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Abstract

Background—Cesium-131 (Cs-131) brachytherapy is used to reduce local recurrence of 

resected brain metastases. In order to ensure dose homogeneity and reduce risk of radiation 

necrosis, inter-seed distance and cavity volume must remain stable during delivery.

Objective—To investigate the efficacy of the “seeds-on-a-string” technique with intracavitary 

fibrin glue in achieving cavity volume stability.

Methods—We placed intra-operative Cs-131 brachytherapy in 30 cavities post-resection of brain 

metastases. Seeds-on-a-string were placed like barrel staves within the cavity with fibrin glue. 

Serial MRI imaging occurred post-operatively. Pre-operative tumor volumes were compared with 
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post-operative cavity volumes to evaluate volume stability. Thirty patients who underwent post-

resective stereotactic radiosurgery (SRS) were used as a control group for volumetric comparison.

Results—Cs-131 and SRS patients exhibited consistent cavity shrinkage over the median 110-

day follow-up (p<.001), with total median shrinkage of 56.5% (Cs-131) and 84.8% (SRS). During 

the first month when ~88% of Cs-131 dosage is delivered, however, there was non-significant 

volume decrease in the Cs-131 group (median 22.0%; p=.063), while SRS patients showed 

significantly more shrinkage (46.7%; p=.042). No events of radiation necrosis occurred in either 

group.

Conclusion—Cs-131 patients exhibited significantly less cavity shrinkage than SRS patients 

during the first critical month with 88% Cs-131 dose delivery. This significant difference in 

shrinkage suggests that the intracavitary seeds-on-a-string technique facilitates increased cavity 

stability, promoting more homogenous dose delivery.
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Introduction

The incidence of brain metastasis has increased during the last decade, occurring in up to 

40% of cancer patients.1-3 Survival without treatment is typically reported as one to two 

months, but the use of whole brain radiation therapy (WBRT) alone increases outcome to 

three to six months. The combination of tumor resection with adjuvant WBRT or stereotactic 

radiosurgery (SRS) is reported to increase survival to 11 months.4-7

WBRT is also associated with reduced quality-of-life measures8,9 and detrimental 

neurocognitive results.10-13 More localized radiotherapy options such as SRS maintain an 

equivalent survival benefit with reduced neurocognitive defects.10,14-16 Another option for 

focal radiation delivery is the intra-operative implantation of radioisotope seeds into the 

tumor cavity, known as brachytherapy. While brachytherapy achieves similar rates of local 

control (80%-95%) as post-operative WBRT or SRS,17-25 there have been high rates of 

reported toxicity, i.e. radiation necrosis, with Iodine-125 (I-125) usage.20,26

High toxicity has been partially attributed to the long half-life (t1/2) of I-125, which allows 

continued radiation delivery over a long follow-up period during which the cavity is thought 

to gradually shrink.27-30 Shrinkage increases proximity of the seeds to each other and to 

normal brain tissue, altering dosage strength and homogeneity. The relationship between 

shrinkage of the target radiation area and increased necrosis of surrounding tissue was first 

shown in experiments involving I-125 implantation for inoperable gliomas, and therefore 

focused on tumor shrinkage rather than cavity shrinkage. In one study, 40% of patients 

experienced radiation necrosis, which was correlated with faster rates of tumor shrinkage 

and increased radiation delivery to the brain parenchyma.26 A similar study concluded that 

tumor shrinkage of over 50% during the first 6 months of I-125 delivery resulted in a 30% 

increase in radiation delivery to the surrounding tissues and an increased risk for radiation 

necrosis.31,32
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Our institution has attempted to minimize this toxicity by both shortening the duration of 

radiation delivery and minimizing cavity shrinkage post-resection. In this trial, we instead 

use Cesium-131 (Cs-131), a novel isotope that has a shorter t1/2 than I-125 (9.7 versus 59.4 

days).33,34 Additionally, we use the “seeds-on-a-string” model in an attempt to stabilize 

cavity volume and minimize shrinkage. With this model, seeds are implanted on strings that 

line the cavity like barrel staves and are held in place with fibrin glue to prevent inward 

cavity collapse. To our knowledge, there has not been a long-term analysis of cavity volume 

dynamics with brachytherapy treatment. Our study investigates whether cavity shrinkage 

occurs post-implantation of brachytherapy seeds and assesses the efficacy of the seeds-on-a-

string technical method in maintaining cavity volume stability.

Methods

Patient selection and surgical technique

Between 2010 and 2014, 30 patients underwent intra-operative Cs-131 brachytherapy for 

newly resected brain metastases on an IRB-approved prospective trial at New York 

Presbyterian/Weill Cornell Medical Center. Selection criteria, surgery details, and clinical 

outcomes are described in a prior study.34 Six more patients are included in this study in 

comparison to the phase I/II report as the trial is still open and accruing subjects.34 Directly 

after resection, Cs-131 stranded seeds (IsoRay, Richland, WA) with an activity of 3-5 mCi 

were implanted with a planned dose of 80 Gy prescribed to a 5 mm depth from the surface 

of the resection cavity. Seeds were placed roughly 1 cm apart within the cavity. Dose 

calculations were based on a CT scan done 2 days after surgery. Since cavity shrinkage after 

placement of the seeds would bring them closer together and create local dose heterogeneity, 

a strategy was required to try and maintain cavity volume for the first month after seed 

placement when ~88% of the dose was delivered (based on Cs-131's short t1/2 of 9.7 days). 

Thus, the seeds were placed within the cavity like “barrel staves” so the tensile strength of 

the string would keep the cavity open. The seeds were covered with Surgicel (Ethicon) to 

prevent migration and promote hemostasis. Additionally, fibrin glue was placed within the 

cavity to keep the seeds along the resection cavity wall, prevent internal migration, and 

maintain cavity volume until the fibrin glue and strings resorbed. This technique (the seeds-

on-a-string model) is demonstrated in Figure 1. Following surgery, all patients were 

maintained on steroids for 3 weeks on a slow taper.

In order to assess the efficacy of the seeds-on-a-string model in maintaining cavity stability, 

cavity dynamics in the brachytherapy patients were compared to cavity dynamics in patients 

who underwent post-resection stereotactic radiosurgery (SRS) for brain metastases. Since 

there were no patients undergoing brachytherapy seed placement without the seeds-on-a-

string method for comparison, SRS patients were selected to serve as the best available 

controls because SRS is an external radiation delivery modality that lacks intracavitary 

intervention. Thirty SRS patients who underwent resection of brain metastases and 

subsequent SRS within a median 50 days ± 19.6 (range 15-94) at New York Presbyterian/ 

Weill Cornell Medical Center from 2002-2014 were identified for comparison to match the 

Cs-131 patients. SRS patients received total radiation doses ranging from 15-25 Gy in 1-5 

fractions to a 2-mm margin.
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Imaging

All patients received a pre-operative and a series of post-operative surveillance MRI scans. 

The post-operative scans were ideally planned for day one or two, one month, and three 

months after surgery, though these time points varied slightly. Not all patients received all 

post-operative scans, and analysis at each time point is limited to the patients with available 

imaging.

Volumetric analysis

The volumes of the pre-operative tumor and post-operative cavities were calculated for each 

patient in the Cs-131 and SRS groups. Utilizing iPlan Cranial planning software (Brainlab, 

Feldkirchen, Germany), the tumor and cavities were contoured on axial slices of 5mm 

thickness, using the “smartbrush” tool. Smartbrush contouring was based upon a difference 

in enhancement of the tumor or cavity relative to surrounding parenchyma. The software 

then calculated three-dimensional volumes through summation of the contoured slices. Pre-

operative tumor was contoured on T1+C sequences, while the cavities were contoured using 

a combination of pre-contrast T1, T1+C, and T2 sequences. Pre- and post-operative edema 

volumes were similarly calculated on FLAIR or FLAIR+C.

We also measured intra-operative cavity volume as best we could to try to assess how much 

shrinkage occurred based merely on the removal of the bulk of the tumor. Intraoperative 

volume was obtained in two ways: 1) fluid was introduced into the cavity and the volume 

required for filling the cavity was reported. This was only done if the cortical surface was at 

the most superior part of the resection cavity and there was no communication with the 

ventricle; 2) dimensions (length, width, and height) of the cavity were measured 

immediately after resection and volume was calculated using an approximated ellipsoid 

volume formula typically utilized for hematoma volume measurement 35: (length × width × 

height) * (1/2).

Descriptive analysis

We calculated the median absolute volume of the cavity at each time point over the follow-

up period and the median percent change in volume between different time points for each 

group. Percent change in volume was calculated as follows, using the example of comparing 

pre-operative tumor volume to the first post-operative MRI cavity volume [27]: [(cavity 

volume)-(tumor volume)]/(tumor volume) × 100. Thus, a positive percent change 

represented cavity expansion, while a negative percent change represented cavity collapse. 

Percent change in edema volume was calculated in the same way. We analyzed cavity 

dynamics in comparison to both pre-operative volume and MRI-1 volume baselines, with 

MRI-1 volume serving as our best available representation for the early, post-debulking 

volume of the cavity given limitations in intra-operative volume calculation.

Comparison of cavity dynamics and the decay properties of Cs-131 was performed.33 Lastly, 

rates of radiation necrosis were reported in each group.
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Statistical analysis

Statistical analysis was performed with SPSS (version 22, SPSS, Inc), and a 2-sided p-value 

of <.05 was considered statistically significant. Chi-square, Fisher's exact test, and non-

parametric Mann-Whitney tests were used to compare demographic variables between the 

Cs-131 and SRS groups. Non-parametric Wilcoxon signed-rank tests assessed if changes in 

cavity volume or edema over different time periods were significant. This analysis was 

performed within the Cs-131 and SRS groups. Non-parametric Mann-Whitney tests were 

performed to compare timing of imaging between Cs-131 and SRS patients. The non-

parametric Kolmogorov-Smirnov test was used to compare cavity dynamics over the same 

time period between different groups of patients, with findings confirmed by the Mann-

Whitney U test.

Results

In the prospective trial at the time of analysis, there were 30 Cs-131 patients with 31 

resected brain metastases. One patient was excluded from volumetric analysis because the 

resection cavity was continuous with the lateral ventricle and post-operative volumetric 

analysis could not be performed. One patient had two separate metastases resected 46 days 

apart that were analyzed separately. Thus, volumetric analysis was limited to a subset of 29 

Cs-131 patients with 30 lesions. These patients were compared to a control group with 30 

SRS patients.

Demographic and baseline clinical data for the Cs-131 and SRS patient cohorts are included 

in Table 1. Median age for the Cs-131 and SRS cohorts was 64 years ± 11.9 (range 45-84) 

and 65 years ± 11.1 (range 32-84), respectively (p=.64). 16 Cs-131 lesions were in females 

(53.3%), while 14 were in males (46.7%). 14 SRS patients were female (46.7%) and 16 

were male (53.3%). There was no statistically significant difference in sex (p=.80) or extent 

of tumor resection (p=1.00) between the two treatment groups. Statistical analysis could not 

be performed to compare race, tumor pathology, or tumor localization between the two 

groups given small sample size. Timing of pre- and post-operative MRI scans in both groups 

is included in Table 2. There was no statistically significant difference in the imaging 

timeline between the Cs-131 and SRS patients.

Cs-131 cavity dynamics

Volumetric analysis of the Cs-131 patients revealed a decrease in median cavity volume 

between each successive time point (Table 3). Figure 2 illustrates this trend with MRI scans 

from a patient who exhibited consistent cavity collapse on T1+C and consistent edema 

reduction on FLAIR.

In order to further analyze volume dynamics over time with Cs-131, we assessed cavity 

volume from the perspective of median percent change in volume between different time 

points (Table 4).27 We measured percent change in cavity volume from two different starting 

points: MRI-pre and MRI-1. There were larger decreases in cavity volume when compared 

to MRI-pre rather than MRI-1. Median percent change in volume compared to MRI-pre was 

as follows: MRI-pre to MRI-1: −35.1% ± 52.5 (range −78.9 to 129.2); MRI-pre to MRI-2: 
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−46.2% ± 81.3 (−78.4 to 305.9); MRI-pre to MRI-3: −56.5% ± 21.8 (−78.6 to −12.3). The 

median percent change in volume compared to MRI-1 was as follows: MRI-1 to MRI-2: 

−22.0% ± 48.3 (−75.8 to 100.0); MRI-1 to MRI-3: −18.4% ± 27.6 (−82.6 to 10.4).

While there was consistently significant shrinkage between MRI-pre and each postoperative 

MRI (MRI-1: p=.002; MRI-2: p=.001; MRI-3: p<.001), there was no statistically significant 

shrinkage between MRI-1 and MRI-2 (p=.063). These findings suggest that the initial 

collapse of brain tissue into the cavity secondary to surgical debulking between MRI-pre and 

MRI-1 likely accounts for the majority of cavity shrinkage over the follow-up period. The 

subsequent period of non-significant shrinkage from MRI-1 to MRI-2 corresponds to the 

first month after surgery when ~88% of the radiation dose is delivered.

A comparison of intra-operative volume to both pre-operative volume and MRI-1 volume 

was then performed to investigate shrinkage occurring immediately post-resection for a 

subset of patients in whom intra-operative volume was available. Using the fluid 

measurement technique, the median intra-operative volume was 3.13 cm3 ± 4.3 (range 1-17; 

n=12). The median intra-operative cavity volume using the dimensions formula was 2.4 cm3 

± 5.8 (range 0.2-25; n=21). Both median intra-operative measurements showed significant 

collapse relative to pre-operative tumor volume (p=.002 for fluid volume and p<.001 for 

dimension-based volume), providing evidence for immediate significant shrinkage due to 

tumor debulking. Additional analysis was performed to compare intra-operative volumes 

with MRI-1 volumes. This analysis demonstrated a statistically significant difference 

between intra-operative volume and MRI-1 cavity volume (p=.003 for the fluid volume or 

p=.007 for the dimension-based volume), further supporting early shrinkage.

Comparison of dynamics in Cs-131 and SRS patients

Volumetric analysis of the SRS cavities also revealed a decrease in absolute median cavity 

volume between each successive time point (Table 3). Further analysis of percent change in 

cavity volume over time demonstrated consistently significant cavity shrinkage between 

MRI-pre and all three post-operative MRIs (MRI-1: p<.001; MRI-2: p=.001; MRI-3: p<.

001) (Table 4; Figure 3). Median percent change in volume compared to MRI-pre was as 

follows: MRI-pre to MRI-1: −48.0% ± 44.9 (range: −85.5 to 76.5); MRI-pre to MRI-2: 

−67.8% ± 64.2 (−98.5 to 160.8); MRI-pre to MRI-3: −84.8% ± 25.5 (−100.0 to −12.5).

There was a statistically significant difference in cavity shrinkage between the Cs-131 and 

SRS cohorts from MRI-1 to MRI-2 when the majority of Cs-131 radiation is delivered. The 

median volume shrinkage of 46.7% in SRS patients exceeded that of 22.0% in Cs patients 

during this first month after surgery (p=.042). Moreover, SRS patients were significantly 

more likely than Cs-131 patients to experience cavity shrinkage between the following time 

points: MRI-pre and MRI-2 (p=.034), MRI-pre and MRI-3 (p=.008), and MRI-1 to MRI-3 

(p=.028).

Impact of pre-operative tumor size

Volume dynamics were also compared in Cs-131 patients initially presenting with larger 

tumors versus smaller tumors, in order to investigate a previously reported relationship 
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between larger tumor size and increased post-operative cavity shrinkage.27,29 A volume cut-

off of 6 cm3 was used that allowed for sufficiently large subgroups for analysis (Table 5).

Median percent change during each time period is reported separately for small and large 

tumors in Table 6. When comparing post-operative cavity volumes to pre-operative tumor 

volume, both small and large tumor groups showed consistent median volume decreases, 

though only large tumors exhibited statistically significant shrinkage at each time point 

through MRI-3. When comparing cavity dynamics in the small versus large tumor groups, 

there was a statistically significant difference from MRI-1 to MRI-2. During this critical 

dose delivery period, small tumors showed a median 33.8% increase in cavity volume, while 

large tumors showed a median 31.0% decrease in cavity volume (Figure 4). This suggests 

that cavities resulting from small tumors are more likely to expand while cavities from large 

tumors are more likely to shrink from MRI-1 to MRI-2.

Edema

In the Cs-131 group, median pre-operative edema volume was 42.4 cm3 ± 37.5 (range 

6.4-137.6), while the median post-operative edema volume on MRI-3 was 2.5 cm3 ± 8.7 

(range 0.04-30.0), representing a median 90.2% reduction. There was a significant decrease 

in edema volume between MRI-pre and each post-operative scan (MRI-1: p=0.008; MRI-2: 

p<.001; MRI-3: p<.001), though the largest median decrease occurred between MRI-1 and 

MRI-2 (91.4%). There was only a median 7.1% decrease between pre-MRI and MRI-1.

In the SRS control group, median pre-operative edema volume was 41.0 cm3 ± 44.6 (range 

2.4-166.3), while the median post-operative edema volume on MRI-3 was 3.4 cm3 ± 4.4 

(range 0.3-19.1), representing a median 92.2% reduction. There was a significant decrease in 

edema volume between MRI-pre and both MRI-2 (p=.002) and MRI-3 (p<.001), though 

there was no significant decrease between MRI-pre and MRI-1 (p=.133). Similarly to the 

Cs-131 group, the largest median decrease in edema in the SRS group occurred between 

MRI-1 and MRI-2 (78.6%). There was only a median 3.9% decrease between pre-MRI and 

MRI-1.

Radiation Necrosis

Ultimately, the proof of principal for the efficacy of this technique will be the reduction of 

radiation necrosis rates. In both the Cs-131 and SRS group, there were 0 cases of radiation 

necrosis.

Discussion

The concept of post-resection intracavitary brachytherapy for brain metastases is appealing. 

Without additional radiation therapy, the local recurrence rate is high and residual tumor 

cells are found at the margin of the cavity. Brachytherapy targets this exact area and allows 

the delivery of therapy at the ideal time when the population of multiplying cells is at its 

lowest. Early studies of brachytherapy, however, reported high rates of radiation necrosis, 

leading to strong criticisms of brachytherapy-related toxicity. Brachytherapy traditionally 

involved the usage of high-dose permanent implants20 and was performed either 

concurrently with WBRT25 or post-WBRT.17,24 In more recent trials attempting to minimize 
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toxicity, brachytherapy has been performed without WBRT and with lowered doses. Studies 

using low-dose implants showed that reduction in radiation necrosis could be achieved at the 

cost of sacrificing local control, and vice versa with high-dose implants.18,20 Together, these 

findings point to the need to optimize brachytherapy radiation dose and seed activity to 

minimize radiation necrosis and maximize local control.

Our center has attempted to address toxicity concerns while maintaining local control with 

the usage of the novel Cs-131 isotope and its limited time of dose delivery. The permanent 

Cs-131 seeds used in this study, with an activity of 3-5 mCi, were implanted with a planned 

dose of 80 Gy to a 5 mm depth from the surface of the resection cavity. Compared to the 

historically-utilized I-125 isotope, Cs-131 has more beneficial physical and radiobiological 

properties. Cs-131 has a higher dose rate of .342 Gy/h compared to I-125's dose rate of .

069Gy/h; Cs-131 therefore has a shorter t1/2 (9.7 days compared to 59.4 days for I-125), 

resulting in reduced long-term seed activity.33 Additionally, Cs-131 has a high mean energy 

of 29 keV, which facilitates the implantation of fewer seeds per unit volume. Finally, studies 

of brachytherapy usage for prostate cancer show that Cs-131 is clinically superior to I-125 

and Palladium-103 isotopes.30 The previously reported clinical outcomes from our Cs-131 

trial are encouraging, with no reported toxicity (radiation necrosis) or local recurrence, only 

one regional recurrence event (6.2%), and one-year survival of 50.0%.34 The consistent and 

drastic decrease in edema over the follow-up period also suggests that there is decreased 

injury of the surrounding tissues. The results in this study support our prior conclusions with 

dramatically lower rates of radiation necrosis compared with prior trials of brachytherapy.

One variable affecting radiation delivery and the risk of subsequent toxicity to the 

surrounding parenchyma is the stability of tumor cavity volume post-resection.26,28,31,32 

Early studies of I-125 implantation for primary gliomas showed that tumor shrinkage during 

active radiation delivery is correlated with increased radiation of surrounding parenchyma 

and increased risk of radiation necrosis. Looking at cavity dynamics from a different 

perspective, two recent SRS studies have analyzed post-resection cavity dynamics to explore 

if there is an optimal time to perform SRS after surgery. Jarvis et al. demonstrated the 

potential for cavity volume change in the mean 30 days between tumor resection and SRS, 

with 23.3% of cavities shrinking more than 2 cm3 and 30.2% of cavities increasing in size 

more than 2 cm3.29 Analysis of mean volumes of the entire patient population showed 

shrinkage from the mean pre-operative tumor volume of 14.2 cm3 to the immediately post-

operative cavity volume of 8.5 cm3. Relatively minimal change was then reported at the 

second post-operative MRI, with a mean volume of 8.77 cm3. Atalar et al. similarly reported 

significant cavity shrinkage occurring immediately after surgery in a different SRS 

population, without further significant change over the remainder of the 33-day follow-up 

period.27

In order to avoid this early cavity volume fluctuation, we used the “seeds-on-a-string” 

method. We stabilized the cavity by implanting seeds on strands that exert an outward force 

on the cavity and introduced fibrin glue into the cavity. After a dramatic decrease in volume 

that results from tumor removal and successfully alleviates any symptoms of mass effect, 

our results show a minimal change in cavity size in the first post-operative month when most 

of the Cs-131 dose is delivered. Furthermore, compared to patients who underwent SRS, an 
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external radiation technique, the Cs-131 patients exhibited significantly less cavity shrinkage 

over the entire follow-up period and specifically during this critical period of maximal dose 

delivery. This difference in cavity volume dynamics suggests that the physical qualities of 

the brachytherapy seeds and the usage of fibrin glue during implantation are successful at 

minimizing the shrinkage that occurs in the absence of this intracavitary intervention. 

However, given that both techniques (i.e., the seeds and the fibrin glue) were used together, 

we cannot differentiate which is more important. Moreover, both groups exhibited 

significant and substantial edema resolution from MRI-1 to MRI-2, likely promoting a relief 

of inward-directed pressure on the resection cavity. Despite this relief, the SRS group 

continued to exhibit significant shrinkage during this period while the Cs-131 group did not, 

suggesting that the seeds-on-a-string plus fibrin glue exert an outward force that helps 

maintain cavity stability.

Another method of brachytherapy that similarly attempts to maintain cavity volume over the 

course of radiation delivery with intracavitary intervention is the GliaSite system. GliaSite is 

a temporary high-dose rapid-delivery radiation modality in which an intracavitary balloon 

catheter is implanted to fill and stabilize the cavity before seeds are introduced. In a 

prospective Gliasite trial, Rogers et al. implanted brachytherapy seeds (with a total dosage of 

60 Gy) into the cavity 21 days after resection of brain metastases, resulting in radiation 

necrosis in 15.5% of patients.23 While GliaSite effectively controls cavity dynamics, we 

prefer the seeds-on-a-string model that starts radiation delivery without delay after resection, 

uses a lower dosage, and results in fewer cases of radiation necrosis.34

Figure 5 superimposes the trajectory of Cs-131 radiation delivery with the changing cavity 

volume over the follow-up. The majority of radiation is delivered in the first month 

following surgery after the initial significant decrease in cavity volume from surgical bulking 

has already occurred. Since dosimetry is adjusted real-time based upon intra-operative 

volume (ie. the volume of the cavity dictates the spacing of seeds, normally spaced at 1-cm 

intervals, which then dictates later dose calculation), the immediate collapse due to tumor 

debulking does not affect dose delivery. We therefore emphasize the comparison of radiation 

delivery dynamics to volume dynamics during the period following MRI-1, with MRI-1 

volume serving as our best available representation for the early, post-debulking volume of 

the cavity given limitations in intra-operative volume calculation. During this period, there is 

non-significant shrinkage in the Cs-131 patients (from MRI-1 to MRI-2) and significantly 

less shrinkage relative to the SRS patients (from MRI-1 to MRI-2 and MRI-3). Only 23.9% 

and 11.7% of radiation remains at day 20 and day 30 post-implantation, respectively. By 

MRI-2 (at median day 36), more than 88.3% of the radiation has already been delivered. 

Thus, the majority of radiation is delivered when the Cs-131 cavity does not exhibit 

significant shrinkage, which is corroborated by the previously reported absence of radiation 

necrosis in this patient population, though these patients were only followed over a median 

19.3-month period.34 In contrast to Cs-131, I-125 has a longer t1/2 (59.4 days), which may 

increase the clinical repercussions of cavity shrinkage. There continues to be significant 

I-125 radiation delivery as the cavity volume shrinks post-operatively, possibly accounting 

for its higher reported rates of radiation necrosis (0-40%).20,26,31
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Based upon previous findings,27,29 we also compared cavity dynamics in patients presenting 

with large versus small tumors. In a post-SRS setting, it has been reported that cavities 

resulting from larger tumors tended to shrink more than cavities resulting from smaller 

tumors.27,29 Our results were slightly different and a bit more complicated. In our Cs-131 

patient population, smaller tumors actually shrunk more after initial debulking than larger 

tumors, although the difference between the two groups was minimal. Interestingly, smaller 

tumor cavities then showed an increase in median volume during the first month after 

surgery, in significant contrast to the larger tumors. This is likely caused by the dramatic 

decrease in edema combined with the slight outward pressure provided by the tensile 

strength of the Cs-131 seeds and the fibrin glue. In the long run, however, both large and 

small tumor subgroups showed significant shrinkage between MRI-pre and MRI-3. While 

this analysis is limited due to our small patient population, these results may suggest that 

cavities from small tumors are more likely to fluctuate in volume while cavities from large 

tumors exhibit more consistent shrinkage. Future studies should further address this 

relationship with larger patient populations.

Limitations

Our usage of SRS patients as controls for the Cs-131 patients introduces a limitation into the 

study because SRS is a delayed therapy after surgery, while Cs-131 implantation occurs 

intra-operatively. The median timing of SRS was 50 days following surgery, which falls in 

the time period from MRI-2 to MRI-3. While this radiosurgical intervention is a potential 

confounding variable that could promote additional cavity shrinkage during this later time 

period, most SRS patients did not undergo radiosurgical intervention until after the critical 

period from MRI-1 to MRI-2 that we emphasize as most important for comparison. Another 

possible control group would be patients who had brachytherapy seeds placed that were not 

on a string and without fibrin glue in the cavity. However, such a control group was not 

available to us.

Due to scheduling and other logistical constraints, only a subset of patients had a full series 

of three post-operative scans. The resulting small patient populations hindered some 

statistical analysis, especially when comparing patient subgroups. Additionally, the majority 

of patients did not have intra-operative cavity volume measured due to logistical difficulties. 

In the future, more accurate and reliable intra-operative cavity volume calculation should be 

performed using intra-operative imaging to create a more clinically relevant baseline for 

cavity dynamics analysis.

Conclusion

Our data show that after an initial rapid decrease in cavity volume due to surgical debulking, 

the strategy of lining the cavity with Cs-131 seeds on a string and using fibrin glue 

successfully maintains cavity volume in the first 30 days after the seeds are placed. 

Maintenance of volume during this period likely promotes homogenous radiation during the 

time of Cs-131 maximal dose delivery given the lack of radiation necrosis in this cohort.34 

Compared to the Cs-131 cohort, SRS patients lacked intracavitary intervention and exhibited 

significantly more cavity volume shrinkage during this critical period of dose delivery and 
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the entire follow-up period. Intracavitary Cs-131 brachytherapy should therefore be paired 

with a volume-maintenance technique such as the seeds-on-a-string method with fibrin glue 

to promote dose homogeneity and minimize risk of radiation-induced injury to surrounding 

parenchyma.
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Figure 1. 
These images demonstrate the seeds-on-a-string surgical technique utilized to minimize seed 

migration and cavity shrinkage: A) cavity post-resection; B) seeds are placed within the 

cavity like barrel staves so the tensile strength of the string keeps the cavity open; C) seeds 

are covered with Surgicel (Ethicon) to prevent seed movement and promote hemostasis; D) 

fibrin glue is introduced into the cavity to prevent seed migration and maintain cavity 

volume.
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Figure 2. 
This is an example of one patient's pre-operative and post-operative MRI series. This 

specific patient exhibited cavity collapse on T1+C throughout the entire follow-up period as 

well as a consistent decrease in edema volume visible on FLAIR. The numbers in the left 

column reflect tumor or cavity volumes (cm3), while the numbers in the right column are 

edema volumes (cm3) for this patient.
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Figure 3. 
This line graph demonstrates the trend of cavity volume shrinkage over the follow-up period 

in the Cs-131 versus SRS patient cohorts. Median percent change at each time point (MRI-1, 

2, 3) refers to the percent change that occurred over the time period between pre-operative 

tumor volume (MRI-pre) and those end-points.
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Figure 4. 
This graph of cavity dynamics compares the median percent change in cavity volume over 

different time periods. The dynamics of the following groups are illustrated: all Cs-131 

patients, Cs-131 patients with large pre-operative tumors, and Cs-131 patients with small 

pre-operative tumors.
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Figure 5. 
This composite graph shows the calculated radiation delivery curve of Cesium-131 

superimposed upon the changing median cavity volume over the follow-up period.
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Table 1

Patient Characteristics

Cs-131 Patients SRS Patients p-value 
*

Median age (years) at surgery ± SD (range) 64 ± 11.9 (45-84) 65 ± 11.1 (32-84) .64

Sex (%) .80

Male 14 (46.7%) 16 (53.3%)

Female 16 (53.3%) 14 (46.7%)

Race
n/a

†

White 21 (70.0%) 12 (40.0%)

Hispanic 3 (10.0%) 1 (3.3%)

Black 1 (3.3%) 3 (10.0%)

Asian 1 (3.3%) 1 (3.3%)

Other 0 (0%) 7 (23.3%)

Not reported or unavailable 4 (13.3%) 6 (20.0%)

Tumor pathology
n/a

†

Breast 3 (10.0%) 5 (16.7%)

Colorectal 1 (3.3%) 2 (6.7%)

Endometrium 2 (6.7%) 0 (0%)

Esophagus 1 (3.3%) 1 (3.3%)

Lung 19 (63.3%) 14 (46.7%)

Melanoma 2 (6.7%) 2 (6.7%)

Ovary 0 (0%) 1 (3.3%)

Pancreas 0 (0%) 1 (3.3%)

Prostate 0 (0%) 1 (3.3%)

Renal 2 (6.7%) 2 (6.7%)

Salivary gland 0 (0%) 1 (3.3%)

Tumor localization
n/a

†

Cerebellum 6 (20.0%) 7 (23.3%)

Frontal 11 (36.7%) 10 (33.3%)

Parietal 7 (23.3%) 4 (13.3%)

Occipital 2 (6.7%) 3 (10.0%)

Temporal 1 (3.3%) 4 (13.3%)

Fronto-parietal 1 (3.3%) 1 (3.3%)

Parieto-occipital 1 (3.3%) 1 (3.3%)

Other 1 (3.3%) 0 (0%)

Extent of resection 1.00

Gross-total resection 28 (93.3%) 27 (90.0%)

Sub-total resection 2 (6.7%) 3 (10.0%)
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*
Statistical comparison of patient characteristics was performed using chi-square analysis, Fisher's exact test, or non-parametric Mann-Whitney U 

tests, as appropriate.

†
Statistical analysis could not be performed due to small sample size.
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Table 2

MRI Pre- and Post-Operative Timeline

Cs-131 Patients SRS Patients p-value
*

Median timing of scan relative to surgery 
± SD (range)

N (cases) Median timing of scan relative to surgery 
± SD (range)

N (cases)

MRI-pre 0 days before ± 0.9 (0-3) 30 0 days before ± 1.9 (0-10) 30 .424

MRI-1 2 days after ± 0.9 (1-5) 30 1 days after ± 1.0 (0-5) 28 .094

MRI-2 36 days after ± 9.7 (17-57) 21 36 days after ± 10.3 (19-59) 23 .466

MRI-3 105 days after ± 18.5 (74-136) 17 109 days after ± 17.0 (83-140) 20 .383

Cs-131= Cesium 131; SRS= Stereotactic radiosurgery

*
This p-value is the result of a Mann-Whitney test.
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Table 3

Absolute Cavity Volume in Cs-131 vs. SRS Patients

Cs-131 SRS

MRI scan N (cases) Median absolute volume (cm3) ± SD (range) N (cases) Median absolute volume (cm3) ± SD (range)

MRI-pre (tumor) 30 10.7 ± 14.8 (1.9-79.1) 30 13.5 ± 11.6 (1.9-49.0)

MRI-1 30 7.3 ± 6.8 (1.2–28.0) 28 6.9 ± 4.0 (1.1–14.4)

MRI-2 21 5.9 ± 4.4 (1.4–17.1) 23 5.7 ± 4.6 (0.1–14.5)

MRI-3 17 4.1 ± 3.9 (1.2–13.6) 20 2.3 ± 5.1 (0.0–22.8)

Cs-131= Cesium-131; SRS=Stereotactic radiosurgery
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Table 4

Comparison of Cavity Volume Dynamics between Cs-131 vs. SRS Patients

Cs-131 SRS Cs-131 vs. SRS

Time span N Median % change in cavity 
volume ± SD (range) p

* N Median % change in cavity 
volume ± SD (range) p

*
p

†

MRI-pre to MRI-1 30 −35.1% ± 52.5% (−78.9% – 
129.2%)

.002 28 −48.0% ± 44.9% (−85.5% – 
76.5%)

<.001 .17

MRI-pre to MRI-2 21 −46.2% ± 81.3% (−78.4% – 
305.9%)

.001 23 −67.8% ± 64.2% (−98.5% – 
160.8%)

.001 .034

MRI-pre to MRI-3 17 −56.5% ± 21.8% (−78.6% – 
−12.3%)

<.001 20 −84.8% ± 25.5% (−100.0% – 
−12.5%)

<.001 .008

MRI-1 to MRI-2 21 −22.0% ± 48.3% (−75.8% – 
100.0%)

.063 21 −46.7% ± 49.3% (−94.8% – 
76.3%)

.092 .042

MRI-1 to MRI-3 17 −18.4% ± 27.6% (−82.6% –
10.4%)

.001 18 −65.2% ± 63.6% (−100.0% –
180.8%)

.004 .028

Cs-131= Cesium-131; SRS=Stereotactic radiosurgery

*
This p-value is the result of a Wilcoxon signed-rank test comparing the absolute volumes at each endpoint in the time span for the Cs-131 and 

SRS groups separately.

†
This p-value is the result of a non-parametric Kolmogorov-Smirnov test comparing the percent change in cavity volume over each time span 

between the Cs-131 and SRS cohorts.
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Table 5

Definition and Median Volume of Small versus Large Tumors (Cs-131 Patients Only)

Volume cut-off Median volume (cm3) ± SD (range) Number of lesions

Small tumors <6cm3 3.9 ± 1.2 (1.9-5.6) 11

Large tumors >6cm3 15.6 ± 16.1 (6.8-79.1) 19
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Table 6

Comparison of Cavity Volume Dynamics Based upon Initial Tumor Size (Cs-131 Patients Only)

Small Tumors (<6cm3) Large Tumors (>6cm3) Small vs. Large

Time span N Median % change in cavity 
volume ± SD (range) p

* N Median % change in cavity 
volume ± SD (range) p

*
p

†

MRI-pre to MRI-1 11 −45.8% ± 69.8% (−78.9% – 
129.2%)

.155 19 −35.0% ± 40.1% (−69.0% – 
79.0%)

.008 .741

MRI-pre to MRI-2 8 −42.0% ± 124.5% (−57.7% – 
305.9%)

.208 13 −53.0% ± 26.3% (−78.0% – 
5.0%)

.002 .242

MRI-pre to MRI-3 6 −64.1% ± 21.8% (−76.7% – 
−16.8%)

.028 11 −47.0% ± 22.3% (−79.0% – 
−12.0%)

.003 .359

MRI-1 to MRI-2 8 33.8% ± 50.3% (−44.0% – 
100.0%)

.401 13 −31.0% ± 30.3% (−76.0% – 
41.0%)

.019 .023

MRI-1 to MRI-3 6 −23.0% ± 27.6% (−56.2% – 
10.4%)

.116 11 −18.0% ± 28.9% (−83.0% – 
1.0%)

.004 .781

*
This p-value is the result of a Wilcoxon signed-rank test comparing the absolute volumes at each endpoint in the time span for the small and large 

tumor groups separately.

†
This p-value is the result of a non-parametric Kolmogorov-Smirnov test comparing the percent change in cavity volume over each time span in 

small versus large tumors.
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