

  jcm-12-06709




jcm-12-06709







J. Clin. Med. 2023, 12(21), 6709; doi:10.3390/jcm12216709




Review



Optic Pathway Gliomas in Pediatric Population—Current Approach in Diagnosis and Management: Literature Review



Monika Modrzejewska 1,*, Joanna Olejnik-Wojciechowska 2, Agnieszka Roszyk 2, Elwira Szychot 3,4, Tomasz Dariusz Konczak 3, Marcin Szemitko 5 and Jarosław Władysław Peregud-Pogorzelski 3





1



II Department of Ophthalmology, Pomeranian Medical University, Al. Powstańców Wlkp. 72, 70-111 Szczecin, Poland






2



Scientific Students Association of Ophtalmology, II Department of Ophthalmology, Pomeranian Medical University, Szczecin Unia Lubelska 1 Street, 71-252 Szczecin, Poland






3



Department of Paediatrics, Oncology and Paediatric Immunology, Pomeranian Medical University, 71-252 Szczecin, Poland






4



Department of Paediatric Onclogy, Great Ormond Street Hospital for Children, London WC1N 1LE, UK






5



Department of Intervantional Radiology, Pomerian Medical University, 70-111 Szczecin, Poland









*



Correspondence: monika_modrzej@op.pl; Tel.: +48-91-466-1293







Citation: Modrzejewska, M.; Olejnik-Wojciechowska, J.; Roszyk, A.; Szychot, E.; Konczak, T.D.; Szemitko, M.; Peregud-Pogorzelski, J.W. Optic Pathway Gliomas in Pediatric Population—Current Approach in Diagnosis and Management: Literature Review. J. Clin. Med. 2023, 12, 6709. https://doi.org/10.3390/jcm12216709



Academic Editors: Athanassios P. Kyritsis and George Alexiou



Received: 10 August 2023 / Revised: 5 October 2023 / Accepted: 17 October 2023 / Published: 24 October 2023



Abstract

:

In this paper, the authors present a clinical picture of the diagnosis and current treatment regimens of optic pathway glioma in the pediatric population, with an emphasis on the role of an ophthalmic diagnosis in the differentiation and monitoring of lesions. Glioma is the most common optic nerve tumor in children. Material: Articles in PubMed, Scholar and Website were reviewed, taking into account current standards of management related to sporadic or NF1-related optic glioma, epidemiology, location, course of the disease, clinical manifestations, histological types of the tumor, genetic predisposition, diagnostic ophthalmic tests currently applicable in therapeutic monitoring of the tumor, neurological diagnosis, therapeutic management and prognosis. The importance of current screening recommendations, in line with standards, was emphasized. Results: Glioma occurs in children most often in the first decade of life. Initially, they may be asymptomatic, and clinically ophthalmic changes are associated with the organ of vision or with systemic changes. Gliomas associated with the NF1 mutation have a better prognosis for sporadic gliomas. Diagnosis includes radiological imaging methods/MRI/ophthalmology/OCT and visual acuity log MAR assessment. The basis of treatment is clinical observation. In the case of disease progression, surgical treatment, chemotherapy and targeted therapy are used. Conclusion: Further research into novel techniques for detecting gliomas would allow for early monitoring of the disease.
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1. Introduction


Gliomas are a type of brain tumor that develops from neuroglial progenitor cells. [1] Gliomas arising from the optic pathway represent approximately 2–5% of intracranial tumors in children [2,3,4,5,6,7,8,9,10]. These tumors affect the pre-cortical visual pathway and can grow anywhere along this pathway, extending over the optic nerves up to the occipital lobe cortex area, and involve both the area of the hypothalamus and the optic chiasm, which are essential for binocular vision [11,12]. OPGs can be divided into those that are sporadic and those associated with neurofibromatosis type 1 (NF1) [13,14,15,16,17]. The tumor arises in approximately 15 to 30% of children with NF1, a tumor predisposition syndrome caused by the germline mutation in NF1 gene. Mutations of NF1, located on chromosome 17q, are linked to the loss of neurofibromin, resulting in the activation of the RAS signaling pathway [18]. OPGs occur in the first decade of life, and the incidence decreases with age [7,19]. Survival outcomes of pediatric patients with OPGs are generally good, with 20-year overall survival rates between 87% and 91% [20,21,22,23,24]. Sporadic OPGs also have identifiable genetic factors that contribute to their formation. The most common somatic genetic alteration is a genomic rearrangement that results in a fusion transcript in which the kinase domain of the BRAF gene is fused to a gene of unknown function (KIAA1549) [13,16,25]. The two most commonly described aberrations are an activating BRAFv600E point mutation and a tandem duplication resulting in a KIAA1549-BRAF fusion. This fusion results in a transcript in which the kinase domain of the BRAF gene is fused to a gene of unknown function (KIAA1549) [26], leading to increased BRAF activation of the MEK signaling cascade. In addition, other potential driver mutations or fusions include the KRAS, FGFR1, PTPN11, RAF1 and NTRK2 genes [27,28,29,30]. The BRAF v600e mutation may be protective [31]; other genetic alterations of the RAS-MAPK pathway are often described in sporadic OPG cases [16,25,29,30,32,33,34]. The most common histologic type of optic nerve gliomas is pilocytic astrocytoma, accounting for 50% to 73% of all primary optic nerve tumors and 1.5 to 4% of all orbital tumors [18,35,36,37].




2. Location


Pilocytic astrocytoma (PCA) is the most common childhood brain tumor [38,39] and tends to occur close to the midline of the brain. It most commonly occurs in the posterior fossa. In 42–60% of cases, it occurs in the cerebellum, while 9% to 30% cause gliomas of the optic nerve and hypothalamus, as well as those associated with NF1 mutations [39,40].



In contrast, the sporadic form is most often located behind the optic nerve junction, mainly in the cerebellum [13,41]. The location of optic nerve gliomas is divided into prechiasmatic, chiasmatic or postchiasmatic. Optic nerve glioma usually spreads along the optic nerve, and distant metastasis is rarely described [12]. In a study led by Azzizi and Walker [19], 83 patients with NF1 mutation were analyzed. The study showed that 37% of tumors were located behind the optic chiasm, and 76% of gliomas occurred bilaterally.




3. Epidemiology


Gliomas of the optic nerve are far more common in the pediatric population. According to the available literature, gliomas develop in 75% of patients in the first decade of life, and in 90% in the first two decades of life [8]. Gliomas of the optic nerve and optic chiasm are equally common in both sexes. However, the incidence is higher among females (65%) compared to males (35%) for tumors confined to the optic nerve only [34]. Approximately 15–20% of patients with NF1 will eventually develop OPG, but only 30–50% of them will develop clinical symptoms [13,42]. An analysis of 1257 OPGs cases showed that people from the Caucasian population were most likely to be diagnosed with this tumor type. These findings were also confirmed by Peckham-Gregory et al. in an analysis of 709 cases [37,43].




4. Course


OPGs are slow-growing tumors. They can present with accelerated and stunted growth, as well as spontaneous regression. These tumors usually spread along the optic nerve, and distant metastasis are rarely described [12,23,37,43]. Patients with coexisting NF1 have a less dynamic course and less often require treatment than patients with sporadic gliomas, where the progression often requires several therapeutic approaches [35,44,45,46]. NF1-associated gliomas involve the optic nerve, optic chiasm and/or optic radiations. Sporadic known BRAFv600E mutations are larger and have a tendency toward infiltration, greater progression and tumor recurrence [47,48,49]. An important aspect of the approach in patients with OPGs is often the inability to perform a biopsy, which results in the lack of histopathological and, especially, molecular diagnosis. Patients with a detected BRAF V600E mutation in the pediatric group show positive overall survival (OS) outcomes, while such a correlation is not confirmed in the adult population [50]. The prognosis of OPGs is also influenced by the therapeutic modalities used for treatment. Radiotherapy is not recommended for children with NF1-associated OPGs, because of the risk of secondary malignant tumor development within radiation fields [51].




5. Histological Type


The most common histologic types found in children with OPGs are low-grade gliomas (WHO grade I and II), with the most common being pilocytic astrocytoma (PCA) and the rarer pleomorphic xanthoastrocytoma (PXA). We include pilocytic astrocytoma, subependymal giant cell astrocytoma (SEGA), diffuse astrocytoma, pilomyxoid astrocytoma and Pleomorphic xanthoastrocytoma in the group of tumors classified as astrocytic tumors within the low-grade glioma (LGG) category [5,18,35,36,37,41,52]. Histological features such as atypia, anaplasia, microscopic proliferation and necrosis play a crucial role in distinguishing between low-grade and high-grade tumors. Low-grade gliomas (LGGs) are characterized by well-differentiated and densely packed glial cells with nuclear atypia and limited mitotic activity. Additionally, the specific appearance of cells, like the “fried egg” appearance in oligodendrogliomas and the presence of pleomorphic giant cells in astrocytomas, allows for the differentiation of these tumor types. As a result, histological classification is feasible for these tumors [51]. Sporadic gliomas of the visual pathway (not associated with the NF1 mutation) show more aggressive histopathological features compared to gliomas associated with this mutation [7,13,35,47].




6. Genetic Predisposition


As previously mentioned, OPGs can either occur sporadically [50] or be associated with a genetic predisposition. OPGs among patients with a genetic predisposition typically occur earlier on in life, at around 4–5 years of age on average, and can be both unilateral and bilateral [3,44,46]. Pilocytic astrocytoma (PCA) of the visual pathways developing in the course of NF1 have been described in some articles as being more common in the female gender [46,53]. However, other articles show no such relationship [45,54,55,56]. No association has been discovered between the incidence of this cancer and the patient’s race [57].



NF1 is a tumor suppressor gene that controls cell proliferation, survival and differentiation, and it is inactivated in Recklinghausen disease. The mechanism works through the mitogen-activated kinase (MEK) and mTOR pathways [41,58]. The product of the NF1 gene (neurofibromin 1) normally binds to RAS, thereby inactivating it and controlling cell division. Consequently, a lack of NF1 gene activity results in constitutive activation of RAS and uncontrolled cellular proliferation [3]. In patients with NF1, inactivation of the NF1 gene leads to increased RAS activity and subsequent activation of the MAPK pathway. All of these observations point to the central role of abnormal MAPK pathway activation as the most common genetic aberration detected in children with LGG, both in relation to clinical course and PCA biology [14,15,16,17].



NF1-associated OPGs contain a bi-allelic inactivation of the NF1 tumor suppressor gene (neurofibromin 1; MIM 613113). Consequently, patients with NF1 are born with one mutated copy of the NF1 gene, and tumors develop after acquired loss of the remaining NF1 in the tumor without any other recurrent oncogenic alterations [32,33]. The clinical diagnosis of NF1, in addition to the ocular manifestations in the case of gliomas, is based on clinical diagnostic criteria. The main features of NF1 are café-au-lait (CAL) spots, axillary or inguinal/perineal freckling, neurofibromas, Lisch nodules, distinctive osseous lesions, predisposition to the development of benign and malignant tumors of the nervous system [52].




7. Symptoms


The symptoms of OPGs depend primarily on their location: in the orbit or in the CNS. For orbital tumors, the most common symptom is exophthalmos, often with strabismus (94%) and early vision loss (88%). Other common symptoms include abnormal pupillary response, dyschromatopsia, optic atrophy, swelling of the optic disc, nystagmus and elevated intraocular pressure [8,18]. Patients may present with hydrocephalus (27%) or endocrine disorders (26%) if the tumor is located in the region of the optic chiasm, especially with hypothalamic involvement [36]. The clinical symptoms of hypothalamic tumors can lead to pituitary insufficiency and, consequently, endocrine insufficiency in multiple systems, such as secondary thyroid insufficiency and adrenal insufficiency. Additionally, disturbances in sexual maturation and growth deficiency can be observed. For some children, the initial symptoms may include signs of increased intracranial pressure, such as nausea, vomiting, headache, bradycardia or hypertension [59]. Some OPGs, especially those coexisting with NF1, remain asymptomatic and may be detected incidentally during screening [46,53]. The presence of NF1 mutations is also important in the dynamics of symptoms—sporadic optic nerve gliomas are generally detected in the first decade of life and carry a higher risk of vision loss [3]. In contrast, more than 50% of NF1-related OPGs are not associated with visual impairment [60]. An analysis of 83 patients with OPGs showed that [61] 52% of patients were asymptomatic, 30% had only one ocular symptom and 18% had multiple ocular symptoms. Frequent ophthalmic clinical signs and symptoms were present in more than 10% of patients and included strabismus (22/83, 27%), ocular motility disorders and exophthalmos (11/83, 13%) [61]. Clinical manifestations of hypothalamic tumors can lead to premature or delayed sexual maturation by affecting the inhibition of gonadotropin secretion; growth hormone deficiency leads to growth retardation, and thyroid dysfunction results in TSH deficiency and steroid axis disorders with ACTH deficiency. Additional symptoms include seizures, nausea, dizziness and developmental regression [2,18,62]. According to a study by Heidary, Fisher et al. [63], glioma localized in the visual pathways and/or visual radiations is a major risk factor for visual field deficits at the end of treatment.




8. Neurological and Ophthalmic Imaging Diagnostics


The key diagnostic investigations of OPGs include a neurological clinical examination, visual acuity (VA), assessment by logMAR arrays and OCT (optical coherence tomography), and magnetic resonance imaging (MRI). It is important to correlate the symptoms presented with supplementary gadolinium-enhanced MRI images. MRI provides a distinct advantage over CT [6,12,64]. MRI can detect tumor expansion beyond the optic nerve into the optic chiasm, which is not visible on CT. When administering a gadolinium-based contrast agent, some ONGs can obtain high enhancement, which may speak to their high metabolic activity [65]. New MRI techniques combined with OCT are helping to identify preclinical signs of neuronal loss and, thus, those that are more vulnerable to compression. It is, therefore, important that eligibility criteria for future studies include evidence of prior visual deterioration (if such evidence can be found) as a factor in case selection for treatment and in the analysis of visual effects. Optic nerve atrophy is examined by OCT, which is a noninvasive technique that assesses retinal fiber layer (RNFL) thickness, which correlates with neuronal loss, demonstrating an objective assessment of visual pathway damage, with early attempts at therapeutic intervention [66,67,68]. The OCT examination should be performed with the pupil dilated, after the visual acuity assessment, but before the optic disc examination. This order increases the reliability of the examination [69,70]. The RNFL thickness has been shown to be a marker of visual pathway damage [71]. The RNFL value correlates with VA values. It has higher sensitivity and specificity than VA and ophthalmoscopic evaluation of the optic disc. Studies indicate that OPGs cause loss of RNFL before the onset of clinical symptoms, which would confirm the great importance of OCT in the early detection of optic nerve damage [70,72]. Due to its duration and accuracy of measurement, it is a test performed successfully even in the youngest patients. Therefore, it is applicable in clinical practice [65,70]. It has been proven that a decrease in RNFL values of more than 10% correlates with an increase in visual loss. In turn, constant RNFL values in subsequent studies are predictive of the stabilization of visual acuity [73]. Spectral-domain optical coherence tomography (SD OCT) with near-infrared (NIR) reflection is able to detect choroidal nodules, which are characteristic of OPGs associated with NF1 (NF1-OPG). SD-OCT with NIR is currently being evaluated as a new diagnostic criterion in patients with NF1 [74,75]. A new method under evaluation is OCT angiography. This is a noninvasive test that does not require dye administration; it allows for a precise assessment of the vascularization of the retina and optic nerve disc [68,76]. An additional method to facilitate diagnosis may be automated perimetry, which can visualize damage to the optic nerve and optic chiasm more quickly and accurately than visual acuity testing; however, this assessment may be more difficult in children [6,11].



According to an analysis by Heidary et al. [63], at the end of treatment, visual field defects were present in 76% of patients (19/25 children), which may indicate that children with symptomatic NF1-OPG have a high prevalence of visual field defects. It is worth noting that these findings underscore the need to include visual field assessment as a standard part of clinical care both at presentation and throughout the clinical course of OPG treatment. Biopsy, if feasible, is also an important diagnostic component that is performed to select the most appropriate targeted therapy, especially in OPGs following multiple lines of chemotherapy.



Laboratory investigations should include tumor markers (AFP and B-HCG) for suprasellar lesions detected on imaging to exclude germ cell tumors [77,78]. Currently, with the use of molecular diagnosis employing Next-Generation Sequencing (NGS) methods, we can identify known mutations within the BRAF and NF1 genes. In cases where the clinical presentation is clear but the NGS test is negative, one may consider expanding the diagnosis with Whole-Exome Sequencing (WES). It is important to note that both somatic and germline cells should be evaluated [79,80]. The course of gliomas is unpredictable in some cases and can be rapid. It is important to note that a thorough knowledge and understanding of the molecular alterations in the glioma by biopsy will allow for a better therapeutic outcome [81].




9. Current Recommendations for Screening


Recommendations for screening patients with optic nerve glioma in NF1 include annual testing of visual acuity on logMAR boards in all children under the age of 8 and at least every 2 years until the age of 18 [42]. A meta-analysis by de Blank et al. reports that once the diagnosis is established, most centers perform VA testing every 3 months for the first year, then every 6 months for 2 years until age 8 and then annually until age 18 [82]. Visual acuity testing in patients with NF1 is most critical for monitoring treatment and should be performed by an experienced ophthalmologist. According to recent guidelines, visual acuity assessment plays the most important role in assessing disease progression and in making therapeutic decisions. Therefore, regular visual acuity testing is recommended for patients with OPGs [72,82]. Visual acuity is assessed using Lea symbols, Snellen tables and logMAR. [68,70,83]. Continuous follow-up with regular visual acuity assessments and MRI surveillance scans allows for the evaluation of the disease and its progression. It should be noted, however, that disease progression during surveillance is not strictly correlated with changes in the tumor volume [84]. If progression in terms of decreased visual acuity is detected, other causes, such as refractive defects or lack of patient cooperation, should be ruled out first before the ophthalmic test results can be linked to the OPG’s progression. In addition, visual acuity testing should be repeated in 1–2 weeks [85]. Patients with NF1 may have difficulty concentrating and impaired cognitive function, and children 5 years old and younger are also unable to proceed and complete the visual acuity test. Equivalent tests have been created, but unfortunately, none of them can be considered a substitute for visual acuity testing, and they cannot be used to decide whether to implement treatment [70]. Visual field testing is a test that has been proposed as a supplementary test for visual acuity. Unfortunately, the results of this examination depend on the patient’s cooperation, concentration and patience. It is not recommended to perform this test in patients younger than 7 years of age [70,72,82], as included in the reference recommendations of authors Patel, Cumberland et al. [86]. Visual evoked potentials (VEPs) were proposed as a screening test by de Blank, Fisher et al. [82]. Unfortunately, due to its high sensitivity but low specificity, as well as the long time required to perform the test, which is problematic in young children, the study of visual evoked potentials has not found application in clinical practice [70,72,87]. The examination and evaluation of eye movements should also be mentioned. If strabismus and nystagmus are associated with OPG, they are often accompanied by loss of visual acuity [2,13]. Assessment of the optic nerve disc should also be performed. It is necessary to seek for signs of obliterated borders or features of swelling of the optic disc. However, it is important to remember that edema does not always correlate with VA loss. The decision on progression and treatment should not be made based on this examination alone [72,85].




10. Current Guidelines for the Diagnostic Procedure in Patients with Optic Nerve Glioma


According to the current guidelines, in the observation group without residual tumor or with stable residue, physical and neurologic examination and ophthalmology (mandatory in VPG) should be performed every 3 months, audiometry (for brain stem LGG) should be performed every 6 months, and MRI should be performed every 3–6 months during the first year. In the second year, physical and neurologic examination, MRI and ophthalmology should be performed every 3–6 months.



In the 3rd–5th years, physical and neurologic examination should be performed every 6 months, while MRI and ophthalmology (mandatory in VPG) should be performed every 6–12 months.



In 6th–10th years, physical and neurologic examination should be performed annually, and MRI should also be performed annually, although optionally every 6 months in the case of VPG. Ophthalmology (mandatory in VPG) should be performed every 6–12 months.



In the 1st–10th years, neuro-cognitive follow-up is according to institutional policy. In the 2nd–10th years, audiometry is not indicated if the results were previously normal, but there should be regular assessments if hearing is impaired.



In the chemotherapy group with stable residue after termination of treatment, physical and neurologic examination with auxology, MRI (cranial and/or spinal) and ophthalmology (mandatory in VPG) should be commissioned every 3 months; audiometry (following carboplatin and for brain stem LGG) and assessment of renal function should be performed 6 months after chemotherapy.



In the second year, physical and neurologic examination, MRI and ophthalmology should be performed every 3–6 months. In the 3rd–5th years, physical and neurologic examination, MRI and ophthalmology should be performed every 6 months. In 6th–10th years, physical and neurologic examination should be performed annually, and MRI should also be performed annually, although every 6 months in the case of VPG. Ophthalmology (mandatory in VPG) should be performed every 6–12 months. In the 1st–10th years, neuro-cognitive follow-up is according to institutional policy.



In the 2nd–10th years, audiometry is not indicated if the results were previously normal, but there should be regular assessments if hearing is impaired. Renal function should be performed yearly, if not otherwise indicated; this assessment may not be required if the results are repetitively normal.



In the radiotherapy group with stable residue after termination of treatment, physical and neurologic examination with auxology, MRI (cranial and/or spinal) and ophthalmology (mandatory in VPG) should be commissioned every 3 months, while audiometry (following irradiation of the inner ear and for brain stem LGG) should be performed every 6 months.



In the second year, physical and neurologic examination, MRI and ophthalmology should be performed every 3–6 months, and audiometry (following irradiation of the inner ear and for brain stem LGG) should be performed every 6–12 months. In the 3rd–5th years, physical and neurologic examination with auxology should be performed every 6 months, MRI and ophthalmology (mandatory in VPG) should be performed every 6–12 months, and audiometry (following irradiation of the inner ear and for brain stem LGG) should be performed annually.



In the 6th-10th years, physical and neurologic examination should be performed annually, and MRI should also be performed annually, although every 6 months in the case of VPG. Ophthalmology (mandatory in VPG) should be performed every 6–12 months. Audiometry is not indicated if the results were previously normal, but there should be regular assessments if hearing is impaired.



In the 1st–10th years, neuro-cognitive follow-up is according to institutional policy [88].




11. Treatment


The SIOP-E-BTG and GPOH Guidelines for Diagnosis and Treatment of Children and Adolescents with Low-Grade Glioma include recommendations for the management of patients with OPGs. The management approach depends on the patient’s age, tumor location, histopathological, especially molecular diagnosis, associated cancer predisposition syndrome and other co-morbidities carrying a mutation in the NF1/BRAF gene. The main goal of therapy is directed at reducing the risk of permanent, clinically significant visual dysfunction. In clinical practice, observation is the most common approach. The decision to treat or observe may not be straightforward. The best indication for treatment with chemotherapy is evidence of progressive, clinically significant vision loss. There are currently two distinct criteria for transitioning from observation to treatment. The first criterion includes patients diagnosed with significant symptoms, such as diencephalic syndrome, and all infants under the age of 1 diagnosed with chiasmatic/hypothalamic glioma with remaining tumors, regardless of symptoms. The second criterion encompasses cases where there is substantial radiological progression of a residual tumor or the appearance of new lesions on MRI imaging that cannot be addressed surgically, as well as significant worsening of neurological or visual symptoms after the initial observation period. In the case of surgical treatment, the method of choice is complete resection while maintaining a microscopic disease-free margin. Due to the risk of vision loss, often, full radicality of the procedure may not be possible. This creates a significant clinical dilemma; whether a patient should be included in treatment or remain under observation after a partial resection is a crucial decision. Performing surgery in OPGs provides valuable information for both histopathological and molecular diagnoses [88].



Surgical treatment is not recommended upfront, but according to the literature, it may be considered when there are symptoms such as tumor pressure on the visual pathway, causing severe visual disturbances; pain; ocular exophthalmos; and infiltration of the hypothalamus by the glioma, causing endocrine disruption and affecting surrounding structures [2,5,89]. The most common surgical method is lateral transorbital access with preservation of the eyeball, along with the extraocular muscles, if possible [18]. In the case of surgical treatment, we encounter another problem, which is the resection of the tumor with margins. In the groups of patients studied, resection of the tumor with or without a margin was not noted to have favorable results [7]. Drug treatment of OPGs has been used for four decades. The results of chemotherapy trials are consistent in showing very good overall survival of between 70 and 95% but a low progression free survival, at around 45%, at 5 years. The standard chemotherapy combination remains vincristine and carboplatin (VCR/CBDCA) in both Europe and in the USA; however, the schedule and doses of the two drugs are not identical.



Second-line chemotherapy may be required in the face of a hypersensitivity reaction to carboplatin or upon progression during treatment or early relapse after the completion of first-line chemotherapy. The following are alternative therapies: vincristine/cisplatin/cyclophosphamide, monotherapy with vinblastine, irinotecan/bevacizumab, and thioguanine/procarbazine/cisplatin/vincristine (TPCV) [4,90,91,92]. Currently, monotherapy with vinblastine (VBL) is increasingly being used over VCR/CBDCA. This approach is associated with a lower frequency of adverse effects, such as neutropenia, anemia, and thrombocytopenia, but it also carries a significant neurotoxicity risk to the autonomic nervous system. There are no definitive studies establishing the superiority of one therapy over the other, and within various publications, they can differ from one another. This should be addressed in the next SIOPE LGG trial. Research is ongoing on the vinblastine and bevacizumab protocol. While the results are not yet known, the initial information appears to be positive [93].



In gliomas, there is a significant increase in angiogenesis, with the growth factor VEGF inducing angiogenesis. Bevacizumab is a type of targeted therapy called an angiogenesis inhibitor. It is a monoclonal antibody that binds to a protein called VEGF, which is produced by some cancer cells and has been used in various pediatric tumors over the last 15 years with only limited benefit confined to selected groups, such as PLGG [94,95]. As a result of its action, tumor growth is reduced. Recently, bevacizumab has begun to be used with good effect in monotherapies and in combination with conventional drugs [93,96,97,98,99,100,101,102]. Unfortunately, bevacizumab is characterized by numerous side effects. The most common side effects of bevacizumab are hypertension, fatigue, joint pain, bleeding and proteinuria. These disappear after cessation of treatment [88,93,101,102]. Due to such beneficial results, further studies and research are required to select patients for inclusion of treatment at the appropriate time of disease progression [7,35,36,103,104].



Interesting research results came from a multicenter study presented by Green et al. about standardized neuro-radiological (RANO-LGG) and visual (logMAR visual acuity) criteria which were used to assess the clinical–radiological correlation and survival outcomes in examined group of patients. Bevacizumab provides effective short-term control of PLGG and delays further progression, providing better visual benefits than imaging methods. Bevacizumab is a safe and effective treatment for low-grade glioma in children, including the stabilization or improvement of visual acuity, which correlates best with MRI responses [104].



Although radiotherapy (RT) may provide favorable long-term outcomes in for either an adjuvant or salvage aim, chemotherapy is the preferred treatment approach due to the late effects of RT and impact on the optic pathway. RT induces apoptosis of local cells, and in the case of optic pathway gliomas (OPGs), it can lead to the worsening of vision. Proton beam radiotherapy may allow normal tissue sparing of radiation exposure compared to conventional photon therapy (references). Radiation therapy can be considered in cases where chemotherapy is not effective in the treatment of OPGs. However, the impact of radiation therapy, especially on patients with NF-1, should be taken into account, as it significantly increases the risk of secondary tumors. Therefore, it should not be the treatment of choice for NF-1 children with pediatric OPGs. In older children diagnosed with low-grade glioma outside of the optic pathway, radiotherapy may be considered as the first line of treatment [105].



As mentioned earlier, pilocytic astrocytoma is the most common type of childhood cancer. It is characterized by the presence of changes in the MAPK pathway. The mutation leads to the activation of and changes in cell modulation and proliferation. Mutation in the MAPK pathway makes it possible for MAPK inhibitor therapy to be used in the course of pilocytic astrocytoma. This allows for targeted therapy, which is very promising, but further research and analysis of the impact of this treatment on glioma is still ongoing [31,35,58]. Tovorafenib, a highly selective type II pan-RAF kinase inhibitor, was approved in the US this year [106,107].



The optimal duration of targeted therapy is still unknown. Therefore, in many cases, treatment is continued without interruption if it does not cause adverse effects. There are reports that the discontinuation of therapy can cause relapse or progression of the disease [36]. Currently, chemotherapy appears to be the first line of treatment. Despite side effects such as myelosuppression and risk of infection, among others, these are proven drugs that work well. Chemotherapy is a readily available treatment with specific criteria and regimens, making it easier to manage the patient. Targeted therapy is not yet thoroughly systematized. Toxicity effects such as skin lesions, cardiac dysfunction, infections, optic nerve neuropathy, uveitis and retinopathy, among others, are well-known. However, some side effects of such a treatment and its long-term effects remain unknown due to the complexity of cellular mechanisms and pathways [4,36].




12. Prognosis


Most gliomas are considered to have a low risk of malignant transformation [34,35]. The 20-year survival rate in children with OPG > 3 years of age is 91%, and the current concern is primarily the growing problem of long-term visual impairment [36]. However, the available literature manages to detail significant predictive factors for poor prognosis of visual pathway gliomas, such as an early age of onset, i.e., between 1 and 3 years; site of origin (postchiasmatic—behind the junction); and the presence of hypothalamic symptoms—along with increased intracranial pressure, partial resection and the absence of mutations in NF1. [5,31,62]. More than one clinical symptom, along with severe visual impairment, often occurred in patients who started treatment at a later stage, which was associated with a worse prognosis and was also associated with shorter PFS (progression-free survival) [10,31]. Typically, symptomatic cases occur in sporadic OPG rather than in NF1-OPG. In addition, NF1-associated OPG usually occurs before the junction, which is associated with a better prognosis. Tumors of the optic chiasm or behind the junction are associated with increased progression and mortality and are usually bilateral [13]. For both ophthalmologists and pediatricians, the most important thing is to periodically examine the search on the logMAR boards as soon as possible in order to detect a change in the progression of the disease.




13. Conclusions


 Due to the potential for a wide range of ophthalmic and general clinical symptoms in patients with optic pathway gliomas, multidisciplinary collaboration between ophthalmologists, oncologists, neurosurgeons, neuroradiologist, radiotherapists, endocrinologists, psychologists and geneticists, who have a significant impact on the early well-being of the patient and their caregivers, is extremely important. Isolated optic pathway gliomas are highly active tumors that tend to progress radiologically and cause visual deterioration in a significant percentage of patients compared to other OPG locations. Surgical treatment should be a last resort in the present day, and the main surgical intervention that is gaining in significance is biopsy, as it allows for the selection of appropriate targeted therapy, which currently remains in clinical trials. Chemotherapy deserves further pharmacological research, with perhaps new drugs, as it can help inhibit vision loss and is currently the most widely used and best-studied treatment, with the best long-term effects. The mainstay of OPG management today is observation and assessment of progression in correlation with clinical symptoms. Clinical signs and symptoms, optic nerve atrophy and history as predictive factors in children with NF1-OPG are of utmost importance. Therefore, eligibility criteria for future studies should include the timing of symptom onset, with a particular focus on visual deterioration, if identifiable. Further research into new techniques for the early detection of gliomas would allow for accurate monitoring of the disease, providing a chance for earlier treatment and longer survival for affected children.
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