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Patients were chosen from an IRB-approved prospective 

observational cohort and retrospectively analyzed. Patients with 

radiographically or histopathologically confirmed meningiomas treated with 

salvage Gamma Knife radiosurgery (GKRS) therapy using the frameless, 

mask-based fixation method were included in this study ; a parallel frame-

based cohort was analyzed for reference. Clinical, treatment, and outcome 

data were abstracted from the electronic medical record. Local control was 

defined as absence of in-field or marginal progression (≤2 cm from the 

prescription isodose line). Progression-free survival (PFS) was measured 

from GKRS to intracranial progression or death and estimated using 

Kaplan-Meier methods. Factors associated with local control and PFS were 

evaluated using multivariable Cox proportional hazards models. Secondary 

outcomes included treatment-related toxicities such as radiation necrosis, 

seizures, and visual complications.

Methods and Materials

Frameless, mask-based GKRS used in the salvage setting provides 

excellent local control and progression-free survival outcomes for 

intracranial meningiomas, with low toxicity rates comparable to traditional 

frame-based fixation. These findings support frameless GKRS as a safe, 

effective, and patient-centered salvage treatment option, particularly given 

its workflow efficiencies and suitability for fractionated treatments.

Conclusions

• 89 lesions undergoing frameless mask-based fixation, and 53 lesions 

undergoing frame-based fixation were included

• Median follow-up time for the frameless cohort was 45.6 months and 

75.0 months for the frame-based cohort

• 1-, 3-, and 5-year PFS was 97,4%, 80.9% and 64.9% respectively for  

the frameless cohort and 98%, 75.3%, 68.0% respectively for the 

frame-based cohort

• 1-, 3-, and 5-year local control was 97.5%, 82.6% and 77.0% 

respectively for  the frameless cohort and 98.0%, 78.9%, 73.5% 

respectively for the frame-based cohort

• Toxicity rates were low and comparable between frame-based and 

frameless GKRS

• Cox regression analyses identified tumor grade II/III as the only 

significant multivariable predictor of PFS

ResultsIntroduction
Traditional GKRS relies on rigid, pin-based stereotactic frames for 

immobilization, which can be uncomfortable and limit fractionated 

treatment.1 The LGK Icon enables frameless, mask-based delivery with 

improved comfort, workflow, and support for fractionation.2,3

 This represents the largest study to date evaluating long-term 

outcomes of frameless GKRS as salvage treatment for meningioma.
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Long-Term Outcomes Using Frameless Immobilization in Salvage Gamma Knife Radiosurgery for 

Meningioma

Objective
The objective of this study was to evaluate oncologic outcomes from 

frameless, mask-based salvage Gamma Knife radiosurgery (GKRS) 

treatment for intracranial meningiomas.
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Table 1. Baseline characteristics of patients undergoing fixation with the 

frameless mask-based and the frame-based techniques

                                                          
      

                 
                 

                                                              
              

                     
                      
                     

                                
                                         
                      

                   
                   

                                                         
                        

                
                  
                  
                  
                  
                
                

                         
                  
               

                                                             
                 

                              
                          

                       
                                                                        

Figure 1. Kaplan-Meier curves for frameless cohorts showing local control 

(1a) and progression free survival (1b) 

Table 2. Summary of 1-, 3-, and 5-year outcomes after GKRS by fixation 

method

Table 3. Toxicity profile after GKRS by fixation method
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