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Abstract: Cancer is the second leading cause of death following ischemic heart disease in the world and the primary clinical, social and
economic burden. Surgical resection is the main measure for the treatment of the vast majority of solid tumors. However, the recurrence
and metastasis of tumors occur at different periods after surgery in many cases undergoing radical tumor surgery, which is the main cause
of death of tumor patients. Moreover, tumor patients are prone to suffer from mental depression, which may increase the morbidity and
mortality of tumors. Tumors have a series of clinical biological signs with the following five main features: postoperative pain and
cancerous pain; suppression of antitumor immunity; angiogenesis in tumors; proliferation, growth and metastasis of tumors; and mental
depression. Surgery is the first treatment in the majority of cancer patients with solid tumors. Opioids are required for anesthesia and
postoperative analgesia. For cancerous pain control, patients undergo surgery, and their quality of life of is improved. However,
traditional opioids, such as morphine, may inhibit antitumor immunity, induce vascular growth of tumors and promote the proliferation,
invasion and migration of cancer cells, and traditional opioids can induce a risk of somatic dependence. However, studies have found that
not all opioids share the effects of immunosuppression, tumor proliferation promotion and angiogenesis induction. Dezocine, a novel
opioid with specific pharmacological mechanisms, has been demonstrated to regulate the five clinical and biological features of tumors.
We reviewed the preclinical and clinical studies of dezocine on postoperative pain and cancer pain in tumor patients as well as the
immune system, tumor angiogenesis, tumor proliferation, tumor growth, tumor metastasis and mental depression. We proposed that
dezocine may be the best choice of opioids for anesthesia and analgesia in cancer patients.
Keywords: dezocine, cancer, anesthesia, postoperative analgesia, cancerous pain, immune, angiogenesis, proliferation, growth and
metastasis, mental depression

Cancer poses the highest clinical, social and economic burden in terms of cause-specific disability-adjusted life years
among all human diseases. A total of 18 million new cancer patients were diagnosed worldwide in 2018 with the most
common cancers being lung cancer (2.09 million), breast cancer (2.09 million) and prostate cancer (1.28 million); cancer
is the second largest cause of death (8.97 million deaths per year) worldwide after ischemic heart disease, but it will be
the first cause of death (approximately 18.63 million) in 2060.1 In recent years, cancer has become the leading cause of
death in China and has been a severe disease burden.2 Surgical resection is the main measure of the vast majority of solid
tumor treatments, and it is combined with chemical therapy, radiotherapy, antiangiogenic treatment, immunotherapy and
support treatment, resulting in an improved survival rate of tumor patients, especially for thyroid cancer, breast cancer,
lung cancer, colorectal cancer, prostate cancer and cervical cancer.2,3 However, many cancer patients undergoing radical
tumor surgery suffer from cancer recurrence and metastasis at different periods after surgery, and cancer recurrence and
metastasis are the main causes of death in tumor patients.4 Moreover, tumors are accompanied with depression in cancer
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patients, which aggravates immune function inhibition, promotes tumor proliferation and reduces the quality of life in
cancer patients. Studies have found that major depression (MDD) is common in cancer patients, whose prevalence is four
times that of the general population, which can directly lead to suicide and death.5–7

Five Clinical and Biological Features of Tumors
The local growth, infiltration and distant metastasis of cancer can induce different degrees of pain through various
mechanisms as follows: direct stimulation and compression of neural fibers around the tumor; stimulation of organ
ectoblasts caused by tumor swelling and pain-induced factor release by tumor tissue, especially in solid tumors with
peritoneal membranes;8,9 and bone metastasis. The prescription of strong opioids, mainly including morphine and
oxycodone, is used to control cancer pain and to improve the quality of life in cancer patients.10 Surgical treatment is
performed for almost all cancer patients at an early stage, and surgical injury leads to postoperative pain, which may last
for several days after surgery. Furthermore, surgical complications, such as anastomotic leakage, intestinal obstruction
and wound infection, can occur, which enhances the postoperative pain.11 Pain in cancer patients, including postoperative
pain and cancerous pain, constitutes the first clinical biological feature of the tumor.

Immune inhibition to different degrees is found in almost all cancer patients and is aggravated due to the stress
response caused by surgery, postoperative pain and cancer pain, including abnormal expression and function of cytotoxic
T cells and NK cells as well as T helper cell differentiation and cytokines. These changes in the immune system may
result in tumor proliferation, invasion and migration, and they are important factors leading to postoperative tumor
recurrence and metastasis.12–14 Currently, immunotherapy, including immunoadaptive infusion of T lymphocytes15 and
PD-1/PDL-1 inhibitors,16 has achieved satisfactory results for cancer treatment. Immunosuppression in cancer patients
constitutes the second clinical and biological feature of the tumor.

Tumor angiogenesis is a hallmark of cancer and plays a crucial role in providing oxygen and nutrients to tumor cells
during cancer progression and metastasis. Many proangiogenic factors and their receptors are upregulated under
pathological conditions, such as tumors, and VEGF is generally recognized as a key regulator of tumor angiogenesis
among these factors. Anti-VEGF antibodies, such as bevacizumab, have been developed as a cancer therapy to inhibit
tumor angiogenesis in cancers, including colorectal cancer, renal cell cancer and non-small-cell lung cancer, as well as
senile macular degeneration17,18 despite the drug tolerance phenomenon.19 Tumor angiogenesis constitutes the third
clinical and biological feature of tumors.

Tumor proliferation is also related to the biological properties of the tumor cells themselves. Because tumor cells have
unlimited growth and proliferative characteristics, tumor lesion growth and infiltration occur, and remote metastasis
occurs when the tumor involves the vascular and lymphatic systems. Moreover, the proliferation of cancer consumes the
body’s energy reserves, destroys the body’s defense system, leads to the failure of various organs in the body and leads to
cancer patients’ death.20 Chemical therapy and radiotherapy focus directly on tumor proliferation, and they inhibit tumor
growth and promote the apoptosis of cancer cells.21,22 Therefore, tumor proliferation and growth constitute the fourth
clinical and biological feature of the tumor.

Cancer patients suffer from the pain and stress induced by surgical treatment of cancer itself as well as the concerns
and fears about cancer, which induce psychological pressure and neuroinflammation in the brain, resulting in a high risk
of mental depression. Mental depression is found in 39 to 47% of cancer patients; it seriously affects the recovery of
patients and reduces the quality of life of patients and their families, and it may even cause suicide, directly leading to
death.5–7 Mental depression constitutes the fifth clinical biological feature of tumors.

Studies have confirmed that pain leads to immunosuppression, vascular growth, tumor proliferation, tumor metastasis
and accompanying depression.14,23,24 Immune function suppression exacerbates tumor proliferation and metastasis, and it
induces hyperalgesia and promotes vascular growth.14,25 Depression has also been associated with immune function and
the inflammatory response; unfortunately, overactivation of the inflammatory response may cause damage to the nervous
system, resulting in aggravated depression.26 Vascular growth, tumor proliferation and tumor metastasis contribute to
each other,25,27 and concomitant depression increases sensitivity to pain, inhibits immune function, promotes vascular
growth and promotes tumor proliferation.5–7,26 Therefore, postoperative pain or cancer pain, immunosuppression, tumor
vascular growth, tumor growth/proliferation and mental depression constitute the five clinical and biological
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characteristics of the tumor. The five clinical and biological characteristics of the tumor interact with each other in
a vicious cycle and directly affect the postoperative rehabilitation, quality of life and survival of cancer patients.

In the current treatment of tumors, the five clinical biological characteristics of tumors are regulated by different
therapeutic procedures as follows: opioids for the inhibition of postoperative pain and cancerous pain;10 immunotherapy
for improving antitumor immunity;15,16 targeted vascular growth factor (VEGF) inhibitors for the inhibition of
angiogenesis;17,18 chemical therapy and radiotherapy for the inhibition of tumor proliferation and the direct induction
of tumor cell death;21,22 and antidepressants for controlling tumor-associated depression.5–7 However, due to the
interaction of the five elements in an overall unity of the body, the treatment for a single clinical and biological
characteristic may not be enough and cause other adverse reactions. Opioids are beneficial to pain, but traditional
opioids, such as morphine, fentanyl, sufentanil and oxycodone, inhibit immune function and increase the risk of tumor
recurrence and metastasis.24 PD-1/PDL-1 inhibitors, mainly upregulating the function of cytotoxic T cells (CD8+ cells),
promote the apoptosis of tumor cells but can also promote angiogenesis, induce capillary syndrome, decrease its
antitumor effects and reduce the analgesic effect of morphine.28,29 Antidepressant treatment may promote tumor
proliferation30 and increase the expression of vascular growth factor (VEGF), which may facilitate the treatment of
depression, but VEGF promotes tumor growth and metastasis.31

Therefore, balanced therapy with multiple targets is a new method in tumor treatment. For example, the combination
of PD1/PDL1 inhibitors with anti-vascular growth factor monoclonal antibodies is used to treat tumors.32 The idea of
multitarget treatment for tumors was proposed as early as 2005.33 Benedetti et al proposed34 in 2015 that cancer should
not be considered as a disease caused by a single factor but as a multifactorial disease in which genetic, epigenetic and
metabolic factors are all involved in tumor formation, leading to major changes in the molecular networks that control
cell growth, development, death and specialization. Thus, many antitumor therapies no longer target individual targets
but target the entire biological system, in which regulation determines the function of the physiopathological state and
maintenance. At present, for the treatment of tumors, combined treatments of antitumor drugs are advocated, which not
only supplement monotherapy but also overcome the resistance to monotherapy drugs and reduce the side effects.35

Dezocine Has Potential to Regulate the Clinical and Biological Features of
Tumors (Figure 1)
Surgery is the primary and basic treatment for the majority of solid tumors, and anesthesia and postoperative analgesia
must be performed to inhibit the surgical stress response and postoperative pain, usually by the use of opioids to protect
immune function, improve depressive symptoms, promote patient recovery, improve patient quality and improve survival
rate.36 However, traditional opioids, such as morphine, fentanyl and sufentanil, may inhibit immune function, promote
tumor vascular growth, promote tumor proliferation, promote tumor migration and simultaneously induce somatic-
dependent risk.37,38 Therefore, understanding how to reduce perioperative pain, protect immune function and reduce
the risk of tumor recurrence and metastasis has become an important topic in the practice and research of anesthesia and
perioperative management in cancer patients.

Recent studies have found that not all opioids share the same effects of immunosuppression, tumor proliferation
promotion, vascular growth promotion and habituation induction.39 Novel opioids, represented by dezocine, with specific
pharmacological mechanisms have initially demonstrated their potential for better analgesia, immune protection, anti-
tumor proliferation, antitumor migration, vascular growth suppression and antidepressants in cancer.40

Dezocine is an amino-tetrahydronaphthalene derivative similar to opiates, such as morphine, in chemical structure
and pharmacological mechanism, and it has the same analgesic effect as morphine.41 Dezocine is widely used in China
for anesthesia and postoperative analgesia, including in cancer patients. The analgesic effect of dezocine is comparable to
that of morphine but with less respiratory inhibition showing a ceiling effect, less malignant vomiting, less constipation
and fewer cardiovascular adverse effects than morphine.40,42–45 There are few additive case reports related to dezocine,
and it is not included in the list of controlled drugs in the World Health Organization or in China.40 Therefore, dezocine
occupies more than 45% of the market share of opioid analgesics in China, showing its good application prospects.40,42

Recent studies have confirmed dezocine as a virtual opioid with less opioid-induced tolerance and hyperalgesia as well as
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with effects on immunomodulation, tumor growth, tumor proliferation and mental depression. Previous studies have
found that dezocine is a partial μ opioid receptor agonist and later found that it interacts with the κ opioid receptor,44,45

but whether dezocine is an agonist or antagonist is controversial.42,44–48 In 2018, Chinese scholars reported that dezocine
has similar efficacy and selectivity for the μ and κ opioid receptors and confirmed that dezocine is a partial μ and partial κ
opioid receptor agonist.48 Later, Chinese scholars also found that dezocine binds to norepinephrine (NET) and serotonin
(5-HT) transporters to inhibit the reuptake of NET and 5-HT.47,48

Role of Dezocine in Postoperative and Cancerous Pain in Cancer Patients
The role of dezocine in cancer pain was initially demonstrated in two pilot studies. Staquet et al performed two pilot
studies on the analgesic effect in cancer patients, in which a double-blind cross-comparison of intramuscular injections of
10 mg dezocine with 10 mg morphine and placebo in ten cancer pain patients showed that a single dose of dezocine is
superior to placebo in relieving moderate to severe pain with no side effects.49 A double-blind, placebo-controlled cross-
trial was later performed in 20 inpatients with persistent cancer pain to assess the analgesic efficacy and tolerance of
a single intramuscular injection of 10 mg dezocine, and the results indicated that dezocine produces a statistically
significant greater and sustained pain relief than placebo, reporting only minor side effects.50

Later, in the 1990s, dezocine was introduced in China for many clinical applications. A meta-analysis by Wang Lei
et al showed that there is no significant difference between the analgesic efficacy of dezocine and morphine in persistent
pain in Chinese cancer patients; however, dezocine injections cause a 56% lower incidence of adverse drug reactions than
morphine injections.42

Li et al compared the postoperative analgesic effect of dezocine and oxycodone in patients with radical cervical
cancer surgery and found that the analgesic and sedative effects of dezocine are less than those of oxycodone, but the
adverse effects of the two opioids are the same.51 However, Wang et al found that the analgesic effect of 2.5 mg/kg
dezocine is slightly less than that of 2.5 μg/kg sufentanil for 2 days of postoperative analgesia in breast cancer patients
undergoing surgery.52

Figure 1 Dezocine has the potential to regulate the clinical and biological features of tumors.
Abbreviations: NAMPT, nicotinamide phosphoribosyltransferase; VEGF, vascular growth factor; CRP, C reactive protein; 5-HT, Serotonin; NOR, norepinephrine; NK,
natural killer; DCs, dendritic cells; Akt, Ser/Thr protein kinase; GSK-3β, glycogen synthase kinase-3; GRB2, growth factor receptor-bound protein 2; PD-L1, programmed
cell death ligand 1; NADPH/NADP+, nicotinamide adenine dinucleotide phosphate.
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Stambaugh et al compared the effect of single-dose and multidose intramuscular injection of dezocine (10 mg) with
butorphanol (2 mg) for chronic cancerous pain, and they found a similar peak in analgesic efficacy but a longer duration
of dezocine than butorphanol after the initial dose, indicating that dezocine is superior to butorphanol in terms of action
duration after multiple administrations as well as that dezocine has less toxicity than butorphanol both after single and
repeated administration. These results further suggested that dezocine may be beneficial in the treatment of chronic
cancer pain.53

Interestingly, Wu et al found that the combination of low-dose dezocine with morphine prevents or delays the
development of morphine tolerance in a rat model of bone cancer pain without reducing the analgesic effect of
morphine.54 These results suggest the possibility of the combined use of dezocine with morphine in patients with severe
cancer pain.

Effects of Dezocine on Angiogenesis in Cancer
Gupta et al found that morphine promotes angiogenesis, enhances VEGF expression and promotes breast tumor growth
in vitro in 2002,55 and they found that fentanyl (MOP agonist) has VEGF-like effects in angiogenesis in 2015.56

However, later studies found that opioids may inhibit angiogenesis in opposite ways, which may be explained by their
direct toxic effects at high doses, and more scholars have suggested that opioids promote angiogenesis at low doses and
clinical doses.57

Feng et al found that morphine, oxycodone and fentanyl all increase endothelial tube formation and proliferation
in vitro, suggesting that opioids act on endothelial cells via a non-μ opioid receptor-dependent pathway.58 However,
Singleton et al found that methylnaltrexone, a peripheral μ receptor blocker, inhibits angiogenesis induced by opioid
drugs, such as morphine, morphine-6-glucuronic acid and DAMGO, as well as encephalopathy and VEGF.59 In addition,
Yamamizu et al found that a κ opioid receptor agonist suppresses tumor angiogenesis through inhibition of VEGF
signaling in a series of studies.60 Thus, these studies suggest that κ opioid receptor agonists inhibit angiogenesis in
cancer, but the effects of the μ opioid receptor on angiogenesis are controversial.

The research on the effect of dezocine on tumor angiogenesis has not been reported to date. However, we hypothesized
that dezocine may have antiangiogenic effects based on its characteristics of partial κ opioid receptor agonism.

Effects of Dezocine on Tumor Immune Function
Feng et al found that dezocine regulate immune function, in which dezocine upregulates IL-12 levels and downregulates
IL-10 levels by promoting lymphocyte activity during maturation of DCs in human cord blood.61 Feng et al also found
that dezocine significantly promotes the morphological maturation of dendritic cells (DCs) and increases the expression
of DC-related surface markers, such as CXCL10, CD3G and GRB2, resulting in increased IL-12 and IL-6 cytokines as
well as the proliferation and cytotoxicity of CD8+ T cells in postoperative peripheral blood of patients with lung cancer.62

Another study has reported that dezocine promotes BMDC maturation and inhibits tumor metastasis by increasing CD8+
T cell proliferation and cytotoxicity.63 Clinical studies have confirmed that the analgesic efficacy of dezocine was slightly
less effective than that of sufentanil, but the activities of NK cells and CD4+ cells are significantly higher than those of
sufentanil within 48 h postoperatively in breast cancer patients undergoing surgery, which is more conducive to the
recovery of early postoperative immune function in dezocine-treated patients.52 Studies have also found that dezocine
maintains the balance of serum Th1/Th2 cytokines (INF-γ/IL-4) better than sufentanil in patients with gastric cancer
surgery64 and downregulates the expression of the TNF-α and IL-6 inflammatory factors in patients with liver cancer
surgery.65 Our studies also found that dezocine inhibits CRP levels66 and maintains the CD3+/CD8+ balance, the IL-2/
IL-10 cytokine balance67,68 and the Th1/Th2 cell balance69 in breast cancer patients undergoing surgery as compared to
fentanyl or sufentanil. Interestingly, Dong et al found that the production of IFN-γ and PD-L1 decreases after treatment
with 2 µg/mL dezocine but increases after treatment with 8 µg/mL dezocine in lung cancer cells,70 suggesting that
clinical doses of dezocine have immune upregulation effects but that large doses lead to immunosuppression, which is
consistent with our previous findings.67

The above findings suggest that dezocine protects the immune function of cancer patients with potential antitumor
effects.
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Effects of Dezocine on Tumor Proliferation and Growth
Dezocine inhibits tumor growth and metastasis by regulating immune function.61–63,70 However, in vitro studies have
found that dezocine directly inhibits the viability and migration of HepG2 and Hep 3B HCC cells in a concentration-
dependent manner by inhibiting cellular oxyglycolysis and its malignant potential through the serine/threonine kinase 1
(Akt1)-glycogen synthase kinase 3 (GSK-3) pathway,71 and they have found that dezocine exerts an antitumor effect by
targeting nicotinamide phosphoribosyltransferase in triple-negative breast cancer.72 Thus, these findings suggest that
dezocine has direct antitumor effects in vitro. However, the mechanism and significance are still unknown.

Effects of Dezocine on Tumor Patients with Depression
Because dezocine has inhibitory effects on 5-HT and NOR reuptake, dezocine may have an antidepressant effect.40,46 We
first reported that a single epidural small dose of morphine combined with intravenous patient controlled dezocine
analgesia is effective in reducing the postoperative Edinburgh depression scores and the incidence of postpartum
depression in cesarean delivery pregnant women, and the antidepressant effect may be associated with its ability to
increase blood 5-HT levels.73 We also found that dezocine for anesthesia induction and postoperative intravenous
analgesia, reduces the postoperative depression self-score in breast cancer patients compared to fentanyl, and the
depression self-score is negatively correlated with the blood 5-HT levels.74 Zhao et al also confirmed this finding in
patients after colon cancer surgery.75 These results suggest that dezocine has an antidepressant effect both in cancer
patients undergoing surgery and in pregnant women undergoing cesarean section. An experimental study has found that
dezocine exerts antidepressant-like effects in mice through the involvement of 5-HT1A and κ opioid receptors.76

In summary, dezocine has been used for anesthesia and analgesia in China for more than ten years with billions of
people using dezocine, and it has good application prospects. According to previous studies and due to its unique
pharmacological role, dezocine has the potential to regulate the clinical biological characteristics of tumors, including
postoperative pain, cancer pain, immune function, vascular growth, tumor proliferation, tumor metastasis and mental
depression.

However, little is known about the effects of dezocine on cancer. Research on the immune regulation of dezocine is
not comprehensive, and there has been no reported study on the angiogenesis effects of dezocine. Studies of the effects of
dezocine on tumor proliferation and metastasis as well as mental depression in tumor patients have just begun. The
mechanism by which dezocine regulates the clinical biological characteristics of tumors is not completely clear. More
research, especially clinical research on tumor prognosis, is needed to confirm the value of dezocine in cancer patients.
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