A Quantitative Evaluation of Inter-fraction Variability of Rectal Gas In Stereotactic Body
Radiation Therapy Treatment of Localized Prostate Cancer
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Introduction Results Discussion and Conclusion

Prostate cancer is the second most common malignancy in men in the United The PTV metrics analyzed were PTV V40Gy(%), D99%(Gy), D98%(Gy), D95%(Gy), Compared to conventional Intensity-modulated
States, and Stereotactic Body Radiation Therapy (SBRT) for localized prostate and V103%(cc); the SV metrics analyzed were SV D99%(Gy), D98%(Gy), and D95%(Gy); radiation therapy (IMRT), more recent VMAT planning
cancer offers comparable biochemical control, to standard fractionation, along with and the rectum metrics analyzed were rectum V38Gy(cc), D0.035cc(Gy), Dlcc(Gy), techniques Involve more advanced techniques to
patient convenience. Due to the high dose per fraction, the SBRT technique D3.5cc(Gy), D20cc(Gy), V36GyY (%), V32Gy (%), and V20Gy(%). See the figures below for optimize the prioritization of both improved PTV
requires accuracy in patient setup to protect adjacent organs at risk (OAR), trends across each metric across the rectal filling overrides, as well as comparisons coverage as well as decreased dose to OARs. An
iIncluding the rectum. between the small versus large groups. example of the prostate and SV SBRT optimization

Gl toxicity IS a concern for prostate SBRT treatments, and an issue that is ‘20_ PTV_V40Gy(%) b) PTV Dose Metrics Across Overrides - Combined Small + Large (n=10) techniques to follow guidelines set by the SABRE trial Is
continually investigated and has led to mitigation techniques such as endorectal s | oo ] I S shown in Figure 4.
balloons, rectal spacer hydrogels (utilized in the SABRE trial), and adaptive With increasing gas contribution to the rectum HU
planning technigues. The presence of rectal gas is an inter-fractional anatomical :9 ol o override, the impact on the PTV was more significant
variation that can impact Gl toxicity as well as planning target volume (PTV) o after at least 50% gas (Override 3) (Figure 3a, b, c).
coverage. 93 The Impact on the PTV V40Gy(%) was more patient

The aim of the study is to quantify for a 40 Gy in 5 fraction SBRT prostate and |5 o anatomy dependent and overall showed a steeper trend
seminal vesicles (SV) treatment, what amount of gas within the rectum makes a i : "* : i : '* 5' for the large rectum group. For the SV, the override
dosimetric difference across several metrics. c) ¢ Vime Mestcs Ao Overies - Paents - Sl et d) 6 Dose etrics AcossOverids - Comned Sl +Lrge (1210 dosimetric impact became more apparent after 75% gas

(Override 4) (Figure 3d). For the rectum, a larger impact
Methods o+ 1 —— — | from the override could be seen for the V20Gy(%) and
— R o V38Gy(cc) for both small and large rectum groups

Ten male pelvis patients from a single institution were selected for this \\ (p<0.05) (Figure 3e, f, g). For the rectum V20Gy(%), the
guantitative SBRT planning study to the prostate and SV. Patients with extreme " override dosimetric impact became more apparent after
anatomy and additional devices in the pelvic region were excluded from selection too | == svoscy /5% gas (Override 4) (Figure 3e); for the V38Gy(cc),
for this project. The PTV was expanded from the clinical target volume (CTV) L i :; | | et ! ; ; 5' the Impact became more apparent after 50% gas
contoured by the radiation oncologist; prostate and SV + 3 mm posteriorly and 5 e) Rectum Percentage Metrcs Across Ovendes - Combined Small + Large (n=10) f) cectum Dase Metris Actoss Overris . Cambined Smal + Large (n-10) (Override 3) (Figure 39).

mm in all other directions. o8 == * + — This project demonstrated the importance of VMAT

Patients were separated into small versus large groups based on the mean | D T | ' T * optimization techniques to minimize some of the
diameter of rectum measurements directly posterior to the PTV (Figure 1). e T T o | 3 = tecum it potential impacts of rectal filling, feces versus gas, over

Fi 1: Samples of small (a, b) and large (c, d) group measurements EIS_ e gzo- e the course of a high dose 5 fraction SBRT treatment.
gure p (@, b) ge (c, d) group . . . .

based on the diameter of 5 rectal measurements directly posterior to each “ . I e — N Certain metrics as described In the results and

PTV for each patient. The average small rectum measurement size was 2.9 51— i 4= — 3 N discussed above are more heavily impacted due to the

+ 0.4 cm; the average large rectum measurement size was 5.1 £ 0.5 cm. i | | ] é : ; D ; : increasing gas contribution, typically greater than 50-

Override

Figure 3: a) Overall for the 10 patients across the 5 rectum

Rectum Volume Metrics Across Overrides - PatientL] - Large Rectum 0 l
g)ﬂ g - o | HU overrides, the PTV V40Gy(%) coverage decreased with 3% Qas- An excessive amount of gas presence can
Mean HU for Rectal Filling Override increasing gas contribution. This change was steeper and also distend the rectal volume and push the rectal wall
_ Override 1 - Override 2 - Override 3 - Override 4 - Override 5 - - more sensitive to the gas contribut_ion for the large r_ectum further into the PTV reg|0n’ |mpact|ng all dosimetric
Té?i: G;:;“ g:]”; Y;tt?%w Orgt‘fe group (p<0.05 for large group Override 1 versus Override 5). i 1 ¢ H ¢ i<l f h
Gas | 0% 25% 50% 75% 100% S 12 b) Overall for the 10 patients across the 5 overrides, the PTV _me rcs. Larger rectums a\{e a gre_a er risk 1or C anges
38 165 368 570 773 D99%(Gy), D98%(Gy), and D95%(Gy) doses also decreased In rectal volume and resulting variable PTV alignment.
: . " large rectum groups by at least Override 3 versus Override 5). . . .
i?||i?];rﬁ]25ai?]2rg;belﬁt§|' r?]gﬁla;eodun;effetﬁi o8 1 c) Due to large differences in the volumes across all 10 due to these considerations and encourage specific
units (HU) overrides ranging from 100%- ; : 5 ; : patien_ts, one representative patient demonstrating the overall bowel diets. Future work includes investigating the
0% feces and corresponding 0%-100% trend is displayed (from the small rectum group). The overall impact of a more realistic heterogeneous filling for both
gas contributions. The visual trend for PTV V103%(cc) followed an increase in volume with I d | { fant filizi " ¢ ¢
representation of these HU overrides | | | Increasing gas contribution. _Sma an arg_e rectum patients utifizing pre-treatmen
are shown in this figure corresponding to glguredB contlrélue_dr:] d) Overall for the 1(_)bpe_1t|ents gcrossl,l the ﬁ 0\1/8rr|de_s, the SV D?]9°/;(Gy), _[2198%£]Gy), and Sggoé)(c(;yy) images to delineate the feces and gas content for the
t t tion. t tient t , 1 t -
the table (1a-1b through 5a-5b). oses decreased with increasing gas contribution. e) Overall for the 10 patients across the 5 overrides, the rectum y(%) HU overrides.

and V32Gy(%) percentages generally plateaued but showed some decrease with increasing gas contribution. The rectum

V20Gy(%) percentages increased with increasing gas contribution. f) Overall for the 10 patients across the 5 overrides, the R f
rectum DO0.035cc(Gy), Dlcc(Gy), and D3.5cc(Gy) doses generally plateaued but showed some decrease with increasing gas ererences

contribution. The rectum D20cc(Gy) doses increased with increasing gas contribution. g) Due to large differences in the

| , volumes across all 10 patients, one representative patient demonstrating the overall trend is displayed (from the large rectum QR code:
— - - , ~ group). The overall trend for V38Gy(cc) followed a decrease in volume with increasing gas contribution.

Variable rectal filling was simulated with 5 incremental Hounsfield unit (HU) ) | i ey R RN R
overrides ranging from 100% feces to 100% gas (Figure 2 and Table 1). These 5 = s \‘
iolnfnsny overrldes_ were applied to all 10 patle_nt data set§ to evalu_ate the dos_lmetrlc - . \ NA R REWENNREERENEEE minml Kristen Vu, BS, RT(T), CMD
pact of rectal filling. All plans were prescribed 40 Gy in 5 fractions (following the A O\ | |
SABRE trial) and created in Varian Eclipse v18.1 with 6MV volumetric modulated _ ) MW R 4 - \\ Charlie Bucki, BS, RT(T), CMD
arc therapy (VMAT) fields, calculated with AcurosXB v16.1.2. Each plan was .. SR R v 40.000 S/ | s i. GVSU Statistical Consulting Center
calculated for 100% feces first then copied to each structure set with the HU 3 rectum [ LR o | o[ R"‘**ﬁnﬂh%h ‘i Dr. B. Sango Otieno, Associate Professor
overrides to recalculate the doses for each sequential 4 plans per patient (total of 5 28 Semnalle —— T e s
plans per patient). Across the 5 rectal overrides and between small versus farge S ¥, 1)  epesatie paten sanoe o derrstae e owrat s oo i vty | S e
groups, the dosimetric impact was compared for PTV, SV, and rectum metrics. histogram (DVH) comparison for the same patient between the overrides of 100% feces rectal filling (square symbols on plot)

versus 100% gas rectal filling (triangle). The largest impact between the overrides can be seen for the rectum DVH curve. Shomanike Head, BS, RT(T); headsh@mail.gvsu.edu
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