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Radiation Exposure and Safety Precautions Following 131Cs Brachytherapy 
in Patients with Brain Tumors

AUTHORS: Menachem Z. Yondorf; Theodore H. Schwartz; John A. Boockvar; Susan Pannullo; 
Philip Stieg; Albert Sabbas; Albert Pavese; Samuel Trichter; Lucy Nedialkova; Bhupesh Parashar; 
Dattatreyudu Nori; K.S. Clifford Chao; A. Gabriella Wernicke

ABSTRACT: 
Cesium-131 (131Cs) brachytherapy is a safe and convenient treatment option for patients with 
resected brain tumors. This study prospectively analyzes radiation exposure in the patient population 
who were treated with a maximally safe neurosurgical resection and 131Cs brachytherapy. Following 
implantation, radiation dose rate measurements were taken at the surface, 35 cm, and 100 cm 
distances. Using the half-life of 131Cs (9.69 d), the dose rates were extrapolated at these distances 
over a period of time (t = 30 d). Data from dosimetry badges and rings worn by surgeons and 
radiation oncologists were collected and analyzed. Postoperatively, median dose rate was 0.2475 
mSv h-1, 0.01 mSv h-1, and 0.001 mSv h-1 and at 30 d post-implant, 0.0298 mSv h-1, 0.0012 mSv 
h-1, and 0.0001 mSv h-1 at the surface, 35 cm, and 100 cm, respectively. All but one badge and ring 
measured a dose equivalent corresponding to ~0 mSv h-1, while 1 badge measured 0.02/0.02/0.02 
mSv h-1. There was a significant correlation between the number of seeds implanted and dose 
rate at the surface (p = 0.0169). When stratified by the number of seeds: 4–15 seeds (n = 14) and 
20–50 seeds (n = 4) had median dose rates of 0.1475 mSv h-1 and 0.5565 mSv h-1, respectively (p 
= 0.0015). Using National Council on Radiation Protection guidelines, this study shows that dose 
equivalent from permanent 131Cs brachytherapy for the treatment of brain tumors is limited, and 
it maintains safe levels of exposure to family and medical personnel. Such information is critical 
knowledge for the neurosurgeons, radiation oncologists, nurses, hospital staff, and family as this 
method is gaining nationwide popularity.

PUBLISHED: Health Physics: April 2017 - Volume 112 - Issue 4 - p 403-408
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Clinical Outcomes of Large Brain Metastases Treated With 
Neurosurgical Resection and Intraoperative Cesium-131 Brachytherapy: 
Results of a Prospective Trial

AUTHORS: A. Gabriella Wernicke; Cole B. Hirschfeld; Andrew W. Smith; Shoshana Taube; 
Menachem Z. Yondorf; Bhupesh Parashar; Lucy Nedialkova; Fridon Kulidzhanov; Samuel Trichter; 
Albert Sabbas; Rohan Ramakrishna; Susan Pannullo; Theodore H. Schwartz

ABSTRACT: 
Purpose: Studies on adjuvant stereotactic radiosurgery to the cavity of resected brain metastases 
have suggested that larger tumors (>2.0 cm) have greater rates of recurrence and radionecrosis (RN). 
The present study assessed the effect of permanent low-dose 131Cs brachytherapy on local control 
and RN in patients treated for large brain metastases. 

Methods and materials: After institutional review board approval, 42 patients with 46 metastases 
≥2.0 cm in preoperative diameter were accrued to a prospective trial from 2010 to 2015. Patients 
underwent surgical resection with intraoperative placement of stranded 131Cs seeds as permanent 
volume implants in the resection cavity. The primary endpoint was local freedom from progression 
(FFP). Secondary endpoints included regional and distant FFP, overall survival (OS), and RN rate. 
Failures 5 to 20 mm from the cavity and dural-based failures were considered regional. A separate 
analysis was performed for metastases >3.0 cm. 

Results: Of the 46 metastases, 18 were >3.0 cm in diameter. The median follow-up period was 11.9 
months (range 0.6-51.9). The metastases had a median preoperative diameter of 3.0 cm (range 
2.0-6.8). The local FFP rate was 100% for all tumor sizes. Regional recurrence developed in 3 of 
46 lesions (7%), for a 1-year regional FFP rate of 89% (for tumors >3.0 cm, the FFP rate was 80%, 
95% confidence interval 54%-100%). Distant recurrences were found in 19 of 46 lesions (41%), for 
a 1-year distant FFP rate of 52%. The median OS was 15.1 months, with a 1-year OS rate of 58%. 
Lesion size was not significantly associated with any endpoint on univariate or multivariate analysis. 
Radioresistant histologic features resulted in worse survival (P=.036). No cases of RN developed. 

Conclusions: Intraoperative 131Cs brachytherapy is a promising and effective therapy for large brain 
metastases requiring neurosurgical intervention, which can offer improved local control and lower 
rates of RN compared with stereotactic radiosurgery to the resection cavity. 

PUBLISHED: June 10, 2017 

Int J Radiat Oncol Biol Phys. 2017 Aug 1;98(5):1059-1068. doi: 10.1016/j.ijrobp.2017.03.044. 
Epub 2017 Jun 10. PMID: 28721889.
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AWARDED THE AANS ROSENBLUM-MAHALEY AWARD FOR BEST 

CLINICAL ABSTRACT IN THE FIELD OF NEURO-ONCOLOGY

Surgically Targeted Radiation Therapy: A Prospective Trial in 79 Recurrent, 
Previously Irradiated Intracranial Neoplasms

AUTHORS: Peter Nakaji MD, FAANS; Emad Youssef MD; Christopher Dardis MD; Kris Smith MD; Dilini 
Pinnaduwage PhD; David Brachman MD (Phoenix, AZ)

Resection alone is typically insufficient for recurrent previously irradiated intracranial neoplasms and 
repeat adjuvant external beam radiation treatment (EBRT) is often contraindicated. For these reasons 
we prospectively evaluated the combination of maximum safe resection (R) and surgically guided 
collagen tile brachytherapy (TBT) in this cohort of patients.

Methods: From 2/13 to 2/18 recurrent previously irradiated intracranial neoplasms were treated on 
a single arm, multi-histology study (ClinicalTrials.gov, NCT#03088579). At resection completion 
biocompatible collagen tiles imbedded with Cs 131 sources were permanently implanted in the 
operative bed under surgical guidance. The device offset sources from brain surface and delivered 
60-80 Gy 5 mm deep to the operative bed. No additional local therapy was given without 
progression.

Results: 79 recurrent tumors in 74 patients were treated: 40 high grade gliomas (HGG) (10 grade 
3, 30 grade 4), 23 meningiomas (1 grade 1, 20 grade 2, 2 grade 3), 12 metastases, and 4 “other”. 
Average prior same site surgeries were 2 (range 0-4); median prior EBRT dose 70 Gy. Median age 
61 years; 31 females/43 males. Average implantation time was 5 minutes. At median follow-up of 
13.4 months (range 1-54.6 mo.), median treatment site local control (LC) was 12 months for HGG, 
48.5 months for meningioma, and median time to LC time has not been reached for metastasis. 
Median overall survival (OS) was 12.0 months for HGG, 49.2 months for meningioma, and 12 months 
for brain metastasis. Adverse surgical events were wound infection in 2/79 (2.5%), dural closure 
breakdown in 2/79 (2.5%), and procedure related hematoma in 1/79 (1.3%). Symptomatic radiation 
brain changes occurred in 6/79 (7.6%) cases, all treated medically.

Conclusion: Surgically targeted tile brachytherapy exhibits good LC and OS with complication rates 
comparable to existing treatments. This treatment could expand the therapeutic options for this 
difficult cohort of patients.

ABSTRACT PRESENTED AT: 2019 AANS Annual Scientific Meeting; April 2019; San Diego, CA.

AMERICAN ASSOCIATION OF NEUROLOGICAL SURGEONS  |  2019
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Surgically Targeted Radiation Therapy: Safety Profile of Collagen Tile 
Brachytherapy in 79 Recurrent, Previously Irradiated Intracranial Neoplasms on 
a Prospective Clinical Trial

AUTHORS: David Brachman MD, FAANS; Emad Youssef, MD; Christopher Dardis, MD; Kris Smith, MD; 
Dilini Pinnaduwage, PhD; Peter Nakaji, MD (Phoenix, AZ)

Purpose: Resection alone is typically insufficient treatment for recurrent previously irradiated 
intracranial neoplasms yet repeat external beam radiation (EBR) is often not given a second time to 
avoid causing radiation brain injury (RBE). The clinical impact of not having an effective adjuvant 
treatment is that practitioners are often reluctant to recommend reoperation, even when potentially 
beneficial. Combining resection (R) with adjuvant brachytherapy (BT) represents a theoretically 
attractive therapeutic option for several reasons. However, two of the main concerns hampering the 
routine use of brain brachytherapy have been a) the high rates of adverse effects (AE), including RBE 
and wound healing, and b) the added operating room time necessary to implant sources. To overcome 
these shortcomings, we designed and then prospectively trialed a permanently implanted device 
that optimizes inter-seed spacing and prevents deleterious direct source-to-brain contact while also 
functioning as a multi-seed carrier thereby speeding the implant process.

Materials and Methods: From 2/13 to 2/18 recurrent previously irradiated intracranial neoplasms were 
treated on a prospective, single arm, multi-histology study (ClinicalTrials.gov, NCT#03088579). At 
the completion of maximum safe resection, biocompatible collagen squares (Suturable DuraGen, 
Integra LifeSciences Corp., Plainsboro, NJ) were embedded (GammaTile Loader, GT Medical 
Technologies, Tempe, AZ USA) with Cs 131 sources (Proxcelan, IsoRay Medical, Inc., Richmond, WA) 
and the resulting tile brachytherapy (TBT) constructs (see top figure) were permanently implanted 
in the operative bed under direct visualization. The collagen tiles offset sources 3 mm from brain 
surface and 10 mm from each other and were configured to deliver a dose of 120-150 Gy at the 
resection surface and 60-80 Gy 5 mm deep to the operative bed. No additional local therapy was 
given without progression.

Results: 79 recurrent previously irradiated tumors in 74 patients were treated: 40 high-grade gliomas 
(HGG) (10 grade 3, 30 grade 4), 23 meningiomas (1 grade 1, 20 grade 2, 2 grade 3), 12 metastases 
(Mets), and 4 “other”. Median age 61 years; 31 females/43 males. Median prior RT dose at implant 
site 70 Gy, range 16-110 Gy. Average prior same site surgeries were 2 (range 0-4). Average seed 
sources implanted was 22, range 4-72; average mCi per seed 3.5. Median implant D90 was 63Gy 
(range 54-80 Gy). Average implantation time was 5 minutes. At a median follow-up of 13.4 months 
(range 1-54.6 mo.), surgical AE’s were wound infection in 2/79 (2.5%), dural closure breakdown 
requiring surgery in 2/79 (2.5%), and 1 each (1.3%) procedure related hematoma, shunt placement, 
and coma (full autopsy negative). Symptomatic radiation brain changes at any time during follow 
up occurred in 6/79 (8%), all treated medically. Ten consented patients had only necrosis at frozen 
section and were not implanted; this 11% rate of preexisting symptomatic radiation necrosis (10/89) 
from prior EBR was higher than that seen after R+TBT. The figure below shows examples of collagen 
tiles (upper) and the observed AE’s by histology (lower).

Conclustion: The safety profile observed with R+TBT was excellent, with AE’s at a similar or lower 
rate than expected. Recently published initial outcomes data from this trial1 and the recently granted 
FDA clearance suggest this therapy (GammaTileTM) could help expand the treatment options for this 
difficult cohort of patients.

ABSTRACT PRESENTED AT: 2019 American Brachytherapy Society Annual Meeting; June 2019; Miami, FL.
1. Brachman DG, Youssef E, Dardis CJ, et al. Resection and permanent intracranial brachytherapy using modular, biocompatible cesium-131 
implants: results in 20 recurrent, previously irradiated meningiomas. J Neurosurg. 2018. https://doi.org/10.3171/2018.7.JNS18656. Accessed 
December 6, 2019.
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RTHP-32. First experience with GammaTile permanent implants 
for recurrent brain tumors 

AUTHORS: Clara Ferreira; Parham Alaei; Clark Chen; Margaret Reynolds; David Sterling;  
Kathryn Dusenbery

Gammatile® permanent brachytherapy implants have been FDA cleared for patients with recurrent 
brain tumors. We report our experience with the first 6 patients with recurrent high grade primary 
brain tumors treated with re-resection and implantation. Each tile contains 4 encapsulated 
radioactive Cs-131 seeds embedded in collagen. To determine the number of tiles needed, the 
potential tumor cavity surface area was estimated using the preoperative MRI images. The 
anticipated cavity surface area was calculated, the surface area of anticipated surgical approach was 
subtracted. This area was divided by 40mm2 (tile area) and this number of tiles were ordered. At 
the time of surgery, after maximal safe tumor resection, tiles were placed into the resection cavity 
and the surgical cavity closed as usual. On post-implant day 1, CT and MRI scans were performed. 
The cavity was contoured, then expanded by 5mm to create HRCTV. T1 MRI enhanced lesions were 
contoured as residual GTV (GTVr). A dose of 60Gy over the course of treatment was prescribed to 
HRCTV. In each of these 6 cases, over 95% of the HRCTV was covered by the 60Gy isodose surface, 
and GTVr D90 ranged from 22.9Gy to 113.8Gy. The additional time required for the tile placement 
in all cases was less than 10 minutes. Post-operatively exposure rates at 1m were less than 6 mR/hr 
(ranging from 1.3 to 3.2mR/h). Permanent GammaTile for recurrent brain tumors is a viable option 
for selected previously irradiated patients who are operative candidates. Benefits include irradiation 
of the tumor bed starting immediately after resection with no need to wait for wound healing, and 
no need to subsequently surgically remove the tile. We were able to accurately predict the number 
of tiles needed, although in one case collagen spacers were utilized. Due to low exposure rates, 
radiation protection issues are very manageable.

PUBLISHED: 11 November 2019

Abstract presented at: 2019 Society for Neuro-Oncology; November 23, 2019; Phoenix, AZ.

Nakaji P, Youssef E, Dardis C, Smith K, Pinnaduwage D, Brachman D. Surgically targeted radiation therapy: a prospective trial in 79 recurrent, 
previously irradiated intracranial neoplasms. Poster presented at: 2019 AANS Annual Scientific Meeting; April 2019; San Diego, CA.

Brachman D. Surgically targeted radiation therapy: safety profile of collagen tile brachytherapy in 79 recurrent, previously irradiated 
intracranial neoplasms on a prospective clinical trial. Poster presented at: 2019 American Brachytherapy Society Annual Meeting; June 2019; 
Miami, FL.

Ferreira C, Alaei P, Chen C, Reynolds M, Sterling D, Dusenbery K. RTHP-32. First experience with GammaTile permanent implants for 
recurrent brain tumors. Neuro-Oncology. 2019;21(Supplement_6):vi216.
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Evolving Strategies to Potentially Further Optimize  
Surgical Interventions in Brain Cancer

AUTHORS: Bindi B. Parikh; Elizabeth C. Neil    

Provide an overview, the indications for use, and a synopsis of current literature regarding two 
evolving neurosurgical interventions—GammaTile therapy (GTT) and laser interstitial thermal  
therapy (LITT).

ABSTRACT: 
Recent Findings: GTT delivers immediate, uniform, high-dose radiation with avoidance of direct 
brain-to-seed contact. Innate properties of the novel carrier system and cesium-131 source may 
explain lower observed rate of radiation-induced necrosis (RIN) and support use in larger and 
previously irradiated lesions. LITT delivers focal laser energy to cause heat-generated necrosis. Case 
series suggest use in difficult-to-access lesions and treatment of RIN.

Summary: Collaboration among subspecialties and remaining up-to-date on evolving technology is 
critical in developing individualized treatment plans for patients with brain cancer. While patients 
should be thoroughly counseled that these interventions are not standard of care, in optimal clinical 
scenarios, GTT and LITT could extend quantity and quality of life for patients with few remaining 
options. Prospective studies are needed to establish specific treatment parameters.

PUBLISHED: 06 March 2020

Curr Oncol Rep 22, 32 (2020). https://doi.org/10.1007/s11912-020-0896-x
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Novel Permanently Implanted 3D-Collagen Tile for Intraoperative Brachytherapy 
in a Patient with Recurrent Glioblastoma

AUTHORS: Vincent Anthony DiNapoli, MD; Yair Gozal, MD, PhD (Cincinnati, OH)

Introduction: During resection for progressive or recurrent glioblastoma multiforme (GBM), 
permanent, low-activity iodine 125 seeds (half-life 60 days) have been embedded into the 
resection cavity. However, seed implantation can be time consuming, difficult to evenly space for 
precise radiation delivery, and pose risk of migration. Designed to overcome these brachytherapy 
shortcomings, our technical note highlights placement of a novel 3D-collagen tile embedded with a 
cesium-131 radiation source (half-life 10 days) in a patient with recurrent GBM.   

Methods: Our patient previously underwent craniotomy and resection for a newly diagnosed GBM, 
followed by radiation and chemotherapy (Stupp Protocol). At 9-month recurrence, she underwent 
repeat resection of progressive tumor. This was followed by implantation of GammaTile Cesium-
131brachytherapy (GT MedTech, Tempe, AZ), an FDA-approved treatment since 2019, into the 
resection cavity.

Results: Pathology confirmed progressive glioblastoma. She recovered postoperatively with no 
complications related to the GammaTile. She continues to be followed by serial MRI and remains on 
maintenance chemotherapy with Temozolomide.

Conclusion: Implantation of a multi-seed GammaTile for recurrent GBM was quick and eliminated 
the potential of migration in our patient. Its 3D configuration is expected to better control radiation 
delivery, prevent collapse of the surgical cavity around the seeds, and improve postoperative 
dosimetry. Additional studies underway using this implant for various types of recurrent brain tumors 
will further refine its applications and patient selection.  

ABSTRACT PRESENTED AT: 2020 AANS Annual Scientific Meeting.

AMERICAN ASSOCIATION OF NEUROLOGICAL SURGEONS  |  2020



A Prospective Trial of Resection Plus Surgically Targeted 
Radiation Therapy for Brain Metastasis

AUTHORS: David Brachman; Peter Nakaji; Kris Smith; Emad Youssef; Theresa Thomas; Dilini 
Pinnaduwage; C. Leland Rogers; Barrow Neurological Institute, Phoenix, AZ; GT Medical 
Technologies, Tempe, AZ; St Joseph’s Hospital, Phoenix, AZ

Introduction: Achieving durable local control for larger brain metastases remains problematic. 
Resection (R) alone is typically insufficient. Even with the addition of stereotactic radiation the 
12-month recurrence rate for larger lesions (i.e., >2.5-3cm) is 20% or more in many series.  To 
improve outcomes we designed and prospectively evaluated a permanently implanted radiation 
device consisting of Cs-131 seeds positioned within a collagen tile (GammaTile, GT Medical 
Technologies, Tempe AZ). We combined maximum safe resection and collagen tile brachytherapy 
(CTBT) with the hypothesis that immediate radiation initiation and/or dose intensification could 
improve outcomes.   

Materials/Methods: From 2013-2018 patients undergoing resection with either previously untreated 
or recurrent brain metastasis were enrolled on a single arm, multi-histology study 

(ClinicalTrials.gov, NCT#03088579).  At resection completion the tumor bed was lined with collagen 
tiles imbedded with Cs-131, delivering 60-80 Gy at 5 mm depth. The device was designed to prevent 
direct source-to-brain contact and to maintain inter-source spacing after closure. No additional local 
therapy was given unless progression occurred. 

Results: 16 metastases (12 recurrent/4 previously untreated) in 11 patients were treated. Median 
diameter 3.1 cm, range 1.9-5.1. Histology was 7 breast, 6 lung, and 3 sarcoma. Median age 60 years; 
7 females/4 males. Average time for implantation was 5 minutes. At median radiographic follow-
up of 9.5 months (range 0.1-25.2) treatment site progression occurred 1/16 (6%) at 10.9 months. 
Median treatment site time-to-progression (TTP) has not been reached (95% CI, >10.9 months). 
Median overall survival (OS) 9.3 months. No surgical adverse events occurred. One patient (6.2%) 
experienced radiation brain changes and was treated medically. 

Conclusion: R+CTBT demonstrated excellent safety and local control outcomes in this single-arm 
pre-commercial study. The device recently received FDA clearance for use in newly diagnosed and 
recurrent brain metastasis. Randomized clinical trials vs standard of care treatments are expected to 
open in 2020.   

ABSTRACT PRESENTED AT: Society of Neuro-Oncology 2020 Brain Metastases Conference; 
August 14, 2020.
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A Randomized, Multicenter Phase III Trial of Surgery Plus Stereotactic 
Radiosurgery (SRS) Compared with Surgery Plus Permanently Implanted 
Collagen Tile Brachytherapy (CTBT) for Resectable Metastatic Brain  
Tumors-Protocol in Progress

AUTHORS: Jeffrey Weinberg, MD, FAANS, FACS; Hussein Tawbi, MD, PhD; Frederick Lang, MD; 
Jeffrey Scott Wefel, PhD, ABPP; Jason Michael Johnson, MD; Heather Lin, PhD; Ying Yuan, PhD; 
Mary Frances McAleer, MD, PhD

Introduction: Resection (R) followed by single or multi-fraction stereotactic radiosurgery (SRS) 
lowers resection bed recurrence compared to R alone. Nevertheless for larger brain metastasis (>2.5 
cm) 12-month recurrence rates after R+SRS can exceed 20-30%. Aiming to improve outcomes, 
a permanently implanted collagen tile brachytherapy (CTBT) device (GammaTile, GT Medical 
Technologies, Tempe AZ) utilizing Cs-131 was developed, hypothesizing that immediate adjuvant 
radiotherapy (RT) and/or RT dose intensification could improve outcomes. The device received FDA 
clearance for this indication, based on a single-arm pre-commercial study and in early commercial 
use due to the excellent safety and local control of R+CTBT. It is hypothesized that R+CTBT will 
increase the time to post-resection-recurrence, while prolonging survival and reducing the impact on 
functional and neurocognitive status compared to R+SRS.

Study Designs: Multicenter, randomized, comparison trial. Patients with resectable, previously 
untreated “index” brain metastases measuring >2.5-5 cm and 0-3 other tumors will be 
preoperatively randomized 1:1 to undergo either R+ SRS or R+CTBT to the index lesion; unresected 
tumors in both groups will receive SRS. Planned sample size is 160 from ~5 sites; accrual to start 
in Q3-2020. Primary endpoint is surgical bed-recurrence free survival. Secondary endpoints include 
overall survival, quality of life (Functional Assessment of Cancer Therapy-Brain, Linear Analog  
Self-Assessment), neurocognition (Hopkins Verbal Learning Test, Trail Making Tests, Mini-Mental 
Status Exam, Controlled Oral Word Association), functional decline (Karnofsky Performance Scale, 
Barthel-ADL), and adverse events. Follow-up will be at 1,3,6,9,and 12 months, then q 6 months 
through 5 years. 

Conclusion: This will be the first randomized trial comparing R+SRS versus R+CTBT delivered by 
Cs-131 sources in permanently implanted resorbable collagen tile carriers. Primary and secondary 
outcome measures will be captured to elucidate the potential risks and benefits of these two 
differing approaches for patients with metastatic brain tumors.  

ABSTRACT PRESENTED AT: Society of Neuro-Oncology 2020 Brain Metastases Conference; 
August 14, 2020.
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Permanent Intracavitary Cs131 Brachytherapy for Previously-Irradiated Recurrent 
Brain Metastases: Initial Clinical and Radiation Safety Experience
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MD; David Aramburu-Nunez, PhD; Michael Bellamy, PhD; T. Jonathan Yang, MD; Atif Khan, MD; 
Laurence Dauer, PhD; Gilad Cohen, MS; Kathryn Beal, MD; Viviane Tabar, MD 

Objective: Recurrence of previously-irradiated brain metastases (BrM) presents a significant 
challenge. We describe our initial experience using salvage resection with Cs131 brachytherapy in 
previously-irradiated BrM.

Methods: Between September 2019 and April 2020, 9 patients with recurrent BrM underwent 
maximally-safe metastatectomy. Following pathological confirmation of viable recurrence, cavities 
were implanted with permanent Cs131 brachytherapy (GammaTile, GT Medical Technologies). 
Prescribed dose was 60Gy at 5mm from the cavity. Postimplant dosimetry (V100) was calculated on 
postoperative day 1 fused CT/MRI. Intraoperative team exposure was recorded using intraoperative 
ring dosimetry, and patient dose-rates measured postoperatively informed patient, family and 
medical-staff exposure modeling. 

Results: Nine patients (55% female, median age 54) underwent 10 implantations (6 supratentorial, 4 
infratentorial). Median preoperative maximum diameter was 3.5cm (2.3-6.3) and histologies included 
breast, gastrointestinal, lung, kidney and oral cavity squamous cell carcinomas. Five had undergone 
prior resection or laser ablation. All lesions received >/=1 prior course of stereotactic irradiation a 
median of 10.1 months (3.7-15.9) earlier. Eight lesions were gross-totally resected. Median number 
of implanted Cs131 seeds was 16 (12-28) with median seed strength of 61.8U (42.4-98.0). Median 
postoperative cavity size was well-correlated with the number of implanted seeds (Pearson R=0.75, 
p=0.03). Median V100 dose coverage of the cavities and uniform 5mm expansion of the cavities 
were 99% (79-100%) and 79% (51-95%), respectively.Median measured exposure rates were 90mR/
hr (28-152) on contact, 9.15mR/hr (2.7-13.9) at 30cm and 1.4mR/hr (0.6-2.3) at 1 meter from the 
patient. Mean ring dose was 6.83mrem (0-18) for the radiation oncologist and 9.17mrem (0-15) 
for the neurosurgeon. Modeled lifetime family-member and visitor exposure was 116mrem (52-
193mrem), and healthcare worker exposure was 39mrem (17-64mrem), all well below regulatory 
limits. There were no immediate wound complications or unanticipated neurologic injuries. 

Conclusion: In our early experience, salvage interstitial Cs131 implantation was safely employed for 
recurrent brain metastases.   

ABSTRACT PRESENTED AT: Society of Neuro-Oncology 2020 Brain Metastases Conference; 
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Resection and Surgically Ttargeted Radiation Therapy for Initial or Salvage 
Treatment of Aggressive Meningioma: Results from a Prospective Trial

AUTHORS: C. Leland Rogers; Peter Nakaji; Emad Youssef; Kris Smith; Joseph Zabramski; Theresa 
Thomas; Christopher Dardis; Dilini Pinnaduwage; David Brachman; St Joseph’s Hospital, Phoenix, AZ, 
Barrow Neurological Institute, Phoenix, AZ, GT Medical Technologies, Tempe, AZ.

Introduction: For aggressive and/or recurrent meningiomas achieving durable local control (LC) 
remains problematic. Resection (R) alone is typically insufficient and even with the addition of 
radiation therapy (RT) LC is suboptimal in many series. 

Objective: To investigate the hypothesis that maximum safe resection combined with immediate 
radiation may improve outcomes in patients with both recurrent and previously untreated 
meningiomas we designed and prospectively evaluated a permanently implanted collagen carrier  
tile brachytherapy (CTBT) device consisting of Cs-131 seeds positioned within an implanted  
biocompatible carrier/spacer (GammaTile, GT Medical Technologies, Tempe AZ). 

Methods: From 2/2013-2/2018 recurrent and newly diagnosed aggressive meningiomas were treated 
on a single arm, multi-histology study (ClinicalTrials.gov, NCT#03088579). Intraoperatively the 
tumor bed was lined with collagen tiles imbedded with Cs-131, delivering 60-80 Gy at 5 mm depth. 
No additional local therapy was given absent progression. 

Results: 35 meningiomas in 28 patients were treated; 29 were recurrent and 6 had no prior therapy. 
WHO grade was I in 2 patients, II in 28, and III in 5. In the 29 recurrent cases, 22 had prior R+RT, 
6 R only, and 1 RT only. For recurrent tumors, mean prior same site surgeries was 2 (range 0-5), 
and mean prior RT courses 1.7 (range 0-3).  Median age was 66 years (range 37-82), KPS 80 (70-
100), female: male ratio 15:13. Mean time for implantation was 5 minutes. For all tumors, at a 
median radiographic follow-up of 25.5 months (range 0.1-71) treatment site progression occurred in 
20% (7/35) and median time to progression had not been reached (95% CI > 35.6 months). Overall 
LC at 12/24/36/48 months was 100/89/72/72% for all tumors, 100/93/79/79% for Grade II, and 
100/50/0/0% for Grade III, respectively. No patient who received CTBT as their initial radiation 
treatment has failed. Median overall survival was 50 months. Four symptomatic adverse events 
occurred, 2 wound breakdowns requiring surgery and 2 radiation-related brain changes, medically 
treated.   

Conclusion: R+CTBT demonstrates favorable safety and LC outcomes in this single-arm prospective 
trial that includes heavily pre-treated patients. A commercial version of the device recently received 
FDA clearance for use in newly diagnosed malignant or recurrent intracranial neoplasms including 
meningiomas.     

ABSTRACT PRESENTED AT: CNS 2020 Virtual Conference; September 30, 2020.
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A Prospective Trial of Resection and Surgically Targeted Radiation Therapy for 
Initial or Salvage Treatment of Aggressive Meningioma

AUTHORS: C. Leland Rogers; Peter Nakaji; Emad Youssef; Kris Smith; Joseph Zabramski; Theresa 
Thomas; Christopher Dardis; Dilini Pinnaduwage; David Brachman; St Joseph’s Hospital, Phoenix, AZ, 
Barrow Neurological Institute, Phoenix, AZ, GT Medical Technologies, Tempe, AZ.

Introduction: Achieving durable local control (LC) for aggressive or recurrent meningiomas remains 
problematic. Resection (R) alone is insufficient and even with the addition of radiation therapy (RT), 
outcomes are suboptimal in many series.   

Objective: Hypothesizing R plus Surgically Targeted Radiation Therapy (STaRT) may improve LC, we 
evaluated a permanently implanted brachytherapy device consisting of Cs-131 seeds positioned within 
modular resorbable collagen carrier/spacer tiles (GammaTile, GT Medical Technologies, Tempe AZ).   

Methods: From 2/2013-2/2018 recurrent and newly diagnosed aggressive meningiomas were treated 
on a single arm, multi-histology study (ClinicalTrials.gov, NCT#03088579). Intraoperatively the 
tumor bed was lined with collagen tiles imbedded with Cs-131, delivering 60-80 Gy at 5 mm depth. 
No additional local therapy was given absent progression. 

Results: 35 meningiomas in 28 patients were treated; 29 recurrent (22 prior R+RT, 6 R only, 
and 1 RT only) and 6 without prior therapy. WHO grade was I in 2 patients, II in 28, and III in 5. 
Median age was 66 years (range 37-82), KPS 80 (70-100), female: male ratio 15:13. Mean time for 
implantation was 5 minutes. At a median radiographic follow-up of 25.5 months (range 0.1-71) LC 
was 80% (28/35) and median time to progression had not been reached (95% CI > 35.6 months).  
LC at 12/24/36/48 months was 100/89/72/72% for all tumors, 100/93/79/79% for Grade II, and 
100/50/0/0% for Grade III, respectively. No patient receiving STaRT as their initial RT failed. Median 
overall survival was 50 months. Four symptomatic adverse events occurred, 2 wound breakdowns 
requiring surgery and 2 radiation-related brain changes, medically treated.     

Conclusion: R+STaRT demonstrates favorable safety and LC outcomes in this single-arm prospective 
trial that includes heavily pre-treated patients. A commercial version of the device recently received 
FDA clearance for use in newly diagnosed malignant or recurrent intracranial neoplasms including 
meningiomas.     

ABSTRACT SUBMITTED TO: Society of Neuro-Oncology 2020 Virtual Conference,  
November 19-21, 2020
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CASE STUDY 1

DR STUART LEE AND DR ANDREW JU

Brain tumor type: Recurrent meningioma

HOSPITAL: Vidant Health in Greenville, North Carolina

The 37-year-old female patient had previously undergone multiple resections, external beam 
radiation, and GammaKnife radiosurgery for her anaplastic meningioma. Dr Lee completed an 
additional resection in the left frontal lobe and placed 8.5 GammaTiles. In the post-op scan, you 
can see the seeds for each corresponding tile in the post-operative planning report prepared by 
medical physicist Dr Robert Corns. Dosimetry is shown with 30 Gy (blue) and 60 Gy (yellow) 
isodose lines. The patient’s most recent scan showed no evidence of recurrence. 

PRE-OP SCAN POST-OP SCAN



CASE STUDY 2

DR VINCENT DINAPOLI AND DR ELIZABETH LEVICK

Brain tumor type: Newly diagnosed brain metastasis

HOSPITAL: The Jewish Hospital – Mercy Health, Cincinnati, OH

This case was completed by Dr Vincent DiNapoli and Dr Elizabeth Levick at The Jewish Hospital 
- Mercy Health in Cincinnati. The patient, a 55yo male with colon cancer, was treated for a 3 cm 
newly diagnosed solitary brain metastasis in the right frontal lobe, adjacent to the primary motor 
area with a large amount of edema and significant midline shift. After resection, Dr DiNapoli 
placed 4 GammaTiles lining the tumor bed. This was the first newly diagnosed tumor treated with 
GammaTile Therapy under the expanded FDA clearance.

PRE-OP SCAN POST-OP SCAN
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CASE STUDY 3

DR JAY MCCRACKEN AND DR ADAM NOWLAN 

Brain tumor type: brain metastasis

HOSPITAL: Piedmont Health System, Atlanta, GA

This case was completed by Dr Jay McCracken and Dr Adam Nowlan at Piedmont Health System 
in Atlanta, Georgia. The patient, who has breast cancer, was treated for a brain metastasis 
with 5.5 GammaTiles lining the tumor bed. The tentorium and petrous dura were treated with 
GammaTile Therapy. 

PRE-OP SCAN POST-OP SCAN

PRE-OP SCAN POST-OP SCAN
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CASE STUDY 4

DR JOHN CLOUGH AND DR BRADLEY KOFFMAN

Brain tumor type: Recurrent oligodendroglioma

HOSPITAL: Menorah Medical Center, Overland Park, Kansas

This case was completed by Dr John Clough and Dr Bradley Koffman at Menorah Medical Center in 
Overland Park, Kansas. The patient, a woman diagnosed with a WHO Grade II oligodendroglioma, 
was treated for her third recurrence. She had previously undergone multiple resections, systemic 
therapies, and external beam radiotherapy. After resection, Dr Clough placed 5.5 GammaTiles 
in the surgical cavity. The patient is doing well and volunteers her time sharing her story as a 
GammaTile Patient Navigator. 

PRE-OP SCAN POST-OP SCAN
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CASE STUDY 5

DR VINCENT DINAPOLI AND DR ELIZABETH LEVICK

Brain tumor type: Recurrent glioblastoma 

HOSPITAL: The Jewish Hospital – Mercy Health, Cincinnati, OH

This case was completed by Dr Vincent DiNapoli and Dr Elizabeth Levick at The Jewish Hospital -  
Mercy Health in Cincinnati. This case involves a 46yo female patient with a GBM, in which 
the patient’s initial MRI revealed a large T2 hyperintense, left frontal brain mass with foci of 
enhancement. Post-resection, her MRI at her 10mo follow-up revealed recurrence of enhancement 
adjacent to prior resection. Pathology confirmed recurrent GBM. During her re-resection procedure, 
Dr DiNapoli followed resection by placing 4.5 GammaTiles into the tumor cavity. 

PRE-OP SCAN POST-OP SCAN
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