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This ar�cle outlines and reports on the preliminary results of frac�onated proton beam radia�on therapy 
(FPRT) to 50.4 to 54 Gy cobalt-gray equivalent (CGE) in 1.8 CGE frac�ons for acous�c neuroma/ves�bular 
schwannoma in a prospec�ve Phase 2 trial where the primary end point is serviceable hearing 
preserva�on.1 This is a �mely trial given the increasing popularity of proton therapy over the past 
decade, resul�ng in a substan�al increase in proton centers in the United States over that �me period2,3 
and the poten�al increased use of protons for benign tumors such as ves�bular schwannoma. 

Most noteworthy from this trial is the fact that the audiometrically assessed serviceable hearing 
preserva�on at 1 year a�er FPRT is 53%, which has thus far failed to achieve the predetermined goal of 
improving the 65% hearing preserva�on rate established by conven�onal photon radia�on therapy4-7 to 
80% at 5 years. This rate of hearing preserva�on is also inferior to previous Gamma Knife radiosurgical 
reports involving audiometric evalua�on.8,9 These findings are par�cularly striking given that no pa�ents 
in this study had neurofibromatosis type 2, which has been well-documented to adversely affect hearing 
preserva�on a�er conven�onal radia�on therapy.6,10 

Although the final 5-year results from this study remain pending, the current findings are consistent with 
previous literature indica�ng that despite the steep falloff superiority between target and normal �ssue 
provided by protons (with reduced integral dose), normal intracranial �ssue adjacent to the target 
(which in this case include the displaced VII and cochlear nerves and uninvolved ves�bular branch) may 
receive a higher biologically equivalent dose in proton therapy because of an end-range increase in 
radiobiological effec�veness (RBE) above the value of 1.1 recommended by the Interna�onal 
Commission on Radia�on Units and Measurements for clinical use.11 This factor may have contributed to 
the poor hearing preserva�on (33.3% with a median follow-up of 38.7 months) in a study of proton-
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based single-frac�on stereotac�c radiosurgery for ves�bular schwannoma involving delivery of a median 
dose of 12 CGE12 and in a more recent FPRT study combining FPRT with proton stereotac�c radiosurgery 
(29% in pa�ents with serviceable hearing before receiving protons) from the same ins�tu�on.13 For 
comparison, the reported hearing preserva�on a�er Gamma Knife radiosurgery is beter despite longer 
follow-up (10-year actuarial rate of 44.5%).8 Other factors such as plan conformality or pa�ent selec�on 
in small series may also have influenced the hearing results. 

Clinical data from different disease sites point to the importance of advancing the understanding of 
proton RBE. An analysis of pa�ents with breast cancer treated with proton vs photon radiotherapy (RT) 
demonstrated lung fibrosis within the radia�on field of proton-treated pa�ents consistent with the RBE 
at the end of range exceeding the es�mated 1.1 for proton RT. This was not found in photon-treated 
pa�ents.14 The poten�al for proton RBE to exceed 1.1 has marked implica�ons for trea�ng intracranial 
disease given the func�onal importance of �ssue adjacent to treatment targets. To minimize this risk, in 
the current trial, at least 3 beams from different direc�ons were used, but this strategy was not 
successful in the improvement of hearing preserva�on. Although the more rudimentary passive 
scatering beams were used in this trial, more conformal pencil beam scanning (PBS), that is now 
available, may not improve the toxici�es outcomes. A study comparing passive scatering and PBS for 
prostate cancer revealed worse genitourinary toxici�es with PBS.15 Finally, it is also important to consider 
the increased financial toxicity of proton therapy in comparison with conven�onal photon radia�on 
therapy.16,17 

As we await further randomized controlled trials comparing protons and photons for central nervous 
system tumors,18 the results of this current study should be interpreted with the disappoin�ng 
understanding that protons for ves�bular schwannoma have in fact resulted in worse, not beter 
outcomes. Given the increased cost and limited accessibility of protons, advanced photon techniques 
should remain the standard of care for ves�bular schwannoma based on the evidence presently 
available, allowing that there are no randomized comparisons to draw upon as is common in many 
clinical situa�ons. One note of cau�on is that one should not extrapolate the results of this study to 
other central nervous system and skull base tumors because the recommenda�on for proton therapy for 
those tumors requires individual considera�ons based on the histology (hence the radia�on dose 
required), the loca�on, and the proximity to cri�cal neural structures. The authors are to be commended 
for studying this pa�ent popula�on in a careful, prospec�ve manner with strict adherence to 
audiometric assessment of hearing preserva�on, evalua�on of cochlear dose impact on outcomes, and 
honesty in repor�ng their results. We look forward to further reports from this seminal trial as data 
mature. 
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