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Abstract 
During the implementation of clinical trials NCT00950001 and NCCTG/ 
N107C/CEC.3 on post-operative stereotactic radiosurgery into clinic, it 
brought us some thinking of fundamental concept in science that the local 
control rate and survival rate rely on the treatment of marginal region more 
than resection cavity. Marginal region might still contain residual cancer cell 
while the resection cavity contains only water fluid most time. Radiation 
treatment should focus more on the margin rather than the cavity, thus 
treating cancer rather than water. 
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The publication of two clinical trials (NCT00950001 and NCCTG/N107C/CEC.3) 
[1] [2] in 2017, on post-operative stereotactic radiosurgery (SRS), has boosted 
SRS application in brain metastasis management. In the NCT00950001 trial, Dr. 
Mahajan and colleagues compared the medical endpoint between observation 
and adjuvant SRS therapy after neurosurgical resection of brain metastasis. In 
the NCCTG/N107C/CEC.3 trial, Dr. Brown and colleagues compared the medi-
cal outcome between SRS and WBRT (whole brain radiation therapy) among 
brain metastasis resection patients within 48 institutes. Even though some com-
ments and criticisms have been addressed by other doctors [3] [4], these two in-
formative clinical trials will potentially establish a standard guideline for clini-
cians in the treatment of post-operative brain metastasis patients. To better im-
plement these trials into individual clinics and better care for individual patient, 
we need to look into some fundamental scientific concepts. Regarding the cavity 
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delineation for SRS in these two trials, it caused me to think “Are we treating 
cancer or water?”.  

In a modern neurosurgical resection, craniotomy, craniectomy, debulking and 
gross total resection are the most common procedures performed on brain tu-
mor patients either when the patient is awake or asleep under anesthesia [5]. Af-
ter tumor resection, keeping the surgical cavity the same pressure gradient as the 
original brain, and avoiding cavity deformation due to motion and gravity are 
the major concerns of the neurosurgeon. Ordinary saline solution and artificial 
cerebrospinal fluid (CSF) are most often used in the cavity to maintain the pres-
sure and formation. Sometimes a shunt has to be used to drain the excessive CSF 
to reduce the pressure build-up inside the cavity. Wafers are occasionally used as 
in-vivo chemotherapy inside the cavity. Overall, usually, the resection cavity 
filling substance is water. Since it was not especially addressed, the above two 
clinical randomized phase 3 trials are assumed to have managed the resection 
cavity following neurosurgeon standard practice. Most of the cavities in these 
trials are water substance occupied. In NCT00950001, only 1 mm margin is 
added outside the cavity to delineate the treatment volume (PTV) while in 
NCCTG/N107C/CEC.3 only 2 mm margin is added outside the cavity to create 
the treatment volume (PTV). From the author’s point of view, in these two trials, 
the majority of the radiation goes to the water inside the resection cavity while 
only very little radiation goes to the marginal region where most of the residual 
cancer cells are located. The residual cancer cells might also be located further 
than the 1 mm or 2 mm marginal region. That means these trials mainly focus 
on treating water rather than cancer. 

The bulk water substance inside the cavity is different from the water mole-
cules inside a tumor cell where water molecules can generate hydroxyl radicals 
to break the DNA after they absorb radiation. When the bulk water substance 
receives radiation from Gamma knife (average energy of 1.25 MeV photon) or 
Linac (4 or 6 MeV photon), the high energy photon interacts with bulk water in-
side the cavity mainly through three processes. They are photoelectric (E < 0.1 
MeV), Compton scattering (E < 10 MeV) and electron-positron pair production 
(E > 1.02 MeV) [6]. These are ionization processes and create positive and nega-
tive charge counterparts. In bulk water substance, the positive and negative 
charge exists for a very short time period and then combines into a new water 
molecule again. At the end of radiation, the water amount remains the same. 
This can be very easily seen in water phantom (inside water tank) based Linac 
commissioning and annual and monthly Linac QA by the physicist. The Physic-
ist delivers millions of Gy radiation dose to the water phantom and the water 
never shrinks or disappears (except some natural evaporation). All this water has 
the nature of “being resurrected” in big bulk tank during radiation. This analogy 
can be applied to the SRS water cavity irradiation in both NCT00950001 and 
N107C/CEC.3 trials.  

Figure 1 is the one image we frequently see in SRS planning in clinic. Red 
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Figure 1. Axial view of one set T1 with contrast MRI image for post-op stereotac-
tic radiosurgery. Red contour is GTV and Green contour is PTV which is 2 mm 
expansion from GTV. 

 
contour represents GTV and green contour represents PTV, which is 2 mm ex-
pansion from GTV following NCCTG/N107C/CEC.3 clinical trial. The surgical 
cavity is in black and full of water substance which will be the target to receive 
majority radiation.  

Therefore, when the authors design those trials, they should focus more on 
treating the marginal region rather than cavity. The systemic study of marginal 
region treatment will make more sense in the investigation of the local control rate 
and survival rate. I would propose the recommendation to other clinicians that af-
ter establishing a proper margin based on post-op cavity, treatment should be fo-
cused more on the marginal region rather than the cavity, thus treating cancer ra-
ther than water.  
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