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A B S T R A C T   

Background: The aim of this study is to quantify the short-term motion of the gastrointestinal tract (GI-tract) and 
its impact on dosimetric parameters in stereotactic body radiation therapy (SBRT) for pancreatic cancer. 
Methods: The analyzed patients were eleven pancreatic cancer patients treated with SBRT or proton beam 
therapy. To ensure a fair analysis, the simulation SBRT plan was generated on the planning CT in all patients with 
the dose prescription of 40 Gy in 5 fractions. The GI-tract motion (stomach, duodenum, small and large intestine) 
was evaluated using three CT images scanned at spontaneous expiration. After fiducial-based rigid image 
registration, the contours in each CT image were generated and transferred to the planning CT, then the organ 
motion was evaluated. Planning at risk volumes (PRV) of each GI-tract were generated by adding 5 mm margins, 
and the volume receiving at least 33 Gy (V33) < 0.5 cm3 was evaluated as the dose constraint. 
Results: The median interval between the first and last CT scans was 736 s (interquartile range, IQR:624–986). To 
compensate for the GI-tract motion based on the planning CT, the necessary median margin was 8.0 mm (IQR: 
8.0–10.0) for the duodenum and 14.0 mm (12.0–16.0) for the small intestine. Compared to the planned V33 with 
the worst case, the median V33 in the PRV of the duodenum significantly increased from 0.20 cm3 (IQR: 
0.02–0.26) to 0.33 cm3 (0.10–0.59) at Wilcoxon signed-rank test (p = 0.031). 
Conclusion: The short-term motions of the GI-tract lead to high dose differences.   

Introduction 

Stereotactic body radiation therapy (SBRT) has emerged as a new 
strategy for pancreatic cancer, and improved treatment outcomes have 
been reported in resectable and unresectable cases[1–6]. The advan-
tages of SBRT have the potential to deliver higher doses to the tumor and 

shorter treatment periods, which allow a transition to chemotherapy or 
surgery without long delays. One of the challenges in the treatment 
planning is that the tumor is usually located close to the gastrointestinal 
tract (GI-tract), and excess doses of a few Gy can result in severe adverse 
events [7,8], to ensure against this careful attention must be paid to 
minimize adverse events. 

Abbreviations: 4DCT, four-dimensional computed tomography,; CTV, clinical target volume; FFF, flattening filter-free; GI-tract, gastrointestinal tract; GTV, gross 
tumor volume; IQR, interquartile range; MV, mega-voltage; PRV, planning at risk volume; PTV, planning target volume; ROI, region of interest; SBRT, stereotactic 
body radiation therapy; SD, standard deviation; VMAT, volumetric modulated arc therapy. 
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In addition to these anatomical characteristics, GI-tract motion must 
also be considered. Intra-fractional motion is a short-term motion in the 
order of seconds or minutes during the radiotherapy [9–11], mainly 
caused by respiration or organ peristalsis[12]. A robust treatment plan 
employing sufficiently large margins can account for the small intra- 
fractional motions, which arise as the planning CT is scanned at a sin-
gle time point. With recent technological developments in respiratory 
motion management, dose uncertainties from respiration would be 
negligible during beam delivery when appropriate measures, such as 
respiratory gating are employed[13]. However, the influence of organ 
peristalsis on the dose distribution has not yet been thoroughly studied 
mainly as it is a continuous and irregular motion[14,15]. To avoid 
under- and overdosages, short-term GI-tract motion should be consid-
ered in SBRT planning for pancreatic cancer. In this study, we evaluated 
this motion using multiple CT images scanned in patients treated with 
SBRT or proton beam therapy (PBT). We also quantified the dosimetric 
impact of short-term motion in the simulation SBRT plan. The aim of this 
study is to investigate the short-term motion and its impact on the dose 
that the GI-tract is exposed to. 

Materials and Methods 

Patients 

This study was approved by our institutional ethics review com-
mittee (IRB-number:21–0074). Eligibility criteria were as follows: SBRT 
for pancreatic cancer without lymph node or distant metastases, and at 
least three different CT image sets available at the planning CT scan. To 
study a larger number of cases, we also included patients who had 
received PBT. Of patients treated with SBRT or PBT between January 
2015 and October 2022, eleven patients with pancreatic cancer were 
finally included in the study (Supplementary material A). All patients 
received respiratory-gated SBRT or respiratory-gated spot-scanning 
proton therapy using the fiducial marker transarterially placed near the 
tumor [16,17]. Because this study included a mix of pancreatic cancer 
patients treated with SBRT or PBT, simulated SBRT plans were gener-
ated for all patients to reduce errors in the treatment planning. 

CT data acquisition 

The general protocol of the planning CT image acquisition was the 
same for PBT and SBRT. The CT scans were of 2–2.5 mm slice thickness 
and obtained using a vacuum cushion after six or more hours of fasting. 
Four-dimensional computed tomography (4DCT) imaging was per-
formed using the real-time position management (RPM) system to 
determine the accurate respiratory phase in a patient (Varian Medical 
Systems, Palo Alto, CA). The obtained 4DCT images were reconstructed 
into ten sets of three-dimensional CT (3DCT) images based on ten res-
piratory phases (from 0 %, 10 %,…to 90 %) using the RPM system. In 
3DCT images, 0 % images were images of spontaneous inspiration, and 
50 % images were spontaneous expiration. A non-contrast planning CT 
image (CTp) and if possible a contrast enhanced CT (CTCE) were ac-
quired. Since the respiratory gating was performed at the spontaneous 
expiration, the CTP and CTCE were also obtained at this point in the 
respiratory phase. The obtained CTP and CTCE were checked to confirm 
whether they were appropriately scanned at the spontaneous expiration 
with reference to the 4DCT 50 % phase (CT4D), which corresponds to a 
CT image at spontaneous expiration. The CTP or CTCE was determined to 
be properly imaged with spontaneous expiration by a board-certified 
radiation oncologist if the fiducial marker location was within 4 mm 
in the craniocaudal direction after bone-based rigid image registration 
with CT4D. The median interval from first to last CT scan at the planning 
CT scan was 736 s (interquartile range, IQR: 624–986). 

Target and organ contouring 

Contouring was performed based on our institutional protocol. For 
patients treated with PBT, additional contours were generated for this 
study. Gross tumor volume (GTV) was defined as the tumors identified 
by the available images including non-enhanced CT, enhanced CT, and/ 
or positron emission tomography (PET) images. The clinical target 
volume (CTV) was generated as the GTV with the tumor-vessel interface 
(TVI), including the major vessels within 5 mm of the GTV[18]. Plan-
ning target volume (PTV) was defined as the CTV with a margin of 5 mm 
considering the set-up margin and gating window of 2 mm. The planning 
at risk volume (PRV) of the GI-tract (GI-tract_PRV) was defined as the 
area encompassing the stomach, duodenum, small intestine, or large 
intestine plus a 5 mm margin. Here, the PTVeval is defined as the PTV 
minus the area overlapping the GI-tract_PRV. The prescribed dose was 
40 Gy in 5 fractions for 90 % of the volume of PTVeval, and the 80–90 % 
isodose lines surrounding the dose volume. In cases where the dose of 
PTVeval was difficult to establish accurately (e.g the GTV was surrounded 
by the GI-tract), an acceptable dose was targeted in the plan (Table 1). 
For our institutional dose constraints, the volume receiving at least 
33 Gy (V33) < 0.5 cm3 was used for each of the PRV (Stomach_PRV, 
Duodenum_PRV, Small intestine_PRV, and Large intestine_PRV) to 
ensure safety compared to Oar et al. as reported elsewhere [18]. Other 
target goals and major dose constraints are described in Table 1. 

Simulation SBRT planning 

Simulation treatment plans (PLANsim) were generated for all the 
study patients on the CTP with the Auto-Planning module of Pinnacle3 

version 14.0 (Philips, Amsterdam, Netherlands). A previous study has 
reported that treatment planning using the Auto-Planning module was 
clinically acceptable at a very high-quality level in SBRT for pancreatic 
cancer[19]. Simulation SBRT plans were generated by volumetric 
modulated arc therapy (VMAT) with two full arcs, 6 mega-voltage (MV) 
flattening filter-free (FFF) beams in a TrueBeam (Varian Medical Sys-
tems) (SBRT-VMAT). Gantry spacing was 2 degrees, and a dose grid of 
2 mm was applied at the dose calculation. These planning parameters 
were the same as those used in previous studies for primary liver tumors 
[20]. To reduce the errors involved in simulation planning, the plan 
quality was checked by Y.U and T.K. The above simulation planning 
workflow was like the actual SBRT in that the doses were delivered by 6 
MV-FFF beams using a TrueBeam, implementing a SyncTraX FX4 (Shi-
madzu, Kyoto, Japan) for fiducial marker-based respiratory gating. 

Table 1 
General dose constraints for SBRT.  

Contour Dose constraints 

GTV D50% ≥ 40 Gy, (acceptable, D2% ≥

40 Gy) 
PTVeval D90% ≥ 40 Gy, (acceptable, D90% ≥

32 Gy) 
PRV (adding a 5 mm margin to each GI-tract 

organ)  
Stomach_PRV V33 < 0.5 cm3 

Dudeonum_PRV V33 < 0.5 cm3 

Small intestine_PRV V33 < 0.5 cm3 

Large intestine_PRV V33 < 0.5 cm3 

Kidneys, bilateral V12 < 25 % 
Liver V12 < 40 % 
Spinal cord + 5 mm V20 < 0.5 cm3 

Vx: volumes receiving a minimum of X Gy. 
Dx%: minimum dose received by X as the percent of the target volume. 
GTV: gross tumor volume, PRV: planned at risk volume, PTV: planned target 
volume, SBRT: stereotactic body radiation therapy. 
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Study workflow 

Details of the study workflow are shown in Fig. 1. First, the CTCE and 
CT4D were rigidly registered with respect to the vertebral bone for the 
CTP, and translation-only registration was performed based on the 
fiducial marker position (Fig. 1A-ab). This alignment method is similar 
to the actual patient positioning procedure and previous inter-fractional 
motion studies[14]. After the rigid image registration, the GI-tract 
contour in CTP was deformably transferred to the CTCE or CT4D. Here, 
we defined the region of interest (ROI) in CTP, CTCE and CT4D as ROIP, 
ROICE and ROI4D, respectively (Fig. 1A-c). The deformed ROI were 
reviewed, and most of them were manually modified, then transferred 
back to the CTP. Dosimetric parameters were analyzed using the planned 
dose distribution on the CTp for each ROI (Fig. 1A-d). Study contouring 
was conducted for the entire stomach and duodenum according to RTOG 
recommendations[21]. The small or large intestines were contoured 
from the diaphragm to the lowest axial slice of the CTV with a 20 mm 
margin. Since it was difficult to distinguish the small intestine from the 
large intestine in one patient, the entire intestine other than the stomach 
and duodenum was contoured as the small intestine in this case. At least 
two radiation oncologists (Y.U and Y.F) reviewed these contours to 
minimize errors among physicians. The above procedure was performed 
by MIM maestro ver. 7.0 (MIM Software, Cleveland, OH, USA). 

Data analysis 

The locational difference among three ROI indicates the short-term 
motion (Fig. 1B-a). The sum of the ROI was generated as ROIall to 
evaluate the minimum margin to compensate for the motion uncertainty 
based on the ROIP (Fig. 1B-b). Then, the margin needed to compensate 
for the ROIall was determined based on the ROIP every 2 mm (Fig. 1B-c). 
To avoid incorrect evaluations, the boundary of the GI-tract was made 
the same for each of the patients and it was verified that this uncertainty 
did not influence the results (Supplementary material B). As standard 
distance metrics, Dice index and mean distance to agreement were also 
evaluated in each GI-tract (Supplementary material C). For more prac-
tical values, the change over time in the shortest distance was measured 
between the PTV and GI-tract. In this evaluation, the stomach and du-
odenum were evaluated as one ROI of the stomach-duodenum. All CT 
images used in the analysis were imaged with spontaneous expiration, 
and the effects of respiration were assumed to be negligible. The paired 
differences of dosimetric parameters were analyzed with paired Wil-
coxon signed-rank tests, with the p-value < 0.05 considered to show 
significance. The statistical analysis was performed with the JMP Pro 
version 16 (SAS, Cary, NC). 

Fig. 1. (A) The method of target or organ contouring and (B) the method of quantifying the minimum margin to compensate for ROI at the planning CT scan. A (a): 
Three different CT images (CTp, CTCE, and CT4D) were prepared. (b) The CTCE and CT4D images were rigidly registered based on the vertebral bone for the CTP, then 
translation-only registration was performed based on the fiducial marker position. (c) Target or organ contours in CTP (ROIP) were deformably transferred to the CTCE 
or CT4D, then transferred back to the CTP after review and modification of deformed contours. Each region of interest (ROI) on CT images are shown as ROIP, ROICE 
and ROI4D. (d) Analysis was performed on the CTp using ROIP, ROICE, and ROI4D. B (a): ROIs in CTP, CT4D, and CTCE are termed as ROIP, ROICE, and ROI4D. (b) The 
sum of all contours is defined as the ROIall. (c) To evaluate the margin to compensate for ROIall, margins were determined every 2 mm from the ROIP to the entire 
circumference. In this example, the minimum margin is calculated to be 6 mm. ROI: region of interest. 
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Results 

Contour analysis 

An example of short-term GI-tract motion after fiducial-based 
matching (shown in Fig. 2) was established to take place within the 
986 s between the first and last CT scan. The shortest distances between 
the PTV and each GI-tract have changed over time (Supplementary 
material D). Based on the shortest distance in CTP, the median maximum 
change of the distance over time was 0 mm (IQR: 0–0) in the stomach- 
duodenum, 0 mm (-1.2 to 1.1) in the small intestine, and 0 mm (-0.9 
to 2.1) in the large intestine. The minimum margin to compensate for the 
motion uncertainties of the GI-tract was calculated, to include an area 
distant from the tumor. To compensate for these GI-tract motion, the 
median necessary margin was 10.0 mm (IQR: 8.0–14.0) for the stomach, 
8.0 mm (8.0–10.0) for the duodenum, 14.0 mm (12.0–16.0) for the small 
intestine, and 13.0 mm (11.5–14.5) for the large intestine (Fig. 3). 

Dosimetric analysis 

The short-term motion increased V33 in some of the worst cases, 
which caused the deviation of the dose constraint of V33 < 0.5 cm3 

(Table 2). Because the large intestine in one patient (patient No 3) was 
difficult to identify, the entire intestine other than the stomach and 
duodenum was contoured as the small intestine. 

Compared to the median V33 (IQR) of PLANsim, that of the worst case, 
which is at the highest values among the three CT data sets, deviated in 
three cases in the duodenum and two in the other organs (Table 3). The 
absolute increase of median V33 was 0.02 cm3 in the stomach, 0.13 cm3 

in the duodenum, but not present in the small intestine or the large 

intestine. The median of the D0.5 dose increased 3.3 % (26.9 to 27.8 Gy) 
in the stomach, 5.5 % (30.8 to 32.5 Gy) in the duodenum, 10.5 % (28.4 
to 31.4 Gy) in the small intestine, and 6.9 % (25.8 to 27.6 Gy) in the 
large intestine. 

Fig. 2. The GI-tract motion of a case after fiducial-based image registration. The contour of the stomach (blue), duodenum (pink), small intestine (green), and large 
intestine (purple) are shown on each of the CT images (a-c). The contours of three CT images are simultaneously shown superimposed on the CTP in panel (d), which 
indicates variations of GI-tract location. GI-tract: gastrointestinal tract. (For interpretation of the references to colour in this figure legend, the reader is referred to the 
web version of this article.) 

Fig. 3. Box plot of the necessary margins to compensate for motion in the 
contoured GI-tracts. Boxes show the interquartile range from 25 to 75 %ile. 
Median values and outliers are shown as horizontal lines within the box and 
black circles. GI-tract: gastrointestinal tract. 
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Discussion 

In this study, we report the short-term GI-tract motion other than 
respiration using CT images in patients treated with SBRT or PBT for 
pancreatic cancer. We also generated SBRT simulation plans for all cases 
and evaluated its impact on the dosimetric parameters. There have been 
several reports on inter-fractional changes[14,15], however, to our 
knowledge this is the first study to report on short-term motion observed 
within the median of 783 s from CT images. We have also evaluated the 
impact of the short-term motion on the dosimetric parameters. The re-
sults suggest that overdosages could occur due to the short-term GI-tract 
motion. 

We quantified the intestinal motion during the planning CT scan and 
showed that the motion could not be ignored. Lens et al. analyzed the 
intratumoral fiducial variations with breath-holding CT in a single 
fraction. From 12 pancreatic cancer patients who had undergone SBRT, 
Lens et al. reported that the mean variation in a single fraction was − 0.2 
(standard deviation; SD: 1.7) mm and − 0.5 (SD: 0.8) mm in the inferior- 
superior and anterior-posterior directions, respectively [22]. Grimber-
gen et al. analyzed patients who underwent MR-guided SBRT and re-
ported that the mean of the maximum baseline drift of the tumor during 
SBRT was 1.2 mm in the craniocaudal direction, excluding respiratory 
motion[23]. These studies analyzed tumor motions except for respira-
tion during treatment, but the number of studies on motions of the GI- 
tract is limited. Mostafaei et al. studied peristaltic motions during 
radiotherapy by MR-linac and reported that these motions were irreg-
ular, persistent, and comparable in magnitude to the respiratory motion 
[12]. They suggested that peristalsis also should be considered together 
with respiratory motion. From this present study, we also found that a 
median margin of 8.0–14.0 mm was necessary to compensate for the 
short-term uncertainties of each of the GI-tract organs. Our evaluations 
were motion in one day at the treatment planning CT scan, but such 
short-term motion can be suggestive of intra-fractional motion during 
radiotherapy. 

In the worst-case scenarios, the V33 of each PRV in the GI-tract was 
higher than the simulation SBRT plan (PLANsim), and dose constraints 
were violated in two or three cases (Table 3). Similar results have been 
reported in studies on inter-fractional [14,15] and intra-fractional mo-
tion [24] in pancreatic SBRT. Loi et al. studied inter-fractional motions 
of 35 pancreatic cancer patients treated with SBRT[14]. They reported a 
median increase of 1.0 cm3 (IQR: 0.2–2.6) in V35 of the gastrointestinal 
tract (stomach, duodenum, and intestine) over that of the treatment 
plan. Niedzielski et al. also conducted a similar study using daily CT-on- 
rails image guidance immediately before treatment, and they reported 
that the dose constraints of V35 in the duodenum or small intestine were 
violated in three out of eleven patients[15]. Alam et al. studied inter- 
fractional and intra-fractional motion in patients with pancreatic 

Table 2 
Details of V33 for each patient.   

Stomach_PRV* (cm3) Duodenum_PRV (cm3) Small intestine_PRV (cm3) Large intestine_PRV (cm3) 
Patient No PLANsim Worst-case PLANsim Worst-case PLANsim Worst-case PLANsim Worst-case 

1 0 0 0.08 0.59 0.28 0.30 0 0 
2 0 0 0.02 0.91 0.14 0.43 0.01 0.75 
3 0.14 0.75 0.03 0.10 0.04 1.18 ** ** 
4 0 0.04 0.20 0.33 0 0.04 0 0 
5 0.02 0.02 0.39 0.39 0.04 0.04 0 0 
6 0.36 1.25 0 0 0.19 0.19 0 0 
7 0 0 0.28 0.48 0.06 0.46 0.06 0.17 
8 0.27 0.37 0.20 0.31 0 0.13 0 0 
9 0.06 0.06 0 0 0 0 0.34 1.07 
10 0 0 0.22 0.22 0.24 1.51 0 0 
11 0.02 0.08 0.26 0.94 0 0 0 0 

Worst-case is the one with the highest V33 among the three CT data sets (CTP CTCE, CT4D). 
*PRV: Generated by adding a 5 mm margin to each GI-tract (stomach, duodenum, small intestine, or large intestine). 
**Difficult to identify the large intestine in one case. 
PRV: planning at risk volume. 

Table 3 
Dosimetric parameters at PLANsim and worst-case values due to GI-tract motion.  

PRV  Value at 
PLANsim 

(IQR) 

Value at 
worst-case* 
(IQR) 

p- 
value 

Deviation 
at worst- 
case 

Stomach_PRV 
(n = 11) 

V33 

(cm3) 
0.02 
(0–0.14) 

0.04 
(0–0.37)  

0.121 2/ 11 cases  

D0.5 

(Gy) 
26.9 
(19.8–31.9) 

27.8 
(19.8–32.8)  

0.017   

D1 

(Gy) 
25.5 
(14.8–31.0) 

26.4 
(14.8–32.1)  

0.010   

D5 

(Gy) 
20.5 
(5.2–24.1) 

21.1 
(6.6–26.2)  

0.012   

D10 

(Gy) 
17.6 
(3.6–21.0) 

17.9 
(4.6–22.6)  

0.017  

Duodenum_PRV 
(n = 11) 

V33 0.20 
(0.02–0.26) 

0.33 
(0.10–0.59)  

0.031 3/ 11 cases  

D0.5 30.8 
(25.5–32.3) 

32.5 
(27.5–33.4)  

0.040   

D1 28.5 
(22.3–31.1) 

30.7 
(23.3–32.3)  

0.056   

D5 22.0 
(13.0–25.9) 

23.4 
(13.0–25.9)  

0.027   

D10 16.6 
(9.7–22.9) 

18.2 
(10.1–22.9)  

0.006  

Small 
intestine_PRV 
(n = 11) 

V33 0.04 
(0–0.19) 

0.04 
(0.04–0.46)  

0.060 2/ 11 cases  

D0.5 28.4 
(24.9–31.4) 

31.4 
(27.4–32.8)  

0.029   

D1 27.0 
(22.5–29.6) 

29.6 
(25.4–30.7)  

0.032   

D5 20.7 
(16.1–22.6) 

22.1 
(17.9–22.7)  

0.022   

D10 17.8 
(12.8–18.9) 

17.9 
(14.3–19.3)  

0.008  

Large 
intestine_PRV 
(n = 10)** 

V33 0 (0–0.02) 0 (0–0.31)  0.137 2/ 10 cases  

D0.5 25.8 
(15.7–28.6) 

27.6 
(18.5–31.9)  

0.059   

D1 24.5 
(13.7–26.7) 

26.1 
(15.3–29.2)  

0.057   

D5 19.8 
(10.6–20.6) 

19.9 
(11.4–22.8)  

0.017   

D10 17.0 
(9.4–18.3) 

17.4 
(10.1–19.6)  

0.034  

Worst-case is the one with the highest V33 among three CT data sets (CTP CTCE, 
and CT4D). DX shows the maximum dose delivered to a volume of X cm3 in each 
organ. 
*PRV: Generated by adding a 5 mm margin to each GI-tract organ (stomach, 
duodenum, small intestine, or large intestine). 
**Difficult to identify the large intestine in one case. 
IQR: interquartile range, PRV: planning at risk volume. 
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cancer treated by MR-guided SBRT[24]. They reported an increased 
accumulated dose in the stomach-duodenum and small bowel due to 
intra-fractional motion, which caused deviations from institutional dose 
constraints in three out of five patients. Of course, it should be noted that 
the dosimetric analysis in the present study was based on CT images at a 
specific point in time. Because the GI-tract is continuously moving and 
deforming, a cumulative dose that accounts for organ changes over time 
would be closer to reality. 

In an SBRT for pancreatic cancer, a highly optimized treatment plan 
is generated to achieve an adequate dose to the target and maintain 
sophisticated dose constraints of the GI-tract. Several studies have re-
ported an increased incidence of adverse events when high doses are 
administered to part of the GI-tract. From a dose-escalation study of 
SBRT, Courtney et al. reported that a higher dose to the GI-tract was 
shown to be associated with late gastrointestinal hemorrhage[25]. They 
also summarized increased duodenum dose-volume parameters (V35, 
V40, or V45) in the patient group with higher-dose prescription. More-
over, Kopek et al. found a maximum dose to 1 cm3 (D1) of duodenum 
was important to predict late duodenal complications in chol-
angiocarcinomas treated with SBRT[26]. Our study did not show a 
significant increase in D1 of the duodenum_PRV in the worst case 
(p = 0.056), but there was a median increase of 1.7 Gy (5.5 %). Given 
these findings, even slight uncertainties in the GI-tract location, espe-
cially in the proximity of the GI-tract, can lead to serious adverse events. 
Online adaptive therapy has become clinically applied to cope with the 
daily anatomical changes of patients, but some articles have reported 
that it takes several tens of minutes from the initial CT acquisition to 
beam-on [27,28]. Because our study observed the short-term GI-tract 
motion with a median period of 736 s, such motion should also be 
considered in an online adaptive strategy. 

The limitations of our study include the following. Because peri-
staltic motion in the GI-tract is continuous, the analyzed CT images 
alone may not adequately reflect the organ motion. Moreover, the short- 
term GI-tract motion may vary among the days the images were ob-
tained. To address these issues, obtaining multiple CT images over 
multiple days is ideal, but would be impractical given the burden on 
patients and medical staffs. Another limitation is that the dose distri-
bution was not recalculated on different CT images. One reason for this 
is that the CT image data used in this study were obtained from the same 
body position, at spontaneous expiration, and at intervals of several 
minutes. Therefore, we assumed that the variations in the dose distri-
bution due to anatomical changes are negligible in different CT images. 
Another reason is that the differences in CT scan conditions (enhanced, 
non-enhanced, or 4DCT) may lead to the slight uncertainties in the dose 
distribution, as also suggested in several reports [29,30]. Future studies 
require an increased number of patients, and CT images should be taken 
under the same conditions. 

In conclusion, the short-term motion of the GI-tract was observed, 
and these uncertainties may lead to unexpectedly high dose exposure in 
parts of the GI-tract. To reduce adverse events of the GI-tract, it is 
necessary to quantify these motions and reflect them appropriately in 
the SBRT plan. 
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