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Spinal neurofibromatosis (SNF) is a rare form of Neurofibromatosis in which neurofibromas exist bilaterally throughout all spinal roots. Despite previous attempts made to characterize and classify the disease as a separate clinical form of the disease, the low incidence rate of the disease and scarcity of previous reports calls for further studies and reports to elaborate this clinical entity. The patient in this report was a 36-year-old man presenting with lower limb weakness, unsteady gait, and paresthesia. The patient also presented with multiple cutaneous café-au-lait spots, cutaneous neurofibromas, and a large neurocutaneous neurofibroma of right facial nerve. Magnetic resonance imaging (MRI) of spine revealed bilateral spinal neurofibromas across all spinal cord roots. MRI study of head revealed no abnormalities in the brain and optic tract. The patient fulfilled both NIH criteria as well as revised criteria for NF1. Despite total spinal cord involvement, surgical intervention was withheld from the patient due to high propensity of recurrence as seen with previous attempts in removing peripheral neurofibromas, slow progression of symptoms, and lack of significant pain and impairment. SNF is often described as a form of disease with infrequent presentation of classical NF1 symptoms other than spinal tumors. The case presented here however, presented with several cutaneous neurofibromas and café-au-lait spots. Considering the positive outcome of surgical intervention in a few other reports, the decision to surgically intervene should be left to the clinical judgement of the participating surgeon, patient preference and socioeconomic background in a case-by-case manner.
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Introduction

The Neurofibromatoses are a group of genetic neurocutaneous disorders with an autosomal dominant inheritance pattern and significant morbidity and mortality. These conditions are characterized by dysregulated cell growth in tissues that lead to tumor growth in nerves throughout the body in any age (1, 2). Despite the significant heterogeneity in clinical presentation of the affected individuals and several reports of variants and alternate forms of the disease (2, 3), the neurofibromatoses have been generally classified into three clinical entities, Neurofibromatosis type 1 (NF1, 96% of all cases) and NF2, which are well-characterized based on genetic defects in the relevant genes, tumor type and location, and clinical determinants of each type, and a rare third type (<1% of all NF cases) called Schwannomatosis with distinct mutations in SMARCB1 or LZTR1 genes, but a clinical presentation comparable to NF2 excluding bilateral vestibular schwannomas and an older age of onset (4–8).

NF1, historically known as Von Recklinghausen's disease, affects all races and ethnicities with a reported incidence of 1 in 3,000–1 in 6,000 and an estimated birth incidence of 1/2,558–1/3,333, is caused by mutations in NF1 gene localized to chromosome 17 (6, 9). Although autosomal dominant pattern of inheritance in both NF types suggests vertical transmission as the primary source of gene mutation, about half of the NF1 cases are represented by de novo mutations in the NF1 sequence (10). The considerable proportion of cases without family history of NF1 reflects the high rate of mutation of NF1 locus, with the majority of the deletions and mutations being of maternal and paternal origin, respectively (11). The gene product of NF1, neurofibromin, is a GTPase-activating protein that acts as a negative regulator of RAS/MAPK pathway (12). Mutations in NF1 gene result in diminished tumor suppressive properties, RAS hyperactivation, and subsequent upregulation of mTOR and ERK pathways (6), which have also been linked to increased predisposition toward certain tumors and/or malignancies including pheochromocytoma, optic pathway glioma, astrocytomas and malignant gliomas, breast cancer, gastrointestinal stromal tumors, rhabdomyosarcomas, and peripheral nerve sheath neoplasms (13, 14). As such, genetic counseling should be offered to families with NF1 and tailored imaging guidelines have been developed for surveillance based on clinical symptoms (14, 15).

The disease phenotype is characterized by multiple skin pigmentations (café-au-lait macules and lentiginous macules), melanocytic hamartomas of the iris (Lisch nodules), cutaneous (dermal), subcutaneous (peripheral nodular), internal, and/or plexiform neurofibromas, optic gliomas, intellectual disability, skeletal dysplasia, and short stature. Dermal and peripheral nerve neurofibromas comprise the majority of benign tumors in classical NF1 (15–17). While the occurrence of spinal neurofibromas is more restricted in classical disease (36% of the patients, 5% with spinal cord complication), these tumors are more likely to be seen in rare clinical variants of NF1 involving multiple spinal roots (multiple neurofibromas in spinal roots, MNFSR) and bilateral involvement of all spinal nerves (Spinal neurofibromatosis, SNF) (18).

Studies describing SNF have been relatively few and far between, with limited characterization of other manifestations of SNF, uncertainty of the disease prognosis compared to classical NF1, and incomprehensive evaluation of efficacy of therapeutic approaches in tailored management of the disease that is largely related to the low incidence rate, the atypical symptoms, and the asymptomatic nature of the spinal nerve lesions until the later stages of SNF. As such, additional reports describing this distinct phenotype would allow a thorough understanding of this rare clinical entity. In this study, we describe a patient with SNF presenting with bilateral involvement of all spinal roots, neurocutaneous symptoms, and lower limb weakness. The diagnosis, prognosis, and symptomatic treatment of this peculiar form of NF have also been discussed throughout the text to provide further insight regarding this condition.



Case description

The patient described is a 37-year-old man presenting with lower limb weakness, unsteady gait, and paresthesia. Upon inspection, the patient also presented with multiple large cutaneous café-au-lait spots, cutaneous neurofibromas, and a large neurofibroma of right facial nerve, which according to the patient, recurred over the years after its primary resection when the patient was 7 years old (Figure 1). He reported a history of cutaneous neurofibromas in his maternal grandfather and café-au-lait macules in patient's mother and uncle, indicating maternal origin of NF gene mutation. According to the patient, he did not experience learning difficulties throughout his childhood. The patient had mild weakness of the lower limbs since prepubescence that did not significantly affect his physical activity until a year before visiting the current physician, when the symptoms worsened leading to imbalance, unsteady gait, and inability to continue intense manual labor in his previous occupation.


[image: Figure 1]
FIGURE 1
 General appearance of the patient. (A) Note the presumed neurofibroma of the right facial nerve and the neurofibroma in the left periorbital region. The patient had multiple café-au-lait spots on his abdomen and thorax (not shown). (B) T1 gadolinium-enhanced and (C) T2-weighted MRI sections corresponding to the right-side presumed facial neurofibroma.


Physical examination revealed normal range of motion in the spine, shoulder, hip, and knee joints (negative McMurray circumduction and drawer tests), normal bowel and bladder function, unremarkable cranial nerves (no focal signs) and ophthalmological exam (no Lisch nodules in iris), and negative Babinski sign; but brisk (+3) deep tendon reflexes and positive left leg straight leg raising test. Audiogram and tympanometry results revealed no hearing abnormalities. The patient fulfilled both NIH criteria and revised criteria for NF1 (8, 13). Genetic testing was unavailable at the time of patient evaluation and was omitted due to considerable financial burden and compatible clinical presentation. Written informed consent to publish clinical data and findings was obtained from the patient.

Magnetic resonance imaging (MRI) of spine revealed the presence of presumed neurofibromas bilaterally through all spinal cord roots (Figure 2). Brain MRI revealed no abnormalities in cortical or underlying structures.


[image: Figure 2]
FIGURE 2
 Magnetic resonance imaging data of the patient and neurofibromas across all spinal roots. (A,B) T1- and T2-weighted and (C) Multiple Echo Data Image Combination (MEDIC) coronal sections of the cervical spine MRI demonstrating presumed neurofibromas affecting all nerve roots. (D,E) MEDIC and T2 sequence images of thoracic neurofibromas. (F) Fast spin echo and (G) turbo inversion recovery magnitude T2-weighted and (H,I) MEDIC coronal sections of the lumbar vertebrae demonstrating lumbar and sacral neurofibromas. (J,K) Sagittal T1 sequences of the spine demonstrating the proximal extension of the tumors.




Discussion

SNF could be described as a distinct clinical entity in which bilateral neurofibromas in all spinal nerves and/or spinal roots are the main clinical presentation of the patients with a less frequent pattern of other NF1 manifestations such as Lisch nodules, changes in muscle tone, or skeletal dysplasia. As a corollary, only a minority of SNF cases could completely satisfy the NF1 diagnostic criteria (18). Dermal neurofibromas are less common in SNF than in NF1 despite extensive peripheral nerve enlargement extending from each spinal nerve. As most reports described this phenotype in segregated families, SNF was initially referred to as hereditary/familial spinal neurofibromatosis. However, missense mutations in NF1 have been observed to be significantly higher in SNF. As such, individuals harboring de novo NF1 missense mutations may develop SNF in a family without a history of the disease. Nevertheless, obtaining baseline MRI of the entire CNS to screen for asymptomatic tumors in newly diagnosed and asymptomatic individuals with NF1 is not currently recommended (14). Accordingly, imaging studies should be reserved for individuals demonstrating abnormal neurological examination, progressive symptoms of cord compression and polyneuropathy, or unexplained neurological deficits using localized imaging with multiple MR sequences (14).

At present, the treatment strategies revolve around symptomatic relief of disease manifestations and improving quality of life. Despite extensive research, recent clinical trials have demonstrated that pharmacological interventions have diminished ability to reduce tumor size in plexiform neurofibromas. Furthermore, spontaneous regression of neurofibromas is rarely seen in clinical settings (14).

The mainstay therapeutic approach for symptomatic neurofibromas are surgical excision of certain tumors which cause significant morbidity. Spinal cord compression symptoms and spinal deformity have been valid indications for anterior and/or posterior decompression with or without fusion/arthrodesis, and complete or partial resection of neurofibromas in classical NF1 (19, 20). However, bilateral involvement of all vertebrae in SNF restricts less invasive surgical approaches such as hemilaminectomy or tumor resection without instrumentation. Multilevel bilateral laminectomies are also prone to significant destabilization of spinal column, which may result in several postoperative complications (20). The authors therefore believe that surgical intervention should be reserved for cases of severe disability and to be limited to symptomatic lesions. A previous report found that the majority of preoperative symptoms improved in patients with non-NF2 spinal neuromas compared to their NF2 counterparts, with a low 5-year recurrence rate of 10.7%. However, the scarcity of NF1 cases in the study precludes definitive conclusions on the prognosis and recurrence of neurofibromas in SNF (21).

While classical NF1 symptoms is less frequently seen in SNF, this case presented with several cutaneous neurofibromas, café-au-lait spots, and movement disorder. It is of note to say that symptomatic SNF reportedly consists only 1.6% of all NF1 cases (9, 18). Although there was total spinal cord involvement with intradural extension of the tumors in several spinal levels in this case, surgical intervention was withheld from the patient due to high propensity of recurrence as seen with previous attempts in removing peripheral neurofibromas, slow progression of symptoms, financial burden on the patient in the context of economic inequality caused by NF1 (22), lack of significant pain or impairment in daily activities, and risk of complications. Considering the positive outcome of surgical intervention in a few other reports in improving patient quality of life and symptomatic relief without evidence of short term recurrence, the decision to surgically intervene should be left to the clinical judgement of the participating surgeon, patient preference and background in a case-by-case manner. At the time of writing this work, the conservative approach to the spinal tumors in this case was approved and well-tolerated by the patient.
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Multiple extracranial metastases of recurrent glioblastoma are rare and often indicate a very poor prognosis. The main conventional treatments are chemotherapy, radiotherapy, chemoradiotherapy or antiangiogenic therapy. Median overall survival is 2.3 to 6 months after the detection of extracranial metastases, and to date, there is no effective treatment for these patients. Herein, we report a recurrent glioblastoma patient with lung metastasis treated with a combination therapy containing bevacizumab and pembrolizumab due to overexpression of PD-L1 and the absence of driver mutations. The progression-free survival was 11 months from lung metastases to bone metastases. This combination treatment was further used as maintenance therapy for another 11 months after bone metastasis and secondary dorsal metastasis because there was no suitable treatment alternative. The overall survival was 27 months after lung metastases, which is much longer than previously reported cases. To our knowledge, this was the first effective use of bevacizumab plus pembrolizumab in a glioblastoma patient with extracranial metastases. Furthermore, this was the first time that bevacizumab plus pembrolizumab was used as a maintenance treatment in glioblastoma, with 11 months of response. Importantly, we showed that such combination therapy may be a novel and effective therapy for glioblastoma patients with extracranial metastases.
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Introduction

Glioblastoma (GBM) is the most common primary malignant brain tumor, but despite advances in treatment strategies, the prognosis remains poor (1, 2). The mainstay first-line treatment of GBM is surgery followed by postoperative adjuvant treatment using chemoradiotherapy. The U.S. Food and Drug administration (FDA) has also approved temozolomide (TMZ) to treat primary GBM, but it has a relatively poor response rate (3). Approximately 90% of GBM patients experience postoperative recurrence (4). Bevacizumab, an angiogenesis inhibitor, is approved for recurrent GBM multiforme, but the median duration of response is approximately 3.9 months, and the 6-month progression-free survival (PFS) rate is approximately 36.0% (5). In recent years, immune checkpoint inhibitors (e.g., nivolumab and pembrolizumab) and/or targeted inhibitors (such as BRAF inhibitors, mTOR inhibitors, and MET inhibitors) have improved the outcomes of patients with GBM (6, 7). Interestingly, the combination of antiangiogenic drugs and immunotherapy yielded good results when tested in driver mutation-absent cancers (8, 9). This synergistic effect could be explained by the antiangiogenic agents that can normalize the abnormal blood vessels, which may convert the tumor microenvironment and thus improve the effects of immune checkpoint inhibitors (10). However, a phase II clinical trial showed limited benefits from pembrolizumab combined with bevacizumab for recurrent GBM with a reported median overall survival (mOS) of 10.3 months (11). It is unclear whether GBM cells developed resistance to pembrolizumab and bevacizumab, or whether the intracranial environment limited their effects.

Extracranial metastasis from GBM is very rare, with an incidence of approximately 0.4–0.5% (12–14). There is still no consensus on the standard treatment for GBM extracranial metastases; therefore, most patients receive radiotherapy, chemotherapy, or bevacizumab (15–18). However, a meta-analysis showed that the mOS of GBM patients from extracranial metastases diagnosis to death was only 2.3 months (19).

In this case, we report a recurrent GBM case with lung metastases. Considering the poor response of lung lesions to the combination treatment of bevacizumab and TMZ and positive PD-L1 expression of the lesion, the immune inhibitor pembrolizumab was added to bevacizumab for the patient’s subsequent treatment, with a PFS of 11 months. Then the patient received the same maintenance treatment for 11 months. The OS was approximately 27 months from the day of extracranial lung metastasis detection to death, which was much longer than previous treatment modalities.



Case report

A 58-year-old man without family disease history was admitted to our hospital in March 2014, complaining of left fingertip numbness for more than two months, intermittent dizziness and left limb weakness for half a month (Figure 1). Magnetic resonance imaging (MRI) and positron emission tomography/computed tomography (PET/CT) of the brain revealed multiple lesions in the right lobe (Figure S1A). As a result, the patient underwent brain surgery, and the pathological analysis of the tumor revealed GBM with the presence of oligodendroglioma components. Immunohistochemistry (IHC) results demonstrated positive staining for vascular endothelial growth factor (VEGF) and glial fibrillary acidic protein (GFAP), partial positive expression for Ki67 and oligodendrocyte lineage transcription factor 2 (OLIG2). The 1p19q codeletion was not detected by fluorescence in situ hybridization. The IDH1/2 gene was wild-type, and the O6-methylguanine-DNA methyltransferase (MGMT) promoter was unmethylated. The patient received standard postoperative radiotherapy (Dt6000cGy/30f/6w) with TMZ (160 mg d1-5). A follow-up MRI in April 2015 showed the absence of new lesions (Figure S1B). However, a follow-up in November 2015 revealed right temporal and right occipital recurrence (Figures S1C, D). Subsequently, the patient underwent a radiotherapy regimen (Dt: 30 Gy/5 f) followed by four cycles of bevacizumab (5 mg/kg, d1, q3w) and then achieved a RECIST criteria partial response (PR). At the same time, the patient showed an improvement in quality of life.




Figure 1 | The treatment timeline of the patient. The patient was diagnosed with glioblastoma in March 2014. He underwent surgery, followed by standard adjuvant treatment with Temozolomide (TMZ) and radiotherapy (RT). The tumor recurred intracranially in November 2015, and he received RT and Bevacizumab (Bev) treatment, the response evaluation of the brain lesion was a partial response (PR). In November 2017, lung metastases were detected, the patient accepted Bev and TMZ, but the lung lesion progressed. Two months (M) later, Keytruda was added because of a positive PD-L1 expression and a partial response (PR) was achieved for the metastatic lesion while the brain lesion was a stable disease (SD). Then TMZ was discontinued to relieve the symptoms of fatigue and due to the unmethylation of the MGMT promoter (May 2018). The patients received five months of Bev plus Keytruda. In October 2018, bone metastases were identified. The patient continued treatment with Bev and Keytruda for two months because no other treatment could be used. Dorsal metastasis was found in December 2018 and due to no other suitable treatment, and the patient continued to receive Bev and Keytruda for another nine months before pulmonary lesion progression. Five months later, the patient discontinued all treatment and died from a pulmonary infection.



In November 2017, the patient returned to our hospital complaining of chronic cough. PET/CT showed that the brain lesion (Figure 2A) was stable when compared with the brain lesion in November 2015 (Figure S1D), but multiple nodules were observed in the right lung (Figure 2B, November 2017). Lung biopsy was performed, and we confirmed that the lung lesion was, in fact, a neoplastic metastasis of GBM by pathological analysis and IHC (Figure 3). The results of IHC was positive staining of GFAP, OLIG2, and S-100 protein was also observed. Due to no standard treatment for extracranial metastases GBM, the next-generation sequencing (NGS) and PD-L1 detection were performed on lung lesions, expecting to find a treatment target. The NGS results from Onco PanScan™ (GenetronHealth) revealed KRAS mutation (Figure S2A), TP53 mutation (Figures S2B, C) and FGFR3 fusion (Figure S2D) but the absence of IDH1/2 mutation, H3F3A/HIST1H3B mutation and RELA mutation (Table 1). As there was no suitable targeted therapy at the time, bevacizumab and TMZ was used for recurrent GBM according to the NCCN guidelines; thus, the patient underwent two months of bevacizumab (300 mg, q3w, 4 cycles; 300 mg, q4w, 2 cycles) and TMZ (420 mg, q28d) treatment. The brain lesions remained stable, while the lung lesions increased slightly in size (Figures 2C, D, January 2018 vs. November 2017). Fortunately, the lung lesion had positive expression of PD-L1; therefore, we decided to add pembrolizumab with bevacizumab and TMZ to our treatment strategy. The treatment plan of pembrolizumab was as follows: 200 mg q2w, 2 cycles; then 200 mg, q3w, 1 cycle; then 200 mg, q4w 2 cycles. During this treatment, we reassessed the patient in April 2018, and the MRI scan revealed an effective response of the lung lesion, with a RECIST criteria PR, while the brain lesion was stable (Figures 2E, F, April 2018 vs. January 2018). Because the patient was suffering from cancer-related fatigue and the MGMT promoter was unmethylated, we discontinued TMZ in May 2018. From then on, the patient was on bevacizumab plus pembrolizumab only. Interestingly, the lung lesion decreased further in size while the brain lesion remained stable (Figures 2G, H, June 2018 vs. April 2018). However, bone metastases appeared four months later (Octoble 2018). There was a total of 11 months (November 2017 to October 2018) of remission from lung to bone metastases, during which bevacizumab and pembrolizumab were used (Figure 1).




Figure 2 | PET-CT/MRI images of the brain and lung at the time of lung metastasis, during and after treatment. (A, B) The brain lesion was stable and the lung metastasis was found in November 2017. (C, D) After two months of Bevacizumab (Bev)+TMZ treatment, the brain lesion was stable and the lung lesions progressed (January 2018). (E, F) After Keytruda was added for three months (April 2018), the brain lesion was stable, and the response evaluation of lung lesion was PR. (G, H) After Keytruda was added for five months (June 2018), the brain lesion was kept on SD and the lung lesion was kept on PR. The white arrow represents the lesion. M, month.






Figure 3 | Histopathology and immunostaining of metastatic lung lesions. Hematoxylin-Eosin (HE) staining showed that the lung lesion was neoplastic. Immunohistochemistry (IHC) showed positive GFAP, OLIG2 and S-100. Magnification: 40X and 400X.




Table 1 | NGS gene mutation profiling in lung specimen.



Following bone metastases, the patient agreed to continue using bevacizumab (300 mg, q4w) and pembrolizumab (200 mg, q4w) as maintenance therapy due to the unavailability of suitable alternative treatment. Nearly two months later (December 2018), a left posterior dorsal mass was found during routine follow-up (Figure 1). Nonetheless, the patient was kept on the same regimen for nine months with no suitable treatment available. After September 2019, due to the lung lesion progression, the patient was in poor physical condition, could not tolerate further treatment, and died from a lung infection in February 2020. The total survival time of the patient from extracranial metastases of the lung to death was approximately 27 months.



Discussion

Extracranial metastasis from GBM is extremely rare. Currently, there is no standard guideline for the treatment of extracranial metastasis from GBM. In some previous reports, GBM patients with extracranial metastases generally received chemotherapy, radiotherapy, radiochemotherapy, or chemotherapy combined with bevacizumab and had a very short survival time after metastasis (15–18, 20). The patient in our case received multiple lines of treatment after lung metastasis was detected. Because the disease progressed after bevacizumab and TMZ as first line treatment, immunotherapy plus bevacizumab treatment was administered as subsequent treatment, which resulted a long survival of 27 months. The OS of the patient from diagnosis to death was approximately 70 months, which is much longer than previous reports. There are three important findings from our case. First, a combination treatment of pembrolizumab and bevacizumab after lung metastasis was shown to be effective since the lung lesion achieved PR and the brain lesion was SD. This suggests that the treatment of immunotherapy plus angiogenesis inhibition is potent against GBM cells that metastasize to the lungs. Previously, a phase II clinical trial showed a limited benefit of 10.3 months of OS from pembrolizumab combined with bevacizumab for recurrent GBM (11). It was unclear whether the poor response was due to the glioma cells being insensitive to the drugs, whether the blood-brain barrier limited drug entry, or whether the tumor environment affected the response. Here, our results reveal that there is a strong case for the latter two reasons. Second, we found that GBM patient in China and other countries was similar in gender ratio (63.0% male vs. 65.0% male), treatment modalities (radiotherapy and chemotherapy), MGMT promoter methylation ratio (44.7% vs. 54.6%) and OS (14 months vs.15.7 months) (21, 22). Furthermore, we compared the characteristics of patients with GBM extracranial metastases in China and other countries, and found that metastasis site, treatment modalities and the survival time were similar (19, 23, 24). A cases series of extracranial metastatic GBM reported by MSKCC showed that the median survival time after metastasis was 5 months (23), and a case report about a Chinese extracranial metastatic GBM showed that the survival time was 6 months from extracranial metastases (24). In our case, after receiving a combination of bevacizumab and pembrolizumab, the total survival reached 27 months from extracranial lung metastasis diagnosis to death, which was longer than previous reports. Third, our patient used pembrolizumab in combination with bevacizumab as a maintenance treatment for two months after a secondary metastasis to the bone was detected. This treatment was maintained for another nine months, even after dorsal metastases were localized. A retrospective study showed that patients treated with immune checkpoint inhibitors could benefit from adopting the same treatment regimen after progression, with a median PFS of 2.7 months and a mOS of 7 months from the first progression to the second progression (25). Herein, the patient progressed slowly, the combination therapy of angiogenesis and immune checkpoint inhibitors was continued regardless of progression, and the patient achieved prolonged OS (27 months after lung metastasis). Similarly, our study showed that using the previously effective treatment as a maintenance treatment is a choice for patients with no alternative treatment options after progression.

In our case, NGS and IHC detection were performed on the patient’s lung biopsy tissue at the time of lung metastasis. The results showed KRAS and TP53 mutations, FGFR3-TACC3 fusion and PD-L1 positivity. Only PD-L1 inhibitors were approved at that time; therefore, the patient received the PD-L1 inhibitor, pembrolizumab, as an add-on therapy. Additionally, as mentioned above, the FGFR3-TACC3 fusion was detected from the lung biopsy tissue. A clinical trial confirmed an effective response to erdafitinib in GBM patients with the FGFR3-TACC3 fusion (26). Unfortunately, the targeted drug erdafitinib for FGFR2 or FGFR3 genetic alterations was not approved by the National Medical Products Administration at the time and the FDA only approved it for metastatic urothelial carcinoma in April 2019. More clinical trials are warranted to broaden the indications of erdafitinib to encompass GBM patients in the future. Nevertheless, some targeted drugs, including those targeting fusion mutations, such as NTRK inhibitors, have been approved for solid tumors, hence the importance of performing multigene detection in GBM or recurrent GBM to provide more opportunities for these patients.

Herein, our GBM patient underwent various detection and treatment modalities, and he was ultimately treated with bevacizumab combined with pembrolizumab after extracranial lung metastasis was detected. The combination treatment haltered the progression of the disease and improved the patient’s OS time considerably. In light of our findings, we provide a valuable reference for treating other GBM patients with extracranial metastasis in the future.
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Supplementary Figure 1 | The MRI images were taken at baseline of cancer diagnosis, after surgery and at recurrence. (A) In April 2014, brain lesions were found following an MRI scan of the patient. (B) After surgery, no lesions were found on follow-up in April 2015. (C, D) The right temporal (C) and occipital (D) recurrence in November 2015. The white arrow represents the lesion.

Supplementary Figure 2 | DNA NGS results for lung lesion. (A) Integrative Genomic Viewer (IGV) snapshot showing KRAS mutation (V14I). (B, C) IGV snapshot showing TP53 mutations (R213* and R273H). (D) IGV snapshot showing FGFR3-TACC3 fusion.
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Case report: Rapid recurrence of a chronic subdural haematoma associated with prostate cancer metastasis to a haematoma capsule
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Background

Chronic subdural haematoma (CSDH) has various causes, including trauma, coagulopathies, and intracranial hypotension. However, CSDH associated with extracranial malignancy is rare. Here, we report an extremely rare case of CSDH due to prostate cancer metastasis to a haematoma capsule.



Case Description

A 79-year-old man with a history of prostate cancer had a progressive decline in consciousness during hospitalization for cancer treatment. CSDH was diagnosed from computed tomography (CT) imaging. We urgently performed burr hole drainage, and the patient’s symptoms improved rapidly after surgery. After removing the drainage tube, the patient’s symptoms worsened again, and the repeat head CT suggested recurrence of CSDH. In a second operation, most of the haematoma capsule was excised under craniotomy, and the thickened haematoma capsule was sent for routine pathologic examination. Pathological findings confirmed the metastasis of prostate cancer to the haematoma capsule, which we believed to be related to a rapid recurrence of CSDH. After the second operation, the disease course progressed without CSDH recurrence.



Conclusions

For patients with malignant tumours diagnosed with CSDH, the possibility of metastasis to a haematoma capsule needs to be considered. Burr holes and drainage can easily lead to a rapid relapse. Excision of the haematoma capsule is the key to successful treatment.





Keywords: prostate cancer, chronic subdural hematoma, hematoma capsule metastasis, burr hole drainage, excision of hematomas capsule



Introduction

Chronic subdural haematoma (CSDH) is one of the most common neurosurgical diseases and usually occurs in elderly patients with a history of head trauma (1). Burr hole surgery is the mainstream treatment for CSDH, but the postoperative recurrence rate is still as high as 2.5-33% (2). Various risk factors are associated with recurrent CSDH (3–8). One of the factors is metastasis of extracranial malignant tumours, which are rare and have a devastating prognosis. Most reported cases have been associated with dural metastasis. We report an extremely rare case in which a patient with a history of prostate cancer showed rapid recurrence following the first surgical treatment for CSDH. The haematoma capsule was found to contain metastatic cells of prostate cancer, which we believe caused a rapid recurrence of CDSH.



Case report


Presentation

A 79-year-old man presented to our hospital with a 3-month history of shortness of breath and chest tightness. He was admitted to the cardiology department for further treatment. During this hospital stay, the patient developed progressive muscle loss of the right limb with aphasia. The cardiologist asked a neurosurgeon to evaluate the patient. The patient had a Glasgow Coma Scale (GCS) score of 10, grade 3 muscle strength of the right lower limb, and motor aphasia. The family denied that the patient had any history of head trauma. The patient had a 10-year history of prostate cancer and received radionuclide targeted therapy in another hospital before hospitalization. The patient was never treated with antiplatelet or anticoagulant drugs.



Investigations

Preoperative emergency cranial computed tomography (CT) demonstrated a left CSDH. The maximum thickness was 2.6 cm, and the midline structure was shifted to the right side by 1.3 cm. There was no evidence of primary craniocerebral injury or skull fracture (Figure 1A). The coagulation examination showed a prothrombin time of 15.4 s (reference range 11.5-14.5 s), activated partial thromboplastin time of 44.2 s (reference range 29.2-41.2 s), international standard rate of 1.25 s (reference range 0.9-1.1), and prothrombin time percent activity of 71% (reference range 80-120%). Blood routine showed platelets of 131*109/L (reference range 125-350*109/L).




Figure 1 | CT images during hospitalization. CT before the first surgery (A), CT after the first surgery (B), CT before the second surgery (C), CT 1 month after the second surgery (D).





Management

We performed burr hole drainage for the CSDH, and dark red fluid was seen during the operation. The patient’s symptoms significantly improved after surgery. The repeat head CT indicated that the midline structure was in the middle (Figure 1B). The subdural drainage tube was removed 2 days after surgery. Three days after the tube was removed, the patient’s symptoms worsened again. The patient was re-examined immediately with head CT, which showed recurrence of the left subdural haematoma (Figures 1C). We performed emergency craniotomy to remove the haematoma, and during the operation, we found that the haematoma capsule was thickened and that the fluid was a pale red. Considering the patient’s history of malignant tumours, the haematoma capsule was excised to the maximum extent and submitted for pathological examination. We were concerned about a second recurrence of the haematoma or even cerebral hernia, and after talking to the family, the flap was removed. There was no recurrence of the chronic subdural haematoma in the follow-up (Figure 1D). The patient died of liver failure one month after the second surgery, not due to intracranial causes.



Pathology

Haematoxylin and eosin (HE) staining showed a multifocal tumour cell nest on the haematoma envelope, the nuclei were obvious and large and deeply stained, the arrangement was sieve-like or solid, and necrosis was visible in the centre (Figures 2A, B). ERG immunostaining showed vascular endothelium around the tumour cells. All tumour cells were located in the vascular lumen (Figure 2C). Staining for PSA, PAP, P504S, and AR was positive, proving that the tumour cells originated from prostate cancer (Figures 2D–G).




Figure 2 | Pathological findings of the haematoma capsule. HE staining (A, B), ERG immunostaining (C), PSA (+) (D), PAP (+) (E), P504S (+) (F), AR (+) (G).






Discussion

Malignant neoplasms are a rare cause of CSDH, leading to approximately 0.5%-4% of CSDHs (8, 9). Most cases have reported CSDHs associated with dural metastasis from malignancy. There are two other extremely rare cases. Toshiya Ichinose reported a case of CSDH cavity occupied with a metastatic tumour (10). Hiroyuki Ikeda reported another case of CSDH associated with metastasis from an extracranial malignancy to the haematoma capsule (11).

The following possible mechanisms of CSDH caused by tumours have been considered: (1) neovascularization due to dural metastasis and disruption of the neovascularization, (2) dural venous obstruction by cancer cells, causing vessel rupture or secretion of plasma components, and (3) haemorrhagic effusion due to an angiodesmoplastic reaction (12). The mechanism of CSDH recurrence due to metastasis from malignant tumours to haematoma capsules is similar to the induction of subdural haematoma through dural metastasis from malignant tumours (11). Such mechanisms include dural venous obstruction by cancer cells, which causes extravascular leakage of fluid. This may explain why our case appeared hypodense on CT before surgery and at the time of CSDH recurrence. In fact, our pathological results also confirmed that the tumour cells were all in the vascular lumen (Figure 2C). The other possible mechanism of CSDH recurrence is activation of the phosphoinositide 3-kinase (PI3 kinase)/Akt pathway in the outer membranes of the haematoma 13). In view of the above mechanisms, resection of the haematoma capsule may be the key to preventing postoperative recurrence.

In the present case, it is difficult to explain the reason for such a rapid recurrence other than malignant tumours. Pathological examinations revealed metastasis of prostate cancer to the haematoma capsule, which we believe may be the cause of the rapid recurrence of CSDH. We excised the haematoma capsule, and there was no repeated recurrence within 1 month after surgery, indirectly proves that the metastasis of prostate cancer to the haematoma capsule was the cause of the rapid recurrence of CSDH. Due to the size of the bone window, there is a small amount of residual haematoma capsule. There may be a risk of “acute” subdural haematoma after surgery. Postoperative CT showed a small local recurrence of the haematoma (Figure 1D), which indirectly confirmed our hypothesis. A limitation of this case is that we did not perform cranial contrast-enhanced magnetic resonance imaging (MRI) or dural pathology to exclude the possibility of dural metastasis.

Some tumours, including prostate tumours, are typically calcified, and involvement of the skull or dura mater is common. We tend to think of the possible relationship between calcified CSDH and the presence of metastatic tumours. The main aetiological factors associated calcified CSDHs are head trauma, shunting for hydrocephalus and subsequent cranial surgery (14, 15). A calcified CSDH often develops through a long process of formation, with a mean duration of 25.1 months (14). There is no evidence that calcified CSDH is associated with metastatic tumours, nor is it consistent with a lengthy process of formation.

Neurosurgeons should be on high alert for patients with chronic subdural haematoma complicated with malignancy. In the first operation, we ignored the possibility of chronic subdural haematoma associated with malignant tumours, and intraoperative biopsy of the dura and haematoma capsule was not performed. If we had a better understanding of these diseases and had performed rapid frozen pathology to confirm metastasis, we would have expanded the bone window craniotomy and removed the haematoma capsule, avoiding the recurrence of CSDH. However, considering the mechanism of CSDH recurrence and the case of failure (11), middle meningeal artery embolization is not suitable for these patients.



Conclusions

Metastasis of an extracranial malignancy to the CSDH capsule is extremely rare, and we believe that was the cause of the rapid recurrence of CSDH. For patients with chronic subdural haematoma complicated with malignant tumours, we need to be highly aware of the possibility of capsule metastasis, and rapid frozen pathological examination should be conducted during surgery in such cases. Excision of the haematoma capsule is the key to surgical treatment.
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Background

Intraventricular glioblastoma multiforme (GBM) is extremely rare, especially in the trigone region. This report presents a case of trigone ventricular GBM with trapped temporal horn (TTH).



Case presentation

A 59-year-old woman was admitted to our department with a 1-month history of rapidly progressive headache, nausea, and weakness in the right lower extremity. Head non-contrast computed tomography and enhanced magnetic resonance imaging (MRI) revealed a trigone ventricular mass lesion with TTH and heterogeneous enhancement. The lesion was found 18 months ago as a small asymptomatic tumor mimicking ependymoma. This neoplasm was removed subtotally through the right parieto-occipital approach guided by neuroendoscopy. A ventriculoperitoneal shunt was subsequently performed to relieve TTH. The final pathological diagnosis was GBM. Unfortunately, 36 days after the first surgery, the patient died due to her family’s decision to refuse therapy.



Conclusion

This rare case shows that GBM should be considered in the differential diagnosis of trigonal tumors. In this case, the tumor possibly originated from the neural stem cells in the subventricular zone. Patients with intraventricular GBM have a worse prognosis, and careful follow-up and early surgery for small intraventricular tumors are necessary, even for those with ependymoma-like radiological findings.
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Introduction

Glioblastoma multiforme (GBM) is a common primary intracranial malignancy that accounts for approximately 25% of all brain tumors in adults (1, 2) but rarely develops within the ventricles, especially the trigone region. Despite current advanced therapeutic strategies combining surgery, radiation, and chemotherapy, patients with GBM survive for a median time of approximately 15 months (3, 4). The tumor site plays an important role in the prognosis of patients with GBM, and lesions that are closer to the lateral ventricles lead to shorter survival times and higher rates of distant relapse (5–9). Generally, intraventricular GBMs are asymptomatic at an early stage and are identified when they develop as advanced lesions, leading to space-occupying effects or obstructive hydrocephalus. Therefore, it was difficult to distinguish their origins. This report presents an extremely rare case of trigone GBM with trapped temporal horn (TTH) first diagnosed as a small asymptomatic tumor in the body of the right lateral ventricle mimicking ependymoma. This case helps explain the pathogenesis of intraventricular glioma.



Case presentation

A 59-year-old woman was admitted to our department with 1-month history of rapidly progressive headache, nausea, and weakness in the right lower extremity. Physical examination revealed slight hemiparesis in the right lower limb (muscle power grade IV). A non-contrast computed tomography (CT) revealed a right lateral ventricular mass lesion and TTH, as well as diffuse brain edema (Figure 1). Subsequent magnetic resonance imaging (MRI) verified the lesion site in the trigone with temporal horn expansion. The space-occupying lesion was solid, cystic, brim enhancing, and heterogeneous. The maximum diameter of the lesion was 5 cm (Figure 2).




Figure 1 | CT of the head showed a right intraventricular solid and cystic mass lesion (A) with trapped temporal horn and periventricular edema (B).






Figure 2 | Preoperative MRI. (A) Axial T2–weighted image. (B) Axial contrast MRI. (C) Coronal contrast MRI. (D) Sagittal contrast MRI. The tumor had a diameter of 50 mm in and located in the trigone region of the right lateral ventricle. MRI showed infiltrative, irregular borders, inhomogeneous contrast enhancement, and rim enhancement.



In fact, the tumor had been detected incidentally by CT and MRI when the patient visited our hospital 18 months ago. CT revealed a 1-cm round high-density lesion in the body of the right lateral ventricle and punctate calcification in the center. Minimal enhancement was observed on enhanced MRI (Figure 3). Based on imaging characteristics, ependymoma was the most probable diagnosis. The patient chose observation treatment. At the sixth month of follow-up in another hospital, no change in tumor size was noted, and she had not been followed since then until she developed progressive headache.




Figure 3 | Initial head CT revealed a 1-cm round high-density lesion and punctate calcification in the center (A). T2-weighted MRI showed the regular tumor located in the body of right lateral ventricle (B). Axial and sagittal contrast MRI showed minimal enhancement (C, D).



A right parieto-occipital surgical approach was used, and surgery was guided by neuroendoscopy. The tumor appeared grayish and predominantly soft and was so infiltrative that no obvious interface between the ependymal layer and lesion was differentiated. Due to the large tumor volume and deep location, subtotal resection was achieved. Histopathological examination of the tumor revealed endothelial proliferation, atypical nuclei, and necrosis. Immunohistochemistry demonstrated strong positivity for glial fibrillary acidic protein (GFAP), negativity for IDH1, and Ki67 index of 20% (Figure 4). The final pathological diagnosis was consistent with glioblastoma IDH wild type (2021 WHO CNS5). The patient recovered unevenly, the TTH was more distinct than that preoperatively, and external ventricular drainage through the temporal horn and ventriculoperitoneal shunt were performed one after another. The patient remained comatose postoperatively. After the patient’s family was informed about the disease prognosis, they chose to pursue palliative care and comfort measures. However, the patient died 36 days after the first surgery.




Figure 4 | (A) Tumor cells with atypical nuclei. H&E, 400×. (B) Most tumor cells show positive staining. GFAP, 200×. (C) High proliferation index with approximately 20% of the tumor cells showing nuclear staining. Ki67 200×.





Discussion

GBM is a common primary intracranial malignancy that accounts for approximately 25% of all brain tumors (1, 2). Although it can be found anywhere in the central nervous system, intraventricular GBM is relatively rare, and trigone GBM is extremely rare. To the best of our knowledge, there have been no more than six clear cases of GBM in the trigone (10–13).

Tumors that arise from the ventricular wall or structures within the ventricle are regarded as primary ventricular tumors, such as choroid plexus papilloma, choroid plexus carcinoma, ependymoma, and meningioma. Neoplasms that originate from the surrounding brain parenchyma and grow into the ventricle are regarded as secondary ventricular tumor. Astrocytoma, subependymal giant cell astrocytoma, GBM, and mixed glial neuronal tumors consist the group (14, 15). In our case, the initial pathological diagnosis was ependymoma because of its regular shape and calcification. However, one and a half years of history has met the natural history of glioblastomas, since glioblastomas usually show rapid progression. We believe that the final histopathological diagnosis of GBM is the result of a transition from lower grade glioma.

Lee et al. illustrated that neuroglial cells of the septum pellucidum or fornix may be the origin of intraventricular GBM. Particularly, the fornix and limbic systems are closely connected to the ventricular system (1). Kim et al. emphasized that the subependymal zone and pluripotent stem cells within it are important (16). Strong evidence in the past 10 years has indicated that glioma stem cells may originate from neural stem cells (NSCs) existing in the adult subventricular zone (SVZ) (17, 18). Lee et al. suggested that NSCs in the SVZ were probably the cell of origin, which contains the driver mutations of GBM and provided molecular genetic confirmation of this issue (19). Referring to this case, we also believe that the lesion originated from NSCs in the SVZ. It initially originated from the SVZ at the body of the lateral ventricle and then gradually infiltrated the trigone region.

Radiologically, ependymomas, central neurocytomas, choroid plexus tumors, and some metastases can be found in calcifications (16). Hence, ependymoma is the most likely diagnosis. Unfortunately a spectroscopy MRI was not performed to further exclude the rare possible diagnosis of a high-grade gliomas at the time of the first diagnosis. It seems that not all intraventricular GBMs present typical imaging features of high-grade gliomas, such as infiltrative, inhomogeneous enhancement, and irregular brim (1, 10, 20). Park et al. reported a case of well-circumscribed, minimally enhancing GBM of the trigone (10). Patnaik et al. reported a case of intraventricular GBM mimicking meningioma (21).

The majority of lateral ventricular neoplasms usually grows slowly and does not cause symptoms until they are large enough to induce compression of adjacent eloquent structures or obstructive hydrocephalus (10). In our case, the headache attributed to local hydrocephalus was in accordance with a large intraventricular tumor. The most common tumors in the trigone in adults are meningiomas, ependymomas, metastatic tumors, and astrocytomas (11, 21). Tumors rarely involve only the temporal horn and meningiomas are the most common (12). We first reported a rare case of trigone GBM with TTH.

Patients with GBM have a dismal prognosis, and they always survive for no more than 2 years. Relapse in situ or distant recurrence is nearly inevitable, despite the utilization of standard therapeutic strategies, including gross total resection and concurrent chemoradiotherapy (22, 23). As far as GBM location is concerned, tumors located near the lateral ventricle are more aggressive than those located far from the lateral ventricle. Increased tumor volume, increased distant relapse, and decreased survival independent of resection extent indicate increased malignancy (5, 7, 8, 24). Fyllingen et al. considered that the distance from the tumor enhancement margin to the center of the third ventricle could be a practical prognostic factor in patients with GBM. Corpus callosum, basal ganglia, and other central tumor locations were correlated with an overall survival of < 6 months (25). Among the reported cases of trigone GBM, Park et al. also adopted parietooccipital surgical approach to resect a well-circumscribed, minimally enhancing GBM of the trigone without hydrocephalus and a near-total removal was accomplished. Whole-brain radiation and chemotherapy were subsequently performed; the patient remained neurologically intact at 2-year follow-up (10). Other authors all adopted transcortical approach to remove trigone GBM but not mentioned the prognosis. Owing to the deep tumor location and ill-defined border, subtotal resection was achieved; however, the TTH and periventricular edema worsened postoperatively. The patient showed short-term improvement after a ventriculoperitoneal shunt (through the temporal horn) but died.



Conclusions

Intraventricular GBM is relatively rare. This report presents a rare case of trigone ventricular GBM with TTH. Therefore, GBM should be considered in the differential diagnosis of trigone tumors. This may arise from NSCs in the SVZ. Moreover, the prognosis of patients with intraventricular GBM is worse, indicating that intensive follow-up and early surgery for intraventricular tumors are necessary, even for those that show ependymoma-like radiological findings.
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Schwannoma is a benign tumor that originates from Schwann cells in the peripheral nerve tunica or bundle of nerves and grows along the longitudinal axis of the nerve. Schwannoma can occur in multiple anatomic locations but rarely in the sciatic nerve. To our knowledge, there are no previous reports in the literature related to schwannoma combined with effusion of the nerve bundle membranes. Here, we report two cases of sciatic nerve schwannoma combined with nerve bundle membrane effusion, and the relationship between them is uncertain. We have boldly speculated about this uncertain relationship by combining the two patients’ imaging manifestations to help determine the mechanism of schwannoma or effusion generation as well as a clinical treatment.
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Introduction

Schwannoma is one of the benign peripheral schwannomas, with an annual reported incidence of 0.3−0.4/100,000 people (1, 2). Schwannoma often occurs in the spinal nerve roots of the head and neck and the nerves on the flexion side of the limbs and occurs very rarely in the sciatic nerve, accounting for <1% of all sites (3). Depending on the anatomical site where the tumor appears, different clinical manifestations can then occur, mostly manifesting as sciatica, limb weakness, or lumbar disc herniation. In the previous literature, only the manifestation of nerve thickening has been mentioned, and no effusion of the nervous bundle membranes has been reported in the literature of the time being (4); the combination of sciatic nerve schwannoma with nerve bundle membrane effusion is even rarer. The imaging manifestations of this group of cases were analyzed in order to improve our understanding of schwannoma and to provide assistance in the diagnosis and treatment of this disease in clinical practice.



Case reports


Case 1

A 49-year-old female patient had progressive right lower extremity radiating pain for 2 months. Physical examination revealed a hard mass in the posterior calf with pressure and radiating pain and no abnormal muscle strength. Magnetic resonance imaging (MRI) showed a round-like nodule in the lower segment of the right sciatic nerve with iso-signal on T1-weighted images and hyper-signal on T2-weighted images with clear borders and the nerve trunk penetrating through it (Figures 1A–C). Contrast-enhanced examination showed significant enhancement of the tumor (Figure 1D). Ultrasound showed schwannoma located in the sciatic nerve (Figure 1E), with the nerve bundle dilated with fluid and deformed by compression (Figure 1F). There was no abnormality of the contralateral sciatic nerve. At subsequent surgery, the tumor was approximately 2.8 cm in diameter and was located between the nerve bundles. The nerve bundles were displaced bilaterally due to compression and thickening, and then the tumor was completely removed. Under the microscope, the nerve bundle membrane was incised longitudinally about 0.2 cm, the yellow nerve fibers were seen, and a small amount of clear fluid came out. Hematoxylin and eosin staining showed schwannoma and Antoni A areas formed by closely packed tumor spindle cells, and loose mucus-like Antoni B areas are seen; case 1 had no nerve fibers in the tumor (Figure 1G). Immunohistochemistry showed scattered positive expression of S-100 protein (Figure 1H). At 1-month postoperative follow-up, the pain in the right lower extremity was significantly reduced, and MRI showed no change in the effusion of the right sciatic nerve and no tumor residue.




Figure 1 | (A–D) A round iso-T1-long T2 signal nodule was located in the middle and lower third of the right sciatic nerve with significant enhancement. (E, F) A schwannoma of approximately 2.8 cm in diameter located in the sciatic nerve, with nerve bundle dilated with fluid and deformed by compression. (G) Hematoxylin and eosin staining showed schwannoma, Antoni A areas formed by closely packed tumor spindle cells, and loose mucus-like Antoni B areas, and no nerve fibers were visible in the tumor. (H) Immunohistochemistry showed that S-100 was scattered positive expression [original magnification (G, H), ×100].





Case 2

A 45-year-old man had radiating pain in the right lower extremity for 4 years with a right thigh mass for 1 year. On physical examination, he had a hard nodule in the posterior part of the lower thigh with tenderness and radiating pain in the calf, atrophy of the right calf (+++), and muscle strength grade III. MRI showed a round-like nodule in the lower segment of the right sciatic nerve with iso-signal on T1-weighted images and hyper-signal on T2-weighted images with clear borders and the nerve trunk penetrating through it (Figures 2A–C). Contrast-enhanced examination showed progressive enhancement (Figure 2D). The right sciatic nerve, tibial nerve, and the common peroneal nerve trunk were extensively thickened with a diameter of approximately 0.5–0.7 cm in the two patients, the nerve bundles within them were thickened with a watery signal without enhancement, and the nerve fiber bundles were centrally located. The contralateral sciatic nerve bundle was thickened with a watery signal and no tumor. This patient subsequently underwent surgery. In the course of the operation, a marked thickening and limited enlargement of the right lower sciatic nerve were seen, and a grayish-white nodule with an intact envelope was seen on the incision of the nerve epineurium (Figures 2E, F). The tumor was 2.5 cm in diameter and located on one of the nerve bundles in which the nerve bundle penetrated and could not be separated. The tumor and its attached nerve bundle were completely excised, and the rest of the nerve bundles at the same time were thickened in a bead-like manner. Hematoxylin and eosin staining showed schwannoma, tumor spindle cells closely arranged in the Antoni A area, visible nerve fibers in the tumor, nerve bundle membrane, and a significantly enlarged endothelial gap (Figure 2G). Immunohistochemistry showed scattered positive expression of S-100 protein (Figure 2H). This patient refused follow-up.




Figure 2 | (A–D) A round-like iso-T1-long T2 signal nodule was located in the middle and lower third of the right sciatic nerve with progressive enhancement. The right sciatic nerve, tibial nerve, and common peroneal nerve trunk were extensively thickened, and the nerve bundles within them were thickened with a watery signal. (E, F) A gray-white nodule of 2.5-cm diameter with an intact envelope was seen on the incisional nerve epineurium. (G) Hematoxylin and eosin staining showed schwannoma, tumor spindle cells closely arranged in the Antoni A area, and nerve fibers visible in the tumor. (H) Immunohistochemistry showed scattered positive expression of S-100 protein [original magnification (G, H), ×100].






Discussion

Peripheral schwannoma originates from Schwann cells in the peripheral nerve outer membrane or nerve bundle membrane and is most common in the head, neck, and flexors of the extremities; it is prevalent in people aged 20–50 years with no gender differences (5, 6). The main mechanisms of schwannoma development include alteration of the axonal microenvironment and mechanical nerve stimulation (7). The main clinical manifestations are sciatica and lumbar disc herniation symptoms. The diagnosis of schwannoma is usually confirmed by MRI examination, which is mainly based on T1WI iso-signal T2WI high signal, and the T2WI signal will be higher when cystic necrosis occurs. Enhanced scans show significant heterogeneous enhancement in the solid part, and the Antoni A area, which is rich in tumor cells, is the main area of enhancement, while the Antoni B area is the main area of non-enhancement or weak enhancement. The tumors in this paper are mainly in the Antoni A region, and the Antoni B region is less commonly found, which we believe is the reason why the “target sign” did not appear (2). Most schwannomas are benign, and only a few become malignant (2).

Schwannomas often have an intact envelope and are pathologically composed of a multicellular Antoni A zone and a loose mucus-like Antoni B zone. The difference in the ratio of the two tissue conformations determines the difference in tumor MRI signal (8). A strongly positive expression of the S-100 protein was seen by immunohistochemistry (9). The majority of schwannomas of the thick nerve trunk occur between the nerve bundles under the epineurium, and a few occur in the nerve bundle membrane. Schwannomas under the epineurium appear early because of the symptoms of nerve compression, and the size of the tumor usually does not exceed 3 cm when found, which is mainly composed of the nerve epineurium and residual nerve fibers, with the nerve bundle being compressed around the tumor and the nerve fibers not passing through the tumor. The schwannoma in case 1 of this report occurred between the nerve bundle membranes under the epineurium of the sciatic nerve; the imaging pathology and clinical features were as described above. Tumors that originate from the nerve bundle are extremely rare; the tumor wraps around the nerve fibers and grows along the nerve, showing a nerve bundle access sign; case 2 is this type. Schwannoma, as reported in the literature, also has fat separation sign imaging features (10), which was not seen in the present two patients, and we speculate that the reason may be due to the location of the tumor under the outer membrane of the nerve stem and the small size of the tumor.

In our cases, an extremely rare common sign was found. The MRI presentation and surgery in both patients showed signs of a large effusion accumulation under the bundle membrane of the sciatic nerve on the affected side. Meanwhile, the sciatic nerve of the contralateral limb of case 2 not only had tumor growth but also showed signs of a bundle of effusion. Only the mechanism of spinal cystic schwannoma formation has been reported in the previous literature (11), but signs of sciatic schwannomas with nerve bundle membrane effusion have not been retrieved from the literature. The nerve bundle membrane is a component of the blood–nerve barrier and is essential to protect axons and their associated Schwann cells from infection by ion flow and toxins (12). There is no effusion between the normal nerve bundle and the endoneurium (13), and the causal relationship between the schwannoma of the sciatic nerve and effusion of the nerve bundle in this group of cases is uncertain. Neural bundle membrane glial cells make up the neural bundle membrane, which is a type of perineural glial cell and is essential for Schwann cell maturation and motor nerve assembly (14). Embryonic neural tract cells migrate from the spinal cord to form tubular structures that are accompanied by cerebrospinal fluid (14), which facilitates the growth of neuronal axons and prevents adhesion of the tracts to the endothelium. Under normal circumstances, the cerebrospinal fluid is absorbed when the nerve bundle matures. With the imaging presentation and surgical findings of this group of patients, we hypothesize that the patients first had nerve bundle membrane effusion due to the nerve bundle being affected by unfavorable factors during growth and the fluid is not absorbed, which then led to changes in the axonal microenvironment or mechanical stimulation of nerves and then induced schwannoma. The main basis is that there was no change in the nerve bundle with dilated effusion before and after tumor resection in case 1, and the contralateral sciatic nerve in case 2 had this sign even though there was no tumor. However, we still need more cases to prove this conjecture.

In conclusion, MRI examination has obvious advantages for the localization and qualitative diagnosis of peripheral large schwannoma, which also have important guiding value for the selection of treatment modalities for patients. The combination of sciatic nerve schwannoma and effusion of nerve bundle membranes is extremely rare, and more cases are needed to summarize the imaging and clinical features if we want to clarify the pathogenesis relationship between the two. This will enable clinicians to have a better understanding of schwannomas and to have earlier interventions as well as better treatments in the clinical setting.
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Currently, contrast-enhanced MRI is the method of choice for treatment planning and follow-up in patients with meningioma. However, positron emission tomography (PET) imaging of somatostatin receptor subtype 2 (SSTR2) expression using 68Ga-DOTATATE may provide a higher sensitivity for meningioma detection, especially in cases with complex anatomy or in the recurrent setting. Here, we report on a patient with a multilocal recurrent atypical meningioma, in which 68Ga-DOTATATE PET was considerably helpful for treatment guidance and decision-making.
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Introduction

Meningiomas display a high expression of somatostatin receptor subtype 2 (SSTR2), which was shown to be a very sensitive and highly specific biomarker to distinguish meningiomas from healthy brain tissue independent of histological subtype and WHO grade (1, 2). SSTR2 has also been shown to be a prognostic factor and a promising therapeutic target in other tumor entities such as gliomas and neuroendocrine tumors (3–5). The expression of SSTR2 enables the use of functional imaging with somatostatin receptor ligands, such as 68Ga-DOTATATE (6, 7). Positron emission tomography (PET) using SSTR2 ligands was found to show a higher contrast between meningiomas and surrounding tissues compared to conventional contrast-enhanced MRI, leading to improved sensitivity in meningioma detection (8). Regarding current guidelines, MRI is the method of choice for meningioma diagnostics worldwide (9). In previous studies, additional benefits of PET imaging for diagnostics, treatment planning, and treatment guidance, especially in complex and recurrent meningiomas, could be shown (10–16). These advantages were also recently highlighted by the Response Assessment in Neuro-Oncology (RANO)/PET group and the current European Association of Neuro-Oncology guideline (EANO) (9, 17).

Here, we report on a case of a patient with a complex multimodally treated recurrent atypical meningioma in which 68Ga-DOTATATE PET was considerably helpful for treatment guidance and decision-making.



Case description

A 63-year-old man presented with progressive mental alterations and mild left-sided hemiparesis. MRI revealed a large (5.5 cm × 7.0 cm) contrast-enhancing lesion in the right frontal lobe with attachment to the dura, suggestive of a meningioma, with a distinctive perifocal edema and midline shift of 11 mm (Figure 1). Due to the relevant mass effect and progressive symptoms, the tumor was surgically resected (Simpson Grade 1) using a right frontal approach supported by neuronavigation.




Figure 1 | T1-contrast-enhanced MRI scan in axial (A) and coronal (B) sections at the initial diagnosis showing a large right frontal (approximately 5.5 cm × 7.0 cm) tumor with dural attachment, suggestive of a meningioma, with midline and brain shift.



Two days after surgery, revision surgery due to a space-occupying subdural hematoma and, in the further course, a second revision surgery with removal of the bone flap for postoperative infection were necessary. The patient recovered well and was discharged with a mild left-sided hemiparesis for rehabilitation. The neuropathological analysis demonstrated an atypical meningioma WHO grade 2 according to the fifth edition of the WHO Classification of Tumors of the Central Nervous System (CNS) published in 2021. After implantation of an autologous cranioplasty 3 months later, the patient was followed up with MRI scans every 6 months according to the current guidelines (9).

Twenty-nine months after the initial surgery, a small tumor recurrence adjacent to the resection cavity was treated with robotic image-guided stereotactic radiosurgery (SRS) (16 Gy, 80% isodose) and remained stable in the following scans. Forty-eight months after initial diagnosis, follow-up MRI showed a new contrast-enhancing right temporopolar lesion, suggestive of a distant meningioma relapse. To exclude further lesions, a 68Ga-DOTATATE PET scan was performed, showing increased tracer uptake in the right temporopolar region and in the right frontal area of the lesion previously treated with SRS. In contrast to MRI, 68Ga-DOTATATE PET revealed an additional distant small dural and intraosseous right frontopolar lesion (Figure 2). The postoperative follow-up MRI 10 weeks later showed a progressive dural thickening and a small contrast-enhancing lesion in spatial correspondence to the PET-positive frontopolar lesion. Reviewing the baseline MRI, a small dural alteration in this particular region may have been interpreted as abnormal (Figure 3). After surgical resection of the right temporopolar and previously irradiated right frontal lesion, adjuvant fractionated radiotherapy (59.2 Gy; 2 × 1.6 Gy/day) including the PET-avid frontopolar area was performed. The histological report demonstrated recurrence of the atypical meningioma with a high mitotic rate in the right temporopolar tumor and proof of vital tumor cells with singular mitosis and lower proliferative rate in the previously irradiated frontal tumor. Immunohistochemistry did not reveal differences in the expression of SSTR2A between the two lesions (Figure 4).




Figure 2 | T1-contrast-enhanced MRI and 68Ga-DOTATATE-PET/CT showing three PET-positive lesions in different locations (D–F). The contrast- enhanced MRI (A–C) showed no clear correlate for the displayed PET-positive right frontopolar lesion (white arrow). The maximum standardized uptake value (SUVmax) was lower in the previously irradiated lesion (D) compared to those of the untreated lesions (E, F) (SUVmax of 1.9 vs. SUVmax of 9.8 and 3.0).






Figure 3 | Follow-up MRI after 10 weeks (A) showing a progressive lesion (red circle) compared to the baseline MRI (B). At initial evaluation, only a small dural alteration was observed (white arrow). In contrast, PET imaging detected considerably increased somatostatin receptor (SSTR) expression as assessed by 68Ga-DOTATATE uptake.






Figure 4 | Immunohistochemistry did not reveal differences in the expression of somatostatin receptor subtype 2A (SSTR2A) between the right temporopolar (A) and right frontal tumor (B). Immunohistochemistry with polyclonal rabbit anti-SSTR2A, slide counterstain hematoxylin (1:100 dilution; Zytomed-Systems), original magnification ×400.



The patient tolerated the surgery and radiation procedures well without further neurological and cognitive impairment. In the follow-up MRI scans every 6 months, the irradiated frontopolar lesion was stable. There was no evidence of tumor recurrence. A follow-up 68Ga-DOTATATE PET after 12 months in accordance with the MRI showed a favorable treatment response without any tracer uptake.



Discussion

Complex meningiomas located at the skull base, tumors with intraosseous growth, and WHO CNS grade 2 (atypical) and 3 (malignant) meningiomas are particularly difficult to treat (9). They tend to show a more aggressive clinical behavior and higher recurrence rates (18). Frequently, multimodal therapeutic approaches with complete or partial surgical resection and subsequent radiosurgery or radiotherapy are needed (19–21). Standard imaging modalities such as CT and MRI have limitations in terms of the delineation of meningiomas with complex anatomy and the differentiation of recurrent tumors from postoperative changes such as scars (8, 22). It has been demonstrated that 68Ga-DOTATATE PET shows higher sensitivity and improved delineation of meningiomas, especially for those located at the skull base, adjacent to the falx cerebri, and tumors with bony infiltration, compared to conventional MRI (8, 23). Accordingly, in our case, not only the temporal recurrent and potentially viable frontal tumor was delineated using 68Ga-DOTATATE PET but also the small dural lesion without initial MRI correlate was detected earlier on PET, enabling a high-precision treatment before further tumor growth (22, 24). Thus, additional information on the exact tumor extent can be used for optimized surgical or radiotherapy planning in recurrent tumors, as highlighted by our case.

Regarding the quantitative correlation of SSTR2 expression and PET tracer uptake, Rachinger et al. (24) analyzed in a prospective study 115 meningioma tissue samples and were able to show a positive correlation between the immunohistochemically defined grade of SSTR2 expression and 68Ga-DOTATATE uptake on PET. However, there was no difference in the immunohistochemical grade of SSTR2 expression in tumor samples at initial diagnosis and in recurrent tumors. In that study, a threshold of 2.3 for the maximum standardized uptake value (SUVmax) was able to discriminate between tumor and non-tumor tissue (sensitivity, 90%; specificity, 74%). Three of the analyzed recurrent tumors were previously irradiated. Nevertheless, no information was provided about the SUVmax in these cases (24). In our case, the SRS-treated tumor showed a lower SUVmax of 1.9 compared to the untreated lesions (SUVmax of 9.8 in the temporal lesion and SUVmax of 3.0 in the frontopolar lesion) in the PET scan 19 months after radiation, even though no difference in the SSTR2 expression was detectable by immunohistochemical analysis.

Interestingly, the follow-up 68Ga-DOTATATE PET 12 months after revision surgery and fractionated radiotherapy of the resection cavity and frontopolar lesion revealed no further tracer uptake in the irradiated areas. A possible reason may be the differences in the delivered radiation dose (16 Gy vs. 59.6 Gy), resulting in a lower biological equivalent dose of approximately 41.6 Gy for radiosurgery compared to approximately 79.3 Gy for fractionated radiotherapy. Up to now, there are no data in the literature on changes in SSTR2 expression grade and SUVmax in 68Ga-DOTATATE PET after fractional radiotherapy or radiosurgery. This will be a challenge for the near future.

The present case report suggests that 68Ga-DOTATATE PET is of considerable value for treatment decision-making in patients with recurrent and atypical meningiomas, especially with bony involvement, which have a high risk of recurrence. More data need to be collected regarding the correlation of SSTR2 expression and tracer uptake in previously irradiated tumors, which would allow more insight in radiation biology.
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Case report: Fulminant extraneural metastasis of glioblastoma through venous sinus
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Background

Extraneural metastasis (ENM) of glioblastoma are rare. However, as patient overall survival improves, the incidence of ENM has gradually increased. Although several risk factors have been proposed, venous sinus invasion was regarded as a very exceptional route for ENM.



Case description

We report a 60-year-old man with glioblastoma in the temporal lobe, invading the transverse and sigmoid venous sinus. After gross total tumor resection, the patient received the standard chemoradiation therapy. Systemic evaluation for persistent shoulder and back pain revealed widespread metastasis to lymph nodes and multiple bones 9 months after surgery. Despite spine radiation therapy, the patient became paraplegic and died 1 year after surgery.



Conclusions

Venous sinus invasion should be kept in mind by physicians, as a risk factor for glioblastoma ENM. Systemic evaluation of these patients with extracranial symptoms should be performed without hesitation.
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Introduction

Glioblastoma is the most common and fatal primary central nervous system (CNS) cancer with highly infiltrative growth. After maximal safe resection, concurrent chemoradiotherapy and adjuvant chemotherapy using temozolomide (TMZ) has been used as standard treatment for initially diagnosed glioblastoma. Despite the improvement of surgical intervention and various treatment strategies, the average survival period is around 15-18 months and 5-year survival rate was reported as 6.8% in the developed country (1).

Unlike most systemic cancers in other organs with high frequency of brain metastasis, the systemic extraneural metastasis (ENM) of glioblastoma was rare (0.4%-0.5% of all cases) possibly due to strong barriers formed by the dura mater and blood-brain barrier (BBB) (1, 2). However, in a systemic review for the published ENM cases, Pietschmann et al. reported a remarkable increase in the number of reported cases per decade over time (3). This increase was possibly related to rising awareness of the ENM along with improvement of imaging diagnosis. Since the majority of ENM developed at the late stage of clinical course with a median interval of 9 months or 2 years from the initial diagnosis (3, 4), the higher chance of ENM was also related to improved local tumor control and prolonged survival of glioblastoma. Additionally, although glioblastoma may be less common in Asian and African countries possibly due to differences in age distribution and diagnostic accessibility (1), the age-adjusted incidence rate of glioblastoma has recently increased in North American and European countries (5, 6). The improvement in diagnostic techniques, lifestyle changes, or environmental factors might be responsible for the increased incidence rate of glioblastoma, leading the increased chance of ENM (7, 8). Therefore, clinician should be aware of the possibility of ENM in glioblastoma and its risk factors to prevent oversight and misdiagnosis.



Case presentation

A 60-year-old man presented with a 2-month history of cognitive impairment. He had hypertension and a history of early gastric cancer surgery 10 years previously. There were no abnormal radiological findings on abdominopelvic or chest computed tomography (CT). Brain magnetic resonance imaging (MRI) showed a large contrast-enhancing (67×48×60 mm) lesion in the left temporal lobe, invading the transverse and sigmoid venous sinuses (Figures 1A–C).




Figure 1 | Radiological and pathological images of the initial mass. (A–C) Preoperative Gd-enhanced T1-weighted MRI showing a heterogeneously enhanced mass in the left temporal region with leptomeningeal involvement. Note the lesion invading the transverse and sigmoid sinuses (arrow head). (D, E) Representative microphotos of the primary surgical sample with palisading tumor cell necrosis and GFAP immunopositivity, consistent with a diagnosis of glioblastoma. (F) The removed dural tissue is involved by glioblastoma (D, F: hematoxylin and eosin staining, original magnification ×40, (E): GFAP immunohistochemistry, original magnification ×200).



Suspecting glioma, a craniotomy and gross total tumor resection were performed. At surgery, an infiltrating mass was found invading the dura mater, including a sinus wall component. The pathologic diagnosis was isocitrate dehydrogenase (IDH)-wildtype glioblastoma with O6-methylguanine-DNA methyltransferase (MGMT) promoter methylation. Tumor cell invasion of the dura was confirmed histopathologically (Figures 1D–F). The patient underwent concurrent chemoradiation therapy (60 Gy) and three cycles of adjuvant TMZ. Unfortunately, two remote meningeal enhancing lesions in the left frontal and parietal convexity were found on follow-up MRI 5 months after surgery (Figures 2A, B) and the patient was treated with metronomic TMZ plus radiation therapy (RT, 50 Gy). Since there was no overlap of the radiation fields compared to the initial RT plan, there was little possibility of radiation necrosis (Figures 2C, D). At that time, the patient had intermittent right shoulder and back pain. Chest and shoulder x-rays were performed, but there were no specific radiologic findings.




Figure 2 | Radiological and treatment plan images for recurred lesions. (A, B) Gd-enhanced T1-weighted MRI showing two enhanced, dural based masses along the dura mater of remote site. Note that there is no definitive recurrence on the initial lesion. (C, D) Representative photos of dose plans for initial radiation (C, 60 Gy) and re-irradiation (D, 50 Gy) treatments. Note that there is no definitive overlap in radiation field in two dose plans.



Due to progressive shoulder and back pain, systemic evaluations including spine MRI, positon emission tomography (PET)-CT, and chest and abdomen CT were done 9 months after surgery and revealed widespread metastases to the chest & cervical lymph nodes and multiple bones, including the vertebrae, scapula, and pelvis (Figure 3). The largest vertebral lesion was biopsied and diagnosed as metastatic glioblastoma as evidenced by glial fibrillary acidic protein (GFAP) immunopositivity (Figure 4). Despite spine RT (24 Gy), the patients became paraplegic, was admitted to palliative care, and died 1 year after surgery.




Figure 3 | Radiologic images of extraneural metastasis (ENM). Whole spine MRI (A) and PET-CT (B) showing extensive ENM to multiple bones and lymph nodes.






Figure 4 | Representative microphotos of a vertebral lesion with GFAP immunopositivity and high Ki-67 proliferation index, consistent with a diagnosis of metastatic glioblastoma. (A, B: hematoxylin and eosin staining, original magnification ×100 & ×400, C: GFAP immunohistochemistry, original magnification ×200, D: Ki-67 staining, original magnification ×400).





Discussion

Previous studies reported that risk factors for glioblastoma ENM include invasive procedures, RT, young age, prolonged survival time, tumor recurrence, and sarcomatous component (3, 9). Also, ENM occurred much more frequently in males, and the most common tumor location was in the temporal lobe (3, 10). Generally, chemoradiation therapy removes most of the tumors, but can promote the selective evolution of treatment-resistant tumor cell clones, which can result in more aggressive biological behavior. Surgery and RT can also promote ENM by breaking the tight junction of the BBB. As a result, tumor treatment can play a role in helping metastasis to occur more easily. However, about 10% of ENMs occur in patients who have not undergone surgery and there was no significant difference in the circulating tumor cell numbers in patients before or after surgery. Even before treatment, about 20% of glioblastoma patients had circulating tumor cells in the peripheral blood (11). As metastatic precursor cells, circulating tumor cells have more mesenchymal phenotype and stem cell like properties (12). The therapeutic approach may not be an essential factor for metastases and its role in ENM remains to be demonstrated.

Glioblastoma ENM probably have a histopathological and/or genetic predisposition. To develop distant metastases in systemic cancers, epithelial-mesenchymal transition (EMT) can be required. Sarcomatous metaplasia in glioblastoma is an example of EMT. With a sarcomatous phenotype, glioblastoma cells can degrade extracellular matrix proteins, promoting vascular or lymphatic invasion. Some tumor clones have some specific genotypes that predisposes to ENM. In analysis of genetic predisposition, glioblastoma with ENM had a tendency of tumor suppressor gene alteration. Common genomic alteration included TP53, ATRX, PTEN, RB1, TERT, IDH1, and NF1 (13). Among them, TP53 mutation has been most frequently reported mutation (13–16). As p53 plays an important role in DNA repair, TP53 mutation could induce repertory of another genetic mutation that make ENM possible. An aggressive sarcomatous phenotype or other unknown genotype might promote vascular or lymphatic invasion and systemic dissemination of glioblastoma.

Considering common metastatic sites (lung, bone, and lymph node) and wide dissemination feature in ENM, the metastatic route is probably via a vascular or lymphatic pathway (3). In this case, the tumor invaded the venous sinus and surrounding dura mater, and tumor cells were likely shed into the venous blood and circulating blood flow. Since the widespread ENM through the superior sagittal sinus was proposed in postmortem examination for an untreated malignant astrocytoma (17), previous studies showed that venous sinus invasion is a risk factor for metastases in glioblastoma (18, 19, Table 1). In addition, lymphatic vessels in the meninges are a network of narrow channels that run mostly along the sagittal, transverse, and sigmoid venous sinuses. The lymphatic network at the base of the brain is dense and exits the skull along with the cranial nerves (20). In a tumor invading the dura mater around a venous sinus, tumor cells can enter the lymphatic circulation. In this case, the tumor recurrence was along the dura mater without definitive recurrence at the initial site, and there was multiple metastasis at cervical lymph nodes. These findings demonstrate the possibility of ENM along the lymphatic system.


Table 1 | Summary of recently reported glioblastoma cases with ENM through venous sinus.



The prognosis of glioblastoma with ENM is dismal. Median overall survival from diagnosis of ENM ranged from 1.5 months to 6 months. Although there was no prognostic significance in age, gender, initial tumor location, or time interval from initial diagnosis of primary tumor to detection of ENM, the presence of sarcomatous component and lung metastasis were possible poor prognostic factors (3, 13, 21). Because of the rarity and unknown pathogenesis of ENM, the treatment strategy for EMN has not been fully established. However, considering that ENM occurs frequently in young patients around the age of 40 (3, 13, 21), it is possible to combine targeted therapy (13, 16) or immunotherapy (22) with conventional treatment strategies (3, 21). Our patient had a glioblastoma with venous sinus invasion, a history of craniotomy and RT, and intracranial tumor recurrence at remote site. Unfortunately, although the patient had multiple risk factors and complained of pain due to ENM, a systemic evaluation was delayed.



Conclusion

Venous sinus invasion should be considered as a possible route for ENM in glioblastoma. In managing patients with such risk factor, clinicians should not hesitate to perform a systemic evaluation when patients have extraneural symptoms.
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Introduction

The management of retroinfundibular craniopharyngioma (CP) remains the ultimate challenge for both transsphenoidal and open transcranial surgery because of their anatomical location and proximity to vital neurovascular structures. In this report, we aim to describe the technique and feasibility of a novel approach, the purely endoscopic far-lateral supracerebellar infratentorial approach (EF-SCITA), for resection of retroinfundibular CP.



Case description

A 63-year-old women presented with progressive visual disturbance, polyuria, and spiritlessness of a 3-month duration. Imaging studies revealed a typical retroinfundibular CP containing solid and cystic components with calcification, which extended inferiorly in front of the brainstem and upward into the third ventricle. The EF-SCITA approach was attempted for resection of the tumor. During surgery, lateral prone positioning with upper flexion of the head and early CSF release allowed for download retraction of the cerebellum. This, in combination with tentorium incision, created a working corridor toward retrosellar and suprasellar spaces. This approach required working between neurovascular structures in the crural cistern, with tumor removal permitted in supra-oculomotor and infra-oculomotor spaces. After aspiration of the fluid contents through the supra-oculomotor triangle, the solid lesion was found tightly adhering to the distal part of the pituitary stalk, and subtotal resection was achieved for maintaining the integrity of pituitary function. In the immediate postoperative period, the patients exhibited oculomotor paralysis and was discharged with hormonal replacement therapy three weeks after operation. At her three-month follow-up appointment, she reported obvious vision improvement. Physical examinations showed partial alleviation of oculomotor paralysis. Pathological analyses confirmed the diagnosis of papillary CP.



Discussion

The purely EF-SCITA approach combines the advantages of both the posterolateral approach and endoscopic technique, which offers access to retrosellar and suprasellar spaces with seemingly low risks of postoperative morbidity. It would be a safe and effective alternative for the treatment of retroinfundibular CP, especially those with lateral extension to the temporal lobe or posterolateral extension to the petroclival region. Further observational studies in a larger cohort are urgently needed to assess the long-term efficacy of this minimal access approach.
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Introduction

Craniopharyngioma (CP) is a rare epithelial tumor occupying the midline sellar/suprasellar space, accounting for 1.2%-4.0% of all intracranial tumors (1). Despite its benign appearance, it can be associated with unfavorable prognosis due to its proximity to critical neurovascular structures, particularly the visual pathway and hypothalamus. Therefore, surgical removal remains the first-line therapy and offers the best chance of cure (2). Understanding surgical anatomy is essential for maximal tumor removal with minimal postoperative morbidity. The origin, growth pattern, and relationship of CP with neighboring vital tissues is pivotal for choosing the best approach for surgical exposure in weighing risks of aggressive resection against hypothalamic function impairment and tumor recurrence (3)

Several classifications have been introduced to aid in surgical planning. Based on relative location to the optic chiasm, CP was originally described as intrasellar, prechiasmatic, subchiasmatic, retrochiasmatic, and purely intraventricular (4). According to the pattern of suprasellar extension, CP could also be classified as preinfundibular, transinfundibular, and retroinfundibular, which would be equivalent to the prechiasmatic, subchiasmatic, and retrochiasmatic type, respectively (5, 6). There is consensus on transcallosal/transcortical approach for the treatment of intraventricular tumors and transsphenoidal surgery (TS) for intrasellar lesions. However, the optimal approach for other suprasellar subtypes still remains a matter of debate (6). Among them, the retrochiasmatic-retroinfundibular subtype, comprising 11-46% of all CPs, is the most intricate to treat given its hidden position behind the pituitary stalk, upward extension into the third ventricle (TV) and downward extension into the interpeduncular cistern and retrosellar region (7). After years of surgical explorations, several approaches (including anterior midline approaches, anterolateral approaches, and the petrosal approach), microscopically or endoscopically, have been developed to reach retroinfundibular CPs. However, the exposure for retroinfundibular CPs is restricted with these conventional approaches compared with the exposure of other subtypes (2, 7–10).

The supracrebellar infratentorial (SCITA) approach is first proposed in 1910 by Victor Horsley, with several variants making use of off-midline approaches established for accessing pathologies located from the pineal region to the petrous ridge (11, 12). As an important variant of the SCITA approach, the far-lateral SCITA approach is introduced for resection of lesions in the posterolateral tentorial gap, such as cavernous malformation, aneurysm, and glioma (13–16). Endoscopic neurosurgery is gaining momentum in the last decades, with the nasal cavity and infratentorial space established as ideal operating areas (17, 18). Recently, Xie et al. firstly used pure endoscopy in the SCITA space to resect petroclival meningiomas extending into supratentorial areas (12). Their successful experience with this approach motivated us to use the same technique in treating retrochiasmatic CPs. Herein, we report according to the CARE guidelines a case of the endoscopic far-lateral SCITA (EF-SCITA) approach in subtotal removal (STR) of retrochiasmatic CP, with specific emphasis on technical surgical nuances. In the discussion, we summarize breakthroughs and insights on operative approaches for the treatment of retrochiasmatic CP, and analyze the operation essentials, and strengths and weaknesses of each passage from the perspective of surgery.



Case description

A 63-year-old women presented with progressive visual disturbance, polyuria, and spiritlessness of a 3-month duration. Ophthalmological examination identified visual acuity in the right eye of 0.12 and in the left eye of 0.4, with bilateral tubular visual fields (Figures 1A, B). Routine laboratory investigations were normal. Endocrinological studies indicated increased serum levels of prolactin (48.02 ng/ml; ref: 2.74-19.64 ng/ml). Urinalysis showed low specific gravity of morning urine (1.005; ref: >1.020). No specific medical, family and psycho-social history was reported.




Figure 1 | Visual field tests before and after surgery. (A, B) Preoperative ophthalmologic examinations indicating bilateral tunnel visual fields. (C, D) Postoperative visual field tests three months after surgery showing slight peripheral visual field loss in bilateral eyes. OD, oculus dexter; OS, oculus sinister.



Computed tomography (CT) and magnetic resonance (MR) imaging revealed a well-circumscribed, multilobular, suprasellar mass containing solid and cystic components with calcification (Figures 2A-D). This lesion was found to occupy the retro-infundibular space and extend inferiorly in front of the brainstem and upward into the TV, displacing the midbrain posteriorly and the optic chiasm anteriorly (Figure 2E). Gadolinium-enhanced MR imaging demonstrated a thick, irregular enhancement of the solid part and a slight rim enhancement of the cystic component (Figures 2D-F). The mass measured 3.1 × 4.0 × 2.1 cm in the sagittal, axial, and coronal planes, respectively. The pituitary stalk was clearly shown in the midline on the coronal section (Figure 2E). CT angiography (CTA) revealed the existence of right fetal posterior communicating artery (PComA) (Figure 2G) as well as the relative location of the tumor to the Willis’ circle (Figures 2G-I). Based on these clinico-radiological features, CP was proposed as the most likely diagnosis, and the EF-SCITA approach was attempted for tumor resection. The timeline of the overall therapeutic process is shown as a flow diagram in Supplemental Figure 1.




Figure 2 | Radiological evaluation of the suprasellar lesion preoperatively. (A-F) Preoperative CT and MRI scans showing a typical retroinfundibular CP. This lesion manifested as a hypodense irregular mass with calcification located in the suprasellar lesion (A), which was hypo-intense on T1WI (B) and hyper-intense on T2WI (C). Post-contrast (gadolinium-enhanced) axial (D), sagittal (E), and coronal (F) MRI showed a thick, irregular enhancement of the solid part and a slight rim enhancement of the cystic component. (G-I) Preoperative axial (G), sagittal (H), and coronal (I) CT angiography images showed the relative location of the tumor to the Willis’ circle. Note that in this patient the basilar apex was at a higher position surpassing the posterior clinoid process. The yellow arrows denote posterior clinoid process, while the red arrows depict the basilar apex.



The patient was placed in left lateral position with the right side on top. The head was fixed with a Mayfield clamp and placed in upper flexion of 30° to allow gravity retraction of the cerebellum (Figures 3A, B) (12). The endoscope monitor (Karl Storz GmbH and Co., Tuttlingen, Germany) was placed in front of the patient, while the endoscopic pneumatic arm holder was placed on the contralateral bedside. During surgery, the endoscope (0°, Hopkins II, Karl Storz GmbH and Co.) was fixed to the holding arm, thus allowing two-hand operation. A C-shaped retroauricular incision, resembling that seen in the retrosigmoid sinus approach, was performed to expose the suboccipital region and the mastoid bone. Then, the transverse sinus and the inner edge of the sigmoid sinus were revealed through suboccipital craniotomy (3.5 cm × 3.5 cm). A Y-shaped duratomy was then made, with the superior part of the dural flap turned over to the margin of the transverse sinus (Figure 3B). Gravity retraction, together with intraoperative cerebrospinal fluid draining (approximately 40 ml) with the aid of a preoperatively inserted lumbar drainage tube, expanded the infratentorial space allowing endoscopic explorations in the lateral superior cerebellar space and exposure of the superior petrosal vein (SPV), trochlear nerve (CN IV), and tentorium (Figure 3C).




Figure 3 | Surgical procedure and nuances of the EF-SCITA approach. (A) The lateral prone position for a right-sided EF-SCITA approach. (B) Head position and surface landmarks for the transverse/sigmoid, the curved skin incision (red line), the proposed bone window (yellow rounded rectangle), the mark for drilling sites including the asterion and another site located 3.5 cm medial to the asterion (black circles), and the Y-shaped durotomy (red dotted lines). (C) Endoscopic explorations in the lateral supracerebellar infratentorial space. (D) The incision of the tenrorium for exposure of the crural cistern. The yellow arrowheads denote the edge of the cut tentorium. (E) The exposure of the posterior capsule of the cystic lesion in the supra-oculomotor space. (F) The exposure of the solid part of the tumor in the supra-oculomotor space after aspiration of the contents. (G, H) Dissection of the solid tumor from the pituitary stalk in the infra-oculomotor space. The anatomical boundaries of the supra-oculomotor and infra-oculomotor spaces are clearly seen. The blue arrowheads indicate bilateral posterior clinoid processes. (I) The endoscopic view of subtotal removal of the tumor, with a small part of the solid lesion adhering to the pituitary stalk left. BA, basilar artery; Cer, cerebellum; CN II, optic nerve; CN III, oculomotor nerve; CN IV, trochlear nerve; ICA, internal carotid artery; PCA, posterior cerebral artery; PCoA, posterior communicating artery; Ped., pedunculus cerebri; PS, pituitary stalk; SCA, superior cerebellar artery; SPV, superior petrosal vein; T, tumor. Temp., temporal lobe; Tent., tentorium.



A 1-cm incision was made in the anterior part of the tentorium for exposing the crural cistern (Figure 3D), with much attention paid to the CN IV during the procedure. After careful dissection of the CN IV and superior cerebellar artery (SCA), the oculomotor nerve (CN III) and posterior communicating artery (PCoA) could be identified. Under direct view, the crural cistern was separated into two spaces by the CN III: the supra-oculomotor triangle formed by the midbrain, temporal lobe, and CN III, as well as the infra-oculomotor triangle formed by the cerebral peduncle, dorsum sellae, and CN III (Figures 3E-G). After dissection of the supra-oculomotor space, the posterior portion of the cystic lesion was revealed (Figure 3E) and “motor-oil”-colored fluid could be drained from the cyst. After opening the capsule, the solid lesion in front of the pituitary stalk (PS) could be easily identified in the suprasellar cistern, together with right internal carotid artery (ICA) as well as the displaced optic nerve (Figure 3F). The basilar artery could also be observed in the infra-oculomotor space when uplifting the CN III and PCoA (Figure 3G). Then, the solid part was removed in a piecemeal fashion in the infra-oculomotor space, except for the calcified part blending into the distal part of the PS (Figures 3G-I). Finally, the capsule was bluntly removed from the surrounding reactive gliotic layer. Of note, the PS, cranial nerves, and vessels should be critically monitored when manipulating this region.

In the H&E staining, the squamous cell epithelium of the tumor was not easily recognizable (Figures 4A, B). However, in subsequent immunohistochemical investigations, the morphological characteristics of this type of epithelium were evident, particularly in the CK 5/6 staining (Supplemental Figure 2). The underlying stroma was edematous and fibrotic with several congested vascular channels (Figures 4A, B). About five percent of tumor cells expressed Ki67 (Supplemental Figure 2). Further molecular pathologic analyses showed that the tumor exhibited BRAF (V600E) mutations instead of CTNNB1 mutations. Thus, the final diagnose of papillary CP was confirmed.




Figure 4 | Pathological and radiological evaluation of the lesion postoperatively. (A, B) Photomicrographs of hematoxylin-eosin staining showing typical features of papillary craniopharyngioma. The framed area in (A) was magnified in (B). Bars = 200 μm in (A) and 40 μm in (B). (C-F) Postoperative CT (C) performed immediately after surgery and post-contrast sagittal (D), coronal (E), and axial (F) MRI scans performed three months after surgery showing subtotal removal of the lesion, with a few calcified components left in the suprasellar region.



Postoperative imaging examinations demonstrated STR of the tumor (Figures 4C-F). In the immediate postoperative period, the patient exhibited exotropia, hypotropia, and complete ptosis of the upper lid in the right eye. The diabetes insipidus subsided one-week after surgery with vasopressin treatment. Three weeks after operation, she was discharged with hormonal replacement therapy, requiring the same dose of hormones as prescribed preoperatively. At her three-month follow-up appointment, she reported complete alleviation of ptosis of the upper lid but still had extraocular muscle paralysis. Ophthalmological examination showed her visual acuity improved to 0.8 in the left eye and 0.5 in the right eye, and bilateral vision fields has almost returned to normal except for slight peripheral defects (Figures 1C, D). A longer-term follow-up is warranted for monitoring oculomotor functions. Since the patient refused gene targeting therapy, irradiation was suggested for reducing tumor recurrence.



Discussion

In this report, we presented a case of a women harboring typical retrochiasmatic-retroinfundibular CP. This tumor is bounded laterally by the CN III, PCoA, and perforating branches (including the tuberoinfundibular artery), posteriorly by the basilar apex, PCA, posterior perforated substance, and crus cerebrii, anteriorly by the PS and dorsum sellae, superiorly by the infra and retrochiasmatic surface including mamillary bodies, infundibulum, anteromedial hypothalamus, and TV, and inferiorly by the prepontine cistern (6). Traditionally, different anterior midline and lateral approaches have been used to approach retroinfundibular CPs, with their inherent limitations illustrated in previous studies (2, 6). Herein, we tested the feasibility of a novel posterolateral corridor, the EF-SCITA approach, in the removal of this kind of tumor with complex anatomic boundaries. Next, we would summary reported approaches for retroinfundibular CPs (Figure 5A), with their rationale, merits, and disadvantages elaborated.




Figure 5 | Schematic diagrams of surgical approaches for the resection of retroinfundibular craniopharyngiomas. (A) Current approaches for the resection of retroinfundibular craniopharyngiomas include anterior midline approaches (the transsphenoidal approach and the subrontal approach), anterolateral approaches (the peterional approach and orbitozygomatic approach), and posterolateral appoaches (the transpetrosal approach and the lateral supracerebellar/infratentorial approach described herein). The dotted line indicates the surgical corridor underneath the skull base. (B) The lateral supracerebellar/infratentorial approach was originaly used for resection of lesions in the posterolateral midbrain and tentorial region. However, the incision of the tentorium broadens the range of exposure towards the retrosellar space for resection of retroinfundibular craniopharyngiomas as well as the middle fossa for resection of petroclival region meningioma with supratentorial extenstion. The dotted line indicates the surgical corridor underneath the tentorium. The green line denotes the incision site of the tentorium.



Endoscopic endonasal TS (EETS) represents a paradigmatic shift in the neurosurgical approach to suprasellar lesions including CP (17, 19, 20). EETS provides direct visualization of infrachiasmatic area as well as the TV and hypothalamus without brain retraction, which is usually a blind pot from a transcranial view (6, 21, 22). Preinfundibular CPs are effectively resected through extended transtuberculum/transplanum TS; transinfundibular lesions require the addition of a transsellar approach with inferior pituitary transposition; and retroinfundibular CPs are better accessed by performing complete superior clivectomy with superior pituitary transposition (6, 23, 24). There are several limitations in this approach. Firstly, the major criticism is a greater incidence of CSF leak even with meticulous skull base reconstruction (17). Secondly, the resection of retroinfundibular CPs still remains challenging transnasally since careful microdissection of vital neurovascular structures that the tumor are densely adherent to can be difficult or even dangerous. Thirdly, EETS is unsuitable for patients with large-sized CPs, CPs with obvious lateral extension, and non-peumatized sphenoid sinus (2, 25, 26). Fourthly, pituitary transposition may impair the arterial supply and venous drainage of the gland, leading to endocrine hypofunction (6, 24). Finally, it necessitates a steep learning curve with two surgeons skilled in skull base and endoscopic techniques (27).

With the shortest route to the suprasellar space, the pterional approach is suitable for most CP subtypes including those locating in or on the saddle, retroinfundibular CPs, and those extending into the TV, interpeduncular fossa, or the Sylvian fissure (9, 10). Multiple natural spaces including the optico-carotid and carotid-oculomotor corridors facilitate tumor resection without significant frontal lobe retraction (28), while the operating space gained by laminar terminalis resection further allows CP removal from the lower and anterior TV (29). Notably, orbitozygomatic modification of pterional craniotomy further facilitates the exposure of the interpeduncular cistern and improves maneuverability of surgical instruments (2), and the temporal or subfrontal extension of this approach gains wider tumor exposure for accommodating to the complicated invasive feature of CP (28). However, anterolateral approaches has certain drawbacks. Firstly, the angle of attack to the optic chiasm and lamina terminalis is oblique, which prohibits visualization of the ipsilateral wall of the TV and hypothalamus and thus conveys higher risks when blindly removing adherent tumor from the hypothalamus (7). Secondly, the lateral view through the natural corridors en route to the interpeduncular cistern and infrachiasmatic region is narrow, and is sometimes obstructed by ipsilateral perforating arteries from the PCoA and ICA (8). Thirdly, the superior viewing angle to the top of the TV is also insufficiently visualized by this approach, although it could be improved with an orbitozygomatic approach to some extent (7). Last but not least, the pterional approach affords poor visualization of contralateral opticocarotid triangle and retrocarotid space (30).

The transbasal subfrontal approach is another anterior midline approach proven advantageous when resecting giant retrochiasmatic CPs. Compared with anterolateral approaches, the subfrontal approach renders straight frontal trajectory to the anterior TV by maximizing the lamina terminalis working corridor, which provides the significant advantage of visualization of both walls of the TV and hypothalamus (7). Retroinfundibular CPs can also be followed inferiorly into the interpeduncular cistern through the lamina terminalis exposure (7, 31). Bilateral median approaches are also superior to unilateral ones in offering a wider working window with bilateral views of vital neural structures and perforating arteries (32). Inherent limitations of this craniotomy include the risks of potential violation of the frontal sinus and sacrifice of the ACoA and CN I. In addition, draining veins might be cut from the frontal lobe to the sagittal sinus. This maneuver, combined with prolonged retraction, carries higher risks of postoperative cerebral ischemia and contusional hemorrhage (33).

The posterior petrosal approach (or pre-sigmoid approach) was firstly advocated by Hakuba et al. for the treatment of large retrochiasmatic CPs. It necessitates manipulation of the contents in the crural cistern (CN III, CN IV, PCoA and perforating branches, and the second segment of PCA) to access the interpeduncular space (34). This transpetrosal-transtentorial approach provides a forward and upward oriented corridor allowing for dissecting the upper portion of the tumor which projects high into the TV. Using this approach, the surgeon can achieve direct visualization of the inferior surface of the optic chiasm, hypothalamus, and PS, while maintaining blood supply to these structures and preserving their function integrity (8, 34). However, this approach carries significant risk for temporal lobe contusion and venous issues (damage to the sigmoid sinus, petrosal vein, the Vein of Labbe, etc), renders operational complexity of mastoidectomy in young children with small and poorly aerated mastoid sinus (31), and also has the aforementioned shortcomings associated with lateral craniotomy.

To the best of our knowledge, this is the first case report describing the EF-SCITA approach in the treatment of CP. Several positions have been used for the EF-SCITA approach. The sitting or semi-sitting position could avoid cerebellar retraction-related injuries, but has risks of air embolism (13, 35). In this case, the lateral position was adopted, with upper flexion of the head allowing for download retraction of the cerebellum. The supracerebellar space was further enlarged with the aid of preoperative CSF release via lumbar catheterization. This surgical position, in combination with tentorium incision (Figure 5B) creates a working space for approaching retroinfundibular CP. This posterolateral approach requires working between neurovascular structures in the crural cistern, with tumor removal permitted in supra-oculomotor and infra-oculomotor spaces.

An interesting issue in this case is the existence of fetal PComA on the right side. Comparing to fetal PComA, normal PComA is usually thinner and shorter, and has perforating branches. Thus, normal PComA could instead restrict the surgical space and be more susceptible to operative injury (36–38). Considering this, we selected the side with fetal PComA for surgery. Surprisingly, we found that the fetal PComA, running behind and in parallel with the CN III, did not complicate the surgery corridor, and was not injured during surgery partly owing to the protection of CN III. However, the continuous PCA running along the edge of the midbrain to some degree limited the operative exposure of the approach.

An important reason why we did not choose anterior midline approaches was that manipulation of the tumor from the anteroposterior direction may cause injury to the basilar artery since the basilar apex, at a high position surpassing the posterior clinoid process, possessed a close relationship with the posterior portion of the tumor in this patient (Figures 2H, I). However, under the condition of the posterolateral approach, the BA hidden beneath the midbrain in the infra-oculomotor triangle could be well-preserved. Considering these, it is important to consider the impact of the variations of the Willis’ circle as well as posterior circulation vessels when planning the EF-SCITA approach.

The EF-SCITA approach allows an excellent view into retrosellar and suprasellar spaces and makes removal of the lesion feasible. After the drainage of cyst, the related position of the solid tumor and PS could be identified under direct view. One major limitation of this case is that we achieved STR for the sake of maintaining the integrity of pituitary function. Thus, despite an appropriate surgical corridor, the degree of adhesion to adjacent structures also influences the attempt to achieve surgical radicality. In light of the anatomical panorama rendered by endoscopy, we now prefer the EF-SCITA approach in patients with retroinfundibular CP, especially those with lateral extension to the temporal lobe or posterolateral extension to the petroclival region. It might also be possible for the resection of intrasellar CPs with the advent of abrasion technique of the dorsum under endoscopy in the future. However, it may not be applicable for preinfundibular CPs owing to the obstruction by the PS and large intraventricular CPs due to the limited upward view. Whether this approach is suitable for the exposure of transinfundubular CPs merits further clinical practice.

There are several advantages for this approach. Firstly, in the suprasellar region occupied with various neurovascular structures, manipulations with these vital tissues are inevitable irrespective of the surgical corridor used. However, high-definition wide-angle visualization and close-up observation with endoscopy could minimize injury especially to perforators supplying the hypothalamus and pituitary gland. Secondly, this approach simplifies craniotomy procedures, with a small postauricular incision that does not affects the appearance of patients. Thirdly, in our EF-SCITA experience, using a pneumatic holding arm to fix the endoscope allows for bimanual surgical techniques. Compared with the assistant holding the endoscope under the condition of EETS, this mode improves working efficiency and reduces the injury caused by desynchronization between the operator and assistant.

Despite these merits, we are clearly aware that it is not without flaws. The biggest disadvantage is working through the cranial nerve plane, especially above and below the fragile CNIII, and augmenting the risk of post-operative cranial nerve palsy, as reflected by postoperative CNIII paralysis in this case. In addition, this approach may confer risks of damage to cerebellum and brainstem before access to the cisterns even with spinal drainage, as well as the cerebrovenous system (including the petrosal venous, transverse sinus, and sigmoid sinus). Moreover, this approach still could not avoid inherent shortcomings of traditional craniotomy such as CSF leakage and intracranial infection. Other inherent shortcomings of endoscopy included difficulties when handling deep bleeding and a steep learning curve.

In conclusion, the EF-SCITA approach combines the advantages of both posterolateral approach and endoscopic technique, which might be an effective and safe alternative for the treatment of the challenging retrofundibular CPs. Observational studies in a larger cohort are urgently needed to confirm the efficacy.
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Introduction

As a rare type of cerebral venous thrombosis, isolated cortical vein thrombosis (ICVT) is easily misdiagnosed as brain tumor, especially in the cases with prominent signs of parenchymal brain lesions. Despite controversy concerning the efficacy and safety, anticoagulant treatment dominates in current therapeutic strategies for ICVT. As yet, surgical thrombectomy in the treatment of ICVT has not been reported. We present hereafter a female with ICVT previously misdiagnosed as brain tumor who had successful surgical thrombectomy.



Case description

A 54-year-old female with progressive left-sided limb weakness suddenly developed focal tonic-clonic epileptic seizure. Physical examination indicated strength of 0/5 in the left limbs. Magnetic resonance imaging (MRI) showed an irregular juxtacortical lesion surrounded with massive edema in the frontoparietal cortex, which was initially diagnosed as glioma. However, it turned out to be ICVT of the central sulcus vein during craniotomy. Then, venotomy and thrombectomy were performed, with instant recanalization of the vein noticed during surgery. In retrospect, we identified the suspected ICVT of the central sulcus vein in preoperative magnetic resonance venotography (MRV) and contrast MRI images. Laboratory tests also revealed homocysteinemia and hypercoagulable states in the patient. Follow-up MRV obtained 3 months after discharge showed cortical vein recanalization. At the one-year follow-up, she exhibited subtle sequelae of weakness in the left lower limb with a modified Rankin scale score of 1.



Discussion

Physicians should be aware of ICVT in the differential diagnoses in patients with risk factors, classical symptoms, and parenchymal brain lesions in or near cortex. Surgical thrombectomy excels at realizing definite recanalization and avoiding systematic complications of anticoagulation. It might be a therapeutic alternative for ICVT, especially when craniotomy is performed for treating intracranial hypertension or a definite diagnosis is made during craniotomy.
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Introduction

As a rare form of cerebral venous thrombosis (CVT) without sinus or deep venous involvement, isolated cortical vein thrombosis (ICVT) has only been reported in single case or small series (1). Despite overall favorable prognosis, a timely diagnosis is pivotal since this disease has the potential to develop permanent parenchymal damage (2). However, the diagnosis of ICVT is more challenging compared with CVT due to its widely variable clinico-radiological spectrum (3). Typical clinical presentations are headache, seizures, and focal neurologic deficits (4), but syndromes owing to increased intracranial pressure should not be overlooked (5, 6). The gold standard of imaging diagnosis of ICVT is the visualization of the thrombosed vein (i.e., the cord sign). However, this is frequently unapproachable because of the great variability in cortical veins and difficulty of current imaging in identifying small occluded vessels (7). This condition is further complicated by signs of parenchymal lesions secondary to vasogenic edema, intraparenchymal hemorrhage, and venous infarction, reminiscent of those seen in intracranial space-occupying lesions. Thus, among the scant reported cases, ICVT misdiagnosed as brain space-occupying lesion is not seldom encountered. In these cases, the diagnosis of ICVT was only confirmed intraoperatively (5, 6, 8).

The therapy for ICVT follows the treatment guideline for sinus vein thromboses (9). For patients in stable condition, anticoagulation is recommended even in the presence of cerebral hemorrhage. For those with disease deterioration, the management of intracranial hypertension should be addressed, and this is the case of hematoma evacuation and decompressive craniotomy in previous literature (8, 10, 11). However, surgical venotomy and thrombectomy has not been reported as yet. Herein, we present the first case of surgical thrombectomy in a patient with ICVT previously misdiagnosed as brain tumor. We hope this report may provide novel diagnostic and therapeutic clues for the management of ICVT.



Case description

A 54-year-old postmenopausal women with a one-week history of progressive left-sided limb weakness suddenly developed involuntary tonic-clonic movements involving left-sided limbs. She did not lose consciousness during the seizure. This episode lasted for 40 min before she received antiepileptic drugs and propofol treatment in a local emergency department. An initial computed tomography (CT) revealed a cortical based right frontoparietal hypodense lesion (Figures 1A, B), which prompted her presentation to our facility three days later. During the last two years, she had experienced two episodes of tonic-clonic seizures involving the left hand and abdomen without cognitive impairment, each lasting less than 5 minutes. She declared a diagnosis of epilepsy after the first episode in a local hospital, with no obvious signs of brain lesion in CT scans, and recovered with no sequela after conservative therapy. She reported a two-year smoking history, and denied alcohol, drug, and medication use. There was no history of infection, trauma, surgery, and exposure to toxic substances. She had a body mass index of 22.03 kg/m2. Upon arrival, she was afebrile with normal vital signs. Neurological examinations revealed power of 0/5 and hyperactive tendon reflexes in the left limbs. Babinski sign in the left-side was positive. Laboratory studies showed that serum liver and kidney function indexes, lipid profile, glucose, ion levels, tumor markers, and complete blood counts were all within normal limits.




Figure 1 | Radiological evaluation of the parenchymal lesion preoperatively. An initial CT scan showed a hypodense irregular mass located in the right frontal cortex (A, B), which enlarged in size in the second scan performed 4 days later (C, D). The lesion was hyper-intense on T2WI (E). Post-contrast (gadolinium-enhanced) axial (F) and coronal MRI (G) showed prominent heterogeneous enhancement. MRS showed that there was no obvious change in the ratios of NAA/Cr (1.65) and Cho/Cr (0.83) in the lesion (H) compared with its counterpart (NAA/Cr: 1.50; Cho/Cr: 0.82) on the contralateral side (I). Each region of interest in the MR images showed the location where the spectrum was obtained.



A repeated CT scan showed the expansion of the lesions of hypodensity in the right frontoparietal cortex (Figures 1C, D). On magnetic resonance (MR) images, the lesion presented high signal intensity on T2-weighted images (Figure 1E), and a mixture of hypointensity and isointensity on T1-weighted images. Massive edema surrounding the lesion was noted on T2-weighted and fluid attenuated inversion recovery images. Focal enhancement was observed in the contrast-enhanced MRI (Figures 1F, G). Proton MR spectra (MRS) revealed no obvious change in N-acetylaspartate (NAA)/creatine (Cr) ratio or choline/Cr ratio within the lesion compared with contralateral frontal lobe (Figures 1H, I). CT angiography (CTA) excluded aneurysm, arteriovenous malformation, and dural arteriovenous fistula. There seemed to be no obvious abnormity in the MR venography (MRV) when assessed pre-operatively (Figure 2A).




Figure 2 | Radiological images indicating the ICVT. Preoperative MRV revealed an absence of flow (arrowheads) in the left central sulcus vein (A). Preoperative contrast MRI showed an intraluminal filling defect at the site where the deep branch of the right central sulcus vein enters the main trunk (arrow), likely indicative of ICVT (B). Follow-up MRV showed the recanalization (arrowheads) of the right central sulcus vein after surgical thrombectomy (C).



Given these clinic-radiological features, an initial diagnosis was tentatively made as glioma, and craniotomy was performed. Intraoperatively, the central sulcus vein appeared black and stiff, and the surface of the precentral gyrus with the occlusion vein was congested, indicating possible thrombosis of the cortical vein. Under vascular exclusion assisted with cotton-pieces, an incision was made along the longitudinal axis of the vein, and a black 2-centimeter-long thrombus was noticed. This thrombus started approximately 3 centimeters away from the superior sagittal sinus, terminated before the bifurcation of the vein, and spread into the lumen of a deep branch (Figure 3A). Then, the thrombus occluding the trunk of the vessel was removed. Next, the lumen of the vein was perfused with heparin in order for preventing thrombosis, and the incision was continuously sutured with 7-0 threads (Figures 3B, C). After release of the cotton-pieces, the central sulcus vein returned to normal color, indicating instant successful reflow. Interestingly, an adjacent superficial vein also returned to normal color after thrombectomy, which might be owing to the development of collateral circulation between the two veins after ICVT. Finally, cortical tissue around the occluded deep branch were harvested for pathological examination, and then the branch was sacrificed (Figures 3B-E).




Figure 3 | Surgical thrombectomy and pathological confirmation of ICVT. An intraoperative image showing that the cortical vein (indicated by yellow arrowheads) as well as its deep branch (the yellow arrow) became darkened and stiff. The arrowheads denoted the starting and ending points of the thrombosis (A). After surgical thrombectomy, both the occluded vein and an adjacent cortical vein (the white arrow) returned to normal color (B). The framed area in (B) was magnified in (C), indicating suture of the vein after thrombus removal. Bars = 1 cm in (A, B), and 200 mm in (C) The operation approach (D) and surgical thrombectomy (E) were further illustrated by cartoon images. Hematoxylin-eosin staining under light microscopy showed thrombosis in some venules (blue arterisks), vascular malformation (the purple arterisk) and proliferation (green arrows), and gliosis (the red arrow) (F-H). The framed area in (F) was magnified in (G). Bars = 50 μm in (F-H).



Pathological analysis revealed proliferation of small vessels and reactive gliocytes, vascular malformation, and thrombosis in some vessels, with no characteristics of tumour-like lesions observed (Figures 3F-H). Retrospectively, we noticed homocysteinemia (45.5 μmol/L; ref: 0-15 μmol/L), as well as hypercoagulable states indicated by high levels of fibrinogen degradation product (25.05 mg/L; ref: 0.01-5.00 mg/L) and D-dimer (5.63 mg/L; ref: 0.01-0.55 mg/L) in this patient. Upon revisiting the imaging data, we identified filling defect in the central sulcus vein (Figure 2A) and a suspected site of thrombosis in the deep branch of the central sulcus vein (Figure 2B).

Based on the final diagnosis of ICVT, she was treated with intravenous injection of traditional Chinese medicine danshen for improving microcirculation and preventing thrombosis (12, 13). Conventional anticoagulation drugs were not used owing to the risk of postoperative bleeding. After one-month rehabilitation, the patient was discharged with Grade 5 and 4 muscle power in the left upper and lower extremities, respectively. Follow-up MRV obtained 3 months after discharge showed cortical vein recanalization (Figure 2C). At her one-year follow-up appointment, she exhibited sequelae of slight weakness in the left lower limb after a long-walk, with a modified Rankin scale score of 1. At a five-year follow-up, the patient denied any symptom recurrence (Supplemental Figure 1).



Discussion

Radiological characteristics of ICVT mainly fall into the cord sign and indirect signs (2, 14). The former is only occasionally seen on CT scans. MRI equivalent of the cord sign is also difficult to identify on conventional T1/T2 images since the signal intensity of venous thrombus is complicated by the interval between the onset of thrombosis and radiologic examinations. It is only discernable in the subacute early phase when the clot signal becomes hyperintense on T1/T2 images. Interestingly, the T2-susceptibility-weighted gradient echo (GE) sequence is sensitive to all paramagnetic products of intraluminal hemoglobin and could provide better delineation of the cord sign. Thus, it becomes the most recognized method for detection of ICVT (15, 16). Digital subtraction angiography (DSA) is recommended as a further diagnostic tool when CT or MRI produces suspicious results. Collateral venous pathways, tortuous veins, delayed local venous drainage, and missing or rarefied contrast of the affected cortical vein are esteemed as positive signs of ICVT (16). With regard to CT venography or MRV, they aid in the identification of sinus involvement but lack adequate sensitivity to accurately detect cortical veins (17). Apart from direct signs, abnormalities in brain parenchyma, including localized edema, hemorrhagic infarction, and intracerebral hemorrhage, are usually present near the affected vein (7). Therefore, the differential diagnosis should be cautiously made with brain space-occupying lesions, especially when direct sign is invisible.

In this case, the direct sign could not be seen on conventional CT and MRI scans, while indirect signs were confined to progressive massive edema. The prominent irregular enhancement on contrast enhanced MRI scans mimicked that seen in the case of brain tumor, which in fact might be extravasation of the contrast agent from the injured vascular epithelium under the condition of long-term venous hypertension. All these characteristics led to a misdiagnosis of advanced malignant tumor. The sole imaging evidence in support of the diagnosis of ICVT was rarefied contrast of the affected cortical vein revealed by pre-operative MRV, but this was only discernable when comparing with the recanalized vessel in the follow-up MRV. It was worth mentioning that the MRS data revealing no change in NAA or choline level did not support the diagnosis of malignant brain tumor. In a previous report of ICVT, MRS revealed decreased NAA levels together with the presence of lactate within the lesion, indicating acute ischemic venous infarction (18). Herein, we presented a case of ICVT without abnormal MRS features, further demonstrating the multi-faceted pathophysiology and imaging characteristics of ICVT.

Apart from anatomical etiologies leading to slow blood flow or reflux (5), acknowledged systemic factors for CVT in all its subtypes include pregnancy, dehydration, drugs, systematic diseases (e.g., coagulopathy, malignancy, autoimmune diseases), and intracranial hypotension (19, 20). In this case, the patient had prothrombotic states that we believe may contribute to the development of ICVT. The molecular basis of prothrombotic states depends on hereditary and acquired factors, among which homocysteine is a key thrombophilic factor (21). Homocysteinemia may provoke thrombotic events via platelet aggregation, increased activation of factor V, prothrombin activation, and inhibition of protein C activation (22, 23). Apart from homocysteinemia, hereditary factors, such as prothrombin gene mutation (24), type II protein S deficiency (11), and activated protein C resistance (25), were also involved in ICVT pathophysiology. A major limitation in this case is that we did not screen for all types of inherited thrombophilic factors and test for specific conditions that predispose homocysteinemia.

Given above, we emphasize the need for physicians to be aware of ICVT in the differential diagnoses in patients with risk factors, classical symptoms, and parenchymal brain lesions in or near cortex. In such a case, T2-susceptibility-weighted GE sequence and DSA should be additionally performed to differentiate it from brain tumors. Although the diagnosis is challenging in those without cord sign, meticulous analysis to identify minor but meaningful signs of the thrombosed vein from radiological examinations may aid in reaching a definitive diagnosis of this uncommon entity.

From a pathophysiologic point of view, recanalization of the occluded vein is crucial in preventing the consequences of venous congestion. Thus, treatments for ICVT include the elimination of underlying causes, anticoagulation, and the management of intracranial hypertension. Most neurologists now start with heparin once the diagnosis is determined, even in the presence of hemorrhagic infarct (26), while decompressive craniotomy could be helpful under the condition of progressive neurological impairment or massive parenchymal lesions (19). However, there are several important issues concerning current therapeutic strategies. Firstly, notwithstanding positive results reported, frustrated voices concerning the efficacy of anticoagulation never diminished (9, 19); Secondly, cerebral infarction with hemorrhagic transformation is commonly present at the time of diagnosis of ICVT, which further complicates anticoagulation (9, 19); Thirdly, anticoagulation may not be recommended after craniotomy (irrespective of diagnostic surgery, decompression, or hematoma removal) or brain biopsy in the case of ICVT. Given above, there are several rationales for surgical thrombectomy: (1) to realize definite recanalization and (2) to avoid complications of anticoagulation (e.g., systematic bleeding). Herein, long-term recanalization of the occluded vein was achieved after surgical thrombectomy. Considering these, we recommend surgical thrombectomy in the management of ICVT, especially when craniotomy is performed or a definite diagnosis is made during craniotomy.

In conclusion, this case is unique in two aspects: (1) imaging findings presented unlike those reported in previous cases of ICVT and (2) a good prognosis after surgical thrombectomy. To the best of our knowledge, there is no published report regarding surgical thrombectomy in ICVT. Although observational studies in a larger cohort are urgently needed to confirm the efficacy, we are optimistic that this therapeutic alternative would lead to better outcomes for patients with ICVT.
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Secondary malignancies following radiotherapy are well documented, with an estimated incidence of 5%. These may manifest as carcinomas, gliomas, or sarcomas within the previous radiation field. Glioblastoma multiforme following radiotherapy for nasopharyngeal carcinoma is an uncommon occurrence and carries a poor prognosis, whereas papillary thyroid carcinoma following radiotherapy is well documented, though the exact incidence is not well documented. The occurrence of synchronous radiotherapy-induced malignancy over both sites has not been described in the literature before. We describe a middle-aged gentleman diagnosed with glioblastoma multiforme and papillary thyroid carcinoma 6 years after radiotherapy for nasopharyngeal carcinoma. Though our case is the first reported case of a synchronous tumour of its nature, it is likely that such cases are under-reported. Long-term vigilance for loco-regional radiotherapy-induced secondary malignancies is a must, and the presence of a second distinct secondary malignancy must be entertained.
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Introduction

The first case of radiation-induced papillary thyroid carcinoma (PTC) was reported in 1950 by Duffy et al., and glioblastoma multiforme (GBM) was reported in 1978 by Kleriga et al. (1, 2) There is a reported incidence of 17%–19% secondary tumours following successful treatment of primary tumours; the incidence of secondary malignancies following radiotherapy contributes 5% (3). Synchronous tumours refer to cases in which the second primary cancer is diagnosed within 6 months of primary cancer. When one looks into the incidence of synchronous/metachronous primary malignant gliomas and non-central nervous system primary tumours, the overall incidence is 13.1%, of which 5.5% involve the thyroid gland (4). In a publication by Hamzah et al., 9 out of 1,547 patients with primary malignant glioma had cancers of the thyroid gland. This allows us to deduce that the incidence of synchronous/metachronous primary thyroid gland malignancies in the presence of malignant gliomas is less than 0.6%. A search of the literature did not reveal any reports of synchronous radiotherapy-induced malignancy (SRIM) involving malignant gliomas and non-central nervous system tumours. As a matter of fact, there is a paucity of data on SRIM in general. We discuss a case of rapidly symptomatic radiation-induced GBM and papillary thyroid carcinoma in a 42-year-old man who had completed a course of radiation therapy for the head and neck region for nasopharyngeal carcinoma 6 years prior.



Case report

A 42-year-old man was diagnosed with nasopharyngeal carcinoma (NPC) 6 years ago and underwent radiation therapy. Subsequent annual clinical surveillance did not reveal a recurrence of the tumour. His last annual computed tomography (CT) of his brain was 3 years prior, and there was no recurrence or new lesions. He presented 6 years later with an unsteady gait and facial numbness for 2 weeks, as well as slurring of his speech and vomiting. Examination revealed left facial palsy upper motor neuron-type House–Brackmann grade III with positive cerebellar signs on the left. The findings from examinations of the other systems were essentially normal. CT scan of the brain revealed an intra-axial lesion in the left cerebellum with an incidental finding of a right thyroid nodule (Figure 1). Magnetic resonance imaging (MRI) revealed a lobulated lesion in the left middle cerebellar peduncle extending into the pons (Figures 2A–C). The differential diagnosis of radiation necrosis or a high-grade glioma (radiation related given its location) was given. He was given dexamethasone 2 mg twice a day.




Figure 1 | Contrast-enhanced computed tomography of the brain (A) in axial plane and neck (B) in coronal plane. An enhancing lesion in the left middle cerebellar peduncle is causing mass effect with mild effacement of the fourth ventricle (curved arrow). A right thyroid nodule is also seen synchronously (star).






Figure 2 | MRI* of the brain in axial T2W** (A, D), T1W*** post gadolinium (B, E), SWI**** (C), and rCBV***** colour map (F) at presentation (top row) and at 2 months (bottom row). The left middle cerebellar peduncle mass demonstrates a heterogeneous hyperintense signal on T2 with minimal peripheral enhancement on T1 post-contrast. The hypointensity on SWI*** indicates presence of hemosiderin (arrow). The lesion significantly increases in size on the follow-up MRI (C, D) causing significant mass effect; the enhancement is more heterogeneous with irregular rim enhancement and central necrosis. Increase in rCBV at the enhancing region of the rCBV colour map indicates a high-grade tumour (block arrow). *Magnetic resonance imaging, **T2-weighted, ***T2-weighted, ****susceptibility-weighted imaging, and *****relative cerebral blood volume.



Unfortunately, his clinical condition worsened, and he progressed to develop gross left lower limb weakness and left bulbar palsy. A follow-up MRI 2 months later revealed enlarging left cerebellar/pons mass with central necrosis (Figures 2D–F). An increase in relative cerebral blood volume (rCBV) was noted on the rCBV colour map of MR perfusion of the enhancing component, indicating neoangiogenesis. This was suggestive of a high-grade tumour as opposed to radiation necrosis. Ultrasound-guided, fine-needle aspiration cytology of the enlarged thyroid gland confirmed the presence of papillary thyroid carcinoma (Figure 3).




Figure 3 | Cytological features of papillary thyroid carcinoma. (A) Cellular smears with loose cohesive clusters of malignant cells (Pap*, ×100). (B) The malignant cells display enlarged overlapping nuclei with irregular contours and fine powdery chromatin. Occasional intranuclear inclusions (arrow) and grooves are observed (Pap, ×600). (c) Psammoma bodies are also noted (Pap, ×600). *Papanicolaou stain.



He became stuporous with a Glasgow Coma score of 11/15 (E2 V3 M6) a week after the follow-up MRI, with normal vital signs. Upon discussion with and consent by his immediate kin, he underwent left retrosigmoid suboccipital craniotomy and debulking of the tumour. Intraoperatively, the tumour was granular with areas of necrosis and thrombosis from the left cerebellar peduncle extending into the superior aspect of the pons. His immediate post-op CT showed a small haematoma at the left cerebellopontine angle with no mass effect and hydrocephalus (Figure 4). Histopathological examination confirmed the presence of glioblastoma multiforme, World Health Organization grade IV (Figure 5). Despite regaining consciousness, he was subjected to palliative care, as his Karnofsky score was less than 70, and he had already undergone focal radiotherapy at the same region. He succumbed to illness 2 weeks later.




Figure 4 | Immediate post-op plain computed tomography of the brain in axial (A, B) and coronal (C). Hyperdense hematoma (star) at the left cerebellopontine angle is seen. The fourth ventricle is obliterated with resultant hydrocephalus.






Figure 5 | Histopathological and immunohistochemistry features of glioblastoma. (A) Unremarkable cerebellar tissue (asterisk) with adjacent tumour tissue (H&E*, ×40). (B) Composed of diffuse sheets of malignant cells exhibiting pleomorphic hyperchromatic nuclei with inconspicuous nucleoli and moderate cytoplasm. Mitotic figures are frequently seen, including the atypical form (H&E, ×400). (C) Microvascular proliferation and geographical necrosis (arrow) are also noted (H&E, ×100). Immunohistochemically, the malignant cells showed (D) diffuse GFAP** positivity (GFAP, ×400). (E) Ki 67 proliferative index is high (Ki67, ×400), while (F) CK*** AE1/AE3 is negative (CK AE1/AE3, × 400). *Haematoxylin and eosin stain, **glial fibrillary acidic protein, and ***cytokeratin stain.





Discussion

The carcinogenic potential of ionizing radiation first came to be described approximately 7 years after Wilhelm Roentgen proved the presence of electromagnetic radiation of a specific wavelength termed “X-ray” in 1895. This mutation results from a broad spectrum of deoxyribonucleic acid (DNA) lesions including damage to nucleotide bases, cross-linking, and DNA single- and double-strand breaks (DSBs) (5). Misrepaired clustered DSBs along with the inactivation of tumour suppressor genes by loss of heterozygosity result in mutagenic DNA lesions susceptible to the formation of SRIM (5).

This patient underwent conventional radiotherapy. As opposed to intensity-modulated radiotherapy or image-guided radiation therapy, increased radiation exposure to normal adjacent tissue is to be expected. This in turn places the patient at an increased risk of SRIM. Photon beam, used in conventional radiotherapy, carries a higher risk of SRIM, as its dose deposition is thought to be quasi-exponential as opposed to proton beam, whose dose deposition ends sharply at the end of its range (3).

Diagnosis of radiation-induced malignancies is based on four established criteria, which were first mooted by Cahan et al. in 1948 and subsequently modified by Schrantz and Araoz in 1972 (6, 7), the first of which is that the tumour has to be present in a previously irradiated area. Additionally, the histology of the previous tumour should be distinct from that of the current tumour. The third criterion is that there has to be sufficient latency between exposure to radiation and the onset of the new malignancy, which is usually more than 5 years. The final criterion is the absence of genetic predisposition for the development of cancer, such as seen in the Li–Fraumeni syndrome or retinoblastoma.

In our patient, the previous tumour was NPC, whereas the current diagnoses are PTC and GBM. If one is to take into consideration the initial NPC, these are three different distinct histological diagnoses and anatomical locations. The latency between radiotherapy and diagnosis was 6 years with no clinical evidence to suggest genetic predispositions. The common factor here is the history of radiotherapy to the head and neck for NPC, which exposes the thyroid gland and brain to radiation. As all four criteria were fulfilled, we concluded that both GBM and PTC were of SRIM.

Our patient presented with progressive neurological symptoms; as such, it is only natural that the presence of a neurological pathology is sought. Unfortunately, the diagnosis of GBM was not made in the first instance, as a clear distinction between radiation necrosis and GBM with a necrotic core cannot be made with traditional MRI sequences. The typical conventional MRI findings include an enhancing mass with central necrosis and perilesional vasogenic oedema. The enhancing mass has a margin that is ill-defined, often described as a “spreading wavefront” or mass with central necrosis, described as “soap bubble-like” or “Swiss cheese-like” (8).

Advanced MRI techniques such as diffusion-weighted imaging, magnetic resonance spectroscopy, perfusion-weighted imaging, and positron emission tomography with various radionuclides are being applied in this respect; however, their efficacy and reliability still require further validation (9). MR perfusion has parameters that may help to differentiate radiation necrosis and tumour recurrence or high-grade tumour to some extent, namely, the rCBV, where the latter will show high rCBV and radiation necrosis demonstrates hypoperfusion (8).

This conundrum is further accentuated by the temporality of the term “sufficient latency between radiation exposure”, and the occurrence of SRIM is still not well defined. As for the diagnosis of PTC, it was an incidental finding when we attempted to restage the primary disease, which was NPC. If not for this indication, a CT scan of the neck would not have been performed, and this diagnosis would have been missed.

The occurrence of intracranial SRIM is well-documented yet poorly understood and unpredictable. The most common tumours encountered are gliomas, of which approximately 58% are GBM (10). Treatment options for SRIM-associated GBM are similar to those for de novo GBM. The median survival is 10 months with the administration of temozolomide not making any significant difference; ironically, multimodality treatment with the inclusion of radiotherapy appears to increase survival to 18 months (10). Unfortunately, our patient succumbed to his illness less than 2 months after the initial presentation. This was likely due to the advanced presentation of intracranial diseases, where the brainstem was already invaded by the tumour. The surgery in this case was a diagnostic and temporising lifesaving procedure in view of the diagnostic dilemma and rapidly progressive symptoms.

Thyroid cancers following radiation exposure are well-recognised and researched. However, this remains largely so in the domain of radioactive fallouts or disasters and radiation exposure in the paediatric age group, again pertaining to radioactive fallouts and diagnostic radiology. The occurrence of SRIM in the thyroid following radiotherapy remains to be scarce in recent literature. PTC continues to be the most common thyroid malignancy following radiation. The unique observation here is that among the survivors of the Chernobyl disaster, most young children had a solid follicular PTC subtype with an aggressive behaviour and a short latency period, whereas older children had more frequently classical PTC that was less aggressive and was discovered after a long latency period (11). Those undergoing radiotherapies are predominantly adults, and the primary malignancies are often aggressive resulting in reduced survival; thus, the latency may not be reached in these patients. This is coupled with the finding of less aggressive behaviour of the PTC, which may result in a clinically silent PTC as was in our patient. The management of SRIM PTC is similar to that of de novo PTC with a similar outcome, notwithstanding the course of the primary disease.



Conclusion

Our case is possibly the first report of synchronous SRIM that highlights the importance of vigilance. Long-term follow-up for patients with a previous history of radiation is important not only with respect to the primary malignancy but also to be cautious of SRIM. Should an SRIM be diagnosed, the previous radiotherapy plan should be revisited, and the region(s) irradiated should be screened for the possibility of synchronous SRIM.
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Implantation metastasis following stereotactic biopsy in the brain had been reported as a rare complication. A 36-years-old female patient was treated with ventriculoperitoneal (VP) shunt and stereotactic biopsy of a pineal parenchymal tumor of intermediate differentiation (PPTID) with hydrocephalus. The patient underwent five cycles of radiotherapy on the pineal area. Seven years after the procedure, the patient developed left hemiparesis with the brain MRI findings showing an enhanced mass along the biopsy tract. Craniotomy tumor removal was carried out and the pathological assessment was consistent with those of the PPTID. Radiation on metastase area and craniospinal was subsequently performed. The patient was disease-free during the 2-year follow-up assessments. The potential occurrence of implantation metastasis following the stereotactic biopsy of PPTID should be considered in the treatment plan and follow-up assessments and evaluations. Expanding the radiation area to cover the entire biopsy tract may be favorable to lower the risk of implantation metastasis.

KEYWORDS
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Introduction

Pineal parenchymal tumors (PPTs) are rare and comprising of less than 0.3% of intracranial tumors. PPTs have heterogenous morphological and histological characteristics. Pineal parenchymal tumor of intermediate differentiation (PPTID) was first described by Schild et al. (1) and recently categorized as PPT WHO grade II or III according to 2007 WHO classification for tumors of the central nervous system (CNS). Several studies reported that PPTID is approximately 10–20% of the tumors of the pineal region (1–3).

Stereotactic biopsy for pineal region tumors should be selective, although is often considered relatively safe. This procedure has a high success rate of between 70 and 98% with a relatively low complication rate of between 0.5 and 4%. The complications include infection, hemorrhage, and neurological deficits (4, 5). Another rare complication after stereotactic biopsy is tumor seeding on the biopsy tract, as reported for several cases like pineal germinoma, craniopharyngioma, pineoblastoma, glioblastoma multiforme, brain metastase, and anaplastic astrocytoma (6–9).

To the best of our knowledge, the present case is the first case of metastatic seeding of the stereotactic biopsy tract trajectory of PPTID which occurred within 7 years following the procedure.



Case report

A 36-year-old female patient presented with weakness and numbness in the left side limb. She recalled that the symptoms started 3 months prior and worsened gradually. Physical examination showed motoric strength of one-fifth on the left side. The patient had a history of pineal region tumor and hydrocephalus which were diagnosed 7 years prior from another hospital (Figure 1). Patient was initially treated with ventriculoperitoneal (VP) shunt to treat acute hydrocephalus then stereotactic biopsy with diagnosis result was a pineal parenchymal tumor of intermediate differentiation (PPTID). Cerebrospinal fluid (CSF) analysis revealed no tumor seeding. The patient then only underwent radiotherapy on the pineal region with a total of 45 Gy divided into 25 cycles.


[image: Figure 1]
FIGURE 1
 Axial CT scan without contrast showing the pineal region tumor at the time of the initial diagnosis in 2014 (yellow arrowhead).


A brain MRI with IV contrast was then performed showing an isointense lesion with cystic parts that were slightly enhanced with contrast administration right below the burr hole site located in the right frontoparietal region. The lesion appeared to be causing a mass effect with the shifting of the midline (Figure 2). Craniotomy with near-total tumor removal was achieved without any eventful postoperative care. Histopathological examination showed round-shaped cells with vesicular hyperchromatin, scanty eosinophilic cytoplasm, nuclear atypia, and mitotic count of >4/10 hpf. Additionally, immunohistochemical analyses of Ki-67 showed synaptophysin and chromogranin expression. The Ki-67 index was 25%. The resulting final pathological assessment was PPTID (Figure 3).


[image: Figure 2]
FIGURE 2
 Axial (A) and coronal (B) MR scan at 7 years after the initial diagnosis show implantation metastasis under burr hole post stereotactic biopsy (gray arrowhead). Sagittal (C) MR scan shows no tumor on the pineal region (yellow arrowhead).



[image: Figure 3]
FIGURE 3
 Pathology from implantation metastasis shows a typical pineal parenchymal tumor of intermediate differentiation (PPTID). Microscopy examination of tumor showed round-shaped cells with vesicular hyperchromatin, scanty eosinophilic cytoplasm, and nuclear atypia (a). Immunohistochemical analyses show positive expression of synaptophysin (b) and chromogranin (c) (x100 magnification).


After the implantation, metastatic tumor removal surgery was performed. The motoric strength of the patient improved gradually and the patient was discharged on day 7. The external beam radiation with a 1.8 Gy fraction dose for 30 cycles to the tumor bed with volumetric modulated arc therapy (VMAT) and the craniospinal radiation was done 1 month after the surgery without the combination chemotherapy due to the patient's refusal. The follow-up brain and spine MRI scans were subsequently performed at 6 and 12 months. Brain MRI results showed gliosis at the surgical site without any sign of the residual tumor. The follow-up MRI was planned to be carried out every year thereafter. The patient was still disease-free at the latest follow-up at the 2-year mark (Figure 4).


[image: Figure 4]
FIGURE 4
 Axial (A), coronal (B), and sagittal (C) MR scan with contrast showing no tumor growth at the 2-year follow-up.




Discussion

In the present case, the patient was diagnosed with an implantation metastatic tumor of PPTID, 7 years after undergoing the stereotactic tumor biopsy for the initial diagnosis of PPTID. On presentation, the patient had a primary symptom of left-sided paralysis. The resulting brain imaging showed a cystic lesion on the right frontoparietal region just inferior to the prior burr hole. Surgery was then performed to remove the lesion and the following histological examination confirmed the similar features of PPTID.

The interesting radiographic feature that was observed in the patient was cystic-like lesions. These cystic-like lesions are features that are rarely seen in the PPTID (and its resulting metastases) radiographs (10, 11). Chatterjee et al. (12) proposed pathological prognostic factors in PPTID where tumors with a mitotic score of < 4/10 hpf and Ki-67 <5% are categorized as low grade, whereas tumors with a mitotic score of > 4/10 hpf and Ki-67 >5% are categorized as high grade (12). Therefore, we categorized the patient, with a mitotic score of >4/10 hpf and Ki-67 of about 25%, as a high grade with a relatively high probability of recurrences. Consequently, the follow-up MRI was planned to be carried out every year.

The gross total resection followed by radiotherapy and chemotherapy is the ideal treatment for PPTID (13). Due to the location of the pineal body, a stereotactic needle biopsy is an effective option in establishing the diagnosis of a pineal region tumor. The needle track seeding metastasis after the tumor biopsy is rare and probably associated with incidental implantation, which most likely occurs during the withdrawal of the biopsy needle. There had been documented cases of seeding metastasis after the biopsies of the lung, kidney, prostate, liver, pancreas, and thyroid carcinoma. Moreover, the tumors of the central nervous system have a risk of metastasis on its biopsy tracks which have been documented in pineoblastoma, glioblastoma, anaplastic astrocytoma, and brain metastases. Therefore, histological assessments and subsequent diagnoses of the brain lesions are mandatory for establishing appropriate treatment plans (5, 14).

The secondary lesions that occurred, in this case, developed right below the burr hole site along the stereotactic trajectory tract with no evidence of residual tumor at the pineal region on MR imaging. We suspect this was the cause of the implantation metastasis. To our knowledge, this is the first report of PPTID with implantation metastases along the trajectory tract following the biopsy procedure of the pineal region. There were only two previously reported cases of implantation metastases along the trajectory tract but were associated with pineal germinoma and pineoblastoma (6, 14). Haw and Steinbok (6) reported an implantation metastasis along the ventriculostomy biopsy tract outside the radiotherapy area in a 14-year-old male patient suffering from a pineal germinoma. The gross total removal of the metastatic mass was performed by craniotomy which was then followed by a chemotherapy course. A 12-month follow-up showed no recurrence (6). Furthermore, Rosenfeld et al. (14) reported a pineoblastoma in an 18-month-old which was confirmed with the transfrontal stereotactic biopsy and subsequently treated with chemotherapy. An implantation metastatic tumor along the biopsy tract was found 13 weeks later which was then treated with a more aggressive regimen. Unfortunately, the patient died at week 32 due to the partial response with immediate recurrence after the chemotherapy was stopped (14).

The pineal parenchymal tumor of intermediate differentiation is a rare central nervous system tumor (<1%) that arises from the pineal parenchyma. The spectrum is between pineocytoma (grade I) and pineoblastoma (grade IV). Due to its rarity and heterogenous behavior, there is still no consensus regarding the optimum treatment. The systematic review by Mallick et al. (15) reported that adjuvant radiotherapy in PPTIDs was favorable and could result in higher survival outcomes (15). Additionally, expanding the radiation area to include biopsy tracts may be beneficial to avoid the occurrence of implantation metastases, illustrated by the present case. Furthermore, Boutin et al. (16) found that, in malignant pleura mesothelioma cases, none of the patients that were subjected to the radiation on the biopsy tract following the needle biopsy using thoracoscopy developed implantation metastases. Conversely, 40% of the patients that did not receive biopsy tract radiation following needle biopsy using thoracoscopy developed implantation metastases (16).



Conclusion

Although it is rare, the potential occurrence of implantation metastasis following the stereotactic biopsy of PPTID should be considered in the treatment plans and follow-up. Considering the area and doses of radiation on PPTID, particularly on the biopsy track, may be advantageous, but additional research is required.
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The coexistence of meningioma and pituitary adenoma is very rare, especially in the same location after meningioma surgery. Here, we reported a case of coexisting meningioma and pituitary adenoma secondary to postoperative meningioma in the sellar region in a patient who had not received radiation therapy before the second surgery. A 61-year-old woman underwent craniotomy for tumor resection for sellar meningioma in 2017, and postoperative imaging showed no residual in the surgical area. In 2022, the patient had a history of decreased vision again. MRI showed the possibility of postoperative pituitary adenoma in the sellar region. The patient underwent endoscopic resection of the skull base lesion again. After surgery, the patient's visual symptoms improved. Histology of the sellar tumor showed both meningioma (meningeal epithelial type and WHO grade I) and pituitary adenoma in the same section. The coexistence of meningioma and pituitary adenoma is a very rare surgical entity. This report provides a theoretical basis for the selection of intracerebral tumor surgery and provides a diagnostic basis and treatment reference for patients diagnosed with meningioma and pituitary adenoma at the same time.
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Introduction

The sellar region is located in the central portion of the skull base, behind the posterior wall of the sphenoid sinus and between both cavernous sinuses, and is one of the locations with a high incidence of intracranial tumors. The sellar area is adjacent to the internal carotid artery, optic nerve, pituitary gland, hypothalamus, and other vital structures (1). A space-occupying lesion will cause compression symptoms, resulting in headaches, visual field defects or decreased vision, and endocrine abnormalities. In severe cases, coma may occur. The anatomical location of the pituitary tumor is located in the pituitary recess in the sella region of the skull base, which is connected with the hypothalamus and adjacent to the optic chiasm. Therefore, pituitary tumors are more common in the sellar region.

As one of the most common intracranial tumors, meningioma originates from the intracranial meninges, with an incidence of about 15–25% (2). Generally, meningioma mainly originates from arachnoid villi aberrations, which often occur in venous sinuses. Patients with meningioma in the sellar region are only 2.1% (3). Among the pathogenic factors of meningioma, radiation is a recognized carcinogenic factor, and its specific mechanism is unclear. In the absence of radiation stimulation, secondary meningioma after intracranial tumor surgery is very rare.

This study reported a rare vision loss 4 years after meningioma surgery. MRI examination revealed tissue lesions in the sellar region. The patient underwent minimally invasive neurosurgery. The postoperative tumor pathology results showed meningiomas and pituitary adenomas in the intracranial sellar region. The pathological results suggest that the tumors in the sellar tissue are also diverse, not as simple as a single tumor. Therefore, when dealing with this type of disease, it is necessary to comprehensively consider and combine neuroendoscopy, neuronavigation technology, and microsurgery technology to select the optimal treatment plan, so as to accurately locate the tumor location and meet the requirements of total tumor resection and subtotal tumor resection. This further reduces the incidence of postoperative complications.



Case presentation

A 61-year-old female patient underwent an MRI examination in 2017 due to the progressive decline of binocular vision, which showed intracranial sellar space-occupying lesions, and underwent craniotomy for tumor resection. The postoperative pathological results showed meningioma, meningeal epithelial type, and WHO I type (Figures 1A,B). Symptoms improved at discharge, and no postoperative radiation therapy was given. The patient recently presented with symptoms of decreased visual acuity again without other neurological symptoms. The MRI report showed that the operative area was enhanced with flaky patches (Figure 2C), possibly a pituitary tumor. After communicating with the patient, endoscopic skull base lesion resection was performed again on 20 April 2022. The patient's visual acuity improved after surgery, and the neurological examination was normal at the time of discharge (Figure 2D). The pathological results of the tumor after the second operation showed meningioma, meningeal epithelial type, WHO grade I (Figures 1C,D); pituitary tumor, some pituitary adenomas, and some meningiomas (Figures 1E,F).


[image: Figure 1]
FIGURE 1
 Pathological examination results of tumor resection. (A) The first surgical pathology results in 2017: meningioma (meningeal epithelial type, WHOI grade). (B) Immunohistochemical results of meningioma in 2017: GFAP(–), Ki-67(1%+), S-100(–), PR(3+), EMA(3+), CK7(–). (C,D) Postoperative histological examination of the tumor in the sellar region showed meningioma (meningeal epithelial type and WHO I grade), and the immunohistochemical results were as follows: GFAP(–), Ki-67(1%+), S-100(–), PR(2+), EMA(3+). (E,F) The immunohistochemical results of recurrent pituitary adenoma in the sellar region were as follows: EMA (3+), Syn (2+), Ki-67 (1%+), and PR (2+).



[image: Figure 2]
FIGURE 2
 Preoperative head MRI and postoperative head CT examination were performed. (A) An enhanced MRI scan of the head before the first operation, the red arrow points to the pituitary fossa mass. (B) In the first postoperative CT scan, the red arrow points to the complete resection of the meningioma tumor. (C) T1-weighted enhanced coronal image before the second operation, the red arrow points to the same shadow of the newly formed T1T2 signal in the post-saddle region. (D) In the second postoperative CT scan, the red arrow points to the complete resection of the sellar mass.



The plasma level of the pituitary hormone

This patient's clinical manifestation of the adenoma was a non-functional adenoma, which only shows that the tumor compresses the optic nerve and causes vision loss. The detection of hormone level in patients before the second operation, thyroid-stimulating hormone (TSH): 2.03 mIU/L (reference range: 0.56–5.91 mIU/L); Free T3 (FT3): 4.63 pmol/L (reference range: 3.8–6.47 pmol/L); Free T4 (FT4): 6.45 pmol/L (reference range: 7.9–17 pmol/L); T3: 1.52 nmol/L (reference range: 1.34–2.73 nmol/L); T4: 83.24 nmol/L (reference range: 78.4–157.4 nmol/L); luteinizing hormone (LH): 6.82 mIU/ml (reference range: 10.87–58.64 mIU/ml); follicle-stimulating hormone (FSH): 26.97 mIU/ml (reference range for postmenopausal women: 16.74–113.59 mIU/ml); pituitary prolactin (PRL): 34.29 ng/ml (reference range of postmenopausal women is 2.74–19.64 ng/ml); growth hormone (GH): 0.07 ng/ml (reference range: 0.01–3.607 ng/ml); and cortisol (Cor): 97.830 μg/L (reference range: 60.2–184 μg/L).



Neurological examination

The patient has a clear mind, good mental state, equal and equal round pupils on both sides, with a diameter of about 3 mm, sensitivity to light reflex, normal eye movement, and poor vision in both eyes, the results of Octopus visual field examination showed that the peripheral visual field of the left eye was significantly defective, and the temporal visual field of the right eye was slightly defective. The visual acuity of the right eye was 0.6, the visual acuity of the left eye was 0.3, and the visual acuity of the left eye decreased significantly, and no abnormality in the nasal cavity and external auditory canal. The forehead lines, nose, and lip grooves were symmetrical, and the tongue was in the middle. The forehead and face feel was normal, and the mouth feel was strong, the Weber test was in the middle, and the corneal reflex, pharyngeal reflex, and head–eye reflex were normal. The shoulders were symmetrical on both sides. The neck was soft, without resistance. The muscle strength of both limbs was Grade V, the muscle tension was normal, the deep and shallow senses of the limbs were normal, the superficial reflex was normal, and the tendon reflex was not hyperfunction. Bilateral pathological signs were not elicited.



Cranial impact examination

On 27 March 2017, the preoperative enhanced MRI scan of the patient's head showed that a 2.99 × 1.75 cm enhanced focus was found in the pituitary fossa, with blood vessels running inside and optic nerve compression (Figure 2A).

On 3 April 2017, postoperative CT of the patient showed that the part of the frontal bone was absent, no obvious abnormality was found in the brain parenchyma and ventricular system, and the midline structure of the brain was in the middle (Figure 2B).

On 19 April 2022, a plain scan and enhanced MRI of the patient's head before the operation showed that after the operation in the sellar region, the size of the tumor was about 2.8 × 4.0 cm, lumps and other T1–T2 signal mass shadows could be seen in the operation area. The tumor body wrapped around the internal carotid artery on enhanced scan and pushed upward to press the optic chiasma (Figure 2C).

On 21 April 2022, there was a slightly high-density strip shadow under the skull plate, no obvious abnormality was found in the ventricular system, and the midline structure of the brain was in the middle (Figure 2D).



Treatment and prognosis

The patients should complete preoperative vital signs, laboratory, imaging-related examinations, and determine the tumor location and operation mode. Selected a 30-degree endoscope to place into the nasal cavity, exposed the opening of the sphenoid sinus, and cut the nasal septum mucosa at the middle turbinate to fully expose the surgical field. The surgical area showed the tumor was flesh red, hard, and rich in blood supply. The tumor should be removed in blocks. The tumor removal sequence was first at the saddle bottom, then at both sides, and then at the middle. The tumor showed invasive growth. The tumor near the internal carotid artery was tightly adhered and was retained in a minimal amount.

After the operation, both internal carotid arteries were well-protected, and the artificial meninges at the sellar floor were completely repaired. The patient was discharged from the hospital, the patient had a clear mind, no apparent blood exudation in the nasal cavity slightly decreased sense of smell, equal large and equal round pupils on both sides, light sensitivity, no apparent decline in vision, and no apparent neurological impairment symptoms left.

After discharge, we regularly went to the outpatient department of our hospital for reexamination. Furthermore, the patient's vision does not continue to decline, his olfactory sense returns to normal, and no tumor growth is found in the postoperative reexamination imaging. Considering the relatively short recurrence interval of the tumor and the minimal amount of residual tumor near the carotid artery during the operation, we were now receiving gamma knife intracranial directional radiotherapy.




Discussion

Whether pituitary adenomas and meningiomas can interact and transform is unclear. The preferred diagnosis of single sellar lesions is a pituitary adenoma. Studies have found that 10–15% of patients with intracranial tumors were diagnosed with pituitary adenomas by autopsy, and 23% were diagnosed with meningiomas by MRI (4). The single incidence is still low, which shows that the coexistence of pituitary tumors and meningiomas is rare. It has been reported that pituitary adenomas after radiotherapy can coexist with meningiomas (5, 6). However, Partington and Davis (7) reported that this phenomenon could also occur in patients who have not received radiotherapy. Doubts remain about whether two distinct treatment outcomes might indicate an association between the two tumors. Whether pituitary adenomas may increase the probability of secondary meningioma and whether pituitary adenomas and meningiomas in the sellar region can transform into each other or evolve has no scientific theoretical support.

However, other scholars believe pituitary tumors, as endocrine tumors, are closely related to their clinical manifestations and hormone secretion. The increase in endogenous hormones that can cause tumors of different tissue types to interact with each other is unknown. Wiemels et al. (8) explained that prolactin is essential in stimulating meningioma growth. Prevedello et al. (9) studies have shown that the most common hormone to stimulate the growth of meningioma is growth hormone. Numerous studies have shown that hormones secreted by the pituitary gland may be the key to inducing abnormal proliferation of meningeal cells to form meningiomas. However, this theory has not been scientifically proven.

The pathogenesis of meningioma may be closely related to gene mutation. The mutation or deletion of the tumor suppressor factor (NF2) gene, which most often occurs on chromosome 22, can be found in more than 50% of sporadic meningioma patients. With the rapid development of new sequencing technology, some mutation genes commonly found in meningiomas, such as SMO, AKT1, PIK3CA, KLF4, BAP1, POLR2, SMARCE1, and TRAF7. SMO, AKT1, and PIK3CA mutations are specific mutations in anterior skull base meningiomas, while KLF4 mutations are highly expressed in secretory meningiomas, and BAP1 mutations are common in rhabdomyoma meningiomas (10). The primary pathological mechanism of pituitary adenoma is epigenetic mutation leading to cell aberration. A large number of studies have found that somatic mutations (GNAS, USP8, GPR101) and germline mutations (MEN1, cyclin-dependent kinase inhibitor gene, AIP, DICER1, SDHx, and GPR101) are closely related to the pathogenesis of different clinical types of pituitary tumors (11). Therefore, it is significant to study the genes related to pituitary adenoma and meningioma to prevent and treat both.

Considering the high recurrence rate and initial location of the tumor at the same site as the patient, “SMO mutation” may exist in this case. SMO mutation is mainly found in anterior skull base meningioma, which is obviously abnormal with the normal meningioma-prone site. It is a vital signal converter in the sonic hedgehog (SHH) signal pathway and is inseparable from embryonic development and tumor occurrence. It plays a vital role in the process of intracranial lesions in patients with aggressive, unresectable, and highly recurrent meningioma. Unfortunately, due to the immaturity of advanced theoretical knowledge and the lack of detection technology, the patient failed to carry out relevant gene detection to determine the existence of SMO gene mutation in the patient's cells (13, 14).

With the incidence of pituitary tumors, there is still no effective drug treatment. Therefore, surgery is the best choice for treatment. Despite this, the recurrence rate of patients within 10 years is still as high as 7–12% (10, 11), and the prognosis is not as expected. Therefore, a comprehensive and in-depth understanding of the molecular biological characteristics of different types of pituitary adenomas is conducive to improving the prognosis of pituitary adenomas (12). Meanwhile, the current international guidelines guide the optimal treatment of meningioma is also surgery, but whether adjuvant radiotherapy or surgery can be selected for atypical or anaplastic meningioma. However, for skull base meningiomas surrounding blood vessels or neural structures, as well as refractory and recurrent meningiomas, repeated surgery is still the best choice.

MRI is commonly used in the diagnosis of sellar tumors, but in the process of clinical diagnosis, it is found that the imaging manifestations of pituitary adenomas and intrasellar meningiomas are very similar, and MRI cannot differentiate them before surgery. Therefore, intraoperative histopathological examination is an essential step in identifying tumor attributes. The MRI examination of the patient reported in this study showed the state of the sellar region, and the operation area showed a mass shadow with T1 and other T2 signals. The enhanced scan showed uniform enhancement, which seemed to be a single tumor. However, intraoperative histopathological examination confirmed the coexistence of pituitary adenoma and meningioma, and the pathological indicators provided a theoretical basis for postoperative treatment.

After meningioma surgery, pituitary adenoma and meningioma coexist in the same sellar region, making the operation more difficult. According to the experience of senior doctors, when the pituitary adenoma and meningioma are adjacent to each other, a single pterional approach or endoscopic single intranasal transsphenoidal approach can be used for one-time surgical resection. Compared with conventional surgery, this approach significantly increases the risk of surgery and poor prognosis. Therefore, perfect preoperative examinations, a complete understanding of the specific conditions of the location and function of intracranial tumors, and an assessment of the patient's general condition are essential prerequisites for formulating appropriate surgical approaches and avoiding severe complications.



Conclusion

The imaging manifestations of sellar tumors are similar, and a definitive diagnosis cannot be made preoperatively. Therefore, intraoperative histopathological examination is crucial, which can provide a theoretical basis for the subsequent treatment.
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Background

Primary CNS tumors are rare. Coexistence of two glial tumors of different histological origins in the same patient is even rarer. Here we describe two unique cases of coexisting distinct glial tumors in opposite hemispheres.



Cases

Patient 1 is a 38-year-old male who presented with a seizure in February/2016. MRI showed a left parietal and a right frontal infiltrating nonenhancing lesions. Both lesions were resected revealing an oligodendroglioma WHO grade-2 and an astrocytoma WHO grade-2. Patient 2 is a 34-year-old male who presented with a seizure in November/2021. MRI showed a left frontal and a right mesial temporal lobe infiltrating nonenhancing lesions. Both lesions were resected revealing an oligodendroglioma WHO grade-2 and a diffuse low-grade glioma, MAPK pathway-altered (BRAF V600E-mutant). Patient 1 underwent adjuvant treatment. Both patients are without recurrence to date.



Discussion

Two histologically distinct glial tumors may coexist, especially when they are non-contiguous. Pathological confirmation of each lesion is imperative for appropriate management. We highlight the different management of gliomas based on the new CNS WHO 2021 classification compared to its 2016 version, based on NCCN guidelines. Although more molecular markers are being incorporated into glioma classification, their clinical impact of it is yet to be determined.
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Introduction

Primary Central Nervous System (CNS) tumors are rare and account for about 2% of all cancers with an overall incidence of 22 per 100,000 population (1). Glioma is the most common type of primary brain tumor, with astrocytoma accounting for about half of these cases while oligodendrogliomas account for around 5% of primary intracranial tumors (2). While primary brain tumors are rare, the co-existence of gliomas of different histologic and molecular categories in the same individual in opposite hemispheres has never been reported in the literature to our knowledge. A total of 72 total cases of coexisting histologically distinct primary CNS tumors have been reported, most of them describing the coexistence of meningiomas and gliomas. None describe coexisting glial tumors from distinct histologic and molecular categories (3–29). Here we report two unique cases of coexisting glial tumors with distinct histologic and molecular profiles, located in opposite brain hemispheres. It is important to acknowledge the presence of this phenomenon, as otherwise these disparate lesions may be falsely assumed to be multifocal pathology and/or gliomatosis as opposed to two separate low-grade lesions.



Case series


Patient 1

A 38-year-old male presented to the ED after experiencing a new onset GTC seizure in February 2018. MRI brain was eventually obtained revealing two infiltrating, expansile, and non-contiguous T2-FLAIR hyperintense lesions on the left parietal and right frontal lobes. Faint enhancement was seen in the posterior aspect of the left temporal lesion (Figure 1). MR Spectroscopy revealed elevated choline to creatine and choline to N-acetylaspartate (NAA) ratios in the left temporoparietal lesion, suggestive of a neoplastic process. The right frontal lesion was too small and close to the skull and therefore not tested. Preoperative CT did not show any intralesional calcifications.




Figure 1 | FLAIR axial (A) and sagittal (B) MRI depicting preop left parietal lesion in patient 1. FLAIR axial (C) and sagittal (D) MRI depicting preop right frontal lesion in patient 1. FLAIR axial (E) and sagittal (F) MRI depicting left parietal lesion and resection in patient 1, 18-month postoperatively. FLAIR axial (G) and sagittal (H) MRI depicting right frontal lesion and resection in patient 1, 18-month postoperatively.



He underwent a craniotomy and GTR of the left parietal lesion on 6/2018. Pathology revealed oligodendroglioma, WHO grade 2, IDH-mutant, 1p/19q-codeleted. One month later, he underwent a second craniotomy and GTR of the right frontal lesion. Pathology revealed an astrocytoma, WHO grade 2, IDH-mutant, ATRX-mutant, and 1p/19q-intact (Figure 2). Intraoperative awake electrocorticography recorded brief, non-evolving focal epileptic activity described as 5-10 low-amplitude periodic spikes arising from the left temporoparietal region.




Figure 2 | H&E staining of the left parietal oligodendroglioma in patient 1 is shown at low magnification (A) and high magnification (B). Additional staining of the left parietal lesion shows IDH-1 (R132H) mutation (C) and ATRX retained (D). H&E staining of the right frontal astrocytoma is shown at low magnification (E) and high magnification (F). Additional staining shows IDH-1 (R132H) mutation (G), ATRX loss (H), and p53 overexpression (I) of the right frontal astrocytoma.



The patient did well postoperatively and remains seizure-free while on antiepileptic monotherapy. He developed chronic right homonymous hemianopsia but is otherwise cognitively and physically intact. The decision was made to treat the astrocytic right frontal lesion with intensity-modulated radiation therapy (IMRT) (total of 60Gy in 30 fractions) followed by temozolomide for a total of 12 cycles to treat both pathologies. He is currently doing well without recurrence or worsening neurological symptoms at his last follow-up on 1/11/2022. He continues to work three jobs and is excited about getting married in February.



Patient 2

A 34-year-old right-handed male presented to the emergency department (ED) in September 2021 after new-onset episodes of expressive aphasia, each lasting less than 2 minutes. While in the ED, he developed two generalized tonic-clonic (GTC) seizures. MRI brain demonstrated two expansile, non-enhancing, and non-contiguous T2-FLAIR hyperintense lesions on the left frontal and right mesial temporal lobes (Figure 3). Preoperative CT showed gyriform and ill-defined calcification associated with the left frontal lobe mass, consistent with oligodendroglioma. There were no calcifications in the right temporal mass. The patient was admitted to the hospital, started on dexamethasone and levetiracetam, and prepped for surgery.




Figure 3 | FLAIR axial (A) and sagittal (B) preop MRI of the left frontal lesion in patient 2. FLAIR axial (C) and sagittal (D) preop MRI of the right temporal lesion in patient 2. Axial (E) and sagittal (F) FLAIR MRI from left frontal tumor resection in patient 2, 5 months postoperatively. The resection was taken around all margins of the FLAIR lesion until functional borders were found, including into the corpus callosum across the midline. FLAIR MRI axial (G) and sagittal (H) from right temporal tumor resection in patient 2, 4 months postoperatively. The resection was taken beyond the margins of the FLAIR lesion.



He underwent an uncomplicated awake craniotomy and gross total resection (GTR) of the left frontal lesion with intraoperative MRI. Pathology was consistent with oligodendroglioma, WHO grade 2, IDH-mutant, 1p/19q-codeleted.

After he recovered from the first surgery, he underwent a right temporal craniotomy and subtotal resection of the contralateral lesion on the right mesial temporal lobe. Morphologic and molecular findings from this specimen were most suggestive of diffuse low-grade glioma, MAPK pathway altered as the tumor showed evidence of BRAF mutation (V600E). The tumor is notably IDH wildtype, H3 wildtype, 1p/19q not co-deleted, and no evidence of CDKN2A deletion, indicating a favorable prognosis (Figure 4) (30). A current WHO grade is yet to be assigned for these neoplasms according to the recent 2021 WHO guidelines (31). Intraoperative awake electrocorticography did not record any epileptiform activity.




Figure 4 | Low magnification H&E staining (A) and IDH mutant staining (B) of the left frontal lesion in patient 1 are consistent with oligodendroglioma. Low magnification (C) and high magnification (D) H&E staining of the right temporal lesion is consistent with low-grade glioma.



The patient did well after both surgeries and remained seizure-free while on monotherapy antiepileptic. He remained both clinically and radiographically stable at his 6-month follow-up visit. He is currently doing well without recurrence; the most recent follow-up was on 6/7/2022. He works full-time as an engineer but has transitioned to an office job as he had trouble with extreme temperatures. He feels back to his baseline with infrequent memory problems.




Discussion

Here we describe two unique cases of co-existing glial tumors from distinct cellular lineages on opposite brain hemispheres. Both patients initially presented following new-onset seizures. They both underwent two separate craniotomies for maximal safe resection of each of the lesions. Both patients had coexistence of oligodendroglial and an astrocytic tumor, one in each hemisphere.

To our knowledge, this is the first report of co-existing glial tumors from distinct histologic and molecule profiles on opposite brain hemispheres. It is critical to recognize this as part of the differential diagnosis when evaluating patients with two discrete, non-contiguous lesions, as historically (i.e., prior to the era of molecular markers) these may have been misdiagnosed as gliomatosis and/or multifocal pathologies. A literature review conducted by Tunthanathip et al. identified 6 cases of coexisting intracranial tumors and summarized the author’s experiences. They then identified 65 similar cases described in the literature. They noted that the most common association was a meningioma and pituitary adenoma, and that meningioma was present in most of their reported cases (32). Additionally, Nalmada et al. describe a case report of co-existing astrocytoma and oligodendroglioma both in the right frontal lobe (33).

The strikingly different mutation and methylation profiles observed in the two tumors in each case (Figures 2, 4) suggest that each neoplasm had distinct tumorigenesis and even place of origin, considering their location in opposite hemispheres. Additionally, no genetic mutations have been identified to suggest a cancer-predisposition syndrome or familial hereditary syndrome in either case. Neither patient had a personal or family history suggestive of genetic predisposition, and therefore no genetic counseling was done.

Another important point is the impact of the new 2021WHO classifications on management when compared to the 2016 WHO classification (31, 34). Prior to this update, Patient #2’s temporal tumor would have been classified as diffuse astrocytoma, IDH-wildtype, WHO grade II according to the WHO 2016 classification, and therefore would have been treated with adjuvant radiation and chemotherapy at our institution. This use of adjuvant radiation and chemotherapy is highlighted in the treatment of patient #1’s right frontal astrocytoma three years earlier. With the most recent 2021 WHO classification, the tumor is now classified as low-grade glioma, MAPK pathway altered, due to the tumor’s molecular profile. This tumor carries a lower risk of recurrence and does not have a WHO number (2,3 or 4) associated with it; given his age, radiographic surveillance without adjuvant therapy was recommended (35).

This manuscript describes two rare cases of coexisting glial tumors in opposite brain hemispheres, and it illustrates the differences in glioma classification comparing the 2021 WHO classification to its previous 2016 version. It also highlights the difference in the management of brain tumors based on an integrated diagnosis strategy as recommended by NCCN guidelines.
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Angioleiomyoma (ALM) is a benign smooth muscle neoplasm that mainly occurs in lower extremities subcutaneous tissue and generally affects middle-aged adults. This tumor histotype may rarely localize intracranially, although only a few cases have been described in the literature. We report a case of intracranial ALM, whose differential diagnosis has been particularly challenging, and firstly provide a comprehensive radiological and intra-operative evaluation of a such rare entity. This represents also the first report of the use of intraoperative confocal microscopy in ALM and the first documented short-term recurrence. At this regard, a scoping literature review has been conducted with the aim of presenting the major clinical and diagnostic features along with the proposed therapeutic strategies.
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Introduction

Angioleiomyoma (ALM), also called angiomyoma or vascular leiomyoma, is defined as a benign and indolent soft tissue neoplasm arising from smooth muscle cells. According to the 2016 central nervous system (CNS) tumors classification by World Health Organization (WHO), ALM is classified as a mesenchymal non-meningothelial brain tumor (1). On the contrary, in 2021 WHO classification of CNS tumors, the term “angioleiomyoma” is not mentioned because leiomyoma is now described in the soft tissue tumors category. Microscopically, the disease can be recognized by its pattern of intersecting fascicles, composed of eosinophilic spindle cells with blunt-ended nuclei (2). Considering the lack of mitotic activity and cytological atypia, ALM represents a benign neoplastic entity (2). Diffuse leptomeningeal leiomyoma and an angioleiomyomatous type represent disease variants and have been described in the literature (3). Epstein-Barr Virus (EBV) and AIDS-associated ALMs have also been reported (4). ALM is commonly located in the lower extremities and affects middle-aged adults and usually manifests as an isolated, painful, and solid mass (5). Although ALM may originate from the subcutaneous tissue of the trunk (6), visceral and mucosal locations have been reported (7). On the contrary, primitive intracranial ALM represents an exceedingly rare tumor. Since the first reported case by Lach et al. in 1994, 57 cases have been reported in the literature (8). From these reports, it emerged that primitive CNS ALM is mostly observed in women, with an age peak around the fourth decade (9). Both the imaging features and the intraoperative surgical considerations have been analyzed in the present paper, in which we present the case of a middle-aged woman with a history of fatigue and weakness in the right limbs. Brain magnetic resonance imaging (MRI) revealed the presence of a lesion located in the free left edge of the tentorium, which posed an indication for surgical resection.



Case report

We present the case of a 60-year-old, right-handed, woman who suffered from a 9-months history of fatigue and weakness in the right limbs. Neurological examination revealed an ataxic gait, moderate right upper extremity dysmetria, and slight right hemiparesis. No previous history of CNS surgery or trauma was present, and no major comorbidities were reported. The patient underwent a preoperative brain MRI (Figures 1E-J) which disclosed a mass contiguous to the left tentorial free edge and extending into the ipsilateral thalamic and mesencephalic regions. The tumor was hypointense on T1-weighted images (WI) and on T2-WI (Figures 1H–J), and hyper/isointense on Fluid Attenuated Inversion Recovery (FLAIR) sequences. Postcontrast T1-WI showed heterogeneous enhancement of the lesion (Figures 1E–G), which was 31 millimeters in maximum diameter, and associated with moderate edema in the surrounding brain parenchyma. Magnetic Resonance spectroscopy (MRS) disclosed a reduction in N-acetyl-aspartate (NAA), and an increase in choline (Cho) and creatine (Cr) peaks with a reduction of Cho/NAA ratio in the tumor area, suggesting the glial nature of the lesion. In the suspicion of brain metastasis, a total body 18-Fluorodeoxyglucose Positron Emission Tomography-Computed Tomography (18F-FDG PET-CT) scan was acquired, displaying an increased tracer metabolism in the lesion without evidencing any extracranial pathologic uptake. Moreover, a brain computed tomography (CT) scan showed granular calcifications inside the lesion. Taking into consideration the neuroradiological findings, surgery was thought to be appropriate to both reduce the mass effect and make a definitive histological diagnosis. In the operating room, the patient was positioned supine and, under microscopic guidance, we decided to approach the lesion through a transtemporal tranventricular route in order to gain a wider control on both the lesion and its vascularization. The lesion was encountered in the left tentorial hiatus and appeared as an extraparenchymal, red and capsular mass with an arterialized surface (Figure 2A). The mass displayed a dense consistency and extended into the mesencephalic-thalamic region, occupying both the crural and ambient cisterna. At the beginning of the resection procedure, an excessive bleeding from the vascularised surface occurred, thus leading to an immediate interruption of the procedure. Postoperatively a brain Digital Subtraction Angiography (DSA) was performed (Figures 1A–D) and the presence of a thrombosed giant aneurysm was excluded. Moreover, DSA showed a delayed and intense arterio-venous blush fed by the P2 tract of posterior cerebral artery (PCA) and by superior cerebellar artery (SCA) afferents. Given that embolization of the tumor was considered unsafe by our interventional neuroradiology team, we decided to proceed with a re-operation through the same previous surgical route. During the second surgical procedure, we achieved a subtotal removal of the tumor without any surgical complication. Although the tumor exhibited an intense and homogenous fluorescence, the use of the dedicated filter (YELLOW 560) was not necessary because the pathologic tissue was already recognizable for its high vascularization. On the contrary, In vivo intraoperative confocal microscopy was useful in confirming the presence of the pathologic tissue, showing the presence of high cellularity and vascularized lesion (Figure 2B). The tumor specimen underwent histological examination, which reported the presence of blood vessels, smooth muscle cells, and collagen tissue (Figure 3A). Immunochemistry disclosed positivity for actin protein on smooth muscle cells, for CD31 and CD34 on endothelial cells, and for vimentin on mesenchymal tissue. On the contrary, STAT6, GFAP, and EMA antigens were not detected. The Ki67 index ranged from 4 to 5% and no necrosis was identified. These characteristics were ultimately consistent with the diagnosis of leiomyoma. Postoperatively, the patient displayed mild expressive dysphasia and moderate right hemiparesis. (Figures 1K–M). The patient was then transferred to a rehabilitation setting on the fifth day after surgery and both speech disturbance and strength deficit gradually ameliorated. Considering the subtotal resection and the benign histopathological features, a 5-months brain MRI was programmed. When MRI was performed, a significant disease recurrence was disclosed (Figures 1N–P). At this regard, we think that the disease recurrence was mainly due to the presence of residual tumor left after the second surgical procedure. Therefore, after a multidisciplinary discussion and taking into consideration the risk associated with reoperation, the patient was referred to the radiation therapy specialist at our Institution. The patient has completed a full cycle of radiation therapy, without any other neurological deficit, and is now waiting for the follow-up MRI.




Figure 1 | (A–D) Angiography imaging showing artero-venous blush lasting till late venous phase. The blush is fed by collaterals originating from P2 segment of the posterior cerebral artery (PCA), and left superior cerebellar artery (SCA). Preoperative post-contrast T1-weighted images in sagittal (E), axial (F), and coronal (G) views, showing the involvement of the tentorium hiatus and the extension to the left thalamo-mesencephalic region; Preoperative T2-weighted images in sagittal (H), axial (I), and coronal (J) views, showing the hypointensity of the tumor and the presence of perilesional edema. Post-operative post-contrast T1-weighted imaging showing residual tumor in sagittal (K), axial (L), and coronal views (M); (N-P) 5-month follow-up post-contrast T1-weighted imaging showing disease recurrence.






Figure 2 | (A) Intraoperative visualization of the tumor, presenting as a hypervascularized mass in the tentorium hiatus; (B) Intraoperative use of in vivo confocal microscopy.






Figure 3 | (A) H&H showing the presence of blood vessels, smooth muscle cells, and collagen tissue; (B) Confocal microscopy image showing neoplastic tissue characterized by significant neovascularization.





Material and methods

The case report has been described according to the CARE guidelines.


Surgery protocol

The standardized surgical protocol of fluorescein-guided technique is based on i.v. SF injection at standard dose of 5mg/kg, by a central or peripheral venous line, immediately upon completion of the induction of general anesthesia (10). The surgery was performed with the aid of a surgical microscope equipped with an integrated fluorescent filter tailored to the excitation and emission wavelength of sodium fluorescein (YELLOW 560 – Pentero 900; Carl Zeiss Meditec, Oberkochen, Germany). During resection, the microscope could be switched alternatively from fluorescent to white-light illumination. Intra-operative fluorescein-assisted miniatured confocal laser endomicroscopy (CONVIVO® system, Carl Zeiss, Meditec, Oberkochen, Germany) has been used.



Literature review search strategy

A literature review search has been performed with the aid of the Preferred Reporting Items for Systematic Reviews and Meta‐analyses (PRISMA) statement guidelines, limited to the English language. SCOPUS, PubMed and Cochrane databases were queried using individual keywords and MeSH terms. A purposely defined search string was performed for PubMed, Scopus and Cochrane search: (“Leiomyoma”[Mesh]) AND “Central Nervous System”[Mesh], and for SCOPUS search: TITLE-ABS KEY (intracranial AND angioleiomyoma) AND (LIMIT TO (LANGUAGE, “English”)). The results were then limited to human subjects. After duplicate removal, title and abstracts were firstly screened and, for the papers deemed appropriate, full text was obtained and reviewed for appropriateness and extraction of data. Article references list was also examined to identify any other relevant study. Only studies dealing with the presence of intracranial ALM were included. Data from the included studies were extracted, organized, and analyzed. The qualitative assessment of the level of evidence of the papers extracted has been evaluated according to Oxford CEBM (11).




Results

The results of the scoping literature review are summarized in Table 1. The literature review was based on articles published between 1994 and 2020. Since Lach et al. first reported a case of ALM, in 1994, 57 cases of ALM have been described (8). Considering the reported cases, intracranial ALMs are more common in men, with a male/female ratio of 1.9:1 (37 males; 19 females). The average age was 45,6 years (range: from 10 to 62 years). The most frequent clinical presentation was headache, which was described in 40% of cases. 7 patients (14%) with ALM presented with seizures. In sellar or parasellar lesions (38%), diplopia (20%) and visual impairment (24%) represented other primary clinical manifestations. Other symptoms, according to the location of the tumor, were motor deficits (14%), hearing loss (8%), vertigo, and tinnitus (6%). 6 cases (12%) were asymptomatic. Concerning the neuroradiological findings, ALMs were described as hypointense on T1-WI and/or hyperintense in T2-WI in 34 patients (59%). The tumor appeared hysointense in T1WI in 11 cases (19%). Heterogeneous contrast enhancement on T1-WI was observed in 6 cases (10%). In one case the lesion was depicted as a “solid” mass (1%). Regarding disease location, the sites of occurrence in order of frequency were: cavernous sinus with invasion (30%), tentorium (14%), sellar region (10%), temporal lobe (12%), falx cerebri (10%), optic nerve dura mater (5%), parietal lobe (5%), frontal lobe (3%), lateral ventricle (2%), cerebellopontine angle (2%), and occipital region (1%). The mean period of follow-up was 21,4 months after treatment and recurrence was not reported in any case. The main treatment was gross total resection (GTR), which was performed in 43 cases (86%). GammaKnife and radiation therapy represented adjuvant therapies in one case (2%) of subtotal resection.


Table 1 | Literature Review Table.





Discussion

CNS ALM represents a rare disease, and no common agreement exists on its diagnostic and surgical management. We provide a case report with a short-term recurrence and a thorough pre-operative and intra-operative illustration, with the aid of confocal microscopy. A scoping literature review is also presented to summarize and augment the level of evidence for the management of CNS ALM. ALM is a grayish-brown soft tissue tumor composed of vascular channels and stroma, in which loose smooth muscle bundles and collagen are housed (8, 12). Microscopically, thick-walled vessels are surrounded by fascicles of eosinophilic spindle cells (12). These histological features are confirmed by immunostaining through positivity to alpha-actin and h-caldesmin, which represent specific markers for smooth muscle cells. Histologic features and immunostaining may facilitate differential diagnosis between ALM and meningiomas, arteriovenous malformations, and solitary fibrous tumors. Although Hachisuga et al. (6) found mature fat cells within a specimen of intracranial ALM, the present case was characterized by the presence of blood vessels, smooth muscle cells, and collagen tissue, without any evidence of fat tissue. CNS ALM usually increases in size over a period of months to years before causing any clinical manifestation. Even when present, clinical manifestations are nonspecific and mostly related to the space-occupying mass. In our case, the tumor was responsible for a slight right hemiparesis due to its proximity to the left cerebral peduncle. Because of their uncommon presentation and atypical neuroradiologic features on CT and MRI, intracranial ALMs are often misdiagnosed (9). Differential neuroradiological diagnosis includes meningiomas, schwannomas, cavernous hemangioma, solitary fibrous tumors, and dural metastasis (9). ALM usually appears as a hyperintense or isointense lesion on T1WI and shows hyperintensity on T2WI. Postgadolinium enhancement is also featured. In our case, the tumor appeared hypointense on T1WI and T2WI and hyper/isointense on FLAIR images. Post-gadolinium scan showed an intense and heterogeneous contrast enhancement with moderate perilesional brain edema (Figure 1). The maximal tumor diameter was 31 millimeters. MRS highlighted a low NAA/Cho ratio in the pathological area, mistakenly suggesting a glial nature of the lesion. Similarly to other intracranial tumors such as meningiomas and gliomas, in the case of ALM surgical resection represents the cornerstone of therapy. In our case, we decided to approach the lesion through a transtemporal tranventricular route in order to gain a wider control on the lesion. Although a sub-temporal intradural approach could have been performed, we decided to not choose it because of its associated need to retract the dominant temporal lobe. Moreover, the transtemporal tranventricular transchoroidal approach gave us the opportunity to violate only part of the inferior temporal gyrus. Finally, the lateral supracerebellar transtentorial approach was not performed because it could not allow a complete control of the vascular structures. The lesion was then identified in the left tentorial hiatus, appearing as an extraparenchymal, red and capsular mass with an arterialized surface (Figure 2A). The mass displayed a dense consistency and extended into the mesencephalic-thalamic region, occupying the crural and ambient cisterna. At the beginning of the surgical resection, an excessive bleeding from the vascularised lesion occurred, leading us to abort the procedure. At this regard, surgical resection may be challenging even to the most experienced surgeon, as reported by Gasco et al. (13, 14), because of the highly vascularization of intracranial ALMs. The bleeding propensity of ALM raises questions about the usefulness of preoperative embolization. At this regard, we suppose that preoperative embolization of the tumor may be considered in cases of complex vascular architecture lesions and proximity to large vessels (i.e., cavernous sinus), in which the embolization procedure may avert the burden of intraoperative bleeding. Nonetheless, despite the application of this procedure, significant bleeding from the tumor still represents a frequent complication (15, 16). After aborting the first surgical attempt, we performed a DSA that excluded the presence of any thrombosed aneurysm and provided us the needed information about vascular afferents to the tumor. The second surgical procedure was conducted through the same previous surgical route, achieving a subtotal removal of the tumor without any surgical complication. During the resection, the lesion displayed an intense and homogenous fluorescence, and the use of the dedicated filter (Yellow 560) was not necessary because the pathologic tissue was already recognizable for its high vascularization. Confocal laser endomicroscopy (CLE) was implemented and showed both abnormal vessels and neoplastic proliferation. At this regard, we would like to highlight the usefulness of the CLE in differentiating the neoplastic portion of the tumor from its vascular component. We also underline that CLE could have represented a useful intraoperative adjunct to exclude a vascular malformation in the first setting, thus preventing us from aborting the surgery. In patients with ALM, post-surgical complications such as hydrocephalus, seizure, and visual impairment (17–21) have been reported. Our patient developed mild expressive dysphasia and moderate right hemiparesis. Postoperative brain MRI showed a residual tumor located in the free tentorial edge and firmly attached to the left midbrain. Despite the presence of residual disease, considering its histological benignity and after a multidisciplinary neurooncological board, we decided for a follow-up with a brain MRI, which showed a significant recurrence at 5 months after surgery (Figures 1N–P). The patient was then referred to our radiation therapy specialist. The recurrence of the disease has not been described in the literature so far. As described by Xiaofeng et al., the postoperative residual disease can be treated by Cyber-knife (12). Such treatment should also be considered in cases at high risk for bleeding or when large vascular structures are involved. On the ground of our case, we may suggest a closer neuroradiological follow-up and, in selected cases, adjuvant radiation therapy in residual disease to prevent significant tumor recurrence. Because of the rarity of the lesion, a larger sample with multicentric collaborative studies is needed to reach more significant conclusions on the best adjuvant treatments. Moreover, given the fact that ALM usually does not exhibit any aggressive biological behavior, the identification of prognostic factors suggestive of disease recurrence is also needed. Immunotherapy has been proposed as a therapeutic option by Shinde et al., in their peculiar multifocal ALM report (20) but further clinical data are needed to confirm its clinical usefulness. On the other hand, Li et al. (20) opted for biopsy and radiosurgery in the case of an ALM located in the sellar region.



Conclusion

Intracranial ALM represents a rare and understudied CNS tumor. We report the first case of CNS ALM undergoing an intraoperative confocal endomicroscopy with the potential usefulness to discriminate an unexpected vascular malformation from a highly vascularized neoplastic lesion. We provide a comprehensive radiological and histopathological evaluation along with a literature review. Moreover, this case could suggest the need to consider radiation therapy as an adjuvant modality treatment in ALM subtotal removal.
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High-grade gliomas are primary brain tumors with poor prognosis, despite surgical treatment followed by radiotherapy and concomitant chemotherapy. We present two cases of long-term survival in patients treated for high-grade glioma and concomitant prolonged bacterial wound infection. The first patient treated for glioblastoma IDH-wildtype had been without disease progression for 61 months from the first resected recurrence. Despite incomplete chemotherapy-induced myelosuppression in the second patient with anaplastic astrocytoma IDH-mutant, she died without disease relapse after 14 years from the diagnosis due to other comorbidities. We assume that the documented prolonged survival could be related to the bacterial infection.
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1 Introduction

High-grade gliomas (HGG) are primary brain tumors with relatively high incidence and poor prognosis. Despite surgical treatment followed by radiotherapy and concomitant chemotherapy, the median overall survival (OS) time is approximately 14-16 months in patients with glioblastoma (GBM) IDH-wildtype, WHO grade IV and 3 to 5 years for anaplastic astrocytoma (AA) IDH-mutant, WHO grade III (1, 2). Considering the low effectiveness of the current standard of care, new possibilities in GBM treatment have been investigated. Immunotherapy seems to be one of the potential therapeutic approaches in treating HGG (3). Based on GBM anti-tumor response, several immunotherapies, including adoptive cell therapy, immune-virotherapy, dendritic-cell-based therapy, and peptide vaccination to stimulate the immune response, are being investigated (4). One of the potential activators of the immune response may also be a bacterial infection. It was found that bacterial-based tumor therapy inhibits tumor cell growth in different cancer types, like sarcomas or superficial bladder cancer (5, 6). Here we present two case reports of unexpectedly long survival in patients with chronic and prolonged bacterial infection at the site of craniotomy after standard therapy of HGG. We also discuss the possible impact of postoperative infection or other related factors on survival in patients with HGG.



2 Case report 1

A 45–year old female suffering from right hemiparesis and tactile hemi-hypesthesia was referred to our neurosurgery department with an intra-axial contrast-enhancing lesion in the left parietal lobe with perilesional edema extending to the central region (Figure 1A). The patient underwent 5-ALA fluorescence-guided subtotal tumor resection with electrophysiological monitoring and the histopathological diagnosis of GBM IDH-wildtype, WHO grade IV MGMT promotor methylated (Figures 1B, C). Her clinical status started to improve; however, the follow-up MRI in 3 months after concurrent chemoradiotherapy and adjuvant chemotherapy according to the original Stupp’s protocol revealed an early GBM progression (Figure 1D). Because of good quality of life, a second surgery using the same technique was performed and the result was classified as a gross total resection of GBM recurrence. Postoperatively, the patient underwent 7 cycles of palliative second-line chemotherapy with lomustine monotherapy (110 mg/m2) in a 6-week schedule followed by an MRI every 3 months.




Figure 1 | Case report 1: (A) preoperative axial MRI (postcontrast T1 weighted image) showing an intra-axial contrast-enhancing lesion in the left parietal lobe with perilesional edema extending to the central region, (B) histopathological finding of hypercellular pleomorphic glial neoplasia with multiple palisading necroses and glomeruloid microvascular proliferations (H&E, original magnification 100x), (C) postoperative MRI showing subtotal tumor resection, (D) GBM recurrence 5 months after primary tumor resection, (E) 2 years follow-up MRI, and (F) MRI with second tumor recurrence (arrow) 61 months after the first GBM recurrence.



A year after the second surgery, the patient was checked by a neurosurgeon due to a purulent secretion classified as chronic osteomyelitis caused by Staphylococcus aureus infection at the site of the surgical approach with no signs of intradural progression (Table 1). Despite repeated extradural surgical revisions and prolonged treatment by several antibiotics, the infection relapsed recurrently after several months. The last revision was performed in September 2019 and the patient has been without infection relapse up to now. Moreover, the patient has been without any signs of tumor recurrence on MRI (Figure 1E) and in good clinical condition until December 2020 (disease-free survival of 61 months after the second resection of initial GBM recurrence), when the second GBM recurrence was detected by regular MRI (Figure 1F) and its further progression was confirmed by subsequent MRI scan 3 months later. Despite the radiotherapy treatment, the recurrence further progressed based on the latest MRI. Additionally, the patient is a passionate smoker and has been smoking approximately 20 cigarettes a day throughout the treatment.


Table 1 | The details surrounding the patient’s treatment: HGG, high-grade glioma; STR, subtotal resection; GTR, gross-total resection.





3 Case report 2

A 53-year-old female patient with a history of epileptic seizures and the finding of a contrast-enhancing lesion in the left frontal lobe with perilesional edema on CT (Figure 2A) underwent radical tumor resection in 2003 with the histopathological result of AA, WHO grade III (Figures 2B, C). Subsequently, the patient without neurological symptoms underwent radiotherapy and adjuvant chemotherapy, which was discontinued after the second cycle due to intolerance (cachexia, anemia, thrombocytopenia). Despite incomplete oncological treatment, she was without any signs of tumor relapse on CT and subsequently MRI (available from 2004) for 6 years when MRI revealed a small enhancing lesion suspected to be a tumor recurrence (Figure 2D). A second surgery was performed and classified as a gross total resection (Figure 2E) with a histopathological diagnosis of AA IDH-mutant, WHO grade III. Two years after the second surgery, an infectious complication at the site of the surgical approach appeared. During the following 2 years, the patient underwent two surgical revisions with prolonged antibiotic treatment for osteomyelitis caused by Staphylococcus aureus, Pseudomonas aeruginosa, and Klebsiella pneumoniae (Table 1). Despite no tumor relapse on MRI (Figure 2F), the patient died of a respiratory infection 14 years (152 months) after the initial diagnosis of AA.




Figure 2 | Case report 2: (A) preoperative postcontrast CT showing an intra-axial contrast-enhancing lesion in the left frontal lobe with perilesional edema, (B) histopathological finding of diffusely infiltrating astrocytoma with significant mitotic activity and cellular atypia classified as AA, IDH-mutant, WHO grade III (H&E, original magnification 100x), (C) postoperative MRI showing radical tumor resection, (D) AA recurrence 6 years after primary tumor resection, (E) 3 years follow-up MRI and (F) the last MRI with no signs of tumor recurrence.





4 Discussion

Despite the general progression in the treatment of oncology diseases, the prognosis of patients suffering from HGG remains dismal with a median OS of 14-16 months and 3-5 years in GBM, IDH-wildtype, WHO grade IV and AA, IDH-mutant, WHO grade III, respectively (1, 2). Chronic wound infection is usually considered a severe complication in patients after HGG resection. Evidence from the literature to date is sparse and does not provide a clear conclusion on whether or not the postoperative infection affects survival in patients with HGG (7, 8). However, several case reports have been published of patients with a local wound infection after HGG resection and long-term survival (7, 9–11). Below, we discuss two cases of patients with long-term survival after treatment for GBM, IDH-wildtype, WHO grade IV (disease-free survival of 61 months after the second resection of first GBM recurrence), and AA, IDH-mutant, WHO grade III (OS 152 months) both cases were reclassified based on the WHO classification 2016 (2). In both cases, the chronic bacterial wound infection occurred after the second surgery and manifested as chronic osteomyelitis.


4.1 Impact of local wound infection on outcome in GBM, experimental and clinical findings

The experimental studies using intracranially implanted GBM cells and intra-tumoral bacterial lipopolysaccharide (LPS), a potent PAMP administration, proved increased survival time and tumor regression in animal models (12–14).

Despite promising experimental studies, comparing animal experiments with clinical studies remains problematic. Several factors may play a role in the severity of surgical wound infection. These factors include the time course and site of infection or the type of microorganism responsible for the infection. Therefore, there is considerable variation in conclusions between some studies. Regarding the early surgical wound complications, a study comprising 3748 patients after GBM resection did not show any profit from the bacterial site infection that occurred till a month after surgery. Such a complication was not associated with better outcomes and longer PFS (8).

Similarly, unplanned readmissions within 30 days after primary GBM resection for postoperative complications, including infectious, neurological, and thromboembolic, were associated with worse outcomes. In these patients, the median OS was shorter by 9 months compared to patients without postoperative infectious complications (15). A multicenter retrospective study from Salle et al. supported the assumption that surgical site infection after initial GBM resection leads to shorter OS. In these cases, the mean time between surgery for infection was 55 days (16). Moreover, Bohman et al. found in a single-center study with 382 patients that postoperative infection did not confer any survival advantage in GBM patients. However, subgroup analyses showed a non-significant advantage in mean survival in patients whose infection occurred late after HGG resection, as well as in patients with deep S. aureus infections (7). Based on these studies mentioned above, it can be assumed that the time between surgery and the onset of infection may play a role in OS in patients with HGG. However, it seems that etiologic agents may also play a particular role in the impact of infection on OS. In 2010, Bonis et al. had a significantly longer median survival time (30 months) in patients with bacterial infection when compared with patients without infection (15 months) with a high prevalence of S. aureus (60%). This was a single-center study with 197 patients with about 5 percent of infectious complications after primary surgery for malignant brain tumors, including grade 3 astrocytomas and GBMs (10).

In addition to the studies mentioned above, individual cases presenting the impact of bacterial infection on outcomes in patients after HGG resection have been described. A case report describing the infection of the Ommaya reservoir with S. aureus 3 years after primary GBM resection showed no recurrence of the tumor for 6 years after the onset of the infection (17). Bowles et al. referred to long-term survival in 4 cases after glioma resection followed by bacterial infection. In these cases, the authors suggested that tumor suppression may be potentiated by the immune response as well as the direct oncolytic effect of bacteria (18). This suggestion is supported by the finding of non-recurrence of GBM 4 years after tumor resection and treatment in a patient with subdural fluid collection positive for S. epidermidis (19).



4.2 Immune suppression in GBM

Another proposed mechanism is the stimulation patient’s immune response within or near the tumor bed while avoiding the systemic response (6, 11). It is well known that GBM induces tumor-associated immune suppression both within its microenvironment as well as systematically (20). Glioma cells, along with microglia, are potent to produce immunosuppressive factors to inhibit T-cell proliferation and stimulate T-regs (21, 22). At the same time, GBM induces systemic immunosuppression by reducing T-cell activity with preserved B-cell activity (23). GBM cancer stem cells are characterized by weak expression of MHC, and co-stimulatory molecules contribute to defective immunogenicity (14). Moreover, the expression of anti-inflammatory molecules like IL-10, PDL1, and FAS ligands by glioma-infiltrating cells probably reduces tumor immunogenicity (24).



4.3 The influence of microorganisms on the microenvironment in GBM

A growing body of literature has been describing both experimental as well as clinical evidence for complete or partial reduction of tumor cell growth by microorganisms in their close vicinity. During the microbial infection, the host cells recognize so-called pathogen-associated molecular patterns (PAMPs) present in microorganisms and alert the innate immune system (25). In animal models, inactivated bacteria experimentally inoculated into the tumor triggered an influx of macrophages, CD4+, and CD8+ T-cells, thus, stimulating effective anti-tumor response (26, 27). Another study described the effect of directly invading bacteria via activating the stimulator of IFN genes (STING), contributing to anti-tumor immunity by re-educating tumor-supportive M2 macrophages towards proinflammatory M1 phenotype and stimulating T-cell influx and action (28, 29). The phenotypic changes from M2 to M1 proinflammatory macrophages are supported by the activation of Toll-like receptor 9 (TLR9), which recognizes microbial products and initiates a complex immune response leading to the elimination of invading microorganisms. These changes include the secretion of proinflammatory molecules such as IL‐1, TNF‐α, ROS, and NO, which are able to affect tumor cells’ proliferation, migration, and invasiveness (29). This antitumoral effect was probably caused by the activation of toll-like receptor 4 (TLR4) as well as TLR9, which resulted in the activation of microglia and inflammatory cells at the site of the tumor process (13, 29). Moreover, depending on TLR4 signaling, in vitro LPS stimulation of GBM cells for 6 hours resulted in increased expression of proinflammatory molecules like MHC-I, MHC-II, CD80, CD86, CXCL10, TNF-α, IL-6, and down-regulation of the anti-inflammatory cytokine IL-10 (30).

Interestingly, in vitro study using GBM cells treated with S. aureus enterotoxin B (SEB) suggests another anti-tumor mechanism of bacterial infection. It was found that SEB can decrease smad2/3 expression in GBM cells leading to down-regulated TGF-β signaling and the reduction of tumor cell proliferation (31). Interestingly, there is some evidence that SEB has the ability to induce FasL/Fas (CD95L/CD95) mediated cytolysis through the CD8+ cytolytic T lymphocytes (32).



4.4 Other factors affecting GBM microenvironment

Apart from the possible impact of the bacterial infection on survival in both presented cases of HGG patients, some other related factors should be mentioned, such as antibiotic treatment, smoking, and the metabolic demands of bacteria.

There is some evidence that antibiotics targeting mitochondria can effectively eradicate cancer stem cells across multiple tumor types, including GBM (33). In this regard, the antibiotics with anti-tumor activity represent the erythromycins, tetracyclines, glycylcyclines, chloramphenicol, and an anti-parasitic drug-like pyrvinium pamoate. However, none of these antibiotics have been used in treating our patients.

Another considered etiopathogenic factor was nicotine consumption in our patient suffering from GBM because she was a heavy smoker. However, the recent review dealing with nicotine-containing products in patients treated with GBM suggested that nicotine has the potential not only to promote tumor growth but also to reduce the effectiveness of chemotherapeutic agents used in the treatment of HGG (34). On the other hand, in vitro studies on human glioma and glioblastoma cell lines showed nicotine dose-dependently cytotoxicity, which was probably caused by a rapid increase in the intracellular calcium concentration (19). Tobacco consumption was also associated with the loss of MGMT gene expression (35). The MGMT gene encodes a DNA-repair protein that removes alkyl groups from the O6 position of guanine, an important site of DNA alkylation, and contributes to the drug-resistant phenotype of GBM cells (36).

Several theories have been proposed to explain how bacteria affect the microenvironment around the GBM cells. One of the possible mechanisms is the sequestration of nutrients needed for bacterial cells leading to a limitation of resources for the high metabolic demands of GBM cells (6).

Despite these encouraging case reports, postoperative wound infection is still considered a serious condition, and randomized trials cannot be performed. However, bacterial toxins in different variants are laboratory tested as a new strategy for the treatment of different brain pathologies, including brain tumors. Our findings, therefore, justify the need for experimental studies focused on the interaction of bacterial components or toxins, the immune system, and glioma cells.




5 Conclusions

Although infection is considered a severe postoperative complication after HGG resection, it is possible that its chronic indolent course in some patients can contribute to their unexpectedly prolonged OS. We cannot present a precise mechanism that could be responsible for prolonged OS in our two patients but delayed surgical infection could be a mutual element in probably multifactorial etiology.
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Background: Symptomatic spinal metastases of oligodendroglioma are rare. Moreover, none of the previously published cases demonstrated the typical IDH mutation and 1p/19q-codeletion for this glial tumor. This case presents an IDH mutant, 1p/19q-codeleted oligodendroglioma with multiple spinal drop metastases.

Case description: We report a case of a 55-year-old woman with left frontal grade 3 oligodendroglioma diagnosed 3 years ago. No tumor recurrence was observed in post-operative follow-up MRI examinations. However, she was admitted to our institution again with severe low back pain. Gadolinium enhanced MRI of the spine revealed an intradural, extramedullary metastatic lesion between T11–L1 levels and multiple enhancing metastatic tumor deposits around cauda equine roots between L4–S1. T11–T12 midline laminectomy was performed and gross total resection of metastatic lesions was achieved. Final histological diagnosis of the spinal lesions was WHO Grade 3 Oligodendroglioma, IDH-mutant, 1p/19q-codeleted.

Conclusion: This case is the first molecularly-defined spinal metastatic oligodendroglioma. The possibility of drop metastasis should be kept in mind in oligodendroglioma patients with spinal cord-related symptoms. There is no standard approach for the diagnosis and treatment of spinal metastases of this type of glial tumor.

KEYWORDS
 oligodendroglioma, IDH1 (R132H) mutation, drop metastases, spinal metastasis, 1p/19q-codeletion


Introduction

Oligodendrogliomas are rare neuroepithelial tumors accounting for 2–5% of all brain tumors in adults (1). In the 5th edition of the WHO classification of CNS tumors, they are defined as diffuse gliomas that demonstrate IDH mutation and 1p/19q-codeletion. The characteristic 1p19q deletion in these tumors is also associated with greater response

to treatment and better clinical outcome (2). Microscopic spread of oligodendrogliomas via CSF to spinal subarachnoid spaces is a well-defined and relatively common event, reported up to 14%. However, clinically significant macroscopic spinal cord metastases are rare. In addition, to the best of our knowledge, 1p19q deletion has not been described in previously reported cases of oligodendroglioma with spinal drop metastasis (3, 4).

In this article, we report a case of IDH-mutant, 1p/19q-codeleted oligodendroglioma presenting with multiple spinal drop metastases 3 years after initial diagnosis.



Case presentation

A 55-year-old woman presented with a headache that had worsened over the past few months in June 2019. MRI of the brain revealed a large heterogeneous mass of 6.5 × 5.5 × 4.2 cm in the left frontal lobe and mild perilesional edema. The mass was compressing the left lateral ventricle and there was hyperintense signal on T1W and T2W images consistent with hemorrhage in its part in this region. No contrast enhancement was observed in the mass on post-contrast MR images (Figure 1). Total re-section of the tumor was performed and histopathological diagnosis was oligodendroglioma, WHO grade 3, IDH-mutant, and 1p/19q-codeleted. The patient was asymptomatic in the postoperative period. Adjuvant treatment (cranial radiotherapy combined with temozolomide) was recommended by oncologists, but she refused. No tumor recurrence was observed in follow-up MRI examinations.


[image: Figure 1]
FIGURE 1
 Radiological images of the primary lesion. (A–C) Axial T2-weighted, axial T1-weighted and coronal T2-weighted MR images show a large, heterogeneous, left lateral ventricle compressing mass and mild perilesional edema in the left frontal lobe. Hemorrhagic appearance is observed in the posterior-inferior part of the mass (hyperintense signal on T1-weighted and T2-weighted images). (D) There was no enhancement in the mass on the Gd-enhanced T1-weighted MR image.


However, in July 2022 (36 months after initial diagnosis), the patient was admitted to our institution with a 3-week history of severe low back pain. Neurological examination demonstrated mild paraparesis. No sensory deficit was found and deep tendon reflexes were normal. Gadolinium enhanced MRI of the spine revealed an intradural extramedullary lesion compressing the spinal cord between T11–L1 levels and multiple enhancing tumor deposits attached to cauda equina roots between L4–S1 levels (Figures 2A–F). There was no evidence of metastases outside the central nervous system. T11–T12 midline laminectomy was performed to decompress the spinal cord and obtain histological samples. A gray-hemorrhagic, soft tumoral extra medullary lesion was observed following the opening of the dura. Also, tumoral nodules surrounding the cauda equina roots were observed. Subtotal resection of all visible tumor was achieved. Early postoperative course was uneventful. Spinal radiotherapy was planned for residual tumor between T11–L1 levels and tumor deposits between L4–S1 levels.


[image: Figure 2]
FIGURE 2
 Sagittal T2-weighted (A,B) and post-contrast T1-weighted (D,E) MR images demonstrate multiple metastatic lesions with contrast enhancement between T11–L1 levels (long arrows) and around cauda equina roots (arrowheads). Axial T2-weighted (C) and post-contrast T1-weighted (F) images at T12 level show an extramedullary metastatic lesion compressing the spinal cord.


Histopathological examination revealed that the tumor consisted of small-medium cells with small, rounded nuclei, perinuclear clearing, and the presence of increased cellularity, pleomorphism, brisk mitosis and focal necrosis. Vascular endothelial proliferation was absent (Figure 3A). Immunohistochemical staining showed positive results for GFAP, EMA, Olig2 and mutant IDH-1 (Figures 3B,C). Immunohistochemistry for ATRX showed retained wild-type expression (Figure 3D). Ki-67 proliferation index was 30%. Fluorescence in situ hybridization studies revealed 1p/19q co-deletion (1p/1q ratio 85%, 19q/19p ratio 65%) in tumor cells (Figures 3E,F). Final histological diagnosis was WHO Grade 3 Oligodendroglioma, IDH-mutant, 1p/19q-codeleted.


[image: Figure 3]
FIGURE 3
 Pathological findings. (A) Microscopic examination (H & E, ×400) showed small-medium sized tumor cells with round nuclei and perinuclear haloes. (B) GFAP was diffusely positive in tumor cells. (C) Immunohistochemistry for IDH-1 R132H was positive (mutant). (D) ATRX immunohistochemistry showed retained wild-type expression. (E,F) 1p19q-codeletion in oligodendroglioma via fluorescence in situ hybridization. (E) 1p deletion of oligodendroglioma tumor cell nuclei (two green signals for 1q25, one red signal for 1p36). (F) 19q deletion of oligodendroglioma tumor cell nuclei (two green signals for 19p13 and one red signal for 19q13). Red arrows showed cells with deletion, and green arrows showed cells without deletion.




Discussion

Oligodendrogliomas are the rarest type of primary brain tumor associated with distant metastases. In these tumors, the most frequent metastatic sites are bone, bone marrow and lymph nodes (5, 6). The occurrence of spinal drop metastases is exceptional, and according to our extensive literature search, there are 18 previously described cases with confirmed pathological diagnosis in the literature. However, none of the reported cases were evaluated for 1p/19q code-deletion or IDH mutation status as defined in the WHO 2021 CNS tumor classification (Table 1) (4, 7–20). Thus, the present case, with IDH mutation and 1p/19q deletion, is the first 'true' (molecularly proven) spinal drop metastasis of oligodendroglioma.


TABLE 1 Summary of previously reported oligodendroglioma cases with spinal drop metastasis.

[image: Table 1]

Most spinal metastases from oligodendroglioma are extramedullary. However, intramedullary localization was observed in 5 of 18 reported cases (4, 13, 16, 19, 20). In addition, drop metastases may be diffuse, filling the entire spinal canal, or may be one or more tumor deposits involving a relatively short spinal segment (4). In our case, as in most of the previously described cases, extramedullary metastases were described and multiple tumoral lesions were detected between T11–L1 levels and around cauda equina fibers.

The primary advocated mechanism for metastasis to meningeal surfaces along the spinal cord is the transition of tumor cells to the cerebrospinal fluid (CSF) by disrupting the pia and ependyma, and then their seeding by following the normal CSF pathway with the help of gravitational forces. Previous cranial surgery and/or CSF shunting may be the initiating factor for this mechanism. Disruption of the integrity of the meningeal barriers secondary to surgical intervention may cause subarachnoid spread. Moreover, disruption of the blood-brain barrier integrity may facilitate hematogenous extracranial metastasis (21, 22). Except for the case reported by Natale et al. (4, 17), all cases in the published literature had a history of previous brain tumor surgery and spinal metastases occurred in the early or late period (3 months−7 years) after surgery. Spinal drop metastases were detected 36 months after primary tumor surgery in our case. Besides, spread along the Virchow-Robin spaces of the spinal cord is advocated for intramedullary metastases (17).

Tumor-related intrinsic factors that may play a role in subarachnoid metastasis of glial tumors are the malignant potential and location of the tumor. In general, most of the glial tumors that metastasize to the spinal cord are high-grade diffuse gliomas, as in our case (23). For oligodendrogliomas, however, the situation appears different; In half (9/18) of oligodendroglioma cases with spinal metastases, the primary tumor is low grade (WHO grade II) (4). In addition, the 1p/19q-codeletion in these tumors is not correlated with metastatic relapse. The contribution of this molecular alteration, typical for the diagnosis of oligodendroglioma, to distant metastatic potential is explained by its association with prolonged survival. As the patient's survival increases, the probability of tumor progression and distant metastasis increases (24). In our case, spinal metastasis occurred 3 years after the primary tumor diagnosis. As mentioned above, since the spread via CSF is the main pathway in spinal metastasis of oligodendroglioma, intraventricular location of the lesion or contact with the subarachnoid space may be a remarkable factor (4, 18). In 18% (3/18) of reported cases, the lesion location is intraventricular (7, 12, 17). Moreover, close proximity to the pericerebral subarachnoid area/ventricle was observed in most of the cases (17, 18). In our case, the primary lesion was located close to both the pericerebral subarachnoid space and the ventricle.

Since spinal drop metastasis of oligodendrogliomas is a rare entity, routine imaging of the entire neuraxis is not recommended in asymptomatic cases. In patients with spinal symptoms, imaging of the entire CNS with MRI seems reasonable (18, 22). Management of spinal metastases should be done in a case-based fashion. Surgery can be used for decompression, especially in cases without diffuse involvement. On the other hand, spinal radiotherapy can be performed in cases who are not suitable for surgical intervention (18, 19). In general, the presence of spinal metastases associated with intracranial oligodendrogliomas is considered as a poor prognostic factor. However, there is scarce data regarding the long-term follow-up results in the literature. In addition, the prognostic effect of this condition is controversial, as there is no spinal metastatic 'true' oligodendroglioma with the 1p/19q-codeletion (4, 15, 17).



Conclusions

Spinal drop metastasis of oligodendroglioma is not common. The fact that previously reported cases were not evaluated for the typical 1p/19q-codeletion and IDH mutation for this tumor in the current WHO classification suggests that the primary lesion may be other diffuse glial tumors in some of these cases. Therefore, the exact frequency of spinal metastatic oligodendrogliomas and their relationship with clinical outcome are unknown. Furthermore, there is no standard approach for the diagnosis and treatment of spinal metastases.
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Background

Epidermoid cysts of cavernous sinus (CS) are rare congenital neoplasms of the central nervous system. In previous literature reports, the treatment for CS epidermoid cysts was mainly microsurgical resection, and the surgical methods included simple microsurgery and endoscope-assisted microsurgery. The present case report demonstrates the first case of complete resection of a CS epidermoid cyst by a simple endoscopic endonasal transcavernous (EET) approach.



Case presentation

A 54-year-old woman presented with chronic persistent headaches and occasional syncope. Brain MRI demonstrated a space-occupying lesion of the left CS, and digital substruction angiography (DSA) showed a small aneurysm at the beginning of the left ophthalmic artery. Thrombotic therapy of carotid–ophthalmic aneurysms was performed first, and the patient underwent resection of the CS lesion secondary. Considering the location of the lesion and the neuroendoscopy technology and experience of the doctor, we made bold innovations and used an EET approach to achieve complete resection of the lesion. The postoperative pathological results were consistent with the characteristics of epidermoid cyst. During the 1-year follow up, the patient showed no apparent signs of recurrence on head MRI.



Conclusion

Epidermoid cyst of cavernous sinus is a rare benign occupying lesion in cavernous sinus. Reviewing the previous literature, the main treatment is microneurosurgery, and neuroendoscopy is only used as an auxiliary equipment. We present the first case of complete endoscopic resection of CS epidermoid cyst by EET approach according to CARE guidelines, aiming to share the new surgical plan for CS epidermoid cyst and provide more surgical options for this disease for neurosurgery colleagues.
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Background

Intracranial epidermoid cysts, as slow-growing congenital benign central nervous system tumors, are often asymptomatic in the early stage and are found because of intracranial mass effects, cranial nerve injury, or epileptic seizures (1). The best treatment option for intracranial epidermoid cysts is surgical resection, including excision of the cyst contents and total or subtotal capsule resection (2). By reviewing the past literature, we found that the published case reports on CS epidermoid cysts all had surgical methods involving microsurgery through various approaches, either alone or assisted by an endoscope (3–7). Here, we report a case in which complete resection of an epidermoid cyst in the CS was achieved by a simple endoscopic endonasal transcavernous (EET) approach.



Case presentation

A 54-year-old woman reported a long-term history of intermittent pain in the bilateral temples with no other symptoms but once syncope. Physical and neurologic examination showed no abnormalities. Brain MRI with contrast revealed a 32 mm × 27 mm left CS mass with a clear boundary but mixed signals. Digital substruction angiography (DSA) images indicated smooth running of the internal carotid artery (ICA) but an aneurysm of approximately 4 mm × 2.5 mm at the origin of the left ophthalmic artery. After evaluation, we developed a step-by-step treatment plan: the patient would undergo embolization of the aneurysm first, followed by resection of the left CS lesion. Two years after the aneurysm embolization, brain MRI demonstrated that the lesion had increased (Figure 1).




Figure 1 | MRI of the brain with and without contrast. (A) The left CS lesion was approximately 34 mm × 30 mm in size with a clear boundary but showed mixed signals that were mostly hyperintense on T1-weighted imaging. (B) Hypointense signals can be seen on T2-weighted imaging. (C) Heterogeneous signals appeared on DWI. (E–G) No obvious gadolinium enhancement was noted. (D) DSA confirmed that the embolization effect on the aneurysm was satisfactory and the shape of other intracranial vessels was smooth. (H) Endoscopic findings revealed that the lesion contents comprised tan mushy substances.





Treatment and outcome

The patient underwent EET surgery. After removing the left middle nasal concha, ethmoid vesicle, and uncinate process, wide lateral sphenoidotomies were performed to expose the left anterior inferior wall of the CS. The bone overlying the left anterior wall of the CS was removed, and the lesion had partially protruded into the sphenoid sinus. The capsule of the lesion was cut open and a large amount of brown paste including a few yellowish-tan liquids spilled over, which was different from the white waxy content of the classic epidermoid cysts. It may be fresh and old hemorrhage. The different composition of the cystic contents was related to the variation in radiological features of the epidermoid cysts, which may make preliminary diagnosis difficult.

During the procedure, we used 0°C and 30°C endoscopes with different angles to expose the CS without any blind area and maximize the lesion resection. The lesion was located in the interdural space of the lateral wall of the CS. After the lesion contents were completely resected, we found that the left internal carotid artery (ICA) was inside the lesion and the III, IV, and V1 nerves were on the outside of the lesion. To protect the nerves and ICA, subtotal capsule resection was achieved. At the end of the operation, the iodoform gauze was filled in the lesion cavity, which can not only have the effect of bacteriostasis, but also form a sinus gradually between the lesion cavity and the nasal cavity to minimize the possibility of recurrence. The contents and capsule of the lesion were sent for pathology examination, and the result was consistent with an epidermoid cyst (Figure 2).




Figure 2 | Pathological examination revealed keratinoid and epidermoid cells, which were consistent with the pathological features of an epidermoid cyst.



No new neurological deficits were observed after operation, and no cerebrospinal fluid leakage or central nervous system infection occurred. After the operation, the patient’s headache almost disappeared. We thought that it was attributed to the disappearance of the space-occupying effect caused by this massive epidermoid cyst and the relief of the compression on the surrounding tissue, including the brainstem and the nerves in the cavernous sinus. Through the screenage shown by the intraoperative video and the comparison of preoperative and postoperative MRI images, the effect of surgical resection is noticeable. Postoperative head MRI confirmed that the lesions were completely resected (Figure 3). The patient was discharged on day 3 after the operation. Only mild nasal discomfort after the operation, short hospital stay, and total resection suggested by imaging re-examination made patients very satisfied with this diagnosis and treatment. During the 1-year follow up, the patient recovered well and had no signs of recurrence.




Figure 3 | MRI of the brain with and without contrast. (A–C) Corresponded to Figure 1A–C and (D–F) corresponded to Figure 1E–G respectively. The lesion had been completely resected and the abnormal signals observed on the preoperative imaging had disappeared.





Discussion and conclusion

Epidermoid cysts, also known as primary cholesteatomas (8), are currently thought to arise from ectodermal remnants that fail to degenerate after neuroembryonic development in the fifth week of gestation (2). Intracranial epidermoid cysts are uncommon, accounting for approximately 0.2%–1.8% of intracranial tumors and are usually located in the cerebellopontine angle, prepontine cistern, and middle cranial fossa (7, 9). Epidermoid cysts originating in the CS are even more rare, accounting for only 2% of intracranial epidermoid cysts (5). The growth of epidermoid cysts occurs through accumulation of keratin and cholesterol from peeling of the lining epithelium, which can wrap or compress the nearby cranial nerves and vascular system (1). As the cysts grow slowly, their clinical symptoms often appear later in life. Frequently, the cysts are finally discovered through intracranial mass effects, aseptic encephalitis aroused by their rupture (4, 10, 11), or head examinations for other diseases.

MRI is the examination of choice for diagnosis of epidermoid cysts (11). Typical epidermoid cysts show hypointensity on T1-weighted imaging and hyperintensity on T2-weighted imaging, and the opposite findings are atypical. In a statistical analysis of 428 patients with intracranial epidermoid cysts in their hospital in 2012, Ren et al. found that atypical epidermoid cysts were usually larger and more prone to spontaneous bleeding than typical epidermoid cysts (12). According to Tsurushima et al., lipids and methemoglobin can cause hypointensity on T1-weighted imaging, while accumulation of hemosiderin can cause hypointensity on T2-weighted imaging, leading to atypical MRI findings (13). The lesion in our patient showed mixed signals on MRI, which is atypical and made the preoperative diagnosis not precise. We considered the mass possibly being a giant aneurysm with thrombosis. We performed DSA, indicating smooth intracranial vessels’ smooth running. Vascular disease was ruled out. The patient had no obvious clinical symptoms. Therefore, the texture of this lesion might be soft. Even though its volume is not small, it did not produce an apparent occupying effect. We still considered it more likely to be an epidermoid cyst consequently. The lesion in our patient showed mixed signals on MRI, which is atypical and made the preoperative diagnosis not precise. Nevertheless, we confirmed that the lesion was an epidermoid cyst during surgery. Intraoperative aspiration of the lesion contents showed tan components, which was different from the white pearly contents of typical epidermoid cysts, indicating possible signs of bleeding.

Surgery is the best treatment option for CS epidermoid cysts (7). We performed a systematic review of related literature using PubMed in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Various combinations of the following terms were used to search the literature: epidermoid cyst, cavernous sinus, intracranial, central nervous system, endoscopy, endoscopic, endonasal, and transsphenoidal. Our search strategy initially identified 62 articles. After screening titles and abstracts, a second filter of the collected literature according to the tumor location and surgical method was performed. Finally, it included 13 English literature, a total of 48 cases of intracranial cavernous sinus epidermoid cyst. We summarized the clinical symptoms, surgical approach, operation time, degree of resection, postoperative complications, and long-term prognosis of these cases (Table 1). Through a search of previous literature, we found that 48 cases were reported in detail. All these patients were treated with microneurosurgery, including simple microsurgery and endoscopic-assisted surgery (Table 1), and total or subtotal resection was achieved. In four patients, the part of lesions were invisible under simple microsurgery but were completely resected with the aid of an endoscope (5, 6). In a report on patients with CS epidermoid cysts, data analyses showed that 7.9% of the patients developed new oculomotor paralysis after microsurgery, while 22.6% developed aseptic meningitis or septic meningitis (5). Although these postoperative complications were all resolved and the patients were finally discharged, the complications prolonged the patients’ length of hospital stay.


Table 1 | Case summaries for 49 patients with CS epidermoid cysts.



Compared with traditional microsurgery, the EET approach, as an alternative to the medial CS approach (20), dramatically reduces the surgical trauma for patients, thereby markedly reducing the risk of postoperative intracranial infection. With the continuous improvement of endoscopic technology and equipment, experienced neurosurgeons use different endoscopes to achieve more extensive visualization of the surgical field than microscopes, so that the total resection rate of tumor under endoscopy has been further improved, and even avoid the possibility of tumor remnant caused by blind area under the microscope (21). In this case, we used a 0°C and a 30°C endoscope to inspect every corner of the lesion and achieved total excision of the contents and subtotal resection of the capsule. At the same time, the excellent visualization also significantly reduces the probability of vascular and nerve injury (5–7, 22). Compared with craniotomy microsurgery, we skillfully used the EET approach to create the drainage sinus of the lesion cavity, which reduced the recurrence probability of the lesion. Furthermore, patients have less postoperative discomfort and shorter recovery time, meaning that their medical experience is greatly improved.

Simple endoscopic resection of CS epidermoid cysts has apparent advantages, but also limitations. First, it may be more suitable for the treatment of those with less ICA infiltration (20). Owing to the small available operative area, it is much challenging to control bleeding due to ICA injury compared with microsurgery (23). Thus, it puts forward higher requirements for the endoscopic technology and experience of neurosurgeons. Second, some researchers mentioned that the heat generated by the light source of the endoscope could cause irreversible thermal damage to the surrounding cranial nerves (6). Additionally, because there is no published similar case of endoscopic endonasal resection of the CS epidermoid cysts for reference, long-term follow-up of this patient and more similar cases are needed to improve the statistical analysis of the long-term outcome of this surgical treatment of the CS epidermoid cysts.

In summary, because the contents of epidermoid cysts are soft wax-like substances, they are suitable for excision using the suction function of an endoscope, and endoscopic surgery has apparent advantages such as less trauma and quicker recovery. With the continuous advancement in endoscopic surgery types and neurosurgeon mastery of endoscopic technology, minimally invasive endoscopic surgery may become an ideal choice for CS epidermoid cysts in the future (5).
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Background: Paraneoplastic peripheral neuropathy (PPN) caused by olfactory neuroblastoma (ONB) has not yet been reported.

Case report: We present a rare case of an adult who hospitalized repeatedly over the past 9 months for persistent pain and numbness in the limbs. This patient was initially diagnosed with chronic inflammatory demyelinating polyneuropathy (CIDP) and treated accordingly, but neurological symptoms did not improve significantly. After this admission, FDG-PET/CT showed focal hypermetabolism of a soft-tissue mass in the nasal cavity, and further lesion biopsy suggested ONB. Combined with positive serum anti-Hu antibody, the diagnosis of PPN associated with ONB was eventually made. Furthermore, the patient's neurological symptoms were relieved after removal of the primary tumor, confirming the accuracy of the diagnosis.

Conclusion: Our case not only expanded the clinical characteristics of ONB but also highlighted the importance of early and comprehensive tumor screening for the diagnosis of PPN.
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Introduction

Paraneoplastic peripheral neuropathy (PPN) has a variety of clinical manifestations, with numbness, pain or paresthesia in one or multiple limbs being the most common. Some patients can also present with weakened muscle strength, weakened or disappeared tendon reflexes, and muscular atrophy. A few individuals even show sensory ataxia and postural tremor (1). However, the pathogenesis of PPN has not been fully elucidated, and immune response triggered by the tumor is considered as the most likely cause (2). Based on a host of previous studies, we know that PPN is commonly associated with small-cell lung cancer (SCLC) (3) and lymphoma (4), but has not been reported in olfactory neuroblastoma (ONB).

ONB is a rare nasal malignant neoplasm that has been proven to originate in the neuroectoderm (5). There is no significant difference between male and female incidence. The age of onset is bimodal, and the peak of onset is 10–20 and 50–60 years (6). Patients with ONB most commonly present with unilateral nasal obstruction (70%) followed by epistaxis (41%), which are fairly non-specific (7). A few patients may have seizures, pituitary dysfunction and other manifestations (8).

In this study, we report for the first time such a rare case-an adult patient with persistent pain and numbness in the limbs was eventually diagnosed with PPN caused by ONB. This unique case highlights a rare cause of PPN and the uncommon clinical presentation of ONB.



Case

A patient was admitted to the Department of Neurology of our hospital with persistent numbness and pain in limbs for 9 months. This adult had a history of rhinitis and a weight loss of 5 Kg over the past 3 months. Prior to this, the patient had repeatedly visited local hospitals for treatment, but the symptoms were not relieved. Now, the diagnosis and treatment process of these several hospitalizations were presented in chronological order as follows.

On July, 2021 the patient felt numbness and pain in the extremities without obvious inducement, which was not taken seriously because the symptoms were mild. Two months later, the pain and numbness of the extremities became worse than before, and the obvious symmetrical continuous needle-like pain made him unbearable. Therefore, he was firstly hospitalized in a local hospital on September 23, 2021. Cerebrospinal fluid (CSF) results revealed a phenomenon of protein cell separation -total protein concentration increased dramatically (3,273 mg/L) while cell counts remained normal (2 × 106/L). Electromyography (EMG) showed neurogenic damage around both upper limbs involved the myelin sheath of the sensory axon-the motor nerve conduction velocity (MCV) of bilateral median nerve and ulnar nerve was normal, but the sensory nerve conduction velocity (SCV) was slow (left median nerve:38.4 m/s, right ulnar nerve:35.7 m/s). The compound muscle action potential (CMAP) amplitude of the right median nerve and ulnar nerve was normal, but the sensory nerve action potential (SNAP) amplitude was reduced (right median nerve:7.22 μV, right ulnar nerve:7.20 μV). The latency and occurrence rate of F wave in bilateral median nerve were normal. Based on the insidious onset and the chronic progression of the disease, the phenomenon of protein cell separation, and the results of the EMG, the individual was initially diagnosed as peripheral sensory neuropathy: pure sensory chronic inflammatory demyelinating polyneuropathy (CIDP). After treatment with glucocorticoids and neuroprotective drugs, the numbness and pain of the limbs did not improve significantly.

On January 1, 2022, the patient was admitted to another local hospital for a sudden loss of awareness and limb convulsions as well as the persistent numbness and pain in limbs. CSF results indicated a significantly elevated total protein level (1330 mg/L) and slightly elevated cell count (10 × 106/L). However, no antiganglioside (GM1 and GQ1b), autoimmune encephalitis (NMDAR and GABABR) and demyelinating antibodies (AQP4, MOG and GFAP) in serum and CSF were detectable. The identification of microorganisms using next-generation CSF sequencing were negative. EMG showed extensively reduced conduction velocities of motor and sensory nerve involving both upper and lower extremities. Electroencephalogram (EEG) showed epileptiform discharges originating from bilateral frontal lobes. Magnetic resonance imaging (MRI) scanning including contrast-enhanced and diffusion weighted imaging (DWI) demonstrated abnormal signals in subcortical areas of the right frontal lobe. The patient was diagnosed with focal epilepsy and peripheral neuropathy. After a series of treatments, including glucocorticoid impulse therapy, intravenous immunoglobulin (IVIG), anti-seizure medication, neuroprotective and anti-infective treatment, the epileptic seizure was controlled while the persistent numbness and pain of limbs had not been significantly ameliorated.

On April 9, 2022, the patient was hospitalized again due to increased pain and numbness in extremities. After this admission, a detailed physical examination indicated palpable neck lymph nodes, symmetrical tetraparesis, reduction in reflexes, and hyperalgesia. Further fine-needle aspiration of the nodes for cytological examination suggested the presence of metastatic tumor cells, although their origin cannot be unequivocally stated. In addition, FDG-PET/CT showed focal hypermetabolism of a soft-tissue mass in the nasal cavity, suggesting a malignant tumor lesion (Figures 1C, D). To further clarify the association between the patient's peripheral neuropathy and this “nasal tumor” found by accident, the detection of paraneoplastic neuronal antibody in serum was performed. Surprisingly, the results showed that the patient's serum anti-Hu antibody was positive. Eventually, a definitive diagnosis of PPN was made. The patient was subsequently transferred to the department of otolaryngology for resection and biopsy of the nasal mass. Unexpectedly, the pathological results of this neoplasm shown high-grade round cell malignant tumor, which was consistent with ONB. According to the pathological grading standard of Hyams, ONB could be divided into four grades (Table 1). HE staining of this patient presented obvious mitotic figures, significant nuclear pleomorphism, and lack of typical lobular structure, meeting the diagnostic criteria of Hyams grade IV (Figures 2A, B). Meanwhile, immunohistochemistry of neuroblastoma elements showed cells were positive for S-100, CD56, chromogranin, synaptophysin, neuron-specific enolase, and pan-cytokeratin (Figures 2C–H). CD99, P63, FLI1, LCA, HMB45, Desmin and vimentin were negative, supporting the diagnosis of ONB. Proliferation marker studies using Ki-67 revealed a high proliferative index of 40%. After tumor resection and neck lymph nodes dissection, the patient recovered well with nasal ventilation improved. Although the symptoms of numbness and pain in the extremities were still present, they were significantly relieved. The patient is currently undergoing chemotherapy in the Oncology department and will be followed up continuously.


[image: Figure 1]
FIGURE 1
 Electronic nasopharyngoscopy reveals a neoplasm in the right nasal cavity (A, B). The fluorodeoxyglucose PET/CT scan may show multiple high metabolic signals in the nasal cavity (C) and cervical lymph nodes (D), suggesting the nasal cavity neoplasm growth and lymph node metastasis.



TABLE 1 Olfactory neuroblastoma grading (based on Hyams' grading system) (9).

[image: Table 1]


[image: Figure 2]
FIGURE 2
 The histopathological appearance of this neoplasm suggests a high-grade round cell malignant tumor, which is consistent with ONB (Hyams grade: IV). The tumor is composed of uniform small round cells that form irregular clusters or islands against a background of hyperplastic vascular and fibrous stroma. The nuclei of the small cells are round or oval, dark stained, uniform in size, and have high mitotic activity. The cytoplasm is stained pink [(A, B), H and E staining]. Immunohistochemistry shows tumor cells are positive for S-100 (C), CD56 (D), chromogranin (E), synaptophysin (F), neuron-specific enolase (G), and pan-cytokeratin (H). The S-100 protein positive cells are located at the periphery of the tumor lobule (C). CD56 gives strong and obvious membrane-type staining in some tumor cells (D). Chromogranin yields a different granular reaction in the cytoplasm of the neoplastic cells (E). Synaptophysin immunoreactivity is positive in partial tumor cells (F). Part of the tumor cells are positive for neuron-specific enolase in the cytoplasm (G). Pan-cytokeratin staining shows dot-like strongly positive expression (H). (A) Original magnification ×200; (B–G) original magnification ×400.




Discussion

Paraneoplastic neurological syndromes (PNS) are a group of nervous system damages caused by distant effects of tumors and their pathogenesis is considered as the action of tumor-derived antibodies or cell-mediated immune response on the nervous system (10, 11). The disorders usually have a subacute onset and cause severe neurological disability (12). PPN is a special type of PNS which mainly involves the peripheral nerve. The application of EMG plays a particularly important role in the diagnosis of PPN. It is traditionally believed that the most classical presentation of PPN is subacute sensory neuropathy (SSN) (13). Whereas, some scholars analyzed the electrophysiological results of PPN patients and found that sensory-motor neuropathy is more commonly seen than simple sensory neuropathy (14). Due to the low incidence and insufficient knowledge of PPN, clinicians' awareness of this disease remains inadequate. Besides, symptoms of peripheral nerve damage usually appear before the primary tumors are diagnosed (15), making a definitive diagnosis of PPN extremely difficult. In previous studies, anti-Hu antibody (also known as type 1 anti-neuronal nuclear antibody) has been confirmed to be the most common autoantibody marker of PPN (16). Anti-Hu antibody is strongly related to lung cancer, mostly SCLC (13, 17). More rarely, it develops in association with extra-thoracic neoplasms such as neuroblastoma or intestinal, prostate, breast, bladder, and ovary carcinomas (18). It has also been proved that patients with positive anti-Hu antibodies can manifest various neurological disorders, including sensory neuropathy, cerebellar ataxia (19), limbic encephalitis (20), brainstem encephalitis (21), myelitis, or intestinal pseudo-obstruction (22).

For this patient, extensive workup was conducted to rule out most potential etiological causes such as diabetic, alcoholic, infectious, autoimmune, and hereditary neuropathies. Combined with the discovery of ONB and positive serum anti-Hu antibody, the patient was finally diagnosed as PPN. It is worth noting that some PPN patients accompanied with motor neuron damage, often have typical demyelination manifestations of EMG, and sometimes protein cell separation can be seen in CSF examination, which may lead to misdiagnosis as acute or chronic inflammatory demyelinating polyneuropathy (AIDP/CIDP) clinically. At present, there is no specific treatment for PPN. Early treatment of primary tumor can alleviate peripheral neuropathy symptoms to a certain extent and prolong the survival time of patients (23). Therefore, it is of great necessity to conduct early screening of the primary tumor as well as detection of paraneoplastic antibodies for patients with peripheral neuropathy.

The seizure occurred in this patient was also thought to be related to ONB. Paraneoplastic limbic encephalitis (PLE), as another extremely rare paraneoplastic syndrome, is usually characterized by epileptic seizures, progressive amnesia, psychological and behavioral abnormalities (24). Previous literature has reported that PLE most commonly involves the limbic systems such as hippocampus and amygdala in the medial temporal lobe (24). The patient had no history of epilepsy and no infection or other pathogenic factors before the onset of that seizure, but head MRI and EEG suggested frontal lobe lesions. Although the lesions were atypical, the epileptic symptoms, positive serum anti-Hu antibodies, and the presence of ONB all supported the diagnosis of paraneoplastic encephalitis.

ONB is a rare malignant tumor of nasal sinuses with an incidence of only 0.4/million, accounting for 3–5% of nasal cavity tumors (25, 26). The pathology of ONB is characterized by a high tendency to invade adjacent organs and tissues, and distant metastasis mainly occurs through lymph nodes and blood (27). Cervical metastasis is the most common in advanced ONB, and cervical lymph node metastasis can occur in about 5–8% of patients (28). ONB can be diagnosed mainly by biopsy or pathological examination after complete resection of the tumor. However, ONB is rich in blood supply and prone to bleeding, so the biopsy generally needs to be performed in the operating room to facilitate hemostasis (29). Modified Kadish stage and Hymans pathological grade are widely used in clinical practice, both of which can provide important guidance for prognosis and treatment of ONB (30). Combined therapy is a widely accepted treatment scheme for ONB at present (31). In terms of improving survival rate and reducing local recurrence rate, surgical resection combined with postoperative radiotherapy usually achieves better results (32, 33). Furthermore, some studies have reported that neoadjuvant chemotherapy can prolong the survival time of locally advanced cases (34).

The clinical manifestations and imaging features of ONB are non-specific, which may greatly increase the difficulty of diagnosis. In clinical practice, attention should be paid to the differential diagnosis of ONB from other small round cell malignant tumors of the nasal cavity, such as squamous cell carcinoma, extra-nodal NK/T cell lymphoma, nasal type, rhabdomyosarcoma, sinonasal undifferentiated carcinoma, neuroendocrine carcinoma, malignant melanoma, Ewing's sarcoma (9). In this case, immunohistochemical analysis of the patient's neuroblastoma elements showed positivity for cells S-100, CD56, chromogranin, synaptophysin, neuron-specific enolase, and pan-cytokeratin, supporting the diagnosis of ONB (9, 35). The negative expression of CD99, P63, FLI1, LCA, HMB45, Desmin and vimentin reduced the possibility of diagnosis of other small round cell malignant tumors of the nasal cavity. Previous studies have shown that ONB usually does not express cytokeratin or shows focal or diffuse expression. However, this patient's immunohistochemical staining showed dot-like cytokeratin expression (Figure 2H). Generally, this expression is a typically important pathologic feature of neuroendocrine cancers (NEC). After an extensive review of the literature, we found that some ONBs can indeed express the dot-like cytokeratin (35, 36). Thus, there is certain difficulty in correctly differentiating high-grade ONB from high-grade NEC, especially in small biopsies. Pathologists should be aware of this potential diagnostic pitfall. Furthermore, ONB can be easily misdiagnosed as nasal polyps as shown in our case who had a history of rhinitis with mild nasal congestion and runny nose as the main clinical manifestations. Three months ago, this adult underwent dynamic electronic examination of nose (Figures 1A, B) and MRI examination of sinus due to nasal bleeding. Examination results suggested sinusitis and a neoplasm appeared in the right nasal cavity, which was considered as a nasal polyp. Unfortunately, these early abnormal signals do not attract enough attention from doctors. Untypical clinical manifestations and insufficient understanding of ONB may be important reasons for the failure of timely diagnosis and treatment of this patient. Thus, when the symptoms of persistent nasal congestion and repeated nasal bleeding appear, clinicians should not only consider common diseases and frequentness, but also be alert to the possibility of malignant tumors. Considering the aggressive nature and high recurrence rate of ONB, timely surgery and adjuvant radiotherapy or chemotherapy may contribute to alleviate symptoms and improve survival (37).

In conclusion, this is the first report of PPN induced by ONB, which not only expanded the clinical characteristics of ONB but also highlighted the importance of early and comprehensive tumor screening for the diagnosis of PPN.
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Purpose

Hypertrophic pachymeningitis associated with immunoglobulin G4-related disease (IgG4-RD) has been rarely reported, and there is little information and no clear consensus on the management of IgG4-related spinal pachymeningitis (IgG4-RSP). The present study described its possible clinical features, including the symptoms, imaging, treatment and prognosis of patients with IgG4-RSP.



Methods

We report three patients who presented with progressive neurological dysfunction due to spinal cord compression. Relevant articles were searched from the PubMed, Web of Science, and Embase databases, and the resulting literature was reviewed.



Results

The literature review provided a summary of 45 available cases, which included three cases from our center. Progressive worsening of neurological impairment was observed in 22 patients (48.9%). The lesions involved the thoracic spine (n=28, 62.2%), cervical spine (n=26, 57.8%), lumbar spine (n=9, 20.0%), and sacral spine (n=1, 2.2%). Furthermore, the lesions were located in the dura mater (n=18, 40.0%), epidural space (n=17, 37.8%), intradural-extramedullary space (n=9, 20.0%), and intramedullary space (n=1, 2.2%). On magnetic resonance imaging (MRI), the lesions generally appeared as striated, fusiform, or less often lobulated oval changes, with homogeneous (n=17,44.7%) and dorsal (n=15,39.5%) patterns being the most common. Thirty-five patients had homogeneous T1 gadolinium enhancement. Early surgical decompression, corticosteroid treatment, and steroid-sparing agents offered significant therapeutic advantages. A good therapeutic response to disease recurrence was observed with the medication.



Conclusion

The number of reported cases of IgG4-RSP remains limited, and patients often have progressive worsening of their neurological symptoms. The features of masses identified on the MRI should be considered. The prognosis was better with decompression surgery combined with immunosuppressive therapy. Long-term corticosteroid treatment and steroid-sparing agent maintenance therapy should be ensured. A systemic examination is recommended to identify the presence of other pathologies.





Keywords: immunoglobulin G4 (IgG4), immunoglobulin G4-related disease (IgG4-RD), immunoglobulin G4-related hypertrophic pachymeningitis (IgG4-RHP), immunoglobulin G4-related spinal pachymeningitis (IgG4-RSP), American Spinal Injury Association (ASIA), spinal compression, magnetic resonance imaging (MRI)



Introduction

IgG4 is a subtype of the immunoglobulin IgG that accounts for approximately 1-4%, and IgG4-related disease (IgG4-RD) is closely associated with IgG4 lymphocytes as an antigen-driven disease (1–4). The discovery of IgG4-RD has been a gradual process. Hamano et al. (2001) were the first to report that autoimmune pancreatitis is associated with elevated serum IgG4 (1). Furthermore, Kamisawa et al. (2) identified various IgG4-positive plasma cells in pancreatic biopsies with characteristic changes, such as interstitial fibrosis and obliterative phlebitis, which confirmed the presence of IgG4-RD. Subsequent studies have revealed that IgG4-RD is a systemic immune-mediated inflammatory disease of fibrosis (3, 4). The most common sites of involvement include the pancreas, bile duct, salivary glands, lacrimal glands, posterior peritoneum wall, and lymphatic capillaries (5), and the peripheral and central nervous system may also be involved (6). Some researchers have reported that IgG4-related peripheral neuropathy primarily involves the orbital or paravertebral region, and that this is often incidentally detected on images of other involved organs (7). IgG4-related hypertrophic pachymeningitis (IgG4-RHP) is a rare complication that involves the dura mater, which results in cranial neuropathy, encephalitis, hypophysitis and inflammatory pseudotumor (8). Chan et al. (9) reported the first case of IgG4-related spinal pachymeningitis (IgG4-RSP) with spinal cord compression in a 37-year-old male. IgG4-RSP can cause spinal compression that mimics metastatic disease or hemorrhage, and this condition is frequently misdiagnosed. The infiltration of various plasma cells in histopathological sections is a characteristic of IgG4-RSP (10). The present study presents three cases of IgG4-RSP, and discusses the clinical symptoms, radiological findings, treatment and prognosis. A review of the literature on this topic was also presented. In addition, The imaging-based typing of IgG4-RSP was attempted using radiological findings and lesion sites, in order to further improve the diagnosis and treatment of this disease.



Materials and methods


Case reports


Case 1

A 68-year-old male with no past medical history was admitted with a three-day history of incontinence and paraparesis. At four weeks prior to presentation, the symptoms began with lower extremity numbness, fatigue, and difficulty in walking. The patient’s physical examination on admission revealed loss of pain, light tactile, and temperature sensations below T10. The strength of each muscle group of the bilateral lower extremities was graded as 0. Furthermore, deep tendon reflexes, cremaster and anal reflexes were absent, and the toes were downgoing (American Spinal Injury Association, ASIA Grade A). Moreover, the plantar stimulation bilaterally elicited a flexion response (negative Babinski sign).

The laboratory examination revealed normal whole blood cell count, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP) level, electrolyte concentrations, and hepatic and renal function. Serum IgG and IgG4 were not measured.

The thoracic magnetic resonance imaging (MRI) revealed abnormal band-like signals at the anterior-posterior margin of the dura at the T9-11 level. Hypointense signals were revealed on the T1-weighted imaging (T1WI) and T2-weighted imaging (T2WI). One to two segments of the head and tail of the lesion revealed cavitary changes in the spinal cord. The spinal cord was primarily compressed at the ventral border, which resulted in a decreased anterior-posterior diameter. The bony structures and paravertebral soft tissues were not involved (Figure 1).




Figure 1 | Preoperative thoracic MRI. (A) The sagittal T2WI revealed the homogeneous anterior-posterior spinal cord compression at the T9-T11 level, with a hypointense signal. One to two segments of the head and tail of the lesion presented cavitary changes in the spinal cord. The axial T2WI (corresponding to the white line in A) revealed the ventral and dorsal thickening of the dura, with a hypointense signal. (B) The sagittal T1WI presents the hypointense signal (arrow).



The patient was preoperatively diagnosed with space-occupying lesions, and tumors or hematomas were highly suspected. On the day of admission, intravenous dexamethasone (20 mg) was administered, and an indwelling catheter was installed. Considering the severe neurological symptoms, the enhanced MRI was waived, and emergency surgery was performed.

Laminectomy was initially performed at the T9-T12 vertebral levels. The dorsal dura presented with band-like thickening, a rubbery texture, and a lesion of approximately 5.0 cm. Furthermore, there were unclear boundaries within the normal dura. The thickened dorsal dura was completely resected. However, the structures of the arachnoid mater and pia mater were difficult to define. The purple spinal cord became thinner, and did not pulsate. The dura mater was closed after the absence of spinal canal space-occupying residues was confirmed. The resected thickened dura was processed for biopsy (Figure 2).




Figure 2 | (A) The thickened dorsal dura presenting a band-like shape and rubbery texture (approximately 5.0 cm in diameter). (B) View of the surgical site after the complete resection of the thickened dorsal dura.



The histopathological examination revealed fibrosing inflammatory changes in the dura due to the infiltration of large numbers of plasma cells and fibrous tissue hyperplasia. The immunohistochemistry suggested an IgG4-related autoimmune disease, which led to the final diagnosis of IgG4-RSP (Figure 3).




Figure 3 | (A) A rubbery lesion resembling fish meat. (B) On histopathological examination, the dural mass and surrounding soft tissues presented with chronic and acute inflammation, inflammatory granulomatous micro-abscesses, and a few granulomas. Fibrous tissue hyperplasia, calcification, and a large number of plasma cells were present. The immunohistochemistry revealed the large-scale infiltration of IgG4-positive plasma cells.



Postoperatively, dexamethasone (20 mg, i.v.) was administered once, daily, for two consecutive weeks. During the drug course, the muscle strength of the bilateral lower extremities remained at Grade 0, and there was no improvement in the patient’s sensory deficits or incontinence. The patient refused to undergo MRI re-examination and IgG4 serology tests due to economic factors, which resulted in the lack of postoperative radiological and serological results. The patient was discharged on day 14, postoperatively, with improved urination and sphincter function (ASIA grade B). The patient underwent rehabilitation therapy and symptomatic treatment in a local hospital after discharge, and concomitant oral treatment with 60 mg/d of prednisone for one month. The dose was reduced to 40 mg/d after one month, and maintenance treatment was continued for two months. The drug dose was slowly further reduced over a period of three months. After six months, the lower extremity muscle strength was grade III-IV. The patient had normal sensory functions and improved defecation, and could walk.



Case 2

A 43-year-old male visited our hospital with a 15-day history of neck pain, and bilateral lower-extremity weakness and incontinence for four days as the chief complaints. The physical examination upon admission revealed loss of superficial sensation below T12, grade III triceps brachii strength of the bilateral upper extremities (grade IV for the remaining muscles), grade II muscle strength of the main muscle groups of the bilateral lower extremities, and positive bilateral pathological signs (ASIA grade C). The serological tests revealed a serum IgG level of 9.76 g/L, which was within the normal range (8.00-16.00 g/L). The MRI manifestations included a strip-shaped mass in the dorsal dura at the C4-T2 level, a slightly hyperintense signal on T2WI, and a hypointense signal on T1WI (Figure 4).




Figure 4 | Preoperative cervical MRI. (A) The sagittal T2WI revealed a slightly hyperintense signal (arrow). (B) The sagittal T1WI revealed a hypointense signal (arrow).



An indwelling urinary catheter was placed for the patient after admission. Before surgery, the patient presented with progressive symptoms, including loss of superficial sensation below T4, grade 0 muscle strength in each muscle group of the bilateral lower extremities, and loss of sensation (ASIA grade A). Epidural hematoma was considered, methylprednisolone (1,000 mg, i.v.) was administered, and emergency surgical decompression was applied. A rubbery, strip-shaped mass that resembled fish meat was tightly adhered to the dorsal dura at the C2-T3 level, and the epidural space was completely compressed without any hematomas. The mass was completely resected and sent for pathological examination. The results revealed diffuse lymphocyte infiltration with a large number of mature plasma cells. Active fibrohistiocytic proliferation was also visible in the mesenchyme. The immunohistochemical staining and quantification of IgG4 in high-power fields (HPFs) revealed that greater than 40% of the cells were IgG-positive cells (IgG4/IgG >40). Hence, a diagnosis of IgG4-RSP was made. Postoperatively, the patient was intravenously treated with 240 mg/d of methylprednisolone, and the patient experienced improvements in sensory function of the lower extremities beginning on day five. On day 14, the patient was discharged, but the muscle strength of each muscle group in the bilateral lower extremities remained at 0 (ASIA grade B). After discharge, the patient was instructed to orally take 40 mg/d of prednisone for two months. The dose of prednisolone was slowly reduced over the next four months. During the six-month follow-up, the muscle strength of the main muscle groups in the bilateral lower extremities recovered to level IV, and the sensory function returned to normal.



Case 3

A 39-year-old male presented for treatment due to a 15-day history of back pain, a two-day history of lower extremity weakness, difficulty in walking, and difficulty in urinating. The patient was admitted to our hospital. The patient’s physical examination on admission revealed tenderness of segment T2, loss of sensation below T12, grade III muscle strength of the main muscle groups of the bilateral lower extremities, and positive bilateral pathological signs (ASIA grade D). The cerebrospinal fluid (CSF) collected via lumbar puncture revealed an IgG level of 718.0 mg/L. The cervical MRI revealed abnormal strip-shaped regions of signals at the anterior-posterior margin of the dura at the C5-T4 level, a hypointense signal on T1WI, a hyperintense signal on T2WI, and homogeneous enhancement after gadolinium enhancement on T1WI. Methylprednisolone (1,000 mg/d) was intravenously administered as a pharmacological treatment after admission. However, the patient’s symptoms worsened the following day, and presented with loss of sensation below the horizontal line of the bilateral costal arch, and a decrease to grade II (ASIA grade C) in muscle strength of the bilateral lower extremities. An extramedullary hematoma or nodule was highly suspected. Therefore, methylprednisolone was discontinued on day three, and anti-tuberculous therapy was performed. After five days, the muscle strength of the bilateral lower extremities was graded as 0 (ASIA grade A). The MRI revealed abnormal strip signals in the anterior-posterior margin of the dura at the T1-T6 level, a hypointense signal on sagittal T1WI, a hyperintense signal on T2WI, and homogeneous gadolinium enhancement. Emergent surgical decompression was immediately performed. Rubbery, strip-shaped masses with a hard texture were widely distributed in the dura mater. The subdural and epidural lesions were resected and sent for pathological examination. The results revealed diffuse plasma cell infiltration in fibro-adipose tissues. The HPFs of the immunohistochemically stained slides revealed that greater than 40% of cells were IgG positive (IgG4+/IgG+ in >10 HPFs). The serological tests revealed a serum IgG4 level of 1.050 g/L. The patient was eventually diagnosed with IgG4-RSP. Methylprednisolone (500 mg/d) was postoperatively administered, and the muscle strength of the right lower extremity recovered to grade 1. The dose of methylprednisolone was reduced to 240 mg/d for six consecutive days, and reduced to 120 mg/d for three consecutive days. The muscle strength of the right lower extremity recovered to grade 2, and the left lower extremity returned to grade 1. However, there was no improvement in the patient’s sensory function (ASIA grade C). After discharge, the patient was prescribed with oral prednisolone of 40 mg/d for two months, followed by a gradual dose reduction over a three-month period. During the long-term follow-up period, the motor and sensory functions of the upper extremities progressively recovered, and there was no evidence of recurrence on MRI.





Literature review

The studies were retrieved from the PubMed, Web of Science, and Embase databases using the following keywords as search terms: (IgG4-related disease) and (IgG4-related sclerosing pachymeningitis OR IgG4-related spinal pachymeningitis OR IgG4-related hypertrophic pachymeningitis) and (pachymeningitis) and (spine OR spinal). Case reports, case series, and single-center and multicenter retrospective studies that investigated IgG4-related spinal lesions were included. Studies that only involved IgG4-related cranial or inflammatory pseudotumors were excluded (Figure 5).




Figure 5 | Flowchart for the literature search for IgG4-RSP.



Two evaluators selected the studies, and any disagreements were resolved by negotiation or consulting with the corresponding author. The following information was extracted from each of the selected articles: author’s name, patient’s age, patient’s gender, clinical presentations, location of mass involvement, MRI features, immunohistochemical findings, treatment outcome, and prognosis.



Statistical analysis

The data was analyzed using the SPSS 22.0 statistical software. Count data were expressed as n [%]. Comparisons between groups were performed by chi-square test, totals of less than 40 were compared using Fisher’s exact test, and multiple comparisons were performed using Bonferroni correction, α=0.05. P<0.05 was considered statistically significant.



Results

The selection process is illustrated in Figure 5. A total of 37 studies were included for the analysis in the present study, with a total of 45 patients, including the three patients reported in the present study (the details are provided in Table 1) (8–44). The present study examined the clinical symptoms, radiological manifestations, treatment and recurrence of IgG4-RSP.


Table 1 | Clinical data of the 45 cases of IgG4-RSP.





Clinical presentations

There were 29 males (64.4%) and 16 females (35.6%), with a male-to-female ratio of 1.8:1.0, and the age of most of the patients ranged between 40 and 70 years old (range: 17-79 years old, median age: 52). The thoracic spine (n=28, 62.2%) was the most frequently involved segment, followed by the cervical spine (n=26, 57.8%), lumbar spine (n=9, 20.0%) and sacral spine (n=1, 2.2%). Longitudinal extensive involvement across multiple spinal cord regions occurred in 11.1% of cases. The main symptoms were derived from the spinal cord compression in the involved segments, and these primarily presented as varying degrees of sensorimotor dysfunction of the extremities. Progressive deterioration of spinal cord compression symptoms was reported in 22 patients (48.9%). Headache and facial pain were reported in four patients (8.9%) who had a lesion between the brain and cervical spine. Eleven patients (24.4%) had a combined IgG4-related disorder with the involvement of other organs, such as the brain, which was the most commonly involved secondary organ.



Radiological manifestations

The lesion sites included the intradural-extramedullary (n=9, 20.0%), dural (n=18, 40.0%), epidural (n=17, 37.8%) and intramedullary (n=1, 2.2%). Five patients (11.1%) had multiple regions of involvement, including the epidural+paravertebral (n=3, 6.7%), dural+epidural (n=1, 2.2%), and epidural+intradural-extramedullary (n=1, 2.2%) regions. The dural and epidural spaces were the most commonly involved in IgG4-RSP. According to the reported sagittal MRI scans, the masses were defined as ventral, dorsal, or homogeneous (ventral and dorsal), based on the position relative to the spinal cord (Figure 6).




Figure 6 | This illustrates a mass accumulating outside the dura. The mass may be classified as ventral, dorsal, or homogeneous (accumulation on the ventral and dorsal sides), depending on the location of the mass relative to the spinal cord in a right sagittal plane.



The lesions involved the dorsal cord in 15 patients (33.3%), the ventral cord in six patients (13.3%), and the homogeneous in 17 patients (37.8%), while this was not reported in seven patients.

In investigating the relationship between the location of the lesions and disease progression, it was identified that 82.3% (14) of 17 homogeneous patients were progressive. Meanwhile, 26.7% (4) of 15 dorsal patients and 66.7% (4) of six ventral patients were progressive. Furthermore, there was a significant difference in the progression rate between the three groups (P=0.004, P<0.01), and the results for the multiple comparison revealed that the progression rate was significantly higher in the homogeneous samples, when compared to the dorsal samples.

A total of 17 patients had T1WI data from the MRI: a hypointense signal on T1WI was observed in 10 patients, an isointense signal was observed in six patients, and a hyperintense signal was observed in one patient. Furthermore, the MRI T2WI data was obtained for the other 23 patients: a hyperintense signal on T2WI was observed in seven patients, a hypointense signal was observed in 16 patients, and an isointense-to-hypointense signal was observed in one patient. For all 35 patients, homogeneous enhancement of T1W1 with gadolinium was identified.



Treatment and prognosis

The treatment regimen used for the initial treatment was examined (except for the two patients, in which no treatment plan was reported). Among these patients, 30 patients (66.7%) underwent decompressive laminectomy, 34 patients (75.6%) received immunosuppressive therapy, three patients (6.7%) underwent tissue biopsy at different sites, and four patients (8.9%) received empirical antituberculosis therapy.

The treatment regimen in the acute phase (i.e. initial disease detection) included surgical decompression and immunosuppressive therapy. Eight patients (19.0%) underwent surgical decompression only, six patients (14.3%) received corticosteroid therapy only, 16 patients (38.1%) underwent surgery combined with corticosteroid therapy, six patients (14.3%) received corticosteroids plus steroid-sparing agents, and six patients (14.3%) underwent surgery combined with corticosteroid plus steroid-sparing agent maintenance therapy. A long-term treatment (treatment cycle of >1 month) regimen was used to prevent recurrence, and focus was given on the long-term application of corticosteroids and steroid-sparing agents. Among these patients, 14 patients (53.8%) received long-term maintenance therapy with corticosteroids, and 12 patients (46.2%) received maintenance therapy with corticosteroids and steroid-sparing agents.

No treatment outcome was reported in four patients. For the remaining 41 patients, all patients presented with symptomatic relief and neurological recovery after initial treatment. Two of the patients (4.9%) died postoperatively due to infection after receiving initial treatments of surgical treatment alone, and medication combined with surgical treatment.



Recurrence

Thirty-seven patients were followed up for longer than two months after the initial treatment. For these cases, a total of six relapses were reported (16.2%). The sub-analysis of various types of treatments revealed that three recurrences were observed in patients treated with decompression surgery alone (8.1%), two recurrences were observed in patients treated with corticosteroids only (5.4%), and one recurrence was observed in a patient treated with decompression surgery and corticosteroids (2.7%).

The specific duration of immunosuppressive therapy was not reported in two cases, while the remaining four cases did not experience prolonged immunosuppressive therapy at the time of initial treatment. Overall, no recurrences were observed in patients who received long-term treatment with immunosuppressives (n=26), and four recurrences were observed in patients who did not receive long-term therapies (n=9). The difference in recurrence rate between the two groups was statistically significant (P=0.002, P<0.01).

The treatment options after recurrence focused on surgery and immunosuppressive therapy. The specific treatments and prognoses for cases of recurrence are detailed in Table 2. Four patients had a single recurrence (10.8%). Among these patients, one patient had no reported specific treatment regimen, two patients received an increased dose of corticosteroid therapy, and one patient underwent decompression surgery combined with immunosuppressive therapy. Furthermore, two patients (5.4%) experienced secondary recurrence. These two patients only underwent decompressive surgical intervention without immunosuppressive therapy in the second round of treatment. For patients who developed recurrence, the results of the final follow-up revealed complete remission of neurological symptoms in two patients, partial remission in two patients, and death due to infection in one patient. No treatment outcome was reported for one patient.


Table 2 | Treatment and prognosis of recurring patients.



Two patients with secondary recurrence were carefully reviewed. One patient was a 57-year-old female. The first recurrence occurred for this patient at three weeks after the initial decompression surgery. The symptoms were initially in remission after the second surgery. Notably, no immunosuppressive treatment was given during the follow-up period. A second recurrence developed at two months after the second surgery for this patient. The attending physician administered an eight-month course of oral prednisolone (1 mg/kg/d) and epidural injections of methylprednisolone acetate (80 mg/week) as maintenance therapy, in addition to decompression surgery. The follow-up results revealed a partial improvement of symptoms. A 58-year-old woman also underwent decompression surgery after first recurrence, and the symptoms improved. No immunosuppressive treatment was given for this patient after the surgery. This second patient developed recurrence after three months. The recurrence was managed with one month of methylprednisolone and cyclophosphamide, which provided symptom relief. Unfortunately, this patient eventually died from pulmonary infection.



Discussion


Symptoms

IgG4-RD involves multiple organ systems, and has a tendency to develop multiple neoplastic lesions. The clinical presentations are nonspecific, but these primarily consist of dysfunction of the involved organs or tissues (45, 46). Patients with IgG4-RD may also present with fever, fatigue, night sweats, and weight loss (47, 48). The most common symptoms in IgG4-RSP patients are fatigue and motor sensory dysfunction of the extremities, which occur in varying degrees. Among the 45 cases obtained for the present study, 22 patients experienced symptoms that gradually progressed over days to months, and these symptoms presented as severe myeloid symptoms (8, 10, 11, 17, 19, 20, 22, 23, 27, 29–31, 33–35, 39, 41, 43, 44). Therefore, the progressive exacerbation of neurological symptoms may be associated with a secondary spinal cord injury caused by chronic spinal cord ischemia, and the acute exacerbation of inflammatory cascade activation (49, 50). These progressively exacerbated neurological symptoms may serve as a hint during the clinical diagnosis.



Immune molecular pathogenesis

The immune molecular pathogenesis of IgG4-RD has not been clarified. A previous research suggested that IgG4-RD is an antigen-driven disease that involves IgG4+ B cells and T cells (42). Della-Torre et al. (51) suggested an experimental pathogenic model of IgG4-RD after a literature review, and reported that B and T cells exert synergistic functions in chronic self-perpetuating immune reactions against specific antigens, during which the production of inflammatory factors IL-4 and IL-10 may drive antigen-specific B cells to undergo isotype switching, and secrete IgE and IgG4. Other reports have noted that macrophages and basophils are also potentially pathogenic for IgG4-RD (52, 53).



Pathology, serology and CSF diagnosis

Hisanori et al. (2011) proposed the following presently well-accepted diagnostic criteria for IgG4-RD: (1) single or multiple organ thickening/nodular lesion, focal/diffuse enlargement or mass; (2) serum IgG4 of >135 mg/dL; (3) typical histopathological features. A definite diagnosis may be made when criterion (1), and criterion (2) or (3) are satisfied (54).

The typical histopathological features of IgG4-RD include intensive lymphocyte infiltration (IgG4/IgG+ cells >40% and/or IgG4+ plasma cells >10/HPF), storiform swirling fibrosis, and obliterative phlebitis (55). Obliterative phlebitis is rare in cases of IgG4-RSP (12, 23, 38). The present study revealed that 22 patients had IgG4/IgG+ of >40% (8–10, 12, 13, 22, 23, 25, 29, 34, 35, 38, 40, 42–44), and 33 patients had IgG4+ plasma cells of >10/HPF (8–12, 15, 19, 22–32, 34–38, 40, 42, 44). Although there is no international consensus criteria for the pathological diagnosis of IgG4-RSP, dura mater biopsy is presently the best-supported approach.

Inflammatory markers are non-specific for the diagnosis of IgG4-RD patients due to the differential presentations (56), and an increase in inflammatory indicators may be a result of infection and inflammation (57, 58). Therefore, the alterations in eosinophils, anti-nuclear antibodies and rheumatoid factors are also non-specific (59–61). Furthermore, most IgG4-RD patients have elevated serum IgG4 (>135 mg/dL), but there is no significant reference range of IgG levels. Among the 22 cases of IgG4-RSP reported by Sbeih et al. (10), 13 patients had serum IgG4 of >135 mg/dL. These authors considered that pre-treatment serum IgG4 levels may be used as a marker for the diagnosis of IgG4-RSP. However, the presence of tumors, infections and autoimmune diseases is often accompanied by an increase in serum IgG4. Thus, measurement error would be inevitable. Therefore, the increase in serum IgG4 may only be a moderately effective biomarker for the diagnosis of IgG4-RD or IgG4-RSP (62, 63). From another perspective, serum IgG4 levels may be a viable biomarker to assess the risk of recurrence in IgG4-RD patients, and this relationship was supported by the disease activity score or responder index (64).

The intrathecal synthesis of IgG4 in the CSF may also be used as a reference (8, 13, 16, 26, 33, 39). Della-Torre et al. (13, 16) reported that in the CSF IgG4 index, the IgG4 CSF/IgG4 serum-to-albumin CSF/albumin serum ratio is a reliable marker for intrathecal IgG4 synthesis (normal range: 0.25-0.91). They demonstrated that IgG4Loc of >0.47 is capable of differentiating between IgG4-RHP and inflammatory pachymeningitis, with 100% sensitivity and 100% specificity. Furthermore, the CSF IgG4 level may be a better indicator of disease activity, but regular spinal puncture would be necessary, and the test must be performed before the immunosuppressive therapy (34).



Radiological diagnosis

MRI is the most common imaging modality for the diagnosis of IgG-RHP, because this allows for the clear visualization of lesions in the optic chiasm, nerve roots and skull base (55). The present literature review revealed that the characteristic MRI manifestations of IgG4-RSP may include the following: (1) ribbon-shaped masses that commonly involve the cervical and thoracic dura, (2) homogeneous and dorsal lesions on MRI (Figure 6), and (3) hypointense signals on T1WI and T2WI, with homogeneous enhancement on T1W1 with gadolinium. In addition, compared to the other two types, homogeneous patients are more likely to have progressive neurological symptoms (Figure 7).




Figure 7 | When mass grew on the ventral side, this tended to be thicker, and compressed the spinal cord more severely, when compared to the mass on the dorsal side.



However, the specific MRI manifestations of IgG-RHP require further definition. The optimal approach would be to combine the clinical symptoms, radiological manifestations, serological and CSF tests, and pathological outcomes for a definite diagnosis of IgG-RHP. Computed tomography (CT) can also accurately assess the bone involvement in patients with IgG4-RSP. A recent research demonstrated that FDG PET-CT is important in the assessment of IgG-RD, because this can detect unknown sites that are involved, and may be used to monitor the disease activity and therapeutic response of metabolic diseases (55).

Based on the above discussion, it can be considered that IgG4-RSP should be highly suspected when the following conditions are present: (1) progression of symptoms of neurological injury; (2) the characteristic MRI manifestations of IgG4-RSP (refer to the Discussion section above); (3) serum IgG4 of >135 mg/d; (4) CSF abnormalities in the IgG4 index (normal range: 0.25-0.91) with IgG4Loc of >0.47.



Treatment

Corticosteroids are recognized agents used as the first-line treatment for IgG4-RD (65), and these drugs have up to 98% effectiveness in the early stages of the disease (41). The commonly used corticosteroid treatments are prednisolone and methylprednisolone (66). Although there is no consensus on the optimal treatment dose and duration, most patients respond well to therapy within two weeks of treatment. Li et al. (67) previously used corticosteroids at 20-60 mg/d for 2-4 weeks for the treatment of IgG4-RHP, and the dose was reduced in the subsequent months and years. Corticosteroid treatment also played a role in suppressing recurrence in previous case reports, which is consistent with report in the study conducted by Levraut et al. (34). However, the drug resistance and multiple complications associated with long-term use may limit its use (67).

Steroid-sparing agents, such as rituximab, methotrexate, cyclophosphamide and azathioprine, are advantageous, when compared to corticosteroid treatment, in terms of safety, and these may be used as a second-line treatment for IgG-RD (31). Rituximab is preferred for the treatment of IgG4-RD and IgG4-RHP (34, 64, 68). Hart et al. (69) reported the use of rituximab treatment for IgG4-related autoimmune pancreatitis. The regimen consisted of four weeks of rituximab (i.v.) at 375 mg/m2, weekly, followed by two years of injection every 2-3 months. This treatment resulted in an 83% relief rate. Among the IgG4-RSP cases reported, it was noted that patients who received steroid-sparing agents generally had better outcomes on initial treatment, or inhibition of relapse. Similar to corticosteroid treatment, the optimal treatment dose and duration have not been clarified.

The present study revealed that patients with recurrence responded well to certain doses of corticosteroid treatment and steroid-sparing agents. Focus was given on the use of steroid-sparing agents (11, 20, 22, 33, 40). It was noted that one patient had suspected recurrence (20). This patient had a subcutaneous mass on the left side of the neck at eight months after surgery. After three months of prednisone treatment, the mass was resolved. This result indicates that the recurrence of IgG4-RSP may not occur at the primary site. Therefore, whole-body systemic examination is particularly important for the initial disease, and any recurrences.

Timely surgical decompression and mass resection are required when a patient has severe neurological dysfunction, or a progressive neurological disorder. As stated earlier in the present study, the cumulative location of the mass is correlated with this symptom. However, despite the prompt surgical treatment given, there was still a poor prognosis in the short term, as noted in the case reported by Kim et al. (17). The reason was that the poor prognosis may be associated to an injury in the blood-supplying branches of the radiculomedullary arteries, such as the Adamkiewicz artery. The high tension and traction of the spinal cord during surgical resection may also be a factor. In addition, Sharma et al. (43) reported a male patient with homogeneous IgG4-RSP. The intraoperative results in this study revealed that the dorsal components of homogeneous lesions generally resulted in dural adhesions. Therefore, it is very important to clearly distinguish the mass position from normal anatomical locations. The present study presented a rare intramedullary case of a patient who did not receive surgical intervention. This patient was treated with corticosteroids and azathioprine, and there was effective improvement in the patient’s neurological function.

Overall, it was considered that when IgG4-RSP is accompanied by progressive neurological symptoms caused by definite spinal cord compression, surgical decompression is necessary. However, the present research findings suggest that long-term maintenance therapy with corticosteroid treatment and/or steroid-sparing agents is essential for this population.




Limitations

First, the present study was a review of the literature on this topic, and was open to considerable subjectivity on the part of the authors. Second, a quality assessment of the included literature was not performed due to the very small number of reported cases of IgG4-RSP worldwide. Third, no systematic statistical analysis was performed due to the small sample size and limited data. However, it is hoped that this literature review deepens the present understanding of IgG4-RSP as a rare disease.



Conclusion

Progressively deteriorating neurological symptoms can be used as a reference for the diagnosis of IgG4-RSP. The MRI manifestations for lesion morphology, and the site and signal intensity may also be employed as predictive markers. Timely surgical decompression combined with immunosuppressive medications may result in satisfactory therapeutic outcomes. During long-term follow-ups, maintenance therapy with a certain dose of corticosteroids and steroid-sparing agents can effectively reduce the risk of recurrence. Since IgG-RD may involve multiple organs, a whole-body systemic examination is necessary after a definite diagnosis of spinal cord compression.
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Orbital schwannomas are rare in children, especially those with intracranial extension. Herein, our report refers to a 12-year-old boy who had a cranial-orbital mass with a dumbbell-like appearance. The total neoplasms was successfully removed via a transcranial approach, and the pathological diagnostic result was schwannoma. Neither radiotherapy nor chemotherapy was performed after surgery, and no recurrences were observed for 3 months. Our report suggests that orbital schwannomas should be differentiated from other types of orbital tumors with sufficient evidence and that complete surgical resection remains the first choice to cure this disease.
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1. Background

Intracranial schwannomas are common and account for 8–10% of all primary intracranial tumors (1). In contrast, orbital schwannomas are rare and account for only approximately 1–2% of all primary schwannomas (2). In this study, we report a case of schwannoma in children, which is a dumbbell-shaped cranial-orbital mass. The total neoplasm was successfully removed, and the pathological diagnostic result was schwannoma. Postoperatively, the patient's painless exophthalmos had completely disappeared without postoperative sequelae or visual impairment. Neither radiotherapy nor chemotherapy was performed, and no recurrences were observed for 3 months.



2. Clinical presentation


2.1. History

Our case refers to a 12-year-old boy with painless exophthalmos in the left eye. He had no relevant clinical symptoms, a previous medical history of binocular vision, and a family history of neurofibromatosis. Physical examination showed that binocular vision was normal, the eyeballs could move freely in all directions, and the eyes were sensitive to light reflection. In addition, there were no facial paresthesias or abnormal facial expression.



2.2. Imaging findings

A computed tomography (CT) scan revealed a homogeneous and non-calcified mass in the extraconal compartment of the left posterior eyeball that was similar in density to the brain parenchyma. The inner bone wall of the left orbit was thinner than before, with compressive displacement of the adjacent bone and widening of the supraorbital fissure (Figure 1). Magnetic resonance imaging (MRI) demonstrated an elliptical, well-defined, and homogeneous retrobulbar mass, including the left orbit, the orbital apex, and even the left cavernous sinus. The superior orbital rectus muscle was compressed and transformed; the optic foramen was enlarged, but the optic nerve was not obviously pressed. The mass presented as a slightly uneven hypointense signal, a hyperintense signal, and an isointense signal on T1-weighted images (T1WI), T2-weighted images (T2WI), and fluid-attenuated inversion recovery (FLAIR), respectively. Meanwhile, the mass showed a hypointense signal on diffusion-weighted imaging (DWI) and a low value of apparent diffusion coefficient (ADC), with apparent and inhomogeneous enhancement after gadolinium (Gd) injection (Figure 2). An MRI performed 3 months after surgery showed no tumor persistence (Figure 3).


[image: Figure 1]
FIGURE 1
 Images of computed tomography (CT). (A) CT revealing a mass in orbit, some of which seem to extend into the cranial cavity. (B) The bone window showing compressive displacement of the adjacent bone and widened supraorbital fissure (two-way arrow).



[image: Figure 2]
FIGURE 2
 Preoperative image of magnetic resonance imaging (MRI). (A–D) MRI demonstrating a circumscribed mass that extended into the left cavernous sinus (red circle), with a slightly inhomogeneous hypointense signal on T1WI and a slightly inhomogeneous hyperintense signal on T2WI. Meanwhile, it shows an inhomogeneous isointense signal on fluid-attenuated inversion recovery (FLAIR) and a hypointense signal on diffusion-weighted imaging (DWI). (E) The mass showed clear and mild inhomogeneous enhancement after Gd injection. (F) The mass located above the optic nerve (red arrows), which was intact and not pressed (white arrow).



[image: Figure 3]
FIGURE 3
 Postoperative image of MRI. (A–C) Images of T1WI, T2WI, and Flair, and (D) images after gadolinium (Gd) injection were performed 3 months after the operation, respectively, showing no recurrence.




2.3. Intraoperative findings and post-operative course

A gross total excision was performed via a left frontotemporal craniotomy. The solid tumor was found to be located above the eyeball and the optic nerve, which occupied the middle and posterior parts of the orbital region and extended to the anterior part of the cavernous sinus through the enlarged supraorbital fissure. The result of the intraoperative pathological diagnosis was a spindle cell tumor. Postoperatively, the patient's painless exophthalmos had completely disappeared, with no evidence of postoperative sequelae or visual impairment during a follow-up.



2.4. Pathological findings

The mass had a biphasic pattern of Antoni A (palisading spindle tumor cells are arranged vertically and tightly) and Antoni B (haphazardly spindle and multipolar cells are arranged loosely as a reticular structure) under a microscope. Immunohistochemical analysis showed that the neural marker (S100 protein) was firmly and positively stained, which was specific for the diagnosis. The nuclei of those cells showed positive immunoreactivity for SOX10 and less than 1% of the nuclei showed positive immunoreactivity for KI67 (Figure 4).


[image: Figure 4]
FIGURE 4
 Image of pathology. (A) A biphasic pattern of Antoni A and Antoni B (hematoxylin and eosin, ×400). (B) Diffusely and strongly positive immunoreactivity for S100 (immunohistochemistry for S100, ×200). (C) Positive immunoreactivity for SOX10 (immunohistochemistry for SOX10, ×200). (D) Less than 1% positive immunoreactivity for KI67 (immunohistochemistry for KI67, ×200).





3. Discussion

Schwannoma arises from Schwann cells and are known to originate from the sensory branches of the ophthalmic division of the trigeminal nerve in an orbit (3). Schwannomas occur in middle age and are usually rare in children with the absence of neurofibromatosis (4). We discussed a 12-year-old boy who had a dumbbell-shaped schwannoma, and most of the lesions were found in the left orbit with a small portion in the left cavernous sinus. Orbital schwannomas are usually oval or round, but those extending into the cranial cavity from the superior orbital fissure are usually dumbbell-shaped (5). Therefore, we speculated that it was a unique case of an orbital schwannoma in children extending into the left cavernous sinus via the superior orbital fissure.

Schwannomas are always benign and well-encapsulated nerve sheath tumors, with an insidious and slow growth pattern (6). There is no difference between genders or between the right or left eyes (3, 7, 8). Schwannomas have non-specific clinical presentations, and their primary clinical symptom is painless exophthalmos (8). They usually did not affect extraocular movements or vision unless it was big enough to compress the optic nerve, which might cause visual impairment, double vision, abnormal sensations, pain, eyelid swelling, and even vision loss (2, 9).

Microscopically, most orbital schwannomas exhibit a histopathologic feature with a biphasic morphology, including Antoni A and Antoni B patterns (10). Due to this situation, the tumor on MRI has a different degree of heterogeneity, which correlates with the dark signal of Antoni B and the bright signal of Antoni A on T1WI. However, the diagnosis of schwannomas via clinical symptoms and imaging evaluation is tricky because of the variable presentation and location (11). According to the literature, orbital schwannomas produce a hypointense signal on T1WI and a hyperintense signal on T2WI, which may be homogeneously or heterogeneously enhanced (12). CT is often the first investigation obtained, which is helpful in depicting adjacent bone destruction and calcification (13).

We conducted keyword searches in the PubMed database over the past decade, and the sets of keywords used were associated with orbital schwannoma. According to previous related rare case reports, we summarized the common location of orbital schwannomas, which was an intraocular, orbital, retro-orbital, infraorbital, trigeminal, vagal, or trochlear mass. In part, we also found a low incidence of orbital schwannomas in children, and we believed that the rarity could be explained by the slow-growing nature of this type of tumor type in some patients presenting in early adulthood (14). Though a few cases involving cranial-orbital communication were reported in the literature, we found nearly no case completely similar to our patient, a 12-year-old boy having a cranial-orbital schwannoma with a dumbbell-like appearance at the same time. Thus, we have reported this rare and unique case to enrich the information about intracranial-orbital schwannoma in children and also suggest that clinicians and radiologists should sufficiently differentiate it from other orbital tumors.

In the orbital extraocular area, optic nerve glioma is the most common tumor in children (7), whose signal is similar to that of the brain parenchyma, as in our case. However, we can ensure that the tumor is located above the optic nerve through imaging findings, which led us to rule it out. In addition, another common optic nerve disease in children is myelin oligodendrocyte glycoprotein (MOG) antibody-associated optic neuritis, characterized by visual loss and pain with eye movement (15), which is not consistent with the clinical presentation of our case. The mass in our case appears to be dumbbell-shaped, well-defined, mildly heterogeneous, and strengthening, suggesting that it may be a benign tumor with a low incidence. Thus, we hypothesized that it was a hamartoma before surgery, which usually had a clear edge, had a mildly non-uniform internal signal, hypointense and hyperintense on T1WI and T2WI, respectively, and had a slightly uneven enhancement (16). Fortunately, hamartoma and schwannoma were all benign masses and had the same surgical method, which did not delay the treatment of this child due to our misdiagnosis.

Usually, the first choice for orbital schwannoma is gross total resection (8, 17, 18). No further radiotherapy or chemotherapy is required after surgery. According to our prior recognition, only a few cases of orbital schwannoma with recurrence had been reported (19). However, we still need to follow up with the patient for a long period of time.



4. Conclusion

Our case refers to a 12-year-old boy with intracranial-orbital schwannoma. Preoperative diagnosis is difficult due to its different degrees of heterogeneity. However, early assessment and prompt management are necessary to prevent the development of severe complications. We suggest that orbital schwannomas should be sufficiently differentiated from other orbital tumors in children, despite their exceedingly rare occurrence. Our case enriches the information about this disease, enhances our understanding of this tumor, and underscores the importance of complete surgical resection.
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Background

Schwannomas of the trochlear nerve with the absence of systemic neurofibromatosis are considerably uncommon, especially complicated by intra-tumoral hemorrhage. Due to the lack of typical clinical manifestations and imaging findings, a definite diagnosis of trochlear schwannomas before surgery is particularly difficult.



Case presentation

We report the case of a 64-year-old female patient who presented with a unilaterally intermittent headache of 2-month duration and without a remarkable neurological deficit at admission. Imaging studies revealed a well-demarcated cystic-solid lesion with mixed signals beside the brainstem and suprasellar cisterna. The patient underwent a surgical operation with total resection of the tumor by a subtemporal surgical approach. The tumor was intraoperatively found to originate from the trochlear nerve and was pathologically confirmed as a hemorrhagic schwannoma with cystic degeneration.



Conclusions

We describe this case in detail and conduct a concomitant survey of the literature, summarizing the clinical presentations, radiological features, surgical treatment, and the possible mechanisms of hemorrhage in relevance to trochlear nerve schwannoma.
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1 Introduction

Cranial nerve schwannomas almost always arise from sensory nerves such as vestibular and trigeminal nerves (1). In very rare cases, they arise from motor nerves like oculomotor, abducens, and trochlear nerves and a majority of these cases occur in patients with systemic neurofibromatosis (2). Hence, motor-origin schwannomas such as the trochlear nerve schwannoma not secondary to neurofibromatosis are exceedingly rare. In addition, intratumoral hemorrhage from intracranial schwannomas is also infrequent. Since the first report in the year 1976 by King, just 43 surgical cases of trochlear nerve schwannomas that were confirmed by postoperative pathology have been reported in the English literature, of which only four were complicated with intratumoral hemorrhage (3–7). Here, we report an unusual case of hemorrhagic trochlear nerve schwannoma in a 64-year-old woman who presented with a unilaterally intermittent headache for 2 months. Intraoperatively, the trochlear nerve was found to be neoplastic and assimilated by the tumor and the tumor was consequently totally resected and pathologically confirmed to be hemorrhagic and cystic. Due to the rarity of trochlear nerve schwannoma, the previous literature was retrieved and summarized in terms of clinical symptoms, imaging features, and surgical treatment. Also, aspects with relevance to intra-tumoral hemorrhage were discussed. In this paper, the authors hope to provide additional references for the diagnosis and management of trochlear nerve schwannoma, especially when the tumor is complicated with acute hemorrhage.



2 Case presentation

A 64-year-old female patient was admitted to our hospital due to a sudden onset headache on the right side 2 months ago with thereafter intermittent occurrence. The pain is with irregular patterns, occasionally accompanied by nausea. The patient had a 10-year history of hypertension and took antihypertensive drugs regularly with blood pressure controlled at a normal level. Unremarkable neurological deficits and no cutaneous signs of neurofibromatosis were found during the physical examination. Head computerized tomography (CT) scan, which was performed in the local hospital, showed an abnormal ovoid lesion with mixed density on the right side of the pons and suprasellar cisterna (Figure 1A). CT angiography suggested negative evidence of vascular lesions such as an intracranial aneurysm (Figure 1B). Magnetic resonance imaging (MRI) revealed the mass to appear heterogeneously hypo-intense on T1-weighted images, hyper-intense on T2-weighted images, and hyper-intense on T2Flair images. With a fluid level inside, the mass measured 29 mm in maximum diameter, compressing the pons and the midbrain from the right anterior direction (Figures 2A-C). Besides, the mass demonstrated heterogeneous contrast enhancement in the inner region with a well-circumscribed enhanced cystic wall after administration of the contrast agent gadolinium (Figures 2D–F). No other intracranial lesions were observed on the brain MRI. Laboratory data suggested unremarkable changes in blood routine tests, liver and renal function, and electrolyte levels. Tumor marker levels for germ cell tumors (lactic dehydrogenase, alpha-fetoprotein, or beta-hCG) were within the normal range.




Figure 1 | (A) Initial head CT scan showing an ovoid mass with mixed density located in the suprasellar cisterna, compressing the brain stem from the right side. (B) CT angiography suggests negative evidence of vascular lesions.






Figure 2 | MRI scan at admission. Axial MRI without contrast showing the lesion with heterogeneous hypo-intense on T1-weighted images (A), hyper-intense on T2-weighted images (B), and hyper-intense on T2Flair images (C). Axial (D), sagittal (E), and coronal (F) T1-weighted gadolinium-enhanced images show the heterogeneous contrast enhancement in the inner region of the mass, with a well-circumscribed enhanced cystic wall.



After necessary preoperative preparation, the patient was brought to the operation room for resection of the mass. A subtemporal surgical approach was performed. Intraoperatively, a grey, cystic-solid tumor was encountered at the margin of the tentorium cerebellum, and the tumor went across the supratentorial and inferior tentorium. We split the tentorium cerebellum to expose the whole tumor and found it seriously adhered to the trochlear nerve. The tumor measured 23 ×20 ×12 mm in size. The trochlear nerve, without a clear boundary to the tumor, was partially neoplastic and assimilated by the tumor membrane. Based on the findings above, the diagnosis of a trochlear nerve-originated tumor was therefore made. Then the tumor membrane was incised for internal decompression and a large amount of hematoma was found inside the tumor. After the evacuation of the hematoma, the tumor was completely removed after amputation of the trochlear nerve and dissection from the surrounding tissues (Figures 3A, B). The tumor specimen was sent for pathological evaluation after surgery.




Figure 3 | Intraoperative photographs show that the intratumoral hemorrhage is invisible after the incision of the tumor membrane (A). The trochlear nerve tightly adheres to the tumor surface and is assimilated by the tumor (B). Postoperative histopathology shows the characteristic features of a schwannoma complicated with intratumoral hemorrhage and cystic degeneration (C, D).



Histopathological examination revealed the characteristic features of a schwannoma complicated with intra-tumoral hemorrhage and cystic degeneration (Figures 3C, D). The patient recovered uneventfully except for mild diplopia reported on the first day after surgery. Her headache disappeared, and the patient was discharged on the ninth postoperative day. Head CT and MRI performed postoperatively revealed total resection of the tumor (Figure 4). Four months after the tumor resection, the patient reported that her headache had completely resolved. The diplopia, although persisting as anticipated, had relieved spontaneously and did not have much impact on daily life.




Figure 4 | CT (A) and contrast-enhanced MRI (B-D) performed after surgery show total removal of the tumor and decompression of the brain stem.





3 Discussion

Schwannomas are typically benign, slow-growing nerve sheath neoplasms that can originate from both peripheral and cranial nerves (8). The cranial nerve schwannomas account for 8% of all intracranial tumors and develop in sensory nerves such as the vestibular nerve with the vast majority (9). Non-vestibular schwannomas, especially those arising from motor nerves such as the trochlear nerve, are extremely rare, in which the association with systemic neurofibromatosis has been previously established. This paper presents a very rare case of trochlear nerve schwannoma without neurofibromatosis, which was complicated by intratumoral hemorrhage. After radiological evaluation, the patient received microsurgical treatment with the tumor resected via the subtemporal approach. A hemorrhagic schwannoma of the trochlear nerve was confirmed by intraoperative findings and postoperative pathology.

Due to the rarity, an exhaustive literature review was performed based on the PubMed and Scopus databases using the following items: “trochlear nerve”, “schwannoma”, “neurinoma”, or “nerve sheath tumor” to identify the formerly published cases treated by surgery and with a pathological diagnosis. There were 43 surgical cases from 41 articles that met the criteria, including the one presented in our study (3–7, 10–45). A detailed description of demographical information, imaging features, and surgical treatment of all patients was summarized in Supplemental Table 1. The average age at presentation was 45.9 ± 16.2 years, with a range of 12–71 years and a peak of 51–55 years age range. There was no significant difference in gender with the female/male ratio 22:21. The initial symptoms last for an average of 9.7 months (range: 1 week to 5 years) and the patients were postoperatively followed up for 19.5 months average (range: 0–12 years).

According to our review, the initial symptoms for patients with trochlear schwannomas vary and manifest in a non-specific manner, including diplopia (n = 25; 58.1%), headache (n = 22; 51.1%), hemiparesis (n = 17; 39.5%), ataxia (n = 13; 30.2%), facial pain or paresis (n = 17; 39.5%), and hearing loss (n = 2; 4.6%). These extratrochlear symptoms may be explained by the tumor location, where the tumor commonly grows close to the tentorium and may compress the pons, the midbrain, and the adjacent cranial nerves (III, IV, V, VI, VII, or VIII) (46). As a relatively specific symptom, trochlear nerve palsy is only identified among 53.5% (n = 23) of all patients. One of the reasons may be that the impaired superior oblique function was well compensated for by other extraocular muscles among some patients, who did not complain of double vision at hospital visits (4). The other may be the relatively small tumor size in some patients since the presence of trochlear palsy has previously been reported to have an association with a tumor size larger than 30 mm (6). Therefore, for patients presenting with unilateral atypical neurologic symptoms rather than trochlear palsy, particularly if the imaging results highly suspect a trochlear nerve-origin tumor, the diagnosis of a schwannoma should not be missed.

Radiological imaging is the most utilized diagnostic technique in the evaluation of intracranial schwannomas. A typical schwannoma of the trochlear nerve on a head CT scan tends to appear as a single, well-demarcated, and solid lesion, located mainly in the course of the trochlear nerve and shows isointense or hypointense on T1-weighted, hyperintense on T2-weighted images, and intense enhancement after contrast administration at MRI (47). However, imaging features of such still lack adequate specificity. The differential diagnosis of an isolated, space-occupying lesion in the cisternal area adjacent to the brainstem should include a variety of neoplastic and vascular pathologies apart from a schwannoma, especially when the lesion is complicated with hemorrhage. Although uncommon, there were several cases reported to demonstrate imaging features similar to those of a trochlear nerve schwannoma, including meningioma (48), cavernous malformation (49), and thrombosed aneurysms (50). Hence, intraoperative findings and histopathological examination are indispensable to the definitive diagnosis of a trochlear nerve schwannoma.

Trochlear nerve schwannomas were classified by Celli et al. mainly into three types based on the tumor location: cisternal, cisternocavernous, and cavernous types (16). Cisternal trochlear schwannomas were found in most of the reported cases (n = 34; 79.1%), whereas the cisternocavernous (n = 4; 9.3%) and cavernous types (2/43; 4.6%) were less observed. Intriguingly, in our review, there are another three cases in which trochlear nerve schwannomas developed in the pineal region (37, 39, 43). The region of the pineal gland is not a usual location for trochlear schwannomas. Al-Hussaini et al. described, in their cohort of 633 patients, that germ cell tumors account for 59% of all pineal neoplasms, followed by pineal parenchymal tumors (30%), gliomas (5%), atypical rhabdoid/teratoid tumor (<1%), and others (6%; e.g., pineal cysts, lymphomas, papillomas, vascular malformations, etc.) based on the histologic subtypes (51). Thus, as a differential diagnosis for trochlear schwannomas with their origin in this region, the possibility of the above should at least be considered.

The standardized guidelines for the management of trochlear nerve schwannomas have not yet been established (52). However, according to a recent expert consensus on non-vestibular schwannomas, therapeutic options include clinical observation through regular imaging follow-up, stereotactic radiosurgery (SRS), or microsurgical resection (53). Generally, for patients with a small schwannoma that presents with no symptoms or with diplopia only, observation with sequential MR scans may be a reasonable choice, because trochlear nerve schwannoma grows very slowly, with an estimated average of 0.19 mm per year (54). Clinical observation is also recommended for the elderly or patients with surgical contraindications. Once the tumor size increases obviously during the follow-up period, radiosurgery or surgical intervention needs to be considered, depending on the tumor size. Rapid tumor growth in the short-term or acute exacerbation of clinical symptoms usually indicates the occurrence of cystic degeneration or intratumoral bleeding, which require surgery as soon.

According to the review, various approaches were used for patients who received tumor resection, such as transtemporal subtemporal (n = 15), lateral suboccipital (n = 10), transpetrosal (n = 7), and pterional (n = 5) approaches. The patients all have a good outcome with total (n=36; 83.7%) or at least subtotal (n = 7; 16.3%) removal of the tumor. The selection of a certain approach is mainly based on the direction of tumor growth and the preference of the surgeon. In our patient, the classical subtemporal approach was used as in most prior cases. With this approach, adequate brain relaxation was achieved via spinal cerebrospinal fluid drainage, and then the temporal lobe was elevated after the division of several draining veins on the inferior surface of the brain tissue (55). The tumor was able to be completely excised with the protection of the surrounding vital structures via this approach. On the other hand, the lateral suboccipital approach seems to gain more popularity in recent years. The rationale for this approach may be that a large portion of trochlear schwannomas originates from the infratentorial region. Further, the suboccipital approach is associated with a lower incidence of intraoperative complications such as temporal lobe contusion or injury to large cerebral veins, for example, the Labbé vein (45).

Our review showed that trochlear nerve palsy occurred in 76.1% (n = 32) of the patients during the postoperative follow-up. As the origin nerve of schwannomas, it is inseparable from the tumor intraoperatively. In addition, the trochlear nerve is the longest and thinnest among all cranial nerves, which made it prone to injury. Thus, the trochlear nerve would be hardly kept anatomically intact intraoperatively and tends to be sacrificed in the removal of the tumor (4). However, even without preservation of the trochlear nerve, some patients seemed to behave well because the impaired nerve function could be partially compensated for by other extraocular muscles. Therefore, although there is still debate about whether to preserve the nerve via retaining the tumor capsule or to repair the disrupted nerve, total resection of the tumor, if possible, is recommended by most scholars (32, 44, 45).

Intratumoral hemorrhage is not uncommon for intracranial malignancies such as high-degree gliomas or metastatic tumors, and some benign tumors like large meningiomas. However, hemorrhage occurring in trochlear schwannomas is rarely encountered with only four cases reported to date. Of all four patients, acute onset of symptoms and signs was observed, including significantly increased intracranial pressure (i.e., headache, nausea, vomiting, and double vision) (7), acute exacerbation of the original symptoms (i.e., left hemiparesis and right trochlear paralysis) (6), persistent hiccup (5), or sudden onset of diplopia (4). The duration time between the acute onset of symptoms and admission was relatively short, ranging from 10 days to 3 weeks. In our case, the sudden headache occurring 2 months before admission may be caused by intratumoral hemorrhage, rapidly increasing the tumor volume and generating compression to the surrounding brain tissue. Our speculation could be supported by the CT/MRI scan at admission, which suggested that the hematoma was partially liquefied with a fluid level inside the tumor.

The pathogenesis of spontaneous hemorrhage from schwannoma is not fully understood. As with all tumors, rapid tumor expansion and inadequate blood supply may cause central necrosis, cystic degeneration, and consequent hemorrhage (56). The trochlear schwannoma of our patient may follow this course because the postoperative pathology confirmed the existence of cystic degeneration and intratumoral hemorrhage within the tumor specimen. On a microscopic level, cystic schwannomas are relatively vascular with the proliferation of abnormally dilated and thin-walled microvessels which may undergo a spontaneous thrombosis or rupture and thus cause intratumoral hemorrhage (57). Several studies on vestibular schwannoma also reported additional contributing factors for bleeding, including the use of anticoagulation drugs (58), trauma (59), and tumor larger than 25 mm in size (57). Therefore, the exact mechanisms for schwannoma hemorrhage are likely to be multifactorial and certainly warrant further research.



4 Conclusions

Trochlear nerve schwannomas are rarely encountered worldwide with only a limited number of cases having been reported over the past decades. Due to the lack of specific symptoms and radiological features, a definite preoperative diagnosis remains a challenge. The therapeutic regimen includes clinical observation, stereotactic radiology, and surgical resection and needs to be individualized for each patient. Total resection can be achieved through various approaches, but trochlear nerve palsy is a common postoperative complication. Moreover, the potential mechanisms of intratumoral hemorrhage occurring in schwannomas may be multifactorial and need further research.
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Extra-neural spread of glioblastoma (GBM) is extremely rare. We report a case of postoperative intracranial GBM spreading to the subcutaneous tissue via the channel of craniotomy defect in a 73-year-old woman. Radiological images and histopathology indicate that the tumor microenvironment of the subcutaneous tumor is clearly different from the intracranial tumor. We also model the invasion of GBM cells through the dura-skull defect in mouse. The retrospective analysis of GBM with scalp metastases suggests that craniectomy is a direct cause of subcutaneous metastasis in patients with GBM. Imaging examinations of other sites for systemic screening is also recommended to look for metastases outside the brain when GBM invades the scalp or metastasizes to it.
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Introduction

Glioblastoma (GBM) is the most common and lethal malignant intracranial tumor, with a median survival of 14.6 months (1). Nonetheless, extra-neural metastases of GBM are considered rare, with a reported incidence of about 0.4%–0.5% (2). Literatures reported that the most frequent sites of extra-neural metastases include lungs, pleura, lymph nodes, liver, and bone, but scalp involvement (directly spread/metastatic seeding) is extremely rare (3).

In this report, we present one patient with intracranial GBM spreading to subcutaneous tissue via the channel of craniotomy defect. Subsequently, the histopathological characteristics of extracranial tumors are compared with intracranial tumors based on patient tissue samples and animal experiments. Furthermore, GBM with scalp involvement are also reviewed in this article.



Methods


Clinical information and samples of patient

All information was obtained from patient and clinical records. Multi-region sampling of the tumor was performed during the operation under written consent of the patient’s custodians. All clinical information and samples of the patient were shown and handled in accordance with local ethical and legal standards.



Animal model

Female C57BL/6 mice (13 to 15 months old) were purchased from Vital River Experimental Animal Center (Beijing, China). Mice were anesthetized and fixed in a stereotactic frame (RWD, Shenzhen, China). The scalp was incised and a 1-mm-diameter hole was drilled through the skull. Stereotactic technique was used to implant GL261 cells (5 × 104 cells/mouse) into the right brain (antero-posterior = 1.0 mm; medio-lateral = 2.0 mm; depth = 2.5 mm). Mice were monitored daily and euthanized at moribund state, or at day 21 post-injection. A total of 14 mice were used for making the orthotopic glioma model. At the animal experimental endpoint, extracranial tumor formation was observed in nine mice. The whole brains and the extracranial tumor were removed and fixed with 4% paraformaldehyde and embedded in paraffin for subsequent analysis. The experimental protocol was approved by the Animal Ethical and Welfare Committee of Zhejiang Provincial People’s Hospital.



Quantitative immunohistochemistry

Immune complexes were detected with the SP Kit (Solarbio, Beijing, China) and DAB Substrate Kit (Solarbio, Beijing, China). Signals were detected using an Olympus BX41 microscope. Images were magnified to ×40 and analyzed using the IHC profiler as previously described (4, 5). Quantification of IHC staining was performed in a blinded fashion for all experiments.




Case report

A 73-year-old woman presented with 1 month history of headache and dizziness. The patient presented here had no history of psychiatric or head trauma, and reported no relevant family history of cancer. Computed tomography (CT) scan revealed a space-occupying lesion in the right temporal–occipital lobe, surrounded by significant edema (Supplementary Figure 1A). A high-grade glioma was suspected; then, she underwent lesion resection at a local hospital. Postoperative magnetic resonance imaging (MRI) showed complete resection of the lesion (day 3 after surgery) (Supplementary Figure 1B). The histopathological analysis confirmed the diagnosis of GBM. Tumor tissue showed pseudo-palisading necrosis and microvascular proliferation (Supplementary Figure 1C). Immunohistochemistry (IHC) revealed positive staining for glial fibrillary acidic protein (GFAP), CD-34, S-100, and P53 (40%), but negative for O-6-methylguanine-DNA methyltransferase (MGMT) and isocitrate dehydrogenase (IDH). The patient refused concurrent chemoradiation and other further treatments.

Two months after the initial surgery, the patient noticed a mass under the right temporal scalp, and the mass had rapidly grown in size within 1 month. Then, she presented to our hospital, 3 months after original diagnosis. MRI showed tumor local recurrence and invasion to subcutaneous tissue via the channel of craniotomy defect (Figure 1A). The relative cerebral blood volume (rCBV) and relative cerebral blood flow (rCBF) maps acquired from CT perfusion indicated that the blood supply was significantly higher in the core region of the extracranial tumor compared to the core region of the intracranial tumor (Figure 1B). Figure 1C shows the corresponding apparent diffusion coefficient (ADC) and fractional anisotropy (FA) maps of the tumor area. The ADC/FA maps showed that the ADC value at the intracranial tumor central portion was higher than that at the extracranial region, and the FA value at the intracranial tumor central portion was lower than that at the extracranial region. No abnormal findings were observed during the chest CT scan and abdominal ultrasound examination. Then, the patient underwent reoperation. The extracranial mass is localized under the temporal scalp, and closely attached to the temporalis (Figures 1D, E). Under the light microscope, the intracranial tumor is roughly fish flesh-like, with a rich blood supply (Figure 1F). Multi-region (n = 3) sampling was performed at the core region of the intracranial and extracranial tumor, respectively. Postoperative MRI showed a complete resection of the tumor (1 week after surgery) (Figure 1G). Supplementary Figure 2 showed the timeline of therapy and disease status of the patient.




Figure 1 | The serial perioperative imaging and tumor characteristics at second surgery. (A) The preoperative magnetic resonance imaging. White arrows indicate that the extracranial tumor is directly connected to the intracranial tumor via the channel of craniotomy defect. (B) The relative cerebral blood flow/volume maps based on CT perfusion images. White arrows indicate that the blood supply was significantly higher in the core region of extracranial tumor compared to the core region of intracranial tumor. (C) Corresponding apparent diffusion coefficient (ADC) and fractional anisotropy (FA) maps of the patient. (D) The scalp lesion before resection. (E) Representative image of the subcutaneous tumor. The white arrow indicates the core region of extracranial tumor. (F) Intraoperative picture under a surgical microscope. The white arrow indicates the core region of the intracranial tumor. (G) The postoperative magnetic resonance imaging (1 week after surgery).





Pathological findings and animal experiments

The histological analysis of both intracranial and extracranial samples confirmed the diagnosis of relapse of GBM. Histopathologic pictures after hematoxylin and eosin (HE) staining of different lesion areas are shown in Figure 2A. The signs of pseudo-palisading necrosis could not be seen in the extracranial tumor but are abundant in the intracranial tumor core by HE staining. GFAP-positive cells were rare in the subcutaneous tumor, suggesting that the tumor cellular composition is changed when GBM invades the scalp. Therefore, we further explored spatial heterogeneity in the tumor microenvironment (TME) between them. In addition, IHC results indicated that the expression of hypoxia-inducible factor-1α (HIF-1α), VEGFA, and EGFR in the extracranial tumor are also significantly lower (p < 0.001) than in the intracranial tumor (Figure 2B). In this study, we found that both MMP2 and MMP9 expressions are significantly higher (p < 0.001) in the intracranial tumor (Figure 2B). IHC-assessed Ki67 positivity was significantly higher in the extracranial tumor than in the intracranial tumor (67.93 ± 3.99% vs. 32.87 ± 5.68%). Collectively, these results indicate that the TME is significantly altered in the extracranial tumor, and tumor cells may have more robust growth under the scalp, most likely due to the rich blood supply existing in that area.




Figure 2 | Immunohistochemistry analysis of the extracranial tumor and intracranial tumor. (A) Representative immunohistochemical images of extracranial tumor and intracranial tumor in patient. (B) Quantification of the immunohistochemical stains. Scale bar = 200 μm. ***p < 0.001.



In order to further assess the difference in tumor microenvironment between intracranial and extracranial tumors, further studies utilizing animal models with glioma were performed (Figure 3A). HE staining showed that the histological characteristics were indistinguishable between the intracranial tumor and the extracranial tumor (Figure 3B). In addition, we also explored the expression of the indicated proteins in different regions. The immunohistochemical results indicated that the extracranial tumor that invades the scalp has a similar TME to the intracranial tumor in the mouse model (Figures 3C, D). Nonetheless, they suggest that glioma cells could also spread to subcutaneous space via the channel of craniotomy defect in the mouse model.




Figure 3 | Construction of the mouse model and immunohistochemistry analysis. (A) The flowchart shows the process of creating the glioma mouse model. (B) Hematoxylin and eosin stains of extracranial tumor and intracranial tumor in mouse. Black scaler bar = 1 mm, white scale bar = 100 μm. (C, D) Immunohistochemistry analysis of the extracranial tumor and intracranial tumor in mouse. Scale bar = 100 μm. NS, not significant.





Discussion

Although GBM is the most aggressive nervous system cancer, it extremely rarely invades the subcutaneous tissue. Only seven cases of intracranial GBM that spread to the scalp through surgical sites were reported in literatures (6–11). Moreover, there is another scalp metastasis that is not directly connected with the intracranial tumor. As such, scalp metastasis is usually located close to the surgical incision site, and this suggested that direct tumor seeding is a possible mechanism (12). To our knowledge, less than 20 cases of scalp metastases from GBM cells seeding were described (3, 13–25). We summarize GBM patients with scalp involvement to further explore the characteristics of scalp metastasis (Table 1).


Table 1 | Review from the literatures of 24 reported GBM with scalp metastases.



In this cohort of 24 GBM patients with scalp involvement, the median time from diagnosis of GBM to the discovery of scalp metastasis is 9 months (Table 1). Unfortunately, this patient noticed the subcutaneous mass only 2 months after the initial surgery, and the mass had rapidly grown over 5 cm within 1 month (Figures 1D, E). One possible reason is that the patient declined further treatments after the first surgery. On the other hand, the extracranial tumor was tightly adhered to the temporalis, which may allow it to get dual blood supply from extracranial temporalis and the intracranial tumor. This was also confirmed in imaging and immunohistochemical analysis of the patient. CT perfusion indicated that the blood supply was lower in the core region of the intracranial tumor compared to the core region of the extracranial tumor (Figure 1B). The FA and ADC are the main parameters of diffusion tensor imaging, in which FA is the proportion of FA of free water molecules in the total diffusion tensor and can reflect the diffusion limitation, and ADC can reflect the diffusion activity of water molecules (26, 27). Overall, higher values of ADC in tumor patients represent an impairment because of uncontrolled/less restricted diffusion, similar to low FA values (28). In this study, we also found extracranial tumor areas that have low ADC showing larger FA values than intracranial tumor areas (Figure 1C). Although ADC/FA values could be affected by various factors, we showed the ADC/FA maps of this patient to better reflect the radiographic features of intracranial and extracranial tumors.

However, similar results were not obtained from animal experiments. This might be explained by the following reasons. First, there are no muscle or other blood-rich tissues under the parietal scalp in mice. We observed no obvious adhesions between the extracranial tumor and surrounding tissues. The blood supply of the extracranial tumor originated from the intracranial tissue through the drilled channel. The necrotic areas were identified in both intracranial and extracranial tumors. However, the signs of necrosis could be seen in the intracranial tumor core but not in the extracranial tumor based on the patient HE staining. Second, the extracranial tumor of mice was developed from the intracranial tumor within a few days. A possible reason for this is that there were no indistinguishable histological characteristics between intracranial and extracranial tumors. However, in this patient, there is enough time to change for the TME of the extracranial tumor. In short, mice were not able to model the TME heterogeneity of patients; nonetheless, they suggest that glioma cells could also rapidly spread to subcutaneous space via the channel of craniotomy defect in the mouse model. Actually, it is one of the main limitations of this work.

The IHC results of this patient are consistent with CT perfusion findings, which reflect that the blood supply of the extracranial tumor is significantly more enriched than the intracranial tumor. Previous research fully affirmed that MMP2 and MMP9 play important roles in the infiltrative growth of gliomas (29). In this study, we found that both MMP2 and MMP9 expressions are significantly higher (p < 0.001) in the intracranial tumor. This might be due to the fact that the hypoxic microenvironment of the intracranial tumor causes glioma cells to secrete more MMP2/9 and thus acquire stronger invasion ability.

GBMs with extra-neural metastases have a poor prognosis; the median overall survival from diagnosis of metastasis was about 6 months (30). The female patient whom we reported further declined any subsequent treatments after the second surgery and died of disease progression 5 months later. We analyzed the survival time of GBM patients with scalp involvement, and the median survival time from scalp metastasis to death was only 4 months (Table 1). This may be due to the fact that some patients did not receive standard treatments or had other multiple-site metastases in addition to scalp metastasis.

Out of 24 patients reviewed, there are 8 patients present with other multiple-site metastases, such as lungs, liver, and lymph nodes (Table 1). The number may actually be higher, since imaging examinations in areas of the body other than the head were not performed in some patients. More distant metastases may result from the invasion of lymphatics and blood vessels by dura or scalp extension through the surgical defect (12). Some scholars think that positron emission tomography (PET)-CT is a systemic examination and could be used to detect the presence of systemic metastases (14). Some surgical strategies are believed to prevent extracranial metastases resulting from intraoperative seeding, including immediate postoperative prophylactic craniospinal irradiation, cranial defect restoration, and changing instruments between intradural and extradural segments of the operation (8).



Conclusion

This is the first study to contrast the TME of an intracranial tumor and a scalp metastatic tumor. Craniectomy is a direct cause of subcutaneous metastasis in patients with GBM. Appropriate protective strategies are recommended during surgery to reduce the risk of extracranial metastasis. Moreover, imaging examinations of other sites for systemic screening are also recommended to look for metastases outside the brain when GBM invades the scalp or metastasizes to it.
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Supplementary Figure 1 | The serial perioperative imaging and histopathological characteristics at first surgery. (A) Pre-operative axial computer tomography scan images showing the temporal tumor. (B) The postoperative magnetic resonance imaging (3 days after surgery). (C) Hematoxylin and eosin stains of the original tumor show tumor with necrosis and glomerular vascular proliferation. Scale bar = 100 μm.

Supplementary Figure 2 | The timeline of therapy and disease status of the patient.
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Background: Skull osteosarcoma is relatively rare, and it is difficult to be diagnosed according to medical history and imaging examination due to the complex structure and diverse components of the brain. Consequently, there is only a limited number of patients who can undergo neoadjuvant chemotherapy before the operation. Although neoadjuvant chemotherapy plays an important role in the treatment of osteosarcoma, there is still a “bottleneck” in the current treatment method which when pulmonary metastasis occurs, or surgical treatment is not Enneking appropriate. Under such circumstances, the choice of treatment can be an issue.

Case: A 16-year-old male patient with multiple metastases of skull osteosarcoma was reported. The patient suffered not only tinnitus and hearing loss in the right ear but also right facial paralysis and headache. The preoperative brain MRI showed a tumor in the right cerebellopontine angle (CPA) area. He underwent skull tumor resection at another hospital in November 2018, during which process the biopsy revealed epithelioid osteoblastoma-like osteosarcoma. The patient had supplemental radiotherapy 1 month after surgery because of tumor recurrence. 32 months afterward, pulmonary metastases and multiple bone metastases were found. Then the patient underwent multiple conservative treatments which include Denosumab, Anlotinib, and DIA (cisplatin + ifosfamide + doxorubicin) chemotherapy at our hospital. After a series of 6 cycles of treatment, the patient can walk without aid. Lactate dehydrogenase (LDH) and Alkaline phosphatase (AKP) returned to a normal level. Fluorodeoxyglucose (FDG) metabolism in all bone metastases decreased to normal except for the ones in the proximal left femur, and the FDG metabolism in the left femur is significantly lower than that before treatment. Multiple bone metastases showed different extents of high-density calcification, and the volume of the local bone metastases has been reduced significantly. The patient‘s condition stayed stable at latest follow-up.

Conclusion: We found that multiple conservative treatments, which include Denosumab, Anlotinib and DIA chemotherapy, can improve patients' life quality, and help avoid further osteolytic destruction for patients with skull osteosarcoma and multiple metastases. Its specific mechanism and scope of the application still need to be further studied.

KEYWORDS
 skull osteosarcoma, bone metastases, pulmonary metastasis, Denosumab, Anlotinib


Introduction

Primary skull osteosarcoma is relatively rare, only accounting for about 1.6% of osteosarcoma in general and 1–2% of skull tumors (1). It can originate from the extracranial tissues, such as the mesenchyme of the dura, subarachnoid cistern, and perivascular sheath, and it can also evolve from intracranial fibrosarcoma and skull osteoma. Primary skull osteosarcoma mainly occurs in teenagers and people in their 50 s, without obvious gender differences. According to the anatomical site of the tumor, it can be manifested as headache, nausea, tinnitus, cranial nerve palsy, exophthalmos, and visual impairment (2).

Skull osteosarcoma was reported for the first time by Garland in 1945, and a total of 321 cases have been found since then (1). Because of its special location, 14.1% of skull osteosarcoma have intracranial involvement, so it is difficult to remove the tumor completely (3). The overall probability of recurrence and metastasis is high, and the prognosis is poor. The 5-year survival rate is about 50%, the median survival period is 33 months, and the median survival period without progression is 12 months. Once bone metastasis occurs, the 5-year survival rate decreases to about 13% (4–6).

Due to the rare incidence of skull osteosarcoma with multiple metastases, the standard therapy has not yet formulated. We treated 1 patient with multiple metastases of skull osteosarcoma in our department. After a series of comprehensive conservative treatments including Denosumab, Anlotinib, and DIA (cisplatin + ifosfamide + doxorubicin) chemotherapy, the patient was pain-free and could walk without aid. The osteolytic destruction region resulting from bone metastases showed obvious calcification, the SUV value of multiple metastases decreased, and the volume of local bone metastases was reduced significantly. The clinical outcome was satisfactory. There is no report on the treatment of lung and multiple bone metastases of skull osteosarcoma with Denosumab, Anlotinib, and DIA chemotherapy in the literature. The special report is as follows.



Case report

A 16-year-old male was hospitalized in our department in September 2021 because of a month-long history of low back pain and left hip pain. The patient underwent tumor resection in the right cerebellopontine angle (CPA) area due to tinnitus in the right ear with hearing loss, right facial paralysis, and paroxysmal headache 33 months ago at another hospital. The preoperative brain MRI showed a tumor in the right cerebellopontine angle (CPA) area (Figure 1). A large tumor was seen in the condylar fossa and under the mastoid process, and the mastoid bone was destroyed by the tumor. After surgery, it was pathologically characterized as epithelioid osteoblastoma-like osteosarcoma. Although some residual tumor was found in postoperative MRI, the patient did not undergo further chemotherapy because his symptoms were relieved after surgery. The osteosarcoma in the right CPA area recurred in December 2018. Then the patient had postoperative radiotherapy (dt54gy/27F) to supplement the surgery. The patient had MRI examination 4, and 6 months after the radiotherapy, respectively. MRI indicated that the tumor stayed stable. Then because of the widespread of a novel coronavirus in China, the patient was not followed consistently every 3 months and did not have routine radiological examinations. The patient had low back pain and left hip pain in August 2021. X-ray images showed osteolytic destruction in the left femoral neck, and MRI images showed abnormal signals of T12, L2–L4, and S2 vertebral bodies, and related accessories, which was consistent with the manifestation of multiple vertebral body malignant tumors.


[image: Figure 1]
FIGURE 1
 The brain MRI images before and after primary surgery. (A) The preoperative image showed a tumor occupied in the posterior fossa, medial to the right mastoid bone. (B) The postoperative 9 days MRI after surgery showed edema in the surgical region, some residual tumor existed for being unable to resect the tumor completely. (C) The MRI image showed that the tumor remained stable 6 months after radiotherapy.


The patient was not able to walk at that time. Lactate dehydrogenase (LDH) was 271 u/L and alkaline phosphatase (AKP) was 2,166 u/L. PET-CT examination showed that the metabolism of fluorodeoxyglucose (FDG) increased in the lymph nodes near the acromion of the bilateral clavicle, the left 5th, and 6th posterior ribs and multiple parts of the whole body (T2–T12, L1–L4 vertebral bodies, T2, T6, T12 and L2 attachments, left 4th rib, right 11th posterior rib and 8th anterior rib, left clavicle, sacrum, femoral head and upper segment of the femur, right acetabulum, and ischium). High-density calcification was found at the left 5th and 6th posterior ribs, and osteolytic destruction was found in other regions. The biopsy of the left femur revealed osteosarcoma, and Ki-67 was about 30–40%.

This patient was diagnosed with skull osteosarcoma with multiple metastases. The metastases have been distributed in the lungs and multiple bones. According to the Enneking staging system, it is classified as stage 3, and further operation was not appropriate. Considering the osteolytic destructions caused by bone metastases, Denosumab (120 mg, once on the 1st, 8th, and 15th days of the first time, and once every month after that) was used. Meanwhile, according to the recommendations of CSCO classic osteosarcoma diagnosis and treatment guideline (version 2020), DIA neoadjuvant chemotherapy (cisplatin 120 mg/m2, 1 day; doxorubicin 30 mg/m2, 3 days; ifosfamide 2 g/m2, 5 days, 1 course for 2 weeks) were used. In addition, as the patient had pulmonary metastasis, Anlotinib (12 mg, once a day, 2, 1 weeks for rest, 1 course for 3 weeks) was also used. The patient and the patient's parents fully agree with the therapy.

A total of 6 courses of DIA chemotherapy were completed, during which VAS of patients were regularly assessed, LDH and AKP were tested, X-rays and CT were rechecked (Figure 2). During the treatment, the patient developed myelosuppression, alopecia, nausea, and vomiting, but no other adverse events were found.


[image: Figure 2]
FIGURE 2
 CT and X-ray images of the left fourth rib and proximal left femur before and after treatment. (a1) the left fourth rib showed expansive low-density changes before treatment; (a2–a4) A gradually expanding speckled high-density foci and sclerotic edges was detected in the left fourth rib before the 3rd (a2), 4th (a3), and 5th (a4) chemotherapy, respectively. (b1) Osteolytic changes and local cortical thinning were found before treatment. (b2) After the 6th chemotherapy, X-ray images showed obvious calcification at the osteolytic destruction of the proximal left femur. (c1) Osteolytic changes at the proximal left femur and local cortical thinning were found in CT images before treatment. (c2–c4) The metastasis at the proximal left femur showed gradually expanding high-density foci and sclerotic edges before the 2nd (c2), 3rd (c3), and 4th (c4) chemotherapy. Three-dimensional CT reconstruction of the left fourth costal metastasis and left proximal femoral metastasis before treatment and the fifth chemotherapy. (d1) the size of the metastasis before treatment was 135.20 cm3, and the average CT value was 29.35 hu. (d2) Before the 5th chemotherapy, the size of the metastasis was 92.28 cm3, and the average CT value was 319.78 hu. (e1) The size of metastases was 89.71 cm3, and the average CT value was 82.30 hu before treatment. (e2) The size of the metastasis was 93.69 cm3, and the average CT value was 374.06 hu before the 5th chemotherapy.


After the conservative treatment, VAS decreased from 10 to 0, and LDH and AKP decreased to normal. PET-CT examination showed FDG metabolism in all the bone metastases decreased to normal, except that the local FDG metabolism in the proximal left femur was still high (significantly lower than that before treatment). The multiple bone metastases showed different extent of high-density calcification, and the volume of the metastases in the fourth left rib was reduced significantly (Figure 3). The left femoral puncture biopsy was performed again, and the pathology confirmed osteosarcoma metastasis, while Ki-67 decreased to about 10%+ (Figure 4).


[image: Figure 3]
FIGURE 3
 PET-CT examination before treatment and after the 6th chemotherapy. (a–d) The lower two rows are images before treatment, and the upper two rows are images after the 6th chemotherapy. After treatment, FDG metabolism in all metastases decreased (bilateral paraacromial side of the clavicle, left 5th and 6th posterior intercostal space, right lower lobe of the lung, lymph nodes in mesentery area, and multiple parts of the whole body: T2–T12, L1–L4 vertebral bodies, T2, T6, T12, and L2 attachments, left 4th rib, right 11th posterior rib and 8th anterior rib, left clavicle, sacrum, femoral head and upper segment of the femur, right acetabulum, and sciatic bone), except that the local FDG metabolism at the proximal left femur was still higher than normal (significantly lower than that before treatment). The multiple bone metastases showed varying extents of high-density calcification. There was little change from the mastoid process to the petrous tip of the right temporal bone, showing irregular morphology and increased bone density, and no significant increase in FDG metabolism.
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FIGURE 4
 (a) Postoperative pathology of primary skull tumor showed that it was consistent with osteosarcoma (he × 200), immunohistochemical staining results: CD3 (scattered+), CD68 (scattered+), CD20 (occasionally+), lysozyme (occasionally+), CD34 (vascular+), PLAP (–), Ki-67 (focal about 20%). (b1–b5) The biopsy of left femur was pathologically consistent with osteosarcoma (he × 200), immunohistochemical staining results: CDK4 (+), CD68 (+), CD99 (+), MDM2 (+), h3k36m (+), SATB-2 (+), p53 (about 5%+), p16 (large cell+), NSE (focal+), H33g34w (–), p63 (–), S-100 (–), syn (–), Ki-67 (about 30–40% +). [(b1) HE, (b2) CDK4, (b3) CD68, (b4) MDM2, (b5) Ki-67]. (c1–c5) After the 6th chemotherapy, the pathology of left femur puncture biopsy was consistent with the pathological changes of skull osteosarcoma metastasis (he × 200), immunohistochemical staining results: SATB-2 (+), CD68 (focal+), CDK4 (partial+), p16 (partial+), p53 (small number of cells+), MDM2 (partial+), S-100 (–), H33g34w (–), h3k36m (–), p63 (–), Ki-67 (about 10%+). [(c1) HE, (c2) CDK4, (c3) CD68, (c4) MDM2, (c5) Ki-67].


After the last cycle of DIA chemotherapy in February 2022, the patient continued the treatment of Anlotinib and Denosumab. The patient followed consistently every 3 months. At the latest follow-up in November 2022, the patient‘s condition stayed stable.



Discussion

For osteosarcoma patients with multiple lesions, whether the lesions were multiple primary tumors or metastatic disease from a dominant primary is still debatable. Multifocal osteosarcoma (MFOS) is characterized as a multicentricity of osseous osteosarcomas, either synchronous or metachronous, without visceral involvement (7). Some studies have shown several features of MFOS, including (1) absence of metastasis to the lung which rules out hematogenous spread, (2) equal response of predominant and secondary tumors following chemotherapy—which favors multiple synchronous primary lesions, and (3) without a history of Paget disease, metabolic bone disease or radiotherapy (8, 9). Otherwise, metastatic osteosarcoma was characterized as at least one lesion with features suggestive of primary osteosarcoma, with remaining lesions more suggestive of metastases. The metastatic lesions appear as purely sclerotic or heavily mineralized metaphyseal lesions with a narrow transition zone, no evidence of cortical destruction or soft tissue mass, or malignant periosteal new bone formation (7). Meanwhile, some studies conclude that MFOS represents one extreme of a vast spectrum of metastatic osteosarcoma (10, 11). This patient was diagnosed with multiple metastases of skull osteosarcoma for the following reasons: (1) Multiple bone metastasis was found 33 months after skull osteosarcoma, and the pathology confirmed the metastasis, (2) Lung metastasis was found when the patient was admitted in our hospital.

When skull osteosarcoma is diagnosed, it is better for the patient to undergo neoadjuvant chemotherapy, followed by resection of detectable disease and adjuvant chemotherapy, commonly in combination with adjuvant radiotherapy (12–14). Skull osteosarcoma is rare, only a total of 321 cases were found from 1973 to 2013 (1). It is difficult to be diagnosed using medical history and imaging examination due to the complex structure and diverse components of the brain. The pathological result is the gold standard of diagnosis. Consequently, there is a rare number of patients who can undergo neoadjuvant chemotherapy before the operation. In addition, it is difficult to resect the tumor completely, leading to a high postoperative recurrence and metastasis rate (1, 4). Radiotherapy is often used in the treatment of local recurrences, incomplete excision, and surgical treatment cannot be Enneking appropriate. However, it is not always successful due to the fact that skull osteosarcoma is relatively radiation-resistant (4, 5). Studies have shown that negative surgical margins and neoadjuvant chemotherapy are positively correlated with the prognosis of skull osteosarcoma (1–5, 15, 16). At present, the individualized combined use of doxorubicin, ifosfamide, cisplatin, and methotrexate has become the most effective first-line neoadjuvant chemotherapy for the treatment of osteosarcoma. A large number of studies have confirmed that neoadjuvant chemotherapy can inhibit tumor growth, and reduce tumor volume (15–17). It is reported in the literature that the application of neoadjuvant chemotherapy drugs has greatly increased the limb salvage surgery rate of osteosarcoma in China, and also increased the 5-year survival rate from < 20% to about 60% (16, 18). Although neoadjuvant chemotherapy plays an important role in the treatment of osteosarcoma, there is still a “bottleneck” in the current treatment of osteosarcoma. When pulmonary metastasis occurs, or surgical treatment is not Enneking appropriate, it would be difficult to make the right choice of appropriate treatment. With the continuous advances in molecular biology and immunology research, targeted drugs may have a significant impact on the treatment of osteosarcoma (18).

Denosumab is a human monoclonal antibody that interferes the bone remodeling process. It inhibits the interaction with RANK (expressed on the surface of osteoclasts and their precursors), by binding the receptor activator of the nuclear factor kappa-beta ligand (RANDKL). It mimics the activity of osteoprotegerin (OPG), thus inhibiting the activation of osteoclasts and delaying tumor progression (19). It is often used in clinical practice for bone metastases, multiple myeloma, and giant cell tumor of bone in solid tumors dominated by osteolytic destruction, and can also be used for secondary osteoporosis of tumors (20, 21). Studies have reported the expression of RANKL in osteosarcoma (22–25). Animal models of osteosarcoma have confirmed that RANKL blockade can prevent tumor progression, improve survival rate and inhibit pulmonary metastasis (26). RANKL expression among osteosarcoma patients was found to be related to poor response to chemotherapy, and a neoadjuvant chemotherapy combined with Denosumab can improve their survival rate (27). It has been reported in the literature that after two lines of chemotherapy and stereotactic radiotherapy for a patient with unresectable C7 and T1 vertebral osteosarcoma, the tumor progressed locally. After treatment with Denosumab and sorafenib, the tumor metabolism reached complete remission and lasted for more than 18 months (22). Osteolytic destruction was found in the bone metastases, so we tentatively applied Denosumab to supplement chemotherapy. According to the results of imaging and pathological examination, the bone destruction of the metastases was significantly suppressed and calcified after treatment, and the volume of local metastases was significantly reduced.

Pulmonary metastasis, especially when the metastasis cannot be resected, was the main factor of poor prognosis in patients with osteosarcoma. Anlotinib is a new multi-target tyrosine kinase inhibitor, which has been proven to have good anti-tumor effects on a variety of solid tumors, including non-small cell lung cancer and soft tissue sarcoma, by blocking the phosphorylation of VEGFR2 and PDGFR (18, 28). In vitro simulation experiments of human osteosarcoma, it is confirmed that Anlotinib can inhibit the growth of osteosarcoma cells and increase their sensitivity to chemotherapy drugs (29). In the animal experiment of the osteosarcoma transplantation model, it was found that Anlotinib and doxorubicin can significantly reduce the tumor growth rate and reduce tumor volume (30). In addition, when patients with delayed pulmonary metastasis of osteosarcoma are treated with Anlotinib, the tumor progression can be significantly suppressed and the tumor volume is significantly reduced (28).

In this case, after the comprehensive conservative treatment of Denosumab, Anlotinib and DIA chemotherapy, the activity of tumor cells was completely inhibited in the multiple metastases except for in the proximal left femur. Moreover, the multiple bone metastases showed different extent of high-density calcification, and the volume of the metastases in the left fourth rib was significantly reduced. The clinical outcome of Denosumab and Anlotinib in relevant literature is consistent. We believe that the pain relief, suppressed tumor growth, and increased osteogenesis of this patient after treatment is the combined effect of comprehensive treatment. The significant calcification of multiple bone metastasis should be the main role of Denosumab. The inhibition of tumor activity in lung metastasis may be closely related to the use of Anlotinib. After 6 cycles of chemotherapy, Denosumab and Anlotinib still need to be used for a long time. The activity of tumor cells in the proximal left femur has not been completely suppressed, and close follow-up should be carried out. If the condition worsens, resection of the tumor in the proximal left femur and adjustment of the treatment should be carried out. We found that for patients with osteosarcoma and multiple metastases whose imaging was mainly osteolytic destruction, the comprehensive treatment of Denosumab, Anlotinib, and DIA chemotherapy was effective. Up to date, there is no specific targeted drug for osteosarcoma. According to the current research, patients with osteosarcoma whose imaging is mainly osteolytic destruction can be treated with Denosumab. This may provide a new direction for osteolytic osteosarcoma treatment, but its specific mechanism and scope of the application still need further research.
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Background

EWSR1::PATZ1 fusion tumors are exceedingly rare in the central nervous system with only 14 prior cases documented. PATZ1 fusion neuroepithelial tumors are beginning to be recognized as a distinct molecular class of neoplasms that most often occur in children and young adults. These tumors are polyphenotypic, show diverse morphologic features, may be low- or high-grade, and tend to have an intermediate prognosis.



Case presentation

Herein, we present an unusual case of a high-grade neuroepithelial tumor in a young man with an EWSR1::PATZ1 fusion. This case is unique because the tumor appears to have undergone high-grade transformation from a persistent low-grade glioma, which has yet to be reported. Furthermore, this case is the first to document concurrent RB1 loss, SMAD4 loss, and TP53 inactivation in this tumor type, which correlates with high-grade transformation. Fortunately, this patient is alive 2.5 years after treatment and 18.5 years after initial presentation, which provides a unique window into how these tumors clinically behave over a long follow-up period. Finally, we discuss the altered molecular pathways that are a result of the EWSR1::PATZ1 fusion and discuss potential therapeutic targets.



Conclusion

Awareness of the emerging entity of PATZ1 fusion neuroepithelial tumors is important not only for accurate diagnostic and prognostic purposes but also for predicting response to therapy.





Keywords: brain tumor, neurooncology, pediatric, neuroepithelial, PATZ1, EWSR1, gene fusion



Introduction

The histological diagnosis of central nervous system (CNS) tumors is challenging because many share similar morphological features. Until recently, CNS tumors have been diagnosed on histological findings and ancillary testing such as immunohistochemistry; however, specific molecular testing is now standard of care for many tumors and is providing important diagnostic and prognostic information. The recent 2021 WHO classification of CNS tumors reflects this shift toward molecular diagnostics (1). There are many well-known, recurrent genetic alterations in CNS tumors, such as 1p19q codeletions of oligodendrogliomas, loss of ATRX in astrocytomas (2), and SLC44A1::PRKCA gene fusions in papillary glioneuronal tumors (3). Recently, a small subset of CNS neuroepithelial tumors have been identified with an EWSR1::PATZ1 gene fusion (3). The Ewing sarcoma breakpoint region 1 (EWSR1) is one of the most vulnerable genes to breakage and translocation (4) and has been documented in a number of malignant neoplasms. EWSR1 has a number of fusion partners; however, the EWSR1::PATZ1 fusion has also recently been described in a rare subset of sarcomas that show variable morphologic features, immunoprofiles, and clinical behavior (5, 6). To date, only 14 neuroepithelial tumors with an EWSR1::PATZ1 fusion have been reported in the literature. From this data, the tumors most often occur in children and young adults, are polyphenotypic, may show diverse morphologic features, may be low- or high-grade, and tend to have an intermediate prognosis. However, since the first reports in 2017, many of the cases referenced in the literature lack thorough clinicopathologic descriptions and details. Importantly, recent data suggests that increased PATZ1 inhibits TRAIL-mediated apoptosis and that PATZ1 fusion neuroepithelial tumors may have some intrinsic resistance to temozolomide, which functions through the TRAIL pathway. As a result, accurately identifying these cases may have important therapeutic implications (7). Herein, we present a CNS tumor with an EWSR1::PATZ1 gene fusion, a unique clinical course, and co-existing previously undescribed genetic alterations in this tumor type.



Case presentation

An 8-year-old Caucasian male presented with a six-month history of increasingly severe headaches associated with physical exertion. Imaging studies revealed a cystic lesion with an enhancing mural nodule in the left occipital lobe (Figure 1A). The patient underwent a subtotal resection 18.5 years ago, tolerating the procedure well with no neurological deficits (see Figure 2 for timeline). As shown in Figure 1B, the tumor was comprised of a low-grade astrocytic proliferation with scattered hyperchromatic nuclei. There was a small zone of necrosis and some endothelial proliferation; however, mitoses were not increased, and the MIB-1 index was low (less than 5%). On retrospective staining, the tumor was negative for BRAF V600E by immunohistochemistry. At the time, the tumor was thought to be most compatible with a pleomorphic xanthoastrocytoma (PXA), WHO grade 2 (Figure 1B, C). Post-operative imaging revealed a residual solid/cystic nodule of tumor (3 cm), which remained stable during subsequent follow-up scans until one year later, when he had symptomatic enlargement of the mass (5.7 x 4.7 cm). At this time, he underwent a second resection. The tumor continued to show low-grade astrocytic features and was morphologically compatible with recurrent PXA (Figure 1D–F). Again, the tumor was retrospectively stained for BRAF V600E, which continued to be negative. Several months later, he developed headaches again and an MRI showed a second recurrence at the site of prior resection. He underwent Gamma knife radiosurgery (18 Gy), which resolved his symptoms. Repeated imaging over the next 9 years showed continued but stable nodular enhancement (2.4-2.5 cm) within the tumor resection bed.




Figure 1 | Initial imaging presentation and histological studies of the tumor. (A). Imaging showed a cystic lesion with an enhancing mural nodule in the left occipital lobe; (B, C). H&E staining of the initial tumor revealed a low-grade astrocytic proliferation with scattered hyperchromatic nuclei and eosinophilic cytoplasm; (D–F). The second recurrent tumor displayed low-grade astrocytic features similar to the original tumor and some endothelial proliferation.






Figure 2 | Clinical timeline.



Sixteen years after his initial presentation, he returned with severe headaches and a right visual field deficit. Imaging revealed a 6 cm irregular, contrast-enhancing mass with solid and cystic components associated with the prior tumor site causing significant mass effect (Figure 3A). A third resection was performed, showing a hypercellular glial neoplasm with marked atypia, palisading necrosis, and increased and atypical mitoses. (Figure 3B–F). Immunohistochemical stains were positive for GFAP (Figure 3G) and the MIB-1 index was approximately 50% (Figure 3H). Stains for BRAF V600E and IDH1 R132H were negative and ATRX was intact (Figure 3I). Overall, the findings were most consistent with a glioblastoma, IDH-wildtype, WHO grade 4. Additional genetic testing was performed using the FoundationOne ®CDx panel, which showed an EWSR1 (NM_005243)-PATZ1(NM_014323) fusion, RB1 loss, SMAD4 loss, and a TP53 L330fs*15 inactivating mutation. The tumor was microsatellite stable and showed a low mutational burden (0 Muts/Mb). The patient received 6 weeks of external beam radiation with a total of 60 Gy along with temozolomide induction at 200 mg/day for 28 days. The patient then received 12 cycles of maintenance temozolomide therapy (cycle 1 at 150 mg/m (2) day with dose-escalation for cycles 2-12 at 200 mg/m (2) day). On clinical follow-up, the patient has done well with no new symptoms, and MRI has demonstrated stable enhancing foci in the surgical bed with no new abnormal enhancing foci on repeated imaging over the last 2.5 years since surgery (Figure 3J).




Figure 3 | Imaging and microscopic studies of the newly recurrent tumor. (A), Imaging revealed a 6 cm irregular, contrast-enhancing mass with solid and cystic components associated with the prior tumor site causing significant mass effect.(B–F), H&E staining showed heterogeneous and poorly differentiated tumor cells with atypical mitotic figures (B), numerous bizarre multinucleated giant cells (C), clear cells change with eccentrical nuclei (D), fusiform and pleomorphic monstrous nuclei (E), and foci of palisading necrosis with tumor cells lining the ischemic edges (F). (G), Pleomorphic tumor cells were positive for GFAP staining. (H), Ki67 stain showed high mitotic index. (I), ATRX stain was retained. (J), Postoperative imaging demonstrated stable enhancing foci in the surgical bed.





Discussion

Our case presentation is unique for several reasons. One, we provide a detailed clinical history and pathologic review of a low-grade glial tumor that persisted and eventually underwent high-grade transformation. This tumor was shown to have an EWSR1::PATZ1 fusion and represents the first documented transformed tumor of this type. Next, this tumor showed molecular evidence of this high-grade transformation with co-existing loss of RB1 and SMAD4, as well as a TP53 mutation—none of which have been documented in prior neuroepithelial tumors with EWSR1::PATZ1 fusion. Finally, our patient is alive and well 18.5 years after initial diagnosis and 2.5 years after high-grade transformation. This presentation provides a unique window into how these tumors clinically behave over a longer period of follow-up than previous reports.

EWSR1 gene is found on chromosome 22q12.2, spans 40 kb, consists of 17 exons, and is part of the Ten Eleven transcription factor (TET) family of RNA-binding proteins (4). The gene product is a protein involved in DNA recombination and repair, mRNA splicing, G-protein signaling, and mitotic regulation (4). In normal neuronal cells, EWSR1 is required for cell survival (4). PATZ1, a transcription factor, belongs to the BTB-ZF (broad-complex, tramtrack and bric-à-brac -zinc finger) family and is also found on chromosome 22q12.2, just two 2 MB away from the EWSR1 gene (3, 4, 8). It is involved in DNA recognition, RNA packaging, transcriptional activation, protein folding and assembly, and the regulation of apoptosis (4). Importantly, PATZ1 is a regulator of embryonal stem cell pluripotency, especially in neural differentiation, which is achieved by repressing developmental genes through its BTB domain (2). Fusions of EWSR1 and PATZ1 are a result of an inversion of chromosome 22, involving exon 8 of EWSR1 and the zinc finger region of exon 1 in PATZ1 (4). The N-terminal transcriptional activation domain of EWSR1 combines with the C-terminal DNA binding domain of PATZ1, resulting in the removal of the N-terminal repressor domain of PATZ1, which allows for aberrant expression and altered transcriptional signatures (2, 3). These fusions can be detected using whole genome or exome sequencing or RNA sequencing. Identifying this fusion by fluorescence in-situ hybridization (FISH) can be technically challenging because the genes are very close together, making it difficult to interpret and distinguish the red and green break-apart signals (2).

In addition to the EWSR1::PATZ1 fusion, an inactivating TP53 mutation was present, along with loss of RB1 and SMAD4. RB1 is a tumor suppressor gene and is a negative regulator of the G1/S checkpoint of the cell cycle. In the Cancer Genome Atlas (TCGA) cohort, homozygous deletion or RB1 mutation was identified in roughly 3% and 10% of low-grade and high-grade gliomas, respectively, but has not been specifically identified in any of the prior EWSR1:PATZ1 fusion neuroepithelial tumors (9). Inactivation of RB1 is more common in secondary glioblastomas, but there isn’t clear data that this inactivation is a reliable independent predictor of survival (10–13). In addition, SMAD4 is a tumor suppressor regulating transcriptional activity downstream of TGFβ receptor. Inactivating mutations or homozygous deletion in SMAD4 is commonly found in gastrointestinal cancers, most frequently in pancreatic adenocarcinomas but also less frequently in cholangiocarcinomas and adenocarcinomas of the appendix and colon, to name a few (14–19). Decreased expression of SMAD4 in these tumor types, as well as others such as breast and prostate cancers, has been associated with worse overall survival (20, 21). Likewise, decreased SMAD4 IHC protein expression and mRNA levels have been associated with poor outcomes in patients with gliomas (22). Like RB1, SMAD4 loss has not been reported in any of the prior EWSR1::PATZ1 fusion neuroepithelial tumors. TP53 is another tumor suppressor gene, where alterations are found in 35% of glioblastomas, with a higher incidence in secondary and pediatric glioblastomas (18, 23). Interestingly, TP53 mutation is correlated with a favorable prognosis in glioblastomas, which often are present in lower grade astrocytomas that undergo high-grade transformation after developing coexisting loss of CDKN2A, RB1, or PTEN—not unlike the current case (24). Like the loss of RB1 and SMAD4, TP53 mutations have not been reported in clinical samples of prior EWSR1-PATZ1 fusion neuroepithelial tumors.

While not done in our case, methylations profiles have been shown to aid in tumor classification, as tumors maintain their epigenetic methylation of their cell of origin (3). Previous methylation profiles involving EWSR1::PATZ1 fusions have suggested a new entity based on distinct methylation clusters (2). Additionally, recurrent copy number variations of chromosome 22 in EWSR1::PATZ1 fusions support the idea of a novel molecular tumor type (3). This observation is further supported by the fact that these fusion CNS tumors have incredibly diverse clinical and histopathologic presentations. Of the 14 documented cases of EWSR1-PATZ1 fused CNS tumors, morphologic descriptions have ranged from showing round, monomorphic cells with clear cytoplasm, vascular hyalinization, and oligodendroglia-like features to markedly atypical with hyperchromatic and polymorphous nuclei, as well as other high-grade features. As a result, diagnoses have included glioblastoma, anaplastic ependymoma, primitive neuroendocrine tumor, pleomorphic xanthoastrocytoma, high- and low-grade gliomas, BRAF V600E negative ganglioglioma, papillary glioneuronal tumor, undifferentiated CNS sarcoma and malignant neuroepithelial tumor with sarcomatous differentiation.

When taken together, the neuroepithelial EWSR1::PATZ1 fusion tumors reported in the literature in children and young adults have no sex predilection, and the average age of onset is 20.4 years. Data suggests that these tumors behave clinically as intermediate grade; however, it is unclear how co-existing mutations in well-defined genes such as p53, SMAD4, and RB1 fit into the context of outcome prediction, given the paucity of data. Alhalabi et al. (3) suggest that these CNS tumors with PATZ1 fusions should be defined as a new molecular class of histologically diverse neuroepithelial tumors, referred to as “neuroepithelial tumor with PATZ1 fusion.”

In our case, the high-grade neuroepithelial tumor with EWSR1-PATZ1 fusion arose from a lower grade and recurrent tumor somewhat resembling a pleomorphic xanthoastrocytomas and fit previously reported descriptions of EWSR1-PATZ1 fusion cases with lower grade features. Interestingly, pleomorphic xanthoastrocytomas have been known to transform into anaplastic pleomorphic xanthoastrocytomas or glioblastomas years after initial diagnosis, as described by Watanabe et al (25). In our case, residual tumor was recurrent/present for 15 years after the initial diagnosis. Most likely, this tumor transformed after undergoing secondary hits to TP53, SMAD4, and RB1. High-grade transformation and these mutations have not been previously reported in neuroepithelial tumors with PATZ1 fusion. In the present case, the patient is doing well after presenting with high-grade transformation 2.5 years earlier. Despite no specific morphologic feature indicating this tumor represents anything other than a typical glioblastoma, the presence of the EWSR1::PATZ1 fusion and the rare reports in the literature make the case for a new molecular-based entity that requires additional investigation. This example further highlights the remarkable heterogeneity in these new fusion tumors, and the need for broad-spectrum molecular testing to help distinguish and better characterize neuroepithelial tumors with EWSR1::PATZ1 fusions.

One of the consistent challenges of treating gliomas is the identification of novel targets that are responsible for tumor recurrence and progression. One potential target for therapeutics appears to be PATZ1. PATZ1 is a prognostic factor in diffuse large B cell lymphomas, renal cell carcinoma, and serous ovarian tumors (26). Furthermore, PATZ1 knockout mice have been shown to develop several tumors, including non-Hodgkin lymphomas, sarcomas, and hepatocellular carcinoma (27). PATZ1 has also been shown to be upregulated in gliomas compared to normal brains, where high levels of PATZ1 expression is associated with high grade gliomas compared to low grade gliomas (28, 29). PATZ1 is highly expressed in adult glioblastomas (GBM) and is associated with higher expression in the proneural subtype, which has a longer survival than the mesenchymal subtype of glioblastoma (28). In the proneural subtypes, PATZ1 is preferentially expressed with glioma stem cells, which may explain why the proneural subtype of GBM resists standard therapy (28). PATZ1 has also been shown to decrease CXCR4 expression in GBM, which restricts differentiation of proneural GBMs to mesenchymal subgroup of GBMs (28). Studies have shown that (29) lower levels of expression of PATZ1 are also associated with poor outcomes in glioblastoma, including lower overall survival and progression-free survival (28).

Interestingly, in GBMs, PATZ1 can either be a tumor suppressor or an oncogene, depending on the cellular context (28). Interacting with TP53, PATZ1 binds P53-dependent gene promoters including Bax, CDKN1A, and MDM2, whereas in PATZ1 knockout models, the expression of Bax, CDKN1A and MDM2 are inhibited, and, as a result, the cells were resistant to apoptosis (27). However, in TP53-null cells, PATZ1 was found to downregulate the expression of Bax, CDKN1A, and MDM2, suggesting an oncogenic role of PATZ1 (27). Of note, our case also showed a TP53 mutation. In the presence of TP53, PATZ1 has been shown to upregulate PUMA, an apoptosis regulator of the Bcl-2 family that is a downstream target of TP53 (26). It causes mitochondria permeability, cytochrome C release, and apoptosis by binding to other Bcl-2 families (Bax, Bcl-2, Bcl-xl) (26). When PATZ1 interacts with PUMA, it leads to activation of intrinsic apoptotic pathways in glioblastomas (26). PATZ1 also promotes expression of other apoptosis related genes such as PARP1, caspase 3, capsase9, and Bax. In PUMA knockout models, the pro-apoptotic effects of PATZ1 were decreased even with overexpression of PATZ1 (27). Using siRNA, PATZ1 can be downregulated in glioma cells, resulting in upregulation of six pro-apoptotic genes linked to death receptor apoptosis; RIP, DAP-kinase 2, FADD, caspse8, Fas receptor, and DR5. Upregulation of these genes resulted in decreased resistance to both Fas-L and TRAIL-mediated apoptosis, in glioblastomas normally resistant to chemotherapy (7). This observation suggests that increased PATZ1 inhibits TRAIL-mediated apoptosis and that PATZ1 fusion neuroepithelial tumors may have some intrinsic resistance to temozolomide, which functions through the TRAIL pathway. Even though our patient was treated with temozolomide, a good surgical resection was performed, and external beam radiation was administered, and he is alive and well 2.5 years after high-grade transformation.

In summary, PATZ1 fusion neuroepithelial tumors appear to represent a distinct class of neoplasms with intermediate outcomes. Our case is unique in the literature in that the tumor appears to have undergone high-grade transformation. We also present a detailed clinical history, pathologic review, and molecular discussion to put the case into context. Finally, our patient is still alive 2.5 years after treatment for high-grade transformation and 18.5 years after initial presentation, which provides a unique window into how these tumors clinically behave over a long period of follow-up. Interestingly, PATZ1 may be more than just a diagnostic marker. PATZ1 is a useful marker of prognosis and is a strong contender as a potential therapeutic marker for GBM and other malignancies, due to both its roles in tumor suppression and oncogenesis. Furthermore, PATZ1 fusion neuroepithelial tumors may have some resistance to temozolomide through inhibition of TRAIL-mediated apoptosis. As a result, identifying additional therapeutic options is important. Fortunately, many genes also appear to be valid options for targeted therapeutics due to their close intrinsic interactions with PATZ1. Such potential molecular targets include DR5, rescuing TRAIL –induced apoptosis, PUMA, members of the Bcl-2 family, Fas-L, RIP, DAP-kinase 2, FADD, and caspase 8. However, given the rarity, proper identification of PATZ1 fusion neuroepithelial tumors is paramount to growing our understanding of their biology and clinical behavior.
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Multiple myeloma with central nervous system involvement (CNS-MM) is rare, having a poor outcome and occurring in newly diagnosed or relapsed/refractory patients. The current report concerns 3 cases of newly diagnosed MM patients who presented with skull-derived plasmacytomas. Case 1 was a 54-year-old female patient with immunoglobulin D (IgD) subtype who developed extramedullary lesions from the sphenoid and occipital bones and the sphenoid sinus. Cases 2 and 3 had IgA subtype with left or bilateral frontal area lesions. Case 1 was treated with bortezomib, cyclophosphamide and dexamethasone (VCD) as the initial chemotherapy regimen and with bortezomib, lenalidomide, pegylated liposomal doxorubicin and dexamethasone (DVD-R) as the second line regimen. Whole-brain irradiation and intrathecal injection were given but the patient died within 9 months due to disease progression. Case 2 was treated with bortezomib, lenalidomide and dexamethasone (VRD) and received autologous hematopoietic stem cell transplantation (auto-HSCT) with a conditioning regimen of cyclophosphamide, etoposide and melphalan (CEM). Case 3 received DVD-R initially and auto-HSCT with a conditioning regimen of busulfan, cyclophosphamide, and etoposide (BuCyE). Cases 2 and 3 survived until the last follow-up more than 3 years later. Auto-HSCT with modified conditioning regimen as consolidation therapy improved the prognosis of CNS-MM.
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Introduction

Multiple Myeloma (MM) is a malignant proliferation of bone marrow clonal plasma cells (PCs) (1). Extramedullary multiple myeloma (EMM) occurs when a clone and/or subclone of PCs grows outside the bone marrow microenvironment (2). At diagnosis, EMM is typically found in skin and soft tissues; at relapse, typical sites involved include liver, kidneys, lymph nodes, central nervous system (CNS), breast, pleura, and pericardium (3). CNS involvement is rare, occurring in 1% of all MM patients and the prognosis of CNS-MM is very poor with overall survival (OS) reported to be usually < 7 months despite receiving systematic chemotherapy, radiotherapy and lumbar injection (3). The poor prognosis of CNS-MM is not only related to the biological characteristics of the tumor, but also closely related to the fact that most of them occur in several lines of treatment, even after autologous/allogeneic hematopoietic stem cell transplantation (auto/allo-HSCT). The case reports of three patients with CNS involvement at MM diagnosis are presented. Two received auto-HSCT with conditioning regimen of cyclophosphamide, etoposide and melphalan/busulfan, cyclophosphamide, and etoposide (CEM/BuCyE) and survived for more than 3 years. We conclude that auto-HSCT as consolidation therapy with modified conditioning regimen improved the prognosis during treatment of advanced CNS-MM.



Case presentations


Case 1

A 54-year-old female patient with an unremarkable medical history presented at our hospital in May 2017 complaining of a 3-week history of dizziness and the absence of the right visual field accompanied by nausea and vomiting. Physical examination showed limited abduction of the right eye and cervical vertebral and cranial computer tomography (CT) was performed in May 2017. CT revealed hyperplasia of the vertebral body and stenosis of the intervertebral space. Cranial magnetic resonance imaging (MRI) showed that multiple spots of slightly longer T1 and T2 signals in bilateral frontal parietal lobe, left temporal lobe subcortical, and bilateral radial crowns, and irregular slightly longer T1 and T2 signals in sellar clivus bone with blurry boundaries. Enhanced scanning showed obvious uneven enhancement. The clivus bone was invaded, which was closely related to the right optic nerve. Whole body positron emission tomography/computer tomography (PET-CT) revealed destruction of the sphenoid and occipital bones and soft tissue masses around the sphenoid and occipital bones and in the sphenoid sinus. The patient was admitted to Northern Theater General Hospital (Shenyang, China) for further investigation and treatment in May 2017.

Laboratory investigations revealed normal levels of hemoglobin, calcium, albumin, globulin, creatinine and serum β2-microglobulin with elevated lactate dehydrogenase (LDH) of 311 U/L (normal range: 109–245 U/L). Serum immunofixation electrophoresis indicated elevated monoclonal immunoglobulin D (IgD) -λ chains. The levels of serum free λ and κ light chains were 132.0 mg/L (normal range: 5.71–26.3) and 6.3 mg/L (normal range: 3.3–19.4), respectively. Bone marrow aspiration revealed 15.5% plasma cells and magnetic bead separation and fluorescence in situ hybridization (FISH) showed no deletion of 17p13.1, amplification of 1q21 or fusion of 14q32/16q23, 4p16.3/14q32 or 14q32/20q12. Plasma cells detected in the cerebrospinal fluid (CSF) by flow cytometry were 87.6% positive for CD38 and lambda light chain and negative for CD19.

A diagnosis of CNS-MM was confirmed and bortezomib, cyclophosphamide and dexamethasone (VCD) administered as the initial treatment. However, the patient soon developed a headache and right eyelid ptosis and level of LDH increased to 398U/L. The second-line regimen DVD-R [bortezomib, lenalidomide, pegylated liposomal doxorubicin (PLD) and dexamethasone] was given. The patient's headache abated for 4 weeks before recurring. The patient was given systematic chemotherapy with cisplatin, PLD, etoposide, dexamethasone and lenalidomide (DEDP-R) combined with 30Gy whole-brain irradiation and intrathecal injection of methotrexate and dexamethasone. Following two-cycles of DEDP-R treatment, the patient showed an improvement and plasma cells were negative in the bone marrow as was immunofixation electrophoresis of serum. Two weeks after the end of the last chemotherapy cycle, the patient again developed a headache and died as a result of disease progression. Her OS was only 9 months.



Case 2

A 61-year-old woman presented at our hospital in February 2019 complaining of a 1-month history of a mass on the left of her forehead. Enhanced cranial CT imaging revealed a space-occupying lesion in the left frontal area and surrounding bone destruction with compression of the brain parenchyma. Then he was admitted to the department of neurosurgery for left frontal mass lesion resection and cranioplasty. Physical examination showed no positive signs besides the left frontal mass. Enhanced MRI revealed a tumor-like lesion of 3.2 × 4.8 cm in the left cranial plate with local bone destruction. Multiple punctate and patchy abnormal signals were observed in the right basal ganglia and bilateral corona radiata and the anterior and posterior horns of both ventricles.

Laboratory investigations revealed anemia (white blood cells: 4.3 × 109/L; hemoglobin: 111 g/L; platelets: 135 × 109/L), an increased level of globulin (48.1 g/L) and a decreased level of albumin (39.2 g/L). Mass resection was performed successfully and a pathological examination of the biopsied sample confirmed the presence of extramedullary plasmacytoma. Immunohistochemistry revealed that the tumor cells were positive for CD20, CD38, CD138 and lambda light chain and negative for CD3 and CD21 (Figure 1). Scoring of p53 was about 50%, Ki-67 more than 80% and in situ hybridization for EBER was negative. Bone marrow aspiration revealed 35% plasma cells. Magnetic bead separation followed by FISH revealed amplification of 1q21 (92.5%), no deletion of 17p13.1 or fusion of 14q32/16q23, 4p16.3/14q32 or 14q32/20q12. Serum protein electrophoresis (SPE) indicated elevated monoclonal immunoglobulin A (31.35 g/L). The patient received a diagnosis of multiple myeloma IgA λ (DS stage: IIIA; ISS: stage I; ISS-R: stage I) and CNS-MM was confirmed due to skull-derived plasmacytomas. The patient was treated with four cycles of bortezomib, lenalidomide and dexamethasone (VRD) from April 2019. Evaluation by electrophoresis of hematuria immunofixation and flow cytometry of bone marrow aspirate was performed in August 2019 and revealed complete response (CR). The patient was scheduled to receive auto-HSCT. Single-agent cyclophosphamide (3 g/m2) was administered in mobilization and peripheral blood stem cells were collected. The patient received auto-HSCT with a cyclophosphamide, etoposide and melphalan (CEM) conditioning regimen in October 2019. Maintenance treatment with single-agent lenalidomide was initiated 3 months after transplantation and the patient remained in CR until October 2022. CT and MRI brain images at each time point are shown in Figure 2.


[image: Figure 1]
FIGURE 1
 Immunohitsochemical (IHC) analysis of the morphology of left frontal mass in case 2. A markedly proliferation of abnormal plasma cells was observed by H&E staining (×400) (A). Abnormal plasma cells were positive for CD38 and CD138 (IHC staining ×400) (B, C). Abnormal plasma cells expressed λ (IHC staining ×400) (D).
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FIGURE 2
 Computer tomography (CT) and magnetic resonance imaging (MRI) brain images from a female patient present with left frontal mass. CT brain image (A) and enhanced MRI brain image (B) at diagnosis showed a mass of 3.2 × 4.8 cm in left frontal lobe; CT brain image after resection of left frontal lobe mass, the mass disappeared (C); CT brain image before autologous hematopoietic stem cell transplantation (auto-HSCT), no mass in left frontal lobe (D).




Case 3

A 69-year-old woman presented in July 2019 with the complaint of a 3-month history of forehead masses and was admitted to the department of neurosurgery. Enhanced cranial MRI revealed a 5.3 × 7.0 cm round mass in the bilateral frontal region and multiple cranial plate destruction. The patient underwent supratentorial craniotomy and decompressive craniectomy of the bilateral frontal mass lesions. Pathological examination of the biopsied sample confirmed the presence of extramedullary plasmacytoma. Immunohistochemistry revealed tumor cells positive for CD38, CD138, CD56 and lambda light chain and negative for CD3, CD20 and CD21. Ki-67 scoring was 30% and in situ hybridization for EBER was negative. The patient discontinued treatment for personal reasons and was re-admitted in an unconscious state in January 2021, and physical examination showed no positive pathological reflex signs.

Laboratory investigations revealed severe anemia and leukopenia (white blood cell: 2.9 × 109/L; hemoglobin: 65 g/L; platelets: 126 × 109/L). Elevated LDH level (407 U/L) and blood calcium (2.9 μmol/L) indicated the scale of the tumor load and elevated creatinine (232.3 μmol/L), increased globulin (63 g/L) and decreased albumin (35.2 g/L) were detected. SPE revealed elevated monoclonal immunoglobulin A(67.67 g/L) and bone marrow aspiration 49% primitive plasma cells. A peripheral blood smear showed mature red blood cells with rouleau-like changes. Whole-body systemic CT showed pathological fracture of the left 3–9 rib and multiple bone lesions in the sternal and T3, 9, 11 and 12 vertebral bones. In addition, pulmonary CT indicated pneumonia and the patient suffered from severe hypoxemia (PO2 53 mmHg).

The patient was diagnosed as CNS-MM IgA λ (DS stage: IIIB; ISS: stage III; ISS-R: stage III) with hypercalcemia, renal insufficiency, pneumonia and hypoxemia. In consideration of infection and decreased renal clearance, VRD with adjusted dose was applied as the initial treatment, but the disease progression was observed in 1 week. The treatment regime was adjusted to DVD-R, which was the addition of PLD on the basis of VRD. By the end of first cycle of DVD-R therapy, the patient's consciousness recovered, creatinine and blood calcium returned to normal level. Three cycles later, the patient can walk slowly. The patient finally achieved CR after 5 cycles of DVD-R therapy, and her performance status returned to normal. Then single-agent cyclophosphamide (3 g/m2) was administered in mobilization, peripheral blood stem cells were collected and a cyclophosphamide, etoposide and busulfan (BuCyE) conditioning regimen given in October 2021 for auto-HSCT. Two cycles of VRD were given as consolidation chemotherapy following auto-HSCT. Single-agent lenalidomide was administered for maintenance treatment and the patient remained in CR until October 2022. CT and MRI brain images at each time point are shown in Figure 3.


[image: Figure 3]
FIGURE 3
 Computer tomography (CT) and magnetic resonance imaging (MRI) brain images from a female patient present with bilateral frontal mass. Enhanced MRI brain image (A) and CT brain image (B) at diagnosis showed a mass of 5.3 × 7.0 cm in bilateral frontal lobe; CT brain image after resection of bilateral frontal lobe mass, the mass disappeared (C); MRI brain image before autologous hematopoietic stem cell transplantation (auto-HSCT), no mass in bilateral frontal lobe (D).





Discussion and conclusions

Most cases of CNS involvement in MM have been reported to occur on relapse. A multicenter retrospective study of 172 cases of CNS-MM concluded that 78% patients had disease recurrence (4). The studies of Chen et al. (76%, n = 37) and of Gruppo Italiano Malattie EMatologiche dell'Adulto (GIMEMA) (64%, n = 50) reached similar conclusions (5). CNS infiltration following auto-HSCT, even allogeneic hemato- poietic stem cell transplantation (allo-HSCT), is not uncommon (6, 7). However, a Brazilian study found that 80% CNS-MM patients (n = 20) occurred at diagnosis (8). The current report describes 3 cases of CNS-MM at diagnosis. There have been 7 cases of CNS-MM over the past 10 years at our center, including 4 cases at relapse. This gives a proportion of CNS-MM at diagnosis of 43% (3/7), slightly higher than reports from other centers. Moreover, relatively long OS was also related to the onset time of CNS infiltration at the initial diagnosis.

CNS-MM may be divided into cases with masses, leptomeningeal infiltration or both, according to the results of MRI and CT images and CSF analysis and/or tissue biopsy. Case 1 of the present study had masses and leptomeningeal infiltration while the other 2 cases only had well-demarcated masses. Previous studies have shown significantly better prognosis of patients with simple masses compared with those with leptomeningeal infiltration. These findings were confirmed by the Brazilian study in which OS was not reached for patients with masses lesions as opposed to survival of 5.8 months for those with leptomeningeal infiltration (4, 8). The 2 cases reported here whose survival exceeded 3 years may also have been related to the fact that the lesions did not involve the leptomeninges.

No differences were found in the constituent ratio of immune subtypes between 172 cases of CNS-MM and MM without CNS involvement (4). Cytogenetic analysis of 122 cases showed that 39% (48/122) had del 13q, 23% (28/122) had del 17p, 12% (15/122) had t (4; 14), 7% (9/122) had t (11; 14) and 37% (45/122) had no genetic abnormalities. One of the current 3 cases had the IgD subtype and the other two had the IgA subtype. Cytogenetic analysis was performed for two of the 3 patients, revealing that one had no abnormality and the other had 1q21 amplification.

The permeability of the blood-brain barrier (BBB) to drugs for the treatment of CNS-MM is as important as their efficacy. Proteasome inhibitors (PIs) are the cornerstone of MM therapy but bortezomib has been reported to be ineffective due to its poor CSF uptake (9). The CSF transferability of carfilzomib and ixazomib was also poor and no data is available for their treatment of CNS-MM. Marizomib is a novel irreversible PI that was reported to be effective in 2 patients with refractory CNS-MM (10). Lenalidomide and pomalidomide (POM) are next-generation immunomo- dulatory imide drugs (IMiDs) and both have been shown to have good CNS permeability. Pomalidomide was shown to have higher CNS penetration than lenalidomide (40 vs. 11%) (11) and the combination of lenalidomide and pomadolide have achieved very good efficacy. Lenalidomide has also been used for maintenance treatment (5, 6, 12–14). In addition, PLD is a new doxorubicin dosage form which may be divided into three layers: an inner doxorubicin layer, followed by a phospholipid bilayer and a PEG outer layer. The non-polar, hydrophobic hydrocarbon chain of the phospholipid bilayer greatly enhances the fat solubility of PLD. Perhaps for this reason, PLD inhibits tumor cell growth in the CNS and testes due to its penetration of the BBB and the blood-testis barrier. The current 3 patients received induction therapy of bortezomib, lenalidomide and dexamethasone but disease could only be controlled in case 2. Case 3 achieved CR after the addition of PLD. Despite treatment of case 1 with PLD-based chemotherapy and radiotherapy, the disease could only be controlled in the short term. The question arises of whether any other drugs might have achieved greater success for case 1. Daratumumab, isatuximab and elotuzumab are all antibody-based drugs but there is no data on isatuximab and elotuzumab in CNS-MM. Daratumumab can be detected in the CSF, demonstrating its ability to cross the BBB, and it has been reported to be effective in CNS-MM in combination with intrathecal therapy and/or radiotherapy (15). Selinexor (KPT-330) is a selective nuclear export inhibitor of exportin-1 (CRM1/XPO1) which can cross the BBB, giving favorable CNS penetration. Uptake into the CNS was demonstrated in rats, producing a plasma ratio of 0.72 (16) and a 56% overall response rate (ORR) was shown in 16 patients with EMM (17).

Intrathecal therapy has always been important in the treatment of CNS-MM (4, 15), especially where leptomeningeal involvement is confirmed. Drugs are usually limited to methotrexate and cytarabine which may have no effect on MM, although thiotepa may (18). The current case 1 patient with leptomeningeal involvement confirmed by CSF flow cytometry received intrathecal therapy of methotrexate, cytarabine and dexamethasone. However, the disease still progressed rapidly.

Malignant plasma cells are highly radiosensitive (19) but whole-brain irradiation is of limited utility due to its toxicity. Case 1 was stable for a short time after systematic chemotherapy combined with whole-brain radiotherapy.

Auto-HSCT is the first-line treatment option for newly diagnosed MM. The classic conditioning regimen consists of high-dose melphalan (HD-MEL), while CNS penetration of melphalan is only 10% (20), making HD-MEL a poor choice for a CNS-MM conditioning regimen. The CNS penetrations of busulfan, BCNU, cyclophosphamide and etoposide are >80, 15–70, 20–30, and < 5%, respectively (20). Thiotepa is a cytotoxic alkylating agent, related to nitrogen mustards and has a BBB crossing rate of 100% (21). Investigation of a conditioning regimen of thiotepa and busulfan in newly diagnosed MM achieved longer progression-free survival (PFS) than that of HD-MEL (41.5 vs. 24.4 months) and showed a decreased risk for patients with EMM (HR = 0.43) (22). HD-MEL was not used for our 2 patients who received auto-HSCT. Cases 2 and 3 received a conditioning regimen of CEM and BuCyE and both remained in CR until the last follow-up.

BCMA chimeric antigen receptor T cells (CAR-T) have also shown promising results for CNS-MM, although only a limited number of patients have been treated (14, 23–25). This may prove to be a good option for the treatment of patients with CNS-MM in future. The current treatments for CNS-MM are summarized in Table 1.


TABLE 1 The current treatments for CNS-MM.

[image: Table 1]

The diagnosis and treatment of 3 cases of CNS-MM were presented in our study, but the potential limitations in treatment was inevitable. For example, VCD as the initial chemotherapy regimen for case 1, which may miss opportunity for other effective drugs, such as pomadomide, daratumumab, selinexor and thiotepa, since some drugs may not be available at that time. Moreover, conditioning regimen containing thiotepa and busulfan may improve the prognosis based on recent reports, although case 2 with CEM conditioning regimen achieved over 3-year remission.
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Myxoma is the most common type of benign cardiac tumor in adults, and it has a strong tendency to embolize or metastasize to distant organs. Patients with multiple brain metastases have rarely been seen in clinics; hence, standard treatment protocols for multimyxoma metastasis in the brain have not been established. We present the case of a 47-year-old female who had convulsions in the right hand and repeated seizures. Computed tomography revealed multiple tumor sites in her brain. Craniotomy was conducted to remove the tumor sites. However, recurrent brain tumors and unexpected cerebral infarctions occurred frequently shortly after the treatment because the cardiac myxoma had not been treated due to the patient's personal concerns. The myxoma was resected by gamma knife radiosurgery, and temozolomide was given prior to cardiac surgery. There has been no evidence of tumor recurrence from the 2 years following the surgery until the present. This case highlights the importance of prioritizing cardiac lesions over cerebral lesions; if a cerebral metastasis has been found, it is likely that the cardiac myxoma is already unstable, with high rates of spread and metastasis. Therefore, it is unwise to treat metastasis sites before the cardiac myxoma. Additionally, the case suggests that gamma knife radiosurgery combined with temozolomide is effective as treatment for multiple myxoma metastasis in the brain. Compared with conventional cerebral surgery, gamma knife radiosurgery is safer, causes less bleeding, and requires a shorter time for recovery.
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1. Introduction

Myxoma is the most common type of benign cardiac tumor in adults; it occurs in all age groups, particularly between the third and sixth decades of life (1), and it predominantly occurs in women (2). In general, the outcomes are favorable, with a 20-year survival rate of 85%; furthermore, the recurrence rate of myxoma after resection is as low as 5% (2, 3). Although cardiac myxoma is histologically benign, it may be lethal due to its location in the body and ability to metastasize. Cardiac myxomas may lead to cardiac disease in addition to infective, invasive, and malignant processes (1). Myxomas are typically friable or villous, which leads to a higher risk of embolization. The most common site of embolization is the central nervous system (CNS), followed by bone and skin (4–9). Most reports of cerebral involvement have been secondary to embolic occlusion of the intracranial vessels and, less commonly, secondary to bleeding from fusiform aneurysms arising from subendothelial myxoma deposits (10). However, true parenchymal metastases caused by vessel wall transgressions are very rare. There is no standard treatment for patients with brain metastasis of cardiac myxoma due to the low rate of incidence (10, 11). Herein, we present a rare case of multiple intracranial myxoma metastasis in which the timing of the cardiac and cerebral surgeries was abnormal; we first used radiosurgery combined with temozolomide. We also discuss treatments based on a literature review and our experience with this case of multiple cerebral myxoma metastasis.



2. Case presentation

A 47-year-old woman was admitted to our hospital with convulsions in the right hand and repeated generalized seizures occurring up to 6 times a month. Neurological examinations showed that her muscle power was 5 grades below normal in the right limb, accompanied by abnormal sensation. Computed tomography showed multiple high-intensity signals with mild enhancements in the left frontal and parietal lobes (Figures 1A, B). Magnetic resonance imaging showed multiple intracranial tumors with manifestations of bleeding (Figures 2A, B). Enhanced T1WI showed enhanced lesion in frontal lobe (Figures 2D, E). FLAIR (fluid attenuated inversion recovery) and SWI (Susceptibility-weighted imaging) showed peripheral edema around the tumor sites (Figures 2C, F). Overall, the results were consistent with the clinical manifestation of cavernous hemangioma (Figure 3). However, after obtaining cardiac ultrasonography results, the patient was diagnosed with cardiac myxoma with multiple cerebral metastases. We conducted cerebral surgery to remove the tumor sites. The surgery was successful; all four lesions were resected, and the pathological report of the specimens was consistent with pathological features of cardiac myxoma metastases (Figures 4A, B). After the surgery, the patient was given mannitol dehydration and antiepileptic therapy. Although we highly recommended resection of the cardiac myxoma, the patient decided not to remove the myxoma through open-heart surgery for personal reasons.


[image: Figure 1]
FIGURE 1
 Non-contrast (A) and contrast-enhanced CT (B) showed multiple rounded lesions with mild inner enhancement in the left frontal and parietal areas.



[image: Figure 2]
FIGURE 2
 Cerebral MRI examination showed multiple cerebral tumors with recent hemorrhage on axial T1WI (A) and T2WI (B) and perilesional edema on FLAIR-weighted images (C). Enhanced T1WI after gadolinium showed the largest heterogeneous single-nodular enhancement lesion in frontal lobe on axial (D) and sagittal panel (E). That left dispersive presence of multiple focal regions of susceptibility-induced signal loss of variable size on axial SWI (F).



[image: Figure 3]
FIGURE 3
 Cardiac echocardiography revealed a left atrium myxoma measuring ~ 27 × 13 millimeters (arrow).



[image: Figure 4]
FIGURE 4
 Sections under microscopic examination showed circumscribed fragments of fibrocol-lagenous tissue and some ectatic vascular channels with hemorrhage (A, B, metastatic cerebral sites). Under light microscopy, myxomatous component is seen. It is characteristically composed of stellate or fusiform shaped cells surrounded by loose stroma with abundant basophil cells in-filtration (C, cardiac myxoma). Immunohistochemical stain revealed positive expression of CD34 (D).


The follow-up MRI results showed that the patient's tumor relapsed only 8 months after the surgery. Moreover, the patient's condition appeared to be worse than it had been prior to treatment, irrespective of the number of lesions and affected lobes. Three new tumor sites in the occipital lobe were found on MRI (Figure 5). At this point, the patient elected to undergo gamma knife radiosurgery for resection of these tumor sites. The post-operative MRI showed that the relapsed tumor sites were entirely removed (Figure 6). Once again, we recommended that the cardiac myxoma be removed immediately through open-heart surgery. However, she declined to undergo cardiac surgery due to personal concerns.


[image: Figure 5]
FIGURE 5
 Cerebral MRI re-examination in postoperative 8 months demonstrated cerebral lesions had increased in quantity and size, especially in occipital lobe, with peripheral enlarged edema and mild inner gadolinium enhancement in the largest lesion located in frontal lobe. Axial T1WI (A), axial T2WI (B), FLAIR (C), axial (D), sagittal (E), enhanced T1WI and axial SWI (F).



[image: Figure 6]
FIGURE 6
 These MRI performed after the second admission revealed serious edema surrounding lesions with mild midline shift, without obvious gadolinium enhancement. Axial T1WI (A), axial T2WI (B), FLAIR (C), axial (D), sagittal (E), and enhanced T1WI and axial SWI (F).


Then, 43 days after radiosurgery, the patient was readmitted to our hospital with symptoms of dizziness, nausea, and vomiting, along with an upper motor type of hemiparesis (power grade 3–5). A cranial MRI revealed severe brain edema without contrast enhancement and mild midline shifting. A diffuse weighted image (DWI) identified massive bilateral cerebellar hemisphere infarction (Figure 7). At this point, the patient finally agreed to our recommendation to undergo cardiac surgery. After considering the possibility of metastatic recurrence, risk of embolisms and aneurysms caused by cardiac myxoma, and evidence that chemotherapy can kill myxomatous cells (12), we suggested that the patient receive our experimental chemotherapy regimen (temozolomide 150 mg/m2 for 5 days).


[image: Figure 7]
FIGURE 7
 A large bilateral cerebellar hemisphere infarction was identified on multiple panel of T2-weighted (upper) and diffuse weighted image (below).


The patient underwent cardiac surgery to remove the atrial myxoma on August 21, 2019. The single gelatinous mucinous tumor found in the left atrium was 40 × 30 × 20 mm in size. The HE report was suggestive of a myxomatous lesion with hemorrhaging (Figure 4C), consistent with cerebral metastatic lesions (Figures 4A, B).

However, some previous cases report that similar multiple brain metastases have been shown in Myxofibrosarcoma patients (13, 14). In this way, differential diagnosis of myxofibrosarcoma must be excluded to conduct a certain diagnosis of myxoma. Myxofibrosarcoma in the heart has been reported to be composed of mitotically active, pleomorphic, and hyperchromatic spindle cells enmeshed within a myxoid stroma and infiltrate the neighboring myocardium. These neoplastic cells are negative for vascular markers and muscular markers (13, 15).

We have conducted hematoxylin and eosin staining and immunohistochemical analysis for differential diagnostic analysis. In this case, the neoplasm is composed of small stellate to plump spindle cells with abundant eosinophilic cytoplasm and the stroma is myxoid (Figures 8A–C), there is no cytologic atypia nor increased mitotic figures, supporting the classical histological features of cardiac myxoma (Figures 8A–C). Immunohistochemical staining showed that myxoma cells in this case highly express vascular marker CD34 (metastatic cerebral site: Figure 4D, cardiac site: Figure 8D), which is not express by myxofibrosarcoma cells. However, these cells do not express the smooth muscle marker SMA or Desmin (Figure 8E). Proliferation index of myxoma cells in this case is very low, i.e., around 1% (Figure 8F). Taken together, we exclude the diagnosis of myxofibrosarcoma as a differential diagnosis.


[image: Figure 8]
FIGURE 8
 (A–C) Hematoxylin and eosin staining showing the cardiac myxoma attached to the atrial wall (A) and the enrichment of small plump spindle to ovoid tumor cells with abundant eosinophilic cytoplasm and minimal cytologic atypia (B) growing in aggregates and embedded within the myxoid stroma (C). Scale bar = 100 μm. (D, E) Immunohistochemical staining showing that myxoma cells express CD34 (D) but do not express SMA (E). Scale bar = 100 μm. (F) Immunohistochemical staining of Ki67 showing that myxoma cells are with very low proliferation index. Scale bar = 100 μm.


At present, all metastatic sites are well-controlled, and there is no evidence of recurrence (Figure 9). Our patient is clinically well, and the follow-up MRI showed no signs of suspected lesions.


[image: Figure 9]
FIGURE 9
 Follow-up MRI revealed no signs of recurrence of tumors and gradually lessening ede-ma surrounding lesions without midline shift and obvious gadolinium enhancement. Axial (A), sagittal (B), and enhanced T1WI, FLAIR (C).




3. Discussion

We searched all the studies related to cerebral myxomatous metastases that were published between 1978 and 2022; detailed information from these articles is organized in Supplementary Table 1. The consensus from the literature indicates that cerebral metastasized myxoma can occur at various timepoints, from as early as 2 months (6) to as late as 8 years (8) after cardiac surgery. The biggest treatment differences between our case and reports of previous cases are as follows: (1) the timing of cardiac and cerebral surgeries; (2) the utilization of gamma knife radiosurgery and temozolomide. Although the treatment in our case was explorative, this approach may allow clinicians to better treat patients suffering from multiple cerebral metastases in the future. Considering this, our discussion focuses on the two main differences in treatment between our case and previously reported cases.


3.1. The timing of cardiac and cerebral surgeries

The recommended treatment process is to resect cardiac myxoma prior to resecting the other metastasis sites or at the same time (5, 7–9, 16–18). However, due to personal concerns, the patient did not accept cardiac surgery until she was readmitted to our hospital, just 8 months after the cerebral surgery.

Myxomas are typically friable or villous; they typically manifest as a malignant phenotype even though they are predominantly benign (4). The shedding particles of myxoma may cause embolic occlusion of intracranial vessels, weaken arterial walls, and penetrate the damaged endothelium, causing aneurysmal dilation. Additionally, some myxoma particles may form metastatic sites (19). Metastatic lesions can be found in rare cases, even after a cardiac myxoma has been removed entirely because metastatic seeding prior to surgery may give rise to lesions at distant sites (18). These usually present as multiple lesions typically located in the frontoparietal regions (20).

If embolisms, aneurysms or metastatic sites caused by cardiac myxoma are found, the myxoma lesions in the atrium may be considered to be highly unstable, with a very high risk of shedding tumor particles. Therefore, addressing the cardiac myxoma should take priority over other metastatic sites if there are no immediate life-threatening concerns. In addition, the condition of cerebral vessels and organs that are at risk of being metastasized should be closely followed.



3.2. Clinical experience of treatment used in this case

Due to the low incidence of multiple cerebral myxoma metastasis, there is no definitive guideline for treatment (5). In clinics, surgery, radiotherapy, and chemotherapy have been used to treat various kinds of tumors (21). Among patients with cerebral metastasis of myxoma, the majority undergo craniotomy to remove the metastatic sites (9, 16, 17). However, in our case, gamma knife radiosurgery was used to remove the recurrent lesions after the patient was readmitted. To our knowledge, this is the first case report of a patient that has undergone gamma-knife radiosurgery for the treatment of multiple metastases of cerebral myxoma. A follow-up MRI revealed that cerebral metastatic myxoma lesions were mostly removed. This outcome suggests that gamma knife radiotherapy is an effective option for treating cerebral metastatic myxoma. In addition, gamma-knife radiotherapy has various advantages over craniotomy, especially for the treatment of benign cerebral tumors (22). However, more studies are still needed to evaluate the safety, efficiency, and risks of utilizing gamma knife radiotherapy to treat cerebral myxomatous metastasis.

We utilized chemotherapy as an adjuvant therapy after the patient was readmitted to the hospital, as there is evidence from multiple cerebral myxomatous aneurysm cases that chemotherapy is effective at killing proliferating myxomatous cells (12, 23, 24). The 2-year follow-up MRI found no recurrent lesions in the patient's brain. The outcome of our case suggests that the combination of temozolomide and radiosurgery can effectively remove and control the recurrence of metastatic myxoma. However, a previous case demonstrated a lack of evidence to support the use of chemotherapy in the treatment of cerebral metastatic myxoma (5). Therefore, further studies are needed to evaluate the efficiency of different kinds of chemotherapy for killing myxomatous cells.




4. Conclusions

We recommend that atrial myxoma should be entirely resected as soon as possible following diagnosis. The location of metastatic lesions and the physical condition of the patient should be evaluated to determine the most optimal treatment method. For patients with lesions located in the frontal lobes and parietal lobes, we recommend conducting a craniotomy. In addition, we recommend that patients with lesions in areas that are hard to reach or adjacent to vital functional lobes are treated using radiosurgery; patients in poor physical condition may be benefit from radiosurgery. This case suggests that temozolomide may be an effective chemo-reagent for controlling cerebral myxomatous metastasis. However, further studies and case reports are required to standardize treatment for multiple cerebral metastases of myxoma.
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Introduction: Developmental venous anomalies (DVAs) are considered variants of normal transmedullary veins. Their association with cavernous malformations is reported to increase the risk of hemorrhage. Expert consensus recommends meticulous planning with MR imaging, use of anatomical “safe zones”, intraoperative monitoring of long tracts and cranial nerve nuclei, and preservation of the DVA as key to avoiding complications in brainstem cavernoma microsurgery. Symptomatic outflow restriction of DVA is rare, with the few reported cases in the literature restricted to DVAs in the supratentorial compartment.

Case: We present a case report of the resection of a pontine cavernoma complicated by delayed outflow obstruction of the associated DVA. A female patient in her 20's presented with progressive left-sided hemisensory disturbance and mild hemiparesis. MRI revealed two pontine cavernomas associated with interconnected DVA and hematoma. The symptomatic cavernoma was resected via the infrafacial corridor. Despite the preservation of the DVA, the patient developed delayed deterioration secondary to venous hemorrhagic infarction. We discuss the imaging and surgical anatomy pertinent to brainstem cavernoma surgery, as well as the literature exploring the management of symptomatic infratentorial DVA occlusion.

Conclusion: Delayed symptomatic pontine venous congestive edema is extremely rare following cavernoma surgery. DVA outflow restriction from a post-operative cavity, intraoperative manipulation, and intrinsic hypercoagulability from COVID-10 infection are potential pathophysiological factors. Improved knowledge of DVAs, brainstem venous anatomy, and “safe entry zones” will further elucidate the etiology of and the efficacious treatment for this complication.
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cavernous malformation, cavernous angioma, developmental venous anomaly, brainstem, spontaneous occlusion, case report


1. Introduction

Cerebral cavernous malformation (CCM) or cavernoma (CM) is a common intracranial vascular lesion, with a prevalence of 0.4–0.9% and an annual hemorrhage rate of 0.5–10% per year (1–3). Approximately one in five cavernomas occur in the brainstem, where symptomatic bleeds are slightly more frequent (3, 4). A pooled analysis found that a history of hemorrhage is the only significant risk factor for further bleeds which, in the brainstem, can lead to severe disability or death (4).

The management of brainstem cavernomas (BSCMs) remains controversial; a recent meta-analysis showed no superiority between microsurgery and stereotactic radiosurgery (SRS) in preventing neurological deficits or further hemorrhage in patients with brainstem cavernomas (5). Microsurgery offers the prospect of immediate remedy from the mass effect and provides protection against future bleeding, but only when complete excision of the BSCM is achieved with no additional deficits.

Developmental venous anomalies (DVAs) are found in 0.14–0.7% of the population on imaging (6, 7) and coexist with a CCM in 25% of cases (8, 9). Porter et al. reported a higher prevalence of venous anomalies at CCM surgery than was identified on MRI or digital subtraction angiography (DSA) pre-operatively (10). Modern high-resolution MR imaging studies support this finding but have found a typical or classic DVA to only be present in one-third of CCMs (11). This association was previously reported to predispose CCMs to hemorrhage (9), but a recent large study concluded that the presence of a DVA added no independent prognostic information (12).

Outflow restriction of a DVA, from stenosis or thrombosis, can result in venous infarction or hemorrhage. Spontaneous thrombosis is rare, with <40 reported cases (<10 infratentorial) in the literature (13–15). Anecdotally, the preservation of all anomalous veins in the region of a CCM is considered an important strategy to avoid additional neurological deficits (16). However, there are no consistent predictors of when DVAs associated with CCMs can be safely occluded without complications (17).

Good anatomical knowledge of the brainstem entry zones (EZs) remains key to avoiding injury to any associated DVA during surgery (18). To the best of our knowledge, there are no reports of delayed symptomatic venous infarction from stenosis of a DVA following resection of a BSCM. We present a case of a pontine cavernoma resection with associated DVA, describe the two brainstem EZs used, and outline our management of this delayed complication.



2. Case description


2.1. Patient information

The patient was female, in her 20s, with no comorbidities or family history of significance and no regular medications. She presented with a 3-week history of subacute headaches and progressive left-sided hemisensory disturbance.

The clinical examination revealed the patient to be fully conscious, GCS 15, with hypertonia and grade 4+ power on left upper and lower limb examination. Reduced pain, light touch, and vibration sensation on the left were noted. Cranial nerve and cerebellar examinations were unremarkable.



2.2. Diagnostics assessment

MRI brain (Figures 1A–D) showed a cystic lesion in the pons extending to the right middle cerebellar peduncle; a hyperintense portion on T2-weighted imaging (T2W) with the corresponding isointense signal on T1; and T2 hypointense T1 hyperintense part. Susceptibility-weighted imaging (SWI) demonstrated blooming artifacts at the medial aspect of the cyst and the left middle cerebellar peduncle (MCP), along with a caput medusa appearance of cerebellar medullary veins, suggestive of cavernous malformations with associated DVA. The signal characteristics of the cavity were consistent with two stages of hemorrhage (hyperacute and early acute).


[image: Figure 1]
FIGURE 1
 Pre-operative (first surgery). Sagittal, coronal, and axial MRI: (A) T1W + Gad; (B) T2W; sagittal only: (C) TW1 and axial only: (D) SWI. Showing partly hyperacute hematoma (black star) of T1W isointense and T2W hyperintense signal. Early subacute hematoma portion (white star) of T1W hyperintense and T2W hypointense signal. Associated: Two CCMs (target/culprit—blue arrow; incidental contralateral cerebellar peduncle—green arrow) seen as blooming artifacts on SWI, popcorn appearance of mixed signal intensity on T2W, outline against the medial aspect of hematoma cavity on T1W-DVA with a retrospectively determined smaller caliber of its main draining vein (white arrow) seen on T1W + Gad filling, serpiginous flow void on T2W and SWI. Draining via multiple collector veins on T1W+ (blue arrowheads) into caput medusae appearance of transcerebellar veins on SWI (black arrowhead). Prominent channels can be seen connecting both CCMs likely due to high pressures (white arrowheads on SWI).


Gadolinium-enhanced T1-weighted images (T1W+) showed filling of the cerebellar DVA, with connections to both CCMs and the hematoma cavity. The connecting channels were more prominent on SWI compared to later scans, and we retrospectively interpreted this as due to high pressure in the system. A prominent transmedullary vein can be seen draining via a collector vein into the petrosal system. The DVA was visible in the late arterial and the venous phase on DSA with no other vascular malformations identified (Supplementary Figure 1).

Routine hematological and biochemical laboratory tests were normal; the thrombophilia screen was negative. Genetic tests for CCM genes were not performed. The differential diagnosis included neoplasm, arteriovenous malformation, CCM, or DVA. The clinic-radiological picture was in keeping with a symptomatic hemorrhage from the brainstem cavernoma and associated DVA.



2.3. Therapeutic intervention

Concerns over the progressive clinical deterioration and extent of radiological compression favored intervention over conservative management. Radiosurgery was contraindicated, given symptomatic brainstem compression. Microsurgery aimed at resecting the cavernoma alone, decompressing the cyst, and preventing future hemorrhage was recommended. High-dose dexamethasone was commenced a week before surgery.

A suboccipital craniotomy with peritrigeminal “safe entry zone” to the cyst and cavernoma was chosen, over corridors in the floor of the IV ventricle, to limit manipulation of the dorsally located DVA. The liquefied hematoma was evacuated, and the brainstem was decompressed at the first surgical attempt. The resection of the cavernoma was limited by an inadequate view of its medial position relative to the surgical axis and a posteriorly located superior petrosal vein. Supplementary Figure 2 is an illustration of the location of the CCM and DVA in the brainstem. The surgical Supplementary Video shows the limitation of this EZ. A timeline of the clinical episode is presented in Figure 2.


[image: Figure 2]
FIGURE 2
 Timeline of clinical course.




2.4. Follow-up and outcomes

The patient recovered from the first surgery with no new neurological deficits, and a satisfactory post-operative MRI showed an improved caliber of the DVA with reduced prominence of the connecting venous channels (Supplementary Figure 3). Further surgery to resect the target cavernoma was scheduled after 1 month. Unfortunately, the patient tested positive for the SARS-CoV-2 virus and re-presented 21 days later with hemiparesis (grades 3–4). MRI confirmed further hemorrhage in the surgical cavity, and the DVA continued to fill on gadolinium-enhanced T1W MRI, appearing stretched over the cavernoma with the reappearance of the prominent connecting channels (Figure 3).


[image: Figure 3]
FIGURE 3
 Rebleed after the first surgery. Sagittal, coronal, and axial MRI: (A) T1W + Gad; (B) T2W; axial only: (C) TW1 and (D) SWI. Showing late-stage subacute hematoma or extracellular meth-Hb (black star) with uniform hyperintense T1W signal and iso-hyperintense T2W signal. Target CCM (blue arrow) and untreated contralateral CCM (green arrow) seen as mixed signal intensity on T2W and blooming artifacts on SWI remain. Uniform filling of the main DVA draining vein but slightly stretched over hematoma as it drains into collecting vein on T1W+ (white arrow) and SWI (white arrow). Evidence of elevated pressure in the DVA system from the recurrence of prominent connecting channels (white arrowheads) on T1W+ and SWI.


Further surgery to resect the cavernoma was performed. The position of the long tracts and craniotomy relative to the lesion is seen in Supplementary Figure 4. Telovelar dissection performed at the end of the first surgery was extended to provide good exposure to the floor of the fourth ventricle. The right infrafacial EZ was approached through the sulcus limitans to completely resect the cavernoma and preserve the DVA. Neurophysiology mapping of the facial colliculus was performed as well as monitoring of the long tracts. A lesion consistent with a cavernoma was successfully removed at this surgery en bloc (see Supplementary Video).

Post-operative MRI confirmed complete resection of the cavernoma, preservation of the DVA, and discrete edema around the right facial nerve nucleus (Supplementary Figure 5). The patient suffered from a transient (7 days) post-operative right facial palsy (House–Brackmann grade 2), cranial nerve VI with nystagmus on right gaze, IX and X weakness, nystagmus, and left hemiparesis (grade 4) with reduced sensation.

Eighteen days after complete resection the complete resection of the cavernoma, the patient developed new headaches, incoordination, deterioration to grade 3 power, and a right abducens nerve palsy. Repeat imaging revealed delayed, extensive hyperintense T2W changes in the pons, middle cerebellar peduncle, and cerebral peduncle in keeping with venous infarction or congestion. This was associated with a small-volume acute/subacute hemorrhage in the surgical cavity and parenchyma, with a reduction in the caliber of the DVA and its collector vein on TW1+ (Figure 4).


[image: Figure 4]
FIGURE 4
 Delayed venous congestion and hemorrhage after the second surgery. Sagittal, coronal, and axial MRI: (A) T1W + Gad; (B) T2W; axial only: (C) TW1 and (D) SWI. Marked edema extending from the pons, middle cerebellar peduncles to the cerebral peduncles and subthalamus (orange arrow) on T2W. Reduction in size of the surgical cavity with a small volume acute hematoma (black star) seen as T1W hyperintense and T2W hypointense signal, and early subacute hematoma (white star) with T1W+ isointense and T2W hyperintense signal. The target CCM (blue arrow) appears to have been resected with no blooming artifact at this location seen on SWI. The contralateral CCM remains (green arrow) on SWI. Reduced filling caliber of main DVA draining vein on T1W+ (white arrow) with outline present but no hypointense signal on SWI. Difficult to comment on the pressure of the DVA system in the presence of marked edema.


The picture was interpretted as venous hemorrhagic infarction secondary to outflow restriction of the main draining vein of the DVA. The patient was managed with a tapering course of dexamethasone (16 mg daily) with improvement in the edema (Supplementary Figure 6) and limb weakness (grade 4) but unchanged cranial nerve deficit after 2 weeks. MRI at discharge showed an asymptomatic late-subacute stage hematoma in the cavity with the return of prominent connecting venous channels and uncompressed caliber of the main draining vein of the DVA. A further MRI, performed 6 months following the last surgery, confirmed no residual targeted CCM, thrombosis within the DVA draining vein, and persistence of the contralateral untreated CCM associated with an increase in prominence of its related anomalous veins (Figure 5). The patient was independently mobile and able to attend to her activities of daily living but not back to work at this review. Abducens palsy and hemiparesis had achieved near-complete recovery.


[image: Figure 5]
FIGURE 5
 Improvement at 6 months. Sagittal, coronal, and axial MRI: (A) T1W + Gad; (B) T2W axial only: (C) T1W; and (D) SWI. Signal characteristics consistent with late-stage subacute hematoma or extracellular meth-Hb are seen as persisting T1W and T2W hyperintense signals (black star) in the surgical cavity. The additional appearance of a thick hemosiderin ring with hypointense T1, hypointense T2 signal (red star), and clear evidence of thrombus (T1W hyperintensity with reduced filling on T1W + gad) within the DVA system on the right (red arrowhead). The target CCM is confirmed as no longer present on T2* and SWI. The contralateral CCM (green arrow) remains.


The present case discusses the nuances of management and provides insight into common (hemorrhage) and rare (delayed venous) complications of BSCM surgery.




3. Discussion

Microsurgery in experienced centers is an accepted strategy for the management of brainstem cavernous with compression hematoma or mass effect. Despite the advances in pre-operative planning with tractography, the use of “safe” microsurgical entry zones, and neurophysiological monitoring during surgery, morbidity cannot always be averted. A large meta-analysis of outcomes following surgery showed ~ 90% of cases achieved complete resection, with residual CCMs re-hemorrhaging in two-thirds of cases (19). One-third of cases experienced postoperative morbidity, with cranial nerve function more likely than limb function to be affected, but most patients had recovered by the final clinical review (19). Respecting nearby intramedullary veins is generally accepted by expert consensus to be important to avoid complications in brainstem cavernoma surgery (16). The present case shows that this complication may develop in a delayed manner, even when the DVA is preserved.


3.1. Anatomy, histology, and hemorrhagic risk

Cavernous malformations appear to be more frequently intimately related to DVA or prominent medullary veins than is reported on standard pre-operative imaging (10, 11). Understanding the relationship between these veins, their collector vein, and the cavernoma is important to preserve them during surgery. Lasjaunias et al. identified five patterns of transmedullary venous drainage in the posterior fossa: drainage into the precentral vein, vermian veins, cerebellar veins, petrosal vein confluence, and transpontine vein (16). DVA drainage into the petrosal vein confluence and veins of the lateral recess appears to be the most frequently encountered pattern (20, 21).

Dammann et al. (11) confirmed this by showing that single or multiple venous outflow vessels were present in most cases of CCMs on SWI on 7T MR imaging. The classic pattern of caput medusae appearance with a dilated collector vein was observed in 30% of cases. The group identified two other consistent variants in their study: type 2 with a solitary transcerebral or subpial draining vein (observed in 18% of cases), and type 3 comprised of multiple transcerebral veins from the CCM in a reticular structure that drained adjacent brain tissue (in 52% of CCMs) (11). They identified that all venous malformations were connected either to the superficial or deep parapontine draining system (11). The DVA in our patient was closer to a type 3 variant and drained into the superior petrosal sinus via the petrosal vein confluence.

The absence of a clear pattern of drainage in the prior series reflects the resolution of different MR sequences and that of SWI at low field strengths. The classic DVA with a direct connection to dilated transcortical veins is more readily observed on lower-resolution MR sequences than those with undilated collecting veins (22).

Hypertension in this collection system may trigger hemorrhage, as suspected in the present case, at presentation and later following surgery. It may also result in delayed congestive edema of the pons and cerebellum following progressive outflow restriction post-operatively. Small connections between the DVA, both cavernomas and the hematoma noted in the present case on pre-operative gadolinium-enhanced T1W imaging, support the theory of “hemorrhagic angiogenic proliferation” described by Awad et al. as the pathophysiology of CCMs (22, 23). Sasaki et al. reported on a similar observation of several small veins connecting CCMs with the DVA seen intraoperatively (24). The physiological connection between the CCM and the venous circulation confirmed by Little et al. (25) during measurements of intraoperative cortical blood flow may explain the hemorrhagic sequela from DVAs including after surgery.



3.2. Timing of surgery

The timing of microsurgical intervention for brainstem cavernomas is another aspect of management that can be chosen to limit surgical morbidity. Surgery during the subacute phase (4–6 weeks) following an index hemorrhage is reported to reduce surgery-related trauma as the liquefaction of the hematoma demarcates cavernoma from eloquent tissue (16, 26). Prolonged delay risks further hemorrhage with the attendant concern of additional disability or death.



3.3. Anatomy of entry zones and DVA preservation

Tantongtip et al. (17) reported similar post-operative outcomes following the resection of a cavernoma regardless of whether the associated DVA was occluded or preserved. Despite this, most surgeons maintain the strategy of preserving these veins to be the safest (16). In our surgical video, we show how two brainstem entry zones can be used to reach the cavernoma while avoiding injury to the DVAs.

The peritrigeminal entry zone (EZ) that lies between cranial nerves V and VII can be reached through the retrosigmoid or far-lateral approach used in the first surgical attempt (18). The corticospinal tract in the absence of disease lies ~ 8.6 mm anterior to this EZ. To preserve the trigeminal, abducens, and facial nerve function, the craniocaudal limits of the corridor should not be extended (18, 27). The hematoma cavity displaced the tracts in the pons and limited injury to the vital structures. The trigeminospinal tract and medial and lateral lemnisci lie at the posteromedial depth of the corridor. Visualization of the cavernoma which was in the medial aspect of the cavity from this entry zone was limited.

The sulcus limitans was used as a landmark in the fourth ventricle floor during the second surgery to avoid the medially located DVA. The infrafacial EZ offered a good working corridor in the rostro-caudal axis of about 12.6 mm (18). We limit extension toward the midline to avoid injury to the middle longitudinal fasciculus and laterally to preserve the central tegmental tract (18, 27). The nuclei of cranial nerves VII and VI must be avoided. The medullary stria and lateral recess serve as useful landmarks for this (18). This access corridor may have predisposed to the facial and abducens palsies suffered by the patient after venous ischemia.

Although we performed an exposure in the first case to provide access to both entry zones, including telovelar dissection, the peritrigeminal EZ was chosen as the first approach because it avoided manipulation of the DVA and cranial nerve nuclei deep to the floor of the fourth ventricle. The disadvantages were that while it allowed access to the hematoma cavity, direct visualization without the aid of an endoscope and specialized instruments was limited. Approaches through the floor of the fourth ventricle including the transmedian sulcus, and infra- and suprafacial corridors provide direct visualization and access to the cavernoma but at a higher risk of injury to the displaced nuclei and tracts. Following drainage of the liquid hematoma and deformation of the cavity in the first surgery, we opted against using the latter at the same sitting because the risk of injury was felt to be higher without additional imaging to localize the cavernoma.



3.4. Risk factors for spontaneous DVA occlusion

Spontaneous occlusion of DVA is a rare event, with few reported cases showing that this may lead to venous infarction or hemorrhage (13).

The lack of a smooth muscle layer and elastic lamina in DVAs may limit their ability to regulate flow and predispose them to thrombosis (28, 29). This may also contribute to the latent venous hypertension in DVAs which has been suggested by some authors to predispose to cavernoma formation and hemorrhage (30). Radiological “occult” or atypical DVAs have been histologically shown to comprise venous channels without smooth muscles, while MRI apparent DVAs have dilated thin-walled vessels diffusely distributed in the normal white matter (28, 30). The changes in the caliber and prominence of the venous channels observed in the present case are likely to be within the limits of the scanner but are worth further assessment in a larger prospective series.

Cerebral cortical vein thrombosis and DVA thrombosis have been postulated to have similar risk factors (13). COVID-19 infection or vaccination in the last 30 days is a recognized cause of hypercoagulability, which increases the risk of cortical venous thrombosis (31). COVID-19 infection following surgery may have contributed to the DVA-related complications observed in the present case.

We hypothesize that a combination of intrinsic hypercoagulability, stretching or compressing the DVA by the post-operative cavity, and manipulation during surgery may have contributed to delayed venous outflow with venous congestion and hemorrhage as sequelae. The small volume of hemorrhage relative to the venous edema makes it more likely the hemorrhage resulted from rather than caused the outflow obstruction.



3.5. Management

Anticoagulation has been suggested for the management of symptomatic DVA thrombosis (13, 32), given similarities with CVT where it is recommended even in the presence of hemorrhage (33). Expansion of a brainstem hematoma is likely to be fatal, with microsurgical management of BSCMs associated with hemorrhage anecdotally considered safer regardless of etiology. However, the successful use of anticoagulation in the literature (13) for non-hemorrhagic sequelae suggests cautious use in the weeks following surgery may prevent delayed thrombosis. In the present case, thrombosis within the DVA became more radiologically apparent 6 months following surgery. Although the role of thrombosis in inducing CCM hemorrhage remains unclear, a large cohort study and meta-analysis found the use of antithrombotic therapy to be associated with a lower risk of intracranial hemorrhage in patients with a CCM (34).

More importantly, we recommend judicious hemostasis to limit small volume operative site hematoma that may evolve to cause delayed mechanical obstruction of the DVA.

We acknowledge the use of corticosteroids in cerebral venous thrombosis is controversial, including reports by Canhão et al. (35) of worse outcomes in patients. The rationale for our use of corticosteroids for brainstem edema was driven by the possible COVID-related mechanism for the DVA outflow restriction or thrombosis after the first surgery, and the associated mass effect of the hematoma. Corticosteroid therapy is effective in reducing vasogenic edema, although no large evidence base exists to support its use following venous injury. Venous congestion, as in the present case, results in both cytogenic and vasogenic edema with the latter likely to respond to steroids. The clinical and radiological observation of our patient adds to the literature for its use in DVA thrombosis.



3.6. Limitations

We present only one case to support our observations which is an inherent limitation of a case study. An endoscope may have aided visualization of the cavity in the first surgery; however, the impact of adjuncts to surgery is beyond the scope of the study.



3.7. Patient perspective

I recognized this complication could have occurred without the surgical intervention I opted for and remain of the view that surgery was a reasonable choice given the progressive deterioration at the start of my journey.




4. Conclusion

Knowledge of brainstem corridors is invaluable to planning microsurgery for brainstem cavernomas. The associated risks of injury to nearby DVA extend beyond the operating room. Understanding how to investigate and manage this complication is an important aspect of cavernoma surgery.

The present case of delayed DVA outflow obstruction, causing cerebellar and pontine venous congestive edema, after surgical resection of a brainstem cavernoma is extremely rare. Careful inspection of imaging for an associated DVA, and detailed perioperative planning including strict hemostasis may be key to avoiding this rare complication of brainstem cavernoma surgery.
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Radiation-induced gliomas (RIGs) are an uncommon disease type and a known long-term complication of prior central nervous system radiation exposure, often during childhood. Given the rarity of this malignancy subtype, no clinical trials have explored optimal therapy for these patients, and the literature is primarily limited to reports of patient cases and series. Indeed, the genomic profiles of RIGs have only recently been explored in limited numbers, categorizing these gliomas into a unique subset. Here, we describe two cases of RIG diagnosed as glioblastoma (GB), IDH-wildtype, in adults who had previously received central nervous system radiation for childhood cancers. Both patients demonstrated a surprising complete radiographic response of the postoperative residual disease to front-line therapy, a phenomenon rarely observed in the management of any GB and never previously reported for the radiation-induced subgroup. Both tumors were characterized by next-generation sequencing and chromosomal microarray to identify potential etiologies for this response as well as to further add to the limited literature about the unique molecular profile of RIGs, showing signatures more consistent with diffuse pediatric-type high-grade glioma, H3-wildtype, and IDH-wildtype, WHO grade 4. Ultimately, we demonstrate that treatment utilizing a radiation-based regimen for GB in a previously radiated tissue can be highly successful despite historical limitations in the management of this disease.
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Introduction

Radiation remains a staple therapeutic option for many pediatric and adult malignancies. Given the mutagenic nature of this therapy, patients receiving ionizing radiation in the management of their disease early in life are at risk for future treatment-related complications, including secondary malignancies (1, 2). Survivors of childhood cancer, after exposure to radiation and/or chemotherapy, have a 20.5% incidence of secondary malignancies 30 years after the primary diagnosis (3). Specifically, pediatric patients originally treated with radiation, regardless of chemotherapy or initial disease type, demonstrated a significantly increased risk of developing secondary central nervous system (CNS) neoplasms, including gliomas and meningiomas at median latency periods of 9- and 17-year post-radiation, respectively (4).

Radiation-induced gliomas (RIGs) have long been anecdotally thought to act more aggressively than other de novo gliomas. Indeed, survival data for this disease—which effectively consist of compilations of case reports and retrospective data—have been correspondingly poor with median overall survival (mOS) times of 17 and 9 months for radiation-induced histologic grade 3 and 4 gliomas, respectively (5). Despite prior tissue exposure to radiation and concern for long-term radiation recall pathology, reirradiation has been safely utilized in these patients. In contrast to chemotherapy and surgery, only radiation has been associated with prolonged survival. Both 1- and 2-year overall survival were comparable between this RIG cohort (58.9, 20.5%) and the radiation alone arm in the original Stupp temozolomide (TMZ) trial (50.6, 10.4%), despite the inclusion of grade 3 disease with GB for the RIG group; histologic grade 3 astrocytoma survival was far inferior to what has been seen in the CATNON trial overall cohort (6, 7). For patients with RIG not managed with radiation, 1-year survival has been reported to be less than 20% (5).

In addition, favorable prognostic markers such as isocitrate dehydrogenase (IDH) mutation and methylguanine-O6-methyltransferase (MGMT) promotor methylation are less likely to be found in RIG, particularly the former, supporting unfavorable outcomes for radiation-induced GB (8, 9). More recent reports on high-grade RIGs similarly support these abysmal outcomes with mOS ranging from 6.0 to 8.5 months depending on the original pediatric diagnosis (8).

Despite the disappointing survival outcomes in RIG, reirradiation is a meaningful treatment option for some patients based on retrospective and extrapolated data. It remains unclear which patients are more likely to benefit from this therapy. In this regard, while molecular testing, including genomic sequencing, has emerged in neuro-oncology as necessary testing to establish diagnosis, prognosis, and guide therapeutic options, there remains a paucity of this data for RIGs due to its low incidence albeit with emerging evidence suggestive of a “unifying molecular signature” for this disease (8, 10, 11). Herein, we report two cases of aggressively behaving RIGs, diagnosed as GB, IDH-wildtype, based on histologic and molecular criteria using the revised fourth edition of the World Health Organization (WHO) Classifications of CNS Tumors, with exceptional radiographic responses to radiation therapy. We also provide a detailed description of the histologic examination and molecular evaluation of these tissues to contribute to the limited data reported in the literature and touch upon diagnostic considerations for these neoplasms with the new pathologic classification criteria for gliomas in the WHO Classification of CNS Tumors, fifth edition.



Case presentations


Case 1

A 49-year-old man with a history of pediatric acute lymphoid leukemia at the age of 4 years, treated with chemoradiation including cranial vault radiation with a midplane dose of 24.12 Gy (spinal radiation status unknown), initially presented to an outside facility with a 3-week history of intractable headaches, relieved by conservative measures, and visual changes described as “seeing fireworks” when his eyes were closed. This improved, but 2 months later, the patient presented to an emergency department for left-sided weakness, fatigue, dizziness, and recurrent headaches with visual changes. An MRI of the head was ultimately completed showing a 5.5 × 5.2 × 4.7 cm posterior parasagittal extra-axial mass with a significant local mass effect and invasion of the superior sagittal sinus and overlying calvarium consistent with a meningioma, presumably radiation-induced. It is noted that there was a 9 × 8 × 8 mm enhancing focus in the left posterior parietal lobe/angular gyrus of unclear etiology but with glioma of consideration. The patient underwent a craniotomy for the resection of the meningioma along with reported embolization at the outside facility; pathology was reported as a grade 2 meningioma.

Subsequent imaging and management were delayed for unclear reasons, but an MRI of the head was repeated 3 months postoperatively showing a new 3.1 × 3.3 × 2.6 cm heterogeneously enhancing necrotic mass in the left parietal lobe concerning the prior lesion site, concerning a GB. A craniotomy was performed for disease resection but with a postoperative MRI head showing residual tumor for a subtotal resection. Pathology was consistent with glioblastoma, IDH-wildtype, and methylated MGMT promotor. The patient sought an opinion at our institution 3 weeks later. An MRI at that time showed substantial enhancing disease regrowth adjacent to the resection cavity, supported by elevated cerebral blood volume and diffusion restriction (Figures 1A1, A2). Given this regrowth, the patient underwent a re-resection 1 week later with a questionable concern for residual disease in the medial resection cavity (Figures 1B1, B2); pathology confirmed the radiographic findings of regrowth and a diagnosis of GB (Figure 2A). Targeted genomic sequencing with StrataNGS revealed CDKN2A deep deletion, KIT amplification, and PDGFRA amplification along with variants of unknown significance in ALK, BRCA1, JAK1, PDGFRA, and XPC. Chromosomal microarray on the original resection tissue supported the StrataNGS results and demonstrated loss of chromosome (Chr) regions in 1p, 4q, 5p, 9p, 10q, and 11p (Figure 2E).


[image: Figure 1]
FIGURE 1
 T1-weighted contrasted sequences (1) and relative cerebral blood volume MRI sequences of case 1 patient's GB at the time of initial regrowth and presentation to our facility before the re-resection of the de novo disease (A); immediately postoperative result after a near-gross total re-resection (B); 1 week prior to the initiation of chemoradiation with substantial interval disease regrowth appreciated (C); and the time of maximal response with complete disease remission of 6 weeks after the conclusion of radiation therapy and after one cycle of adjuvant TMZ (D).
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FIGURE 2
 Histology and molecular characteristics of cases. (A) The H&E-stained section from case 1 demonstrates histologic features of a typical high-grade diffuse glial neoplasm, including frequent mitoses and anaplasia. Vascular proliferation and necrosis, grading features diagnostic of GB, were present but not shown. (B) In contrast, an H&E-stained section from case 2 demonstrates a tumor not immediately reminiscent of glioma, with a prominent myxoid background and cells which take on an epithelioid appearance. Florid vascular proliferation is present (arrows). (C) In case 2, the tumor has almost glandular architecture, which is suggestive of metastatic carcinoma. (D) An immunostain for OLIG-2, a marker of glial lineage, nonetheless confirms that the tumor in case 2 is, indeed, glioma. The pathologist diagnosing case 2, given the uncharacteristic appearance of the tumor, felt it necessary to run several confirmatory immunohistochemical markers, including cytokeratins, to rule out entities such as metastatic carcinoma and melanoma. Such prominent myxoid changes have been reported previously in radiation-induced gliomas with molecular characteristics of diffuse pediatric high-grade glioma, H3-wildtype, and IDH-wildtype (scale bars = 100 μM). Chromosomal microarray graphical plots of case 1 (E) and case 2 (F) demonstrating characteristic PDGRA amplification (arrow) and CDKN2A deep deletion (arrowhead). Case 2 has a considerably more complex karyotype with multiple gains, losses, and amplifications.


Unfortunately, an MRI done 3 weeks later again demonstrated substantial tumor regrowth around the resection cavity (Figures 1C1, C2). Given the inability to safely complete a gross total resection and the implications of early regrowth from yet another craniotomy, the decision was made to move forward with chemoradiation. The patient was treated with a modified Stupp regimen with 6 weeks of concurrent TMZ and radiation (60 Gy in 30 fractions) followed by six adjuvant cycles of TMZ. Concurrent TMZ was reduced to 50 mg/m2 given data supporting the efficacy of this approach secondary to concerns about inducing radiation necrosis from reirradiation and marrow reserve questions if prior spinal radiation had, indeed, been given (12). An MRI of the head was obtained 6 weeks after the completion of radiation and remarkably demonstrated a complete resolution of the extensive enhancement, associated perfusion, and restricted diffusion previously at the periphery of the left parietal resection cavity (Figures 1D1, D2). The patient went on to complete standard-dose adjuvant TMZ without significant side effects, and an MRI at this time demonstrated the development of subependymal enhancement along the posterior lateral body of the left lateral ventricle without perfusion or restricted diffusion consistent with radiation necrosis. The patient is currently over 24 months from the completion of radiation without evidence of clear disease recurrence.



Case 2

The patient was a 41-year-old man with a history of a non-biopsied pediatric brain tumor thought to most likely be an intracranial germ cell tumor diagnosed at age 13 and treated with craniospinal radiation, complicated by panhypopituitarism and hydrocephalous with a need for a ventriculoperitoneal shunt; specific details of the delivered radiotherapy were unknown. He presented to an outside facility with several days of mild confusion, right-facial droop, right-hand weakness, balance issues, and apparent expressive aphasia (later clarified as anomic aphasia and verbal apraxia) in the setting of traveling to run a marathon. An MRI of the head was completed and demonstrated a 4.5 × 3.4 × 2.9 cm heterogeneously enhancing hemorrhagic mass centered in the left basal ganglia and extending into the left mesial temporal region with significant surrounding T2/FLAIR hyperintense signal, concerning a GB (Figures 3A1, A2). The patient was discharged to our facility where he underwent a craniotomy with subtotal resection 3 days after the initial MRI (Figures 3B1, B2). Pathology was consistent with glioblastoma, IDH-wildtype, and unmethylated MGMT promotor (Figures 2B–D). Targeted genomic sequencing with StrataNGS revealed only a CDKN2A deep deletion. Chromosomal microarray supported the StrataNGS, identified low-level amplification of PDGFRA, and demonstrated a tetraploid pathology with additional site-specific copy number variations (Figure 2F).
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FIGURE 3
 T1-weighted contrasted sequences (1) and relative cerebral blood volume MRI sequences of case 2 patient's GB at the time of initial diagnosis (A); immediate postoperative results following a subtotal resection (B); 1-month postoperative results prior to the initiation of radiation with evidence of substantial persistent disease with the evidence of interval progression (C); and the time of maximal response in the brain with complete disease remission 7 months after the conclusion of radiation therapy (D).


One month postoperatively, a pre-therapy MRI of the head revealed increasingly thickened T1 contrast enhancement that was more conspicuous and with new extension posterior to the primary lesion, all demonstrating increased perfusion consistent with postoperative disease growth (Figures 3C1, C2). An MRI of the total spine to rule out drop metastases was unremarkable. Given an ECOG performance status of 4 and complete right hemiplegia postoperatively as well as the lack of MGMT promotor methylation, the patient was deemed a poor candidate for standard concurrent TMZ with radiation and underwent hypofractionated intensity-modulated radiotherapy to 40.05 Gy in 15 fractions. Unexpectedly, an MRI of the head 8 weeks after the completion of radiation revealed a marked decrease in residual enhancing tumor and T2/FLAIR signal. The T1 contrast-enhanced tumor further decreased 3 months later and was completely resolved 7 months after the completion of radiation (Figures 3D1, D2). The patient maintained functionality during this time and regained minimal right-sided motor function with intensive therapy.

Unfortunately, despite the previously unremarkable spine imaging (Figure 4A), the patient developed extensive leptomeningeal drop metastases at the level of T12 extending to the terminus of the thecal sac 7 months after the completion of brain radiation (Figure 4B). T10-S4 was treated with radiation to 30 Gy in 10 fractions with significant disease response observed on MRI 2 months later (Figure 4C). New cervical and thoracic leptomeningeal drop metastases outside the prior radiation field were observed 2 months later in previously non-irradiated regions as well as slightly increased conspicuity of several previously treated lumber lesions, most notably at the L2 level (Figure 4D). As such, C6-T6 was irradiated similarly, and L1-L3 was re-irradiated to an additional 25 Gy in 10 fractions. Other than post-radiation fatigue, the patient continued to maintain his functional status.


[image: Figure 4]
FIGURE 4
 T1-weighted fat-saturated post-contrast sequences of the lumbar spine for the patient in case 2 immediately following radiation to the brain lesion (A); 7 months later following the development of new lower back pain which revealed leptomeningeal drop metastases at the level of T12 extending to the terminus of the thecal sac (T12 to L3 predominant lesions represented graphically) (B); approximately 2 months after the completion of 30 Gy of radiation in 10 fractions to T10-S4 with a significant reduction in lesion size (C); and approximately 4 months after the completion of spinal radiation (D).


Prior to the radiographic evaluation of the re-irradiated spine, while no disease recurrence was seen at the primary site, an MRI of the head 12 months post-initial radiation, unfortunately, demonstrated ependymal disease progression to five sites including in the contralateral brain outside the prior radiation field. Per patient preference, palliative radiotherapy to 25 Gy in 5 fractions was delivered to each lesion with margin coverage. Two months later, an MRI of the head revealed a near-complete response of all five sites of the disease. Unfortunately, an MRI of the spine showed new progression in regions of the thoracic, lumbar, and sacral spinal canal that had not been recently irradiated. In order to preserve the quality of life and given limited meaningful systemic options that would allow this, the patient opted for hospice care. He died 17 months after the completion of the initial radiation without evidence of disease recurrence at the primary site.




Discussion

Outcomes for high-grade gliomas, including GB, remain poor with limited recent therapeutic advances beyond radiotherapy, TMZ, and alternating electric tumor-treating fields (7, 13). In contrast to most de novo GBs in which an inciting etiology is unknown, patients with RIGs have the unique unifying factor of clear prior mutagenic agent exposure. Because of this, it has been suggested that these RIGs may share an underlying molecular signature secondary to their pathogenesis (8, 10, 11). Despite the emergence of the next-generation sequencing use in glioma in recent years to better understand disease biology and evaluate patient candidacy for nontraditional therapeutic options, this testing remains an inconsistent practice, and the relative rarity of RIGs has further limited widespread reporting of characteristic alterations. Here, we add to the limited molecular literature on RIGs with two unique clinical cases demonstrating remarkably unusual complete responses to treatment following subtotal resections on the basis of Response Assessment in Neuro-Oncology (RANO) criteria, a phenomenon not previously reported in RIGs and only rarely observed in GB independent of bevacizumab-mediated pseudoresponse (14–18).

To date, the largest studies of high-grade RIGs were published simultaneously in 2021. DeSisto et al. comprehensively evaluated 32 tumors by DNA methylation profiling as well as both DNA and RNA sequencing (19). Interestingly, when compared to a non-RIG control cohort, this study, indeed, suggested that many of these tumors could be subgrouped together; methylation profiling of 25 of 31 evaluable tissues clustered epigenetically with pediatric receptor tyrosine kinase I (pedGBM-RTK1) and H3K27M negative midline high-grade gliomas with an odds ratio of 29.2 for falling into this group compared to non-RIG. This was independent of time from radiation and original pediatric diagnosis. Copy number alterations were more frequently seen in RIGs including Chr 1p loss (40%) and/or 1q gain (50%), Chr 13q loss (40%), Chr 14q loss (40%), PDGFRA amplification (36%), CDKN2A loss (29%), BCOR loss (23%), and CDK4 amplification (19%) with findings in the surface tyrosine kinase receptor gene, PDGFRA, and transcriptional co-repressor with influence on apoptosis, BCOR, trending toward and demonstrating significance, respectively. Somatic non-copy number alterations were most often seen in PDGFRA, TP53, MET, and NF1. Deng MY et al. also conducted genetic and expression profiling of 32 RIGs and similarly found that 91% of tumors had methylation profiling consistent with the pedGBM-RTK1 subtype (8). Further, the most commonly observed alterations were again PDGFRA amplification (53%), CDKN2A/B loss (66%), CDK4 amplification (16%), Chr 1p loss (59%) and/or 1q gain (50%), Chr 13q loss (72%), and Chr 14q loss (45%) as well as Chr 6q loss (56%) and MET amplification (28%). Somatic non-copy number alterations reported included PDGFRA, EGFR, TP53, MET, NTRK2, RAF1, BCOR, and ATRX. TERT promotor and IDH1/2 mutations were distinctly absent along with EGFR amplification and polysomy 7/monosomy 10.

Beyond these studies, most RIG genomic analyses have been reported in collectives of small cohorts. López GY et al. profiled 12 RIGs and noted frequent alterations in TP53 (58%), PDGFRA (50%), CDK4 (33%), and CDKN2A/B (33%) in addition to less consistent means of MAP kinase pathway activation (11). Significantly aneuploid genomes were seen in the 10 high-grade gliomas. Whitehouse et al. conducted a systematic review in 2021 to better characterize the molecular features of previously reported RIGs (10). Thirty-one reports including 102 unique high-grade RIGs with molecular data were summarized. Again, the most common alterations observed were PDGFRA and CDK4 amplification, CDKN2A loss, PDGFRA and TP53 mutations, and chromosomal changes including 1p loss, 1q gain, and 13q loss; the authors concluded that these findings suggested that RIGs were molecularly aligned with the pedGBM-RTK1 subgroup.

The two cases presented here demonstrate molecular similarities with those reported in the literature and further support the unique genomic clustering of RIGs. This genomic clustering raises diagnostic considerations given new histologic and molecular classification criteria for gliomas issued in the recent fifth edition (2021) of the WHO Classification of CNS Tumors. Though many RIGs, including both cases here, possess necrosis and/or microvascular proliferation, which in the context of an IDH-wildtype genomic profile is sufficient to establish a diagnosis of GB based on 2021 classification criteria, they actually possess a molecular signature more consistent with diffuse pediatric-type high-grade glioma (PTHGG), H3-wildtype, IDH-wildtype, and WHO grade 4; this is a newly minted tumor class in the fifth edition of the WHO classifications comprising a subset of pediatric high-grade gliomas. Such findings are further exemplified through our cases and literature reports by a general paucity of known GB disease-defining alterations including polysomy 7/monosomy 10, TERT promotor mutation, or EGFR amplification (20). Indeed, if our cases lacked grade 4 histologic features—vascular proliferation and necrosis—as is sometimes observed in incipient grade 4 gliomas, their histologic and molecular features would be insufficient to establish a diagnosis of GB, IDH-wildtype, based on the 2021 criteria. However, the cases would be compatible on both histologic and molecular grounds with PTHGG, with the caveat that such tumors should not be diagnosed outside pediatric and young adult populations. These findings highlight diagnostic ambiguity in RIG classification with the new criteria. Such unifying molecular events suggest that gliomas with molecular profiles of PTHGG in the context of prior radiation exposure may be best given in their own diagnostic category.

Specifically unique to our cases was the marked response to therapy, something not previously reported. Indeed, survival data for RIGs suggest an aggressive disease with poor outcomes (5, 8, 19). While the role of multiple survival and proliferative pathways has clearly been demonstrated to impact the DNA damage response, nothing unique to the genomic profiles of the two cases provides an indication that either tumor would show increased responsiveness to radiation or TMZ (21–23).

In case 1, mutations were observed in BRCA1 (breast cancer type 1; Q1327R) and XPC (Xeroderma pigmentosum complementation group C; I165V). While pathogenic alterations in BRCA1 impede the repair of double-stranded DNA breaks as acquired by ionizing radiation, and XPC dysfunction has been shown to increase TMZ-induced DNA damage, neither point mutation correlated with meaningful functional alteration of the resultant protein nor loss of heterozygosity was observed (24, 25). Case 2 revealed a complex tetraploid chromosomal pattern, reported in approximately 11% of GB as an early event in IDH-wildtype GB (26). While no specific pathogenic alterations in DNA damage repair genes were observed in this case, the duplication of the genome has been associated with genomic instability in GB, potentially portending increased sensitivity to radiation (26). Interestingly, despite a lack of reports suggesting increased susceptibility to DNA-damaging agents, a subset of RIGs harbors decreased transcriptional expression of DNA repair gene products, thus implicating a potential mechanism of improved therapeutic sensitivity in some RIGs (19). Identification of such lesions would require RNA sequencing and/or proteomics which are not yet routine in practice and have technical limitations.

Importantly, response to therapy was independent of MGMT promotor methylation status as there was discordance of this biomarker between the two cases. In fact, given the patient's initial poor performance status and the lack of MGMT promotor methylation in case 2, TMZ was not offered, indicating that the significant response to therapy was not dependent on this known favorable marker nor the administration of chemotherapy. The perioperative appearance of both tumors and the gross pathologic characterization of tissue were reported to be consistent with the typical appearance of a GB without unique or unexpected features.

Our two cases demonstrate the complexity of managing RIGs and predicting outcomes. Despite remarkable complete responses at the sites of the original disease following early postoperative regrowth, one patient developed early parenchymal necrosis in the setting of prior radiation exposure; the other developed overwhelming leptomeningeal spread that, while also markedly responsive to radiation, ultimately exhausted safe treatment options. Sequencing and microarray evaluation of these cases demonstrate similarities with a clustered analysis of other RIGs and add to the molecular literature while contrasting outcomes. This clearly demonstrates that the future evaluation of the tissue will require additional diagnostic testing to parse out disease biology for the prediction of treatment responses. Given the rarity of RIGs, as well as the currently relatively limited case series in the literature compiling corresponding molecular, treatment, and outcome data, a collaborative multi-institutional clinical and pathological review of RIGs would represent an important opportunity to gain meaningful insight into this understudied disease moving forward.
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Introduction: The prognosis for glioblastoma multiforme (GBM), a malignant brain tumor, is poor despite recent advancements in treatments. Suicide gene therapy is a therapeutic strategy for cancer that requires a gene to encode a prodrug-activating enzyme which is then transduced into a vector, such as mesenchymal stem cells (MSCs). The vector is then injected into the tumor tissue and exerts its antitumor effects.

Case presentation: A 37-year-old man presented to our department with two evident foci of glioblastoma multiforme at the left frontal and left parietal lobes. The patient received an injection of bone marrow-derived MSCs delivering the herpes simplex virus thymidine kinase (HSV-tk) gene to the frontal focus of the tumor, followed by ganciclovir administration as a prodrug for 14 days. For follow-up, the patient was periodically assessed using magnetic resonance imaging (MRI). The growth and recurrence patterns of the foci were assessed. After the injection on 09 February 2019, the patient's follow-up appointment on 19 December 2019 MRI revealed a recurrence of parietal focus. However, the frontal focus had a slight and unremarkable enhancement. On the last follow-up (18 March 2020), the left frontal focus had no prominent recurrence; however, the size of the left parietal focus increased and extended to the contralateral hemisphere through the corpus callosum. Eventually, the patient passed away on 16 July 2020 (progression-free survival (PFS) = 293 days, overall survival (OS) = 513 days).

Conclusion: The gliomatous focus (frontal) treated with bone marrow-derived MSCs carrying the HSV-TK gene had a different pattern of growth and recurrence compared with the non-treated one (parietal).

Trial registration: IRCT20200502047277N2. Registered 10 May 2020—Retrospectively registered, https://eng.irct.ir/trial/48110.

KEYWORDS
multifocal glioblastoma, suicide gene therapy (SGT), stem cell gene therapy, HSV thymidine kinase, cell and gene therapies


Introduction

Glioblastoma multiforme (GBM) is the most common type of brain tumor malignancy in adults, and even with the best available therapy, the average survival time is < 12 months (1). The incidence rate of multiple synchronous GBM lesions is between 0.5 and 35%, with an average incidence rate of ~10% (2).

According to prior clinical trials, one of the most widely evaluated and encouraging therapeutic strategies for cancer is suicide gene therapy (3). In previous studies on glioma, the suicide gene therapy using the HSV-tk gene, which phosphorylates nucleoside analogs such as ganciclovir (GCV) to suppress DNA replication of cells, has been frequently investigated (4).

Efficient gene delivery to the target cancer cells is one of the significant issues in gene therapy (5). In addition to viral vectors, applying MSCs as gene delivery vehicles is unique in cancer treatment (6). This potential use of MSCs mainly originates from their significant capability to migrate into inflammatory sites and tumor microenvironments. They could also exert antitumor and proapoptotic effects on tumor cells (5). However, some studies have revealed that the immunosuppressive influence of MSCs could lead to cancerous transformation, tumor growth, and metastasis enhancement in experimental models. Owing to these findings, the use of MSCs in cancer has become a matter of debate, indicating the necessity of clinical trials to provide more evidence about their safety and efficacy (6, 7).

In this study, we report the case of a patient with multifocal glioblastoma multiforme with two gliomatous foci, one in the left frontal lobe and one in the left parietal lobe. Following the resection of the patient's left parietal focus, we treated another lesion in it with the MSC-HSV-tk/GCV approach. To the best of our knowledge, this is the first case report investigating the recurrence and growth patterns of the treated gliomatous foci with an MSC-HSV-tk/GCV approach compared with the control gliomatous foci in one patient.



Case presentation

A 37-year-old man with multifocal glioblastoma multiforme and a Karnofsky Performance Score (KPS) of 90 was referred to the outpatient neurosurgery clinic of our hospital on 31 October 2018. He had two gliomatous foci in the left frontal and left parietal lobes. The patient had undergone surgical resection for his left parietal focus at another center 35 days before his presentation to our institution. He also underwent surgical resection at our institution for another lesion in the frontal lobe through a frontal craniotomy on 05 November 2018. He experienced episodes of focal seizures, which were controlled with levetiracetam 500 mg two times daily. The patient also reported having a paternal history of hypertension and diabetes mellitus type II. Our standard physical examinations showed a reduction in the muscle forces of the upper extremities (4/5 on both the left and right sides). Histopathological analysis of both foci revealed that these tumors were grade IV astrocytomas (glioblastoma multiforme). According to the immunohistochemistry and PCR tests, both foci were IDH1/2-wildtype, and the MGMT promoter was methylated under 5%. Standard radiation therapy was started on 25 November 2018, following which temozolomide (75 mg/m2/day) was taken 1 h before the initiation of radiation therapy for the first week and then continued separately for 54 days until 20 January 2019 (Figure 1). After the radio/chemotherapy was completed, the patient volunteered for participation in our stem cell-mediated gene therapy program for glioblastoma.


[image: Figure 1]
FIGURE 1
 Timeline of the case presentation.


Our study was approved by the Ethics Committee of Medical Research at the Shahid Beheshti University of Medical Sciences (License number: IR.SBMU.REC.1400.002). For all procedures performed in this study, the patient was informed about the experimental nature of the treatment, unexpected outcomes, and possible adverse events, and then, written informed consent was obtained.

Autologous bone marrow-derived MSCs were collected from the iliac bone in the operation room under sterile conditions. After the aspiration, 100 ml of bone marrow blood sample was diluted in Hanks' Balanced Salt Solution (HBSS, Sigma) at a ratio of 1:1. The patient was discharged a day after the procedure. Utilizing the protocol discussed in our previous study (8), samples went through a density gradient centrifugation by Ficol (density 1.077 g.L−1, Sigma) at a ratio of 1:3. Samples were then centrifuged, and their mononuclear cell layer was recovered from the gradient interface. To isolate mononuclear cells, the cells were centrifuged three times, with less gradient and reduced time for separating platelets. To characterize the isolated cells, they were resuspended in PBS, and they were incubated and conjugated with monoclonal antibodies containing CD73, CD45, CD44, CD90, and CD105 (eBioScience, Inc., San Diego, CA) and different dyes subsequently. Finally, these markers were determined using FACScan flow cytometry (PartecPAS III-Partec, Germany). The culture medium was then changed every 3 days till the cell number reached 5 × 105.

The Human Embryonic Kidney (HEK) 293 cell lines were obtained from the Iranian Biological Resource Center. Subsequently, these cell lines were cultured in high-glucose Dulbecco's Modified Eagle Medium (DMEM, Gibco, USA). This medium contains 10% fetal bovine serum (FBS, Gibco, USA), 1% non-essential amino acids (Invitrogen, USA), and L-glutamine (2 mM, Gibco, USA). The cells were cultured under the standard conditions of 95% humidity and 5% CO2 at 37°C.

The thymidine kinase enzyme was cloned into the pCDH-CMV-MCS-EF1-copGFP plasmid (Stem Cell Research Center, Iran) that was previously digested with BamHI and EcoRI endonuclease enzymes (Thermo Fisher, USA). For lentivirus production, HEK-293T cells were co-transfected with pCDH-thymidine kinase, pSPAX2 plasmid (packaging plasmid contains Gag, Pol, Rev, and Tat), and pMD2 plasmid [containing glycoprotein (G) of vesicular stomatitis viruses (VSVs)] by calcium phosphate reagent (Sigma Aldrich, USA) (Figure 2). The supernatants were harvested every 12 h for 3 days after transfection and concentrated by ultracentrifugation at 47,000 × g for 2 h at 4°C. To express thymidine kinase in MSCs, these cells were cultured in DMEM/F12 (Gibco, USA) medium and then transduced with pCDH-thymidine kinase lentivirus. A total of 3 × 105 mesenchymal stem cells (MSCs) were seeded in a T25 flask and subsequently transduced the next day by considering the multiplicity of infection (MOI) of 40 (TU/cell) after determination via the serial dilution transduction method. In addition, transduced cells with pCDH-TK were selected by puromycin (Sigma Aldrich, USA) (2 μg/ml) as a eukaryotic selective marker. Following the purification of transduced cells using puromycin, genetically modified MSCs were washed three times with normal saline (Iranian Parenteral and Pharmaceutical Company, Iran).


[image: Figure 2]
FIGURE 2
 (A, B) The HEK 293T cell lines transfected with the calcium phosphate method, taken from an inverted microscope (10×), which shows (A) visible light and (B) fluorescent light. (C, D) The transduced mesenchymal stem cells originated from an inverted microscope (10×), which indicates (C) visible light and (D) fluorescent light.


Flow cytometry and cell morphology assay confirmed the characteristics of isolated cells from the patient as MSCs. The cell population indicated the positive expression of CD44, CD90, CD73, and CD105 (94.8, 90.6, 95.1, and 52.5%, respectively); however, CD45 were not expressed (< 0.08%) (Figures 3, 4).


[image: Figure 3]
FIGURE 3
 Cell morphology assay of MSCs derived from the patient's bone marrow. The spindle-shaped MSCs are visible at several growth rates.



[image: Figure 4]
FIGURE 4
 Flow cytometry assay indicated the positive expression of CD44, CD90, CD73, and CD105 (94.8, 90.6, 95.1, and 52.5%, respectively), and CD45 were not expressed (<0.08%).


After virus production and concentration, the virus titration was determined by using flow cytometry. Following the titration of recombinant viruses, the mesenchymal stem cells were transduced with a certain amount of the virus (MOI 40) (Figure 2).

The patient was hospitalized a day before surgery. Under general anesthesia, through a new burr hole, an injection catheter was placed in the bed of the frontal tumor focus with the guidance of a direct intraoperative navigation system (using a 1.5T MR system, Siemens Magnetom Trio, Siemens Medical Systems, Erlangen, Germany, and Synergy Cranial Version 2.2, Medtronic, Louisville, Colorado). The patient then received 5 × 105 bone marrow-derived MSCs transfected by lentivirus containing HSV-tk enzyme in 1 cc volume via the injection catheter. The catheter was placed at the injection site for 1 min to prevent leakage. We administered 5 mg/kg of ganciclovir over 1 h and 48 h after cell injection. Ganciclovir was administered two times daily for 14 days (28 doses in total).

During the therapy, the patient was assessed for any adverse events based on the common terminology criteria for adverse events (CTCAE, version 4.3). Considering the adverse events of ganciclovir, blood and urine samples from the patient were obtained and analyzed regularly during hospitalization to assess hematologic toxicity and renal impairment.

The patient was followed up for tumor recurrence and progression using magnetic resonance imaging every 3 months. The MRI images were compared with those taken before the injection and checked by two independent neurosurgeons. The Response Evaluation Criteria in Solid Tumors (RECIST) was used for MRI assessments. In this criteria, recurrence or progression of the tumor was defined as having at least a 20% increase in the sum of the longest diameters of the target lesions (9).

After the cell injection, our patient was in a good general state and was conscious. The patient had a previous history of seizures, and because the regular seizure medication was discontinued, he experienced a seizure episode 3 months after gene therapy. Generally, adverse events and systemic complications were not observed.

After the injection on 19 February 2019, the patient's follow-up revealed a recurrence of the parietal focus on 09 December 2019. However, the frontal focus had a slight and unremarkable enhancement. On the last radiological follow-up (on 18 March 2020), the frontal focus showed no prominent recurrence; however, the size of the parietal focus increased and extended to the contralateral hemisphere through the corpus callosum (Figure 5). Eventually, the patient passed away on 16 July 2020 (progression-free survival (PFS) = 293 days, overall survival (OS) = 513 days) (Figure 1).


[image: Figure 5]
FIGURE 5
 Magnetic resonance imaging of the patient in (A) November 2018 showing left frontal lesion and evidence of craniotomy related to previous surgery for parietal lesion 1 month earlier; (B) February 2019 with no obvious evidence of recurrence at the time of injection to the frontal focus; (C) December 2019 showing first evidence of recurrence of tumor mostly at the parietal site; (D) March 2020 showing left frontal focus had no prominent recurrence; however, the size of the left parietal focus increased and extended to the contralateral hemisphere through the corpus callosum.




Discussion

Regarding the results of suicide gene therapy in malignant glioma, it has been suggested that suitable results depend on promoting the delivery system (10, 11). Therefore, we decided to improve the delivery system in suicide gene therapy by using MSCs and lentiviral vectors. Furthermore, we attempted to reduce the effects of confounding factors to the extent possible by comparing two tumor foci with different treatment courses in a single patient. This type of comparison attenuates the power of factors and confounders that affect the result of treatments in GBM clinical trials, such as age, sex, Karnofsky score, and genome of the patients (12).

Retroviral and adenoviral vectors were the first generation of vehicles used for clinical suicide gene therapy in glioblastoma multiforme. Early investigations revealed that these vehicles are safe and could have relative efficacy in treating both primary and recurrent glioblastoma (13–16). However, after conducting larger trials, this possible efficacy was questioned. In 2000, Rainov and his colleagues conducted the first phase III, multicenter, randomized clinical study on 248 patients, demonstrating an insignificant effect of suicide gene therapy based on viral vectors on primary glioblastoma (16). Then, another phase III clinical trial indicated that adenovirus-mediated gene therapy with TMK could increase the time to death and reintervention time in patients with primary glioblastoma but could not significantly change the OS (17). Despite these results, Nan Ji and colleagues indicated that the use of viral-mediated suicide gene therapy in recurrent glioblastoma has a remarkable effect on the OS of these patients (18).

In some experimental studies, the efficacy of MSCs in delivering genes to various tumor models such as GBM, non-small-cell lung cancer, and breast cancer has been suggested (17, 19–22). However, clinical studies are limited to advanced gastrointestinal tumors and GBM (8, 22). Primarily due to safety concerns, the scope of such studies is limited. Einem et al. were the first group to utilize genetically engineered MSCs in a clinical setting. Their study was a single-arm phase I/II clinical trial to evaluate the safety and efficacy of using genetically modified autologous MSCs as delivery vehicles for cell-based gene therapy in the treatment of advanced, recurrent, or metastatic gastrointestinal or hepatopancreatobiliary adenocarcinoma (TREAT-ME1 study). In the study's first phase, six patients received this therapy; the results showed that this treatment was safe during three cycles with different concentrations. In the second phase, 16 patients were divided into two groups, including patients with GI adenocarcinoma who were qualified for surgery with prior neoadjuvant treatment and advanced adenocarcinoma cases with recurrence or progression (22, 23).

The rationality of using MSC as a gene delivery vehicle originates from the underlying molecular mechanism that causes tropism of the MSCs toward the tumor microenvironment (24–26). One of the most important factors constituting this tendency is the chemotactic gradient of secreted factors released from cancer cells, such as epidermal growth factor (EGF), fibroblast growth factor (FGF), platelet-derived growth factor (PDGF), vascular endothelial growth factor A (VEGF-A), stromal cell-derived factor-1 (SDF-1), hepatocyte growth factor (HGF), and transforming growth factor (TGF)-β, granulocyte colony-stimulating factor (G-CSF), granulocyte-macrophage colony-stimulating factor (GM-CSF), monocyte chemoattractant protein-1 (MCP-1), IL-8, IL-6, and urokinase-type plasminogen activator (24–30). However, recent findings have suggested that vascular adhesion molecules (VCAM-1) and very late antigen-4 (VLA-4) play a pivotal role in MSC adhesion. In fact, it has been shown that TNF-a induces VCAM-1 by activating the NF-κB signaling pathway and thereby results in cell accumulation (31).

In addition to homing properties, MSC gene delivery vehicles could exert antitumor and proapoptotic effects (32). Prior studies have shown that MSCs could cease the proliferation of hepatoma, lymphoma, and insulinoma cells and arrest their cell cycle at G0/G1. Furthermore, they could stimulate apoptosis in cancer cells by blocking Akt and NF-κB signaling pathways (7, 33). MSCs also inhibit the Wnt and AKT signaling pathways leading to tumor growth inhibition (34–36) and exert dose-dependent apoptosis of capillaries with inhibition of angiogenesis via Cx43 expression (37). Moreover, they reduce tumor growth through the attraction of granulocytes and macrophages, which leads to the production of chemokines (like IP-10 and IL-8) and an increase in the homing of activated lymphocytes (38). These findings also have been supported by investigations in other cancer models. A local injection of MSCs prevented tumor growth and increased survival time in the rat model of glioma. Furthermore, both systemic and local injections of MSCs resulted in attenuation of growth and metastasis in breast cancer models (39, 40).

Despite the low distribution of ganciclovir in the CNS, clinical studies have indicated the therapeutic effect of the HSV-tk/GCV approach on GBM (14, 18, 41). This could be addressed by the loss of integrity in the blood–brain barrier (BBB) and the development of a new vasculature structure known as the blood–tumor barrier (BTB). In fact, BTB does not have the uniformity and integrity of BBB, which leads to increased permeability and active efflux of molecules through it (42, 43). Accordingly, drug distribution in tumor tissue follows different patterns compared with normal CNS tissue. The results of pharmacokinetic studies, such as the one investigating the targeted therapy of “dasatanib” in glioma, support the aforementioned rationale (44, 45). Thus, it is belived that ganciclovir would have a therapeutic effect on the CNS.

There are some limitations associated with investigating the use of stem cell-based suicide gene therapy in multifocal glioblastoma. Some characteristics of stem cells, such as their immunosuppressive and proangiogenic properties as well as the secretion of trophic factors, still make their safe application in tumor treatment questionable (32, 46). Thus, these cells should be used carefully and in a limited number of patients who should be followed up closely to ensure safety. After the recurrence of the parietal tumor focus, the patient's condition was not suitable for resection. Hence, we did not inject mesenchymal stem cells containing the HSV-tk gene into the tumor tissue without prior resection as it was risky.



Conclusion

According to study results, a treatment strategy utilizing bone marrow-derived MSCs delivering the HSV-tk gene is feasible in multifocal glioblastoma and is safe for further investigations. Although this case report indicated the attenuated growth of a glioblastoma focus treated with MSCs containing the HSV-tk gene, the safety and effectiveness of this intervention require more extensive investigations.
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Isocitrate dehydrogenase (IDH) mutations are cornerstone diagnostic features in glioma classification. IDH mutations are typically characterized by mutually exclusive amino acid substitutions in the genes encoding for the IDH1 and the IDH2 enzyme isoforms. We report our institutional case of a diffuse astrocytoma with progression to secondary glioblastoma and concurrent IDH1/IDH2 mutations. A 49-year-old male underwent a subtotal resection of a lobular lesion within the right insula in 2013, revealing a WHO grade 3 anaplastic oligoastrocytoma, IDH1 mutated, 1p19q intact. Symptomatic tumor progression was suspected in 2018, leading to a surgical tumor biopsy that demonstrated WHO grade 4 IDH1 and IDH2 mutant diffuse astrocytoma. The patient subsequently underwent surgical resection followed by medical management and finally died in 2021. Although concurrent IDH1/IDH2 mutations have been rarely reported in the current literature, further study is required to better define their impact on patients’ prognoses and their response to targeted therapies.




Keywords: glioblastoma, histopathology, isocitrate dehydrogenase, somatic mutation, tumor progression




1 Introduction

Isocitrate dehydrogenase (IDH) mutations were first identified in diffuse gliomas in 2009 and have since played a crucial role in glioma classification (1, 2). The 2016 World Health Organization (WHO) Classification of Tumors of the Central Nervous System incorporated IDH classification as a cornerstone diagnostic feature, which has continued in the 2021 update (3, 4). IDH mutations typically result in mutually exclusive amino acid substitutions in genes encoding for the IDH1 (cytoplasmic isoform) or IDH2 (mitochondrial isoform) enzyme (5). Histopathological confirmation, IDH mutation status, and 1p/19q codeletion status allows the molecular stratification of diffuse gliomas into 3 subgroups with significant survival implications: 1) IDH mutant, 1p/19q codeleted oligodendrogliomas; 2) IDH mutant, 1p/19q non-codeleted astrocytoma; 3) IDH wildtype gliomas (3, 6, 7). Though IDH1 and IDH2 mutations are usually mutually exclusive, we report a case seen at our institution of diffuse astrocytoma with progression to secondary glioblastoma and concurrent IDH1/IDH2 mutations.



2 Case presentation

A 49-year-old right-handed asymptomatic male presented to our institution in 2013 after magnetic resonance imaging (MRI) demonstrated an extensive lobular region of T2 signal hyperintensity within the right insula and perisylvian region. He initially underwent resection in 2007 and was diagnosed with grade 2 oligoastrocytoma, IDH1 mutant at an outside institution. The IDH1 mutation was determined by immunostaining. We do not have access to additional clinical information about the patient from that time since they were at an outside institution. He underwent a subtotal resection which revealed WHO grade 3 anaplastic oligoastrocytoma, IDH1 mutated, 1p19q intact. The 2013 diagnosis at our institution was determined by next generation sequencing (NGS) 50-gene panel showing IDH1 mutation (c.395G>A p.R132H), no IDH2 mutation, and TP53 mutation (c.817C>T p.R273C). ATRX was not included in the 50-gene panel, thus not tested. The patient then received 200mg/m2 per day temozolomide (TMZ) as chemotherapy for 8 cycles, followed by intensity-modulated radiation therapy (IMRT) to a total of 57 Gy in 30 fractions. In 2018, the patient underwent a surgical biopsy for suspected tumor progression that demonstrated WHO grade 4 IDH1 and IDH2 mutant diffuse astrocytoma. Microscopic examination of hematoxylin and eosin (H&E) stained sections of the biopsy showed a densely cellular, highly mitotic diffuse glioma with vascular proliferation composed predominantly of cells with relatively uniform round nuclei, many of which had perinuclear halos (Figures 1A–E). Mitotic activity was quantified at 8 mitoses per 10 high-power fields (HPF) on H&E stained sections, and at 17 mitoses per 10 HPF using phosphohistone H3 (pHH3). Computer-assisted automated quantification showed an elevated single field Ki67 antigen (MIB1) labeling index of 17.5%, with an average index of 10.3% over 4 hotspot fields. NGS identified the following somatic mutations: IDH1 R132H, IDH2 R172S, TP53 R273C, and ATRX c3565del p.L1189* (Figure 2). The 2018 diagnosis at our institution was determined using a 126-gene NGS panel which also included ATRX. The IDH1 and TP53 mutations identified were identical to those identified in 2013. The patient subsequently underwent surgical resection and was then managed with radiation via volumetric modulated arc therapy (VMAT) of 40 Gy in 20 fractions followed by 150mg/m2 per day of TMZ chemotherapy for 8 cycles. He died in 2021 (Figure 3).




Figure 1 | (A) H&E-stained sections of the biopsy showing a densely cellular diffuse glioma with vascular proliferation composed predominantly of cells with relatively uniform round nuclei, many of which had perinuclear halos. (B) Immunohistochemical staining for IDH1 p.R132H showing expression of the mutant protein in tumor cells. (C) Immunohistochemical staining for p53 showing strong nuclear staining in the majority of tumor cells consistent with the presence of a TP53 mutation. (D) Immunohistochemical staining for ATRX demonstrating loss of ATRX expression tumor cells but retained normal ATRX expression in endothelial cells. (E) Immunohistochemical staining for Ki67. Scale bar = 200um.






Figure 2 | IGV traces showing somatic IDH1 p.R132H (C>T nucleotide change) and IDH2 p.R172S (C>G nucleotide change) mutations in the brain tumor tissue analyzed by NGS (Top). No IDH1 or IDH2 mutations were detected in DNA obtained from normal cells as a germline control (bottom). Red and blue bars represent forward and reverse sequencing reads, respectively. The reference nucleotide sequence for the depicted region of IDH1 and IDH2 is shown in the white bar in the lower portion of the figure. The “H”, “R” and “G” letters at the bottom of the figure represent the corresponding reference amino acid sequence for IDH1 and IDH2 (H = histidine, R= arginine, G=glycine).






Figure 3 | Patient care timeline from presentation to our institution until death.







3 Discussion

Our case illustrates the complexity and variability regarding IDH mutations in gliomas. The normal role of IDH1 and IDH2 are to convert isocitrate to alpha-ketoglutarate. Mutations in IDH1/IDH2 result in the conversion of alpha-ketoglutarate to 2-hydroxyglutarate, which functions as an oncometabolite and is a key driver of gliomagenesis (2, 8). Glioma-specific mutations in IDH1 are known to most frequently affect codon 132, while the IDH2 mutations typically affect codon 172 (2, 9). Both mutations are known to be heterozygous and somatic, leading to amino acid substitutions (2, 5, 10). IDH1 and IDH2 enzymatically function in separate subcellular compartments, with IDH1 in cytosol and IDH2 in mitochondria. It has been shown that under hypoxia IDH1 mutated cells have a decreased ability to induce reductive carboxylation and instead rely on oxidative mitochondrial metabolism (11). In contrast, IDH2 mutated cells have shown the ability to maintain reductive carboxylation in a hypoxic state. Therefore, tumor maintenance and oncogenicity may be impacted by hypoxia depending on the mutation status of IDH1 and IDH2, however our understanding of this is limited since the metabolic communication between mutant IDH1 and IDH2 is not yet understood (11). There is a paucity in the literature regarding the different types and frequencies of IDH1/IDH2 mutations in gliomas. A search of the literature identified 4 cases of concurrent IDH1/IDH2 mutations in gliomas similar to our case (12). An additional case of concurrent IDH1 and IDH2 mutations in gliomas was found in the literature (13). This case was a WHO grade 3 astrocytoma and noted to have a prolonged time to recurrence. This case is similar to the 4 cases published by Hartmann et al. in that all are histologically WHO grade 3 (12, 13). In comparison, our case of concurrent IDH1 and IDH2 mutations was histologically WHO grade 4. It could be possible to study survival or outcomes in association with the detection of concurrent IDH1 and IDH2 mutation in gliomas, however we have limited information at this time and thus are unable to theorize further. A query of The Cancer Genome Atlas (TCGA) database of lower grade gliomas and glioblastoma (n=794 samples) identified 2 cases of concurrent IDH1/IDH2 mutations (tendency for mutual exclusivity, p<0.001).

IDH mutated gliomas are known to be a larger percentage of lower grade gliomas while comprise only a small minority of grade 4 gliomas in comparison to IDH wildtype gliomas (14). A more detailed and multi-institutional evaluation of this rare histopathological feature may have an impact on the development of future therapeutic approaches for patients with IDH-mutant gliomas. Although several targeted therapeutic options have been currently investigated for the management of tumors with IDH1 and/or IDH2 mutations, such as acute myeloid leukemias and cholangiocarcinomas, they have still a limited role for the treatment of gliomas (15). The co-presence of IDH1 and IDH2 mutations in patients with glioblastomas, as shown in our case, may suggest the occurrence of currently unknown epigenetic and/or molecular mechanisms whose discovery may likely lead to important advances in patient management and prognosis. As our understanding of concurrent IDH1 and IDH2 mutations in gliomas develops, this directly impacts clinical diagnostic testing standards. In current clinical practice, the immunohistochemical detection of IDH1 R132H in gliomas precludes the obligation to proceed to sequencing and any further information about IDH2 (16). Thus, it is likely that the current rate of concurrent IDH1 and IDH2 mutations in glioma is underestimated. This has further implications in assessing the effectiveness of novel therapeutics in development that target the IDH mutation, with further study necessary to understand the influence of concurrent IDH1 and IDH2 mutations on survival. In our case, both mutations were detected in the same tissue section. The lower VAF of the IDH2 mutation suggests the possibility that the IDH2 mutation is present only in a subset of the cells compared to the IDH1 mutation. At present, it is not possible for us to determine if the mutations were present in the same tumor cells or in distinct tumor cells within the same tissue section. In particular, the investigation of current inhibitors of IDH mutations, epigenetic therapies, and peptide vaccines may significantly benefit from the reports and analyses of these rare cases.




4 Conclusion

IDH mutations are key diagnostic and prognostic indicators in the management of gliomas. These mutations vary in frequency and type, with little epidemiological data in the literature. Concurrent IDH1/IDH2 mutations are rare and require further study to better evaluate their impact on patients’ prognoses and their response to targeted therapies.
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Background

Paraganglioma in the sellar region is an extremely rare entity, with a limited number of cases reported in the literature. Due to the paucity of clinical evidence, the diagnosis and treatment of paragangliomas in the sellar region remain challenging. Herein, we reported a case of sellar paraganglioma with parasellar and suprasellar extension. Particularly, the dynamic evolution of this benign tumor within a 7-year longitudinal observation was presented. Additionally, the relevant literature regarding sellar paraganglioma was comprehensively reviewed.





Case description

A 70-year-old woman presented with progressive visual deterioration and headache. Brain magnetic resonance imaging demonstrated a mass in the sellar region with parasellar and suprasellar extension. The patient refused surgical treatment. Seven years later, brain magnetic resonance imaging showed the lesion significantly progressed. Neurological examination revealed bilateral tubular contraction of visual fields. Laboratory examinations showed endocrine hormone levels were normal. Surgical decompression was performed via a subfrontal approach, and subtotal resection was achieved. Histopathological examination confirmed a diagnosis of paraganglioma. Postoperatively, she developed hydrocephalus, and ventriculoperitoneal shunting was performed. Eight months later, cranial CT showed no recurrence of the residual tumor, and the hydrocephalus had been relieved.





Conclusion

Paraganglioma occurring in the sellar region is rare, and the preoperative differential diagnosis is difficult. Owing to the infiltration to the cavernous sinus and internal carotid, complete surgical resection is usually impracticable. There has been no consensus regarding postoperative adjuvant radiochemotherapy for the tumor residue. In-situ recurrence and metastasis have been reported in the literature, and close follow-up is warranted.
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Introduction

Paragangliomas refer to benign neuroendocrine neoplasms originating from paraganglionic tissue, which are derived from neural crest progenitor cells. Except for the adrenal medulla, paragangliomas predominantly arise in the head and neck region, most commonly involving the carotid bodies, the jugular glomus, and the vagal bodies (1, 2). According to the literature, extra-adrenal paragangliomas account for only 10% to 15% of all paragangliomas (3); paragangliomas affecting the central nervous system are particularly rare, comprising approximately 0.6% of all head and neck neoplasms (4). Although paragangliomas are generally considered to be indolent entities corresponding histologically to World Health Organization (WHO) grade I (5), a high recurrence rate following surgical resection (10% for paragangliomas of carotid body and 50% to 60% for those occurring in other sites) and even metastasis (~10%) have been reported (6). Previously, we reported a consecutive surgical series of 19 patients with pathologically diagnosed spinal paragangliomas, in which we noted a considerable risk of in-situ recurrence Sellar paragangliomas are extremely unusual as paraganglia do not normally exist in this region, which has been only reported in very limited cases (7–36). This may be secondary to the persistence of paraganglionic tissue caused by deficient involution during early life. In this study, we presented a case of sellar paraganglioma with parasellar and suprasellar extension. Particularly, the dynamic evolution of this benign tumor within a 7-year longitudinal observation was presented. Additionally, the relevant literature regarding sellar paraganglioma was comprehensively reviewed.





Case description




History and clinicoradiological evaluations

A 70-year-old woman presented with a 3-year history of visual deterioration and headache. Physical examination revealed binocular severe visual disturbance. Brain magnetic resonance imaging (MRI) was requested, yielding a space-occupying lesion in the sellar region with right parasellar and suprasellar extension (Figure 1). The mass was irregular in shape displaying isointensity on T1-weighted imaging and heterogenous signals on T2-weighted imaging, and contrast enhancement was notable after the administration of gadolinium diethylenetriamine pentaacetic acid (Gd-DTPA). Surgical resection of the lesion via a subfrontal approach was recommended, but the patient refused it considering the advanced age and mild symptoms.




Figure 1 | Brain magnetic resonance imaging on the first admission. Brain magnetic resonance imaging revealed a space-occupying lesion in the sellar region with right parasellar and suprasellar extension. The lesion (indicated by asterisks and outlined by dashed lines) appeared isointense on T1-weighted imaging [(A), sagittal; (B) coronal] and heterogenous signals on T2-weighted imaging [(C), sagittal; (D) coronal]. Contrast-enhanced T1-weighted images demonstrated a remarkable homogeneous enhancement [(E) sagittal; (F), coronal].



During the following years, the visual field defect was progressively aggravated. The latest brain MRI after a 7-year conservative observation demonstrated the lesion significantly progressed (Figure 2), and the patient was readmitted. Ophthalmologic examination showed bilateral visual field defects and pathologic myopia with posterior staphyloma and tigroid fundus (Figure 3). Other cranial nerves were normal, and there were no sensorimotor dysfunctions. Laboratory examinations showed endocrine hormone levels (including prolactin [PRL], growth hormone [GH], follicle stimulating hormone [FSH], luteinizing hormone [LH], adrenocorticotropic hormone [ACTH], and thyroid hormones) were all within normal limits. Cranial computed tomography (CT) and MRI demonstrated a giant lobulated sellar mass with parasellar and suprasellar extension, and the optic chiasm was remarkably displaced; the lesion was isointense on T1-weighted imaging and heterogeneously hyperintense on T2-weighted imaging, with remarkable enhancement after administration of contrast medium (Figures 2A-G). CT angiography did not identify any significant vascular aberrance (Figure 2H).




Figure 2 | Brain magnetic resonance imaging after a 7-year conservative observation. Brain magnetic resonance imaging showed the lesion (indicated by asterisks and outlined by dashed lines) significantly progressed [(A, C, E) sagittal; (B, D, F) coronal]. On cranial computed tomography, the mass was hyperdense (G). Computed tomographic angiography identified no significant vascular aberrance (H).






Figure 3 | Ophthalmologic examinations. Visual field examination showed bilateral tubular contraction of visual fields [(A) OS; (B) OD]. Fundus examination demonstrated posterior staphyloma and tigroid fundus [(C), OS; (D) OD].







Surgical treatment

Preoperatively, a diagnosis of nonfunctional pituitary adenoma was suspected. As the main body of the lesion extended to the suprasellar and parasellar areas, the transnasal-sphenoidal approach may be difficult to achieve complete tumor resection. The patient underwent a surgical decompression via a subfrontal approach. Intraoperatively, the tumor was found to be rubbery with an abundant blood supply. The tumor tissue was closely attached to the internal carotid artery and cavernous sinus, and subtotal resection was eventually achieved.





Histopathological examination

Histopathological sections revealed a tumor with a lobulated pattern and cellular nests surrounded by vascular fibrous septa (Figure 4). The irregular and lobulated clusters of cuboidal cells were consistent with the morphological characteristics of paraganglioma (Zellballen pattern). Immunohistochemical stains showed the tumor cells were strongly positive for synaptophysin (SYN), chromogranin A (CgA), and microtubule-associated protein 2 (MAP-2), but negative for glial fibrillary acidic protein (GFAP), S100 protein, epithelial membrane antigen (EMA), cytokeratin (CK), CD68, and neuronal nuclear antigen (NeuN). Additionally, the tumor cells showed no immunoreactivity against pituitary cell-lineage transcription factors (T-PIT, PIT-1, SF-1), thyroid transcription factor 1 (TTF-1), or endocrine markers (PRL, GH, thyroid stimulating hormone [TSH], ACTH, FSH, LH). The Ki-67 proliferation index was <5%. A diagnosis of paraganglioma was made.




Figure 4 | Histopathological and immunohistochemical examinations. (A) Hematoxylin-eosin staining showed a lobulated pattern and cellular nests surrounded by vascular fibrous septa, which were consistent with the morphological characteristics of paraganglioma (Zellballen pattern) (Original magnification ×200). Immunohistochemical stains showed the tumor cells were negative for glial fibrillary acidic protein (B) and S100 protein (C), but strongly positive for synaptophysin (D), microtubule-associated protein 2 (E), and chromogranin A (F). Additionally, the tumor showed no immunoreactivity against epithelial membrane antigen (G) or cytokeratin (H). The Ki-67 proliferation index was <5% (I).







Postoperative course

Postoperative CT confirmed the tumor was subtotally removed, and the tumor cavity was filled with hemostatic material (Figure 5A). The patient’s visual function showed no significant improvement. One month after the operation, she developed gait disturbance and urinary incontinence. Repeated cranial CT showed ventricle dilation with interstitial edema (Figure 5B). A secondary hydrocephalus was diagnosed and a ventriculoperitoneal shunting was performed (Figure 5C). A week postoperatively, the neurological deficiencies were partially improved, and CT showed the ventricles shrank (Figure 5D). Eight months postoperatively, cranial CT showed no recurrence of the residual tumor, and the hydrocephalus had been relieved (Figures 5E, F). However, she got pneumonia two months later and succumbed to respiratory failure.




Figure 5 | Postoperative and follow-up computed tomography examinations. (A) Postoperative computed tomography confirmed the tumor was subtotally removed, and the tumor cavity was filled with hemostatic material (arrowhead). (B) Repeated computed tomography showed ventricle dilation with interstitial edema. (C) Computed tomography showed a ventriculoperitoneal shunting was performed. (D) A week postoperatively, computed tomography showed the ventricles shrank. (E, F) Eight months postoperatively, cranial CT showed no recurrence of the tumor residue and the hemostatic material had been absorbed (E), and the hydrocephalus had been relieved (F).







Literature review

We conducted a literature review to identify articles on sellar paragangliomas published up to November 1, 2022. We performed a systematic search of the PubMed and Embase databases using the terms “paraganglioma” and “sellar”. A total of 30 publications were retrieved, and all of them are case reports.

There were 13 females and 22 males (including our current case), with a female-to-male ratio of 1:1.69. The average age was 46.9 ± 22.5 (range, 13~84 years). The most common onset symptoms were visual deficits (68.6%) and headache (65.7%). All the patients underwent surgical treatment, and no complete resection was described. Postoperative adjuvant radiation was administered for controlling the tumor residue in 45.7% of all cases (16 of 35 cases), with a dosage of 40~50 Gy (20~28 fractions). Follow-up data were available in 23 cases; after an average follow-up period of 21.5 ± 28.8 months, two patients experienced in-situ recurrence, and metastasis was noted in two other cases. Demographic and clinical profiles were summarized in Table 1. Radiological characteristics were presented in Table 2.


Table 1 | Demographic and clinical features of paragangliomas in the sellar region.




Table 2 | Radiological characteristics of paragangliomas in the sellar region.








Discussion

Paragangliomas are relatively rare tumors that develop from the paraganglia of the autonomic nervous system. Because the sellar region lacks autonomic nervous tissue and there are no paraganglia, the derivation and etiology of sellar paragangliomas remain a mystery. Regarding its origin, there are two hypotheses: 1) the ‘embryonic remnants’ theory, proposing that paraganglioma may arise from the embryonic paraganglionic cells trapped around the pituitary; or 2) the ‘ectopic migration’ theory, holding that paraganglioma may originate from paraganglionic cells abnormally migrated across the tympanic or ciliary branches of the glossopharyngeal nerve to the cavernous sinus (8, 20). In this study, we found the majority of reported cases showed involvement of the cavernous sinus, which seems to support the latter view. Additionally, the most common onset symptom was visual decline rather than abnormal pituitary endocrine function, highly implying paraganglioma is an extra-pituitary lesion. In our current case, a longitudinal conservative observation demonstrated remarkable tumor growth. At the early stage, the tumor invaded the right cavernous sinus and encased the right internal carotid artery, while no osseous destruction or pituitary dysfunctions were noted. These clinicoradiological features prompted the cavernous sinus origin of sellar paragangliomas.

Preoperative diagnosis of sellar paragangliomas is extremely challenging, and differential diagnoses mainly include pituitary adenomas, meningiomas, craniopharyngiomas, germinomas, and Rathke cleft cysts. In most cases, sellar paragangliomas tend to be misdiagnosed as nonfunctional pituitary adenomas. The following potential characteristics may assist the diagnosis: 1) despite the giant size of the tumor, the patient’s endocrinal functions are usually normal; 2) just like the “salt and pepper” appearance on T2-weighted imaging that is frequently seen in peripheral paragangliomas, the high vascularization leads to heterogeneous intensity on T2-weighted imaging in sellar paragangliomas. Some scholars also proposed that functional imaging, such as 18F-DOPA positron emission tomography, may help confirm the neuroendocrine nature of tumors with high specificity (37, 38). Moreover, the imaging also shows additional advantages in diagnosing multifocality (co-existing paragangliomas in the rest of the body) and/or distant metastases (38, 39).

The most common symptom, visual deterioration, is caused by the tumor compression to the optic chiasma, and thus surgical resection of the tumor is the most effective treatment. The optional surgical strategies include the subfrontal approach, the transpterional approach, and transnasal-sphenoidal operations. In some cases, sellar paragangliomas are highly vascularized, and preoperative angiography may provide essential information for the identification of tumor blood supply. When a definitive supplying artery can be identified, preoperative endovascular embolization may significantly reduce the risk of intraoperative bleeding. In our case, the tumor was moderately enhanced after the administration of contrast medium and computed tomographic angiography showed no vascular aberrance, and thus endovascular embolization was not performed. Sellar paragangliomas are usually lobulated, and the cavernous sinus and internal carotid artery are always involved; therefore, intraoperative complete resection of the tumor may be extraordinarily difficult. For controlling the tumor residue, postoperative radiotherapy showed potential efficacies. Chemotherapy has not yet been reported for sellar paragangliomas.

The surgical outcomes of sellar paragangliomas varied distinctly. In most cases, surgery with or without radiation therapy leads to residual stability or even tumor shrinkage. Metastasis can also occur in a few cases, and close follow-up is indispensable.





Conclusions

Paragangliomas occurring in the sellar region are rare, and preoperative differential diagnosis is difficult. Complete surgical resection of the tumor is usually impracticable, and postoperative adjuvant radiotherapy can be considered for the tumor residue. In-situ recurrence and metastasis have been reported in the literature, and close follow-up should be highlighted.
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Diffuse midline gliomas, H3 K27-altered are infiltrative growth gliomas with histone H3K27M mutations. This glioma is more common in the pediatric population, and the prognosis is usually poor. We report a case of diffuse midline gliomas, H3 K27-altered in an adult patient that mimicked symptoms of central nervous system infection. The patient was admitted due to double vision for 2 months and paroxysmal unconsciousness for 6 days. Initially, lumbar puncture showed persistent high intracranial pressure, high protein, and low chlorine. Magnetic resonance imaging showed diffuse thickening and enhancement of meninges and spinal meninges, and later, fever occurred. The initial diagnosis was meningitis. We suspected central nervous system infection, so we started anti-infection treatment, but the treatment was ineffective. The patient's condition gradually worsened, with lower limb weakness and even the consciousness became unclear. A repeat magnetic resonance imaging and positron emission tomography–computed tomography scan showed space-occupying lesions in the spinal cord, which was considered a tumor. Following neurosurgery, pathological tests identified the tumor as diffuse midline gliomas, H3 K27-altered. The patient was recommended for radiotherapy and temozolomide chemotherapy. The patient's condition improved after chemotherapy treatment, and he survived for an additional 6 months. Our case shows that diagnosing diffuse midline gliomas, H3 K27-altered in the central nervous system is complex and can be confused with the clinical characteristics of central nervous system infection. Therefore, clinicians should pay attention to such diseases to avoid misdiagnosis.
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Introduction

In 2016, the World Health Organization (WHO) classified diffuse midline glioma (DMG) H3K27M mutant as a new and independent subtype of diffuse astrocytoma of the central nervous system (CNS). This was updated to DMG, H3 K27-altered, in the 2021 WHO Classification (1). It is defined as a high-grade (grade IV) glioma with diffuse midline invasion. These gliomas are characterized by astrocyte differentiation and K27M mutation either in H3F3A or, more rarely, in HISTlH3B/C genes (2). The tumors are often located in midline structures (the brainstem, thalamus, and spinal cord) (1) and rarely occur in the third ventricle, hypothalamus, pineal gland, and cerebellum. It may be accompanied by leptomeningeal dissemination (3). It occurs predominantly in children and rarely in adults, but spinal cord sites mainly occur in adults (4). For diffuse gliomas located in midline structures, the incidence of H3K27M mutations is ~80% in children and 15–60% in adults (5). The prognosis of this disease is poor, and studies show that the 2-year survival rate is <10% (6). In this report, we present a case of adult DMG, H3 K27-altered that initially presented with persistent high intracranial pressure and diffused meningeal and spinal meninges enhancement. It was initially misdiagnosed as a CNS infection.



Case presentation

A 32-year-old man was admitted to a local hospital with paroxysmal episodes of unconsciousness for 6 days and had convulsions 2 days ago. The patient also reported suffering from diplopia for 2 months, accompanied by headache, nausea, and vomiting. Lumbar puncture showed a cerebrospinal fluid (CSF) pressure of >330 mmH2O and protein level at 440 mg/dL, CSF WBC count was 1 × 106/L, and CSF color was yellow. The patient was diagnosed with encephalitis and was given antiviral and anti-inflammatory treatments, but there was no significant improvement in his condition. He was later transferred to our hospital for further treatment. His past medical history showed “lumbar disk herniation” for more than 10 years. In the recent 2 months, his symptoms had worsened, accompanied by discomfort in the right lower limb. Respiratory infection and diarrhea were not indicated in the medical history before this disease. Family history showed that the patient's maternal grandfather had a history of tuberculosis 30 years ago, which was cured. The patient's sister had died of intracranial glioma at 6 years of age, and a pathological test was not performed. At the time of admission, the patient was conscious and showed fluent speech, and muscle strength of both upper limbs was grade V and of lower limbs was grade V minus. The Babinski sign was negative bilaterally. Both T-SPOT and PPD tests were positive. A Cranial magnetic resonance imaging (MRI) scan showed diffuse meningeal enhancement caused by infection (Figure 1A). The patient was therefore diagnosed to have tuberculous meningitis. Following admission, he was treated with mannitol and glycerin fructose to reduce intracranial pressure, and anti-tuberculosis treatment was started.


[image: Figure 1]
FIGURE 1
 (A) Cranial MRI scan showing diffuse meningeal enhancement. (B) Thoracic and lumbar spinal cord MRI showed extensive thickening and enhancement of the spinal dural of the thoracolumbar and sacral canal, especially around the end of the spinal cord. (C) Electroencephalogram showing moderately abnormal electroencephalogram; background activity was slow, and numerous θ slow waves; frontal and temporal regions showed mixed slow wave firing, especially on the left side. (D) CSF cytology shows an increased number of activated monocytes. (E) PET-CT shows multiple hypermetabolic areas scattered in the spinal canal at the level of the T2-L2 vertebral body, thus indicating the possibility of intramedullary tumors with intraspinal metastasis. (F) Lumbar MRI: 1. Extensive thickening and enhancement of the dura mater of the thoracolumbar and included sacral canals, especially around the end of the spinal cord, which did not change significantly from 1st MRI. 2. Abnormal signals in the spinal cord at about the T12–L1 vertebra level.


During hospitalization, the patient complained of lower back pain and increased weakness in both lower limbs. On the 7th day, the patient had seizures, and his body temperature increased to 38°C. The patient still has headaches and vomiting. Physical examination showed that the patient was somnolent but arousable to stimulus, had limited abduction of both eyes, had sensitivity to pupillary light reflexes, showed grade IV muscle strength in both the upper limbs, had a stiff neck, showed grade II muscle strength in both the lower limbs, and had hypesthesia of both lower limbs, and the bilateral Babinski sign showed all toes were downgoing. MRI scans of the thoracic and lumbar spinal cord were again performed on the 8th day following hospitalization. The results showed extensive thickening and enhancement of the thoracolumbar spinal meninges (Figure 1B). Electroencephalogram showed increased slow waves in frontal and temporal lobes (Figure 1C). Two lumbar punctures were performed on day 2 and day 7 of hospitalization, and the results showed a significant increase in intracranial pressure and protein level and a decrease in chloride level (Table 1). Acid fast stain and tuberculosis cultures were negative. Though the anti-tuberculosis treatment showed no improvement in the patient's condition, the treatment was continued as his body temperature remained high, up to 38.5°C. The next-generation sequencing of CSF for detecting associated infections and three subsequent lumbar punctures provided no additional diagnostic information (Table 1). After 18 days of anti-infective treatment, the patient's symptoms of high intracranial pressure did not improve, but his body temperature returned to a normal level. The intracranial pressure remained high, with high protein and low chlorine levels. However, we noticed that there was no significant increase in the white blood cell count, and the cytology of the patient's cerebrospinal fluid showed an increase in the number of activated monocytes while malignant cells were not detected (Figure 1D). These results lead us to consider the presence of tumors in the spinal cord. A positron emission tomography-computed tomography (PET-CT) scan was performed, and the results showed multiple hypermetabolic areas scattered in the spinal canal at the level of the T2-L2 vertebral body, thus indicating the possibility of intramedullary tumors with intraspinal metastasis (Figure 1E).


TABLE 1 Cerebrospinal fluid routine biochemistry and cytology.
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On the 21st day of hospitalization, the patient's condition worsened. He was unconscious, his pupillary reflex disappeared, and he was diagnosed with a cerebral hernia. The patient was medicated to reduce intracranial pressure, and an emergency ventriculoperitoneal shunt was performed. The patient regained consciousness after surgery. On the 27th day, the thoracolumbar MRI scans were re-examined (Figure 1F), showing a significant increase in abnormal intramedullary signals at the thoracic (T) 12–lumbar (L) 1 vertebra level compared to that seen in the first scan. After that, the patient was transferred to the neurosurgery department. On the 35th day of admission, the patient underwent partial resection of space-occupying lesions in the spinal canal at T12–L1 of the vertebral body and spinal nerve adhesion release. The histopathological examination of the neuroepithelial tumor removed from the spinal tissue revealed a malignant tumor. The immunohistochemistry results showed GFAP (+), Oligo-2 (+), H3K27M (+), Ki-67 (+), IDH-1 (–), and EMA (–) (Figure 2). Combined with conventional pathological morphology and immunophenotype, the tumor was consistent with DMG, H3 K27-altered (WHO grade IV). The final diagnosis was DMG, H3 K27-altered. The patient was then transferred to the radiotherapy department and was recommended for local radiotherapy plus temozolomide chemotherapy. After radiotherapy, the patient's consciousness was better than before, and he could answer simple questions correctly. Abduction of both eyes was still limited, and pupillary reflex was found sensitive. His upper limb muscle strength improved, and the patient was discharged after his condition stabilized. No relevant disease assessment was performed during follow-up, and the patient died 6 months after discharge due to disease progression.


[image: Figure 2]
FIGURE 2
 (A) HE staining (×200) showed diffuse growth of tumor cells, small and consistent tumor cells, visible microvascular proliferation, and occasional mitoses. (B–F) Immunohistochemistry. (B) H3K27M (+) (×200), (C) GFAP (+) (×400), (D) Oligo2 (+) (×400), (E) Ki-67(+) (×200), and (F) IDH-1(-) (×200).




Discussion

In this study, we report a case of DMG, H3 K27-altered in a 32-year-old man. The patient progressed rapidly and initially presented clinical characteristics of central nervous system infection. He was found to have a persistent headache and positive meningeal irritation. In our case, diffuse leptomeningeal and spinal dural enhancement was observed in the early stage of the disease, which is rare. It has been reported that diffuse or nodular leptomeningeal enhancement is seen in 12% of patients from the first imaging (7). According to Navarro et al. (8) leptomeningeal diffusion is usually considered a secondary sequela of DMG progression. It occurs in 17–56% of diffuse intrinsic pontine glioma (DIPG) cases in the pre-molecular era and indicates a very poor prognosis. The patient's lumbar puncture showed high intracranial pressure with high protein and low chlorine levels in the CSF. CSF cytology showed activated monocytes, but no tumor cells. The cerebrospinal fluid characteristics in our case were consistent with some literature reports (9, 10). However, there are only a handful of reports on the characteristics of cerebrospinal fluid from patients with DMG, H3 K27-altered.

The onset of this case was not typical. MRI and CSF showed manifestations similar to CNS infection, making early glioma diagnosis challenging. Diffuse enhancement of meninges and spinal meninges and the accompanied fever pointed toward central nervous system infection. In the subsequent analysis, we considered that the patient's fever may likely be due to pulmonary infection. The positive PPD and T-SPOT results for tuberculosis directed our diagnosis toward meningitis, especially tuberculous meningitis (TBM). The first symptom of TBM is fever, accompanied by symptoms of systemic tuberculosis, such as fatigue and night sweats. Cerebrospinal fluid manifestations include increased pressure, increased protein (often >100 mg/dL), decreased sugar and chloride levels, and increased white blood cell count (11). In the acute phase, the cerebrospinal fluid is mainly characterized by neutrophilia, and in the subacute phase, a mixed cytological response is observed (12). The main imaging manifestations are basal meningeal enhancement, hydrocephalus, and cerebral infarction (13). The positive rate of TBM diagnosis is not high, with 50–60% in CSF TBM culture (14) and 63–78% in next-generation sequencing (15, 16). Although our case had many similarities with tuberculous meningitis in cerebrospinal fluid manifestations and MRI, anti-tuberculous treatment was ineffective, and the white blood cell count was not high. In addition, there were activated monocytes in cerebrospinal fluid. Based on these clues, we turned our diagnosis toward the possibility of an intramedullary tumor.

DIPG is now classified as DMG, H3 K27-altered in the WHO Classification of Central Nervous System tumors (2). Common clinical symptoms include headache, dizziness, nausea, vomiting, blurred vision, increased intracranial pressure, limb motor and sensory disorders, and ataxia (17–19). The clinical symptoms are referable to the tumor location, with the most common midline locations being the thalamus, brainstem, and spinal cord. MRI findings also vary according to the site of tumor involvement. However, there are few reports of such cases in adults and within the spinal cord. Imaging features of DMG, H3 K27-altered are mostly heterogeneous and prone to changes such as cystic degeneration, necrosis, and hemorrhage, and the main body of the lesion usually showed hypointense on T1-weighted MR imaging and hyperintense on T2-weighted MR imaging (20). Lesions show enhancement and necrosis in 50% of patients with thalamic gliomas. The range of enhancement varies in 67% of pontine glioma cases, generally manifested as punctate enhancement or large sheet obvious enhancement (21). It should be noted that all tumors with H3K27M mutations are not diffuse midline gliomas. H3K27M mutations are also seen in gangliogliomas, pilocytic astrocytomas, and ependymal tumors. However, the H3K27M mutation is rare in these entities and may indicate a worse prognosis (22). The tumors that meet the following four criteria are defined as DMG, H3 K27-altered: (1) The lesions show diffuse infiltrative growth. (2) Lesions are located in the intracranial midline (such as the thalamus, brainstem, and spinal cord). (3) The histological appearance of the lesion is glioma. (4) H3K27M mutation exists (23). The tumor in our case met all these criteria, and hence, the diagnosis was confirmed as DMG, H3 K27-altered in the spinal cord at the level of about the T12–L1 vertebra.

In the family history, the patient's sister also died of glioma. However, no pathology analysis was done. At the epigenetic level, the K27M mutation, which substantially alters the post-transcriptional modification pattern of the H3 K27M locus, leads to H3K27 hypomethylation and affects transcriptional gene stability, which causes or promotes the development and progression of cancer (24). This histone modification has a certain familial nature, but it is vulnerable to a variety of effects such as the external environment. However, there is no evidence of familial tumor susceptibility to the disease, and further studies are still needed to explore the association in the future.

Current treatments for diffuse midline glioma with DMG, H3 K27-altered include surgery, radiotherapy, or combined chemotherapy, but the effect is poor, and the prognosis is very poor (19). The standard recommendation for radiation therapy for DMG, H3 K27-altered is 54 to 60 Gy for 6 weeks. According to some studies, radiotherapy delays the tumor progression for up to 3 months in 70–80% of patients (25). Temozolomide is generally used as a radiosensitizer that, in combination, enhances the effect of radiotherapy (26). However, a large number of studies have shown that temozolomide chemotherapy is very limited due to the lack of methylation of the MGMT promoter region in DMG and H3 K27-altered patients (27). Emerging diagnostic methods and therapeutic agents are currently continuously developing. At present, targeted therapies targeting specific biological markers are being further investigated. Drugs such as the selective dopamine receptor D2 antagonist ONC201 have been shown to have early clinical activity in this disease (25, 28). Liquid biopsy technologies are constantly improving to assess liquid plasma and CSF for extracted cell-free tumor DNA. The detection of cell-free H3K27M tumor DNA sequences in CSF may soon allow the diagnosis and tracking of these tumors over time (29). Therefore, in the future, these types of cases may be diagnosed with CSF analysis.



Conclusion

The clinical manifestations and imaging features in our case lacked specificity, so it is a great challenge to render a definitive diagnosis. The clinical presentation was similar to CNS infection at the onset, with low white blood cell count and monocytes found in CSF cytology. The clues from our case can be used as a reference for the differential diagnosis of DMG, H3 K27-altered. PET may have been helpful in identifying the optimal biopsy location, but ultimately, histopathology was required to make the diagnosis. As observed from other case reports, the prognosis in our case was poor, and our patient had an overall survival of 8 months. There is a need for more studies to strengthen the knowledge and understanding of DMG, H3 K27-altered and make a clear diagnosis as soon as possible to prevent missed diagnosis and misdiagnosis.
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etal. (38)

Vakrakou
etal. (39)

37
Male

46
Female

55
Male

63
Male

65
Male

64
Male

32
Male

48
Female

52
Female

32
Female

58
Female

49
Male

55
Male

55
Male

57
Female

50
Male

19
Male

18
Male

49
Female

55
Male

46
Female

79
Female

68
Male

50
Male

62
Male

48
Female

56
Female

55
Male

60
Female

40
Female

50
Male

57
Male

57
Male

68
Male

31
Male

Female

Involved area

T5-T10.

(Epidural)

(Bilateral submandibular gland
involvement)

T9-T11.
(Epidural)

C3-7.
(Dural)

C2-3.
(Dural)

Posterior cranial fossa to C4
(Dural)

(hypertrophic pachymeningitis
of the posterior cranial fossa
and abdominal periaortitis)

T3-T11 (Epidural)
(Cranial dura and renal
involvement)

L5
(Dural)

Cranial dura to C1

(Dural)

(Involvement of the posterior
cranial fossa and greater
occipital foramen)

C7-T5
(Intradural)

Cl1-7, L5-81

(Dural)

(Cranial dura, pituitary, and
lungs involvement.)

C7-Té
(Epidural and dural)

TI-T3,14-L5
(Epidural)

T2-T3
(Epidural and paraspinal)

C2-T9
(Dural)

T10-T12. (Epidural)

L1-L2
(Intradural)

L2-L3
(Intradural)

C1-c7
(Intradural)

TI-T4
(Epidural)

Cranial dura to C3
(Dural)

(Cranial dura, pleura and
lungs involvement)

C4-TL.
(Epidural and paraspinal)

Cé6-12.
(Dural)

T3-T5.
(Intradural)

T4-T6
(Epidural and paraspinal)
(Lungs involvement)

C4 -T1.

(Intradural)

(Cranial dura and orbital
involvement)

L2-13.
(Epidural)

Thoracic and lumbar spine
(Dural)

C3-T3
(Intradural)

T1-T7
(Epidural)

C5-T6
(Dural)

C7-T5
(Epidural)

Cervical spine (Epidural)

T2-T3
(Dural)

T9-L2
(Epidural)

C3-C5

(Dural)

(Cranial dura and orbital
involvement)

C2-C5

(Intramedullary)

(Deep white matter and
hypophysis involvement)

Imaging
Features

Dorsal type
T2:
hyperintense.
Tz
homogeneous
gadolinium
enhancement

Homogeneous
type.

123
hypointense.
L1y
homogeneous
gadolinium
enhancement
(T9-T11,
epidural
surround)

N/A

N/A

Dorsal type
LS
homogeneous
gadolinium
enhancement

Dorsal type
T1;
homogeneous
gadolinium
enhancement

N/A

Dorsal type
I
homogeneous
gadolinium
enhancement

Ventral type
T2:
hypointense.
1L
homogeneous
gadolinium
enhancement

Dorsal type.
Tl:
homogeneous
gadolinium
enhancement.

Homogeneous
type

T1:
hypointense.
T2:
hypointense.
Tl
homogeneous
gadolinium
enhancement

Homogeneous
type.

T1:
homogeneous
gadolinium
enhancement

Ventral type
T2:
hypointense.
Bk
homogeneous
gadolinium
enhancement

Homogeneous
type

Tl:
homogeneous
gadolinium
enhancement

Homogeneous
type

Ele
homogeneous
gadolinium
enhancement

Homogeneous
type

T1: isointense.
T2:
hypointense
T1:
homogeneous
gadolinium
enhancement

Homogeneous
type

T1: isointense.
T2:
hypointense.
L1y
homogeneous
gadolinium
enhancement

N/A

Dorsal type
Tl:
hyperintense
T2
hyperintense
dHE
homogeneous
gadolinium
enhancement

Homogeneous
type

Huy
homogeneous
gadolinium
enhancement

Homogeneous
type

T1:
hypointense
Tt
homogeneous
gadolinium
enhancement

Dorsal type.
TII:
hypointense
T2:
hypointense
gul
homogeneous
gadolinium
enhancement

Ventral type
Tl:
hypointense
T2:
hypointense
T3
homogeneous
gadolinium
enhancement

Ventral type
T1:
homogeneous
gadolinium
enhancement

Homogeneous
type

T1:
hypointense
T2:
hyperintense
T
homogencous
gadolinium
enhancement

Homogeneous
type

T2:
hypointense.
Ly
homogeneous
gadolinium
enhancement

Ventral type
T2:
hypointense
Tl:
homogeneous
gadolinium
enhancement

Dorsal type
T1: isointense
T2y
hypointense
T1;
homogeneous
gadolinium
enhancement

Homogeneous
type

Tl
homogeneous
gadolinium
enhancement

N/A

Dorsal type
T2:hypointense

Dorsal type
T1%
homogeneous
gadolinium
enhancement

N/A

N/A

Dorsal type
Tl:
homogeneous
gadolinium
enhancement

Homogeneous
type

T2:
hyperintense.
T3

Outcome

(After the

first treat-
ment)

Treatment

Decompression surgery N/A

Decompression surgery,
corticosteroids and
antituberculous

Improved

medication.

N/A Improved

N/A N/A

Corticosteroids,
methotrexate and

Improved

cyclophosphamide

Corticosteroids Improved

Decompression surgery | Improved

Corticosteroids and
cyclophosphamide

Improved

Decompression surgery
and corticosteroids

Improved

Corticosteroids Improved

Decompression surgery,
corticosteroids and
methotrexate

Improved

Decompression surgery,
corticosteroids and
antituberculous
medication

Improved

Decompression surgery
and corticosteroids

Improved

Decompression surgery,
corticosteroids and

Improved

cyclophosphamide

Decompression surgery Improved

Decompression surgery
and corticosteroids.

Improved

Decompression surgery
and corticosteroids

Improved

Decompression surgery  Improved

Decompression surgery N/A

Pleuro-pulmonary
(biopsy), corticosteroids
and rituximab

Improved

Corticosteroids and Improved

azathioprine

Decompression surgery,
corticosteroids and
rituximab

Improved/Died
from infection

Decompression surgery  Improved

and corticosteroids

Decompression surgery
and corticosteroids

Improved

Orbital biopsy and
corticosteroids

Improved

Decompression surgery
and corticosteroids

Improved

Corticosteroids Improved

Decompression surgery
and corticosteroids

Improved

Decompression surgery
and corticosteroids

Improved

Corticosteroids Improved

Corticosteroids

Improved

Decompression surgery
and corticosteroids

Improved

Decompression surgery  Improved

Decompression surgery,
corticosteroids and

Improved

rituximab

Corticosteroids and Improved

rituximab

Corticosteroids and
azathioprine

Improved

Recurrence
(During the follow-up

period)

N/A

At two months after surgery.

N/A

No

N/A

A mass of subcutaneous tissue on
the left side of the neck was
found at eight months after
surgery.

N/A

At three weeks after the first
surgery and two months after the
second surgery.

No

N/A

N/A

Recurred within two months of
the patient’s corticosteroid course

Recurrence after two months of
the patient’s corticosteroid course

No

Lietal
(40)

Sbeih et al.
(10)

Elmaci et
al. (41)

Woo et al.
(42)

Sharma et
al. (43)

Sankowski
et al. (44)

The
present
case

58
Female

24
Male

37
Female

62
Male

27
Male

56
Male

68
Male

43
Male

39
Male

T2-T7
(Intradural)

C7-T6
(Dural)

C2-T2/T3
(Epidural)

C4/Cs
(Intradural)

Cranial dura to C6
(Dural)

(Brain and orbits
involvement)

Foramen magnum down to
the C7
(Dural)

T9-T11
(Dural)

Ca-T2
(Epidural)

C5-T4
(Epidural and Intradural)

homogeneous
gadolinium
enhancement

Ventral type
Tl:
hypointense
T2:
hypointense
TI1:
homogeneous
gadolinium
enhancement

Dorsal type
Tl:
hypointense
T2:
hypointense
Tl:
homogeneous
gadolinium
enhancement

Dorsal type
T1: isointense
T2:
hypointense
Tl:
homogeneous
gadolinium
enhancement

Dorsal type
T1: isointense
T2:
hyperintense
Tiz
homogeneous
gadolinium
enhancement

Homogeneous
type

T1: isointense
T2: iso- to
hypointense.
uk
homogeneous
gadolinium
enhancement

Homogeneous
type

e
hypointense
T2:
hypointense
{5k
homogeneous
gadolinium
enhancement

Homogeneous
type

Tl
hypointense
T2
hypointense

Dorsal type
Tl:
hypointense
T2:
hyperintense

Homogeneous
type

EIf
hypointense
T2:T28
hyperintense
T3
homogeneous
gadolinium
enhancement

Decompression surgery. Improved /
Death from
infection after

recurrence.

Decompression surgery
and corticosteroids.

Improved

Decompression surgery. Improved

Decompression surgery,
corticosteroids,
antituberculous
medication and
azathioprine.

Improved

Decompression surgery,
corticosteroids,
azathioprine and
rituximab

Improved

Biopsy N/A

Decompression surgery
and corticosteroids

Improved

Decompression surgery
and corticosteroids

Improved

Decompression surgery,
corticosteroids and

Improved

antituberculous
medication

Recurrence after the first
postoperative year and at 3
months after the second.

Recurrence at two years after
surgery.

No

N/A
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Initial Treatment options after Results Presence of second recurrence a Results after

treatment recurrence after related treatment measures the second
pI’OIOC0| recurrence recurrence
treatment treatment
Choi Decompression Prednisone of 40 mg/d, lasting for Complete No Full remission
etal. surgery combined  one month, tapering to several remission
(11) with months; empirical antituberculous
dexamethasone medication
Ferreira  Decompression Decompression surgery. Partial Yes Partial remission
etal. surgery remission Decompression surgery. Eight weeks of oral
(22) corticotherapy (1 mg/kg/d) and weekly epidural
administration of methylprednisolone (80 mg/
week).
Cagao Corticosteroids Increase in steroids/corticosteroids Partial No. Full remission
et al. therapy (no dose (no details) remission
(33) details)
Slade Oral prednisone Decompression surgery; 11 courses Complete No Partial remission
etal. 40 mg/d for five of prednisone or methylprednisolone = remission
37) days Tapered;

intravenous administration of
rituximab of 375 mg/m” weekly for

four weeks.
Lietal Decompression Decompression surgery Partial Yes Died of infection
(40) surgery remission Methylprednisolone and cyclophosphamide after nine months.
treatment for one month
Elmaci Decompression Not reported Not reported No N/A.

etal. surgery
(44)
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The keyword combination was searched in Pubmed
(n=420), Embase (n=308), WOS (n=316) to obtain 1043
publications.

Removal of duplicates by endnote software 288
papers.

755 non-duplicated papers were included.

701 literature excluded by reading titles and

abstracts.

Preliminary inclusion of relevant
54 literature.

17 articles were excluded based on inclusion and
exclusion criteria.
® [gG4- gG4-related cranial pachymeningitis
(n=11)
® Inflammatory pseudotumor (n=6)

A total of 37 papers describing IgG4-RSP were included.
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Case 1

Case 2

Tumor
localization

Left parietal
lobe

Left frontal
lobe

Number and
extent of surgical

treatments for
HGG (time
relapse)

1. HGG resection
(STR)

2. HGG resection
after 5 months (GTR)

1. HGG resection
(GTR)

2. HGG resection
after 6 years (GTR)

Histological
examination

Glioblastoma WHO G
1V, IDH-wildtype,
MGMT promoter
hypermethylation

Anaplastic astrocytoma,
WHO GIII, IDH-mutant

Infectious complication/number of

surgical treatments for infectious

complications (etiology/antibiotic
resistance)

Osteomyelitis/4
Staphylococcus aureus/resistance to
clindamycin and erythromycin

Osteomyelitis/2

Staphylococcus aureus/not resistant
Pseudomonas aeruginosa/resistant to
piperacillin+tazobactam and ciprofloxacin
Klebsiella pneumoniae/resistant to
chloramphenicol and Biseptol)

ATB
treatment
(duration)

Biseptol
(680 days)
Cefuroxime
(60 days)
Linezolid
(21 days)
Ospamo
(23 days)

Biseptol

(60 days)
Ceftazidime
(14 days)

Outcome

disease-free
survival of
61 months

disease-free
survival of
152
months





OPS/images/fneur-13-1086591/crossmark.jpg
(®) Check for updates





OPS/images/fonc.2022.1072270/table1.jpg
Age (years)  Clinical Presenta- Dimension

Beltsucs Sex tion (cm)

Location Neuroradiological Findings FU(Months)

TI: hypointense

T2: hypointense
FLAIR: hyper/isointense
DWEI: no restriction

Rubiu et al. & Right arm and leg Heterogeneous CE
(Current 022 sempaicroet 31 Left tentorium CT scan: granular 5 None GTR Level 4
study) MR spectroscopy: NAA, Cho and Cr peaks

reduction

Cercbral Angiography
Total Body PET-CT scan negative for other

malignancies
£ :
M Left parietal None GIR  Leveld
46 o
M Right temporal None GIR  Leveld
59 Optic nerve dura None N
F mater
Tauziéde- 2oz 56 e— 228 mm Optic nerve dura T hysointense 86 months None PRI —
Espariat F (mean) mater T2+ hyperintense (median)
51
cs None  GIR  Leveld
M
52 A
3 Right occipital None  GIR  Leveld
46 Optic nerve dura -~ T
F mater
35 T1: hy e
Ding et al. 2020 Left leg claudication 6.3x7.4x5.4 Lateral Ventricle Lt Not known None GTR  Level4
M T2: hyperintense
59 Seizure 5 T1: hypointense
Chen et al. 2020 M Headache 1.3xLIx1L1 Right TP T2: hyperintense 6 None GTR Level 4
e |G B Right nose obseuction < o Right frontal cranial  T1: hypointense Bbinonm o | T
M Headache base T2: hyperintense
Altieri et al. 09 7 Incidental finding 39 Left tentorium Tl: hypointense Not known Not GTR  Level4
M T2: hyperintense known
: 0 : Right Meckel I hypointense STR
il I 201 Diple ki 4 1 4
Selbi et al o8 iplopia Not known & By 8 None L Lewd
» Vertigo
i Tinnitus a1 Right CPA CT: hyperdense 37 None  GIR  Leveld
Headache
3 Incidental finding 29 Right tentorium T1: hypointense 2 None  GIR  Leveld
M T2: hyperintense
58 E 1 . T1: hypointense
i Incidental finding 26 Right PL b a7 None  GIR  Leveld
48 T1: hypoint
by Diplopia 29 Right CS % h"’mf‘ nee 16 None GIR  Leveld
Lietal. 2018 + hyperintense
a1 . . T1: hypointense
by Right ON VI palsy 29 Right CS i 8 None  GIR  Leveld
i Left visual deficit 31 Left CS TLhypolnteise 33 None GTR  Level4
F T2: hyperintense
8 Left visual deficit 1 Left Sellar Region L Pypointense 7 None STR  Leveld
M T2: hyperintense
53 Tl: by it
Incidental finding 3 Falx Cerebri PPRIERe 5 None GIR  Level4
M T2: hyperintense
: Left CS )
= Bight vaoal Not known Sellar i hypoinense 12 None GIR  Leveld
¥ deterioration ; T2: hyperintense
Clival
% ke oE lowes Not known Tentorium oL :wc'fm"sf 12 None GTR  Level4
Titwetal 5 F extremities T2: hyperintense
51 Visual deterioration Sellar TI: hypointense
¥ Diplopia Not known Clival T2: hyperintense 2 None SIS e
19 T1: hypoint
Incidental finding Not known Not known ppolsense 12 None GTR  Leveld
o T2 hyperintense
36 Headache ” T1: hypointense STR
Xiofengetal. 2006 Dislops 5%6x6 Right CS T i 3 None 0 Leveld
3 T1: hypointense 2
Degidoetal. 2016} Hearing loss L4 Subtentorium bl o 2 None  GIR  Leveld
43 T1: hysointense Not
Calle etal. w6 Syncope L6 Falx Cerebri To g Not known e GTR O Leveld
16 Headache )
s I, 2 cs Progressive CE 6 None  GIR  Leveld
Headache
7 Right Blepharoptosis 3 cs Progressive CE 45 None GIR  Leveld
M Vision loss
He etal. 2014 Diplopia
18 Headache
P i E N T 1
: e sevre ol 3 cs rogessive C. 35 one  GTR  Leveld
» HEGA 2 cs Progressive CE 2 None GIR  Leveld
F Diplopia
4 2 i N
Lescheretal. 2014 2 Seizure Not known Falx Cerebri T hysointense Not known o GIR  Leveld
M Headache T2: hyperintense known
ot Visual deficit 32525 Sellar region T1: hypointense Deceased = GTR  Leveld
F T2: hyperintense
Sun etal. o ¥ Weakness of lower limbs ~ 4.2x4.6x5.7 Subtentorium T8 ypdioiense 12 None GIR  Leveld
M T2: hyperintense
77 Tl: It
Headache 16 x3.1x39 Left TL iy 12 None GIR  Leveld
M T2: hyperintense
52 T1: hypoint Not
Teranishi etal. 2014 Right eye visual deficit 2.3 cs i Not known o GIR  Level4
F T2: hyperintense known
2 Rulsisty sesoiben 5.5%5.57.7 S and Sellar region  T1: hypoint 3 N STR  Leveld
: e 5x5.5x7. and Sellar region  T1: hypointense one e
Lietal 2014 ” Hypophasia -
Hypomnesis 2503535 i T1: hysointense Not known GIR  Leveld
M known
Altered consciousness
62 Tl: hy e
Zhou etal. 2013 Seizure 37x35%35 Middle fossa Mg 7 None GTR  Leveld
M T2: hyperintense
" Weakness of both L T1: hypoint Not
Gouetal. 2013 cuness OLROMIONEr 4 2va6x57 Tentorium WEREIERE 12 © STR  Level4
M limbs T2: hyperintense known
:: Headache 1 Right CH T2: hyperintense 23 None GTR Level 4
Conneretal. 2012
i: ‘Headache 25 Falx Cerebri CT: heterogeneous CE 26 None STR Level 4
Right putamen -
Shinde et al. 02 @ Headsche 2 Lek bippocampus; L Jypolatense Deceased = AUT  Leveld
M Seizure T2: hyperintense
Optic nerve
- T1: hypointense
0 Incidental finding 3axdl Right TL it 6 None  GIR  Leveld
Shi et al. 2012
= Slandvion 28x25x12 Right sellar area L 2 None GTR  Leveld
F Diplopia T2: hyperintense
Zuetal. w2 @ Seizure 37:350 T M1 bypaiitenie Not known he GIR  Leveld
M T2: hyperintense known
53 Headache ¢ Not
Xuetal. w0 st 1 Sellar region Not known Not known v GTR Leveld
P tal wo P Hearing loss 07 1AM Not kn 6 N GIR  Leveld
epper et al. v gl : own one o
Chq i 50 ‘Headache T1: hypoi
sfeass 2009 sl 433 Falx Cerebri el 18 None GIR  Leveld
etal. M Seizure T2: hyperintense
Headache
Gasco et al. w09 B Blurred vision 44x3939 Left CH T1: hypointense Not known he GTR  Leveld
M Dizziness T2: hyperintense known
Abnormal gait
:":Iy“mdh' 2008 ;0 Headache 4x3 FL Not known Not known None GTR  Level4
Colmatetal 2008 Headache Not known Left CS T Eypouitenie 7 None GIR  Leveld
M T2: hyperintense
Karagama et al. 2005 :7 Hearing loss 1 IAM Solid 12 None GTR Level 4
Headache
Figueiredo 52 Diplopia T1: hysointense Not
2005 6 Right CS Not kn GIR  Leveld
etal. M Visual deficit ® T2: hyperintense ot known known e
Facial Numbness
Hearing loss Not
Kohanetal 1997  Notknown s Not known 1AM Not known 20 GIR  Leveld
Tinnitus known
Headache
Ravikumar 12 lopia Right
1996 Not kn Not knc 48 N ‘TR Level 4
etal. F Seizure Lo head of CN Lnann) L & &
Left hemidystonia
47 Tl: by 1te
Lach et al. 1994 Abnormal gait 27x2x2 Right PL Ypoliense 6 None GIR  Level4
M T2: hyperintense

CE, contrast enhancement; Cho, choline; CPA, cerebello pontine angle; CH, cerebral hemisphere Cr, creatine; CS, cavernous sinus; DWI, diffuse weighted imaging; GTR, gross total resection; FU, follow-up; IAM, internal acoustic meatus; MR, magnetic
resonance; NAA, N-acetyl aspartate; PET, positron emission tomography; PL, parietal lobe; R, recurrence; T, treatment; TL, temporal lobe; TP, temporal pole. CEBM, Oxford Center for Evidence Base Medicine.
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Surgical

PHS Long-term

Recurrence
outcome

Symptoms Approach Postop outcome Complication

removal

CN 11 palsy

Hies Headache, diplopia, Frontotemporal Right periorbital pain Complete right | ;| o overed, N | 6
Galbraith, 1 ] >ih | Subtotal meN - No
CN Il and V1 palsy craniotomy completely resolved days | VIdysfunction | months
1981 (14) palsy ;
resist
Tkezaki CN VI palsy
Pte 1| 14 4
etal, 1992 1 Left ON VI palsy gy >4h | Subtotal = No partially No
s approach days months
@15) recovered
Tatagiba Rightocular palsy,perorbical pain pain in | Pin compleel resved, 5 CNmply |
@al,2000 | 1 the right ON V1 branch, hypesthesia of the ] >4h | Subtotal  mode-rate hypesthesiaof | - disappeared No
craniotomy days months
an V2 oNv2 completely
Gharabaghi
ol oss | 1| Chronic hesdache, hypesthesia of the ight | Frontotemporal . - 5 . P
o CN V1and V2 craniotomy days
1
Bonde & T Btr we":’r 5 CN 'V palsy
Goel, 2008 | 1 | | "Semina neuragic pain, mi sbEmpa >4h | Total Pain completely resolved = recovered Syears | -
b hypoesthesia of the left CN V1 and V2 extradural days |
. approach partially
Ghagnt Double vision, CN Prerional Improvement of CN III >7 15
eal, 2010 1 b vision: erions >ih | Subtotal provementi No = Yes
b I palsy approach palsy days years
Endoscope-
Chiung Headache, diplopia, visual disturbance, CN | assisted right g E R
el 2012 | 1 >ih | Total Pain completely resolved = dysfunction 2years | No
I palsy frontotemporal days | P
(6) Z resist
craniotomy
Renetal, || Dissiness,right eye discomfort,sight fice | Fromotemporsl | o uo - B
2012 (1) numbness craniotomy days
; N VI palsy
Koroletal, | | o0 v paley Subtemporal s4h | Total = % 27 | partally B No
2014 (17) approach days
recovered
Ist op: lopia resolved in the v o
frontotemporal  >4h | Subtotal primary gaze but persisted | — ;7 E’l"g:“m N 2 years | ves
E-Kalliny craniotomy in the upward gaze £t nid
@al,1992 | 2 Diplopia, ON VI palsy o F—
as) op again resolved while diplopia >7
frontotemporal | >4h | Subtotal | | : - - - -
; in upward gaze remained days
craniotomy
unchanged
Headaches, diplopia, visual disturbance, Frontotemporal Improvement in visual >7
pain of CN V2, ON T1T and IV palsy craniotomy >ehy |l | iy - days | Lyean | e
Pamir etal, Perional Improvement of CN >7
2 - 4 h Total N - 1 N
2006 (19) approach 2 ol function Q days e | Ne
Vision blurred, hypesthesia of the left CN ot Improvement in all R 7 ONVpaly 2yeas | Mo
V1and V2 symptoms days | resist
NV pal
Headache, right CN Pain relieved, improvement 57 e
Total = recovered dyers | No
V palsy Of CN'V palsy days s
Wangetal, Frontotemporal paitilly.
2013 (9) craniotomy Pain relieved, improvement -
Headache, left CN 11T and V1 and V2 palsy Subtotal of CN Il and V1 and V2 - 5 = 3years | No
ohe ays
Headache, vision blurred, left CN IV and V Improvement of CN IV and >7
Total = = Syears | No
palsy V palsy days
Aseptic
; ;  meningitis -
Facial numbness or hypesthesia, absent R ol (1| Symptoms remined simiar | (108 Diplopia o
Zhouetal, | comeal reflx, diplopia temporal musce | RO Tea 09 700) S meningii | 27 temissionor | .
2018 (5) atrophy, CN 1T and V1 defici, trigeminal ntradural only ubtotal Improvement of CN CPUc meningitis g ON I palsy § ©
neuralgia Combagd a9 function (16.1%) £on recovered (36%) | Y
8 . ON Il palsy
(9.7%)
Endoscopic
This study I Intermittent pain in bilateral temples :::‘:’:j:lmm 3h Total Pain completely resolved No :hys No special lyear  No
approach

NC, number of cases; MOT, mean operative time; PHS, postoperative hospital stay; FU, follow-up; -, not mentioned.
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Patient

Age/gender

Primary
tumor site

Spinal
metastases

Interval
(from initial
diagnosis)

Histological
diagnosis (WHO
CNS5)

References

1 29/M L lateral ventricle Diffuse 3 years Grade 2,0G NOS Beck and Russell (7)

2 42/M R frontal Diffuse Post-op Grade 2,0G NOS Beck and Russell (7)

3 6.5/F R frontal Diffuse 3 months Grade 2, 0GNOS Beck and Russell (7)

4 38/M R temporoparietal Diffuse 6 years Grade 3, 0G NOS Trowbridge (8)

5 30/M R frontal Cauda equina 5 years Grade 3,0G NOS Strang and Nordenstam

©)

6 43/F L frontal T3-T5 7 years Grade 2, 0G NOS Reggiani (10)

2 27/F R frontal Diffuse 6 months Grade 3, 0G NOS Voldby (11)

8 11/M Third ventricle C1-Cs, 2 years Grade 2, 0G NOS Arseni etal. (12)
ekstramedullary

9 39/M R temporal T1-T3 15 months Grade 2, 0G NOS Arseni etal. (12)

10 13/F R parietal T6-T8, 8 months Grade 2, 0G NOS Van Velthoven etal. (13)
intramedullary

11 40/M L temporal T11, extramedullary 6 years Grade 2, 0G NOS Wallner et al. (14)

12 61/F L frontal Diffuse 20 months Grade 3, 0G NOS Ngetal. (15)

13 49/M R/parietal C7-T2, 14 months Grade 2, 0G NOS McBryde et al. (16)
intramedullary

14 67/F L lateral ventricle Cauda equina Synchronous Grade 3, 0G NOS Natale etal. (17)

15 40/M R frontal Diffuse 1 year Grade 3, 0G NOS Ozisik etal. (18)

16 73/F Cerebellar C2-C4, 18 months Grade 3, 0G NOS Oshiro etal. (19)
intramedullary

17 37/M L. frontoparietal TI12-L1, 4 years Grade 3, 0G NOS Elefante et al. (4)
intramedullary and
nerve roots,

18 46/M L frontal TI2-L1, 2 years Grade 3,0G NOS Carrizosa et al. (20)
intramedullary and
nerve roots

19 S55/F L frontal T11-L1, 3 years Grade 3 OG, IDH-mutant, Present case
extramedullary, 1p/19q-codeleted
cauda equina

0G, oligodendroglioma; NOS, not otherwise specified.
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Proteasome inhibitors Bortezomib Poor Ineffective

Carfilzomib Poor No data

Ixazomib Poor No data

Marizomib Good Effective in case reports
Immunomodulatoryimide drugs Lenalidomide 40% Effective

Pomadolide 11% Effective
Anthracyclines Polyethylene glycol liposome doxorubicin | No data Effective in case reports
Monoclonal antibodies Daratumumab Good Effective

Isatuximab No data No data

Elotuzumab No data No data
Selective nuclear export inhibitors | Selinexor Good Effective

Intrathecal therapy

Effective for leptomeningeal infiltration

‘Whole-brain irradiation

Effective but limitation due to its toxicity

Autologous hematopoietic stem cell transplantation
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No.  Author and Age Primary MGMT IDH-1/2  Adjuvant  Interval time 1 Scalp Connected with Other sites of  Interval time 2

year (years)/ location  methylation ~ mutation therapy (months) metastases  intracranial tumor? metastasis (months)
sex localization
1 Xing-Zhao Luan, 47/M R - - Chemo/ i R parietal No Bone, liver, and lung 5
2021 (13) temporoparietal radiation
occipital
2 Clara Bl Nakib, SYM Rintemal NS - Chemoradiation n The front of the  No NS 4
2022 (3) capsule/ Rear
thalamus
3 JingLiv, 2020 46M L temporal - = Chemo/ 6 L frontal and No Lungs, pleural area, 1
(14) radiation temporal Iymph nodes, et al.
4| T.Capion, 2019 55M R parieto- - - Chemo/ 6 Rtemporaland  Yes Lung and lymph 2
© occipital radiation parietal nodes
5 | DorteSchou 62M L parietal - + Chemo! 5 L occipital No NS 10
Noroxe, 2019 (15) radiation
6 Natalia Frade 72M | Rtemporal NS - Chemo/ 5 R temporal No Temporal muscle, NS
Porto, 2019 (16) radiation Iymph nodes
7 Jordi Pérez-Bovet, 63/F R frontoparietal  + NS Chemo/ 6 R temporal, L Yes NS 4
2018 (7) radiation parietal
8 | Bella Nguyen, 6M  Lfrontal Ns - Chemo/ 9 Parietal No NS 5
2018 (17) radiation
9 Tiara M. Forsyth, S9/F L - - Chemo/ 6 Frontal Yes NS 35
2015 (8) frontotemporal radiation
10 Anghileri Elena, 30M L parietal - - Chemo/ 72 Parietal Yes Neck, lung 7
2016 (9) radiation
11 Anghileri Elena, 4M L frontal - NS Chemo/ 23 Parietal Yes NS 3
2016 (9) radiation
12| Daniel T. Ginata, 62M L frontal + Ns Chemo/ 10 L frontal Ns NS 1
2013 (12) radiation
13 Ignacio Jusué 63/F R frontal Ns Ns Chemo/ 6 L frontal Yes Ns Ns
Torres, 2011 (10) radiation
14| Rebecca Senetta, 48/F R frontoparietal NS NS Chemol i Parietal No NS 3
2009 (18) radiation
15 Rebecca Senetta, SHF L frontal Ns Ns Chemo/ 9 L parietal No NS 6
2009 (18) radiation
16 Mark S8/F L frontal NS NS Chemol 16 L frontal No NS NS
Mentrikoski, 2008 radiation
19)
17| AliG. Saad, 2007 1M Lfrontal Ns Ns Chemo/ 6 L temporalis Yes Liver, lung 4
an radiation
18| Stacey Schultz, T4IE L temporal NS NS Radiation 12 L parietal No NS 1
2005 (20)
19 RS Allan, 2004 60M | L frontal NS NS Radiation 12 L frontal No NS 2
@
20| N.Jain, 2005 (22) oM R Ns Ns Radiation 10 R No NS 2
temporoparietal temporoparietal
21| Patricio Figueroa, 34M L thalamus NS NS Radiation 7 Frontal No NS 4
2002 (23)
22 Stephen C. 19M L parietal NS NS Radiation 10 Occipital No Supraclavicular node 7
Houston, 2000 mediastinum
(24)
23 Stephen C. 2M | L temporal NS NS Chemo/ 6 1L frontal No Lung, liver 7
Houston, 2000 radiation
(24)
24 PawoA. 26/F R temporal Ns Ns Radiation Ns R temporal No Ns Ns
Carvalho, 1991
(25)

MGMT, the O-6-methylguanine-DNA methyltransferase; IDH, socitrate dehydrogenase; Interval time 1, time from diagnosis of GBM to the discovery of scalp metastasis; Interval time 2, survival after diagnosis of scalp metastasis in months; R, rights L lef;
NS, not stated or not known.

L male; F, female;
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Authors/ gl = T2- Gd-DTPA Involvement Bone

year . weighted weighted Destruction
imaging imaging Qavernous Interr?al Optic The Third
Sinus Carotid Pathway Ventricle
Artery

Ho et al./1982 1 N.A. NA. N.A. Right N.A. N.A. N.A. N.A.
Steel et al./1993 2 Isointense NA. Enhancement | Left Encasement N.A. N.A. NA.

3 NA. NA. Enhancement | Bilateral Encasement N.A. NA. NA.
Scheithauer et 4 N.A. NA. N.A. N.A. N.A. N.A. N.A. NA.
al/1996
Noble et al./ & Isointense Hyperintense Enhancement | Bilateral Encasement Yes Yes Yes
1997

6 N.A. NA. Enhancement | Right Encasement Yes No NA.
Mokry et al./ 7 Isointense Hyperintense Enhancement = No No Yes No No
1998
Del Basso De 8 NA. NA. N.A. Left NA. N.A. Yes N.A.

Caro et al./1998

Sambaziotis 9 NA. NA. N.A. N.A. NA. N.A. NA. NA.
et al/1999
Salame et al./ 10 Isointense Hyperintense Enhancement | Left Encasement Yes Yes No
2001
Laquis et al./ 11 N.A. NA. Enhancement = Bilateral Encasement Yes No Yes
2001
Hertel et al./ 12 Isointense Hyperintense Enhancement | Bilateral Involvement Yes Yes Yes
2003
Arkha et al./ 13 NA. NA. N.A. N.A. NA. N.A. N.A. NA.
2003
Riopel et al./ 14 Isointense NA. Enhancement = No No No No Yes
2004
Zorlu et al./ 15 N.A. N.A. Enhancement =~ N.A. NA. N.A. N.A. N.A.
2005
Naggara et al./ 16 Isointense Hyperintense Enhancement = No No Yes Yes No
2005
Boari et al./ 17 N.A. N.A. Enhancement =~ No No Yes No No
2006
Peltier et al./ 18 N.A. N.A. Enhancement  Left Encasement NA. NA. N.A.
2007
Sinha et al., 19 N.A. N.A. Enhancement = N.A. N.A. No No No
2008
Ozum et al./ 20 N.A. N.A. N.A. Bilateral Encasement No No Yes
2008
Lu et al./2009 21 N.A. Hyperintense Enhancement  Right Encasement Yes Yes No
Haresh et al./ 2 Isointense Hyperintense ~ Enhancement Bilateral Encasement Yes Yes No
2009
Albert et al./ 23 N.A. Hyperintense N.A. Left Encasement NA. NA. N.A.
2011
Do Nascimento | 24 N.A. N.A. Enhancement  Bilateral Encasement Yes Yes No
et al./2012
Chaudhry 25 Isointense Hyperintense Enhancement  Bilateral Encasement Yes No Yes
etal./2013
Karlekar et al./ 26 NA. NA. Enhancement ~ N.A. NA. Yes Yes No
2018
Lyne et al /2019 | 27 N.A. N.A. N.A. Bilateral Encasement Yes No Yes
Tan et al./2019 28 N.A. N.A. Enhancement  Right Encasement Yes No No
29 N.A. NA. Enhancement  Bilateral Encasement Yes No No
Schueth et al./ 30 N.A. Hyperintense N.A. No No No No No
2020
Vasoya et al./ 31 N.A. N.A. Enhancement  Bilateral Encasement Yes Yes No
2020
32 NA. NA. Enhancement  Bilateral Encasement Yes Yes No
Stojanoski 33 Isointense Hyperintense  Enhancement  Bilateral Encasement No No No
etal./2021
Ghaisas et al./ 34 N.A. N.A. Enhancement =~ N.A. N.A. Yes Yes No
2022
Present Case 35 Isointense Heterogeneous  Enhancement  Right Encasement Yes Yes No

N.A,, not available.
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Authors/year Gender Onset Symptoms Duration = Treatment Follow-up Outcome
period
Ho et al./1982 (7) 1 Male 65 Headache and VD N.A. Surgery and RT 4 months Stable
Steel et al./1993 (8) 2 Female 44 Headache 3 years Surgery and RT 1 year Stable
3 Female 41 Headache, nausea and N.A. Surgery and RT 1 year Stable
vomiting (50Gy)
Scheithauer et al./1996 4 Male 14 Headache 3months  Surgeryand RT | 7 years Recurrence
(9) (45 Gy/28
fractions)
Noble et al./1997 (10) 5 Male 71 VD N.A. Surgery N.A. N.A.
6 Male 14 headache NA. Surgery NA. NA.
Mokry et al./1998 (11) 7 Female 76 VD 6 months Surgery NA. NA.
Del Basso De Caro 8 Male 84 MD 2months  Surgery 1 year Stable
etal/
1998 (12)
Sambaziotis et al./ 9 Male 54 VD NA. Surgery N.A. NA.
1999 (13)
Salame et al./2001 10 Female 48 Headache and VD N.A. Surgery NA. NA.
(14)
Laquis et al./2001 (15) 11 Female 15 Headache, exophthalmos N.A. Surgery and RT NA. NA.
and VD
Hertel et al /2003 (16) | 12 Female 51 Headache and facioplegia  N.A. Surgery and RT 3 months Stable
Arkha et al./2003 (17) 13 Female 58 VD and exophthalmos N.A. Surgery N.A. N.A.
Riopel et al./2004 (18) = 14 Male 66 Headache and VD N.A. Surgery NA. NA.
Zorlu et al./2005 (19) 15 Male 37 VD 1 year Surgery 20 months Tumor shrinkage
Naggara et al/2005 16 Male 47 MD and VD NA. Surgery NA. NA.
(20)
Boari et al./22006 (21) 17 Male 52 Headache NA. Surgery 3 years Stable
Peltier et al./2007 (22) 18 Female 51 Headache, VD and N.A. Surgery and RT N.A. N.A.
oculomotor palsy (45Gy)
Sinha et al./2008 (23) 19 Male 18 Headache and VD 2 months Surgery and RT 4 months Metastasis
Ozum et al./2008 (24) 20 Male 70 Headache N.A. Surgery and RT N.A. N.A.
(50Gy)
Lu et al./2009 (25) 21 Male 81 Headache and VD 3 weeks Surgery 4 months Death
Haresh et al./2009 22 Male 17 Headache and VD 2 months Surgery and RT 4 months Metastasis
(26) (50 Gy/25
fractions)
Albert et al./2011 (27) 23 Male 63 Exophthalmos 5 years Surgery and RT 6 weeks Stable
Do Nascimento et al./ 24 Female 33 Headache and VD NA. Surgery NA. NA.
2012 (28)
Chaudhry etal/2013 25 Male 44 Headache and VD 1 year Surgery 20 months Tumor shrinkage
(29)
Karlekar et al./2018 26 Male 19 VD NA. Surgery and RT | 1 year Stable
(30)
Lyne et al./2019 (31) 27 Female 73 Headache and VD N.A. Surgery 6 months Stable
Tan et al./2019 (32) 28 Female 40 VD and headache 1 month Surgery and RT 8 months Recurrence
(50 Gy/28
fractions)
29 Female 59 SIADH NA. Surgery 3 months Stable
Schueth et al./2020 30 Male 81 VD and MD 2 years Surgery 2.5 years Stable
(33)
Vasoya et al./2020 31 Male 13 Headache and VD 6months  Surgery and RT | 4 years Tumor shrinkage
(34) (50 Gy,25
fractions)
32 Male 20 VD 3months | Surgeryand RT 8 months Tumor shrinkage
(40 Gy,20
fractions)
Stojanoski et al./2021 33 Male 31 Headache and nausea 2 months Surgery and RT 10 years Recurrence and
(35) (48 Gy.24 metastasis
fractions)
Ghaisas et al./2022 34 Male 20 Headache and VD 2 years Surgery and RT | 3 years Tumor shrinkage
(36) (40 Gy/20
fractions)
Present Case 35 Female 70 Headache and VD 3 years Surgery 8 months Stable

VD, visual deficit; MD, mental disorder; SIADH, syndrome of inappropriate antidiuretic hormone secretion; N.A., not available; RT, radiation therapy.
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» 49-year-old male presented to our institution

* He underwent resection and was diagnosed with WHO grade 3
anaplastic oligoastrocytoma, IDH1 mutated, 1p19q intact

 Patient underwent biopsy for suspected recurrence

 Biopsy showed a diagnosis of WHO grade 4 IDH1 and IDH2 mutant
diffuse astrocytoma

* Year of death

2021
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Date Before

parameters admission

Intracranial >330 mmH,0 >330 mmH,0 >330 mmH,0 >330 mmH,0 >330 mmH,0
pressure

White blood cells 2 96 7 6 1

(0-8)

Protein (8-32 440 367 343 367 353
mg/dL)

Glucose (2.5-4.5 3.68 329 303 324 102
mmol/L)

Chlorine (120-132 107 932 92.5 95.6 102.1
mmol/L)

Cytology - Abnormal cerebrospinal fluid Abnormal CSF cytology, - Abnormal cerebrospinal fluid

cytology with mixed
cytological reaction. 36%
lymphocytes, 31%
neutrophils, activated
‘monocytes: 9%

activated monocytosis, 9%
neutrophils seen, activated
monocytes 59%

cytology with mixed
cytological reaction.
Lymphocytes 36%,
neutrophils 28%, activated
‘monocytes 20%
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Case Age/ GBM Involved Tx for primary GBM Interval ENM  Tx after ENM Interval from Interval from

No. Sex location  sinus from GBM sites GBM to ENM to
(ref.) to ENM death (mos) death (mos)
(mos)
1(18) 51/ Left P SSS Radiochemotherapy 24* Lung, Radiation & 25 1
Male pleura, rib  chemotherapy with
TMZ
2 (18) 30/ Left F 88 Radiochemotherapy 7 Temporalis ~ Re-irradiation & 28 21
Female muscle, L5 chemotherapy with
body BEV+IRR
3(19) 29/ Right T-P TS Radiochemotherapy, Re- 22 Lung Chemotherapy with 35 13
Female irradiation for recurred BEV and
lesion carboplatin, VP
shunt
4 (Our 60/ Left T-P TS & SS Radiochemotherapy, Re- 9 Multiple Palliative radiation 12 3
case) Male irradiation & metronomic lymph treatment
TMZ for recurred lesion nodes &
bones

BEV, bevacizumab; ENM, extraneural metastasis; F, frontal; GBM, glioblastoma; IRR, irrinotecan; mos, months; P, parietal; SS, sigmoid sinus; SSS, superior sagittal sinus; T-P,
temporoparietal; TMZ, temozolomide; TS, transverse sinus; Tx, Treatment; VP, ventriculoperitoneal.

“From diagnosis of glioblastoma initially diagnosed as mixed glioma 5 years ago.

IL5 body metastasis was detected 25 months after initial glioblastoma.





