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Abstract

:

After breast surgery, women frequently develop chronic post-mastectomy pain (PMP). PMP refers to the occurrence of pain in and around the area of the mastectomy lasting beyond three months after surgery. The nature of factors leading to PMP is not well known. When PMP is refractory to analgesic treatment, it negatively impacts the lives of patients, increasing emotional stress and disability. For this reason, optimizing the quality of life of patients treated for this pathology has gained more importance. On the basis of the findings and opinions above, we present an overview of risk factors and predictors to be used as potential biomarkers in the personalized management of individual PMP. For this overview, we discuss scientific articles published in peer-reviewed journals written in the English language describing risk factors, predictors, and potential biomarkers associated with chronic pain after breast surgery. Our overview confirms that the identification of women at risk for PMP is fundamental to setting up the best treatment to prevent this outcome. Clinical practice can be planned through the interpretation of genotyping data, choosing drugs, and tailoring doses for each patient with the aim to provide safer and more effective individual analgesic treatment.
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1. Introduction


Breast cancer is commonly diagnosed in women around the world [1]. However, in recent decades, as a result of progress in breast cancer management, survival has significantly increased. Unfortunately, severe post-surgical pain is generally accompanied by a substantial risk of developing chronic pain [2]. Indeed, it has been observed that, after breast surgery, women develop severe post-surgery pain and chronic post-mastectomy pain (PMP); among surviving women, from 25% to 60% of those who have been subjected to mastectomy for breast cancer suffer from post-surgery pain [3,4]. Other epidemiological data show that about half of all women undergoing mastectomy for breast cancer experience chronic pain, with 25% developing moderate-to-severe pain [5]. Chronic post-mastectomy pain (PMP) is the main symptom of a syndrome referring to the occurrence of pain in and around the area of mastectomy lasting beyond three months after surgery when all other possible causes of pain are ruled out [6,7]. It may last for years or be present for life [8]. The nature of factors leading to PMP is not well known, though it has been thought that youth and surgery, including lymphadenectomy, could be predisposing factors, and others, such as anatomical, psychosocial, and genetic factors, could be considered as additional issues [9,10]. Chronic PMP comprises phantom breast pain, cicatrix pain, and neuropathic pain produced by injury to skin nervous tissue trapped in cicatrix tissue. Other times, PMP can be because of a capsule formed following reconstruction or by lateral and medial pectoral nerves compressed by the pectoralis muscle, and to the detachment of the muscle serratus anterior compressed by the implant [11]. This condition is characterized by continuing pain, generally reported as “burning” and/or “shooting”, associated with palpable allodynia [12]. PMP was considered in the past to be an infrequent problem, but more recently, it has been evaluated to be present in 13.5–25% of women who have undergone total or partial surgical breast excision, independent of mammary reconstruction [13]. When PMP is refractory to analgesic treatment, it negatively impacts the lives of patients, increasing emotional stress and disability, as occurs in general for chronic pain [14]. For this reason, optimizing the quality of life of patients treated for this pathology has gained more importance [15]. In general, pain persistency has a significant economic burden for healthcare systems [16]. Moreover, we have incomplete knowledge concerning the specific risk factors causing chronicization of PMP; this hinders research into the correct management of this condition and the application of adequate treatment and prevention [6]. Regarding management of pain, on the basis of its partial neuropathic origin, it has been observed that both gabapentinoids [17] and tricyclic antidepressants [18] reduce chronic pain intensity in patients undergoing surgery. Furthermore, standard therapies used for post-surgery pain, represented principally by opioids and non-steroidal anti-inflammatory drugs, cannot be sufficiently effective when prescribed after surgery to patients vulnerable to neuropathic pain, and treatments often require hours to be effective [19]. Finally, anatomical breast research shows the locations of nerves at risk during mastectomy, suggesting the development of a map for breast surgery to reduce nerve damage. Moreover, targeted muscle reinnervation and regenerative peripheral nerve interfaces were indicated for the prevention of neuroma formation after nerve transection with axillary dissection and mastectomy [20]. On the basis of the findings and opinions above, we present an overview of risk factors and predictors to be used as potential biomarkers in the personalized management of individual PMP.




2. Materials and Methods


For this overview, we collected scientific articles published in peer-reviewed journals written in the English language describing risk factors, predictors, and potential biomarkers associated with chronic pain after breast cancer surgery. We used the criteria of the International Association for the Study of Pain (IASP) to define persistent postsurgical pain as “pain that develops after surgical intervention and lasts at least 2 months, with exclusion of other potential causes for the pain” [7]. A search was performed independently by two researchers (blinded to the authors and, initially, on results) in the major scientific databases and search engines of peer-reviewed literature on life sciences and biomedical topics (PubMed, Scopus, Embase, Web of Science, Google Scholar) by using a combination of the keywords “pain”, “post-mastectomy”, “post mastectomy pain”, post mastectomy pain syndrome”, “breast surgery”, “markers”, “biomarkers”, “risk factors”, and “predictors” in titles and abstracts, starting from January 1996 to June 2021. All full-text articles were retrieved, and the references were manually searched. In addition, reference lists of narrative reviews and expert opinions were also searched in an attempt to locate more studies describing the potentiality of biomarkers for the management of PMP. All duplicates were removed. The reviewers resolved disagreements by discussion.




3. Results


3.1. Pain Biomarkers in Breast Cancer


Pain is a common symptom in women affected by breast cancer. Before analyzing PMP, we briefly summarize the main principal findings aimed to identify potential biomarkers associated with pain in this oncologic condition. In breast cancer patients, it has been noted that pain is often linked with other issues such as fatigue and depression. This leads us to hypothesize that the co-presence of these symptoms could be due to a shared pathogenetic mechanism based on inflammation [21,22]. In particular, it has been observed that co-morbidity of depression and chronic pain is highly prevalent [23], and it has been proposed that chronic inflammation is a common mediator of these co-morbidities [24].



This aspect was investigated by evaluating the possible correlation of these symptoms with blood concentrations of noradrenaline and adrenaline as an index for sympathetic nervous system activity and cortisol and adrenocorticotropic hormone for hypothalamic–pituitary–adrenal activity in 104 women with advanced breast cancer. Simultaneous enhancement of noradrenaline, adrenaline, adrenocorticotropic hormone, and cortisol was observed with evidence of pain, depression, and fatigue occurring in the women recruited for the study [25]. This indicates that the occurrence of pain and fatigue is related to depression, suggesting that noradrenaline and adrenaline, together with cortisol and adrenocorticotropic hormone, could be used as predictors for pain in breast cancer. The relationship between inflammation and breast cancer pain associated with fatigue, anxiety, sleep, and mood disorders was also studied in women in the early stage of the disease. In this case, it was shown that women reporting pain had higher levels of C-reactive protein and interleukin-13 and more interference of pain with quality of life, together with a higher incidence of depression and sleep disorders, in comparison with the same parameters evaluated in women without pain. The study results were interpreted as a strengthening of the notion of a link between activation of the immune system, inflammation, and occurrence of pain [26]. Recently, data from the study named TRIUMPH were collected to assess the efficacy of the bisphosphonate drug pamidronate, used for the therapy of metastatic breast cancer, on 57 women with pain grading from low to moderate. As a secondary outcome, the study aimed to investigate the relationship between serum cytokines and pain evaluated through the application of the Brief Pain Inventory (BPI) questionnaire, a self-administered questionnaire designed to assess cancer pain [27]. Following chemical analysis, a significant relationship was found between pain scores obtained via the BPI and cytokines such as IL-1β, IL-2, IL-4, IL-5, IL-12p70, IL-17A, IL-23, granulocyte-macrophage colony-stimulating factor (GM-CSF), and interferon (IFN)-γ. These findings led the authors to suggest monitoring of the above cited cytokines, using them as predictors for the severity of pain in breast cancer [28]. C-reactive protein, measured before and after treatment, was investigated through a retrospective study on 366 women affected by breast cancer for its possible role as a pain predictor for potential different responders by ethnicity to radiotherapy. The results showed that scores for pain were ethnically different, and in particular, their increase was associated with the greatest levels of this protein before radiotherapy and more pronounced in women with breast cancer and obesity [29].




3.2. Risk Factors, Predictors, and Pain Biomarkers in PMP


Pain management is usually conducted by paying attention to the perception of pain as patients recognize it through self-evaluation. Thus, self-evaluation by patients of pain intensity and pain interference (defined as the results obtained with answers to questions about daily activities) is frequently used as a marker guiding therapy [30]. Either the interference or the intensity is evaluated by employing scales or questionnaires such as visual analogue scale (VAS) and/or the numerical rating scale (NRS). However, the usefulness of these modalities to measure pain is limited because they are characterized by strong subjectivity [31]. Knowledge of risk factors, predictors, and potential biomarkers is mandatory to improve the management of pain.



3.2.1. Risk Factors


Preoperative characteristics more frequently related to PMP were investigated through psychosocial and psychophysical assessment in 259 women undergoing breast surgery. The results showed that pre-existing surgical area pain, less schooling, frequent somatization, sleep disorders, and axillary dissection are variables useful as predictors of more severe pain [32] (Table 1). Psychological factors have also been associated with persistent pain after mastectomy. The findings have shown a relationship between anxiety, mood, and sleep disorders and PMP in women with breast cancer [33] (Table 1). The role of psychological risk factors is also supported by other findings reporting an association between pain and high levels of anxiety and depression [34,35]. A longitudinal study involving 410 women undergoing mastectomy showed that anxiety and depression before surgery were followed by moderate to severe persistent PMP [36] (Table 1). It is known that psychological stress can cause greater sensitivity to pain [37]. As a counterweight, it has recently been proposed that this major sensitivity increases attention to pain and motivates behaviors promoting and favoring healing [38]. In this context, an increase in the cortisol level has been shown to be accompanied by a decrease in prolactin occurring about 40 min after surgery, associated simultaneously with a significant postoperative decrease in lymphocytary glycoproteins CD4, CD8, and neuronal glycoprotein CD56 [39] (Table 1). Cortisol is a steroid hormone related to stress, produced by the adrenal gland cortex [40]. Contradictory results have been produced about the role of the cortisol level as a risk factor predicting the development of post-mastectomy pain. A study examined the relationship between demographic, clinical, psychological, and neuro-endocrinological factors and the development of post-surgery pain occurring in 64 women after partial mastectomy. In this sample of women, levels of anxiety and depression were evaluated before surgery through the Hospital Anxiety and Depression Scale (HADS). Cortisol levels in 24 h samples of urine were quantified two days before mastectomy. In the same sample of women, PMP was evaluated through a visual analogic scale (VAS) in the two days after surgery and using a short-form McGill Pain Questionnaire for chronic pain administered after six months. The results of the study showed an increase in risk for moderate to severe acute PMP associated with low levels of cortisol before surgery (odds ratio (95% confidence interval): 0.96 (0.92–0.98)). Moreover, the data indicated that women with a higher preoperative degree of anxiety and moderate to severe acute pain were more likely to develop chronic postoperative pain (OR (95% CI): 1.63 (1.23–2.40) and 5.07 (1.30–24.6)). Based on these results, the authors concluded that low perioperative cortisol secretion might be related to acute postoperative pain, but insufficient evidence was produced to assert that it contributes to the development of PMP [41] (Table 1). Different types of sensitivity disturbances such as allodynia, hyperalgesia, and paresthesia, either primary or as sequelae to other surgical procedures, have been proposed to be associated with the development of PMP [42]. A repeated cross-sectional survey was carried out in Denmark on 2411 patients who were subjected to mastectomy for primary breast cancer by examining self-evaluation pain reports including location, intensity, frequency of pain, and prevalence of sensory disturbances. All participants who experienced a mastectomy in the years 2005 and 2006 were subsequently examined in 2008 and again, using the same questionnaire, in 2012. In this sample, the prevalence of chronic pain after mastectomy ranged between 22% and 53%, and half of them reported sensory disturbances. Potential risk factors for chronic pain revealed by this research were axillary lymph node dissection rather than sentinel lymph node biopsy (odds ratio 2.04, 95% confidence interval 1.60 to 2.61; p < 0.001) and age ≤ 49 years (1.78, 1.25 to 2.54; p < 0.001). The results confirmed that an axillary procedure is a risk factor that can predict subsequent persistent pain and sensory disturbances [7] (Table 1). Pain has been related to treatment with chemotherapy and radiotherapy. This view is not sufficiently supported, but data published from a pilot study indicate that pain after mastectomy could be due to nerve injury during breast cancer surgery and radiotherapy [43]. Concerning age as a risk factor, it has been suggested that younger women with a history of chronic pain may be at a higher risk of developing PMP. A survey investigating the prevalence and risk factors of PMP, including 420 women, found that 22.4% of the sample was affected by chronic pain. Patients with chronic pain were younger than those not suffering from chronic pain. Moreover, multivariate analysis showed that age and history of chronic pain were independent risk factors [44] (Table 1). These aspects also emerged from a more recent investigation. The risk factors of 2033 women who underwent mastectomy were investigated in a retrospective study by asking them about the occurrence of chronic PMP. Based on the answers of 97.5% of responders, it emerged that 28.2% had developed chronic pain; using univariate analysis, age 35 years, tumor staging, previous chronic pain, total mastectomy, and axillary lymph node dissection were statistically associated with PMP [45] (Table 1). To explain the mechanisms through which younger age represents a risk factor for PMP, enhanced likelihood of a higher histopathological tumor grade and the need for adjuvant chemotherapy when the tumor occurs in younger women have been highlighted. As another possible factor, differences in estrogen receptor status in younger versus older patients have been evoked, together with the reduction in sensitivity of pain receptors in older women [15,46]. Factors potentially associated with chronic pain occurring in patients who underwent mastectomy for breast cancer were investigated through a systematic review and meta-analysis performed on 30 studies, including 19,813 patients. Analysis of the data confirmed an increase in the odds of chronic pain with younger age (OR for every 10-year decrement 1.36, 95% confidence interval (CI) 1.24–1.48) and radiotherapy (OR 1.35, 95% CI 1.16–1.57). Furthermore, the risk increased when axillary lymph node dissection (OR 2.41, 95% CI 1.73–3.35) was performed, leading to women being affected by more severe acute postoperative pain (OR for every 1 cm on a 10 cm VAS 1.16, 95% CI 1.03–1.30) and, albeit with moderate evidence, greater preoperative pain. The results did not show any relationship between persistent pain and body mass index, type of surgery, chemotherapy, or endocrine therapy [47] (Table 1).



Recent evidence supports the use of regional anesthesia for postoperative pain [48]. The potential benefits of regional techniques in breast surgery to avoid post-mastectomy pain were also investigated in an observational study recruiting 123 patients who underwent mastectomy. In this study, regional anesthesia produced lower acute post-mastectomy pain and a reduction in opioid administration in women with higher baseline pain catastrophising, measured via the Pain Catastrophizing Scale (a scale validated to measure catastrophic thinking associated with pain) [49].



It has been shown that paravertebral blocks, used for other regional methodologies in anesthesia, produce a diminution of the development of postsurgical pain [50,51]. However, a recent meta-analysis of 16 studies involving 1026 patients concluded that there was moderate- to high-level evidence that pectoral nerves blocks reduce PMP compared with no regional technique and cause a reduction in the frequency of post-surgery nausea and vomiting [52]. About this, a prospective cohort study, designed to identify factors predicting PMP, recruited 537 women who would subsequently undergo primary breast cancer surgery. According to the study results, the authors concluded that, on the basis of risk factors related to the patient and type of surgery performed, the occurrence of PMP could be predicted [53] (Table 1). According to their view, younger age with locoregional pain before surgery, together with axillary lymph node dissection and acute PMP with high intensity and signs of neuropathic pain in the acute post-surgery phase, should be considered to indicate high risk. Thus, identifying patients presenting these characteristics may ease adequate actions, consequently reducing PMP or its intensity.




3.2.2. Genetic Predisposing Factors


Arising evidence indicates that the inherited factors influencing the occurrence of post-surgery chronic pain occur in about 45% in the general population and that genetics only incompletely explains individual predisposition to the development of chronic pain after surgical treatment [54]. However, it has been shown that gene polymorphism affects the efficacy and dosage of opioids [55], and it is thought to be a pre-surgery risk factor for the development of PMP. The research focused principally on the Mu1 receptor gene encoding for Mu1 opioid receptor and its involvement in pain modulation following surgery. The findings suggest that the individual variation observed in the occurrence of PMP is partially influenced by genetic variability in the gene locus for Mu1 opioid receptor (OPRM1). OPRM1 has a common variant called A118G (rs1799971), so named because this single-nucleotide polymorphism in exon 1 of the gene is responsible for the transition of an adenine (A) nucleotide to guanine (G) at base 118 [56]. It has been suggested that patients presenting the OPRM1 genotype may be at higher risk for chronic post-surgery pain because of their variability in response to opioids; OPRM1 could be monitored for the personalization of opioid treatment, thus avoiding chronicization of pain [11] (Table 1).




3.2.3. Markers


To develop a clinical tool that can be used to identify risk factors for PMP, a prediction model was recently tested on women with operable unilateral breast cancer. Data were collected from Finland (n = 860), Denmark (n = 453), and Scotland (n = 231). The results of the test showed that pain before surgery, high body mass index, axillary lymph node dissection, and more severe acute postoperative pain can be considered predictors for chronic pain after mastectomy [13] (Table 1). Polymorphism in the gene CACNG2 has also been associated with the development of chronic PMP. It has been reported that the presence of specific alleles of single-nucleotide polymorphism and a 3-SNP haplotype (A-C-C) in the human gene CACNG2 (encoding for the voltage-dependent calcium channel gamma subunit 2 or stargazin) enhances the risk of pain chronicization after mastectomy due to breast cancer [10]. A more recent meta-analysis conducted on two cohorts of women confirmed a relationship between polymorphism in the gene CACNG2 and chronic pain after breast surgery. The authors of the meta-analysis concluded that the A-C-C haplotype at three single-nucleotide polymorphisms (rs4820242, rs2284015, and rs2284017) in the CACNG2 gene is related to enhanced risk of PMP [57] (Table 1). It is well known that catecholamines influence pain perception [58], and polymorphisms of genes for these substances have been associated with PMP. Inhibition of noradrenaline reuptake increases analgesia, acting via α2-adrenergic receptors located in the dorsal horn of the spinal cord. These receptors are coupled to the inhibitory G protein, which, in turn, blocks the presynaptic voltage-controlled calcium channels in the dorsal horn of the spinal cord, inhibiting the release of excitatory neurotransmitters from primary afferent fibers [59]. In particular, the polymorphisms that have been correlated with severe pain are the following: catechol-O-methyltransferase (COMT) high pain sensitivity (HPS) haplotype, the solute carrier family 6 (SLC6) member 2-noradrenaline transporter (SLC6A2) HapD01, and SLC6 member 3-noradrenaline transporter (SLC6A3) rs464049 [60] (Table 1). COMT is an enzyme inactivating catecholamines such as dopamine, noradrenaline, and adrenaline [61]. The Val158Met polymorphism, a common genetic variant in Caucasian populations, influences the activity of the COMT enzyme, and it has been suggested that interactions between OPRM1 and COMT might contribute to the development of post-surgery pain and sensitivity to opioids [62]. The SLC6 family of the human genome includes transporters for neurotransmitters, and they have a crucial role in neurotransmission [63]. Glycine transporters are Na+-/Cl−-dependent transporters of the SLC6 family, and it has been suggested that their inhibition could be a mechanism to increase spinal extracellular glycine concentrations, enhancing neurotransmission mediated by glycine receptors in the dorsal horn [64]. As the activation of Mu opioid receptors is involved in the modulation of pain, the study of these structures is relevant in the discovery of putative biomarkers to be used in the management of pain. In particular, Mu1 receptor is considered one main target in the context of analgesia with opioids. It is important to note that polymorphism of the gene encoding for Mu opioid receptor can influence the response to analgesic drugs in patients with cancer [65]. Among the variants, as reported above, the most frequent is SNP A118G. This genotype can be used as a biomarker for analgesia management after surgery in cancer patients, particularly in patients with cancer homozygous for the G allele of SNP A118G (rs1799971), generally requiring higher doses of morphine for the treatment of chronic pain [66]. Mediators of inflammation play a role in the development of chronic pain after surgery, participating in the beginning and subsequently maintaining chronic pain after nerve lesion through changes in activity, connectivity, and number of neuronal cells. The findings indicate the involvement of polymorphisms of the IL-6, C-X-C motif chemokine ligand 8 (CXCL8), and TNF genes and modification of methylation in the TNF gene promoter favoring the occurrence of chronic breast pain after breast cancer surgery [67] (Table 1).






4. Discussion


Chronic post-surgery pain is defined as ongoing pain directly imputable to a surgical procedure, persisting for at least three months after surgery [69]. Chronic neuropathic pain is chronic pain caused by a lesion or disease of the somatosensory system, and neuropathic modifications are generally associated with the development of chronic pain [7]. Neuropathic pain is frequent in the early period after breast cancer diagnosis [70]. The neuropathic origin of this pain can be considered one of the principal causes of disability and a fundamental stress factor in women affected by breast cancer patients, and it represents the most important contributor to the development of chronic breast pain [68] (Table 1). Nevertheless, chronic post-surgery pain should not be considered to be strictly related to only neuropathic pain. It is known that chronic pain occurrence is very frequent when surgical procedures involve major nervous injury or when nerve transection happens. For this reason, appropriate care can make the difference in avoiding chronicization of symptoms [19]. Only an accurate diagnosis can theoretically lead to the application of the proper pain management strategies, and this is particularly true for neuropathic pain, which is generated by nervous system lesions or dysfunction and can be maintained by several different mechanisms. Moreover, neuropathic pain is more likely to be caused by either surgical treatment or comorbidity, and it is more difficult to treat than nociceptive pain [71]. In this regard, it has been suggested that chronic pain occurring after breast cancer surgery may be produced by nerve damage in the axilla and/or chest wall owing to excision surgery [72] and possibly aggravated by successive chemotherapy and radiotherapy [40]. Generally, the principal predictive factor for post-surgery pain is the type of intervention, followed by preoperative pain, anxiety, and age [73]. Our overview of risk factors indicates that psychological factors play a role in the development of PMP. In particular, it has been observed that anxiety, mood, and sleep disorders are frequent pre-existing factors. A pre-surgery state of anxiety was also found to be accompanied by acute pain. Both these factors could be considered as predictors for PMP. Hormonal changes related to stress have been detected after breast surgery, consisting of increased cortisol and decreased prolactin levels. These modifications were found to be associated with a significant decrease in CD4, CD8, and CD56. In addition, sensory disorders have also been suggested to be related to PMP, together with axillary lymph node dissection and age of ≤49 years in women. In this context, younger age among women has been reported to be a higher risk factor for chronic pain after breast surgery. Gene polymorphism is a preoperative risk factor influencing the management of pain after breast cancer surgery. Genetic predisposition is characterized by the changeability of variant A1118G for Mu1 opioid receptor, causing an unpredictable response to opioids. Knowledge of this variant might be taken into account to customize treatment with opioids, thus reducing side effects.




5. Conclusions


Research on risk factors and biomarkers for PMP has produced crucial results that physicians conducting breast cancer surgeries should know about. First of all, investigation of individual polymorphisms of the gene CACNG2 can be useful in predicting the development of PMP. Other polymorphisms that could be investigated are related to catecholamines (COMT HPS haplotype, SLC6A2 HaplotypeD01, and SLC6A3 rs464049). Based on the involvement of Mu opioid receptors in pain perception, a study of variant SNPA118G could be performed to identify women homozygous for the G allele of SNPA118G (rs1799971), in which higher doses of opioids are needed to obtain analgesia. Finally, the study of polymorphisms of inflammatory mediators such as the IL6, CXCL8, and TNF genes deserves attention because it can be helpful in the choice of the proper pain therapy for the postoperative period following breast cancer surgery. PMP syndrome is a negative consequence occurring after breast cancer surgery. The identification of women most at risk is fundamental to setting up the best treatment to prevent this outcome. Clinical practice can be planned through the interpretation of genotyping data, choice of drugs, and tailoring of doses for each patient with the aim to provide safer and more effective individual analgesic treatment.
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Table 1. Risk factors, biomarkers, and associated factors involved in the development of chronic pain occurring in women after breast cancer surgery.
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	Surgery
	Risk Factors and Biomarkers
	Associated Factors
	Postoperative Pain Perception
	Source





	Lumpectomy, mastectomy, or mastectomy with reconstruction
	Pre-existing surgical area pain, less schooling, frequent somatization, sleep disorders, and ALND
	Not reported
	↑
	Schreiber et al. 2021 [9]



	Total or partial mastectomy
	Anxiety, mood, and sleep disorders
	Not reported
	↑
	Belfer et al. 2013 [33]



	Radical mastectomy
	↑ cortisol level

↓ prolactin

↓ CD4, CD8, CD56
	Not reported
	↑
	Bakr et al. 2016 [39]



	Partial mastectomy
	↓ cortisol level
	Higher level of anxiety and moderate to severe acute pain
	↑
	Nishimura et al. 2017 [41]



	Unilateral mastectomy
	ALND
	Not reported
	↑
	Mejdahl et al. 2013 [8]



	Mastectomy
	History of chronic pain and younger age at surgery
	Tumor staging, number of lymphadenectomy
	↑
	Cui et al. 2018 [44]



	Unilateral mastectomy
	Age ≥ 35 years, history of chronic pain, total mastectomy, and

ALND
	Tumor staging, previous chronic pain experience, total mastectomy
	↑
	Gong et al. 2020 [45]



	Breast cancer surgery
	Younger age, radiotherapy.
	ALND, preoperative pain
	↑
	Wang et al. 2016 [47]



	Breast cancer surgery
	Age < 65 years, locoregional pain before surgery
	Axillary lymph node dissection, breast conserving surgery, signs of neuropathic pain
	↑
	Andersen et al. 2015 [53]



	Unilateral surgery
	Moderate arm/shoulder pain in the first six months following breast cancer surgery
	Younger age, higher BMI, higher number of lymph nodes dissection, ALND, anxiety, and depression
	↑
	Miaskowski et al. 2014 [36]



	Breast cancer surgery
	OPRM1 polymorphism
	Not reported
	Not reported
	De Gregori et al. 2015 [11]



	Breast cancer surgery
	Neuropathic pain signs
	Not reported
	↑
	Haroutiunian et al. 2013 [68]



	Unilateral surgery
	High body mass index, axillary lymph node dissection, postoperative pain intensity at the seventh postoperative day
	Not reported
	↑
	Meretoja et al. 2017 [13]



	Unilateral mastectomy or lumpectomy, accompanied by ALND
	CACNG2 polymorphism
	Chronic pain
	PMP was present in 39% (215/549) of the study participants
	Nissenbaum et al. 2010 [10]



	Unilateral (or partial) surgery;

unilateral; bilateral complete mastectomy or partial

mastectomy
	CACNG2 polymorphism
	Not reported
	PMP was present in 45% (216/482) of the study participants
	Bortsov et al. 2019 [57]



	Breast cancer surgery
	COMT HPS haplotype, SLC6A2 HapD01, SLC6A3 rs464049 polymorphisms
	Chronic pain
	Not reported
	Knisely et al. 2018 [60]



	Unilateral breast surgery
	IL6, CXCL8, TNF genes polymorphisms, and modification of methylation in the TNF gene promoter
	Younger age (premenopausal), higher number of breast biopsies, presence of pain, strange sensations, and hardness in the breast prior to surgery, reconstructive surgery, re-excision or mastectomy in the 6 months following surgery
	↑
	Stephens et al. 2017 [67]







↑ increasing; ↓ decreasing; OPRM1 = Mu1 opioid receptor; CACNG2 = calcium voltage-gated channel auxiliary subunit gamma 2; COMT HPS = catechol-O-methyltransferase high pain sensitivity; SLC6A2 = solute carrier family 6 member 2-noradrenaline transporter; SLC6A3 = solute carrier family 6 member 3-noradrenaline transporter; CXCL8 = C-X-C motif chemokine ligand 8; TNF = tumor necrosis factor; ALND = axillary lymph node dissection; BMI = body mass index; PMP = post mastectomy pain.
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