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Abstract
BACKGROUND
Schwannomatosis is a rare disease characterized by multiple schwannomas of the whole body. Although benign, schwannomatosis that occurs in important areas of the body, such as the brain and spinal canal, can cause considerable disability and mortality. The disease is rare, frequent and relapsing, and this poses a diagnostic and therapeutic challenge.

CASE SUMMARY
A 40-year-old male had multiple masses all over his body, starting at the age of 19. Four years prior, he started to experience a progressive decrease in muscle strength in both lower limbs and developed urinary and defecation dysfunctions, and gradual paralysis. One month prior, the patient developed pain and numbness in his left forearm. The patient had undergone five surgical procedures for this disease in our department. Based on the family history, imaging examinations, pathological biopsy and molecular biological examinations, the diagnosis of schwannomatosis was confirmed. This time, the patient was admitted to our hospital again for a 6th operation because of the pain and numbness in his left forearm. After the operation, the patient's symptoms improved significantly; the patient recovered and was discharged from the hospital. At the last telephone follow-up, the patient reported a poor general condition but was alive.

CONCLUSION
Here, we report a rare case of schwannomatosis. We conducted 15 years of patient follow-up and treatment, and analyzed the timing of surgery and patient psychology. This case will further extend our overall understanding of the diagnosis and treatment of this rare tumor.
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Core Tip: Schwannomatosis is a rare disease characterized by multiple schwannomas throughout the body. There are only a few reports of clinical cases of schwannomatosis. Here, we describe a patient who has been followed up for 15 years and has been treated with surgery 6 times. According to the family history, magnetic resonance imaging scan results, immunohistochemistry results and larger sequencing results, the patient was confirmed to have schwannomatosis. We summarized and discussed this case and reviewed the literature on the pathogenesis, clinical manifestations, clinical diagnosis and treatment of schwannomatosis.

INTRODUCTION
Schwannomatosis, also known as neurofibromatosis type 3, can be familial or sporadic and is a tumor-prone syndrome characterized by multiple schwannomas in the central and peripheral nervous systems. It has an incidence of approximately 1/70000 and a prevalence of approximately 1/126000[1]. Schwannomatosis differs from type 1 and type 2 neurofibromatosis because it has few skin manifestations, may exhibit malignant transformation, and shows no bilateral vestibular nerve involvement[2,3].
At present, the pathogenesis of schwannomatosis is still unclear, and existing studies have shown that abnormal expression of the SMARCB1, LZTR1 and NF2 genes is involved in the occurrence and development of the disease[4]. Germline mutations in SMARCB1 or LZTR1 were found in 86% of familial and 40% of sporadic schwannomatosis patients, while NF2 was mostly somatic[4,5]. The main clinical manifestations of schwannomatosis are chronic pain, the occurrence of masses, and neurological symptoms in the corresponding area of innervation when the tumor compresses the nerve[6]. Treatment mainly involves surgery and is for symptomatic patients, however there is no specific treatment available. Because of its rarity and predisposition to multiple occurrences, neurofibromas that occur in important tissues, such as in the craniocerebral or spinal canal, have fairly high rates of disability, and late complications can also lead to high fatality rates. Surgical treatment cannot cure this disease completely, and the patient often needs multiple operations, which are associated with additional risks. These operations and risks seriously reduce patients’ quality of life, threaten their life and health, and impose heavy burdens on the patients' families and society.
Here, we report a patient who was followed up for 15 years to obtain a more comprehensive understanding of this rare disease, which can further improve the diagnosis and treatment of these patients.

CASE PRESENTATION
Chief complaints
A 40-year-old male was admitted to our hospital on July 10, 2020, with a chief complaint of “Multiple tumors occurring throughout the body for 21 years, with pain and numbness of the left forearm for 1 mo.”

History of present illness
Twenty-one years prior to this report, the patient began to develop multiple tumors throughout his body without any obvious causative factors. The tumors progressively increased in size and were accompanied by neurological dysfunction in the areas in which the tumors were growing. The patient developed a progressive decrease in the muscle strength of both lower limbs with urinary and fecal dysfunction, and gradual paralysis began 4 years before this report. The patient developed pain and numbness in the left forearm 1 mo before this report, and his symptoms progressively worsened without any known aggravating or relieving factors. There were no café au lait spots on his skin, and he had no recent hearing or visual impairments, dizziness, headache, cough, hemoptysis, nausea, vomiting, or any significant changes in his weight.

History of past illness
The patient had undergone 5 surgical treatments in our department for schwannomatosis (Table 1), and he had no other significant medical history.

Personal and family history
The patient had a familial schwannomatosis that was also present in 48 of his family members, 9 of whom were currently ill and 5 of whom died of the disease (Figure 1). The patient began to show symptoms at the age of 19 and has suffered from this disease for 21 years. We contacted the patient for the first time 15 years ago, and he had already undergone several operations in our department during the follow-up period. 

Physical examination
There were no deformities in his spine or limbs, and many old surgical scars could be seen in the cervicothoracic, lumbar and dorsal areas. A mass, approximately 5 by 4 cm in size, was seen on the ulnar side of the left forearm; the mass was raised, without any necrosis or ulceration. The pedicle of the lump was firm, and the position of the mass was fixed to the underlying tissues. The surrounding skin temperature was normal, and the skin sensation in the left ulnar forearm and palm (the hand muscles, ring finger and little finger area) was decreased. Skin pigmentation was seen in both of his lower limbs, and his skin sensation was decreased bilaterally from his umbilical area to his inguinal area. There was no skin sensation below his inguinal area, and his sensation was absent in the sellar area. His lower limb muscle strength was 0 in both lower limbs, and the muscle strength of both of his upper limbs was grade IV, with a (+) Babinski sign.

Laboratory examinations
All the patient’s tumor markers, biochemical examinations, liver and kidney functional markers and electrolytes were within normal ranges.

Imaging examinations
magnetic resonance imaging (MRI) examination of the cervical spine showed that the spinous processes and laminae of C2-T1 were absent and showed postoperative changes. There were multiple abnormal signals in the spinal canal at the C2, C3 and T1 Levels; the largest signal was at the C3 Level, and the size was approximately 8 mm × 12 mm × 19 mm. 
MRI examination of the thoracic spine showed that some spinous processes and laminae were diseased, and that they also had postoperative changes. The structure of the thoracic spinal canal was disordered. Multiple irregular and nodular abnormal signals were found, so multiple lesions were considered. MRI examination of the lumbar spine showed that the spinous processes and laminas of the 12th thoracic vertebrae and the 2nd lumbar vertebral body were absent, that they also showed postoperative changes and that abnormal signals occurred frequently in the thoracic and lumbar spinal canals (level with the thoracic 11- sacral 2nd vertebral body). The largest lesion was at the level of the intervertebral space of the 12th vertebral body to the first lumbar body with a size of approximately 16 mm × 21 mm × 55 mm, and the adjacent thoracic and lumbar spinal cord was obviously compressed and displaced.
MRI examination of the pelvic cavity showed multiple abnormal cystic signals of different sizes in the pelvic cavity, and multiple compartments were found in the pelvic cavity. Multiple schwannomas were considered, and the largest lesions were approximately 75 mm × 60 mm × 83 mm (Figure 2).

FINAL DIAGNOSIS
The combination of information about the patient's medical history, signs, imaging examination, previous pathological examinations, immunohistochemistry (Figure 3) and Sanger sequencing (Figure 4) led to schwannomatosis as the final diagnosis, hence neurofibromatosis type 1 (NF1) and neurofibromatosis type 2 (NF2) were excluded according to the international diagnostic criteria.

TREATMENT
The patient had multiple tumors in his spinal cord and had bilateral lower extremity paralysis for 4 years, which resulted in a prolonged traumatic period for the patient, however no radical resection surgery was necessary. After considering the patient's needs, the patient's quality of life was improved, as much as possible, with treatment, and the remaining limb function was preserved. At present, the treatment resolved his pain and numbness that was present on the ulnar side of his left hand. After his symptoms improved in comparison with his chief complaints at the preoperative examination, we performed "tumor resection of the left upper limb + nerve exploration" on the third day after admission. During the operation, we found a tumor that was approximately 5 cm × 4 cm in size adjacent to the left ulnar nerve, and the mass was cystic and solid (Figure 5). After the tumor was completely removed, pathological examination showed schwannomatosis. The patient was given routine oral nutritional nerve drugs (mecobalamin) and nonsteroidal anti-inflammatory drugs (celecoxib). After the operation, the symptoms of pain and numbness in his left hand improved, and the patient recovered and was discharged.

OUTCOME AND FOLLOW-UP
On postoperative day 2, the patient's left hand pain and numbness had improved significantly in comparison with reports of his previous symptoms. On postoperative day 7, his surgical incision had healed, and he was discharged from the hospital. During the last telephone follow-up call on August 13, 2021, the patient was still alive; he had no new symptoms when compared to the previous follow-up exam, but his overall quality of life was poor.

DISCUSSION
Schwannomatosis is a tumor-prone syndrome characterized by multiple schwannomas, which often involve the spinal nerve and peripheral nervous system. Compared with NF1 and NF2, schwannomatosis is rare, and can be familial and sporadic. The absence of bilateral involvement of the vestibular nerves is an important difference between schwannomatosis and NF2. The pathogenesis of nerve sheath tumor disease is still unclear. The available studies suggest that abnormal expression of the SMARCB1, LZTR1 and NF2 genes is involved in the development of SWNTS[4]. The SMARCB1 gene is located on chromosome 22 and encodes the SMARCB1 protein. Highly conserved among eukaryotes and widely involved in epigenetic regulation, cell cycle progression, and signal pathway crosslinking, they are expressed proteins of a class of tumor suppressor genes[7]. The LZTR1 gene, also located on chromosome 22, encodes a protein that is a member of the BTB-Kelch superfamily and is active in the Golgi complex, an effector of the CULlin 3-containing E3 ubiquitin ligase complex[8,9]. The events involved include the ’4-hit/3-step’[10-12], the loss of heterozygosity of alleles related to mitotic recombination errors[13,14], stable mutation transcription after a nontruncated mutation[15], mRNA degradation or the restart of transcription mediated by a nonsense mutation[16], an abnormal N-terminal structure of SMARCB1 protein leading to incorrect action with DNA[17], etc. The most classic mutation is the "4 strikes and 3 steps" (4-hit/3-step): At first, a germline mutation occurs in the SMARCB1 or LZTR1 gene (the first strike), then a loss of heterozygosity occurs on chromosome 22, resulting in the loss of the second SMARCB1 or LZTR1 allele and the loss of one of the NF2 alleles (the second and third strikes), and finally, there is a somatic mutation of the remaining wild-type NF2 alleles (the fourth strike)[10-12].
The first diagnostic standard of schwannomatosis that reached a consensus was in 2005. With the continuous development of genetics and molecular biology, the latest diagnostic criteria and exclusion criteria are summarized (Table 2), according to the research of Plotkin et al[18], which is of great significance for clinical diagnosis. Schwannomatosis usually affects the spine (74%) and peripheral nerves (89%), and patients most often present with clinical manifestations of chronic pain (46%) or masses (27%), as well as neurological symptoms in the corresponding innervated areas after tumor compression of nerves. Pain is usually the first symptom and is the most challenging symptom for the treatment of this disease. Additionally, chronic pain and recurrence of the tumor lead to the need for multiple surgical procedures during the course of the patient's life, and these are the aspects that can lead to symptoms of depression and anxiety, which occur in approximately 17%-39% of patients[19]. This results in some patients being less willing to treat or giving up treatment.
In this case, pain symptoms began at age 19, neurological symptoms developed at age 24, and the patient underwent his first surgical treatment. Because schwannomatosis is multiple and prone to recurrence, the patient underwent three more surgeries in the following years. The tumor along the spinal nerve distribution, involving more parts, the operation difficulty is larger, and the tumor compression nerve causes repeated pain on the body torture, which makes the patient appear to have serious psychological disorders, and the enthusiasm of treatment is greatly reduced. After September 2013, due to personal reasons, the patient refused to receive further examination and treatment. Later, the patient showed a progressive decline in muscle strength of both lower limbs and failed to receive timely treatment. Long-term spinal nerve compression led to paralysis of both lower limbs and a severe reduction in his quality of life. During follow-up, the patient developed neck and bilateral upper limb symptoms. With the encouragement of his family and us, the patient was readmitted to the hospital in October 2018 for cervical spinal surgery to further preserve the patient's remaining limb functions. This time, the patient presented ulnar nerve compression symptoms on the ulnar side of the left forearm. After surgical treatment in the hospital, the patient's symptoms were significantly improved, and he recovered and was discharged, but the previous nerve injury of the lower limb could not be recovered.
Later, we summarized the treatment experience of schwannomatosis in the past 15 years, and the choice of surgical timing is crucial. Early surgery can relieve the compression of the spinal cord and nerve by tumor tissue as soon as possible to preserve limb function to the greatest extent and improve the quality of life. However, in the process of treatment, we often ignore the psychological and mental status of patients. Based on the characteristics of the disease itself, such as multiple recurrences, most patients need to undergo multiple surgical treatments and bear more surgical risks. In addition to the tumor tissue on the nerve compression, the patient's body has suffered pain for a long time, for patients with psychological and physical double blow, which often cause serious psychological disorders, depression and anxiety, leading to some patients losing confidence in treatment and even giving up treatment. This psychological disorder also causes patients to fail to see a doctor in time, thus missing the best treatment opportunity, resulting in irreversible damage to the nervous system and reducing the quality of life and survival rate. Unfortunately, during the five-year period from August 2013 to October 2018, the patient refused to further cooperate with us for treatment and therefore missed the best treatment opportunity. When the patient was admitted to the hospital again, he had already developed irreversible injury to the spinal cord and was paralyzed and bedridden, resulting in a serious decline in his quality of life.
At present, the main treatment of schwannoma is given priority with surgical cut method disease. Symptomatic treatment was observed in patients with asymptomatic schwannoma and regular follow-up, but for patients with spinal cord and peripheral nerve compression symptoms and early surgical resection, the goal is to remove the oppression in the spinal cord and peripheral nerves, and maximum retention dominates regional neural function. At the same time, we should unite with psychologists and must not ignore the psychological treatment of patients so that patients maintain a good state of mind and are more confident with our follow-up and treatment. In the field of drug treatment, most patients need to take analgesic drugs, such as amitriptyline, pregabalin and gabapentin, at a certain treatment stage to relieve the pain[19]. Although it has been reported that bevacizumab plays a certain role in the treatment of schwannomatosis, the use of bevacizumab needs to be further verified[20]. Therefore, in the future, the pathogenesis of this disease needs to be clarified, new immune drugs and new gene targets need to be found, and these will be an important direction to improve the treatment of this rare tumor.

CONCLUSION
Here, we report a rare case of schwannomatosis. We also conducted 15 years of patient follow-up and treatment, and analyzed the timing of surgery and patient psychology. This case will further increase our overall understanding of the diagnosis and treatment of this rare tumor.
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Figure Legends
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Figure 1 Family map of this patient with schwannoma disease. This patient is listed as the proband (III: 1).
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Figure 2 Magnetic resonance imaging scan results. A: Cervical magnetic resonance imaging (MRI) scan; B: Thoracic MRI scan; C: Lumbar MRI scan; D: Pelvic MRI scan. (Tumors are shown with arrows).
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Figure 3 Immunohistochemical results of tumor. A and B: HE-stained images, showing Antoni A region (thick short arrow) and Antoni B region (slender arrow), and Verocay corpuscle in Antoni A region; C and D: Strong S-100 positive staining and Vimentin positive staining, respectively; E: Strongly positive merlin protein staining; F: Mosaic-like INI1 protein staining.
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Figure 4 C.93G→A mutation at codon 31 of exon 1 of the SMARCB1 gene in patients. A-D: Results of blood, cevical spinal tumor, thoracic spinal tumor and pelvic tumor samples, respectively.
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Figure 5 Intraoperative images. A-F: Intraoperative images from previous surgeries. A-C: Schwannoma exposed during the operation; D: Schwannoma tissue removed during lumbar spinal surgery; E: Schwannoma tissue removed during thoracic spinal surgery; F: Large schwannoma tissue specimen removed during pelvic surgery. G-H: Intraoperative images from recent surgeries, schwannoma exposed in the left forearm of this patient.


Table 1 From 2006 to 2018, the patient underwent 5 operations in our department, as shown in the above table
	Time
	Cardinal symptom
	Therapeutic method
	Postoperative follow-up

	September 12, 2006
	Pain in the back, neck and chest for 5 yr with walking dysfunction for 1 mo.
	Posterior cervical and thoracic vertebral canal tumor resection was performed.
	After the operation, the patient's pain and lower limb muscle strength improved, recovered, and the patient was discharged from hospital, and lived normally.

	January 5, 2011
	Lumbago with numbness of both lower limbs for 1 mo.
	Posterior cervical and thoracic vertebral canal tumor resection was performed.
	After the operation, the patient's pain and lower limb muscle strength improved, recovered, and the patient was discharged from hospital and lived normally.

	March 9, 2013
	Low back pain with numbness and fatigue of both lower limbs for 3 mo.
	Thoracolumbar intraspinal tumor resection was performed.
	After operation, the symptoms did not improve, and the muscle strength of both lower limbs gradually decreased, accompanied by persistent pain in chest, waist and both lower limbs.

	August 2, 2013
	Persistent pain in chest, waist and lower limbs for 5 mo.
	Thoracic and lumbar posterior tumor resection + pelvic anterior tumor resection + thoracoscopic thoracic tumor resection were
performed.
	The pain and muscle strength were improved after the operation, which could meet the needs of his daily life.

	October 17, 2018
	Repeated neck and upper limb pain for 2 mo with paraplegia of both lower limbs.
	Posterior cervical spinal cord tumor resection.
	After the operation, his neck and upper limb pain was relieved, but the muscle strength of lower limbs was not significantly improved. After the neck incision had healed, the patient was discharged from hospital.




Table 2 Diagnosis of schwannomatosis based on molecular and/or clinical diagnostic criteria according to Plotkin et al[18]
	Clinical diagnosis
	Combined molecular and clinical diagnosis
	Exclusion criteria

	≥ 2 nonintradermal schwannomas, 1 pathologically confirmed schwannoma and absence of bilateral vestibular schwannomas 
Or 
1 pathologically confirmed schwannoma or intracranial meningioma and 1 affected first-degree relative
	≥ 2 pathologically confirmed schwannomas or meningiomas; 
≥ 2 tumors with 22q LOH and 2 different somatic NF2 mutations 
Or 
1 pathologically confirmed schwannoma or meningioma; 
Germline SMARCB1 or LZTR1 pathogenic mutation
	Germline pathogenic NF2 mutation; 
Diagnostic criteria for NF2 fulfilled; 
First-degree relative with NF2; 
Schwannomas occur exclusively in a region of previous radiation therapy
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