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Abstract

:

Background aims: The possibility of permanent neurological sequels after surgery of benign lesions affecting the spinal cord is well known. Frequently, they are irreversible, with no effective treatment other than rehabilitation. However, in recent years, intrathecal cell therapy with autologous bone marrow stromal cells (MSCs) in patients with incomplete paraplegia has shown benefits for diverse sequels of spinal cord injury (SCI). Methods: We present two patients with chronic spinal cord sequels after a surgery, who underwent cell therapy treatment with NC1 medicament (repeated intrathecal administrations of MSCs). Results: In both cases, cell therapy achieved a clear improvement in neurological sequels, such as recovery of gait disturbances, bowel dysfunction, or neuropathic pain. Conclusion: Intrathecal cell therapy with autologous MSCs offers a new approach for neurological sequels after spinal cord surgery.
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1. Introduction


The most common causes of SCI are road accidents, closely followed by falls. Violence and sports injuries are also relatively common causes [1,2,3]. Regardless, it is well known that one of the problems of neurosurgery is the possibility of neurological sequelae after resection of benign lesions. Medical/surgical complications affect approximately 4% of SCI cases worldwide [2,4].



In spinal cord pathology, the removal of an intramedullary benign ependymoma is a characteristic example in which tumor removal can achieve complete healing of the patient, but is often associated with variable sequels, which may be irreversible. It is accepted that approximately 70% of patients undergoing resection of an intramedullary ependymoma will experience postoperative worsening, and although 62% improve or remain without deficit at follow-up, neurological sequels persist in approximately 25% of patients [5]. Thoracic disc herniation is another example of a benign entity in which it is common to observe the appearance of sequelae after surgery, which are estimated in up to 15% of patients, regardless of the surgical approach [6,7]. In these conditions, permanent neurological complications are generally considered justifiable and unavoidable, without therapeutic strategies other than rehabilitation.



On the other hand, in recent years, cell therapy using intrathecal administrations of autologous bone marrow mesenchymal stromal cells (MSCs) has proven useful for improving chronic established sequels of patients with incomplete spinal cord injury (SCI) [8,9]. However, when the recent literature on clinical trials with cell therapy in the field of spinal cord injury was reviewed in depth, it was clear that in many cases the type and origin of spinal cord injury was not defined [10,11,12,13], or they referred fundamentally to traffic accidents or other type of accidents [14,15,16]. On ClinicalTrials.gov [NCT03505034, NCT02688049, NCT03521336 and NCT03521323] and in the recent literature [17], some clinical trials exclude patients with spinal cord injuries derived from tumors or other types of non-traumatic spinal cord injuries. Such studies leave out many patients whose quality of life has been greatly affected after resection of benign lesions. There is no documented scientific evidence regarding the usefulness of cell therapy in neurosurgical sequels of the spinal cord. Although there are no clear data showing that therapy with MSCs is superior to other types of therapy, it is considered that the advantages that can be derived from the said treatment outweigh the lack of therapies to which these patients are referred.



In our case, the choice of cell type was based not only on the experience developed with the treatment with MSCs of patients with traumatic spinal cord injury [8,9], but also on the ease of access to this therapy as a possible new therapeutic route for these patients who otherwise would not be able to access any type of treatment. At that time, our Unit had an authorized and validated GMP Room for the manufacture of a medication based on MSCs (medicament NC1) for the treatment of patients with traumatic SCI, which opened the possibility of bringing this treatment closer to other types of patients.



This paper aimed to demonstrate that this type of cell therapy may also be useful in chronic and established sequels after spinal cord surgery. Here, we reported the successful cases of two patients with neurological sequels after the resection of benign lesions that received intrathecal injection of medicament NC1, which represents a new approach for the treatment of neurosurgery sequels in spinal cord injury.




2. Cases


2.1. Patient Selection


Therapy with NC1 was authorized by the Spanish Agency for Medicaments and Health Products (EAMPS) and the Medical Management of Puerta de Hierro–Majadahonda Hospital for the treatment of two patients with a diagnosis of SCI. The therapy consisted of an intrathecal administration of the NC1 medicament into the subarachnoid space through lumbar puncture. The two patients were selected due to neurological sequels, which had persisted after spinal cord surgery, like gait disturbances, bowel dysfunction, or neuropathic pain. Ethical aspects and possible benefits were considered. Previously to the therapy being administered, informed consent was obtained. The experimental treatment with the cell medicament was explained based on our experience in treatment with NC1 of patients with SCI [8,9,18].



The NC1 is a cell therapy medicament developed by Cell Therapy Unit of the Puerta de Hierro–Majadahonda Hospital, and at the time of these treatments, NC1 was approved as a medicament under clinical investigation (PEI number 12-141), and later, in 2019, it was approved for hospital use (registration number 83796). It was elaborated in our cleanroom after obtaining the bone marrow of the patients. It consists of expanded autologous MSCs and autologous plasma as its excipient. The culture and purification of MSCs have been previously described [9,18], as well as its phenotypic characterization, formulation, and packaging. All the materials are provided as Supplementary Materials File S1.




2.2. Cell Therapy Treatment


Prior to cell therapy treatment, a peripheral blood sample was obtained from each patient for genomic studies (to rule out chromosomal abnormalities after cell expansion and to obtain a genetic fingerprint, KaryoNIM Stem Cells and KaryoNIM STR test, respectively; NIMGenetics; additional information is provided like Supplementary Materials File S1). After the genetic studies, 500 cc of peripheral blood sample were obtained from each patient to purify the plasma fraction before NC1 production. Approximately 2 weeks later, 50 mL of bone marrow was aspirated under aseptic conditions from the iliac bones of each patient and processed in our GMP cleanroom for culture and expansion of MSCs. Mononuclear cells (MNCs) were separated by an automated cell-processing system (SEPAX, BioSafe) and plated in 175 cm2 flasks. When the cultures approached confluency (90–100%), the cells were subcultured in four floor factory farms.



After obtaining the MSCs necessary for treatment, the NC1 medicament was formulated at a concentration of 100,000 cells/µL resuspended in the autologous plasma of the patients. After formulation, the NC1 medicament was packaged in sterile and endotoxin-free 1 mL Hamilton micro-syringes. The micro-syringes with NC1 medicament were placed inside a sterile box, which was double bagged before being transported to the operating room for cell trans-plantation.



The second and third doses of medicament NC1 were prepared using cryopreserved MSCs, maintaining the same formulation and packaging conditions. The phenotypic characterization of the MSCs and genomic and sterility studies were performed at all patient doses. All materials are provided as Supplementary Materials File S1.



The patients received a total dose of 300 × 106 MSCs in two or three administrations (two administration in Case 1, and three administrations in Case 2, see below) over the course of 6 months.





3. Description of Cases


3.1. Case 1


A 49-year-old female patient wished to explore the potential of cell therapy for chronic neurological sequels established after the resection of a dorso-lumbar grade II spinal ependymoma that was performed 10 years earlier (Figure 1).



The main symptoms were significant neuropathic pain, with a score of 9/10 in the Visual Analog Scale (VAS) [19], and a significant alteration of gait, with enlargement of the support base. She reported a minimal bowel dysfunction, with a score of 2 in the Krogh et al. scale [20] and gave a score of 4 in bladder function according to the Geffner scale [21]. According to the ASIA assessment provided by the American Spinal Injury Association [22], she had an ASIA grade D and a motor score (MS) of 37/50 in the lower extremities. The punctuation in pin prick score (PPS) was 94/112, and the light touch score (LTS) was 97/112.



After obtaining authorization from our Clinical Trials Committee and the Spanish Agency of Medicament and Health Products (AEMPS) (authorization code TRT256600482463), the patient received lumbar punction, and with a gap of six months, two intrathecal doses of 150 × 106 autologous expanded MSCs, supported in autologous plasma (NC1 medicament). The patient was followed until month 12 from the first administration.



After the start of cell therapy, the patient experienced a progressive reduction in neuropathic pain (VAS = 6 prior to the second MSCs administration, and VAS = 4 at the end of follow-up). This score was maintained 2 years after finishing cell therapy.



Gait analysis was conducted by assessment of the amplitude of the step (width and length), symmetry, and gait speed (expressed in cm/s) using the NeuroCom Balance Master® platform and analyzed by NeuroCom Balance Manager System version 9.3, Middleton, Wisconsin, USA. Improvement was observed, with an increase in the amplitude of the step from an average of 26 cm prior to the treatment to 30.5 cm at the end of follow-up. An increase in the average speed was also observed, from 27.2 cm/s prior to treatment to 32.1 cm/s at the end of follow-up. Figure 2 shows the evolution of these parameters.



Scores in the Kroght [20] and Geffner [21] scales showed no changes at the end of follow-up. In the ASIA assessment [22], modifications in sensitivity or motor scores were also not observed at the end of the study, but in neurophysiological studies, improvements in parameters of motor evoked responses after transcranial magnetic stimulation were recorded (Table 1).




3.2. Case 2


A 60-year-old male with incomplete paraplegia was considered for cell therapy in 2017. Four years before, he suffered complete paraplegia after resection of a thoracic herniation at level Th11–Th12 (Figure 3). He improved with rehabilitation until he was catalogued as an ASIA D. Chronic and established sequels that remained unchanged in the last few years consisted of gait disturbance and bowel dysfunction (score of 10 on the Krogh scale) [20].



After authorization from our Clinical Trials Committee and the AEMPS (authorization code TRT945500494563), the patient received three intrathecal administrations of 100 × 106 MSCs by punction lumbar between December 2017 and June 2018, according to the 100/3 guideline for intrathecal administration of autologous mesenchymal stromal cells for spinal cord injury [9] (ClinicalTrials gov NCT02570932).



When the status prior to cell therapy and the situation one year later were compared, clear modifications were observed, which have been maintained at three years follow-up after the start of cell therapy. Bowel dysfunction improved from a 10 on the Krogh scale [20] (moderate dysfunction) to a score of 2 at the end of cell therapy (very minor dysfunction).



In the gait, a clear improvement was observed by the patient. The observation was objectively confirmed, with an increase in the length of the step from an average of 50.80 cm prior to the treatment to 55.80 cm at the end of follow-up. An increase in the average speed was recorded, from 63.30 cm/s prior to treatment to 69.20 cm/s at the last follow-up (Figure 4).





4. Discussion


Currently, there is no documented scientific evidence on the usefulness of cell therapy in neurosurgical sequels of the spinal cord. In the recent literature, there are many reviews on the usefulness of cell therapy to treat neurological sequels produced after a spinal cord injury [23,24,25], but none specifically consider the benefits that this type of therapy can have in patients with neurological lesions in the spinal cord derived from a neurosurgical intervention. The reviews have mainly considered lesions produced by trauma from falls, traffic accidents, and sports injuries, among others [1,2,3]. To explain the increase of sensory and motor function after cell therapy in patients with SCI, reviewers have mainly analyzed the use of appropriate cell types, transplantation timing, and delivery route with larger sample sizes and suitable control groups [24,25], but with little attention paid to the origin of the trauma.



We can also find studies in patients with SCI in which cell therapy has been shown to be safe, and scientific evidence of sensory and motor improvement has also been demonstrated. Among these studies, we can find both the combined use of Mesenchymal stem cells (MSCs) and Schwann cells (SCs) [16] as well as the use of other types of cells such as olfactory ensheathing cells [26,27]. In all cases, cell therapy is safe in patients, even in studies with a long follow-up period [27]. The authors consider that we should be cautious, even if neurological improvement is obtained, because a larger number of patients is required for a definitive evaluation of the therapy.



In our study, the cases presented demonstrated that intrathecal cell therapy with NC1 medicament may be useful in chronic neurologic sequels due to spinal cord surgery. Disturbance in gait is one of the most frequent sequels of spinal cord surgery. After cell therapy, its improvement can be perceived early by patients, and can be documented objectively. Persistence of the improvement supports a maintained benefit of cell therapy.



In Case 1, neuropathic pain was a permanent sequel for more than 10 years after surgery and was decreased significantly by cell therapy. This supports previous observations by us showing that intrathecal cell therapy with MSCs can be useful for the control of neuropathic pain, possibly through the release of Transforming Growth Factor-beta 1 (TGF-β1) by transplanted MSCs [28].



Improvement in bowel dysfunction has been consistently reported in chronic incomplete paraplegic patients who have received repeated intrathecal administrations of MSCs [8,9], a finding recently documented by objective studies [29]. The improvement in bowel dysfunction was confirmed in Case 2, supporting again the long-term benefit of cell therapy.



With the results obtained, it seems clear that intrathecal administration of MSCs may be useful in neurological sequels arising as complications of spinal surgery, even when these sequels have had a long time for their evolution. In addition, the administered therapy with NC1 medicament appears to have permanent benefit, at least three years after cell therapy treatment.



Sometimes, trials in cell therapy do not include a suitable number of participants. As has already been described in the literature, many variables may contribute to the low number; for example, a small target population and the need to establish homogeneous groups to try to avoid allocation bias and tendency results [25].



Other essential questions to clarify for the clinical application of MSCs therapy include the heterogeneity of MSCs and their susceptibility in different culture conditions in vitro [23], as well as the heterogeneity of the types and origins of spinal cord injuries.



From the preliminary results obtained in this study, it is necessary to develop a clinical trial in a homogeneous group of patients with spinal cord injuries because of surgery, with established and solid criteria to help us verify the benefit of this type of therapy.




5. Conclusions


Neurological sequels persist in many patients following surgery for benign lesions affecting the spinal cord. Complications are often incurable and are generally considered justifiable and unavoidable, without therapeutic strategies other than rehabilitation. Translational research is considered key to bringing investigational treatments closer to availability for patients who otherwise would not be able to access therapies for their diseases. Treatment with autologous mesenchymal stromal cells, through administration of NC1 medicament, could be a new therapeutic tool to provide considerable improvements in the quality of life of patients with incurable neurological complications after spinal cord surgery.
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Figure 1. Magnetic resonance showing the residual lesion (arrow) due to the surgery, which occurred 10 years before cell therapy: (A) Sagittal T2 weighted, (B) Sagittal T1 weighted and (C) Axial T2 weighted MRI scans showing the residual spinal cord injury. 
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Figure 2. Case 1: The improvement obtained by cell therapy in the gait analysis. 
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Figure 3. MR showing the disc herniation (arrow) that was removed in this patient. 
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Figure 4. Case 2: Improvement obtained by cell therapy in the gait analysis. 
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Table 1. Mean values of the motor responses obtained after transcranial magnetic stimulation. After cell therapy, improvements in latency and amplitude in motor evoked potentials were observed.






Table 1. Mean values of the motor responses obtained after transcranial magnetic stimulation. After cell therapy, improvements in latency and amplitude in motor evoked potentials were observed.





	
CASE 1






	
Right gastrocnemius medial

	
Previous

	
After cell therapy




	
Latency (ms)

	
93.9

	
34.8




	
Amplitude (mV)

	
0.1

	
0.5




	
Right abductor hallucis

	
Previous

	
After cell therapy




	
Latency (ms)

	
101.4

	
35.7




	
Amplitude (mV)

	
0.5

	
2.1




	
Right abductor hallucis

	
Previous

	
After cell therapy




	
Latency (ms)

	
24.3

	
21.0




	
Amplitude (mV)

	
0.8

	
1.2
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