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Abscopal effect leading to complete disappearance of extensive meningiomatosis after gamma knife radiosurgery: Case report
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Background and Importance: The abscopal effect is partial or complete tumor response in a separate site that was not the target of prior local treatment. There have been only 50 well-documented cases from 1960 to 2014. Our case is the first one of presumed low-grade meningioma demonstrating a possible response via the abscopal effect after single-fraction stereotactic radiosurgery.



Clinical Presentation: A case of a 70-years-old female with extensive intracranial meningiomatosis who had complete disappearance of all tumors after gamma knife radiosurgery targeting the right petroclival part of the tumor. She had complete resolution of her symptoms, which included hearing loss, headache, ataxia and dysphagia.



Conclusion: The abscopal effect is an extremely rare phenomenon after local radiation therapy of a remote tumor. Our case demonstrates that this can occur in remote meningiomas after single fraction GKRS of a different tumor.
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Introduction

The therapeutic effect of radiation on tumor is complex and involves many different mechanisms, which include apoptosis due to direct and indirect DNA damage, mitotic catastrophe leading to cellular senescence, lipid peroxidation and iron-dependent cell death, among others (1). Radiation can also induce an immune-mediated response in the irradiated tumor, that can be amplified with concurrent immunotherapy. A phenomenon called the abscopal effect has been described as a rare occurrence after radiation therapy. This is defined by partial or complete tumor response in a separate site that was not the target of prior local treatment. It was first described by Mole in 1953 (2) and there has been only 50 well-documented cases from 1960 to 2014 (3). The exact reason behind this effect is not known with certainty yet, but most authors believe remote activation of immunological pathways have an important role. In this article, we are reporting the case of a patient with extensive intracranial meningiomatosis who regressed completely after partial treatment with radiosurgery, likely due to abscopal effect. The patient consented to this report.



Case presentation

A 70-years-old female was referred to our department for extensive intracranial meningiomatosis involving the skull base and falx. She was known for a history of multiple venous thrombosis and was under lifetime anticoagulant therapy. She had initially presented 10 years before with subjective left side hearing loss, occipital headache, and balance problems, which recently worsened to require the use of a walker. She started to experience dysphagia in the past year. On physical examination, she had truncal ataxia and reduced hearing on the left side, with reduced gag reflex. She did not have any other focal neurologic deficit. No audiogram was available to confirm hearing loss. Her MRI showed extra-axial mass lesions involving bilateral petroclival regions, cavernous sinus, planum sphenoidale and falx with broad dural contact. Those lesions were isointense on T1 and T2/FLAIR sequences and demonstrated avid homogeneous enhancement after gadolinium injection. No brain edema was present. They had slowly progressed over many years, now causing significant brainstem compression (Figure 1). The differential diagnosis of extensive skull base tumors includes meningiomas, hemangiopericytomas, chordomas and chondrosarcomas, among others. However, those specific imaging findings combined with the long-term progression were deemed most compatible with a diagnosis of extensive en plaque benign meningiomas. She had previously declined whole-brain radiation therapy that was offered in another institution and did not want to attempt surgical resection or biopsy due to her comorbidities and resultant surgical high risks. She never received any corticosteroids, as there was no edema on imaging, and it was felt that chronic administration would have led to significant risks of toxicity.


[image: Figure 1]
FIGURE 1 | MRI sequences demonstrating typical appearance of extensive skull base meningioma (upper row left: T1 without contrast, upper row right: T2, lower row: T1 with contrast).


The patient was reviewed at our multidisciplinary neuro-oncology tumor board. We elected to perform volume-staged gamma knife stereotactic radiosurgery (GKRS) instead of other conformal radiation techniques because we felt that in view of the large tumor volume and critical structure involvement, this would be the best way to minimize radiation exposure to normal neural tissue. We initially targeted the right petroclival tumor which was causing most of the brainstem compression. The goal of the procedure, as agreed with the patient, was to try to stabilize her symptoms and prevent any further deterioration. We were planning to target the left petroclival tumor 6 months later if the patient did not present any morbidity from the first session. Using Leksell Gamma Knife Perfexion (Elekta AB), a total of 41 isocenters were used to generate the treatment plan. The total treatment volume was 14.4 cc and a prescription dose of 12 Gy was delivered on the 50% isodose line (Figure 2).


[image: Figure 2]
FIGURE 2 | Leksell gamma plan snapshot of the radiosurgery plan.


The clinical condition of the patient gradually improved starting at 3 months following GKRS. At 6 months, she had complete resolution of dysphagia and reduction of ataxia and headaches. At that time, a follow-up (FU) MRI demonstrated complete disappearance of all meningiomas, even outside of the radiation field. The other GKRS stages were thus cancelled, and the patient has been followed clinically and radiologically since. At 12 months, headaches had resolved. She still had mild ataxia but was walking independently without her walker. All her residual symptoms completely disappeared at 24 months after GKRS. No side effect or toxicity occurred after the procedure. At the last FU, 52 months after GKRS, the patient still has no residual symptom, walking independently without any aid, and complete tumor response is maintained on MRI (Figure 3).


[image: Figure 3]
FIGURE 3 | Contrast-enhanced T1 MR images at the time of radiosurgery (left column), at 6 months follow-up (middle column) and at 52 months follow-up (right column).




Discussion

In this article, we described a patient with complete disappearance of an extensive skull base and falx meningiomatosis after treatment of only a part of the tumor via GKRS. We believe the most likely explanation for this outcome is via the abscopal effect.

The abscopal effect is defined as a partial or complete response of a remote tumor as result of local therapy of a separate distinct tumor, most commonly radiation therapy. The dominant hypothesis is that local therapy activates a systemic immune response that then is effective against the remote lesion. The proposed immunological pathway is that radiation-induced cell death leads to antigen release from the tumor cells which then activates remote T-cells against those (4, 5). Also, radiation induces cytokines such as interferon 1 and 2 that further augment the immunological effect (6, 7). No study has demonstrated that the specific radiation technique (single fraction radiosurgery vs. fractionated) has an impact on the occurrence of abscopal effect. In a preclinical study, tumors with P53 germline mutation were more associated with the occurrence of post-radiation abscopal effect (8), so this might also be influenced by genetic predisposition.

The abscopal effect is rarely reported in CNS tumors, especially in meningiomas. This might be due to the CNS being considered as a sanctuary site escaping from the immune system. So far, there has been only one other case of suspected abscopal effect in meningioma reported in the literature (9). Golub et al. reported an 84-years old male patient who was treated with fractionated radiotherapy for an atypical meningioma (9). He also had another meningioma that was not included in the radiation treatment field. On follow-up serial annual MRI, complete response of the treated tumor was seen, along with complete regression of the untreated lesion. In this case, the abscopal effect could be postulated to be related to the atypical grade of the tumor, as higher-grade tumors might yield a stronger immune effect when exposed to radiation (10). Our case is the first one of presumed low-grade meningioma demonstrating a possible response via the abscopal effect after single-fraction stereotactic radiosurgery. Beside an immunologic response, other systemic factors could play a role in inducing response in untreated tumors. Meningiomas are known to have progesterone receptors which could explain spontaneous tumor regression in post-menopause women. Also, some authors have suggested that microvasculopathy could play a role in tumor rapid response in diabetic patients (11, 12). However, those mechanisms are unlikely to have been involved in our patient, who was treated well after her menopause and was not diabetic. The main limitation of our report is the lack of histopathologic confirmation of tumor histology before GKRS. However, the differential diagnosis of extensive slow-growing skull-base and falx extra-axial tumors is limited. Meningiomas are the most common, but hemangiopericytomas, mesenchymal tumors and low-grade lymphocytic and histiocytic tumors can also occur. Nevertheless, such pathologies also would not be expected to show complete disappearance of all lesions after only partial coverage via GKRS. As such, we believe the abscopal effect remains the most likely explanation for our patient evolution.



Conclusion

The abscopal effect is an extremely rare phenomenon after local radiation therapy of a remote tumor. Our case demonstrates that this can occur in remote meningiomas after single fraction GKRS of a different tumor.
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