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Abstract

:

Simple Summary


There are many causes of pain following treatment of breast cancer. Pain may be due to nerve damage, problems of the musculoskeletal system, or both. Frequently, multiple different problems may be present at the same time which can make it difficult to determine the exact cause(s) of pain. Identifying the anatomic pain generators is essential to direct appropriate treatment. The purpose of this review is to outline different sources of post-mastectomy pain and to provide recommendations for the treatment of each one.




Abstract


Persistent pain following treatment for breast cancer is common and often imprecisely labeled as post-mastectomy pain syndrome (PMPS). PMPS is a disorder with multiple potential underlying causes including intercostobrachial nerve injury, intercostal neuromas, phantom breast pain, and pectoralis minor syndrome. Adding further complexity to the issue are various musculoskeletal pain syndromes including cervical radiculopathy, shoulder impingement syndrome, frozen shoulder, and myofascial pain that may occur concurrently and at times overlap with PMPS. These overlapping pain syndromes may be difficult to separate from one another, but precise diagnosis is essential, as treatment for each pain generator may be distinct. The purpose of this review is to clearly outline different pain sources based on anatomic location that commonly occur following treatment for breast cancer, and to provide tailored and evidence-based recommendations for the evaluation and treatment of each disorder.
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1. Introduction


Breast cancer is the most common cancer in the world, accounting for 11.7% of all new cancer cases in 2020 [1]. Despite being the most prevalent, breast cancer only accounts for 6.9% of the world’s cancer related deaths largely in part due to innovations in screening, genetic sequencing, and targeted treatment modalities [1,2]. The improvements in therapeutics has led to improved survival rates of 91% and 84% at 5- and 10-years, respectively [3], with estimates of over 3.8 million survivors in the United States alone [4]. Most of these survivors are treated surgically with varying forms of mastectomy, breast-conserving surgery and lymph node dissection frequently resulting in the formation of chronic pain (defined as pain persistent or recurring for more than 3 months [5]) commonly labeled as post-mastectomy pain syndrome (PMPS) [6].



One of the first descriptions of PMPS was termed intercostobrachial nerve entrapment syndrome [7]. It was described as pain that would occur following mastectomy and involved the upper arm, shoulder and chest, was worsened by movement of the shoulder girdle and was characterized as dull, aching or burning with intermittent stabbing [7]. PMPS has grown to become a routine issue of breast cancer survivorship with significant implications on quality of life, physical function, and healthcare utilization.



The vast majority of new breast cancer cases are diagnosed as local or regional with over 90% treated surgically [3] contributing to the development of chronic pain syndromes resulting in significant healthcare expenditures. One study in the United States calculated these costs as approaching $1 billion annually when accounting for office visits, medication use and work/productivity loss [8]. Not included within these costs is the physical pain and loss of function experienced by these patients.



Following treatment for breast cancer, patients experience loss of upper limb range of motion (prevalence 2–51% [9]) [10,11,12], decreased strength (prevalence 17–33% [9]) [13,14], and decreased ability to perform activities of daily living [9,15,16]. Pain associated with these impairments reduces quality of life by negatively impacting physical autonomy, psychological well-being, and social relationships [17,18]. Given this, it is unsurprising that many patients receive chronic opioid therapy for pain control. Lee and colleagues tracked opioid use among cancer patients undergoing curative-intent surgery, with most patients undergoing surgery for breast cancer [19]. They found that the risk of new persistent opioid use among patients who were pre-operatively opioid naïve was 10.4% with an increase in risk to 15–21% in those undergoing adjuvant chemotherapy [19]. These risks continue amidst ongoing opioid crises in parts of Africa and the Middle East [20] and a situation in the United States which has only worsened since the COVID-19 pandemic [21,22,23,24].



The implications of chronic pain following treatments for breast cancer are vast. As persistent pain following breast cancer treatment encompasses a number of distinct disorders, we have written this narrative review to provide a practical approach to the evaluation and management of chronic pain from the perspective of the physiatrist. This manuscript identifies anatomic pain generators and describes the evidence for targeted interventions to reduce pain, improve quality of life, and potentially reduce the need for chronic opioid analgesia.




2. Terminology


The term post-mastectomy pain syndrome was coined in 1984 [25] and officially defined by the International Association for the Study of Pain in 1986 as “chronic pain commencing immediately or soon after mastectomy or removal of a lump, affecting the anterior thorax, axilla, and/or medial upper arm” [26]. Since then, there have been numerous other terms seeking to better characterize PMPS including post-axillary dissection pain [27], post-mastectomy neuropathic pain [28], post-mastectomy chronic pain [29], chronic pain after breast cancer treatment [30], persistent post-mastectomy pain [31], and post-breast surgery pain syndrome [32]. In 2016, Waltho and Rockwell proposed a novel definition of PMPS being pain that occurs after any breast surgery; is of at least moderate severity; possesses neuropathic qualities; is located in the ipsilateral breast/chest wall, axilla, and/or arm; lasts at least 6 months; occurs at least 50% of the time; and may be exacerbated by movements of the shoulder girdle [6].



This patchwork of terminology has likely contributed to a wide incidence of PMPS with reports ranging from 12–72% [9,18,33,34,35]. The larger incidence rates are likely capturing more than classic neuropathic etiologies of PMPS and as Tait et al. noted, the larger frequencies are likely including musculoskeletal causes of pain [36].




3. Etiologies of Chronic Pain after Breast Cancer Treatment


The remainder of this review will focus on the common sources of pain following breast cancer treatment, categorized by neuropathic and somatic musculoskeletal sources (Figure 1 and Figure 2). For each potential source of pain we will review the underlying pathophysiology, diagnosis and treatment options. We will also briefly discuss nociplastic pain and its increasingly recognized role in breast cancer. Although there are numerous pain issues associated with breast reconstruction, they are beyond the scope of this review and will not be discussed here.



3.1. Neuropathic Sources of Pain


These may be considered as the classic etiologies of post-mastectomy pain, which occur due to nerve insult from surgery and/or radiation therapy. Recent reviews from Kokosis et al. and Chappell et al. have categorized etiologies of pain based off which nerves are injured building off the classification of neuropathic pain following breast surgery proposed by Jung and colleagues [28,32,37]. These nerves include most notably the intercostobrachial nerve, the anterior and lateral cutaneous branches of intercostal nerves T3–T6, the pectoralis medial and lateral nerves, the long thoracic nerve and the thoracodorsal nerve. Notably, the pectoralis, long thoracic and thoracodorsal nerves are all primarily motor nerves with injury resulting in loss of function to the pectoral, serratus anterior and latissimus dorsi muscles, respectively. As injury to these motor nerves does not result in typical neuropathic pain, they will not be discussed in this section, however, that weakness from motor nerve injury can lead to musculoskeletal pain manifesting as muscle spasms and dystonia that may be misinterpreted as neuropathic pain. Such musculoskeletal pain is sometimes distinguished in character as a squeezing or tightness and is further discussed in the myofascial pain section. For each pain source we will describe targeted interventional treatments as well as evidence-based treatment strategies. It should be noted that in many cases pain presents after surgery and continues to persist, however, in other situations pain may resolve and recur so chronologic onset of symptoms may vary. Furthermore, we acknowledge that various nerve blocks (including some of those listed in the following sections) are routinely used pre-emptively to prevent the development of chronic pain, however, these will not be discussed as the focus is on treatment of established chronic pain problems. Guidelines for treating general neuropathic pain utilizing oral and topical pharmacologic agents are shown in Table 1 and Table 2.



3.1.1. Intercostobrachial Nerve Injury


Pathophysiology: The intercostobrachial nerve (ICBN) usually arises from the lateral cutaneous branch of the 2nd intercostal nerve. It crosses the axilla into the upper arm where it innervates and provides sensation to the skin of the axilla and posteromedial upper arm [43]. Anatomic variations may cause symptoms to radiate distal to the elbow, including on the extensor forearm. Due to this positioning, the intercostobrachial nerve is extremely vulnerable to direct injury during axillary lymph node dissections with reported incidence ranging from 80–100% [44].



Diagnosis: Injury to the ICBN is diagnosed clinically. While numbness is very common, patients may have symptoms of neuropathic pain including sensations of burning, tingling, numbness, and electric sensations in the nerve’s distribution. On physical exam patients will have altered sensation and possibly a Tinel’s sign in the proximal, medial portion of the upper arm.



Treatment: There is preliminary evidence for the use of nerve blocks in ICBN mediated pain. The ICBN can be readily identified and easily targeted with ultrasound given its superficial location. A small case series demonstrated improvements in pain ranging from 33–100% with relief lasting at least 4 weeks to 6 months [45]. Another case series noted a significant decrease in summed pain intensity scores, however, follow up was limited to one week [46]. More recently, a retrospective analysis demonstrated significant improvement in pain scores with various peripheral nerve blocks for post-mastectomy pain including ICBN blocks with durability of relief extending longer than 2 months in most cases. Notably, this review suggested that superficial serratus plane blocks at the 2nd or 3rd ribs could also be substituted in place of an ICBN block [47].




3.1.2. Intercostal and Intercostal Cutaneous Branch Neuromas


Pathophysiology: Neuromas form when peripheral nerves sustain injury during surgery and do not heal properly. The two main types of neuroma include terminal neuromas which occur when a nerve is completely transected, or a neuroma-in-continuity in which the nerve is still intact [48]. Intercostal nerves T3–T6 as well as their anterior and lateral cutaneous branches, which innervate the skin of the chest wall, are susceptible to direct injury and neuroma formation [28,32,49].



Diagnosis: Neuromas are typically identified clinically with symptoms of neuropathic pain along the affected nerve [50]. On exam, patients will have focal tenderness and may exhibit a Tinel’s sign with radiating symptoms along the distribution of the nerve. Sites of pain will frequently be along or in close proximity to surgical scar lines. Imaging can also play a role with evidence that ultrasound may be the best, albeit limited, modality for evaluation, as magnetic resonance imaging (MRI) and mammography have previously been shown to miss lesions [51]. During ultrasound examination, palpation with the transducer over the neuroma may reproduce symptoms and has been referred to as the “ultrasound trigger sign” [52]. Further confirmation can be achieved with a nerve block which often confers not only diagnostic but also potentially therapeutic benefit.



Treatment: There is limited evidence that nerve blocks for neuroma-mediated pain can be an effective and potentially durable intervention. Tang and colleagues found that this simple intervention, in which they identified maximal areas of point tenderness and injected with a 2 mL mixture of 0.5% bupivacaine and 4 mg/mL dexamethasone followed by 1–2 min of massage gave significant benefits [53]. They injected 29 sites among 19 patients and found decrease in pain scores from 8–9/10 to 0–1/10 and most patients experienced long-term relief [53,54]. Another recent single-arm study using the same intervention identified 91 of these areas that the authors termed trigger points in 52 patients [50]. They found that a single injection achieved long-lasting relief of greater than 3 months in 72.3% of trigger points [55]. Pectoral nerve blocks, subcostal plane blocks, deep serratus plane blocks, erector spinae plane blocks, paravertebral nerve blocks and intercostal nerve blocks may also achieve similar effects and may be indicated when pain presents in a larger somatic distribution [47]. In cases of relief but recurring pain, surgical interventions may be considered. Surgical excision of neuromas and autologous fat grafting have been shown to be helpful in small trials [49,56,57]. Targeted muscle reinnervation, regenerative peripheral nerve interface and dermatosensory peripheral nerve interface surgeries in which damaged nerve endings are provided with a physiologic target allowing for axonal regeneration have also shown promise with studies in progress [58,59,60,61].




3.1.3. Phantom Breast Pain


Pathophysiology: Phantom pain most commonly occurs in the setting of limb amputation but has also been reported following mastectomy. Phantom pain is thought to occur due to changes in the central nervous system, although peripheral and psychological factors may also play a role [62]. Phantom pain is distinguished from phantom sensations which constitute the non-painful continued experience of the presence of the breast following surgery and is reportedly more common [63]. Studies have reported incidence rates of 11.8–13.6% at one year although other studies report ranges as high as 40–50% [64,65].



Diagnosis: There are limited studies on phantom breast pain and strict diagnostic criteria are unavailable. However, other sources of pain should be ruled out and pain should appear to be emanating from a space no longer occupied by tissue. A previous study has stated the importance of distinguishing phantom pain from other causes of pain such as pain from the scar site [63]. A case study reported they were able to diagnosis phantom breast pain due to pain being felt in the absent breast with a lack of pain in the ipsilateral chest wall and arm [66].



Treatment: There have been no clinical trials on the treatment of phantom breast pain. Proposed treatment strategies have included the use of neuropathic pain medications (Table 1) and mirror therapy [66,67].




3.1.4. Pectoralis Minor Syndrome/Neurogenic Thoracic Outlet Syndrome


Pathophysiology: Pectoralis minor syndrome is often classified as a subtype of thoracic outlet syndrome in which vasculature and/or accompanying neurologic structures are compressed either above or below the clavicle. In pectoralis minor syndrome, there is compression of the brachial plexus under the pectoralis minor muscle in the subpectoral tunnel [68]. It may account for a significant number of cases of thoracic outlet syndrome with one study reporting a prevalence of 22.6% among patients referred for treatment of thoracic outlet syndrome and was found to be the only cause of nerve compression in 6.1% of cases [69]. Although we are aware of no studies linking pectoralis minor syndrome and breast cancer, the authors attest to seeing it in clinical practice. Furthermore it has been demonstrated that decreased pectoralis minor muscle length is common following breast cancer treatment [70,71]. This muscle shortening compounded by further shortening and sclerosis that may occur in patients who undergo radiation therapy may create a predisposition to compression of the brachial plexus. Further study on the association between treatment for breast cancer and pectoralis minor syndrome is indicated.



Diagnosis: Pectoralis minor syndrome is most often diagnosed clinically. Patients will experience symptoms of pain, paresthesia, and weakness in the distribution of the pectoralis minor, shoulder, upper arm, forearm and hand. Although symptoms may occur in the distribution of nerve roots C5–T1, symptoms most commonly occur in the C8–T1 distributions and weakness will most often be present at the level of the hand [68]. Physical exam may be notable for sensory deficits in dermatomal distributions, hand weakness and pain with provocation. Provocative maneuvers include the elevated arm stress test, neck rotation, head tilt, Adson maneuver, and the upper limb tension test which has been reported to be the most accurate [68]. Electrodiagnostic testing can be performed however is not frequently obtained due to typically negative results and low sensitivity although abnormal measurements of the medial antebrachial cutaneous nerve may be found [72,73]. A more commonly used test to confirm diagnosis is a trigger point injection with lidocaine into the pectoralis minor, or chemodenervation with botulinum toxin which may also offer therapeutic benefit [73].



Treatment: The initial management is conservative with stretching of the pectoralis muscles and strengthening of the scapular retractor muscles. A unilateral self-performed stretch has been shown to be superior to assisted stretches and is easiest done against a wall or doorway [74]. Patients refractory to a self-directed program may trial a course of physical therapy for a supervised stretching/strengthening program and elastic therapeutic taping which may facilitate greater lengthening compared to stretching alone [75]. In addition to diagnostic value, trigger point injections and chemodenervation may provide significant relief and refractory cases may be referred to surgery for pectoralis minor tenotomy with or without brachial plexus decompression [73,76].




3.1.5. Cervical Radiculopathy


Pathophysiology: Cervical radiculopathy is a condition in which the cervical nerve roots are affected most commonly through compression or less commonly through nondegenerative forces such as infection, infarction, avulsion, or tumor infiltration [77]. The incidence has been reported to be 107.3 per 100,000 in men and 63.5 per 100,000 in women peaking in the 4th and 5th decades of life [78,79]. C6 and C7 have been reported to be the most commonly affected roots with spondylosis causing 70% of cases [80]. While a specific link between cervical radiculopathy and breast cancer or treatment for breast cancer has not been demonstrated it is common and may be encountered in breast cancer patients [81].



Diagnosis: Cervical radiculopathy is first identified clinically and then further confirmed utilizing either imaging or electrodiagnostic testing. Patients typically present with unilateral neck pain radiating down the shoulder or arm with sensory or motor deficits in dermatomal distributions [80]. A thorough neurologic exam testing strength, sensation and reflexes should identify affected nerve roots. There are numerous provocative maneuvers that can be performed with the highest specificities for Spurling’s test, axial traction, Valsalva maneuver and the arm squeeze test [82,83]. One review reported a combination of a positive Spurling’s maneuver, axial traction and arm squeeze test increase the likelihood of cervical radiculopathy [82]. MRI is frequently used to confirm diagnosis and often imaging is used in conjunction with electrodiagnostic testing as complementary modalities [84,85]. Electromyography in particular has been shown to have good sensitivity and excellent specificity ranging from 87–100% [86].



Treatment: Conservative management is the mainstay of treatment and is often employed prior to obtaining imaging or electrodiagnostic testing in patients without red flags [87]. Conservative treatment may include physical therapy, modalities, non-steroidal anti-inflammatories, and muscle relaxants often for a period of at least six weeks [87,88]. Both manual and mechanical traction have evidence in reducing pain and to a lesser extent improving function and can be incorporated into a physical therapy program [89]. Cervical epidural steroid injections are a commonly used intervention and have been shown to be effective in providing short to intermediate-term relief and can help facilitate an exercise program [90,91,92]. Numerous surgical interventions are available with no evidence of superiority of a single procedure over another and limited evidence showing no long-term difference in pain outcomes with physical therapy [93,94].





3.2. Musculoskeletal Sources of Pain


There are numerous causes of musculoskeletal pain in the region of the upper limb, shoulder, and chest [81]. While the following sources of pain do not represent a comprehensive list, they do encompass the most frequently encountered problems that either exist commonly among the general population or occur with a greater frequency in the breast cancer population (Figure 1 and Figure 2). As these problems cause pain in similar distributions as classic neuropathic post-mastectomy pain, they may frequently be confused for or occurring concurrently with neuropathic PMPS. Therefore, it is essential to be able to differentiate between these different diagnoses as they have unique treatment strategies.



3.2.1. Scapulothoracic Bursitis


Pathophysiology: Scapulothoracic bursitis is considered to be an underdiagnosed source of shoulder pain. It is most often associated as a potential sequelae of snapping scapula syndrome in which posterior shoulder pain, dysfunction and crepitus are present altering the motions of the scapulothoracic articulation [95,96]. Scapulothoracic bursitis is thought to occur secondary to overuse with chronic inflammation of the bursae in the superior or inferior medial borders of the scapula (supraserratus and infraserratus bursae), leading to fibrosis [97]. These disorders may result due to predisposing abnormal anatomy [97]. The altered biomechanics contributing to a protracted and depressed shoulder in breast cancer patients following treatment may increase the incidence of scapulothoracic bursitis. It has also been demonstrated that scapulothoracic bursitis is an underrecognized source of breast and chest wall pain [98]. Boneti et al. postulated that due to the proximity of the scapulothoracic bursa to intercostal nerves T2–6, breast and chest wall pain may be referred from scapulothoracic bursitis. They identified scapulothoracic bursitis as a significant source of breast/chest pain in 103 of 461 patients presenting with breast/chest wall pain. Of significance, 46.4% of those 103 patients had undergone partial or full mastectomy [98].



Diagnosis: Scapulothoracic bursitis and the snapping scapula syndrome are most often diagnosed clinically with the most common signs including medial scapular border tenderness, palpable crepitus and audible snapping [99]. On exam, the most common areas of tenderness will typically be at the superomedial border or inferior pole of the scapula and crepitus may be reproduced with shoulder abduction [100]. Pain may also be reproduced when applying an anterior directed force on the medial border of the scapula. Imaging is not routinely obtained although three-dimensional computerized tomography (CT) scans may detect bony irregularities and MRI may identify an inflamed bursa [97]. Corticosteroid injections with a local anesthetic are frequently used to confirm diagnosis [97,98].



Treatment: First-line treatment is typically conservative, consisting of rest, NSAIDs, activity modification and shoulder rehabilitation [101]. An exercise regimen should include strengthening of periscapular muscles, particularly the subscapularis and serratus anterior [101] and stretching of the pectoralis muscles. Patients refractory to conservative treatment may undergo injections into the scapulothoracic bursa. A retrospective review demonstrated that bursitis injections using a local anesthetic and corticosteroid provided complete pain relief in 83.5% of patients and partial relief in 12.6% of patients with only 3.9% of patients having no response [98]. A prospective open-label trial demonstrated that injection with steroid and hyaluronate once a week for three weeks significantly improved pain scores at all follow-ups from 1 week to 3 months [102]. Ultrasound guidance may not be strictly needed for such injections as a randomized controlled trial demonstrated no difference in pain scores from 1 week to 3 months between injections into the subscapularis and the scapulothoracic bursa although use of guidance to decrease the risk of pneumothorax may be considered [103]. In refractory situations, case studies have demonstrated benefit with surgical excision [104,105].




3.2.2. Shoulder Impingement Syndrome


Pathophysiology: Shoulder, or subacromial, impingement syndrome is considered the most common cause of shoulder pain and contributes to multiple shoulder disorders [106,107]. Subacromial structures that may be affected include the biceps tendon, the subacromial bursa, and rotator cuff, although there is some controversy as to whether rotator cuff pathology occurs secondary to extrinsic compression vs. intrinsic degeneration [108]. In breast cancer patients, tightening of the pectoral muscles is common and can occur through a combination of mechanisms including pain induced contraction and radiation fibrosis [109]. This misalignment has been demonstrated and likely creates a predisposition to impingement as one study showed positive impingement signs in 13/25 breast cancer survivors vs. 0/25 controls [110,111].



Diagnosis: Shoulder impingement syndrome is primarily a clinical diagnosis. Presenting symptoms include pain in the lateral and anterior shoulder worsened with overhead movement [112]. Numerous provocative maneuvers can be performed and research suggests that multiple positive maneuvers results in greater accuracy [113,114]. One review recommends a combination of the Hawkins-Kennedy test, the painful arc test and the infraspinatus muscle strength test [113]. Imaging cannot confirm the diagnosis however it may be useful in assessing for tears and other shoulder pathology with the preferred modalities being ultrasound and MRI [115].



Treatment: Shoulder impingement syndrome is widely treated non-operatively although some authors recommend early referral to orthopedics if there is suspicion for a significant rotator cuff tear, labral tear or for high performance athletes [106]. NSAIDs and icing are often used for pain control and patients may be referred for physical therapy [112,113,116]. Physical therapy will often incorporate multiple modalities including heating/icing, manual therapy, and specific exercises focusing on strengthening of the rotator cuff and scapular stabilizers which has been shown to improve pain and disability [113,117]. Patients with continued symptoms after 4–6 weeks may be considered for subacromial corticosteroid injections which have been shown to provide significant short-term relief [116,118]. Adjunctive treatment modalities also include acupuncture, electrical stimulation, phonophoresis, iontophoresis, laser therapy and elastic therapeutic taping. Extracorporeal shockwave therapy and barbotage have shown to be beneficial for calcific tendinitis [113]. In cases of refractory symptoms, referral for surgery can be considered however surgical decompression (which is the intervention performed most often) has been shown to have little to no benefit for long-term pain [113,119,120].




3.2.3. Glenohumeral Joint Adhesive Capsulitis (Frozen Shoulder)


Pathophysiology: More commonly referred to as “frozen shoulder”, adhesive capsulitis of the shoulder can be a painful and debilitating condition. Although not completely understood, adhesive capsulitis is thought to develop due to contracture of the glenohumeral joint caused by an inflammatory process contributing to fibrosis [121]. While primary adhesive capsulitis is most often associated with diabetes, treatment for breast cancer may commonly cause secondary adhesive capsulitis [109,122]. One cross sectional study reviewed 785 patients and found an incidence of 3.8% of patients developing adhesive capsulitis following breast cancer surgery [123]. Another study followed 271 women in post-operative months 13–18 and found a cumulative incidence of 10.3% [124]. Aromatase inhibitor therapy, which many breast cancer patients receive to treat or reduce the risk of disease recurrence, may also increase the risk of frozen shoulder.



Diagnosis: Patients will present with shoulder pain and loss of range of motion with external rotation and abduction particularly being affected [125]. Patients should typically have significant loss of range of motion in at least two planes both actively and passively. It may be difficult to distinguish from shoulder impingement syndrome as severe pain may also limit range of motion. A subacromial injection with local anesthetic can help to distinguish the two as pain should be relieved but range of motion still limited when adhesive capsulitis is present [126]. Imaging is typically not required for diagnosis however plain films and MRI may be helpful in ruling out other etiologies of shoulder pain [127,128].



Stages: Frozen shoulder is commonly thought to be a self-limiting disorder running through three stages. The first stage is a painful or freezing stage in which there is progressive stiffness and pain. The second stage is a stiff or frozen stage in which loss of range of motion is at its peak and pain starts to lessen. The third stage is a recovery or thawing stage in which there is gradual return of range of motion. Each stage may last a few to several months with a full course lasting 1–2 years [128].



Treatment: Although frozen shoulder is usually self-limiting, as many patients have persistent deficits, active management may be essential. Pain may initially be controlled with NSAIDs or acetaminophen. Patients may undergo range of motion exercises at home and in some cases skilled physical therapy may be indicated; the evidence for this is mixed and dedicated physical therapy is likely more helpful in the later stages of frozen shoulder than the acute phase [129]. Additionally, there should be a low threshold for early intra-articular corticosteroid injections which have been shown to provide significant short-term relief and long-term improvement in ROM [129,130,131,132]. Other promising treatments may include calcitonin, extracorporeal shockwave therapy, low level laser therapy, hydrodistention and hyaluronic acid injections [133,134]. Surgical referral for manipulation under anesthesia or capsular release can be considered in refractory cases [133].




3.2.4. Myofascial Pain


Pathophysiology: Myofascial pain is an evolving concept that most often describes pain from muscles and their surrounding fascia characterized by myofascial trigger points. Trigger points are taut bands of muscle which are tender and should reproduce pain in characteristic referral patterns [135]. Myofascial pain remains incompletely understood but is thought to arise from a number of factors including muscle overuse, dysfunction at the level of the fascia, peripheral sensitization and central sensitization [136,137]. Pectoral tightness contributes to a protracted and depressed scapula straining muscles and fascia in the neck and upper back leading to myofascial pain [109]. Scapular dyskinesia may also occur secondary to injury of the pectoralis, thoracodorsal, and long thoracic nerves. Furthermore, damaged intercostal nerves may contribute to myofascial pain of the intercostal muscles. One study demonstrated that breast cancer patients who had undergone either mastectomy or lumpectomy had an average of 4.6 trigger points opposed to an average of 1.1 trigger points in breast cancer patients who had not undergone surgery [138]. Another study followed breast cancer patients for 12 months following surgery and found that 44.8% of patients and developed myofascial pain syndrome [139].



Diagnosis: Myofascial pain is most often characterized by the presence of trigger points. There are no standardized criteria for the diagnosis of a trigger point although the presence of a taut band of muscle that is tender is enough to begin treatment [140].



Treatment: There are numerous treatments commonly used for myofascial pain. Pharmacologic therapies may include NSAIDs, muscle relaxants, benzodiazepines, serotonin and norepinephrine reuptake inhibitors, tricyclic antidepressants and various topicals including menthol, cannabidiol and lidocaine based creams [141]. The pillars of non-pharmacologic management are education on behavior/activity modification and exercise with a focus on relieving strained muscles through strengthening and stretching of antagonists. Adjunctive therapies may include electrical stimulation, massage, acupuncture, stress reduction and trigger point injections [141]. Dry needling has been shown to reduce pain from chronic trigger points, with the effects lasting beyond six weeks [142,143]. Additionally, there are case reports of botulinum toxin being used for various manifestations of musculoskeletal pain and dystonia in the setting of radiation fibrosis syndrome however further research is needed [144].




3.2.5. Lymphedema


Pathophysiology: Lymphedema occurs due to impairment of the lymphatic system and manifests primarily as a sensation of limb fullness and swelling. In the breast cancer population this lymphatic disruption occurs most commonly from radiation damage and lymphadenectomy [145]. The highest risk of lymphedema is for patients who undergo axillary lymph node dissection with a reported incidence of 19.9% vs. 5.6% for those undergoing sentinel lymph node biopsy [146]. Radiation to regional nodes may further increase risk [146]. While lymphedema is not typically associated with acute pain (pain with swelling may be a harbinger of venous thrombosis or cellulitis), it is frequently accompanied by a sensation of heaviness and discomfort [147].



Diagnosis: Diagnosis is most often made clinically based on a patient’s risk status and a visual assessment of disproportionately sized arms [145]. Imaging is not routinely obtained however if indicated, lymphoscintigraphy is considered the standard modality [147]. Additionally, magnetic resonance lymphography and near-infrared fluorescence imaging with indocyanine green are increasingly being used primarily in research and surgical settings respectively [147].



Treatment: Initial treatment is conservative consisting of complete decongestive therapy (CDT). CDT consists of a reduction phase and a maintenance phase consisting of components including compression wrapping, compression garments, skin care, exercise, education and manual lymphatic drainage [148]. Pneumatic compression devices may be used in conjunction with CDT and may provide a synergistic effect when combined with manual lymphatic drainage [147]. There is increasing evidence for the role of surgical procedures including lymphovenous bypass, lymph node transplants, and debulking procedures which may be considered [149].





3.3. Nociplastic Pain


In 2017, the International Association for the Study of Pain (IASP) recognized a third mechanism of pain termed nociplastic pain. Nociplastic pain, which is more commonly referred to as centralized pain, is defined by the IASP as “Pain that arises from altered nociception despite no clear evidence of actual or threatened tissue damage causing the activation of peripheral nociceptors or evidence for disease or lesion of the somatosensory system causing the pain” [150]. Nociplastic pain is thought to be the primary pain mechanism occurring in chronic pain conditions such as fibromyalgia, irritable bowel syndrome and temporomandibular joint disorder [151] and has recently been shown to play a significant role in the breast cancer population as one study demonstrated decreased pain pressure thresholds in women who had undergone lumpectomy or mastectomy [152]. Another study found the predominant pain type in breast cancer patients to be nociplastic pain in 15.4% of cases and to be a component of pain in 44% of cases [153]. There is no standardized method of assessing for the presence of nociplastic pain although the Central Sensitization Inventory and the Fibromyalgia Survey Questionnaire have been used in research settings [153,154]. As research continues to emerge in this area, nociplastic pain will be important to consider in the breast cancer population as treatment strategies differ for nociplastic pain syndromes and often require a multidisciplinary approach [151].





4. Integrative Approaches to Chronic Pain after Breast Cancer Treatment


A rapidly growing evidence base of integrative approaches during and after breast cancer treatment has significantly broadened the menu of options available for clinicians caring for these patients. Integrative oncology aims to coordinate the delivery of evidence-based complementary therapies with conventional care [155]. Complementary therapies encompass a broad range of mind and body practices along with lifestyle interventions and are commonly employed by breast cancer survivors [156]. Outcomes are typically best when integrative therapies are tailored to the needs of the individual and when there is an evidence base for the integrative approach for the source of pain in question. For example, increasing evidence has suggested that psychosocial factors, such as catastrophizing, somatization, anxiety, and sleep disturbance, may increase the risk for persistent post-mastectomy pain [31,36]. When considering these factors, endorsing a trial of an intervention that may mitigate these symptoms may be valuable. Mindfulness-based stress reduction is a type of meditation practice based on a structured curriculum that teaches nonjudgmental awareness and a conscious awareness for the current moment. A recent Cochrane Database Review suggested that a mindfulness-based stress reduction program may reduce symptoms of anxiety, depression, and insomnia in the short-term [157]. Another intervention known as mindfulness-based cognitive therapy may have significant, robust, and durable effects on pain intensity based on clinical trials [158]. However, the exact source of pain was not delineated in this study, which may limit how it can be tailored for breast cancer survivors.



A systematic review of randomized clinical trials done among breast cancer patients found that hypnosis may improve pain from a variety of sources, including surgery and radiotherapy [159]. It is unclear how patient selection may play a role in studies involving hypnosis as highly hypnotizable patients report greater benefits from hypnosis [160]. Acupuncture, which is a modality derived from Traditional Chinese Medicine, is believed to increase the production of endogenous analgesic neurotransmitters and modulate the perception of pain [161]. Acupuncture has an increasingly strong evidence base in the management of chronic conditions in cancer survivors, including chemotherapy-induced nausea and vomiting, anxiety, and post-treatment fatigue [162]. While acupuncture has increasing evidence for some sources of pain that may be implicated for the breast cancer survivor, such as with myofascial pain, more research is needed [163]. Music therapy is the use of music as a therapeutic intervention and has been employed by a number of controlled studies for pain in the cancer population in general. While more research is needed, music therapy has been shown to reduce pain with a large effect size with some evidence specifically among women experiencing pain from breast surgery [163].



In order to summarize the available evidence for clinicians and to provide evidence-based guidance on the use of integrative therapies during and after breast cancer treatment, the Society for Integrative Oncology produced an updated clinical practice guideline that was endorsed by the American Society of Clinical Oncology in 2018 [162]. Based on this comprehensive review, acupuncture, healing touch, hypnosis, and music therapy “can be considered for the management of pain”, which was felt to have Grade C evidence (“Recommends selectively offering or providing this service to individual patients based on professional judgment and patient preferences”) [162]. For the most part, all of these interventions can be considered exceedingly safe, although clinicians are obligated to consider cost and time utilization concerns when making recommendations.




5. Conclusions


There are myriad causes of chronic pain following treatment of breast cancer that may be difficult to distinguish and which may occur concurrently with one another. Oftentimes these causes are grouped together and uniformly termed post-mastectomy pain syndrome, which may be problematic as the underlying issue is not addressed. By rooting out the specific source of pain, which can usually be done by taking a thorough history and physical exam, targeted treatments can be applied.
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Figure 1. Pain Sources, Anterior View. Green: Intercostobrachial Nerve Injury; Blue: Shoulder Impingement Syndrome; Purple: Pectoralis Minor Syndrome/Neurogenic Thoracic Outlet Syndrome; Yellow: Adhesive Capsulitis; Red Lines: Intercostal and Intercostal Cutaneous Branch Neuromas Along Surgical Scars. 
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Figure 2. Pain Sources, Posterior View. Brown: Myofascial Pain; Orange: Cervical Radiculopathy; Pink: Scapulothoracic Bursitis. 
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Table 1. Recommendations for the pharmacologic management of neuropathic pain from the Canadian Pain Society (CPS), the Western Australian Therapeutic Advisory Group (WATAG), the Japan Society of Pain Clinicians (JSPC) and the International Association for the Study of Pain (NeuPSIG).
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	CPS [38]
	WATAG [39]
	JSPC [40]
	NeuPSIG [41]





	1st Line
	Gabapentinoids, TCA’s, SNRI’s
	TCA’s, SNRI’s
	Pregabalin/gabapentin, TCA’s, SNRI’s
	SNRI’s, TCA’s, Pregabalin, Gabapentin, Gabapentin Enacarbil



	2nd Line
	Tramadol, Opioid Analgesics
	Pregabalin/Gabapentin
	Extract from inflamed cutaneous tissue of rabbits inoculated with vaccinia virus, Tramadol
	Tramadol, Capsaicin 8% patches, lidocaine patches



	3rd Line
	Cannabinoids
	Tramadol, Tapentadol
	Opioids
	Strong opioids, BTX-A



	4th Line
	SSRI’s, Other anticonvulsants, methadone, topical lidocaine
	Opioids
	
	



	5th Line
	
	Sodium valproate, Sublingual ketamine
	
	







Tricyclic antidepressant (TCA), serotonin and norepinephrine reuptake inhibitor (SNRI), selective serotonin reuptake inhibitor (SSRI), botulinum toxin A (BTX-A). CYP2D6 inhibitors including duloxetine are contraindicated for patients on tamoxifen as they may decrease serum concentration of active metabolites of tamoxifen.
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Table 2. Clinical guidelines on neuropathic pain in adults for pharmacological management in non-specialist settings from the National Institute for Health and Care Excellence (NICE).
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	NICE [42]





	
	
First line of amitriptyline, duloxetine, gabapentin or pregabalin



	
Offer one of the remaining above medications if the initial treatment is ineffective



	
Consider tramadol only if acute rescue therapy is needed



	
Consider capsaicin cream for localized pain
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