
http://doi.org/10.1097/SLA.0000000000001346
http://www.ncbi.nlm.nih.gov/pubmed/26352529
http://doi.org/10.1200/JCO.2015.63.7215
http://www.ncbi.nlm.nih.gov/pubmed/26903580
http://doi.org/10.21037/atm-21-1649
http://www.ncbi.nlm.nih.gov/pubmed/34422958
http://doi.org/10.1002/cam4.1309
http://doi.org/10.1038/s41430-017-0032-7
http://doi.org/10.2147/CMAR.S151026
http://doi.org/10.5152/tjg.2017.17167
http://doi.org/10.12659/MSM.900907
http://doi.org/10.3748/wjg.v23.i13.2385


Cancers 2022, 14, 3496 16 of 16

120. Eo, W.K.; Jeong, D.W.; Chang, H.J.; Won, K.Y.; Choi, S.I.; Kim, S.H.; Chun, S.W.; Oh, Y.L.; Lee, T.H.; Kim, Y.O.; et al. Absolute
monocyte and lymphocyte count prognostic score for patients with gastric cancer. World J. Gastroenterol. 2015, 21, 2668–2676.
[CrossRef]

121. Rausei, S.; Ruspi, L.; Galli, F.; Tirotta, F.; Inversini, D.; Frattini, F.; Chiappa, C.; Rovera, F.; Boni, L.; Dionigi, G.; et al. Peri-operative
blood transfusion in gastric cancer surgery: Prognostic or confounding factor. Int. J. Surg. 2013, 11 (Suppl. 1), S100–S103.
[CrossRef]

122. Mohri, Y.; Tanaka, K.; Ohi, M.; Yokoe, T.; Miki, C.; Kusunoki, M. Prognostic significance of host- and tumor-related factors in
patients with gastric cancer. World J. Surg. 2010, 34, 285–290. [CrossRef] [PubMed]

123. Shen, J.G.; Cheong, J.H.; Hyung, W.J.; Kim, J.; Choi, S.H.; Noh, S.H. Pretreatment anemia is associated with poorer survival in
patients with stage I and II gastric cancer. J. Surg. Oncol. 2005, 91, 126–130. [CrossRef] [PubMed]

124. Hayashi, M.; Yoshikawa, T.; Yura, M.; Otsuki, S.; Yamagata, Y.; Morita, S.; Katai, H.; Nishida, T. Intraoperative blood loss as
an independent prognostic factor for curative resection after neoadjuvant chemotherapy for gastric cancer: A single-center
retrospective cohort study. Surg. Today 2021, 51, 293–302. [CrossRef]

125. Tamagawa, H.; Aoyama, T.; Kano, K.; Numata, M.; Atsumi, Y.; Hara, K.; Kazama, K.; Koumori, K.; Murakawa, M.;
Hashimoto, I.; et al. The impact of intraoperative blood loss on the long-term prognosis after curative resection for borrmann
type IV gastric cancer: A retrospective multicenter study. Anticancer Res. 2020, 40, 405–412. [CrossRef]

126. Zhao, B.; Huang, X.; Lu, H.; Zhang, J.; Luo, R.; Xu, H.; Huang, B. Intraoperative blood loss does not independently affect the
survival outcome of gastric cancer patients who underwent curative resection. Clin. Transl. Oncol. 2019, 21, 1197–1206. [CrossRef]

127. Ito, Y.; Kanda, M.; Ito, S.; Mochizuki, Y.; Teramoto, H.; Ishigure, K.; Murai, T.; Asada, T.; Ishiyama, A.; Matsushita, H.; et al.
Intraoperative blood loss is associated with shortened postoperative survival of patients with stage II/III gastric cancer: Analysis
of a multi-institutional dataset. World J. Surg. 2019, 43, 870–877. [CrossRef]

128. Nizuno, A.; Kanda, M.; Kobayashi, D.; Tanaka, C.; Iwata, N.; Yamada, S.; Fujii, T.; Nakayama, G.; Sugimoto, H.; Koike, M.; et al.
Adverse effects of intraoperative blood loss on long-term outcomes after curative gastrectomy of patients with stage II/III gastric
cancer. Dig. Surg. 2016, 33, 121–128.

129. Ishino, Y.; Saigusa, S.; Ohi, M.; Yasuda, H.; Tanaka, K.; Toiyama, Y.; Mohri, Y.; Kusunoki, M. Preoperative C-reactive protein
and operative blood loss predict poor prognosis in patients with gastric cancer after laparoscopy-assisted gastrectomy. Asian J.
Endosc. Surg. 2014, 7, 287–294. [CrossRef]

130. Liang, Y.X.; Guo, H.H.; Deng, J.Y.; Wang, B.G.; Ding, X.W.; Wang, X.N.; Zhang, L.; Liang, H. Impact of intraoperative blood loss
on survival after curative resection for gastric cancer. World J. Gastroenterol. 2013, 19, 5542–5550. [CrossRef]

http://doi.org/10.3748/wjg.v21.i9.2668
http://doi.org/10.1016/S1743-9191(13)60027-8
http://doi.org/10.1007/s00268-009-0302-1
http://www.ncbi.nlm.nih.gov/pubmed/19997918
http://doi.org/10.1002/jso.20272
http://www.ncbi.nlm.nih.gov/pubmed/16028285
http://doi.org/10.1007/s00595-020-02114-3
http://doi.org/10.21873/anticanres.13967
http://doi.org/10.1007/s12094-019-02046-6
http://doi.org/10.1007/s00268-018-4834-0
http://doi.org/10.1111/ases.12126
http://doi.org/10.3748/wjg.v19.i33.5542

	Introduction 
	Perioperative Events and Prognosis of GC Patients 
	Radical Gastrectomy 
	Anesthesia and/or Analgesia 
	POCs 
	Anemia, Intraoperative Blood Loss and Blood Transfusion 
	Malnutrition and Nutritional Support 

	Mechanisms Underlying the Increased Recurrence Rate Resulting from Perioperative Events 
	Perioperative Events Involved in Each Step of the Invasion-Metastasis Cascade 
	Physiological Responses to Perioperative Events 
	Activation of Neural Signaling 
	Activation of Inflammatory Responses 
	Suppression of Anticancer Immunity 

	Individual Event Aspects Affecting Recurrence 
	Radical Gastrectomy 
	Anesthetic and Analgesic Drugs 
	POCs 
	Anemia, Hemorrhage and Blood Transfusion 
	Malnutrition and Nutritional Support 


	Perspectives on Translating Therapy 
	Conclusions 
	References

