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Objective: To evaluate three-dimensional (3D) displace-
ments of gastric remnant during adjuvant radiation.
Methods: From January 2011 to September 2012, patients
undergoing adjuvant image-guided intensity-modulated
radiation on tomotherapy were included. Megavoltage
CT (MVCT) data sets from daily treatment were coregis-
tered with Day 1 MVCT. Residual stomach remnant was
delineated on the data set, while the remaining were
blinded to previous day contours. Gastric volume and
centre of mass (COM) were determined for all data sets.
The 3D deviation of COM was calculated for each
fraction. Mean 3D and standard deviation (SD) were
calculated for each patient and study population, and
a 95% confidence interval (ClI) was determined. Also,
systematic and random errors for patient population and
internal target volume (ITV) margin were calculated
using the van Herk formula.

Gastric cancer is a leading cause of cancer mortality, al-
though the incidence has decreased in the past few years in
both males and females."* The antrum or distal stomach is
the commonest site (40%), followed by the fundus, cardia,
gastroesophageal (GE) junction (35%) and the body of the
stomach (25%). However, the relative incidence of the
distal lesions has decreased with increase in the proximal/
GE junction lesions.” Unfortunately, most of the lesions are
diagnosed at an advanced stage. Of these, only 25-40% of
patients are eligible for treatment with curative intent. Of
those undergoing upfront curative surgery, a significant
proportion present with local recurrence either alone
(29%) or in the presence of systemic metastasis (88%).*

Since the results of the Southwest Oncology Group [SWOG
9008/intergroup (INT) 0116], a Phase III randomized trial,
adjuvant chemoradiation in combination with systemic
chemotherapy has become the standard of care for patients

Results: There were 119 images available for 15 patients.
Mean volume of remnant was 319cm® (146-454 cm?®).
Gastric remnant expanded in different directions with no
specific directional expansion. Average deviations in
mediolateral, superoinferior and anteroposterior direc-
tions were 9mm (3-25mm; SD, 5mm), 6 mm (3-16 mm;
SD, 4mm) and 5mm (1-10 mm; SD, 3mm), respectively,
with 95% CI of 18, 15 and 11mm, and ITV margins of 19.2,
13.5 and 7.8 mm, respectively.

Conclusion: There is large variation in gastric remnant
volume during the course of radiation. Large displace-
ments observed in the present study necessitate the need
to investigate adaptive techniques for optimizing intensity-
modulated radiotherapy (IMRT) delivery.

Advances in knowledge: An adaptive strategy needs to
be developed to optimize IMRT delivery for adjuvant
gastric irradiation.

undergoing upfront surgical resection and for patients with
features of high risk on histopathology. The updated
analysis at 10 years shows a continued strong benefit from
adjuvant chemoradiation in terms of overall survival (OS)
as well as relapse-free survival (RFS) with hazard ratios of
1.32 (p = 0.004) and 1.51 (p < 0.001), respectively.”® While
the benefit with adjuvant chemoradiation has been ques-
tioned within the setting of D2 dissection, a large pro-
portion of patients continue to undergo upfront D0/1+
resection without perioperative chemotherapy.”® Further-
more, recent meta-analysis failed to identify a subgroup of
patients that does not benefit from adjuvant radiation even
after D2 dissection, and adjuvant chemoradiation is rec-
ommended for patients undergoing upfront resection.’

Although adjuvant chemoradiation is associated with sur-
vival advantage, it is at the cost of increased acute grade III/IV
toxicity. INT 0116 reported 75% incidence of acute grade I11/
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IV toxicity, of which 33% were gastrointestinal (GI) (nausea/
vomiting/hepatic) with only 65% patients completing the entire
chemoradiation.® This has been attributed to the large radiation
field size used during parallel opposed and conformal radiation. In
recent years, multifield three-dimensional (3D) conformal radio-
therapy (3DCRT) and intensity-modulated radiotherapy (IMRT)
have been used.'® Although there are no randomized studies, few
prospective studies'®'' have demonstrated the superiority of
IMRT over 3DCRT. Conformal and IMRT techniques reduce
bowel, liver and kidney doses, and clinical results have demon-
strated reduction in acute grade III/IV GI and haematological
toxicity to 26-57% and 16% with 3DCRT and IMRT, re-
spectively.'>'* A large randomized study from China comparing
adjuvant chemotherapy and IMRT with chemotherapy alone after
D2 gastrectomy reported on toxicity profile of 350 patients with
gastric cancers. Although the use of IMRT improved OS and RFS
by 10 and 14 months, respectively, the grade ITI/IV toxicity was no
different than the chemotherapy alone arm (6% GI and 7.5%
haematological in IMRT-chemotherapy arm vs 7.3% haemato-
logical and no grade III/IV GI toxicity in chemotherapy alone
arm).'* Given the favourable toxicity profile, IMRT may find in-
creased use within the community; however, as residual gastric
remnant is a distensible organ, the chances of inaccurate treatment
delivery remains high. A quality assured IMRT technique is hence
required. However, although toxicity and control with IMRT have
been reported in studies, there are little published data on technical
aspects of delivering quality assured IMRT. A major challenge in
high precision IMRT delivery is the geometric uncertainty owing to
internal organ motion of gastric remnant from respiration and
gastric distension as seen in various studies.'”> Also, the gastric
volume is variable because of the uncertainty in gastric filling, es-
pecially in postoperative setting. The present study was initiated to
characterize interfraction gastric remnant distension/displacement
in patients undergoing image-guided (IG)-IMRT with an aim to
determine internal target volume (ITV).

METHODS AND MATERIALS

From January 2011 to September 2012, patients of gastric cancer
undergoing adjuvant IG-IMRT with TomoTherapy® (TomoTher-
apy Inc., Madison, WI) were included in the study. All patients
followed a standard protocol of 8h (overnight) fasting regimen
prior to simulation and treatment. Radiotherapy planning was
done in supine position with arms overhead and knee rest with
intravenous contrast and interslice distance of 5mm. Prokinetic
agent (10 mg of metoclopramide 1h before treatment) was pre-
scribed to patients, wherein food residue was observed even after
fasting on the planning CT scan. Planning was done on Tomo-
Therapy Hi-Art® treatment Planning System (TomoTherapy Inc.).
All patients were treated using daily megavoltage CT (MVCT)
imaging prior to treatment. Daily MVCT images were obtained
with the normal setting (4-mm slices) to include the entire plan-
ning target volume (PTV) with a 4-5 cm cranial margin. Inferiorly,
the scan was obtained up to the lower pole of the kidneys.
Treatment was performed after the approval of a radiation on-
cologist on the adequacy of match with the planning CT.

For the purpose of the present study, the unregistered MVCT data
sets from alternate fractions were transferred to FocalSim work-
station v. 4.3.3, and the first day MVCT formed the baseline scan
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for evaluation of interfraction distension/displacement. All sub-
sequent MVCT images were coregistered with Day 1 MVCT using
bony vertebral fusion. Residual stomach remnant was delineated
on each of the data sets from the gastroesophageal junction to
include the whole of the gastric remnant on the MVCT images,
while the remaining were blinded to previous contours. Duodenal
stump, lymph node stations and anastamotic site were not in-
cluded. Gastric volume and centre of mass (COM) were de-
termined for all data sets by the planning software. 3D deviation of
COM from baseline was calculated for each fraction to obtain
shifts in x [mediolateral (ML)], y [superoinferior (SI)] and z
[anteroposterior (AP)] directions for each patient. Mean 3D dis-
placement and standard deviation (SD) were calculated for each
patient and the study population, and 95% confidence interval
(CI) was determined. The systematic and random errors were
calculated as the SD of means and root mean square of the SD for
all three directions. The formula of van Herk'®'” was applied to
obtain the CTV (clinical target volume) to ITV margins.

RESULTS

A total of 15 patients were treated with adjuvant chemoradiation
on helical TomoTherapy from January 2011 to September 2012.
The pylorus was the most common site, and most of the patients
had undergone a distal gastrectomy. The patient characteristics
and baseline surgicopathological details are given in Table 1.

Table 1. Patient characteristics and surgicopathological details
(n=15)

Characteristics n (%)

Sex

Males 11 (73)

Females 4 (27)
Site

Antrum 4(27)

Pylorus 6 (40)

Others 5 (33)
Type of surgery

Distal gastrectomy (subtotal) 9 (60)

Others 6 (40)
Histology

Adenocarcinoma 10 (67)

Signet ring cell carcinoma 5 (33)
T stage

T2b 4(27)

T3 5 (33)

T4 6 (40)
Node

Positive 10 (67)

Negative 5 (33)
Margin positive 2 (proximal margin)
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Only one patient required prokinetic agent prior to radiotherapy
owing to residual food on planning CT scan. The average vol-
ume of gastric remnant was 319 cm’ (146-454 cm?). Figure 1
shows the gastric remnant contours for different fractions fused
over Day 1 image on MVCT. Figure 2 shows the gastric remnant
going out of the contoured gastric remnant during treatment. As
a result of gastric remnant volumetric changes, the ML, SI and
AP displacements were in the range of 3-25, 3-16 and 1-10 mm,
respectively. The mean shifts for the ML (x) direction were
<5mm for almost half of the patients (8/15). For the SI (y)
direction, most of the patients had shifts between 5 and 10 mm
(8/15); however, they were <<5 mm for the majority (9/15) in the
AP (z) direction. The maximum motion was in the ML (x)
direction, being 25 mm. Also, there was no specific pattern of
shifts in either direction for the three dimensions. The mean
volume for all the patients and mean shifts in ML (x), SI (y) and
AP (z) directions are listed below in Table 2.

The SD and mean * 2SD (95% CI) for all patients in three
directions are provided in Table 3. The population systematic
and random errors and 3D ITV margins for gastric remnant are
detailed in Table 4. The population 3D ITV margins according
to van Herk were 19.2, 13.5 and 7.8 mm in the x, y and z
directions, respectively. The ITV generated using mean * 2SD
provided 3D ITV margins greater than those obtained using van
Herk’s formula, and those being 20, 15 and 9 mm, respectively,
in the x, y and z directions.

DISCUSSION

The primary advantage of using IMRT for adjuvant gastric ir-
radiation is the reduction in the acute grade III/IV GI and
haematological toxicities such that patients could complete the en-
tire treatment with minimal breaks. Also, it gives good target cov-
erage compared with 3DCRT and conventional techniques.'®'>'>'®
There are a number of dosimetric studies and a few clinical studies
to support this."

However, IMRT needs to be planned and executed judiciously as
the interfraction movement of stomach/gastric remnant due to
respiration and the uncertainty in gastric filling may lead to

Figure 1. Picture showing gastric remnant contours during
course of image-guided intensity-modulated radiotherapy.
Megavoltage CT from various fractions is overlaid on Day 1.

Figure 2. Picture showing the gastric remnant going out of the
contoured gastric remnant during daily treatment as seen on
megavoltage CT matched with the planning scan.

errors in treatment delivery."” To account for internal organ
motion and set-up errors, an isotropic margin of 10 mm is
generally used for PTV expansion.'* From the data generated by
the present study, margins required to accommodate 95% of
displacements are 19.2, 13.5 and 7.8 mm in ML, SI and AP
directions, respectively.'® These margins are more than the total
PTV margin of 10 mm used by most of the investigators.

There are only few studies that have evaluated margins to be
generated for ITV/PTV, taking into consideration the intra-
fraction and interfraction motion of the stomach. Mean intra-
fraction shifts of 9.9, 22.7 and 13.7 mm in the ML (x), SI (y) and
AP (z) directions were observed, interfraction shifts being 5, 9.1,
1.3 mm in the three directions. The margins generated using van
Herk formula'® were 41, 30 and 50.8 mm, respectively. Wysocka
et al’® studied gastric motion in 22 resected gastric cancer
patients, using planning CT scan and serial study CT scans at
Weeks 1, 3 and 5 of radiotherapy and finding a median inter-
fraction displacement of 6 mm in craniocaudal and of 2 mm in
other directions. Unlike sites where soft tissue match can be
performed prior to treatment execution (e.g. prostate or pan-
creas), soft tissue match to account for gastric distension is un-
likely because the target volumes encompass both primary and
nodal regions. Hence, matching gastric remnant on a daily basis
can risk underdosage of nodal basins. While one could consider
increased ITV margins for including all displacements, this would
increase organ-at-risk doses for vast majority of patients. Al-
though few patients within our study had unacceptable dis-
placement, a significant proportion also had displacements that
were <8 mm. Hence, a population-based approach with generous
margins may be less than ideal for executing IMRT.

Another feasible option could be to generate multiple executable
plans with different ITV margins (e.g. 5, 10 and 15mm) and
treating patients with the most appropriate one according to the
volume of gastric remnant of that day, as done for bladder
cancer and shown in a study from our institute.*’ This could
possibly help in reducing normal tissue toxicity as well. While
our study provided us with important information regarding
gastric distension and its implications on executing IMRT, there
are certain drawbacks.
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Table 2. Mean volume and three-dimensional mean shifts for the gastric remnant for the study population (n=15)

Patient ID Mean volume (cm’) Mean x shift (mm) Mean y shift (mm) Mean z shift (mm)
Patient 1 438 9 6 4
Patient 2 465 3 3 7
Patient 3 299 5 6 7
Patient 4 280 10 16 6
Patient 5 454 4 5 2
Patient 6 266 4 5 10
Patient 7 146 25 7 3
Patient 8 255 11 6 5
Patient 9 381 12 4 4
Patient 10 203 8 6 5
Patient 11 399 8 8 7
Patient 12 548 5 4 6
Patient 13 506 5 12 1
Patient 14 514 4 6 2
Patient 15 518 4 9 4
Mean displacement 8 7 5
SD 6 4 2

ID, identification; SD, standard deviation; x, mediolateral; y, superoinferior; z, anteroposterior.

The large shifts reported in our study could possibly be attrib-
uted to poor soft-tissue contrast on MVCT scans as compared
with the planning scans, especially at the anastamosis site
leading to over- and undercontouring. Also, because of the small

patient number we would not recommend increasing the ITV
margins based on this study, but it is worthy to note that the
shifts in all three directions are way beyond the margin given
presently for these tumours.

Table 3. Standard deviation (SD) and mean + 2SD in three directions for the study population

Patient ID SD (x) SD (y) SD (2) Mean + 2SD (x) Mean + 2SD (y) Mean + 2SD (z)
Patient 1 5 5 2 28 26 22
Patient 2 3 3 4 9 8 16
Patient 3 3 6 4 9 17 15
Patient 4 5 6 4 18 28 15
Patient 5 2 4 1 8 10 3
Patient 6 3 3 5 9 11 18
Patient 7 16 3 2 57 12 17
Patient 8 5 4 3 21 13 10
Patient 9 6 3 8 24 9 10
Patient 10 9 3 3 26 12 12
Patient 11 5 6 5 18 20 17
Patient 12 6 2 3 17 8 12
Patient 13 2 6 3 09 24 7
Patient 14 4 2 1 12 10 4
Patient 15 3 5 4 10 19 12

ID, identification; x, mediolateral; y, superoinferior; z, anteroposterior.
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Table 4. The population set-up errors and clinical target volume (CTV) to internal target volume (ITV) margins for three directions

Displacement Systematic error (mm) Random error (mm) CTV to ITV margin (van Herk) Mean + 2SD
Mediolateral 6 6 19.2 20
Superoinferior 4 5 13.5 15
Anteroposterior 2 4 7.8 9

SD, standard deviation.

We did not use 4D (four-dimensional) CT for our treatment
planning, hence the intrafraction displacements cannot be
accounted. There are only few studies on the organ motion due
to respiration for treatment of gastric cancers. A study on
intrafraction gastric motion found shifts in excess of 1cm."
4DCT has been used to generate ITV and account for motion of
stomach due to respiration, although for gastric lymphomas
(intact stomach). In a prospective dosimetric study, two plans
were generated—Plan 1 using 4DCT and PTV margins of 8 mm
over ITV and Plan 2 with 2cm margins over CTV. Margins
generated with 4DCT were adequate and also reduced the dose
to normal structure, including liver, heart and kidneys, although
there was no significant difference in the dose coverage of the
CTV between the two plans.”> The results suggest that using
a 4DCT-based approach can help to generate individualized

plans with high therapeutic ratio; however, 4DCT alone is un-
likely to encompass all ranges of gastric distention (ie. dis-
placement related to food residue or gaseous distension).
Probably 4DCT with empty and full stomach scans may help
describe the complete range of potential displacement.

CONCLUSION

Clinically unacceptable displacements of the gastric remnant
in a significant proportion of patients undergoing IMRT risks
target volume underdosage in patients undergoing treatment
with the current PTV margins. Increasing the PTV margins
for the entire population risks increased dose to the organs at
risk. An adaptive strategy needs to be developed to optimize
IMRT delivery for patients undergoing adjuvant gastric
irradiation.
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