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Purpose
Tumour motion management (TMM) typically consists of measuring, quantifying and 
mitigating the tumour motion. Each of these steps is affected by latencies (eg. image 
acquisition, data transfer, etc) in the order of a few 100 ms. For tumour motion tracking 
these latencies are not negligible. Thus, motion prediction is required.
In our work, we developed and validated a long short-term memory (LSTM) neural network 
for breathing motion prediction of an optical surface scanner signal.

Materials and Methods
The training data for the LSTM network was based on breathing data of 25 healthy 
volunteers performing 5 min of regular breathing followed by 1 min of chest breathing and 
1 min of abdominal breathing. The validation dataset was based on four patients 
undergoing treatment with concurrent surface scanner imaging.
For training of the LSTM model the breathing signal of the healthy volunteers was divided 
into training data and test data to perform hyper-parameter tuning. The best model was 
validated by performing a prediction on the patient dataset with a prediction horizon of 500 
ms. The quality of the prediction was quantified by calculating the root mean square error 
(RSME) of the predicted data compared to the actual breathing 
signal for both the amplitude and the breathing phase.
.

Results
The mean breathing amplitude of the healthy volunteer dataset was 6.6 mm. For 
Patient 1, 2, 3 and 4 it was 1.2 mm, 4.5 mm, 1.0 mm and 20 mm, respectively.
The RSME for a prediction horizon of 500 ms for Patient 1, 2, 3 and 4 was for the 
breathing amplitude 0.15 mm (12 %), 0.08 mm (2 %), 0.05 mm (5 %) and 0.3 mm 
(2 %) and for the breathing phase 24°, 7°, 15° and 7°, respectively. The mean 
runtime required for performing a prediction was 11.2 (+/-1.18) ms.

Conclusion
Our LSTM neural network trained with breathing data of a low number of healthy 
volunteers was able to predict the breathing amplitude and breathing phase with a 
prediction horizon of 500 ms. This prediction horizon is sufficient to compensate for 
imaging and image processing latencies as well as mechanical MLC movement 
required for tumour tracking.
In this study the breathing data obtained by a surface scanner was used, which is only 
a surrogate of the actual tumour motion. Adding patient specific correlation between 
surface scanner data and the internal tumour motion using 4D-CT data as well as 
intrafractional kV-imaging will be investigated in future work.
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Purpose
Our study aim was to assess the safety and efficacy of a linac-based single-isocenter SRS 
(SI-MM-SRS) for multiple brain metastases in relation to various clinical factors.

Materials and Methods
The analysis included a group of 123 patients with MBM treated at the Department of Neurooncology
and Radiosurgery at Franciszek Lukaszczyk Oncology Center in Bydgoszcz between 02.08.2018 r. and 
15.09.2020 r. A total of 560 brain metastases were treated. The minimum follow-up was 12 months
and the median follow-up was 23 months. The median sum of PTV volume was 9.95 cm3. All patients
were treated with the BrainLab Elements MultiMets software using single isocenter Dynamic Conformal
Arcs (Fig 1.). . The ExacTrac system was used to monitor the position during SRS. 36 patients with 195 
metastatis lesions had follow-up MRI 6 months after treatment, 13 of them (36%) received
immunotherapy within 4 months of SRS. Local control was analized with RANO criteria. Clinical
characteristic of this group are presented in table 1. 

Conclusion
The number of long term survivors after MBM SRS is encouraging but depends on histopathology and 
total PTV volume. The early diagnosis seems crucial. Other parameters than overall V12 dose to whole
brain should be further analyzed to optimized safety. Sqamous cell carcinoma should be included in 
dedicated clinical trials to decrease the risk of bias. Treatment plan quality assessed to optimize CI 
improves lesions response.

Results
Sixteen percent of patients was still alive in time of analysis (>3 years of fu). The 6- and 12-months rate
was 60% and 33%. In the multivariate analysis the sum of PTV volumes (p=0.0007) but not a number
of lesions was related to survival. Every increase by 1 cm3 of total brain metastatic volume increased the 
risk of death by 2%. A diagnosis of squamous cell carcinoma of the lung was related to worst outcomes.. 
The reported neurological symptoms were stabilized or improved in 79% of patients after SRS in 6 
months. There was no relationship between the neurological deterioration and total whole brain V12 dose
(p = 0.319). Local control was achieved in 93% of the lesions, as shown in Table 2. Lesions with a margin
of at least 0.5 mm had better local control 6 months after treatment (p=0,049). A better response was also
associated with a conformality index below 1.42 (p=0,0006) and with the use of immunotherapy within
4 months of SRS (p=0,026). the impact of margins and CI on local control are shown in Figure 2.

Treatment response
after 6 months

N of lesions (Percentage)

Stable 22 (11%)

Partial response 110 (56%)

Complete response 50 (26%)

Unequivocal
progressive Disease

1 (<1%)

Increase in size but 
stable in subsequent
MRI

12 (6%)

Overall lesions
analyzed

195

Table 1. The clinical characteristics of the
analyzed group

Figure 2. Relationships of margins, CI and 
6 months local control of brain metastases

Table 2. Response after 6 month of treatment

Characteristic
Number of lessions 3 (2-11)
GTV volume (mean, 
cm3)

0,96

PTV volume (mean, 
cm3)

2,14

Margins (median, mm) 1 (0-2)
Dose (median, Gy) 20 (12-24)

Conformity Index 
(range)

1,09-2,97

Gradient Index 
(range)

2,43-5,78

Distance to isocenter 
(median, mm)

45 (7-85)

Figure 1. BrainLab Elements MultiMets software for planning
single isocenter multiple metastases Stereotactic Radiosurgery
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Purpose
A safety and efficacy of single-isocenter SRS (SI-MM-SRS) for small brain metastases is not well
defined. Even small inaccuracies or misalignments may results in geographical miss. Our study aim
was to determine response to treatment of metastatic lesions after single isocenter SRS using
ExacTrack system, especially lesions below 0.5 cm3.

Materials and Methods
The analysis included a group of 36 patients treated at Department of Neurooncology and Radiosurgery
at Franciszek Lukaszczyk Oncology Center beetween 02.08.2018 r. and 15.09.2020 r. due to multiple
brain metastases with a follow-up MRI 6 months after treatment. A total of 195 metastatic lesions were
treated, including 71 lesions with PTV volume bellow 0.5 cm3. All patients were treated with the 
BrainLab Elements MultiMets software using single isocenter Dynamic Conformal Arcs. The ExacTrac
system was used to monitor the position during SRS. MRI was analyzed in all patients 6 months after
treatment. The clinical characteristics of the group are presented in Table 1,

Conclusion
Multiple brain metastases irradiated with a single isocenter technique show a very high local control. 
Tumors below 0.5 cm3 have a similar response rate with low risk of radiation necrosis.

Results
The patients' median survival was 14.63 months and the median follow-up was 23.45 months. Local
control was found in 93% of all metastatic lesions (partial or complete response in 83%); in lesions
below 0.5 cm3 it was 96% (Fig 1.). Tumors with a volume below 0.5 cm3 did not have a worse
response rate (p = 0.626) and there was no increased risk of radiation necrosis (p = 0.541). 
Symptomatic radiation necrosis was diagnosed in 1 patient (3%) after 6 months. Twelve lesions (6%) 
with radiation necrosis were asymptomatic. 

Characteristic

Age (years)
- median
- range

59
45-77

Sex n (%)
- man
- women

17 (46 %)
20 (54 %)

Number of treated metastases
- median
- range

3
2-10

Margins used (mm)
- median
- range

1
0-2

Dose used (Gy)
- median
- range

20
16-24

PTV volume of all lessions (cm3)
- mean
- range

2,14
0,15-14,9

PTV volume of lessions below 0,5 cm3
- mean
- range

0,37
0,15-0,50

Table 1. The clinical characteristics of the analyzed group

Figure. 1 Treatment effect of small metastases to 
the brain. 1- MRI for treatment planning, 2- MRI 6 
months after treatment


