Evaluating the Impact of Rectal Gas on Treatment Dose
Distribution in Prostate Tumor Therapy: A Retrospective Analysis
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INTRODUCTION RESULTS DISCUSSION

Prostate cancer remains the second leading cause of Thirty patients with moderate hypofractionation were This study demonstrates the potential impact of gas variability
cancer in men, resulting in 1,467,854 new cases worldwide evaluated. Dose escalation was observed throughout 2cc and on a patient's dose distribution. Gas present within 0.5cm of the
in 2022. While common treatment methods such as surgery 0.03cc volume metrics for volumes within 0.5cm of the PTV rectum PTV greatly increased dose escalation when computed on a gas free
and radiotherapy have greatly reduced mortality, there interface. The dose escalation effects had strong correlation with scan, resulting in plans that failed to meet clinic goals for these
remains significant quality of life implications for these air volumes within 0.5cm of the target, indicating the localized OARs in 87.5% of cases, while only 12.5% failed prior to gas
patients. The introduction of advanced radiation effects of tissue inhomogeneity and charged particle equilibrium override. Failing these goals has significant effects of rectal toxicity,
techniques, such as IMRT and VMAT, have greatly reduced were primary factors. reducing patient quality of life.
ABSTRACT bladder and rectum have prevented full radiation sparing. calculation algorithm, with results exceeding the equivalent CCC distributions. These findings found the CCC model was insufficient
Prostate cancer is the most common form of correlation with late toxicity endpoints, causing significant predication of the MC model at the tissue to gas interface. pockets, overrepresenting PTV and GTV coverage by 8-10%.
cancer, excluding skin cancer, and results in concern for max dose metrics. While advanced treatment o o To alleviate the impact of rectal gas, we investigated
significant genitourinary toxicity. Rectal gas olanning techniques can minimize these max doses, tissue Table 1. Dose Statistics for the PTV and Rectum Wall for deviations of the D o5, oreemptively overriding the gas to tissue, however we found
buildup has exacerbated this by changing inhomogeneity due to rectal gas buildup can cause significant underdosing occurred, potentially reducing our ability to
: : : ; significant dose deviations. This is especially true when gas Dooscc |PTV Delta Evaluation (%) | Rectum Wall Delta Evaluation (%) control the tumor. We will investigate the implementation of robust
simulated patient anatomy and introducing , , , , _ _ _
: : : . ... is present during planning but absent during treatment Mi 0.35 01 evaluation between the CT sim, full gas overridden CTs, and gas free
tissue inhomogeneity. We are investigating the . . o . In : : ,
tical effects of ti h v b delivery, with the most significant effects occurring when a YT SeE rectums ensuring full coverage and no hotspots regardless of
practica e. ects o ISSL.Ie In omogenel y Y the gas overlaps with the PTV. . . batient anatomy.
retrospectively evaluating the dosimetric . . Median 2.04 2.71
: t of rectal ot . - This study retrospectively evaluated the dose
Mpact © re; i gasi pOCI:I (ej > O taree distribution of clinically delivered treatment plans, Average 3.33 3.62
COVErage ?n_ FECEL Bl s 1D [PresiEios comparing the original plan to an identical plan with all Q3 4.84 4.84
VMAT radiation therapy. local gas overridden to soft tissue. We evaluated the dose
g : Max 15.35 12.69
distribution, as well as key clinical goal metrics to
Patients treated for Volumetric Modulated Arc investigate the toxicity impact of gas buildup. e

Select for plan »  Deformed Dose: Comparison Monte Carlo (Override] deformed to: Original using; HybridDefReal Deformed Dose; Comp:

Therapy (VMAT) prostate cancer were
retrospectively reviewed. Rectal gas buildup
was visually evaluated for its volume and
proximity to the Planning Target Volume (PTV).
Clinically delivered plans were then
recalculated using rectal gas density overrides
to simulate gas-free anatomy. Density
overrides were defined at <-150 HU and were
overridden to soft tissue equivalent densities
(0 HU). Recalculated plans primarily compared
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Figure 4. MLC configuration for a high dose deviation example. PTV in red.
Rectum in green, Air Pocket in white.
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hot spots for both the rectal wall and prostate T 6B |2 7m0 R e o o
. . . . . . o Bl | s » = obust Optimization
target. We then investigated how dose Figure 1. Axial CT Examples of partial and full gas pockets inside the rectum oqamitie LS -.::I::’ p
changs vary with the size of the rectal gas METHODS AND MATERIALS ::lu:: -, | Average Percentage Dose Change between
pocket. M ) = . :
This IRB-approved retrospective study (302323-UT) = 1500 Original and Overriden CTs
. . . . (@) .
SEIVETER 6 ThE dlaaliene @i e mrees included 33 patients who received radiotherapy for prostate °\°
showcased an association between the cancer at the Dana Cancer Center between January 2020 to Y 10.00
localized rectal eas bocket and an increased July 2025. 30 received moderate hypofractionation [e.g., 70 2 300
4 " tgl P 1 and the PTV. A | Gy in 28 fractions], and 3 received ultra hypofractionation. .':: = ¢ 00
ose.tot grec al wall an e . A llnear [e.g., 36.25 Gy in 5 fractions] | | o N | o 5 6.
relationship was observed between the Each plan was copied to a second CT with rectal gas (<- Flilr:r:/li. Axial Dose distribution of the original vs overridden plan calculated 32400
l . . . Wi .
volume 0; §a|s pfx'mm to thehPC-I:rV’ an.d the 150 HU) overridden to soft tissue (0 HU). The delivered _‘.‘: 500
measured delta between eac variant. ith ti
, treatment plans were recalculated on the CT with tissue Table 2. Dose statistics for CCC vs MC on an identical gas filled plan. 8, 0.00
Point dose (dose at 0.03 cc) were seen to overrides. Clinical goal metrics were compared between cec VP i © tiont 1 tiont 2 Dationt 3
. . onte Lario elta
increase by 7.7% (537.9cGy) for small volumes each CT for each patient, and then sorted based on the gas STV C (% Volume) o o1 e 75 =5 é’ atient atient atient
. . overage olume . . . . .
(12.6 cc). Larger volume metrics (2 cc) showed volume at variable HU thresholds (-150 HU, -600 HU, and - e gG ° s i - Robust Planning Standard Planning
similar trend increases, increasing by 1.6% 800 HU) and for different ROIs (PTV vs Rectum Wall vs GTV 0.03cc (€GY) _ . _ _ -
. ) tc.) PTV D, (cGy) 7249 7286 -37 Figure 5. Average absolute dosimetric change between the original and gas-
(113.7cGy) despite small buildup volumes etc. PTV Volume at 110% Rx 0 0 0 pvgrridden CTs for rok?u-st-ly optimized and st.an-dard plans. Lower values
(6.31 cc) et Wall D0.03cc — Orieinal ve Override (Buldus S e e GE e STl W indicate reduced sensitivity to rectal gas variation.
: . : Region Air in High PTV (-600 HU Rectum D g3, (cGY) 7270 7225 45 . . .
This work demonstrates clinical dose increases o0 5 | 5 ( ) Rectum D, (C:Gy) =162 6063 199 Robust optimization was investigated as a strategy to reduce
. @ A (Override - Original) CcC . . .
of up to 15% in the PTV and rectum wall for a0 ™" T wesomeown | Rectum % Volume at 40Gy 20.12 5154 X dose varlgtlpn cause py va.rlable rec’Fum gas ar.matomy. Plans
prostate VMAT radiation therapy cases even at 3 o | & Rectum Do, (cGy) 5059 2353 STy were optlmlzded W|thh|dint|cal pIanmngdobJehctlves, except EorI
- ~ 8200 rectum max dose, which was optimized with RayStation's built
rectal gas volume as low as 6 cm3. This ™ N Rectum Average Dose (cGy) 2415 247 132 in robust function. Preliminary Fr)esults showed ayconsistent
: e 8000 20 = :
increase may justify the use of rectal gas = 0 8- LA CEETERE s — AT reduction in dose variation between anatomical scenarios when
volume overrides to mitigate the effects O 7800
allowing clinics to plan conservatively an’d E eon o . . L using robust optimization, suggesting improved plan stability.
reduce the risk of overdose of taregets and S import Sontoured Execute Air ek tor oo Y o i volme 110ce _|Report possible issue
d . g -?3 7400 E{al;lsll;li;n I S ar?d 3 Cr;[]hm ?h: PTV Gas withino[)ﬁﬂ cm >2cc to Flanner CO N c LU S I 0 N S
B o [TTLLVLLOTRCTRTLRTTAT
7000 I I o significant buikdup found This study demonstrates the dosimetric impact that gas
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