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Simple Summary: Opioids are one of the therapeutic and palliative options for breast cancer, a
tumor with a strong epidemiological impact. Studies have been extensively reported in the literature
that show a connection between the administration of opioids and the recurrence of the disease, both
during surgery and subsequently in the management of cancer pain. This argument, in consideration
of the strong impact of this cancer, is of great interest. Therefore, we decided, through the study of
the existing literature, to describe the state of the art on this topic, to outline the best therapeutic
approach to be adopted in these delicate patients.

Abstract: Breast cancer has the greatest epidemiological impact in women. Opioids represent the
most prescribed analgesics, both in surgical time and in immediate postoperative period, as well as in
chronic pain management as palliative care. We made a systematic review analyzing the literature’s
evidence about the safety of opioids in breast cancer treatment, focusing our attention on the link
between opioid administration and increased relapses. The research has been conducted using
the PubMed database. Preclinical studies, retrospective and prospective clinical studies, review
articles and original articles were analyzed. In the literature, there are several preclinical in vitro and
in vivo studies, suggesting a possible linkage between opioids administration and progression of
cancer disease. Nevertheless, these results are not confirmed by clinical studies. The most recent
evidence reassures the safety of opioids during surgical time as analgesic associated with anesthetics
drugs, during postoperative period for optimal cancer-related pain management and in chronic use.
Currently, there is controversial evidence suggesting a possible impact of opioids on breast cancer
progression, but to date, it remains an unresolved issue. Although there is no conclusive evidence,
we hope to arouse interest in the scientific community to always ensure the best standards of care for
these patients.

Keywords: opioids; anesthesia; breast cancer; breast cancer surgery; breast cancer recurrence

1. Introduction

Breast cancer has the greatest epidemiological impact in women, affecting 2.1 million
women each year, and it is responsible for the major cancer-related deaths among women.
In 2020, there were 2.3 million women diagnosed with breast cancer and 685,000 deaths
globally, meaning approximately 15% of all female cancer deaths [1]. For the treatment
of breast cancer, the crucial therapeutic moment is the surgery time, despite the several
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therapeutic options available to date. Paradoxically, the perioperative time is a very deli-
cate moment because of the risk of metastasis development [2]. The perioperative period
includes three moments: a pre-operative period corresponding to a few preoperative
hours, an intraoperative period and a postoperative period consisting of several days after
surgical treatment [3]. Three surgical factors favor the process of initiation and progres-
sion of residual tumoral cells: firstly, surgery itself, because the surgical manipulation
may inadvertently scatter residual cancer cells into the bloodstream and lymphatic circu-
lation [3,4] and determines a state of immunosuppression by depressing cell-mediated
immunity (CMI). In addition, surgery shifts the balance towards angiogenesis, increasing
vascular endothelial growth factor (VEGF) and other several growth factors and reducing
antiangiogenic factors such as angiostatin and endostatin [5]. Secondly, general anesthetics
contribute to impair immune functions for macrophages, dendritic cells, T lymphocytes
and NK cells [6]. Thirdly, there is evidence in the literature that the use of opioid analgesics
could inhibit immune function, angiogenesis, and tumor growth [7].

The combination of surgical stress and anesthesia causes a suppression of immune
defense mechanisms in the perioperative period [8,9], which occurs within a few hours
during surgery and lasts for several days [3,10].

Opioids represent the most prescribed analgesics in cancer patients, both in surgical
time and in the immediate postoperative period, but they also have a central role in chronic
pain management and at end-of-life as palliative care.

The use of opioid drugs is necessary when cancer pain is moderate or intense and the
choice of the appropriate opioid depends on the intensity of the pain, clinical status of the
patient, nociceptive component (somatic, visceral, or neuropathic), presence of metastases
and type of tumor [11,12].

The reference opioid to treating cancer pain is morphine in all its formulations; it is
still today the first choice to control moderate–severe cancer pain because it has effective
and good pain control, absence of a ceiling effect and a low toxicity profile.

In mild pain, it is recommended to start treatment with weak opioids (codeine and
tramadol) while when the intensity of pain increases, the clinical choice is on stronger
opioids: fentanyl, buprenorphine, oxycodone, hydromorphone, buprenorphine [13]. In
the literature, there is controversial evidence suggesting a possible impact of opioids on
cancer progression. To date, whether opioids could favor cancer recurrence or metasta-
sis is still an unresolved issue. Moreover, most studies investigated the hypothesis that
regional anesthesia/analgesia in cancer surgery could reduce the cancer recurrence rate
compared with general anesthesia alone. Indeed, regional anesthesia prevents the neuroen-
docrine stress response by interrupting both afferent neural transmissions to the central
nervous system and descending efferent activation of the sympathetic nervous system
(SNS). Thereby, regional anesthesia decreases endogenous opioids’ secretion and the re-
quirement of opioid administration, reducing the opioid-induced immune suppression [14].
There are no sufficient data to support or refute the use of regional anesthesia technique,
such as paravertebral block (PVB), for the reduction of cancer recurrence or improvement
in cancer-related survival. However, PVB seems to be associated with lower levels of
inflammation and a better immune response in comparison with general anesthesia and
opioid-based analgesia [15].

The aim of this systematic review is to trace the main evidence regarding the risks of
opioids in cancer patients’ treatment to identify the most recent accredited theory, paying
particular attention to the risk of recurrence of the disease. In fact, additional aims are to
investigate the influence of opioids on the immune system cells activity, on the process of
angiogenesis and on cell proliferation/death to better understand the role of opioids in the
tumorigenesis process.
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2. Materials and Methods

This systematic review was conducted according to the PRISMA guidelines with
adherence to all items except those related to the conduction of a meta-analysis (#15, #16,
#21 and #23) [16].

2.1. Eligibility Criteria

The study question was structured according to PICO (Population: patients under-
going breast cancer surgery; Intervention: primary cancer surgery with or without use
of opioids; Comparison: perioperative and/or chronic use of opioids vs. not; Outcome:
overall mortality and overall free survival). All human and animal in vitro and in vivo
studies meeting the PICO criteria were eligible for inclusion. Language was limited to
English. No limitations were set on study design or publication year.

2.2. Study Collection and Selection

A systematic search has been conducted in the PubMed database and was updated un-
til August 2021. The keywords used for the search were: “opioids” or “opioids anesthesia”,
“opioids analgesia”, “general anesthesia” and “regional anesthesia” and “breast cancer”,
“breast cancer recurrence” and “breast cancer outcomes”. Based on these terms, preclinical
studies, retrospective and prospective clinical studies, review articles and original articles of
interest were analyzed regarding perioperative and chronic use of opioids in breast cancer
patients. Two investigators screened abstracts and titles of all articles independently. After
the primary screening, articles (n = 1729) were full text screened and discussed between
two investigators. A total of 185 articles were assessed for eligibility, of which 161 were
excluded due to language limitations, study setting, study design and study outcomes. We
excluded articles that include study populations affected by non-breast cancers, cancer
patients not undergoing surgery and patients not treated with opioids. There were no
limitations on the patient’s age, ethnicity, staging and cancer histotype. The inclusion
criteria were breast cancer patients, patients undergoing surgery and patients perioperative
or chronically treated with opioids. We also included in vitro studies which investigated
the interaction between opioids treatments and immune cells activity, angiogenesis, and
opioids’ action on cell proliferation/death.

Finally, only 24 studies were included in our systematic review (Scheme 1). Conflicts
were evaluated in consensus with a third investigator.
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3. Discussion

Our literature review identified 24 relevant articles, of which 16 studies investigated
the relationship between the immune system and opioids (n = 10), opioids and angio-
genesis (n = 2) and opioids and tumor growth (n = 4). The remaining 8 clinical studies
investigated the association between breast cancer recurrence and opioids, with a total of
41,591 cases. In this research, we considered articles that investigated patients with breast
cancer undergoing opioids use or not. Outcomes of interest were recurrence-free survival
or overall survival in relationship to opioids use. Four articles demonstrated that the use of
opioids is not associated with a significant change in RFS or/and OS. Four studies showed
that opioids use reduced the risk of breast cancer recurrence.

3.1. Opioids and Immune System

A total of 10 selected studies, of which 7 preclinical studies (Table 1) and 3 randomized
clinical studies (Table 2), investigated the linkage between opioids and the immune system.

Table 1. Opioids and immune system. Selected preclinical studies. NKCC: natural killer cell cytotoxicity; NK: natural killer;
IL-2: interleukin-2; PVA: paravertebral anesthesia; ER: estrogen receptor.

Title, Year Design Drug Outcome Results

Shavit et al.
[17] 1984 In vivo study Morphine NKCC High dose of morphine

suppresses NKCC

Beilin et al.
[18] 1989 In vivo study

Morphine
Fentanyl

Sufentanil
NKCC

All three drugs suppress NK
cytotoxicity, and this effect was

blocked by naltrexone

Beilin et al.
[19] 1992 In vivo study Fentanyl NKCC

Fentanyl significantly
suppressed NK cell activity

both in ventilated and
non-ventilated rats

Ma et al. [20] 2010 In vivo study Morphine Neutrophil recruitment
Morphine treatment causes

a compromised
neutrophil recruitment

Sacerdote et al.
[21] 1997 In vivo study Morphine

Lymphocyte
proliferation

Cytokines production

Morphine exerts an inhibitory
effect on lymphocyte

proliferation and
IL-2 production

Jaura et al. [22] 2014 In vitro study

Sevoflurane/fentanyl
vs.

propofol/paravertebral
block

Apoptosis in
ER-negative breast

cancer cells

Serum from patients
undergoing PVA produced

apoptosis to a greater degree in
ER-negative breast cancer cells

compared with
sevoflurane/opioid

anesthesia group

Page et al. [23] 2001 In vivo study Fentanyl NKCC

Fentanyl suppressed NK
activity at this time point in

non-operated rats, but had no
effect in operated rats

The immune system has a crucial role in the process of cancerization especially for
cancer cells’ ability to evade the immune defenses [27]. The first line of defense against
cancer progression and metastasizing is cell-mediated immunity (CMI), which includes
cytotoxic T-cells (CTLs), dendritic cells, macrophages, and natural killer (NK) cells. Indeed,
they have the feature to recognize non-self-cells, including tumor cells. The ability of
NK cells in preventing cancer genesis and eradicating tumor cells confers them a central
role in lots of studies about cancer recurrence [17,18]. There is a complex interaction
between opioids and the immune system, and this relationship is controversial. Several
studies showed that opioids interfere with immune cells activity; for instance, it was
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shown that fentanyl can inhibit macrophages and NK cells [19]. Shavit et al. showed that
morphine can produce a suppression of natural killer cell cytotoxicity (NKCC) reversible
with naloxone, in a dose-related manner [24]. Moreover, Beilin et al. showed that a large
dose of fentanyl or sufentanil can suppress NKCC too [20,21]. This phenomenon is also
detectable in patients receiving large doses of fentanyl anesthesia, in which NKCC results
are significantly suppressed, although this does not happen in patients receiving small
doses of fentanyl anesthesia [28].

Table 2. Opioids and immune system. Selected randomized clinical studies. LDFA: Large-dose fentanyl anesthesia; SDFA:
small-dose fentanyl anesthesia; GA: general anesthesia.

Title, Year Design Drug Outcome Results

Beilin et al.
[24] 1996

Clinical randomized
study Fentanyl NKCC LDFA causes prolonged suppression

of NK cell function vs. SDFA

Sultan et al.
[25] 2013

Clinical randomized
study

Sevoflurane/fentanyl
vs.

propofol/paravertebral
block

Cytokines
production

Blood samples from patients
undergoing PVA

(propofol/paravertebral block
group) for breast cancer surgery

showed lower cytokines levels vs.
patients undergoing

GA (sevoflurane/fentanyl group)

Desmond et al.
[26] 2015

Controlled clinical
randomized study

Sevoflurane/fentanyl
vs.

propofol/paravertebral
block

NK and T-helper
cells infiltration

Excised breast cancer specimens
from the propofol-paravertebral
anesthesia group had increased

infiltration of NK and T-helper cells
compared with

sevoflurane/opioid group

Furthermore, opioids have been related to neutrophil migration [29] and reduced
cytokine production [30]. It has also been shown that immune-competent cells express opi-
oid receptors and go through apoptosis when treated with opioids [3]. Therefore, opioids
with suppression of the immune system and with suppression of NK cells may predispose
patients to a major risk of metastasizing, especially after cancer surgery, which is itself a
source of immunosuppression [31]. The perioperative period represents a stress which
promotes the inflammatory response and suppression of cell-mediated immunity [2,25];
the neuroendocrine and immunomodulatory responses underlying this process have been
well decoded [32]. A stimulation of the hypothalamic-pituitary-adrenal (HPA) axis and
SNS by surgery, anesthetics and analgesics agents occurs during the perioperative period.
This neuroendocrine activation leads to an increase of catecholamines, prostaglandins,
glucocorticoids, and opioids. All this causes a depression of NK cells and CTLs, in as-
sociation with a decrease in interleukin-12 (IL-12), tumor necrosis factor-α (TNF-α), and
interferon-γ (IFN-γ), which shift the balance T-helper1(Th1)/T-helper 2 (Th2) in favor of a
Th2 anti-CMI environment [26]. Acting together, factors such as surgical stress, endocrine
changes, and anesthetics used during the perioperative period can cooperate to create a
particular favorable milieu in which cancer cells can evade our immune system and can
disseminate in the bloodstream, increasing the risk of recurrence.

Several studies have investigated if using regional anesthesia/analgesia in cancer
surgery may produce a reduced rate of recurrence or metastasis, because of their minor
impact on the immune system. They examined opioid sparing anesthesia (such as regional
anesthesia) and its impact on recurrence rate in comparison to general anesthesia alone.
Sultan et al., in a controlled randomized study analyzing blood samples from patients
undergoing paravertebral analgesia (PVA) and sevoflurane/opioid anesthesia, showed
that PVA can attenuate the cytokine changes caused by the surgical stress by producing an
increase in serum levels of IL-12 and IFN-γ and a decrease of IL-6 and IL-10. Thus, higher
levels of IFN-γ/IL-12, important cytokines for the CMI-response, are maintained during
the perioperative period in favor of a Th1 environment [22].
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Several studies were conducted on samples from the ongoing randomized clinical
trial (RCT) by Sessler et al. [23], which was analyzing the impact of breast cancer recur-
rence in patients undergoing general anesthesia with volatile anesthetic (sevoflurane) and
opioids and patients undergoing regional anesthesia/analgesia with paravertebral block
and propofol. Desmond et al., studying breast cancer tissues from both groups of pa-
tients, demonstrated that tissues from the propofol-paravertebral anesthesia group had
increased tissue infiltration of NK and T-helper cells compared with the sevoflurane/opioid
group [33]. Furthermore, it was observed that serum from patients undergoing PVA from
the same RCT produced apoptosis to a greater degree in ER-negative breast cancer cells
compared with sevoflurane/opioid anesthesia group [34]. Nevertheless, Sessler et al. con-
cluded that perioperative use of opioids is not associated with an increased risk of breast
cancer recurrence [23]. Furthermore, analgesia may interfere with immune system and
cancer progression both directly, intervening in cellular mechanisms such as apoptosis,
or indirectly by acting on neuroendocrine and sympathetic systems: indeed, it has been
demonstrated that there was a reduction of pulmonary metastases after surgery in ani-
mal models treated with morphine-based analgesia [35,36]. These results indicate that
the choice of anesthetic technique seems to have profound implications on the cytokine
background and immune microenvironment in breast cancer surgery, and that this may
consequently influence cancer recurrence and metastasis [3].

3.2. Opioids and Angiogenesis

Two selected preclinical studies investigated the association between opioids and
angiogenesis (Table 3).

Table 3. Opioids and angiogenesis. Selected preclinical and clinical studies. MAPK: Mitogen-activated protein kinase; ERK:
extracellular signal-regulated kinases; MTNX: Methylnaltrexone; MS: Morphine sulfate.

Title, Year Design Drug Outcome Results

Gupta et al.
[34] 2002 In vitro-in vivo study Morphine Angiogenesis and

breast tumor growth

Morphine stimulates MAPK/ERK
phosphorylation and survival

signaling via Act phosphorylation and
cyclin D1, promoting in vitro

angiogenesis and breast tumor growth
in female nude mice

Singleton et al.
[37] 2006 In vitro study MNTX

MS

Endothelial cell
proliferation and

migration

MNTX, a mu opioid antagonist,
inhibits morphine-induced endothelial

cell proliferation and migration

Angiogenesis is a strategy activated by the tumor to receive nourishment and to grow,
as well as to evade the host’s defenses [38]. Therefore, it is strictly associated with the
etiology and pathogenesis of tumor progression and metastasis [37,39–41]. Cancer cells
autonomously secrete VEGF in an autocrine and paracrine way to create a new capillary
and lymphatic network [42].

It was proven that morphine, at clinically relevant doses, promotes angiogenesis by in-
creasing microvascular endothelial proliferation, survival and cell cycle progression, both in
in vitro and in vivo assays. This translates in an increased vascularization of human breast
tumor xenografts in mouse models, as demonstrated by Gupta et al. [38]. The administra-
tion of methylnaltrexone (MNTX), a peripheral mu-opioid receptor (MOR) antagonist, can
reverse this effect [43]. In addition to this mechanism, surgical stress provokes an increase
in catecholamines levels, which in turn determines an overexpression of angiogenic factors,
such as VEGF, and matrix metalloproteinase 2 and 9 (MMP 2/9) and proinflammatory cy-
tokines, such as IL-6 and IL-8 [44,45]. Th2 cytokines upregulate the expression of arginase-1
by myeloid-derived suppressor cells (MDSCs) in lymphoid tissue, leading to an arginine
deficient environment, which impairs lymphocytes’ function through the synergistic action
of prostaglandin E2 (PGE2) [46]. Moreover tumor-derived PGE2 induces MDSCs and
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tumor-associated macrophages (TAM, M2 phenotype), creating an immunosuppressive
and proinflammatory environment that contributes to tumor angiogenesis [47,48]. Studies
have shown that morphine can also promote invasion and migration of cancer cells by
upregulating matrix metalloproteinases (MPs) in breast cancer [49].

3.3. Opioids and Tumor Growth

A total of four selected preclinical and clinical studies examined the relationship be-
tween opioids and tumor growth (Table 4). Opioids bind to specific receptors distinguished
in mu, kappa, delta, and opioid-like receptors [50]. Mu opioid receptors are expressed pre-
and post-synaptically and intervene in the nociceptive pathway. There are a variety of
different mu-opioid receptors (MOR), binding different opioid ligands, which in turn could
determine different responses [51,52]. It has been demonstrated that MOR is expressed in
various cancers and increased cytoplasmic levels may be associated with a higher risk of
lymph node metastases [53].

Table 4. Opioids and tumor growth. Selected preclinical and clinical studies. ErbB: epidermal growth factor receptor;
MCF-7: Michigan Cancer Foundation-7.

Title, Year Design Drug Outcome Results

Weingaertner et al.
[51] 2013 In vitro study Morphine Breast cancer

cells growth

Chronic morphine treatment attenuates cell
growth of Human BT474 breast cancer cells by
rearrangement of the ErbB signaling network

Farooqui et al.
[53] 2006 In vitro study Naloxone Breast cancer

cells growth

Naloxone has inhibitory effects on tumor
growth by antagonizing E2- induced

MAPK/ERK phosphorylation in breast cancer
cell line MCF-7.

Maneckjee et al.
[54] 1990 In vitro study Morphine

Naloxone
Breast cancer
cells growth

Opioid ligands specific for the different
receptor types significantly inhibited the

growth of the breast cancer cell line MCF-7 in
a dose-dependent manner and this inhibitory

effect was reversed by the simultaneous
administration of the opioid receptor

antagonist, naloxone

Nguyen et al. [55] 2014 In vitro study Morphine Cancer
progression

Morphine does not affect the onset of tumor
development, but it promotes the growth of

existing tumors, and reduces overall survival
in mice

An in vitro study by Weingaertner et al. demonstrated a significant reduction in
Heregulin-induced cellular growth and increase in cellular apoptosis determined by a
chronic treatment with morphine in a human epidermal growth factor receptor 2 (HER2)-
positive human breast cancer cell line [54].

In the Michigan Cancer Foundation-7 (MCF-7) breast cancer cell line, Methylnaltrex-
one showed anti-proliferative activity. Moreover, at its therapeutic concentrations for
opioid-induced constipation, methylnaltrexone may enhance the tumoricidal activity of
5-Fluorouracil (5-FU). This effect is most likely to be attributed to a complementary action
of methylnaltrexone, which reduces the expression of cyclin A, a S-phase of cell cycle
regulatory protein, which induces mitosis. However, it is not clear if the growth reduction
mediated by m-receptor antagonists is due to a competition with estrogen receptors or
via other mechanisms [56]. Indeed, peripheral MOR antagonists, such as naltrexone and
methylnaltrexone, are structurally like 17-b-oestradiol (E2). Therefore, they can compete
with the estrogens for binding to their specific receptors, which are expressed in 80% of
human breast cancer, inhibiting their promoting action of cancer cells’ survival and angio-
genesis [57]. However, there is also evidence demonstrating the opposite phenomenon. In
fact, Maneckjee et al. showed that the treatment of MCF-7 breasts tumors, which express



Cancers 2021, 13, 5499 8 of 14

different types of opioid receptors, with opioid ligands leads to a tumor growth reduction.
Whereas the treatment with naloxone, an m-opioid antagonist, reverses this effect [58].

In triple negative breast cancer, lacking HER2, estrogen or progesterone receptors,
the opioids growth factors (OGF) and its receptor pathway is present and regulates cell
proliferation both physiologically and pathologically. OGF is a constitutively expressed
peptide which inhibits DNA synthesis upregulating cyclin-dependent inhibitory kinases
and its receptor intervenes in the proliferation of triple-negative breast cancer cells. This
pathway could represent a possible therapeutic strategy to investigate. In fact, an in-
termittent low-dose naltrexone treatment in a cell culture model of a highly aggressive,
invasive and poorly differentiated triple-negative breast cancer has been shown to promote
the production of endogenous OGF, which results in inhibition of DNA synthesis and a
35% reduction in cell numbers [59].

According to some evidence, opioids’ action on cell proliferation/death seems to
depend on the concentration and duration of treatment. In fact, low concentrations or
single doses seem to promote tumor growth, while high concentrations or chronic treatment
result in a growth-inhibitory effect [55,60]. Other in vitro studies showed that morphine and
other opioids at elevated concentrations, not clinically possible, could present a negative
influence on tumor growth by promoting apoptosis, avoiding angiogenesis, and inhibiting
matrix metalloproteinase expression [61,62]. In transgenic mice with breast cancer, it
has been demonstrated that morphine is not associated with tumorigenesis but with the
progression of an existing tumor [63]. Nevertheless, in clinical practice, the relationship
between cancer recurrence and opioid use remains controversial.

3.4. Chronic Use of Opioids

Several studies investigated the impact of opioids in the perioperative period in cancer
recurrence, but less is known about the long-term effects of opioid use in cancer survivors.
This field may require clarification because of the importance of this drug’s prescription in
chronic pain management in patients with a comorbidity.

Cronin-Fenton et al., in an observational study including 34,188 women with stage
1 to 3 incident breast cancer, showed that there was no evidence between post diagnosis
opioids prescription and cancer recurrence, and these results do not differ significantly
according to opioid strength, cumulative dose or chronic long-term exposure or in analyses
stratified by tumor estrogen receptor status, menopausal status and type of surgery. Patients
underwent semiannual follow-up examinations for the first 5 years after diagnosis and
annual examinations for the next 5 years [64]. Moreover, the same study showed a reduction
of the recurrence rate in patients undergoing strongly immunosuppressive opioids, but
these findings were probably due to an enhanced rate of mortality in this cohort, which
thereby may have masked the recurrence cases. Indeed, Ekholm et al. in this cohort
showed that the risk of all-cause mortality was 1.72 times higher among long-term opioid
users than among individuals without chronic pain [65]. Thus, the authors attribute this
result to channeling bias [66]; moreover, in this kind of patient, pain management can hide
symptoms of cancer recurrence.

A recent US-based observational study including a cohort of 4216 women, observed
for a median follow-up of 6.3 years, showed how common chronic use of opioids is, namely
around 3.2% during the years following diagnosis and treatment of breast cancer, and
includes 10% of breast cancer survivors. They also demonstrated that there is no significant
increase of breast cancer recurrence in breast cancer survivors making chronic use of
opioids and reassure them about the safety of these drugs [67].

In conclusion, there is no evidence about avoiding opioid use in breast cancer survival,
and all the studies conducted on chronic users encourage the safety of these drugs which
are so common and so helpful in pain management.
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3.5. Clinical Data: Retrospective and Prospective Studies

A total of eight clinical studies investigated the linkage between opioids administration
and breast cancer recurrence (Table 5).

Table 5. Selected retrospective and prospective studies. RFS: recurrence free survival, OS: overall survival, GA: general
anesthesia, PVA: paravertebral anesthesia, PVB: paravertebral block, TNBC: Triple-negative breast cancer.

Title, Year Design Outcome Population Results

Sessler et al. [32] 2019 Prospective
cohort study RFS

Regional anestesia
(n = 1043) vs. General

anestesia (n = 1065)

Regional anesthesia-analgesia
(paravertebral block and propofol) did
not reduce breast cancer recurrence after
potentially curative surgery compared
with volatile anesthesia (sevoflurane)

and opioids

Cronine-Fenton et al.
[61] 2015

Prospective
cohort study RFS and OS

Opioid Nonusers
(n = 18,231) vs. Opioid

Users (n = 15,957)

There was no association between
ever-use of opioids and breast

cancer recurrence.

Exadaktylos et al.
[65] 2006

Retrospective
study RFS

GA/PVA (n = 50) vs.
GA/opioid anestesia

(n = 70)

Reduction in cancer recurrence and
metastasis free survival rate during the
initial years of follow-up in the group
GA/PVA vs. GA/opioid anesthesia

Cata et al. [66] 2016 Retrospective
study RFS and OS

PVB (n = 198) vs.
Opioid-based analgesia

(n = 594)

The use of PVB is not associated with a
significant change in RFS [HR 1.60; 95%
CI (0.81–3.16), p = 0.172] or OS [HR 1.28;

95% CI (0.55–3.01) p = 0.567]

Forget et al. [67] 2010 Retrospective
study RFS

Patients n = 327
(Ketorolac n = 175;
Sufentanil n = 227;
Clonidine n = 184;
Ketamine n = 166;

Piritramide n = 159;
Diclofenac n = 223)

Sufentanil had no deleterious effect on
cancer recurrence

Lee et al. [68] 2016 Retrospective
study RFS and OS

Propofol group
(n = 173) vs.

Sevoflurane group
(n = 152)

Propofol-based total intravenous
anesthesia for MRM reduced the risk of
recurrence of breast cancer during the
initial 5 years of follow-up, compared

with sevoflurane-based anesthesia

Kim et al. [69] 2019 Retrospective
study RFS and OS

Tramadol use (n = 943)
vs.

Non-Tramadol
(n = 1645)

The use of tramadol as a rescue
analgesic after breast cancer surgery

was associated with a decreased risk of
postoperative disease recurrence rate

(7.3% in the tramadol group vs. 9.4% in
the control group) and lower mortality

(4.7% vs. 8.1%, p = 0.001)

Montagna et al.
[70] 2021

Retrospective
study RFS and OS 1143 TNBC Cases

Higher intraoperative opioid dose was
associated with favorable

recurrence-free survival, with a hazard
ratio of 0.93 (95% confidence interval

0.88–0.99) per 10 oral morphine
milligram equivalents increase

(p = 0.028), but was not significantly
associated with overall survival, with a

hazard ratio of 0.96 (95% confidence
interval 0.89–1.02) per 10 morphine

milligram equivalents increase (p = 0.2)
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One of the most relevant studies about the association between cancer recurrence or
metastases and anesthetic technique is the retrospective analyses by Exadaktylos. The
study showed a significant reduction in the risk of recurrence or metastasis four-fold during
a 2.5- to 4-year follow-up period in patients treated both with paravertebral block and
general anesthesia versus patients who received general anesthesia alone followed by
morphine analgesia (94% vs. 82% at 24 months and 94% vs. 77% at 36 months after surgery,
respectively) [68].

Cata et al., instead, found no differences regarding outcomes (recurrence free survival
and overall survival) in patients treated with PVB versus patients treated with opioid-based
analgesia [69].

Forget et al., in their retrospective analysis, investigated the effect of the administration
of different intraoperative analgesics (sufentanil, ketamine and ketorolac) on cancer recur-
rence. They found, in contrast with previous studies, that sufentanil had no deleterious
effect on cancer recurrence [70].

These findings are supported by the retrospective study of Lee et al., who did not
find any deleterious effect of perioperative opioids on the recurrence of cancer between
two groups of patients receiving propofol-based total intravenous anesthesia (TIVA) or
sevoflurane-based anesthesia. The first group received higher concentrations of opioids.
No differences in overall survival were detected in the two groups, whereas a lower rate of
cancer recurrence was reported in the propofol group [71].

Kim et al. found that use of tramadol as a rescue analgesic after breast cancer surgery
was associated with a decreased risk of postoperative disease recurrence rate (7.3% in
the tramadol group vs. 9.4% in the control group) and lower mortality (4.7% vs. 8.1%,
p = 0.001) [72].

To date, there have been only two prospective studies in the literature investigating
the association between the use of opioids anesthetics/analgesics and recurrence of breast
cancer. A Danish population-based cohort study by Cronine-Fenton et al. did not find
an association between postdiagnosis opioid administration and breast cancer recurrence,
regardless of opioid type, strength, chronicity of use or cumulative dose [64]. Similarly,
Sessler et al. have done the most recent multicenter randomized trial, in which 2132 women
were enrolled, of whom 1043 were assigned to regional anesthesia-analgesia and 1065 were
allocated to general anesthesia. The authors investigated the impact of breast cancer
recurrence in patients undergoing general anesthesia with volatile anesthetic sevoflurane
and opioids compared with regional anesthesia/analgesia using paravertebral block and
propofol. Median follow-up was 36 (IQR 24–49) months. The authors reported an equal
breast cancer recurrence rate equal to 10% in both groups, concluding that the perioperative
use of opioids is not associated with an increased risk of second breast cancer events [22].
Lastly, in a very recent study, Montagna et al. performed a retrospective analysis of 1143
triple negative breast cancer (TNBC) cases undergoing opioids anesthesia and found a
protective effect of intraoperative opioids on recurrence-free survival in TNBC. In fact, a
higher intraoperative opioid dose was associated with favorable recurrence-free survival,
hazard ratio 0.93 (95% confidence interval 0.88–0.99) per 10 oral morphine milligram
equivalents increase (p = 0.028), but was not significantly associated with overall survival,
hazard ratio 0.96 (95% confidence interval 0.89–1.02) per 10 morphine milligram equivalents
increase (p = 0.2). Therefore, opioid receptor expression analysis showed an upregulation
of antitumor receptors and a downregulation or no expression of protumor receptors [73].

4. Conclusions

In summary, opioids remain not only the most frequent analgesic treatment in cancer
pain management, but also a fundamental anesthetic choice in surgical time. The beneficial
results deriving from the opioids use in cancer patients consist of an improvement in quality
of life, a reduction in neuroendocrine stress responses and in emotional stress, which in turn
provides a better compliance with cancer treatments, all resulting in a positive influence
on survival.
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Given the heterogeneity of the evidence available to date, it is not clear if opioids
may or not influence the cancer outcomes. In the literature, there are several preclinical,
in vitro and in vivo studies suggesting a possible linkage between opioids administration
and progression of cancer disease or metastasizing. Nevertheless, these results are not
confirmed by clinical studies, and the insufficient evidence does not support the avoidance
of such important drugs in the management of breast cancer disease. Indeed, according to
the results of the most recent randomized trial, opioids should continue to be used both
during surgery as analgesics associated with anesthetic drugs, and in the postoperative
period for optimal cancer-related pain management. However, well-designed prospective
studies are necessary to clarify the association between opioid use and overall survival
across breast cancer.

Author Contributions: Conceptualization, M.L., T.L. and D.P.F.; methodology, G.C. and M.C.; soft-
ware, G.C. and M.C.; validation, D.M.L. and P.M.G.; formal analysis, G.C. and M.C.; investigation,
G.C. and M.C.; resources, M.L.; data curation, G.C. and M.C.; writing—original draft preparation,
M.L., T.L., G.C. and M.C.; writing—review and editing, M.L. and D.P.F.; visualization, D.R.C. and
P.M.G.; supervision, D.R.C. and P.M.G.; project administration, D.M.L. and T.L. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

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

References
1. World Health Organization. Breast Cancer. Available online: https://www.who.int/news-room/fact-sheets/detail/breast-cancer

(accessed on 15 September 2021).
2. Shakhar, G.; Ben-Eliyahu, S. Potential prophylactic measures against postoperative immunosuppression: Could they reduce

recurrence rates in oncological patients? Ann. Surg. Oncol. 2003, 10, 972–992. [CrossRef] [PubMed]
3. Kim, R. Anesthetic technique and cancer recurrence in oncologic surgery: Unraveling the puzzle. Cancer Metastasis Rev. 2016.

[CrossRef] [PubMed]
4. Heaney, A.; Buggy, D.J. Can anaesthetic and analgesic techniques affect cancer recurrence or metastasis? Br. J. Anaesth. 2012, 109

(Suppl. S1), i17–i28. [CrossRef] [PubMed]
5. Antoni, M.H.; Lutgendorf, S.K.; Cole, S.W.; Dhabhar, F.S.; Sephton, S.E.; McDonald, P.G.; Stefanek, M.; Sood, A.K. The influence

of bio-behavioural factors on tumour biology: Pathways and mechanisms. Nat. Rev. Cancer 2006, 6, 240–248. [CrossRef]
6. Kurosawa, S. Anesthesia in patients with cancer disorders. Curr. Opin. Anesthesiol. 2012, 25, 376–384. [CrossRef] [PubMed]
7. Sacerdote, P.; Bianchi, M.; Gaspani, L.; Manfredi, B.; Maucione, A.; Terno, G.; Ammatuna, M.; Panerai, A.E. The effects of

tramadol and morphine on immune responses and pain after surgery in cancer patients. Anesth. Analg. 2000, 90, 1411–1414.
[CrossRef] [PubMed]

8. Lennard, T.W.J.; Shenton, B.K.; Borzotta, A.; Donnelly, P.K.; White, M.; Gerrie, L.M.; Proud, G.; Taylor, R.M. The influence of
surgical operation on components of the human immune system. Br. J. Surg. 1985, 72, 771–776. [CrossRef] [PubMed]

9. Koenig, A.; Koenig, U.D.; Heicappel, R.; Stoeckel, H. Differences in lymphocyte mitogenic stimulation pattern depending on
anesthesia and operative trauma: I. Halothane-nitrouse oxide anesthesia. Eur. J. Anaesthesiol. 1987, 4, 17–24. [PubMed]

10. Moskowitz, M.; Feuerstein, M.; Todd, B.L. Job stress and physical activity related to elevated symptom clusters in breast cancer
survivors at work. J. Occup. Environ. Med. 2013, 55, 93–98. [CrossRef] [PubMed]

11. Caraceni, A.; Hanks, G.; Kaasa, S.; Bennett, M.I.; Brunelli, C.; Cherny, N.; Dale, O.; De Conno, F.; Fallon, M.; Hanna, M.; et al. Euro-
pean Palliative Care Research Collaborative (EPCRC); European Association for Palliative Care (EAPC). Use of opioid analgesics
in the treatment of cancer pain: Evidence-based recommendations from the EAPC. Lancet Oncol. 2012, 13, e58–e68. [CrossRef]

12. Paice, J.A. Cancer pain management and the opioid crisis in America: How to preserve hard-earned gains in improving the
quality of cancer pain management. Cancer 2018, 124, 2491–2497. [CrossRef] [PubMed]

13. Yang, J.; Bauer, B.A.; Wahner-Roedler, D.L.; Chon, T.Y.; Xiao, L. The Modified WHO Analgesic Ladder: Is It Appropriate for
Chronic Non-Cancer Pain? J. Pain Res. 2020, 13, 411–417. [CrossRef] [PubMed]

14. Chae, B.K.; Lee, H.W.; Sun, K.; Choi, Y.H.; Kim, H.M. The effect of combined epidural and light general anesthesia on stress
hormones in open heart surgery patients. Surg. Today 1998, 28, 727–731. [CrossRef] [PubMed]

15. González, O.; Cuéllar-Guzmán, L.F.; Soliz, J.; Cata, J.P. Impact of Regional Anesthesia on Recurrence, Metastasis, and Im-
mune Response in Breast Cancer Surgery: A Systematic Review of the Literature. Reg. Anesth. Pain Med. 2017, 42, 751–756.
[CrossRef] [PubMed]

16. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G. Preferred reporting items for systematic reviews and meta-analyses: The prisma
statement. Int. J. Surg. 2010, 8, 336–341. [CrossRef]

https://www.who.int/news-room/fact-sheets/detail/breast-cancer
http://doi.org/10.1245/ASO.2003.02.007
http://www.ncbi.nlm.nih.gov/pubmed/14527919
http://doi.org/10.1007/s10555-016-9647-8
http://www.ncbi.nlm.nih.gov/pubmed/27866303
http://doi.org/10.1093/bja/aes421
http://www.ncbi.nlm.nih.gov/pubmed/23242747
http://doi.org/10.1038/nrc1820
http://doi.org/10.1097/ACO.0b013e328352b4a8
http://www.ncbi.nlm.nih.gov/pubmed/22450698
http://doi.org/10.1097/00000539-200006000-00028
http://www.ncbi.nlm.nih.gov/pubmed/10825330
http://doi.org/10.1002/bjs.1800721002
http://www.ncbi.nlm.nih.gov/pubmed/2412626
http://www.ncbi.nlm.nih.gov/pubmed/3582374
http://doi.org/10.1097/JOM.0b013e31826eef97
http://www.ncbi.nlm.nih.gov/pubmed/23232288
http://doi.org/10.1016/S1470-2045(12)70040-2
http://doi.org/10.1002/cncr.31303
http://www.ncbi.nlm.nih.gov/pubmed/29499072
http://doi.org/10.2147/JPR.S244173
http://www.ncbi.nlm.nih.gov/pubmed/32110089
http://doi.org/10.1007/BF02484619
http://www.ncbi.nlm.nih.gov/pubmed/9697266
http://doi.org/10.1097/AAP.0000000000000662
http://www.ncbi.nlm.nih.gov/pubmed/28953508
http://doi.org/10.1016/j.ijsu.2010.02.007


Cancers 2021, 13, 5499 12 of 14

17. Tai, L.-H.; de Souza, C.T.; Bélanger, S.; Ly, L.; Alkayyal, A.A.; Zhang, J.; Rintoul, J.L.; Ananth, A.A.; Lam, T.; Breitbach, C.J.; et al.
Preventing postoperative metastatic disease by inhibiting surgery-induced dysfunction in natural killer cells. Cancer Res. 2013, 73,
97–107. [CrossRef] [PubMed]

18. Mittal, D.; Gubin, M.M.; Schreiber, R.D.; Smyth, M.J. New insights into cancer immunoediting and its three component phases-
elimination, equilibrium and escape. Curr. Opin. Immunol. 2014, 27, 16–25. [CrossRef] [PubMed]

19. Shavit, Y.; Ben-Eliyahu, S.; Zeidel, A.; Beilin, B. Effects of fentanyl on natural killer cell activity and on resistance to tumor
metastasis in rats. Dose and timing study. Neuroimmunomodulation 2004, 11, 255–260. [CrossRef]

20. Beilin, B.; Martin, F.C.; Shavit, Y.; Gale, R.P.; Liebeskind, J.C. Suppression of natural killer cell activity by high-dose narcotic
anesthesia in rats. Brain Behav. Immun. 1989, 3, 129–137. [CrossRef]

21. Beilin, B.; Shavit, Y.; Cohn, S.; Kedar, E. Narcotic-induced suppression of natural killer cell activity in ventilated and nonventilated
rats. Clin. Immunol. Immunopathol. 1992, 64, 173–176. [CrossRef]

22. Sultan, S.S. Paravertebral block can attenuate cytokine response when it replaces general anesthesia for cancer breast surgeries.
Saudi J. Anaesth. 2013, 7, 373–377. [CrossRef] [PubMed]

23. Sessler, D.I.; Pei, L.; Huang, Y.; Fleischmann, E.; Marhofer, P.; Kurz, A.; Tey, J.B. Recurrence of breast cancer after regional or
general anaesthesia: A randomised controlled trial. Lancet 2019. [CrossRef]

24. Shavit, Y.; Lewis, J.W.; Terman, G.W.; Gale, R.P.; Liebeskind, J.C. Opioid peptides mediate the suppressive effect of stress on
natural killer cell activity. Science 1984, 223, 188–190. [CrossRef] [PubMed]

25. Snyder, G.L.; Greenberg, S. Effect of anaesthetic technique and other perioperative factors on cancer recurrence. Br. J. Anaesth.
2010, 105, 106–115. [CrossRef] [PubMed]

26. Greenfeld, K.; Avraham, R.; Benish, M.; Goldfarb, Y.; Rosenne, E.; Shapira, Y.; Rudich, T.; Ben-Eliyahu, S. Immune suppression
while awaiting surgery and following it: Dissociations between plasma cytokine levels, their induced production, and NK cell
cytotoxicity. Brain Behav. Immun. 2007, 21, 503–513. [CrossRef]

27. Hanahan, D.; Weinberg, R.A. Hallmarks of cancer: The next generation. Cell 2011, 144, 646–674. [CrossRef] [PubMed]
28. Beilin, B.; Shavit, Y.; Hart, J.; Mordashov, B.; Cohn, S.; Notti, I.; Bessler, H. Effects of Anesthesia Based on Large Versus Small

Doses of Fentanyl on Natural Killer Cell Cytotoxicity in the Perioperative Period. Anesth. Analg. 1996, 82, 492–497. [CrossRef]
29. Ma, J.; Wang, J.; Wan, J.; Charboneau, R.; Chang, Y.; Barke, R.A.; Roy, S. Morphine disrupts interleukin-23 (IL-23)/IL-

17-mediated pulmonary mucosal host defense against Streptococcus pneumoniae infection. Infect. Immun. 2010, 78,
830–837. [CrossRef]

30. Sacerdote, P.; Manfredi, B.; Mantegazza, P.; Panerai, A.E. Antinociceptive and immunosuppressive effects of opiate drugs: A
structure-related activity study. Br. J. Pharmacol. 1997, 121, 834–840. [CrossRef] [PubMed]

31. Pollock, R.E.; Lotzova, E. Surgical-stress-related suppression of natural killer cell activity: A possible role in tumor metastasis.
Nat. Immun. Cell Growth Regul. 1987, 6, 269–278. [PubMed]

32. Desborough, J.P. The stress response to trauma and surgery. Br. J. Anaesth. 2000, 85, 109–117. [CrossRef] [PubMed]
33. Desmond, F.; McCormack, J.; Mulligan, N.; Stokes, M.; Buggy, D.J. Effect of anaesthetic technique on immune cell infiltration

in breast cancer: A follow-up pilot analysis of a prospective, randomised, investigator-masked study. Anticancer. Res. 2015, 35,
1311–1319.

34. Jaura, A.I.; Flood, G.; Gallagher, H.C.; Buggy, D.J. Differential effects of serum from patients administered distinct anaes-
thetic techniques on apoptosis in breast cancer cells in vitro: A pilot study. Br. J. Anaesth. 2014, 113 (Suppl. S1), i63–i67.
[CrossRef] [PubMed]

35. Page, G.G.; Blakely, W.P.; Ben-Eliyahu, S. Evidence that postoperative pain is a mediator of the tumor-promoting effects of surgery
in rats. Pain 2001, 90, 191–199. [CrossRef]

36. Page, G.G. Immunologic effects of opioids in the presence or absence of pain. J. Pain Symptom. Manag. 2005, 29, S25–S31.
[CrossRef] [PubMed]

37. Lyden, D.; Hattori, K.; Dias, S.; Costa, C.; Blaikie, P.; Butros, L.; Chadburn, A.; Heissig, B.; Marks, W.; Witte, L.; et al. Impaired
recruitment of bone-marrow-derived endothelial and hematopoietic precursor cells blocks tumor angiogenesis and growth. Nat.
Med. 2001, 7, 1194–1201. [CrossRef]

38. Gupta, K.; Kshirsagar, S.; Chang, L.; Schwartz, R.; Law, P.Y.; Yee, D.; Hebbel, R.P. Morphine stimulates angiogenesis by activating
proangiogenic and survival-promoting signaling and promotes breast tumor growth. Cancer Res. 2002, 62, 4491–4498.

39. Folkman, J. Angiogenesis in cancer, vascular, rheumatoid, and other diseases. Nat. Med. 1995, 1, 27–31. [CrossRef]
40. Carmeliet, P.; Jain, R.K. Angiogenesis in cancer and other diseases. Nature 2000, 407, 249–257. [CrossRef]
41. Risau, W.; Flamme, I. Vasculogenesis. Annu. Rev. Cell Dev. Biol. 1995, 11, 73–91. [CrossRef] [PubMed]
42. Ash, S.A.; Buggy, D.J. Does regional anaesthesia and analgesia or opioid analgesia influence recurrence after primary cancer

Surgery? An update of available evidence. Best Pract. Res. Clin. Anaesthesiol. 2013, 27, 441–456. [CrossRef]
43. Singleton, P.A.; Lingen, M.W.; Fekete, M.J.; Garcia, J.G.; Moss, J. Methylnaltrexone inhibits opiate and VEGF-induced angiogenesis:

Role of receptor transactivation. Microvasc. Res. 2006, 72, 3–11. [CrossRef] [PubMed]
44. Bernabé, D.G.; Tamae, A.C.; Biasoli, É.R.; Oliveira, S.H. Stress hormones increase cell proliferation and regulates interleukin-6

secretion in human oral squamous cell carcinoma cells. Brain Behav. Immun. 2011, 25, 574–583. [CrossRef] [PubMed]

http://doi.org/10.1158/0008-5472.CAN-12-1993
http://www.ncbi.nlm.nih.gov/pubmed/23090117
http://doi.org/10.1016/j.coi.2014.01.004
http://www.ncbi.nlm.nih.gov/pubmed/24531241
http://doi.org/10.1159/000078444
http://doi.org/10.1016/0889-1591(89)90013-5
http://doi.org/10.1016/0090-1229(92)90196-U
http://doi.org/10.4103/1658-354X.121043
http://www.ncbi.nlm.nih.gov/pubmed/24348286
http://doi.org/10.1016/S0140-6736(19)32313-X
http://doi.org/10.1126/science.6691146
http://www.ncbi.nlm.nih.gov/pubmed/6691146
http://doi.org/10.1093/bja/aeq164
http://www.ncbi.nlm.nih.gov/pubmed/20627881
http://doi.org/10.1016/j.bbi.2006.12.006
http://doi.org/10.1016/j.cell.2011.02.013
http://www.ncbi.nlm.nih.gov/pubmed/21376230
http://doi.org/10.1097/00000539-199603000-00011
http://doi.org/10.1128/IAI.00914-09
http://doi.org/10.1038/sj.bjp.0701138
http://www.ncbi.nlm.nih.gov/pubmed/9208156
http://www.ncbi.nlm.nih.gov/pubmed/3329294
http://doi.org/10.1093/bja/85.1.109
http://www.ncbi.nlm.nih.gov/pubmed/10927999
http://doi.org/10.1093/bja/aet581
http://www.ncbi.nlm.nih.gov/pubmed/25009197
http://doi.org/10.1016/S0304-3959(00)00403-6
http://doi.org/10.1016/j.jpainsymman.2005.01.006
http://www.ncbi.nlm.nih.gov/pubmed/15907644
http://doi.org/10.1038/nm1101-1194
http://doi.org/10.1038/nm0195-27
http://doi.org/10.1038/35025220
http://doi.org/10.1146/annurev.cb.11.110195.000445
http://www.ncbi.nlm.nih.gov/pubmed/8689573
http://doi.org/10.1016/j.bpa.2013.10.005
http://doi.org/10.1016/j.mvr.2006.04.004
http://www.ncbi.nlm.nih.gov/pubmed/16820176
http://doi.org/10.1016/j.bbi.2010.12.012
http://www.ncbi.nlm.nih.gov/pubmed/21187140


Cancers 2021, 13, 5499 13 of 14

45. Yang, E.V.; Kim, S.J.; Donovan, E.L.; Chen, M.; Gross, A.C.; Webster Marketon, J.I.; Barsky, S.H.; Glaser, R. Norepinephrine
upregulates VEGF, IL-8, and IL-6 expression in human melanoma tumor cell lines: Implications for stress-related enhancement of
tumor progression. Brain Behav. Immun. 2009, 23, 267–275. [CrossRef] [PubMed]

46. Marik, P.E.; Flemmer, M. Immunonutrition in the surgical patient. Minerva Anestesiol. 2012, 78, 336–342. [CrossRef]
47. Sica, A.; Schioppa, T.; Mantovani, A.; Allavena, P. Tumour-associated macrophages are a distinct M2 polarised population

promoting tumour progression: Potential targets of anti-cancer therapy. Eur. J. Cancer 2006, 42, 717–727. [CrossRef]
48. Obermajer, N.; Wong, J.L.; Edwards, R.P.; Odunsi, K.; Moysich, K.; Kalinski, P. PGE2-driven induction and maintenance of

cancer-associated myeloid-derived suppressor cells. Immunol. Investig. 2012, 41, 635–657. [CrossRef]
49. Gach, K.; Szemraj, J.; Wyrebska, A.; Janecka, A. The influence of opioids on matrix metalloproteinase-2 and -9 secretion and

mRNA levels in MCF-7 breast cancer cell line. Mol. Biol. Rep. 2011, 38, 1231–1236. [CrossRef]
50. Al-Hasani, R.; Bruchas, M.R. Molecular mechanisms of opioid receptor-dependent signaling and behavior. Anesthesiology 2011,

115, 1363–1381. [CrossRef]
51. Bruera, E.; Paice, J.A. Cancer pain management: Safe and effective use of opioids. Am. Soc. Clin. Oncol. Educ. Book 2015,

e593–e599. [CrossRef] [PubMed]
52. Arthur, J.; Bruera, E. Balancing opioid analgesia with the risk of nonmedical opioid use in patients with cancer. Nat. Rev. Clin.

Oncol. 2019, 16, 213–226. [CrossRef]
53. Zhang, Y.F.; Xu, Q.X.; Liao, L.D.; Xu, X.E.; Wu, J.Y.; Wu, Z.Y.; Shen, J.H.; Li, E.M.; Xu, L.Y. Association of mu-opioid receptor

expression with lymph node metastasis in esophageal squamous cell carcinoma. Dis. Esophagus 2015, 28, 196–203. [CrossRef]
54. Weingaertner, I.R.; Koutnik, S.; Ammer, H. Chronic morphine treatment attenuates cell growth of human BT474 breast cancer

cells by rearrangement of the ErbB signalling network. PLoS ONE 2013, 8, e53510. [CrossRef]
55. Lin, X.; Wang, Y.-J.; Li, Q.; Hou, Y.-Y.; Hong, M.-H.; Cao, Y.-L.; Chi, Z.-Q.; Liu, J.-G. Chronic High-Dose Morphine Treatment

Promotes SH-SY5Y Cell Apoptosis via c-Jun N-terminal Kinase-Mediated Activation of Mitochondria-Dependent Pathway. FEBS
J. 2009, 276, 2022–2036. [CrossRef]

56. Wang, C.Z.; Li, X.L.; Sun, S.; Xie, J.T.; Aung, H.H.; Tong, R.; McEntee, E.; Yuan, C.S. Methylnaltrexone, a peripherally acting
opioid receptor antagonist, enhances tumoricidal effects of 5-Fu on human carcinoma cells. Anticancer. Res. 2009, 29, 2927–2932.

57. Farooqui, M.; Geng, Z.H.; Stephenson, E.J.; Zaveri, N.; Yee, D.; Gupta, K. Naloxone acts as an antagonist of estrogen receptor
activity in MCF-7 cells. Mol. Cancer Ther. 2006, 5, 611–620. [CrossRef]

58. Maneckjee, R.; Biswas, R.; Vonderhaar, B.K. Binding of opioids to human MCF-7 breast cancer cells and their effects on growth.
Cancer Res. 1990, 50, 2234–2238.

59. McLaughlin, P.J.; Zagon, I.S. Novel treatment for triple-negative breast and ovarian cancer: Endogenous opioid suppression of
women’s cancers. Expert Rev. Anticancer. Ther. 2014, 14, 247–250. [CrossRef]

60. Lysle, D.T.; Coussons, M.E.; Watts, V.J.; Bennett, E.H.; Dykstra, L.A. Morphine-induced Modulation of Immune Status: Evidence
for Opioid Receptor Mediation and Compartment Specificity. Adv. Exp. Med. Biol. 1993, 335, 53–59. [CrossRef]

61. Gach, K.; Wyrebska, A.; Fichna, J.; Janecka, A. The role of morphine in regulation of cancer cell growth. Naunyn Schmiedebergs
Arch. Pharmacol. 2011, 384, 221–230. [CrossRef]

62. Singleton, P.A.; Moss, J. Effect of perioperative opioids on cancer recurrence: A hypothesis. Future Oncol. 2010, 6,
1237–1242. [CrossRef]

63. Nguyen, J.; Luk, K.; Vang, D.; Soto, W.; Vincent, L.; Robiner, S.; Saavedra, R.; Li, Y.; Gupta, P.; Gupta, K. Morphine stimulates
cancer progression and mast cell activation and impairs survival in transgenic mice with breast cancer. Br. J. Anaesth. 2014, 113
(Suppl. S1), i4–i13. [CrossRef] [PubMed]

64. Cronin-Fenton, D.P.; Heide-Jorgensen, U.; Ahern, T.P.; Lash, T.L.; Christiansen, P.M.; Ejlertsen, B.; Sjøgren, P.; Kehlet, H.;
Sørensen, H.T. Opioids and breast cancer recurrence: A Danish population-based cohort study. Cancer 2015, 121,
3507–3514. [CrossRef]

65. Ekholm, O.; Kurita, G.P.; Hojsted, J.; Juel, K.; Sjogren, P. Chronic pain, opioid prescriptions, and mortality in Denmark: A
population-based cohort study. Pain 2014, 155, 2486–2490. [CrossRef]

66. Blais, L.; Ernst, P.; Suissa, S. Confounding by indication and channeling over time: The risks of beta 2-agonists. Am. J. Epidemiol.
1996, 144, 1161–1169. [CrossRef]

67. Boudreau, D.M.; Chen, L.; Yu, O.; Bowles, E.J.A.; Chubak, J. Risk of second breast cancer events with chronic opioid use in breast
cancer survivors. Pharmacoepidemiol. Drug Saf. 2019, 28, 740–753. [CrossRef]

68. Exadaktylos, A.K.; Buggy, D.J.; Moriarty, D.C.; Mascha, E.; Sessler, D.I. Can anesthetic technique for primary breast cancer surgery
affect recurrence or metastasis? Anesthesiology 2006, 105, 660–664. [CrossRef]

69. Cata, J.P.; Chavez-MacGregor, M.; Valero, V.; Black, W.; Black, D.M.; Goravanchi, F.; Ifeanyi, I.C.; Hernandez, M.; Rodriguez-
Restrepo, A.; Gottumukkala, V. The Impact of Paravertebral Block Analgesia on Breast Cancer Survival After Surgery. Reg. Anesth.
Pain Med. 2016, 41, 696–703. [CrossRef]

70. Forget, P.; Vandenhende, J.; Berliere, M.; Machiels, J.-P.; Nussbaum, B.; Legrand, C.; De Kock, M. Do Intraoperative Analgesics
Influence Breast Cancer Recurrence After Mastectomy? A Retrospective Analysis. Anesth. Analg. 2010, 110, 1630–1635. [CrossRef]

71. Lee, J.H.; Kang, S.H.; Kim, Y.; Kim, H.A.; Kim, B.S. Effects of propofol-based total intravenous anesthesia on recurrence and overall
survival in patients after modified radical mastectomy: A retrospective study. Korean J. Anesthesiol. 2016, 69, 126. [CrossRef]

http://doi.org/10.1016/j.bbi.2008.10.005
http://www.ncbi.nlm.nih.gov/pubmed/18996182
http://doi.org/10.1016/j.ejca.2006.01.003
http://doi.org/10.1016/j.ejca.2006.01.003
http://doi.org/10.3109/08820139.2012.695417
http://doi.org/10.1007/s11033-010-0222-z
http://doi.org/10.1097/ALN.0b013e318238bba6
http://doi.org/10.14694/EdBook_AM.2015.35.e593
http://www.ncbi.nlm.nih.gov/pubmed/25993228
http://doi.org/10.1038/s41571-018-0143-7
http://doi.org/10.1111/dote.12165
http://doi.org/10.1371/journal.pone.0053510
http://doi.org/10.1111/j.1742-4658.2009.06938.x
http://doi.org/10.1158/1535-7163.MCT-05-0016
http://doi.org/10.1586/14737140.2014.867234
http://doi.org/10.1007/978-1-4615-2980-4_8
http://doi.org/10.1007/s00210-011-0672-4
http://doi.org/10.2217/fon.10.99
http://doi.org/10.1093/bja/aeu090
http://www.ncbi.nlm.nih.gov/pubmed/24861561
http://doi.org/10.1002/cncr.29532
http://doi.org/10.1016/j.pain.2014.07.006
http://doi.org/10.1093/oxfordjournals.aje.a008895
http://doi.org/10.1002/pds.4779
http://doi.org/10.1097/00000542-200610000-00008
http://doi.org/10.1097/AAP.0000000000000479
http://doi.org/10.1213/ANE.0b013e3181d2ad07
http://doi.org/10.4097/kjae.2016.69.2.126


Cancers 2021, 13, 5499 14 of 14

72. Kim, M.H.; Oh, J.E.; Park, S.; Kim, J.H.; Lee, K.Y.; Bai, S.J.; Song, H.; Hwang, H.J.; Kim, D.W.; Yoo, Y.C. Tramadol use is associated
with enhanced postoperative outcomes in breast cancer patients: A retrospective clinical study with in vitro confirmation. Br. J.
Anaesth. 2019. [CrossRef] [PubMed]

73. Montagna, G.; Gupta, H.V.; Hannum, M.; Tan, K.S.; Lee, J.; Scarpa, J.R.; Plitas, G.; Irie, T.; McCormick, P.J.; Fischer, G.W.; et al.
Intraoperative opioids are associated with improved recurrence-free survival in triple-negative breast cancer. Br. J. Anaesth. 2021,
126, 367–376. [CrossRef] [PubMed]

http://doi.org/10.1016/j.bja.2019.09.004
http://www.ncbi.nlm.nih.gov/pubmed/31591020
http://doi.org/10.1016/j.bja.2020.10.021
http://www.ncbi.nlm.nih.gov/pubmed/33220939

	Introduction 
	Materials and Methods 
	Eligibility Criteria 
	Study Collection and Selection 

	Discussion 
	Opioids and Immune System 
	Opioids and Angiogenesis 
	Opioids and Tumor Growth 
	Chronic Use of Opioids 
	Clinical Data: Retrospective and Prospective Studies 

	Conclusions 
	References

