
Abstracts

i24 NEURO-ONCOLOGY ADVANCES • August  2019

gated the extent to which various clinical factors influence decision making. 
METHODOLOGY: We created 2 sets of surveys: one for Medical-/Clin-
ical-/Neuro- oncologists and another for Radiation oncologists/Neurosur-
geons. Surveys were conducted online or on-line. Following administration, 
data was tabulated and analyzed. Statistical analyses were performed using 
Fisher’s exact test. RESULTS: Of 361 respondents, 250 were Radiation on-
cologists/Neurosurgeons, and 111 were Medical-/Clinical-/Neuro- oncolo-
gists. For patients with 1–3 brain lesions, all < 2cm, 34% of respondents 
recommended systemic therapy alone as first-line treatment. In contrast, 
only 15% recommend systemic therapy alone for >9 lesions, at least one > 
2cm. Medical-/Clinical-/Neuro- oncologists were more likely to recommend 
systemic therapy alone compared to Radiation oncologists/ Neurosurgeons 
for 1–3 lesions, all < 2cm (53% vs. 28%, p< .0001). For patients with > 9 
BrM, one >2cm diameter, Medical-/Clinical-/Neuro- oncologists were not 
significantly more likely to recommend systemic therapy alone (20% vs 
13%, p=.11). DISCUSSION: Our results reveal that significant numbers of 
physicians recommend systemic therapy alone as first-line therapy in BrM 
and that management decisions correlate with a physician’s type of practice. 
These findings underscore the need for prospective clinical trials to direct 
appropriate BrM management.

RADI-09. DEFINING PROGRESSION IN PATIENTS TREATED WITH 
TEN OR MORE BRAIN METASTASES FOLLOWING STEREOTACTIC 
RADIOSURGERY

Sirisha Devi Viswanatha1, Zaker Rana1, Matthew Ehrlich2, 
Michael Schulder2, and Anuj Goenka1; 1Northwell Department of 
Radiation Medicine, Lake Success, NY, USA, 2Zucker School of Medicine 
at Hofstra/Northwell, Lake Success, NY, USA

BACKGROUND: An increasing trend has been to elect for Stereotactic 
Radiosurgery (SRS) for the treatment of brain metastases. Progression fol-
lowing treatment is typically defined as a 20% increase in the initial lesion 
volume treated. Challenges in defining progression can arise as the reported 
incidence of pseudoprogression or radiation necrosis following treatment 
ranges from 5%-30%. The purpose of this study was to assess patterns of 
failure in patients treated with 10 or more brain metastases. METHODS: 
From March 2014 to April 2018, fifty-five patients with 10 or more total 
brain metastases were retrospectively reviewed following frame-based 
radiosurgery to a dose of 12–20 Gy. Post-treatment MRI scans were used 
to assess tumor response in 3 month intervals. Tumor control was defined 
as tumor volume ≤ 1.2 times the baseline tumor volume at each measured 
interval. RESULTS: Fifty-five patients received 75 total radiosurgery treat-
ments to 692 tumors. Forty patients received synchronous treatment, while 
15 received metachronous treatment. 20 patients (36%) and 72 tumors 
(10%) experienced progression following treatment. 46 tumors were larger 
after first MRI in 15 patients (28%). Of these 15 patients, eight had com-
plete resolution in 15 tumors on subsequent scan. Of the eight patients who 
had resolution, six patients received immunotherapy during and after treat-
ment and all but one patient saw an initial increase >100% of their initial 
tumor volume. Median overall survival was 11 months. Univariate analysis 
revealed an association between larger brain volumes irradiated with 12 Gy 
and decreased overall survival (p < 0.05). CONCLUSION: It is important to 
consider tumor growth velocity and concurrent therapy when assessing true 
progression after SRS treatment of brain metastases.

RADI-10. THERAPEUTIC EFFECTS OF FSRS IN 44 CASES OF BRAIN 
METASTASES OF NSCLC WITH A MAXIMUM DIAMETER ≥ 4CM 
AND ANALYSIS OF ITS PROGNOSTIC FACTORS

Lai Mingyao, Junjie Zhen, Juan Li, Jiangfen Zhou, Qingjun Hu, 
Minting Ye, Shaoqun Li, Xiao Xiao, and Lichao Wang; Guangdong Sanjiu 
Brain Hospital, Guangzhou, China

OBJECTIVE: To analyze the therapeutic effects of fSRS on brain metas-
tases of NSCLC with a maximum diameter ≥ 4 cm, and explore the prog-
nostic factors. METHODS: A retrospective analysis was conducted on the 
clinical data of 44 cases of brain metastases of NSCLC with a maximum 
diameter ≥ 4 cm in Guangdong Sanjiu Brain Hospital from January 2006 
to December 2016. RANO criteria were adopted for imaging evaluation at 
3 months after completion of radiotherapy. One- and 2-year survival rates 
were calculated and the differences in survival rates between groups were 
analyzed with Log-rank test. Kaplan-Meier method was used in univariate 
analysis to investigate the effects of KPS, RPA classification, number of 
metastases, total lesion volume, systemic treatment and surgery on prog-
nosis; and Cox regression model in multivariate analysis. RESULTS: The 
postoperative imaging evaluation showed that there were 5 cases of CR, 
20 of PR, 12 of SD and 7 of PD. The median PFS, OS, 1- and 2-year sur-
vival rates were 6 months, 16 months, 65.9% and 20.5%, respectively. KPS, 
RPA classification, number of metastases and surgery had no significant cor-
relations with prognosis. However, systemic treatment and the maximum 
lesion volume <28.3cc were considered as favorable factors related to prog-
nosis (P=0.046, 0.027). Moreover, the maximum lesion volume <28.3cc was 

found to be the independent prognostic factor for the survival (P=0.035). 
CONCLUSION: Treatment of brain metastases of NSCLC with a maximal 
diameter ≥4  cm with fSRS is proved to be feasible. The maximum lesion 
volume is related to prognosis. Systemic treatment (chemotherapy, TKI 
treatment, etc.) may improve prognosis, but more cases are needed to inves-
tigate the prognostic significance.

RADI-11. NRG ONCOLOGY CC001: A PHASE III TRIAL OF 
HIPPOCAMPAL AVOIDANCE IN ADDITION TO WHOLE-BRAIN 
RADIOTHERAPY (WBRT) PLUS MEMANTINE TO PRESERVE 
NEUROCOGNITIVE FUNCTION IN PATIENTS WITH BRAIN 
METASTASES (BM)

Wolfgang Tomé1, Snehal Deshmukh2, Vinai Gondi3, Paul Brown4, 
Jeffery Wefel5, Terri Armstrong6, Deborah Bruner7, Joseph Bovi8, 
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David Roberge13, Vijayananda Kundapur14, Kiran Devisetty15, 
Sunjay Shah16, Kenneth Usuki17, Bethany Marie Anderson18, 
Minesh Mehta19, and Lisa Kachnic20; 1Albert Einstein College of Medicine, 
Bronx, NY, USA, 2NRG Oncology, Philadelphia, PA, USA, 3Northwestern 
Medicine Cancer Institute, Warrenville, IL, USA, 4Mayo Clinic, Rochester, 
MN, USA, 5UT MD Anderson Cancer Center, Houston, TX, USA, 
6National Cancer Institute, Bethesda, MD, USA, 7Emory University, 
Atlanta, GA, USA, 8Medical College of Wisconsin, Milwaukee, WI, USA, 
9Washington University, St. Louis, MO, USA, 10Sutter Health, Sacramento, 
CA, USA, 12Univerrsity of Pennsylvania, Philadelphia, PA, USA, 
13University of Montreal - CHUM, Montreal, QC, Canada, 14University of 
Saskatchewan, Saskatoon, SK, Canada, 15Wayne State University, Detroit, 
MI, USA, 16Christiana Care Health System, Newark, DE, USA, 17University 
of Rochester, Rochester, NY, USA, 18University of Wisconsin, Madison, WI, 
USA, 19Miami Cancer Institute, Miami, FL, USA, 20Vanderbilt University, 
Nashville, TN, USA

BACKGROUND: NRG CC001, a phase III trial of WBRT+memantine 
(WBRT+M) with or without Hippocampal Avoidance (HA), sought to as-
sess the neuro-protective effects of lowering the radiation dose received by 
the hippocampus. METHODS: Patients (pts) with brain metastases were 
stratified by RPA class and prior radiosurgery/surgery and randomized 
to either WBRT+M or HA-WBRT+M (30Gy/10 fractions). Standardized 
neurocognitive function (NCF) tests were performed at baseline, 2, 4, 6, and 
12 months (mos.). The primary endpoint was NCF failure, defined as decline 
using the reliable change index on Hopkins Verbal Learning Test-Revised, 
Trail Making Test, or Controlled Oral Word Association. Cumulative in-
cidence estimated NCF failure (death without NCF failure was competing 
risk); between-arms differences tested using Gray’s test. Deterioration at 
each collection time point was tested using a chi-square test. Patient-reported 
symptoms were assessed using the MD Anderson Symptom Inventory with 
Brain Tumor module and analyzed using mixed effects models and t-tests. 
RESULTS: From 7/2016 to 3/2018, 518 patients were randomized. Median 
follow-up was 7.9 mos. HA-WBRT+M was associated with lower NCF 
failure risk (adjusted HR=0.74, p=0.02) due to lower risk of deterioration 
in executive function at 4 mos. (p=0.01); and encoding (p=0.049) and con-
solidation (p=0.02) at 6 mos. Age≤61 predicted for lower NCF failure risk 
(HR=0.60, p=0.0002); non-significant test for interaction indicated inde-
pendent effects of HA and age. Patient-reported fatigue (p=0.036); difficulty 
speaking (p=0.049); and problems remembering things (p=0.013) at 6 mos. 
favored the HA-WBRT+M arm. Imputation models accounting for missing 
data also favored the HA-WBRT+M arm for patient-reported cognition 
(p=0.011) and symptom interference (p=0.008) at 6 mos. Treatment arms 
did not significantly differ in toxicity; intracranial progression or overall 
survival. CONCLUSIONS: While achieving similar intracranial control 
and survival; Hippocampal Avoidance during WBRT+M for brain metas-
tases better preserves NCF and patient-reported symptoms. Supported by 
UG1CA189867 (NCORP) and DCP from the NCI.

RADI-12. LEPTOMENINGEAL FAILURE AFTER PREOPERATIVE 
VERSUS POSTOPERATIVE RADIOSURGERY

John Fiveash, Kristen Riley, James Markert, Bart Guthrie, Paul Foreman, 
Richard Popple, Sam Marcrom, Scott Strickler, Christopher Willey, 
Andrew McDonald, Evan Thomas, John Stewart, and Markus Bredel; 
University of Alabama at Birmingham, Birmingham, AL, USA

INTRODUCTION: Postoperative stereotactic radiosurgery (postop SRS) 
is potentially complicated by difficulty defining the target volume and the 
risk of leptomeningeal seeding at the time of surgery. It is hypothesized that 
preop SRS may render cells less viable to disseminate in the leptomenin-
geal space. This retrospective study compares the leptomeningeal dissem-
ination (LMD) rate for preop versus postop radiosurgery METHODS: We 
identified 140 patients with brain metastases who underwent resection 
and radiosurgery at the University of Alabama at Birmingham including 
91 postop patients (2005–2015) and 49 preop patients (2011–2018). The 
preop group included 19 patients enrolled in a phase I trial of preoperative 
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radiosurgery (12–15 Gy) for tumors 2–6  cm in greatest diameter. In that 
study 15 Gy was found to be safe in the preop setting but further escalation 
was not attempted. An additional 30 patients received preop SRS off-study 
(median dose 15 Gy). The median postop dose was 16 Gy. LMD recurrence 
was defined as focal pachymeningeal or diffuse leptomeningeal enhance-
ment of the brain, spinal cord, or cauda equina, dural enhancement beyond 
5 mm from the index metastasis, subependymal enhancement, or enhance-
ment of cranial nerves. This definition is not limited to carcinomatosis. All 
events were categorized and confirmed by at least two physicians. RESULTS: 
40/140 (29%) patients developed new focal or diffuse LMD. Preop SRS was 
associated with a higher freedom from leptomeningeal recurrence (84% vs 
60% at one year, p=0.021 Breslow, p=0.128 log-rank). Since later LMD may 
not be related to surgery, a second analysis censoring follow-up at one year 
was performed and confirmed this trend (p=0.008 Breslow, p=0.014 log-
rank). CONCLUSIONS: Preoperative SRS is associated with a reduction in 
the risk of LMD compared to postop SRS. Focal pachymeningeal dissemin-
ation may not always be recognized as related to surgery. A randomized trial 
of preop vs postop SRS is warranted.

RADI-13. IMPACT OF CITV AND BRAF MUTATION ON 
MELANOMA METASTASIS RESPONSE TO STEREOTACTIC 
RADIOSURGERY

Ali Alattar1, Rushikesh Joshi1, Brian HIrshman1, Kate Carroll1, 
Osamu Nagano2, Hitoshi Aiyama3, Toru Serizawa4, Masaaki Yamamoto5, 
and Clark Chen1; 1University of California, San Diego, La Jolla, CA, 
USA, 2Chiba University, Chiba, Japan, 3University of Tsukuba, Tsukuba, 
Japan, 4Tokyo Gamma Unit Center, Tokyo, Japan, 5Katsuta Hospital Mito 
Gamma House, Hitachinaka, Japan

INTRODUCTION: Survival prognostication is an important aspect of 
personalizing oncologic care for patients with melanoma brain metastasis 
(BM). We previous demonstrated the utility of a cumulative intracranial 
tumor volume modified diagnosis-specific graded prognostic assessment 
scale (CITV-dsGPA) for SRS-treated melanoma BM patients. Pertinent 
prognostic variables in this model included age, Karnofsky performance 
status (KPS), and CITV. Here we determined whether the incorporation of 
BRAF mutation status into this CITV-modified scale further enhanced its 
prognostic accuracy. METHODS: We collated the survival pattern of 331 
melanoma BM patients with known BRAF mutation status treated with 
stereotactic radiosurgery (SRS) and validated our findings in an independent 
cohort of 174 patients. All patients with BRAF mutation were treated with 
BRAF inhibitors. The prognostic utility of the model with and without 
BRAF mutation information was compared using the net reclassification 
index (NRI > 0) and integrated discrimination improvement (IDI) metric. 
RESULTS: Presence of the BRAF mutation was associated with a reduced 
hazard of death in univariate Cox proportional hazards survival analysis 
(hazard ratio (HR) 0.74, p< 0.001). This effect persisted in a multivariate 
model that controlled for age, KPS, and CITV (HR 0.72, p< 0.001). Addition 
of BRAF mutation status to the CITV-ds-GPA model for melanoma signifi-
cantly improved its prognostic value, with NRI >0 of 0.294 (p=0.01) and 
IDI of 0.017 (p=0.02). We validated these findings in an independent cohort 
of 174 melanoma patients. CONCLUSIONS: Optimal survival prognosti-
cation for SRS-treated patients with melanoma BM requires an integrated 
assessment of age, KPS, CITV, and BRAF mutation status.

RADI-14. FRAMELESS STEREOTACTIC RADIOSURGERY ON THE 
GAMMA KNIFE ICON: EARLY EXPERIENCE FROM 42 PATIENTS 
WITH BRAIN METASTASES

Horia Vulpe, Akshay Save, Yuanguang Xu, Carl Elliston, Matthew Garrett, 
Cheng-Chia Wu, Simon Cheng, Ashish Jani, Jeffrey Bruce, Guy McKhann, 
Michael Sisti, and Tony Wang; Columbia University Medical Center, 
Columbia, NY, USA

BACKGROUND: The Gamma Knife (GK) Icon uses a Cone-Beam CT 
(CBCT) scanner and an infrared camera system to support the delivery 
of frameless radiosurgery. There are limited data on patients treated with 
frameless GK radiosurgery (GKRS) for brain metastases. OBJECTIVE: To 
describe the early experience, process, technical details, and short-term 
outcomes with frameless GKRS for brain metastases at our institution. 
METHODS: We describe our patient selection and workflow for frameless 
GKRS in detail. Because of the short interval of follow-up, we provide crude 
rates of local control. RESULTS: 42 patients had a total of 96 brain me-
tastases. Median age was 69. 77 intact lesions were treated definitively, 18 
cavities postoperatively, and 1 had GKRS for recurrence after resection. 11 
patients underwent repeat GKRS to the same area. Median dose was 20Gy 
in 1 fraction (range: 14–21), 24Gy in 3 fractions (range: 19.5–27), and 25Gy 
in 5 fractions (Range: 25–30). Median treatment time was 23.7 minutes 
(Range: 7.3 – 85.5). 29 patients had a follow-up MRI in our records after 
completing GKRS. Median follow-up time was 105 days (Range: 16 – 314). 
16 local recurrences (LR) were identified in 9 patients. An additional 6 pa-
tients had distant brain recurrence without LR. Crude mean time between 

GKRS and LR was 101 days (range 44–161 days). There were 6 patients 
with grade 1, 3 with grade 2, 2 with grade 3, and 1 with grade 4 toxicity. We 
found an improvement in workflow and a greater number of patients eligible 
for GKRS due to the ability to fractionate treatments. CONCLUSION: We 
report a large cohort of consecutive patients with brain metastases treated 
with frameless GKRS. We look forward to studies with longer follow-up to 
provide valuable data on clinical outcomes and to further our understanding 
of the radiobiology of hypofractionation in the brain.

RADI-15. CLUSTERING AND GROUPING OF BRAIN METS IN 
RADIOSURGERY TREATMENTS

Khaled Salah1, John Mckenna1, Gabor Jozsef2, and Jonathan Knisely2; 
1New York Presbyterian Hospital, New York, NY, USA 

2Cornell University Medical Center, New York, NY, USA

INTRODUCTION: Radiosurgical treatment of numerous lesions in the 
brain with ‘single-isocenter’ radiosurgery on a linac often requires using 
multiple isocenters. With our TPS (Elements, Brainlab) multiple plans need 
to be generated for each set of lesions, and a sum plan calculated. We inves-
tigated how to distribute multiple lesions into two groups for two isocenters 
to achieve a good summed dose distribution. METHODS: The DICOM RS 
file is exported and the PTV data is extracted by a MATLAB program that 
calculates the convex hulls, estimated radii, and the centers of mass for each 
PTV. Two approaches were tried: (1) Lesions close to each other (closer than 
a certain limit) are put in different groups and (2) Create clusters by kMeans 
clustering, which allows close lesions but the groups are distant from each 
other. MATLAB programs were written for all approaches. Treatment plans 
were generated for three patients (20, 13, 15 lesions) using each method and 
compared with the actual treatment plan used to treat the patient based on 
the intuitive grouping of lesions by the planners. Dose maximums outside 
the lesions, and volumes in the normal tissue exceeding 75, 50 and 25% of 
the prescription dose were evaluated. RESULTS AND DISCUSSION: The 
coverage of all lesions for all plans were 95% of the prescription dose. The 
first approach allowed lowering the maximum dose between lesions, but 
with summing dose distributions this advantage disappeared. The maximum 
dose and the 75, 50 and 25% dose volumes were also all worse than in 
plans generated by experienced planners and higher normal brain doses are 
delivered if closely spaced lesions are separated into different isocenters for 
treatment. However, the clustering approach resulted in the same or better 
values of these same parameters, i.e. improved dose distributions over the 
dosimetrist’s intuitively chosen separation.

RADI-16. ECONOMIC IMPLICATIONS OF PREOPERATIVE VERSUS 
POSTOPERATIVE STEREOTACTIC RADIOSURGERY FOR BRAIN 
METASTASES

Matthew Ward1, Roshan Prabhu1, Anthony Asher2, Scott Wait2, 
Ashley Sumrall1, Chirag Shah3, and Stuart Burri; 1Levine Cancer Institute, 
Charlotte, NC, USA, 2Carolina Neurosurgery and Spine, Charlotte, NC, 
USA, 3Cleveland Clinic, Cleveland, OH, USA

OBJECTIVE: Retrospective data suggests preoperative stereotactic 
radiosurgery (preSRS) reduces radiation necrosis (RN) and leptomeningeal 
disease (LMD) failure after resection of brain metastases (BM) as compared 
to postoperative SRS (postSRS). We evaluated the potential financial impact 
of a reduction in symptomatic RN (SRN) and LMD, should preSRS become 
a national standard. METHODS: A decision tree was designed to evaluate 
the two strategies: preSRS vs. postSRS. We assumed no difference in survival 
and that a reduction in SRN and LMD exists on par with retrospective data. 
Effectiveness was not considered given unclear health utilities. Treatments 
for SRN considered were dexamethasone, bevacizumab, surgical resection, 
or hyperbaric oxygen (HBO). Treatments for LMD considered included 
conventional radiation, SRS, systemic therapy (lapatinib/capecitabine), or 
no therapy. Probabilities were extracted from the 2-year LMD/SRN rates 
and subsequent treatment patterns observed in retrospective data. Treat-
ment costs were based on the 2019 Medicare physician fee schedule and 
published data in 2019 US dollars without discounting. National costs to 
the healthcare system were estimated by assuming 200,000 BM cases per 
year with a surgical utilization rate of 16%. Deterministic and probabilistic 
sensitivity analyses (PSA) were performed. RESULTS: The incorporated rate 
of LMD and SRN for postSRS was 22.4% and 16.4% and 4.3% and 4.9% 
for preSRS, respectively. The expected mean costs were $3,129 for postSRS 
and $810 for preSRS. Deterministic sensitivity analysis demonstrated that 
the model was sensitive to only LMD/SRN rates. PSA demonstrated that in 
95% of simulations, the expected savings ranged from $770-$6,429/patient. 
Therefore, the national healthcare system stands to save approximately $74 
million per year if preSRS was a national standard (range $25–206 mil-
lion). CONCLUSIONS: A prospective randomized trial demonstrating the 
effectiveness of preSRS in the reduction of LMD and/or SRN would carry a 
significant return on investment through the reduction of subsequent treat-
ment costs.


