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Recurrence is an inevitable fate in GBM patients 

preop 

Maximal safe resection 
+ adjuvant CCRT + TMZ 

Postop 
7m 
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The dilemma of treating glioma 

• The paucity of agents that effectively cross the BBB 

• The relative lack of ”easy” targets such as BRAFV600E 
mutations 

• Redundant signaling pathways 

• Tumor heterogeneity 

 

• Immunosuppressive “cold” tumor microenvironment 
• A paucity of neoantigens (low mutation burden) 

• A paucity of tumor infiltrating lymphocytes (TIL) 

• Active inhibition: TGF-𝛽, IL-10, PGE2 

• Recruit suppressive myeloid cells and Treg, exhaustion of TILs 

• Systemic immunosuppression: depleting and sequestering T 
lymphocytes in the bone marrow  
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FUS-BBBO is focal, transient and reversible 
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Low-pressure pulsed MBFUS may promotes 
anticancer immunological response 



Implanted 
ultrasonic device 
(Carthera®, Sonocloud) 

• Phase 1/2a clinical trial 

• 2014~2016, 15 rGBM patients, 41 
sonications 

• Up to 1.1 MI (1MHz probe provide 
1.1 MPa); Microbubbles: 0.1 mg/kg 

• US followed by systemic 
carboplatin 

• Radiologically BBBO > 0.8 MPa 
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MR-guided FUS 
(Insightec®, Exablate) 

• Phase 1 clinical trial  

• 2015~2017, 5 rGBM patients, 18 
sonications  

• 4-15 W, with real-time acoustic 
feedback control; Microbubbles: 4 
μl/kg 

• FUS followed by systemic 
temozolomide or IV doxorubicin 

• Radiologically BBBO in all subjects 
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Wei et al. Am J Neuroradiol 34:115-120 Jan 2013 

89 



90 

Navigation-guided FUS 
(NaviFUS®, NaviFUS) 
• Phase I clinical trial 
• 2018~2019, 6 rGBM, 6 sonications at 1 

week before their scheduled surgical 
resection  

• Dose escalation: 0.48, 0.58, 0.68 MI 

Chen et al. Sci. Adv. 2021; 7: eabd0772 
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Target at peritumoral regions (3.85cm from inner skull) 
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Immune cell infiltration in human tissues 7 days after FUS treatment 

Chen et al. Sci. Adv. 2021; 7: eabd0772 

No immunological response 
by examined the resected 
FUS-targeted tissues. 
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A parallel design of immunostimulatory effect in animal model 

Chen et al. Sci. Adv. 2021; 7: eabd0772 

An increment of CD4+ and CD8+ 
T cells was found 7 days after 
FUS with 0.81 MI but not 0.63 
MI (comparative to human 0.68 
MI) in animal model 



Conclusions 

• Neuronavigation-guided focused ultrasound has been 
safely and precisely applied to patients with recurrent 
GBM. 

• A dose-dependent BBB-opening effect has been 
observed which reverted to baseline within 24 hours. 

• No immunological response was observed clinically 
under the applied FUS level in humans 

• A higher level FUS energy in animals resulted in 
immunostimulation, as confirmed preclinically by the 
recruitment of lymphocytes into the tumor 
microenvironment in a rat glioma model.  

95 



2021 Impact factor: 14.980 

96 



魏國珍教授 劉浩澧教授 陳品元教授 黃瓊瑩博士 

致謝 

超音波實驗室（劉浩澧教授） 

許博泓博士 
蔡至洪博士 
林佳蓉碩士 
柴雯燕博士 
陳如玉研究助理 

腦瘤基礎實驗室（魏國珍教授） 

陳品元醫師 
蔡宏杰醫師 
盧郁仁醫師 
林亞銳醫師 
黃瓊瑩博士、陳家樺博士 
研究助理：黃佳文、吳泰瑋、 
麗瑛 

臨床腦瘤團隊 

莊啟政主任 
徐鵬偉主任 
李丞騏醫師 

97 


