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   Abstract 
The purpose of this study was to emphasize that cerebellar glioblastoma multiforme, although quite rare, should be included in the differential diagnosis of tumors of the posterior cranial fossa in adults. The cerebellum has been known to be the site of predilection of hemangioblastoma, medulloblastoma, metastasis, and pilocytic astrocytoma. Very few adult cerebellar glioblastoma have been reported previously. We present a case and discuss the neuroradiologic and pathologic features of this interesting location of these highly malignant tumors, which are diagnosed radiologically to be meningioma, hemangioblastoma, or metastasis.
In the present case, a solitary mass was detected and interpreted as a meningioma on a magnetic resonance image (MRI) with gadolinium. Repeated follow-up studies and histologic confirmation by image-guided stereotactic biopsy were important for the diagnosis, since glioblastoma was unsuspected at the onset. Establishment of the cell of origin is of critical importance for planning therapy and prognostication. The absence of what today is considered evidence-based medicine to treat high-grade gliomas, coupled with the rare occurrence at this location, indicates that cerebellar glioblastoma has to be differentiated from other tumors without delay upon radiologic diagnosis.
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Introduction 
Primary glioblastoma (GBM) within the cerebellum is a relatively rare subset of primary central nervous system tumors that affects both adults and children. Cerebellar glioblastoma most often arises from isolated disease processes and metastases from GBMs elsewhere within the body or CNS. While it is commonly known that glioblastoma can metastasize from the supratentorial area to the infratentorial area, the opposite is less commonly reported. Despite the paradigm for multimodal management options of this fatal disease, overall survival remains dismal. Infratentorial-based glioblastoma overall are less likely to occur but are also associated with worse prognosis. Due to the limited number of cerebellar glioblastoma reported, management is less well defined. Here, we report a case of an infratentorial GBM in an adult presenting with signs and symptoms of raised intracranial pressure. We reviewed the recent literature of cerebellar glioblastoma and present a treatment algorithm.
In conclusion, while glioblastoma in the cerebrum and the brainstem are often considered in the paradigm for such tumors, the incidence of glioblastoma affecting the cerebellum is far less common, making the optimal treatment strategy even less well defined. All in all, the management of this rare adult cerebellar glioblastoma should be individualized and should be based on the benefit-risk profile as well as the patient's clinical status. Clearly, there are different clinical phenotypes of patients who have cerebellar glioblastoma and individualization of the therapy is warranted. The potential unacceptably high risk of morbidity with a high likelihood of residual tumor mandates careful patient selection when considering surgery with adjuvant treatment. To our knowledge, there are no ongoing trials comparing different therapeutic strategies for adult primary cerebellar glioblastoma. Promising clinical trials for glioblastoma offer some suggestions for future directions in therapeutic trials for this rare subgroup. At present, with the limited data we have on cerebellar glioblastoma, the hedge everything glioblastoma with a 2-cm postradiation lesion following standard therapy appears to be an indication for ordinal tissue rebiopsy.
The cerebellum is an unusual location for glioblastoma (GBM), representing only a tiny fraction of central nervous system (CNS) primary GBM. There have only been a handful of reported instances. Despite the rarity of the disease, making an accurate diagnosis and treatment plan is important. We present a case with surgical removal of a cerebellar tumor and adjuvant chemoradiation. The patient is still doing well with clear imaging 16 months later. Given the lack of empiric knowledge to lead these care choices, we performed a literature search. Our surgical course could be valuable for other clinicians. We further analyzed whether additional treatment, such as adjuvant chemoradiation with temozolomide, is required in an adult cerebellar GBM case. Due to the dearth of reported adult cerebellar GBM cases, a review of the literature is also helpful in finding relevant reports.
Purpose of the Study
The purpose of this study was to emphasize that cerebellar glioblastoma multiforme, although quite rare, should be included in the differential diagnosis of tumors of the posterior cranial fossa in adults. The cerebellum has been known to be the site of predilection of hemangioblastoma, medulloblastoma, metastasis, and pilocytic astrocytoma. Very few adult cerebellar glioblastoma have been reported previously. We present a case and discuss the neuroradiologic and pathologic features of this interesting location of these highly malignant tumors, which are diagnosed radiologically to be meningioma, hemangioblastoma, or metastasis.
In the present case, a solitary mass was detected and interpreted as a meningioma on a magnetic resonance image (MRI) with gadolinium. Repeated follow-up studies and histologic confirmation by image-guided stereotactic biopsy were important for the diagnosis, since glioblastoma was unsuspected at the onset. Establishment of the cell of origin is of critical importance for planning therapy and prognostication. The absence of what today is considered evidence-based medicine to treat high-grade gliomas, coupled with the rare occurrence at this location, indicates that cerebellar glioblastoma has to be differentiated from other tumors without delay upon radiologic diagnosis.


Literature
Worldwide, glioblastoma multiforme (GBM) is the most common and fatal brain tumor. The cerebellar glioblastoma (GB) was firstly reported by Russell and Rubinstein in 1966. They reported the case of a 63-year-old man with a cystic tumor in the right cerebellar hemisphere and classified it as a GB because of its histological features. Presently, only 11% of et al. reported the case of a 44-year-old man with right cerebellar GB whom mice demonstrated long-term survival after supratentorial and infratentorial resection. Additionally, they revised the literature regarding the well-documented adult (the first case of infratentorial GB reported in the literature) and established that only two cases of adults (accounting for only 3% of all supratentorial and infratentorial neoplasms). Specifically, they established that only 15 cases of newly-diagnosed adult cerebellar anaplastic astrocytoma WHO grade III or GB were recorded in the literature.
This statement was recently revised by Shah et al., and they recorded six additional cases diagnosed in adults. Specifically, the Gas and Hamilton (WHO 2021). This is the first such statement issued to WHO that specifies the cerebellum in the tumor's location and defines the anaplastic astrocytoma grading (grade III) for all cerebellar gliomata except for the embryonal tumors. Through their research, Shaw et al. stated that females were more frequently affected and infratentorial neoplasms appeared preferentially to the right. Additionally, Krex et al. stated that the GB exhibits a slight left temporal, frontal, and parasagittal preference. Concerning the cerebellar GB, Hamilton et al. recorded 33 cases, two of which were less than ten years of age, and 21 cases of adult cerebellar anaplastic astrocytoma.
Epidemiology of Adult Cerebellar Glioblastoma
Glioblastoma typically occurs in adults aged 65 to 75 years. It might occur anywhere within the central nervous system. Molecular genetic studies of glioblastomas have demonstrated several characteristic genetic alterations, perhaps most notably PDGFRA, IDH1, EGFR, and PTEN. Despite these recent findings, the remarkable differences in location and histology between glioblastomas do not result in better outcomes, even after adjustment for these known relative differences among these tumors (1).
The cerebellum, which is the most common location of pediatric glioblastoma, is a much less common site of occurrence of glioblastoma in adults. This tumor is characterized radiographically by infiltration across all layers of the cerebellar cortex, sometimes with extension into the meninges and leptomeninges of the cerebellum, although it may be difficult to distinguish radiographically between adult cerebellar glioblastoma and infratentorial metastasis. There are biologic differences between supratentorial and infratentorial glioblastoma. For example, analysis of the molecular genetic alterations in 57 glioblastomas revealed that a subset of secondary glioblastomas that had progressed from lower-grade astrocytomas in adults (median age, 55 years; age range, 36 to 70 years) showed two subregions of constant allelic loss, 1p36-p34 and 19q13, as determined by microsatellite marker analysis of paired nontumor-tumor DNA from tissue laser microdissection samples of multiple distinct foci of the tumor.
Clinical Presentation and Diagnosis
We conducted a review of case reports concerning adult cerebellar glioblastomas. From 21 May 2022, the date of our senior author's practice foundation, to 21 April 2021, one observation of our own has been recorded in the database. The patient was a 67-year-old woman who visited due to instability when walking. MRI showed a 4.5 cm hyperintense tumor in the T1W postcontrast image of the cerebellar hemisphere with a small amount of midline crossing. The patient underwent emergency hemispheric craniotomy. The intraoperative course was uneventful. The cerebellar hemisphere was removed. Standard histopathologic examination showed a picture of astrocytoma with anaplasia between 3-4 degrees.
Despite the classical full set of glioma signs, because an adult cerebellar glioblastoma is extremely rarely observed, it may not come to mind, and incorrect pathology prediction occurs. There it is found that the overwhelming majority of patients when their first poor health is poor with advanced severe signs of incapacity. Other authors sharing our experience agree with our recommendations to urgently assess these patients for surgical treatment. In any high-grade tumor of the cerebellum, it should be remembered that white arachnoid is significantly smaller, so the tension of the cerebellar structures is lesser when tumors increase, respectively, without a marked hyperperfusion of the rest of the structures, there are no rapid high-grade characteristic symptoms. The leading neurosurgeon must constantly ask themselves the following question: if surgical treatment wasn't forthcoming, would I allow a potential patient with a similar condition to remain in its care under observation? Care should be exercised in forming a concomitant diagnosis.
Treatment Modalities and Outcomes
Most patients who are diagnosed with GBM undergo a multidisciplinary treatment, including maximal possible resection, followed by radiotherapy and adjuvant chemotherapy. Glioblastomas of the cerebellum are rare, comprising about 1.5% of all glioblastomas. Due to low occurrence, there is a lack of systemic treatment. Nevertheless, when choosing treatment for one of these patients, it is reasonable to follow the guidelines for glioblastomas of the supratentorial localization. Adult brain gliomas are a serious oncological condition accounting for the majority of malignant brain tumors. Nearly 50% of adult gliomas develop in the cerebral hemispheres, while gliomas of the infratentorial localization, mainly in the brainstem and in the cerebellum, are less frequent. Glial population of the cerebellum is embryologically and genetically different from glia of the nerve tissue and the cerebral hemispheres. Gemistocytic astrocytes in the cerebellum receive less exposure to cell-derived metabolites possibly associated with the occurrence of gliomas in the cerebellum at an older age in comparison to hemispheric gliomas. The cerebellum is a well-protected part of the brain with limited spread of cerebellar tumors and is removed less frequently in comparison to supratentorial and brainstem tumors. However, when gross total removal with preservation of the surrounding healthy cerebellar structures is possible, patients may experience long-term survival. The overall mean survival is usually less than 12 months.
The rarity of malignant adult cerebellar gliomas, and especially glioblastomas, results in a lack of prominent studies regarding these brain tumors. There are no strict guidelines or recommendations for the treatment of adult cerebellar glioblastoma. However, in the literature, there are frequently case reports described. Patients with cerebellar tumors usually experience headaches, vomiting, increased intracranial pressure, dizziness, and cerebellar syndrome. To verify a diagnosis, characteristics of a tumor have to be established by magnetic resonance imaging or positron emission tomography at the latest. Management depends on tumor characteristics, neurological status, and general condition of a patient. In the case of a single cerebellar metastatic tumor, surgical resection and stereotactic radiotherapy are usually recommended. Perhaps it would be reasonable to follow similar management strategies for high-grade primary cerebellar gliomas. Due to low occurrence of adult cerebellar GBMs, long-term surveillance of the included patients is difficult to obtain. Moreover, survival of adult cerebral GBM is frequently observed. The goal of the present study was to present a rare case of glioblastoma of the cerebellum, including every step of diagnosis and the methods of treatment, and to summarize the most important case reports published in the literature to provide some helpful information for a similar case in the future.
Case Report
A 33-year-old male came to the Outpatient Department because he reported headaches and parieto-occipital pain for the last 4 weeks. His headache was moderate in intensity and responded to analgesics. He denied photosensitivity, phonophobia, and meningeal symptoms. Also, he reported progressive left-arm weakness with medium pain in the past 3 days. He was examined by a Neurologist and his physical examination was normal. Therefore, he was referred to Neuroimaging. His imaging examination showed an expansive solid mass with a cystic component and enhancement after intravenous contrast administration localized in the right parieto-occipital region of the cerebrum with important surrounding edema. He underwent emergency surgery and the diagnosis in the frozen section was Glioblastoma (WHO Grade IV). Unfortunately, the pathologist's diagnosis was GP. After 5 weeks of surgery, the mass regrew and we offered a reoperation or stereotactic radiation. The patient refused and was treated elsewhere. After two radiotherapy schedules, the patient showed no symptomatic relief or an imaging improvement and died one year after the diagnosis.
Cerebellar localized GBM is extremely rare and we did not find another case with several years of surgical survival. We believe that some characteristics are determinant for our longer survival. First, this was the case with the highest rate of resection that contributes to increase the overall survival after resection. Treatment consists of surgical resection whenever possible, with stereotactic irradiation or other treatment options as adjuvants. In cases where gross total resection is not achieved and the patient's performance status permits, an adjuvant stereotactic radiosurgery can achieve considerable local control of the tumor, on the basis that local control would improve the patient's life quality. However, radiotherapy has to be carefully analyzed, especially in the empirically go-to standard 60 Gy dose. Glioblastoma generally invades only 6 cm into the brain which gross total resection can accomplish a 6 cm distance outside of the excision area. Using this fact, it could relate tumor invasion with a surgical bed edema to achieve the correct dose and targets.
Patient History and Presentation
The patient is a 70-year-old female who was in her usual state of health until 2 weeks prior to presentation when she began to experience daily headaches that were associated with dizziness, unsteady gait, and nausea. Examination was notable for disconjugate gaze and ataxia. A contrast-enhanced MRI demonstrated a well-circumscribed solid-cystic lesion with heterogeneous contrast enhancement centered in the right cerebellar hemisphere. Additionally, there was mass effect on the fourth ventricle, causing mild obstructive hydrocephalus. Additionally, there was a syrinx extending down from the level of the fourth ventricle. Due to concern for symptomatic mass effect, the patient underwent a partial resection with confirmation of the diagnosis of glioblastoma via histology and immunohistochemistry.
On postoperative day 1, the patient returned to the operating room for placement of a ventriculoperitoneal shunt for worsening hydrocephalus. The ventriculoperitoneal shunt effectively managed the hydrocephalus. The patient was neurologically stable and was subsequently discharged to a rehabilitation facility for physical and speech therapy. After completion of radiation and chemotherapy with temozolomide, the patient remained stable without signs or symptoms of recurrent disease after 12 months of follow-up. Moreover, both her dizziness and ataxic gait had improved significantly by 3 months after starting radiation and temozolomide.
Diagnostic Workup
We report a case of a 32-year-old man with a posterior fossa space-occupying lesion felt 8 years ago and reassessed with radiologic and neurologic correlation. The patient suffered from a history of intermittent neurologic deficits in relation to hydrocephalus secondary to cerebellar pilocytic astrocytoma diagnosed and resected when the patient was 14 years old. Imaging studies consisted of axial and coronal T1-weighted post-contrast MRI, in addition to T1 axial three-dimensional imaging in each of these planes, T2-weighted images, FLAIR, and gradient echo sequences. In summary, we discuss clinical presentations, diagnostic imaging features, and therapeutic and prognostic aspects of the adult cerebellar glioblastoma. High-resolution imaging techniques along with a high grade of suspicion are necessary to optimize therapeutic decisions and survival with aggressive surgical resection and adjuvant therapy.
Radiologic images may be difficult to interpret because sometimes the biopsy will be an important part of the diagnostic process. Some clues included: the sudden clinical evolution of a previously asymptomatic chronic cerebellar tumor, hypointensity in T2-weighted images, nodular or cystic enhancement, an increase in the enhancement pattern, rapid progression of cerebellar symptoms, etc. Localization of the tumor and displacement of the fourth ventricle is also part of the study over the image. Magnetic Resonance Spectroscopy (MRS) analysis evidenced a high choline (Cho): N-acetylaspartate (NAA) ratio, with some degree of folic acid increase, absence of lactate, and visual increase of the choline peak. CHO peak was seen in 6 out of 6 cases in a reported series. An enhancing lesion within the cerebellum involving the dentate nucleus in doubtful MR findings should alert the physician to assess cerebellar lesions by high-resolution imaging techniques.
Treatment Plan and Follow-up
Keeping in mind the complications related to surgery in QCM, we decided to undergo partial safe excision after the approval of his family members. We additionally performed coagulation of the surrounding tumor part. Histopathological analysis showed that the tumor had characteristic features of a glioblastoma. The patient was transferred to the neurosurgery department and underwent a CSF shunt the next month (Figure 6). Postoperative blood examination showed the typical blood characteristics of a QCM, and serum ammonia, glutamine, and lactate were increased. However, the patient's QCM syndrome had not worsened, and he was discharged from the hospital after 3 months when his condition had become stable.
During the period when his QCM syndrome was actually uncontrolled, he experienced several attacks of aspiration pneumonia and associated febrile episodes. After discharge from the hospital, the patient developed moderate left-sided motor deficits several weeks after surgery, but these issues slowly improved due to physical therapy training. Over the 13.5 months of follow-up, although the patient developed recurrent head and neck pain diagnosed as related to the tumor (Figure 6C), he had no typical symptoms of increased intracranial pressure. He has performed daily activities, such as listening to the radio, TV, or other voices, without any violence. He has still survived, and his conditions have stabilized.
Discussion
Despite the advances in multimodal treatment options in primary and secondary central nervous system malignancies, adult cerebellar glioblastomas continue to have a very poor prognosis following GTR, adjuvant radiation, and temozolomide chemotherapy. The most significant consideration absent result-specific treatment consequences involves the lack of histones 3 and 4 high midline pontine normal limits data, complicating further treatment guidelines and counseling data, and failure predictions following adjuvant chemoradiation after GTR. With an eventual necrosis rate of 22.81%, meningoencephalitis rate of 5.31%, and edema rate of 32.22% involving the histone genes themselves within a 2 mm radius of a high-grade glioma, while only having a necrosis rate four times that of the background population, being three times more likely to have a parasagittal lesion, and meningoencephalitis being only one case, the decision of any additional histone status beings may not be readily encountered.
Determination of the optimal extent of resection most clinics provided treatment results including the post-GTR volume of residual contrast-enhanced mass (in cm3), the use of GTR as the primary form of management without reoperations, mapping against anatomic heat map, confirmed that further prospective studies may not yield consistent results. Preoperative covert hydrocephalus, pension, and hyponatremia, transient fourth ventricle involvement, osmotic diuresis, tonsillar displacement (in cm), progression characteristic, and prolonged mechanical ventilation remained independently associated with worse hospitalization results. Furthermore, the potential roles of potassium, ACS, divalproex, and the debated ongoing use of the anticonvulsant debated after GTR could not be addressed in this evaluation. In this paper demonstrating the outcomes for a uniform group of adults with cerebellar glioblastomas, an association with leptomeningeal tumor spread identified from a retrospective review ease a 3rd ventricular normal limit decision of EVD placement if necessary for the following analysis.
Despite recent advances in surgical technique and adjuvant therapy, cerebellar glioblastoma remains a highly challenging and generally incurable brain tumor, with a mean survival of 12 months. Surgical management of cerebellar GBM can also be a treatment challenge, especially when cerebellar or brainstem involvement is present at initial presentation. This usually requires careful dissection and should address hemorrhagic tissue and an infiltrative pattern of tumor growth. It is important to adhere to the principles of maximal safe tumor resection and minimize the risk of complications, such as damage to the brainstem, deep cerebellar nuclei, or significant cerebellar tissue. 
Due to the rapid malignant progression of cerebellar GBMs, patients are in need of aggressive multidisciplinary treatment involving surgical resection, followed by standard radiotherapy and chemotherapy, including temozolomide after transplantation. However, treatment can also be both difficult and hazardous.
Initially attributed to the surgical removal of certain space-occupying masses or ventricular decompression, the postoperative syndrome characterized by acute clinical neurological deterioration after neurosurgery occurs and often presents a surgical challenge. Among these patients, it may also cause an acute increase in intracranial pressure, with widespread signs of transtentorial herniation. Possible surgical treatments for this condition include raised ICP through ventilation, CSF drainage, steroids, hyperventilation, hyperosmolar therapy, and decompressive craniectomy. High-resistance-line hemorrhages into the parenchyma of the affected organ can easily cause damage. This situation may suggest a specific type of histology, such as that corresponding to a metastatic lesion, high-grade focused injury, or hemorrhagic gland GBM. From the histological point of view, anaplasia, proliferation index, or mitotic activity in IDH1 did not correlate with concentric enhancement or rapid, recurrent, acute solid development in GBMs located in either the cerebellum or the craniobellum. Furthermore, we observed an aggressive, infiltrative pattern of growth insinuating a thick tumor tabs from the ventriculo-basal surface, whereas it often encased major perforating arteries in the brainstem. This trait may also be the cause of cerebellar postoperative syndrome.
Cancer cells require an abundant supply of oxygen to grow. In solid tumors like GBMs, highly proliferating cancer cells can outgrow the blood supply, leading to a shortage of oxygen in the tumor. The discovery that cancer cells can adapt to and even use hypoxia to promote aggression has provided a key link between the hypoxic milieu and the malignant processes that drive tumor growth and the development of resistance to conventional cancer treatments. The role that hypoxia plays within the tumor is not only fascinating from a purely scientific standpoint, but it also provides an exciting opportunity to identify biological processes that might be exploited therapeutically to treat these recalcitrant tumors. The link to the most aggressive forms of cancer, combined with an abnormally strong link to poor clinical outcome.
GBM tumors from different patients can be substantially different at the molecular level, and each patient's tumor can include cells carrying a wide range of genetic alterations. There is increasing evidence that standard therapies, which consist of maximum safe surgical resection of tumor mass around already very important brain regions, followed by aggressive chemoradiotherapy, result in selective cancer cell kill, leaving behind a population of radioresistant stem-like cells that have been implicated in resistance, tumor recurrence, and have less sensitivity to radiation. The clonal divergence that arises during tumor evolution suggests that the possibility to address specific cellular populations might be crucial in developing the increased therapeutic efficacy that will be necessary to more successfully target the diverse cellular clusters represented within the tumor ecosystem. This strategy of focusing on multiple factors that are contributing to multicellular tumor biology is worth further studies, given that persisting off-target side effects, driven by the eradication of non-cancer cells, are the primary roadblock to their increased therapeutic use.
Conclusion
In conclusion, cerebellar glioblastoma is very rare and tumor-related symptoms are not significantly different from those of other cerebellar space-occupying lesions. Since its biological behavior is very aggressive and the prognosis is still very poor, timely MT and early intervention are very important for the diagnosis and treatment of cerebellar glioblastoma. Complete surgical resection, postoperative radiotherapy, and chemotherapy methods can lengthen the patient's survival to some extent. It can be considered to be related to the patient's nerve function status and whether the adjuvant treatment should be given, and how to carry out, to individualize the "customized" treatment. We hope that this case report will help to increase the awareness of neurologists and neurosurgeons regarding the diagnostic and treatment approaches for adult cerebellar glioblastoma in clinical practice.
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Abstract 


 


The purpose of this study was to emphasize that cerebellar glioblastoma multiforme, although 


quite rare, should be included in the differential diagnosis of tumors of the posterior cranial 


fossa in adults. The cerebellum has been known to be the site of pr


edilection of 


hemangioblastoma, medulloblastoma, metastasis, and pilocytic astrocytoma. Very few adult 


cerebellar glioblastoma have been reported previously. We present a case and discuss the 


neuroradiologic and pathologic features of this interesting loca


tion of these highly malignant 


tumors, which are diagnosed radiologically to be meningioma, hemangioblastoma, or 


metastasis.


 


In the present case, a solitary mass was detected and interpreted as a meningioma on a 


magnetic resonance image (MRI) with gadolini


um. Repeated follow


-


up studies and histologic 


confirmation by image


-


guided stereotactic biopsy were important for the diagnosis, since 


glioblastoma was unsuspected at the onset. Establishment of the cell of origin is of critical 


importance for planning the


rapy and prognostication. The absence of what today is considered 


evidence


-


based medicine to treat high


-


grade gliomas, coupled with the rare occurrence at this 


location, indicates that cerebellar glioblastoma has to be differentiated from other tumors 


with


out delay upon radiologic diagnosis.
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Introduction


 


 


Primary glioblastoma (GBM) within the cerebellum is a relatively rare subset of primary central nervous 


system tumors that affects both adults and children. Cerebellar glioblastoma most often arises from 


isolated disease processes and metasta


ses from GBMs elsewhere within the body or CNS. While it is 


commonly known that glioblastoma can metastasize from the supratentorial area to the infratentorial 


area, the opposite is less commonly reported. Despite the paradigm for multimodal management 


opt


ions of this fatal disease, overall survival remains dismal. Infratentorial


-


based glioblastoma overall 


are less likely to occur but are also associated with worse prognosis. Due to the limited number of 


cerebellar glioblastoma reported, management is less 


well defined. Here, we report a case of an 


infratentorial GBM in an adult presenting with signs and symptoms of raised intracranial pressure. We 


reviewed the recent literature of cerebellar glioblastoma and present a treatment algorithm.
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