
CLINICAL CASES

Five patients with aged between 45 to 70 with liver metastases were treated with

SBRT DIBH irradiation under the control of the AlignRT system.

All patients mentioned above were irradiated with

the VMAT technique with the 6MV FFF beam

without the use of a special immobilization

(mattresses, etc.). Only T-holder and kneefix were

used. The reproducibility of the patient’s position

for each cases patients was verified based on

kVCBCT (Cone Beam Computed Tomography)

studies. The plans were made in the Monaco

treatment planning system, where the Monte Carlo

algorithm was used for calculations.

The table shows general statistics for the patient with liver metastasis.

*Criterion optimal for 3 fraction

Optimization of the dose for PTV and dose to critical organs was done according to

the standards of the Stereotactic Ablative Body Radiation Therapy (SABR) UK

Consortium report (Version 6.1, January 2019). For the liver, both Mandatory and

Optimal criteria were met for four cases.

For the first three cases, the volume of GTV was estimated by CT in the following

respiratory phases: 0%, 25%, 75%, 100%, 75%, 50% and 25%. In addition, MIP

(Maximum Intensity Projection) reconstructions were performed. The obtained GTV

volumes were compared to the GTV volumes for CT DIBH. The change in volume

for three cases was:

GTV volume obtained for DIBH CT is definitely less than GTV for free breathing. A

margin of 5-6 mm was added to obtain the volume of the PTV.

For evaluation of precision patient positioning using the AlignRT, estimation of

patient's movement with using kVCBCT was done. The below table shows the

average values of shifts for all fractions and all directions and rotations of the table

after checking the patient's position using CBCT. Table position corrections after

CBCT were performed using HexaPod system. CBCT was used with ClipBox

option.

The average shifts for each direction did not exceed 7 mm. The rotations for each

axis did not exceed 1.5 degrees.

Remarks for application of SBRT DIBH technique in liver irradiation:
• reducing the volume of GTV and sparing more healthy tissue liver volume,

• less liver toxicity is expected for lower GTV volume (dose to liver-GTV Dose is

≥700cc < 15Gy),

• verification of patient positioning by CBCT after applying the AlignRT surface
control showed negligible shifts and rotations.
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Stereotactic Body Radiation Therapy (SBRT) is a technique due to high doses of radiation

being delivered to the tumor (over 8 Gy per fraction) and with a very sharp dose gradient

outside the tumor. SBRT involves the application of single high-dose radiotherapy or

fractionated radiotherapy (usually from 1 to 8 fractions). The small target volume and the high

dose of radiation delivered to the patient in one fraction require high precision and

reproducibility of the patient's position on the day of treatment simulation. In this case, the

Deep Inspiration Breath Hold (DIBH) method is helpful. Limiting the movement of the target is

critical to achieving the required SBRT accuracy.

This is especially true for the locations for

which the targets (lesions) change it’s

position over time with the breathing cycle.

Respiratory movements can significantly

affect the mobility of tumors and tumor path

is difficult to predict based on computed

tomography alone (without the DIBH

option).

A screenshot from the Monaco treatment planning system of a patient with 

liver cancer irradiated with SBRT

Surface Guided Radiation Therapy (SGRT) is a technique of irradiation guided by the

patient's external surface. At Holy Cross Cancer Center, two accelerators are equipped with

the AlignRT system (VisionRT). AlignRT is the three-dimensional (3D) surface imaging

system that allows monitoring of the patient's position in 3D mode before and during

radiotherapy.

During each treatment session, the patient's position is compared to a reference external

reference surface. The optimal treatment position is determined during treatment simulation.

This reference surface is generated by importing skin contour from CT volume data

generated in a treatment planning system. All differences in the position of the patient on the

treatment table compared to the reference surface are displayed in the application. As a

result, radiation is only delivered when the patient is correctly positioned, increasing patient

irradiation accuracy.
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CONCLUSIONS
Thanks to the use of AlignRT, the position of the patient from the day of the CT for

treatment planning was recreated with much better precision. Despite moving and

difficult to reproduce targets, the volume of GTV was significantly reduced. Due to

the use of the SBRT DIBH technique, the healthy part of the liver is spared and

allowing for to reduction of the irradiated volume of healthy tissues.

Patient
Sup+ 

[cm]

Right+ 

[cm]

Ant+ 

[cm]

Cor 

[degree]

Sag 

[degree]

Trans 

[degree]

1 0,67 0,27 0,07 0,00 0,00 0,00

2 0,12 -0,02 -0,10 -0,78 -1,20 -0,34

3 -0,57 0,00 0,43 -0,07 0,47 -0,83

4 0,16 -0,16 -0,22 -0,1 0,18 0,22

5 0,18 -0,16 -0,62 0,92 -0,16 1,68

CBCT patient with liver cancer 

irradiated with SBRT DIBH

Patient:
Total dose

[Gy]

Number

fractions
𝑉𝑷𝑻𝑽 [𝒄𝒎

𝟑]

Liver-GTV

Dose to 

≥700cc < 

15Gy*

R100% R50%

1 45 3 10,40 1225,32 1,10 5,08

2 50 5 75,50 792,97 1,00 3,70

3 50 5 19,20 2250,39 1,04 4,75

4 45 5 98,50 683,64 1,06 3,42

5 50 5 58,15 1042,69 1,02 3,86

Patient during SBRT DIBH 

treatment session
AlignRT application Real time coach (RTC)

Treatment tolerances for SBRT radiotherapy in the AlignRT

system
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Patient 𝑽_𝑮𝑻𝑽𝒇𝒓𝒆𝒆 [𝒄𝒎
𝟑] 𝑽_𝑮𝑻𝑽𝑫𝑰𝑩𝑯[𝒄𝒎

𝟑]

1 3,00 0,50

2 44,50 30,40

3 4,16 1,21


