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Abstract

:

Simple Summary


Spine metastases constitute a significant social problem. The spine is a frequent site of metastases of various neoplasms. Our goal was to draw attention to the complexity of that problem and the diagnostic possibilities, qualification nuances, and application of the appropriate treatment method. We focused on the holistic approach to patient care. This review comprehensively covers the current knowledge in the field.




Abstract


The treatment of neoplastic spine metastases requires multi-faceted assessment and an interdisciplinary approach to patients. The metastases do not show specific symptoms but are often the first confirmation of the presence of a primary tumor in a patient. The diagnostic process includes imaging and invasive procedures, e.g., biopsy. It is essential to qualify the patient for an appropriate treatment using dedicated scales. Decompression of the spinal cord is a critical issue to save or restore neurological function in a patient with spine metastases. Surgical treatment ought to meet three criteria: release spinal cord and nerve roots, restore the spine’s anatomical relations, and ensure the internal stabilization of the spine. A good result from surgical treatment enables the continuation of radiotherapy, chemotherapy, hormone therapy, and targeted molecular therapy. Stereotactic radiosurgery and stereotactic body radiotherapy are more effective ways of treating spine metastases than conventional external beam radiotherapy. They allow higher doses of radiation, concentrated precisely at the tumor site. Our review summarizes the established and emerging concepts in the treatment of spine metastases. A holistic approach to the patient enables the selection of the appropriate therapy.
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1. Introduction


Metastases to the spine are much more frequent than primary spine tumors [1,2]. A significant amount of patients with generalized neoplastic disease develop bone metastases: about 6.9–8.6% [3,4]. The skeletal system is the third most frequent location of neoplastic metastases after the lungs and liver [5]. Although bone metastases are an expression of a significant advancement of the neoplastic process, it is sometimes the first and only symptom of a neoplastic disease that manifests itself clinically or radiologically [5,6]. If the metastasis to the bones is a secondary symptom of neoplastic disease, the period between the onset and treatment of the primary lesion and the disclosure of a metastatic focus in the spine can be of different lengths. The mean time between the detection of the primary tumor and the onset of metastasis is 18.9 months. Lung cancer metastases have the shortest period between these events, which is 9 months. The longest period is characterized by metastases in patients with breast or prostate cancer, as they appear in 14.9 and 17.4 months, respectively, from the detection of the primary tumor [3]. The spine is the most frequent site of bone metastasis [2]. In postmortem examinations of neoplastic disease, metastatic foci in the spine are found in 30 to 70% of cases [6]. The primary tumor sites include the breasts, prostate, kidneys, lungs, multiple myeloma, thyroid gland, larynx, ovaries, large intestine, or liver. The frequency of metastases from the locations mentioned above is adequate for the number of people with the corresponding primary tumor in a given population. Their peak incidence occurs in the sixth and seventh decades of life [4,6]. Metastatic tumors of the spine are located in different spine sections (Figure 1). A large group (18%) are multi-site metastases involving more than one section of the spine [6]. Some metastatic neoplasms show a clear predilection to specific parts of the spine, e.g., lung and breast cancers often metastasize to the thoracic section, while cancers of the prostate and colon often metastasize to the lumbar compartment [5,7].



Paget’s “seed and soil” model explains the pathogenesis of spine metastases. It assumes that a seed symbolizes cancer cells and that soil is a specific place where they can multiply. Bone tissue is a site of dynamic metabolic changes, making it a privileged location for developing neoplastic metastases. These constant changes are propelled by the opposing functions of osteoclasts, which lead to bone resorption, and osteoblasts, which promote bone formation. The bone matrix is rich in various growth factors, which can be used as a result of bone turnover by the tumor to multiply faster. It was also noticed that metastases develop well in bones where the trabecular structure predominates and bones containing bone marrow, such as vertebrae and epiphyseal parts of long bones. In the trabecular system in blood vessels, blood perfusion is slower, and the walls are more permeable, promoting neoplastic cells’ retention [8,9].



Considering the effects of the metastatic tumor on the bone, we can divide neoplastic bone metastases into osteoclastic, osteoblastic and mixed lesions. More common are osteoclastic changes, which stimulate osteoclastogenesis. On the other hand, osteoblastic changes promote osteogenesis (Table 1) [5,8,9].



The phenomenon of the formation of metastases in the spine is favored, among others, by its anatomical structure. Cancer cells enter the spine through the venous vessels, but to a lesser extent also via arterial and lymphatic vessels and direct tumor infiltration. The blood drains from the spinal cord, bone, and ligament structures for venous plexuses of Batson. The non-valvular nature of these veins creates specific opportunities for blood in these vessels to flow in both directions. The venous plexuses of Batson are connected with the inferior and superior vena cava system and the portal vein system. These particular conditions of vessel structure and connection with many different venous vessels make the spine particularly susceptible to the spread of neoplastic cells from different parts of the body [2].



Pain is often the first symptom of metastasis and occurs in more than 90% of patients [7,12,13]. It can be divided into root, bone, and mechanical. Root pain is caused by the pressure of the tumor on the roots of the spinal nerves. It is sharp, piercing, and radiates to specified dermatomes. It may disappear with changes in body position. Bone pain results from periosteal stretching, an increase in intraosseous pressure, or the presence of an inflammatory response caused by metastasis. It is characterized by its occurrence in the morning and evening hours. It occurs at the site of the neoplastic lesion and increases with movement. Mechanical pain results from damage to the vertebrae by the spreading neoplastic process in its place, which is a consequence of a violation of the spine’s stability and reduced resistance to loads [14]. The clinical picture is influenced by local factors resulting from damage to the spine, spinal cord, spinal nerve roots, paravertebral structures, and general aspects related to neoplastic disease. The cause of damage to the nerve roots is their compression by fragments of a pathologically fractured vertebra or the neoplastic mass present in the spinal canal and intervertebral foramina. Spine metastases do not have characteristic symptoms, and they are often detected at an advanced stage when they occupy more than one vertebra [3,6,7]. As the disease progresses, patients develop limb paresis, decreased sensation below the level of spinal cord damage, and dysfunction of the bladder and anal sphincters [7,15]. Cancer can also lead to chronic or acute ischemia of the spinal cord [15].




2. Scales Assessing the Severity of the Disease, Algorithms Setting Out Treatment Strategies, and Qualifications for the Surgical Treatment


Qualification for surgical treatment and the appropriate comprehensive approach requires an insightful assessment of the clinical patient’s condition. Special attention has to be paid to the stage of advancement of the primary neoplastic disease, already received treatment, general patient’s condition and neurological status, the degree of spinal bone structures damage, and precise location and extent of the metastasis. The combined analysis of these aspects allows for evaluating, whether the patient can be operated on and, if so, how it should be performed [6,16,17]. Surgical treatment focuses on the decompression of the spinal cord and nerve roots and an internal stabilization of the spine. The surgery should alleviate the pain, improve the quality of the patient’s life, and create conditions for the continuation of oncological treatment [18,19]. In the qualification to the surgical treatment, numerous scales are used to evaluate the patient’s condition in general and neurological aspects and define the stage of advancement of the neoplasm disease and damage to the spine. Algorithms and paradigms of conduct are also proposed to facilitate the decision in qualification to the optimal way of treatment.



The Karnofsky scale allows assessing the functional patient’s condition. It determines the degree of patient’s efficiency on a scale from 0 to 100 points, where 100 points define the proper patient’s condition, and gaining 0 points is equivalent to death. The higher the score on this scale, the better the quality of the patient’s life [20].



Before the patient’s qualification for the surgery, the operational risk, according to the guidelines of the American Society of Anesthesiologists (ASA), is assessed [21]. This is a six-point scale. Assignment of the patient to IV-VI grade disqualifies from surgery on spine metastases [22].



To assess the patient’s neurological condition, the Frankel scale was used. This scale is five stages (from A to E) [23]. In patients classified as groups A and B, surgical treatment rarely restores the ability to walk. Whereas surgical treatment is often effective for groups C and D and improves the patient’s neurological condition [24]. Nowadays, to assess the spinal cord injuries, the American Spinal Injury Association Impairment Scale (AIS) is used instead the Frankel scale. Evaluation with the Frankel scale can be subjective, whereas AIS allows to more precisely assessment of the neurologic levels of injury. AIS based on an anorectal examination, a dermatomal based sensory examination and a myotomal-based motor examination [25].



The Visual Analogue Scale (VAS) is commonly used to assess the objective intensity of the pain. The patient sets the sensed pain on a 10-point scale, with 0 reflecting lack of pain and 10 marking unbearable pain [26].



Spinal Instability Neoplastic Score (SINS) is a rating system that allows identifying the patients with spine metastases who will benefit from the surgical treatment. This scale takes into consideration six criteria: the localization of the metastasis, the mechanical pain, the kind of the pathological bone lesion, the change of the axis and curvature of the spine, the consequences of the compression fracture of the vertebral body, and the involvement of the posterolateral vertebra elements. If the summed value is between 0 and 6 points, the spine is stable, and there is no indication of surgical treatment unless there are symptoms of spinal cord compression. A result of 7–12 points portends near instability of the spine, and 13–18 points suggest that this instability is present. Obtaining 7 points and more indicates the need for a surgical consultation and indicates the possibility and advisability of the operation [27,28].



De Wald score is used to assess the stage (I–V) of advancement of the neoplastic disease. It takes into account a patient’s immune condition and damage to the spine and nervous elements of the spinal canal. According to this scale, surgical treatment should be considered when more than 50% of the vertebral body is damaged and when both or one of the epiphyses of the vertebral arch is infiltrated by the neoplastic lesion, even if the vertebral body has not collapsed [29].



Tomita’s surgical classification allows the evaluation of the extent of the spine metastases based on the analysis of the magnetic resonance images. It distinguishes seven types of changes (T1–T7) [6]. The types T1–T6 qualify for the total en bloc spondylectomy, but patients with T1–T2 types may be treated by radiotherapy, chemotherapy, corpectomy, or hemivertebrectomy [30].



Based on radiological and neurological examination, the five-stage Harrington scale assesses bone changes in the spine and their consequences [6]. Patients qualified to I, II, and III groups should be treated conservatively. The changes described in IV and V degrees are indications to surgical treatment [24].



Patients with spine metastases often present with spinal cord compression, which degree of intensity is determined by the epidural spinal cord compression scale—ESCC. It distinguishes six degrees of spinal cord compression, where 0 means that the metastasis is limited only to the bone, and 1a is the presence of the metastasis in epidural space, without deformation of the dural sac; 1b points to a deformation of the dural sac, without the spinal cord infiltration; and 1c with its infiltration, but without the compression; 2. and 3. determine the compression of the spinal cord with visible (2) and invisible (3) cerebrospinal liquid surrounding the spinal cord [31]. In degrees from 0 to 1c, with preserved spine stability, radiotherapy may be used as a preliminary treatment. In degrees 2. and 3., if metastasis is not sensitive to radiotherapy, the primary surgical treatment is advocated [32].



According to the Weinstein–Boriani–Biagini classification, a vertebra is divided into 12 zones clockwise and into five layers of localization of the neoplastic tissue (A–E). It allows the evaluation of which sector of the vertebra the metastasis is present and gives the opportunity of the surgical approach [33].



The Asdourian scale is based on magnetic resonance examination and assesses the localization of the metastasis and the spine’s stability. The changes are marked with B in a cervical and lumbar segment, and with A in the thoracic segment. Types IA and IB do not cause instability of the spine and can be treated conservatively. In types IIA, IIB, IIIA, and IIIB, axial instability is present, especially with the destruction of the back of the vertebrae. These cases qualify for surgical treatment. Type IVA is characterized by progressive displacement instability and deformation of the spine. The treatment is surgical, involving the decompression of the spinal cord and nerve roots [6,34].



One of the most widely used classifications is the Tokuhashi scale. It was developed to evaluate the prognosis and survival time of the patient with tumor metastases to the spine and choose an appropriate treatment. The assessment of the patient takes into account the general condition (according to the Karnofsky Performance Scale (KPS)), amount of metastatic foci apart from the spine, amount of spine metastases, metastases to the internal organs, primary location of the tumor, and a degree of the spinal cord damage. This scale is often used because it is not influenced by any therapeutic factor [35]. Based on this scale, the patients are divided into three groups: 0–8, 9–11, and 12–15 points with predicted survival times less than 6, ≥6, and ≥12 months, respectively. In the first group, only conservative treatment or palliative surgery is recommended. Patients within the point range of 9–11 receive palliative surgery or, rarely, excisional procedures, whereas the highest-point group is assigned for radical surgical treatment [35,36].



The modified Bauer scale also allows for predicting the patient’s survival time. It is based on the etiology of a primary tumor and the absence or presence of visceral metastases, lung cancer, and one solitary skeletal metastasis. It divides the patients into three groups: with a median survival time of 4.8 months (no indications for surgical treatment), 18.2 months (surgical palliative treatment by posterior approach), and 28.4 months (surgical treatment) [35].



The Tomita scale allows the assignment of the patient to an appropriate treatment based on three factors: a primary tumor grade, metastases to the internal organs (lungs, brain, liver, and kidneys), and metastases to the bones. The individual factors have explicitly been underlined. Lower point values qualify for a resection of the neoplastic lesion with an oncological margin and higher for palliative surgical treatment or supportive treatment [37]. Table 2 is a summary of the discussed scales (Table 2).



Treatment algorithms are widely based on the concept of above-mentioned classifications. One of them, NOMS, proposes the choice of treatment on the basis of neurological (myelopathy and grade of epidural spinal cord compression, ESCC), oncological (tumor sensitivity to radiation), mechanical (spine stability), and systemic (the patient’s general condition, ability to tolerate the procedure) aspects [38,39]. Another paradigm, proposed by Gasbarrini A. et al., focuses on the assessment of the patient according to ASA scale and on determining the patient’s neurological condition and the sensitivity of the tumor to adjuvant, non-surgical treatment. This assessment allows a decision to be made about the direction of the therapy [22].



Unfortunately, none of the scales and paradigms is perfect. Some of the presented scales were created many years ago, and now they are not necessarily adequate. Each patient is different in medical history, physical condition, and psychosocial circumstances. Therefore, the therapeutic approach should be individualized in each case.




3. Diagnostics


3.1. Imaging


3.1.1. X-ray Examination


Plain radiographs can present the damage of the vertebral column: such as wedge compression, fracture dislocation, the collapse of the vertebrae, as well as paraspinal soft-tissue shadows. Changes are visible on radiograms only when the bone is destroyed in 50–75% [12,40,41]. The pathognomonic ‘winking owl sign’ is visible in the p-a projection and signifies damage [42]. Sometimes metastases form small cavities, ca. 1 mm in diameter, which make the bone less visible on a plain film. The blurred outline of the vertebrae’s pedicle is indicative of an infiltration of the cortical bone. It is a distinctive sign of a neoplasm, which should be looked out early on in the diagnostic process. There are few indications that the metastasis might be malignant: one-sided damage, irregular distortion of the articular surface on vertebrae’s pedicle, involvement of the soft tissue around the spine, and destruction of the base of the arch. The upper thoracic location is also significant for high malignancy. A radiogram is an easily accessible examination, and it is frequently used for monitoring metastases. Due to its ability to show cortical bone, it is useful for fracture risk assessment [43].




3.1.2. Magnetic Resonance Imaging (MRI)


MRI is the examination of choice in case of metastatic changes in the spine [43]. The primary components of bone marrow are water and fat, and MRI shows the contrast between them. With age, the amount of each constituent shifts, e.g., percentage of fat increases. At birth, it equals 40%, and when red bone marrow is replaced with yellow marrow, the amount of fat rises to 80%. Therefore, it is essential to distinguish physiological changes from neoplastic ones.



The proliferation of cells in osteoblastic metastases results in an increased quantity of water, which attenuates the signal in T1w images which becomes either isointense or hypointense in comparison to surrounding muscle tissue or disc. In cases like this, changes often have stronger signals in STIR images. In osteoclastic metastases, it is the other way round—the decreased amount of cells results in a higher percentage of fat, which intensifies the signal in T1w images. It looks similar to osteoporosis or post-radiotherapy changes. Displayed pathologies enhance after administration of paramagnetic contrast [44]. A halo sign, a bright rim around the osteoblastic tumor, may appear in T2w and STIR sequences. It indicates the presence of fluid in the bone [45]. MRI visualizes the presence of neoplasm in the spinal canal (in epidural space), extent of spinal cord compression, hemorrhagic and ischemic changes in the spinal cord, as well as necrosis [43].



Intravenous administration of gadolinium may significantly improve visibility of metastasis in T1-weighted image, especially when it is located outside the spinal canal, but in the case of osteoblastic neoplasms, improvement is slight, if at all. To better visualize metastases on T2w images, USPIO (ultra-small superparamagnetic iron oxide) nanoparticles can be administered. They attenuate the signal of normal bone marrow, thus making the metastasis apparent as it stays hyperintense. After radiation treatment, MRI is used for differentiation between post-radiation changes and the recurrence of the neoplasm [43].




3.1.3. Computed Tomography (CT)


The resolution of images in CT scans is around ten times higher than in plain films. Spine CT shows the extent of bone destruction, particularly in trabecular bone, and is more sensitive and specific than X-ray because of its higher resolution. Osteolytic lesions have a more distinct outline on CT scans than on plain films. Moreover, CT enables visualization of necrosis, calcifications, destruction of the pedicle and cortical bone, epidural lesions, and expansion of neoplasm to paraspinal tissues. In osteoblastic metastases, bone trabeculae are less visible, and the border between the cortical and trabecular bone is blurred. Detailed imaging of the pedicles in CT can help with acquiring the proper trajectory during the vertebroplasty (posterolateral or through the pedicle) [43].




3.1.4. Bone Scintigraphy


Technetium (99mTc) has a strong affinity to bone and concentrates in places of increased metabolism and strong blood supply. In scintigraphic examination the chosen tracer shows the place of the increased bone turnover [40,45]. Osteoblastic changes, described as ‘hot’ are characterized with increased accumulation of the tag, and osteolytic changes, described as ‘cold’ have decreased accumulation of the tag. The hot lesions are the more common; however, cold changes may indicate that the aggressiveness of the neoplasm [46].





3.2. Invasive Diagnostics—Biopsy


Confirming pathology of the tissue is required before implementation of the appropriate treatment [47]. Except for that, the biopsy can identify tissue markers and influence the choice of specific treatment [48].



Depending on anatomical features and supplementary imaging of CT or fluoroscopy, access to the lesion is gained through the pedicle or outside of it. The risk of complications and the accuracy of the biopsy grow with the gauge of the needle. Accuracy of spine biopsy reaches 80%, and it is higher in the case of osteolytic rather than osteoblastic metastases, and it is also higher in the case of metastases rather than primary neoplasms [48].



The percutaneous biopsy is an elegant alternative to open biopsy [47]. Thin needle biopsy (with needle 22–25) or core needle biopsy (with needle 11–15) are performed under control of X-ray, CT, or ultrasonography with local anesthesia [49,50]. Ideally, the histopathologist is present during the procedure and directly evaluates the obtained material under microscopy, which guarantees the utility of the sample for further diagnostics. Such practice—Rapid On Site Evaluation (ROSE)—increases the chances for the diagnostic value of biopsy by >12%. Thin needle biopsy is performed when the tumor is located in paraspinal areas, and core needle biopsy is executed when the bone is affected by neoplasm. The sensitivity of the biopsy is defined in 93.3–96% [49].



Transpedicular biopsy enables a relatively straightforward way to most lesions and is relatively safe—it omits nerves, vessels, lung, and spinal cord. Only in selected cases, the posterolateral or transcostovertebral approach in thoracic is used. However, it carries a serious risk of pulmonary complications, e.g., pneumonia and pneumothorax. Complications of percutaneous biopsy occur in up to 26% of cases and include paraspinal hematoma, haemothorax, damage to the nerve roots, temporary paresis, paraplegia, meningitis, and in very rare cases, death [47].





4. The Ways of the Surgical Treatment


Obtaining a good result from surgical treatment enables the continuation of radiotherapy, chemotherapy, hormone therapy, and targeted molecular therapy [17,18,19,51].



Surgical treatment should meet three basic criteria. The first is to provide optimal conditions for restoring the function of the spinal cord and the spinal roots by decompression. The next one is to restore the correct anatomical relations of the spine by adjusting the displacement, restoring the height of the spinal body, and the physiological curves of the spine. The last stage of the surgery is to ensure the internal stabilization of the spine [18,19,51,52,53].



In recent years, progress in surgical treatment has been achieved thanks not only to the development of modern neuroimaging techniques but also to neuroanesthesiology and the implementation of various approaches and surgical methods. Circular relief from compression of the spinal cord is desirable. Different accesses to the spine are used depending on the location of the lesions: anterior approach, posterior approach, anterolateral, posterolateral, and combined multi-stage surgical approaches (Table 3) [6,18,19,52,54,55].



After resection of the tumor and release from compression of the spinal cord and roots of the spinal nerves, it is necessary to ensure anastomosis and an internal stabilization of the spine. Anastomosis and an internal stabilization of the spine are usually repair procedures aimed at restoring the durability of the spine. However, prophylactic stabilization is also carried out when the ongoing disease process may threaten the stability of the osteoarticular-ligamentous system, e.g., the risk of pathological fracture [6,17,19,51,52,55].



The site of the removed tumor in the vertebral body may be filled with bone cement, or the removed backbone is replaced by a prosthesis of the vertebral body (in the shape of a cylinder, a basket filled with plastic (palakost, acrylic cement) [16,71,72,73,74]. A stabilizer using appropriate screws or hooks is attached to the undamaged and durable sites in the spine, above and below the lesion, thus preventing the collapse of the vertebrae, thereby protecting the spinal cord and nerve root against damage. The effectiveness of the stabilization carried out from the front is determined by the lack of damage to the rear column, and the shafts in which the bolts are mounted must be strong enough to carry loads. In the case of the destruction of structures in the posterior spinal column, it is necessary to perform transpedicular fixation involving the introduction of vertebral arches through the base mounting bolts, which are screwed rods. It is the most widely used implant system in surgery for spine metastases. The good results of this type of stabilization were reported by Boucher in 1959 [17,19,55,71,73,75].



Steel implants have a tolerance to rusting because of the special surface. The surface of implants is covered by a layer of non-corroding metals. Mechanical or chemical damage to the protective layer brings corrosion. Bone tissue, nervous tissue, paraspinal tissue in close proximity to the prosthesis is affected by corrosion products. The substances are losing to surrounding tissues and are triggering unprofitable metabolic reactions, inflammatory responses, immune reactions, and oncogenic reactions [76,77].



Providing the internal stabilization of the spine enables the patient to be mobilized very early, without external immobilization of the spine (orthosis) [19,51,55,71]. The metal elements used for stabilization do not preclude the use of subsequent radiotherapy after the surgery [51].



The titanic implants trigger artifacts that handicap postoperative imaging by CT and MRI. CT and MRI are necessary to appraise the radical nature of the operation and allow the project of stereotactic radiotherapy (precise placement and dose of radiation). Both conventional radiotherapy and stereotactic radiotherapy are constricted because the implant consumes radiation. Nowadays, implants with low absorption of radiation are preferred. These implants reduce the number of artifacts. Currently, the PEEK implants (polyetheretherketone) and carbon implants are available [78].



Surgical removal of spine metastases, particularly renal cell carcinoma, thyroid, breast, melanoma, and hepatocellular carcinoma, carries the risk of significant blood loss. To reduce blood loss during surgery and shorten its duration, preoperative embolization is performed. Embolization involves selective occlusion of tumor vessels by permanent or less, absorbable materials embolization [17,51,53,79,80,81,82].



Despite effective embolization, blood loss during surgery can be significant—up to 2 l and more [17,53]. Factors such as the morphology of the tumor, its size, the infiltration of tissues may affect the final blood loss during surgery. There is little evidence in favor of preoperative embolization of spinal metastases [17,53,79,80,81]. The pain relief after embolization is reported in the literature, but that effect is transient [79]. Embolization is considered a rather safe procedure. The possible complications include neurological deficits resulting from blocking the blood supply to the anterior or posterior spinal artery, which may cause spinal cord infarction [79,80,82].



In addition to massive intraoperative bleeding, other complications may occur during tumor removal. They appear sporadically and concern damage to the dura mater, anatomical structures located in the paraspinal area: aorta, main veins—upper/lower, odd veins, lymphatic trunk, esophagus, parotid gland, pleura, peritoneum, nerves, including the recurrent larynx, and branches of the nerve plexuses [17,52,54,56,83]. The consequence of damage to the dura mater may be a difficult-to-heal cerebrospinal fluid leakage from a postoperative wound [18,83]. Other complications may involve the formation of hematoma at the operations site, or wound infection [52,56,83,84]. Complications related to the internal stabilization of the spine include improper placement of the implant, displacement of implants related to loosening of screws screwed into the bone, or breakage of transpedicular screws [52,54,55]. Moreover, thromboembolic complications, circulatory failure, pneumonia, inflammation of the urinary system, and bleeding from the gastrointestinal tract and bladder are also observed. Radiotherapy and chemotherapy administered before surgery increase the incidence of postoperative complications [18,19,80,85,86]. With the proper selection of patients for surgery, the complication rate should not exceed 5%. However, the analysis of the literature is often given a higher complication rate [6].



Minimally invasive surgery (MIS) is used to treat tumor spine metastases in selected cases. MIS is aimed at decreasing postoperative trauma, reducing blood loss, and reducing postoperative complications. Moreover, the patient’s stay in the hospital is shortened. The times to begin oncological treatment—radiotherapy and chemotherapy are shorter [87]. MIS comprises endoscopic video-assisted thoracoscopic surgery (VATS), performed in the thoracic spine. Another way used in minimally invasive surgery is minimal access spine surgery (MASS). MASS uses a surgical microscope or endoscope. In addition, transcutaneous intromission transpedicular screws are used in MIS [88,89].



Another minimally invasive surgical intervention is vertebroplasty performed under regional anesthesia with X-ray control. The bone cement (polymethylmethacrylate, PMMA) is given transcutaneously with the needle to the body of a vertebra attacked by a tumor add to the tumor mass preferably. It results in augmentation of the destroyed vertebral body, improved stabilization of the spine, and decreased pain. Pain is the main indication for vertebroplasty. The procedure should not be done on asymptomatic patients and in the case of spinal cord compression. Kyphoplasty is the procedure’s modification used to regain the height of the broken vertebra and reduce the risk of dislocation of the bone cement to the spinal canal. The balloon is first introduced into the vertebral body and makes the space for bone cement [90,91].




5. Radiotherapy


Radiotherapy is one of the main methods of treating patients with metastatic neoplasms in the spine. Conventional external beam radiotherapy (EBRT) is the most commonly used form of treatment. Its effectiveness and the size of the dose used are closely related to the sensitivity of the tumor to radiation, which is related to its histological structure [92]. Radiation-sensitive tumors include those of hematological origin, such as lymphoma or multiple myeloma, and some solid tumors, including breast or prostate cancer. Most solid tumors, such as thyroid cancer, liver cancer, or melanoma, are resistant to radiotherapy [38]. Standard radiation doses for this method are 8 Gy in one fraction, 20 Gy in 5 fractions, or the most popular: 30 Gy in 10 fractions. The limitation here is the potential damage to the spinal cord because conventional radiation therapy also significantly impacts anatomical structures in the tumor area [92].



Innovative radiotherapy methods, such as stereotactic radiosurgery (SRS) and stereotactic body radiotherapy (SBRT), are a promising alternative. It allows the use of up to 3 times higher doses than in the case of EBRT, which is concentrated precisely at the tumor site. It is possible thanks to the precise stabilization of the patient and modulation of the intensity of the radiation. SRS is usually used as a single dose of radiation, while SBRT is used in two to five doses [92]. The increased amount of radiation enables the treatment of neoplasms that are radio-resistant and insensitive to conventional radiotherapies, such as melanoma. This is because apart from destroying the double-stranded DNA of cancer cells, the vascular network inside the tumor is also destroyed. These methods ensure a high local tumor control rate, regardless of its histological origin. It is also beneficial from the patient’s point of view that there are fewer doses than in the case of EBRT [38], but the determination of the dose to be used is a subject of discussion [92]. The most severe complication of radiotherapy is myelopathy, with a risk of approximately 0.5%. Other complications of SRS include dysphagia, diarrhea, mucositis, and compensatory vertebral fractures, with a risk of up to 40%. In comparison with conventional radiotherapy, the risk is only 5% [38]. It should be mentioned here that the administration of bisphosphonates prevents pathological vertebral fractures.




6. Other Ways of Treatment


Apart from preventing pathological vertebral fractures, Bisphosphonates also show a protective effect against bone metastases and increase bone mass density in the lumbar region by 3–4%. Moreover, they prevent the onset of osteoporosis in women [93]. An example of a bisphosphonate is zoledronic acid (ZA), which is used primarily to prevent spinal cord compression resulting from bone tissue wasting caused by tumor metastasis to the spine. It is optimally administered intravenously at a dose of 4 mg every 4 weeks. In these cases, Denosumab, a human monoclonal antibody that strongly binds the receptor activator for Nuclear Factor κ B Ligand (RANKL), has comparable effectiveness to zoledronic acid (ZA), thus inhibiting osteoclast maturation and bone tissue resorption, which is great importance in the prevention of compression of the spinal cord, bone tissue destroyed by cancer. It is subcutaneously administered at a dose of 120 mg every 4 weeks [94].



In the case of spinal cord compression by metastasis, corticosteroids are the first treatment line. They should be given immediately. Their exact mechanism of action and dosing are a matter of debate, but they reduce angioedema and relieve inflammation in the area of metastasis. There are no precise guidelines for the dosage of corticosteroids, and they are selected individually to case [92]. Side effects of their use include, among others: exacerbation of diabetes, decreased immunity, hypertension, and peptic ulcers [12]. The use of dexamethasone is particularly recommended to treat metastatic prostate cancer in the spine. In addition, to improving treatment outcomes, it also alleviates the pain experienced by the patient as a result of the metastasis that has arisen [95]. Methylprednisolone is used to treat follicular thyroid cancer (FTC), a frequent complication of which is metastasis to the spine. In the presence of a sodium-iodide symporter (NIS-sodium-iodide symporter), radioiodine therapy (RAI) is the first-line treatment. It uses the iodine 131 I isotope. Additionally, in the treatment of FTC, TSH suppression therapy is used to inhibit the impulses to further tumor growth [96].



Chemotherapy is mainly used as adjuvant therapy. Its effectiveness depends on the histological type of the primary tumor. Tumors sensitive to this type of treatment include lymphoma, seminoma, and neuroblastoma [92]. In the treatment of breast cancer, which is the most common source of metastases to the spine, the use of vinorelbine or taxanes may prove effective. However, in the light of the latest knowledge, aromatase inhibitors, which include letrozole, exemestane, anastrozole, and fulvestrant, seem to be the right choice [97]. Another cancer that frequently metastasizes to the spine is prostate cancer. In this case, docetaxel is the first-line treatment as add-on therapy. Cabazitaxel is used as the second-line treatment. However, it has more side effects, including anemia and leukopenia [98].




7. Therapeutic Perspectives


A good therapeutic effect in the fight against metastases to the spine (breast cancer with overexpression of the HER2 receptor, clear cell carcinoma of the kidney, colorectal cancer, lung cancer, melanoma) is achieved by the use of ionizing radiation in combination with molecular targeted therapy, including inhibitors of systemic checkpoints immune. In such a case, it is believed that better results are achieved by using radiotherapy earlier in several fractions than in one [38]. Examples of immune checkpoint inhibitors are ipilimumab, which binds the CTLA-4 antigen of T cells, resulting in an increase in their activity, and nivolumab, which binds to the PD-1 programmed cell death receptor, which blocks its function. These agents increase the number of T lymphocytes capable of responding against the tumor, which, after prior radiotherapy, brings satisfactory results. In addition, vascular endothelial growth factor (VEGF) inhibitors, in combination with SRS, as exemplified by Axitinib, can be used to combat spinal metastasis. They lead to endothelial dysfunction by inhibiting the acid sphingomyelinase pathway [38].




8. Prognosis


The primary role of surgical interventions in spine metastases is focused on further damage prevention, not radicality of tumor excision [17,18,19].



The average survival is 6 months, with the longest period of over a year for metastasis from the prostate, thyroid, rectum, and colon and the shortest for the stomach, which counts less than 3 months [4,6]. The median survival in patients with breast cancer and bone metastases is 16 months, but with the coexistence of various complications, only 7 months. Patients with lung cancer and bone metastases have a worse prognosis, and the estimated survival time is 6–12 months. Moreover, the coexistence of renal cancer and bone metastasis is also associated with a short survival time [84,99].



After surgery, in up to 90% of patients, significant pain reduction and improved overall physical and neurological functioning are observed. Those increase the quality of life but do not directly influence survival time [18,51,71].



Surgical intervention has better results than radiotherapy only [100]. It is estimated that in 50–80% of patients undergoing radiotherapy, pain associated with metastases was relieved, about one-third completely [101]. Radiotherapy can be used as monotherapy. However, the best results may be obtained when it is carried out after the surgery [5,38].



It has also been proven that bisphosphonates and denosumab, as an extension to conventional treatments, may reduce mortality from bone metastasis [99].



The patient’s condition and the nature of the tumor have a tremendous impact on the survival time. One of the most important prognostic factors is the patient’s neurological function [51,71,100,102]. An unfavorable prognosis concerns patients who show rapid progression of symptoms of spinal cord injury [57].



Patients in whom metastasis to the spine and its ailments is the first symptom of cancer (unknown primary focus) are less likely to achieve a good treatment outcome [84].



The site of metastasis in the spine may be an essential factor influencing the prognosis [103,104].



Tumor metastases limited to the bone only have a better prognosis than metastases located in the visceral organs [19]. Pathological fractures caused by spine metastases concern about 10% of all patients and significantly increase mortality in this group (annual survival rate is estimated around 22–40%) [84].



Treatment is often initiated in patients with metastases to the spine in the advanced stage of cancer when the primary tumor is large (over 2 cm); hence, the prognosis is poor [102].



Guzik pointed out that the worst results in terms of neurological evaluation after surgery were obtained in patients with lung and kidney cancer and, best of all, with breast cancer and myeloma [71].



Advances in diagnosis, treatment, and care of patients with spine metastases improve prognosis in the quality of life of those patients. However, they do not significantly prolong the survival time [5,19,84]. It is not only a generalized neoplastic disease that leads to death but also complications related to spinal cord damage, such as multi-organ failure, deep vein thrombosis of the lower limbs, thromboembolism, intestinal obstruction, pneumonia, urinary tract infection, or pressure ulcers [103].




9. Conclusions


Spine metastases result from the distant and adjacent spread from primary lesions of many neoplasms [6]. In diagnostics of the metastases, MRI, CT, and bone scintigraphy are often used [43]. The qualification for the right way of treatment requires multifaceted patient assessment performed by many specialists. Scales, algorithms, and paradigms are beneficial. They allow evaluation of the patient’s condition, the stage of advancement of the neoplasm disease, and the prognosis [5]. Surgical treatment of the spine metastases is palliative. Its main focus is relieving the pain, preventing neurological deficits from arising, restoring spine stability, and, more importantly, inhibition of disease progression [19,71]. Minimally invasive surgery reduces postoperative complications and enables faster implementation of oncological treatment [87]. In the radiotherapy of the spine metastases, the SRS is gaining popularity, which allows using higher doses of radiation than in ERBT, concentrated precisely at the tumor site. Using corticosteroids during therapy, which decrease angioedema in the area of the metastasis, alleviate pain and improve treatment results, is important [92]. Immunotherapy is also gaining more popularity, improving prognosis even in advanced metastatic disease [38]. The oncological disease is shifting more and more from being lethal to rather chronic. The overall survival of oncological patients is increasing. Therefore, the probability of developing metastases, also to the spine, rises. However, they can usually be controlled for many years with systemic therapies. That leads to a paradigm shift from being therapeutically radical to the good control of the disease, maintaining the satisfactory quality of life and complications prevention. For this reason, the holistic approach to the disease, which means choosing the best therapeutic option for the patient and ensuring appropriate mental and emotional support; hence the importance of the therapeutic team in the treatment process, is critical (Figure 2) [19].
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Figure 1. The frequency of metastases in individual sections of the spine based on data from ref. [6]. 
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Figure 2. The algorithm summarizing the diagnostic and treatment strategy for patients with spinal metastases, based on data presented in the review. 
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Table 1. Type of spine metastases in terms of its effect on bones.
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Type of Spine Metastases




	

	
Osteoclastic

	
Osteoblastic






	
Primary tumor

	
e.g., lungs, kidneys, multiple myeloma

	
e.g., prostate




	
Factors secreted by neoplasm cells

	
IL-1

IL-6

IL-8

IL-10

IL-11

TGF-α

TGF-β

PTHrP

PgE2

TNF

CSF-1

GM-CSF

M-CSF

VEGF

EGF

	
ET-1

TGF-β

PDGF

BMP

IGF

FGF

CXCL-1

uPA

PSA




	
Factors released from the bone microenvironment

	
TGF-β




	
FGF




	
IGF




	
BMP




	
PDGF




	
OPG




	
HGF




	
IL-6




	
CTGF




	
M-CSF




	
VEGF




	
PTHrP

activins








The factors released by tumor cells and bone microenvironment: interleukin-1 (IL-1), interleukin-6 (IL-6), interleukin-8 (IL-8), interleukin-10 (IL-10), interleukin-11 (IL-11),transforming growth factor α (TGF-α), transforming growth factor β (TGF-β), parathyroid-related peptide (PTHrP), prostaglandin E2 (PgE2), tumor necrosis factor (TNF), colony stimulating factor (CSF-1), granulocyte macrophage-colony stimulating factor (GM-CSF), monocyte-colony stimulating factor (M-CSF), vascular endothelial growth factor (VEGF), epidermal growth factor (EGF), endothelin-1 (ET-1), platelet-derived growth factor (PDGF), bone morphogenetic protein (BMP), insulin-like growth factor (IGF), fibroblast growth factor (FGF), C-X-C motif chemokine ligand 1 (CXCL-1), urokinase-tipe plasminogen activator (uPA), prostate specific antigen (PSA), osteoprotegerin (OPG), hepatocyte growth factor (HGF), connective tissue growth factor (CTGF) [2,5,8,9,10,11].
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Table 2. The discusses scales and their application [6,20,21,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37].
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Scales Assessing the Severity of the Disease




	
The Name of the Scale

	
What Does the Scale Evaluate?






	
The Karnofsky scale

	
functional patient’s condition




	
ASA Physical Status Classification System

	
operational risk




	
the Frankel scale, the American Spinal Injury Association

Impairment Scale (AIS)

	
patient’s neurological condition




	
The Visual Analogue Scale (VAS)

	
pain assessment




	
Spinal Instability Neoplastic Score (SINS), De Wald scale,

Tomita’s surgical classification, Harrington scale, epidural spinal cord compression scale (ESCC), Weinstain–Boriani–Biagini

classification, Asdourian scale, Tomita scale, Tokuhashi scale

	
assessment neoplastic lesions, their

advancement and localization in bone and ligamentous

structures of the spine and the spinal canal




	
Tokuhashi scale, modified Bauer scale

	
predicted survival time of a patient with neoplastic metastases to the spine
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Table 3. Surgical approaches [17,56,57,58,59,60,61,62,63,64,65,66,67,68,69,70].
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Approach

	
Level of Spine

	
Description






	
anterior

	
the upper part of the

cervical spine,

craniospinal junction: the base of the skull, atlas (C1), and axis (C2)

	
through the posterior wall of the pharynx, mandibular

(with or without cut of the mandible)




	
C3 to C7

	
proposed by Clovard Smith and Robinson—in front of the anterior edge the sternocleidomastoid muscle




	
thoracic vertebrae

	
the anterior approach to the thoracic vertebrae is complex from Th2 to Th5 due to the limitations of the sternum (the need for sternotomy) and to the Th10 to L1 thoracolumbar spine junction caused by diaphragm attachments (the need to connect the post-pleural and retroperitoneal entrances)




	
lumbar shafts

L1 to L4

	
provided by retroperitoneal access;

the peritoneal approach enables surgery in the L5 vertebrae and sacral segments




	
peritoneal

	
L5

sacral segments

	
-




	
posterior

	
-

	
routinely used laminectomy, which makes way to open the vertebral canal and exposes posterior surface of spinal cord




	
lateral

	
-

	
laminectomy and total excision of pedicles of vertebral arch at the same time enable lateral approach to vertebral canal and show lateral surface of spinal cord (intrapedicular

approach);

the excision of the intervertebral joint and head of rib in thoracic spine expose lateral side of vertebral body (lateral approach—costotransversectomy and postpleural lateral approach)




	
posterolateral

	
-

	
the body of the thoracic vertebra can be visualized via a posterolateral thoracotomy




	
en block

	
-

	
tumor excision in one piece with margin of surrounding tissue; the character of metastatic tumor and localization in the spine rarely allows the use of this kind of resection;

usually debulking is used, the aim is to remove the pressure of the spinal cord
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