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Purpose To investigate the added value of right down decubitus (RDD) CT when determining adja-
cent organ invasion in cases of advanced gastric cancer (AGC).

Materials and Methods A total of 728 patients with pathologically confirmed T4a (pT4a), surgically
confirmed T4b (sT4b), or pathologically confirmed T4b (pT4b) AGCs who underwent dedicated stom-
ach-protocol CT, including imaging of the left posterior oblique (LPO) and RDD positions, were in-
cluded in this study. Two radiologists scored the T stage of AGCs using a 5-point scale on LPO CT with
and without RDD CT at 2-week intervals and recorded the presence of “sliding sign” in the tumors
and adjacent organs and compared its incidence of appearance.

Results A total of 564 patients (77.4%) were diagnosed with pT4a, whereas 65 (8.9%) and 99 (13.6%)
patients were diagnosed with pT4b and sT4b, respectively. When RDD CT was performed additionally,
both reviewers deemed that the area under the curve (AUC) for differentiating T4b from T4a increased
(p <0.001). According to both reviewers, the AUC for differentiating T4b with pancreatic invasion from
T4a increased in the subgroup analysis (p < 0.050). Interobserver agreement improved from fair to
moderate (weighted kappa value, 0.296-0.444).

Conclusion RDD CT provides additional value compared to LPO CT images alone for determining ad-
jacent organ invasion in patients with AGC due to their increased AUC values and improved interob-

1312 Copyrights © 2022 The Korean Society of Radiology


http://crossmark.crossref.org/dialog/?doi=10.3348/jksr.2021.0166&domain=pdf&date_stamp=2022-11-30

JOURNAL of
THE KOREAN SOCIETY of
J Korean Soc Radiol 2022;83(6):1312-1326 RADIOLOGY

server agreement.

Index terms Stomach Neoplasms; Multidetector Computed Tomography;
Neoplasm Invasiveness; Pancreas; Task Performance and Analysis

INTRODUCTION

Although its incidence is declining worldwide, gastric cancer is still a common malignan-
cy, which ranks as the sixth most frequently diagnosed cancer and the fourth leading cause
of cancer-related deaths worldwide (1, 2). Even though its prevalence varies according to geo-
graphic regions, gastric cancer is more common in Asian countries and is the most com-
monly diagnosed cancer and the fourth leading cause of cancer death in South Korea (3, 4).
Complete surgical resection is the only curative treatment for locoregional gastric cancer (5-7);
however, gastric cancers are often diagnosed at an advanced stage (8, 9). The term “locally ad-
vanced gastric cancer (AGC)” refers to tumors infiltrating or adherent to adjacent organs or
structures with or without lymph node involvement in patients without distant metastasis (10).
Depending on the location where the tumor has invaded adjacent organs, different treatment
strategies are required in patients with AGC. More specifically, in cases of T4a or lower tu-
mors, curative surgical resection is recommended, whereas, in T4b tumors that invade adja-
cent organs, the tumors are considered unresectable (11). Therefore, accurate staging of gas-
tric cancer, in particular, < T4a versus T4b, is critical for planning optimal treatment (12-14).

CT is a standard imaging modality widely used for preoperative TNM staging of gastric
cancer (15-17). By the introduction of multidetector CT (MDCT), which facilitates multiplanar
reformation images and various three-dimensional images, including surface-rendered im-
ages and virtual gastroscopy images, the diagnostic accuracy of MDCT for the detection and
staging of gastric cancers has been improved thus far (18-22). By virtue of technical improve-
ments in CT, there has been considerable advancement in optimizing CT protocol for gastric
diseases, also known as CT gastrography. For current CT gastrography technique, we have in-
troduced 30° left posterior oblique (LPO) position CT to maximize distention and minimize
residual fluid in the distal part of the stomach since 2004 (21). Furthermore, an effervescent
agent is given to patients to minimize false-negative and false-positive calls and to make it
easier to reconstruct three-dimensional images (20). Nevertheless, the differentiation of T4b
tumors from < T4a tumors remains challenging (23, 24).

The term “sliding sign” has been initially proposed in ultrasonography (US), in which a dy-
namic motion of the tumor was seen against adjacent organs during respiratory motion or
extrinsic pressure (25). Furthermore, the diagnostic benefit of sliding sign between gastric
cancer and the pancreas on US has been reported in predicting pancreas invasion by gastric
cancer (26). However, the diagnostic value of sliding sign on CT has not yet been investigated.

Accordingly, we hypothesized that the application of the right down decubitus (RDD) posi-
tion during CT acquisition may be helpful for the identification of T4b AGCs that invade adja-
cent organs from < T4a AGCs; if the tumors invade adjacent organs such as the pancreas, there

might not be any locational change between the tumors and the pancreas on RDD CT images.
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On the contrary, if the tumors do not invade adjacent organs, the relative relationship between
tumors and adjacent organs can be changed on RDD CT images compared with supine or LPO
CT images. We designated this locational change on RDD images as a “sliding sign.”

Hence, we performed this retrospective study to investigate whether there is an added val-
ue of “sliding sign” on RDD CT for the determination of adjacent organ invasion in patients
with AGC.

MATERIALS AND METHODS

This retrospective study was approved by the Institutional Review Board of our institution
and informed written consent was waived due to the retrospective nature of this study (IRB
No. H-1908-045-1053).

PATIENT SELECTION
From the pathologic and surgical databases between January 2000 and December 2019, we

searched 13944 patients with pathologically confirmed gastric cancer. From this cohort, the
inclusion criteria for this study were as follows: 1) patients who underwent surgery for gas-
tric cancers with pathologically proven T stage of T4a, 2) those with gastric cancer in whom
adjacent organ invasion was reported on surgical (sT4b) or pathologic (pT4b) reports, 3) those
who received dedicated stomach protocol contrast-enhanced CT examination including RDD
position CT, and 4) the interval between CT and surgery within 2 months. Patients who re-
ceived chemotherapy or radiation therapy before surgery were excluded from the study pop-
ulation. Finally, 728 patients were included in the study. A total of 434 male and 294 female
with a mean age + standard deviation (SD) of 59 & 12 years (age range, 17-95 years). A flow
chart of patient enrollment is provided in Fig. 1.

CT TECHNIQUES

PATIENT PREPARATION

Patients were asked to fast for at least 6 hours of fasting time to ensure gastric emptying.
Five minutes before CT acquisition, 10 mg of butyl scopolamine (Buscopan; Boehringer In-
gelheim; Ingelheim, Germany) was intravenously administered to minimize bowel peristal-

sis and to facilitate hypotonia of the stomach, unless contraindicated.

ORAL CONTRAST AGENT

As optimal gastric distention is essential to minimize false-negative and false-positive calls,
all patients received one pack of 4 gm effervescent granules as a negative oral contrast agent
just before CT image acquisition and were instructed not to belch. As 1 gm effervescent gran-
ules produce 130 mL of CO; gas, the patient’s stomach can be inflated by approximately 500
mL of CO, gas.

PATIENTS’ POSITIONING

Immediately after the administration of negative oral contrast, patients were initially posi-
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Fig. 1. The flow chart for patients’ enrollment.

Patients with gastric cancer pathologically or surgically poven pT4a, PT4b, or sT4b who underwent a
dedicated preoperative stomach protocol CT from January 2000 to December 2019 (n = 742)

Excluded patients (n= 14)
- Preoperative chemotherapy or radioation therapy (n=11)
->2-month interval between CT and operation (n = 3)

\ 4

A4

Final study population (n=728)
- pT4a (n=564)
- pT4b (n=65)
-sT4b (n=99)
\
\] 17 Y
pT4a (n=564) pT4b (n=65) sT4b (n=99)
- Without adhesion (n=541) - Pancreas (n=49) - Pancreas (n=92)
- With adhesion (n=23) - Liver (n=6) - Liver (n=3)
Pancreas (n= 18) -Spleen (n=6) - Diaphragm (n=4)
Spleen (n=5) - Diaphragm (n=4)

pT4a = pathologically confirmed T4a, pT4b = pathologically confirmed T4b with adjacent organ invasion,
sT4b = surgically confirmed T4b with adjacent organ invasion in the surgical field

tioned in the 30° LPO position by applying a pillow between their back and the CT table.
Since 2004, we have introduced 30° LPO position CT to maximize distention and minimize
residual fluid in the distal part of the stomach (21). In this LPO position, arterial phase (AP)
and portal venous phase (PVP) CT images were obtained. After the acquisition of CT images
in the LPO position, patients were promptly re-positioned in the RDD position, and then de-
layed phase (DP) CT images were acquired in the RDD position.

CT ACQUISITION PROTOCOL

A variety of MDCT scanners were used in our study owing to their retrospective design. All
patients underwent MDCT with 4, 8, 16, 64, 128, or 320 detector rows. The acquisition CT pa-
rameters used for these MDCTs were as follows: detector configuration (0.63-1 mm), pitch
(0.89-1.35), rotation time (0.5-1 seconds), tube voltage (100-120 kVp), tube current (150-250
mAs), slice thickness (2-5 mm), and reconstruction interval (2-5 mm).

Contrast-enhanced dynamic CT images were obtained after administration of an iodinated
contrast agent at a concentration of 350-370 mg I/mL at a dose of 1.5 mIL/kg and a rate of 3-5
mlL/s using an automatic power injector. Saline chase was performed at the same rate for 10
seconds. AP images were obtained 13-17 seconds after the attenuation of the descending
thoracic aorta reached 100 Hounsfield units using the bolus tracking technique. Scanning on
AP was acquired from the dome of the liver to 5 cm below the lower margin of the gastric gas
shadow to sufficiently include the entire stomach. PVP images were obtained using a fixed de-
lay of 60-70 seconds after the contrast administration. Scanning was performed from the

dome of the liver to the upper thigh to include the entire peritoneal cavity. After the acquisi-

https://doi.org/10.3348/jksr.2021.0166 1315



JOURNAL of
THE KOREAN SOCIETY of
Value of Right Down Decubitus CT in AGC RADIOLOGY

tion of AP and PVP CT images in the LPO position, patients were promptly repositioned in the

RDD position, and then DP CT images were acquired with the same scan range as the AP CT.

CT IMAGE ANALYSIS

Two board-certified abdominal radiologists (with 6 years and 9 years of experience in ab-
dominal imaging) assessed the T staging of gastric cancer according to the American Joint
Committee on Cancer eighth staging system. They were completely blinded to the final his-
topathological and surgical results. However, they were aware of this study’s aim to assess the
diagnostic value of RDD position CT for predicting adjacent organ invasion in patients with
AGC. For the first session, they interpreted T staging using the LPO position CT alone. Each
reader scored the T stage of gastric cancer using a 5-point confidence scale: 1, definitely < T4a;
2, probably < T4a; 3, possibly T4b; 4, probably T4b; and 5, definitely T4b. The reviewers were
asked to determine T4a versus T4b mainly according to the sliding sign demonstrated on RDD
CT images. Two weeks after the first session, they interpreted CT images again using LPO posi-
tion CT combined with RDD position CT. First, they recorded the presence or absence of a CT
sliding sign between the tumors and adjacent organs on RDD CT images compared to conven-
tional LPO CT images. The lesions were designated as not having a sliding sign when the trans-
mural AGC was closely abutted to an adjacent organ without any relative locational change be-
tween tumors and organs on RDD position CT compared to LPO position CT. Tllustrated images
demonstrating the CT sliding sign are provided in Fig. 2. For cases in which the CT sliding sign
was negative, reviewers were asked to specify the organs in which the CT sliding sign was
lost. They then scored the T stage of gastric cancer using a 5-point confidence scale: 1, defi-
nitely < T4a; 2, probably < T4a; 3, possibly T4b; 4, probably T4b; and 5, definitely T4b. Before
each assessment, the reviewers were instructed to consider a score of 3 to 5 to define T4b in a

dichotomous analysis.

REFERENCE STANDARD

The patients’ medical records were thoroughly reviewed by one radiologist (with 4 years of
experience in radiologic imaging). After an extensive review of surgical and pathologic find-
ings, patients were divided into four groups: 1) pT4a without any invasion or adhesion to ad-
jacent organs (pT4a group), 2) pT4a with adhesion to adjacent organs on surgical findings
(adhesion group), 3) sT4b with adjacent organ invasion on surgical findings without patho-
logic proof (sT4b group), and 4) pT4b with pathologically proven adjacent organ invasion
(pT4b group). Because gastric cancers could have invaded or adhered to multiple organs si-
multaneously, patients were classified and analyzed based on the dominantly adherent or in-
vaded organ for per-patient analysis. In addition, each organ-based analysis was performed
for per-organ analysis. According to the dominantly invaded or adherent adjacent organs,
patients were further divided into two groups: pancreas versus another organ (spleen, liver, or
diaphragm). For the cases in the adhesion group, the presence of adhesion was considered
when gastric cancer was directly adherent to adjacent organs, not indicating the presence of

adhesion in the abdominal cavity by other causes including previous surgery.
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Fig. 2. “Sliding sign” in the right down decubitus position CT.

A, B. Aniillustration (A) and corresponding CT image (B) in the left posterior oblique position reveal a tumor (arrow) at the posterior wall of the
gastric body is widely abutting to the pancreas body. The fat plane between the tumor and the pancreas is obliterated (arrowheads).

C. This illustration shows that the stomach and tumor, which are located in the peritoneal cavity, exhibit free movement in a right down decu-
bitus position, whereas the pancreas is fixed as the pancreas is fixedly located at the retroperitoneum during the position change. Resultantly,
thereis a “sliding sign” (arrow) between the gastric tumor and the pancreas body.

D, E. An illustration (D) and corresponding CT image (E) in the right down decubitus position show that a fat plane (asterisks in D and arrow-
heads in E) newly appears between the tumor (arrow) and the pancreas (P), suggesting that the tumor does not invade the pancreas. The right
down decubitus CT is rotated 90 degrees clockwise so as to show it in a familiar orientation (thick blue arrow in D).

=<
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STATISTICAL ANALYSIS

Descriptive statistics were described as means and SD or medians and ranges for continu-
ous variables. Categorical variables are reported as frequencies and percentages.

Receiver operating characteristic (ROC) curve analysis was performed to compare the di-
agnostic performances of both independent reviewers between LPO position CT with and
without RDD position CT for differentiating T4b from < T4a in patients with AGC. The differ-
ences between the areas under the curves (AUCs) were determined using a univariate z-score
test. This comparison indicated the effect of adding RDD position CT to LPO position CT on
the radiologists’ performance. Sensitivity and specificity for diagnosing adjacent organ in-
volvement were also estimated using surgical or pathologic reports as the reference stan-
dard.

Weighted kappa (k) statistics were used to assess the interobserver agreement between the
two radiologists. Weighted k values were interpreted as follows: < 0.2, poor agreement; 0.2-0.4,
fair; 0.41-0.60, moderate; 0.61-0.80, substantial; and 0.81-1.0, almost perfect agreement (27).

All statistical analyses were performed using SPSS statistics (version 25.0, IBM Corp., Ar-
monk, NY, USA) and MedCalc Statistical Software version 18.9.1 (MedCalc Software bv, Os-
tend, Belgium; https://www.medcalc.org). p values of less than 0.05 were considered statisti-

cally significant.
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RESULTS

CLINICAL CHARACTERISTICS

The patients’ clinical characteristics are shown in Table 1. Out of a total of 728 patients, 564
(77.4%) were pathologically diagnosed with pT4a cancer. Of these, 23 patients were diag-
nosed with adhesions to adjacent organs (18 patients with the pancreas and five with the
spleen) on the surgical field and were designated as the adhesion group. In the remaining 164
patients, 65 were histopathologically confirmed as pT4b (pathologic T4b group) and 99 were
surgically diagnosed with sT4b (surgical T4b group). In the pathologic T4b group, 75.3%
(49/65) of the tumors invaded the pancreas, and the remaining 16 tumors invaded the liver
(n =6), spleen (n = 6), and diaphragm (n = 4). In 99 tumors with surgically T4b (sT4b), most of
the tumors (92.9%, 92/99) invaded the pancreas, and the remaining seven tumors invaded the
liver (n = 3), and the diaphragm (n = 4). Figs. 3-5 show the examples of pT4a cancer, pT4a can-
cer with adhesion to pancreas, and pT4b cancer with pancreas invasion.

RESULTS OF ROC CURVE ANALYSIS
Table 2 lists individual performances of the two radiologists for differentiating T4b (both

Table 1. Clinical Characteristics of the 728 Patients

Sex, M:F 434:294
Age, years, median % SD (range) 59 £ 12 (17-95)
Final T staging
pT4a
Without adhesion 541
With adhesion
Pancreas 18

Non-pancreas

Liver
Spleen 5
pT4b
Pancreas 49

Non-pancreas

Liver
Spleen
Diaphragm 4
sT4b
Pancreas 92

Non-pancreas
Liver
Spleen
Diaphragm 4

Numbers represent the number of patients.

pT4a = pathologically confirmed T4a, pT4b = pathologically confirmed
T4b with adjacent organ invasion, SD = standard deviation, sT4b = sur-
gically confirmed T4b with adjacent organ invasion in the surgical field
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Fig. 3. A64-year-old female with advanced gastric cancer with a pathologically proven T4a stage.

A. Contrast-enhanced axial CT obtained in a left posterior oblique position reveals a diffuse low-attenuating
wall thickening (arrows) at the gastric antrum. There is a broad attachment (arrowheads) between the tu-
mor and pancreas neck at the far distal portion of the tumor, and a flat plane (arrowheads) between them
was obliterated. Therefore, both radiologists scored 4 (probably T4b) with pancreas invasion.

B. CT perfomed in a right down debucitus reveals a sliding sign between the gastric tumor (arrow) and pan-
creas neck (P). A linear fat plane (arrowheads) between the tumor (arrow) and pancreas neck (P) is newly vi-
sualized. Both radiologists recorded the presence of sliding signs and scored 1 (definitely T4a) without adja-
cent organ invasion. The patient subsequently underwent a subtotal gastrectomy. There is no evidence of
adjacent organ invasion in the surgical field. Moderately differentiated adenocarcinoma with pT4aNO stage
is finally diagnosed via histopathology.

Fig. 4. A21-year old female with advanced gastric cancer and pathologically proven liver invasion (pT4a) with adhesion to the pancreas.

A. This contrast-enhanced axial CT image obtained in a left posterior oblique position shows a focal low-attenuating wall thickening (arrows)
at the posterior wall of the gastric high body. The tumor is broadly abutted (arrowheads) to the pancreas tail (P). Two radiologists scored the
tumor as 3 (possibly T4b) with pancreas invasion.

B. A delayed phase CT image taken in a right down debucitus reveals that the gastric tumor (arrows) is still abutted (arrowheads) to the tail of
the pancreas and there is no sliding sign. Therefore, both radiologists recorded the absence of sliding sign and scored 4 (probably T4b) with
pancreas invasion. The patient underwent surgery. The tumor is broadly attached to the pancreas tail in the surgical field. Therefore, both dis-
tal pancreatectomy and total gastrectomy, is performed.

C. This photograph of the cut surface of the gross specimen shows focal wall thickening of the stomach (arrow). The pancreatic tail (P) is also
attached to the gastric tumor. However, the microscopic image showed that tumor did not invade the pancreas capsule or parenchyma (not
shown). Therefore, the final histopathologic stage is pT4a. This case shows that simple adhesion by the tumor can cause false interpretation
of sliding signs.

pT4b and sT4b) from pT4a in the two interpretation sessions. The corresponding ROC curves

of the two radiologists are shown in Fig. 6. When RDD CT images were additionally provided
to LPO CT images, the differential performances of the two radiologists significantly im-
proved for all patients. For all patients, the AUC values of both radiologists were significantly
increased from 0.667 to 0.917 for reviewer 1 and from 0.850 to 0.894 for reviewer 2 (p < 0.001).
In a subgroup analysis, AUC values for differentiating T4b with pancreas invasion from T4a
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Fig. 5. A70-year old male with advanced gastric cancer and pathologically proven pancreas invasion (pT4b).
A. This image obtained using contrast-enhanced axial CT in a left posterior oblique position shows diffuse
low-attenuating wall thickening (arrows) with punctate calcifications at the gastric angle to antrum. The
posterior portion of the tumor broadly is abutted to the pancreas body. The fat plane (arrowhead) between
the tumor and pancreas body is obliterated at the far distal portion of the tumor. Therefore, both radiolo-
gists scored the tumor as 3 (possibly T4b) with pancreas invasion.

B. This CT image obtained after position change to right down decubitus, shows that the gastric tumor (ar-
rows) and pancreas body (P) are still abutted (arrowhead) and there is no sliding sign. Both radiologists re-
corded the absence of sliding sign and scored 5 (definitely T4b) with pancreas invasion. The patient under-
went a palliative total gastrectomy. A suspicious invasion of the pancreas body is present in the surgical
field. Pancreas invasion by poorly cohesive carcinoma was proven using final histopathology.

Table 2. Results of Per-Patient ROC Analysis for Differentiating T4b without or with Adhesion from T4a

LPO CT Alone LPOCT+RDDCT
Reference Standard — — — — p-Value*
AUC Sensitivity (%)  Specificity (%) AUC Sensitivity (%) Specificity (%)
pT4b +sT4b
Reviewer 1
All 0.667  48.8(79/162) 84.5 (459/541) 0.917 84.0 (136/162) 97.2 (526/541) <0.0017
Pancreas 0.654  43.3(61/141) 87.6 (496/566) 0.893 79.4(112/141) 96.8 (548/566) <0.001"
Non-pancreas 0.618  22.5(9/40) 96.3 (648/673) 0.725 47.5(19/40) 99.3 (668/673) 0.028"
Reviewer 2
All 0.850  77.8(126/162) 86.3 (467/541) 0.894 77.2(125/162) 94.8 (513/541) <0.001"
Pancreas 0.786  63.8(90/141) 91.2 (516/566) 0.814 63.8 (90/141) 96.6 (547/566) 0.035*
Non-pancreas 0.784  T72.5(29/40) 91.5(616/673) 0.800 67.5 (27/40) 95.8 (645/673) 0.776

Patients with pT4b or sT4b are designated as the T4b group.

*p values for the differences between the AUCs between LPO CT alone and LPO + RDD CT are determined using a univariate z-score test.
p values with indicate statistical significance.

AUC = areas under the curve, LPO = left posterior oblique, pT4b = pathologically confirmed T4b with adjacent organ invasion, RDD = right
down decubitus, ROC = receiver operating characteristic, sT4b = surgically confirmed T4b with adjacent organ invasion in the surgical field

were significantly increased for both reviewers (from 0.654 to 0.893 for reviewer 1, p < 0.001;
from 0.786 to 0.814 for reviewer 2, p = 0.035). For determining another organ invasion such as
liver, spleen, or diaphragm, AUC values also increased for both radiologists; however, a sig-
nificant difference was found only in reviewer 1 (from 0.618 to 0.725 for reviewer 1, p = 0.028;
from 0.784 to 0.800 for reviewer 2, p = 0.776).
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Fig. 6. The ROC curves for two radiologists with and without RDD CT images.

A, B. These panels show the ROC curves for all the patients drafted by the reviewers. When RDD CT images
are provided in addition to the LPO CT images, the AUC values obtained by both radiologists for differentiat-
ing T4b from T4a increased significantly from 0.667 to 0.917 for reviewer 1 (A) and 0.850 to 0.894 for review-
er2 (B) (p<0.001).

C, D. These panels show the ROC curves of reviewers for patients with pancreatic invasion. When RDD CT
images are provided in addition to LPO CT images, AUC values for differentiating T4b with pancreatic inva-
sion from T4a obtained by both reviewers increased significantly (from 0.654 to 0.893 for reviewer 1, p <
0.001; from 0.786 to 0.814 for reviewer 2, p = 0.035).

AUC = areas under the curve, LPO = left posterior oblique, RDD = right down decubitus, ROC = receiver oper-
ating characteristic
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CT SLIDING SIGN
The results of the CT sliding signs are summarized in Table 3. In 23 patients with pT4a with

adhesion, two reviewers recorded negative CT sliding signs in 14 patients (60%) and 10 pa-
tients (43%). In 164 patients with T4b (pT4b + sT4b), two reviewers recorded negative CT slid-
ing signs in 121 patients (73.7%) and 135 patients (82.3%).

INTEROBSERVER AGREEMENT

For the 5-point confidence score in differentiating T4b from T4a, an interobserver agree-
ment between the two reviewers using weighted « statistics was improved from the fair
agreement (weighted x value: 0.296, 95% confidence interval: 0.256-0.335) to the moderate

https://doi.org/10.3348/jksr.2021.0166 1321
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Table 3. Results of Sliding Sign Assessment via CT

CT Sliding Sign
Presence (+) Absence (-)
) ) Reviewer 1 509 32
pT4a without adhesion (n =541) .
Reviewer 2 526 15
. . Reviewer 1 9 14
pT4a with adhesion (n =23) .
Reviewer 2 13 10
. . Reviewer 1 41 123
T4b (pT4b + sT4b) without adhesion (n = 164) .
Reviewer 2 27 137
. ) Reviewer 1 50 137
T4b (pT4b + sT4b) with adhesion (n = 187) .
Reviewer 2 40 147

Numbers represent the number of patients.
pT4a = pathologically confirmed T4a, pT4b = pathologically confirmed T4b with adjacent organ invasion,
sT4b = surgically confirmed T4b with adjacent organ invasion in the surgical field

agreement (weighted x value: 0.444, 95% confidence interval: 0.404-0.484) when RDD CT im-
ages were added to LPO CT alone.

DISCUSSION

In our study, we found that the addition of RDD CT images to LPO images alone improved
the radiologists’ performance in differentiating T4b from T4a. Specifically, the AUC values of
both radiologists significantly increased from 0.667 to 0.917 for reviewer 1 and from 0.850 to
0.894 for reviewer 2 for all patients (p < 0.001). In a subgroup analysis, the radiologists’ perfor-
mance significantly improved in differentiating T4b with pancreatic invasion from T4a for
both reviewers. For the invasion of other organs such as the liver, spleen, or diaphragm, the
AUC values of reviewers increased with the addition of RDD CT images. However, the differ-
ence was statistically significant only for reviewer 1. These results are consistent with our hy-
pothesis. We initially hypothesized that the sliding sign between the pancreas and stomach
cancer might be useful for differentiating gastric cancer without (T4a) and with (T4b) pancre-
atic invasion as the pancreas is located in the retroperitoneal space and thereby the move-
ment during position change to the RDD position might be limited compared to the stomach,
which is located within the peritoneal cavity and freely movable during a position change.
On the contrary, as other adjacent organs such as the liver and spleen are also located within
the peritoneal cavity, these organs might be movable along with gastric cancer regardless of
tumor invasion during position change to the RDD position. In terms of diaphragm invasion,
as the space between gastric cardia cancer and the diaphragm is narrower than that of other
organs, the identification of the sliding sign can be more challenging.

In this study, 23 patients had pT4a tumors that adhered to adjacent organs. In these pa-
tients, two reviewers recorded that there was no sliding sign between the tumor and adjacent
organ in 16 and 12 patients, respectively. Consequently, the reviewers over-staged the tumors
as T4b with adjacent organ invasion in these patients. From this result, we realized that adhe-

sion without tumor invasion could be a source of false-negative results for determining the
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sliding sign. Further studies to differentiate true adjacent organ invasion from simple adhe-
sion by gastric cancer using CT imaging are warranted. Contrarily, false negatives in the diag-
nosis of T4b can be attributed to false positive sliding sign. In fact, reviewers have stated that
it was difficult to call the presence of sliding sign when the adhesion/invasion between the
tumor and the adjacent organs was minimal or focal. Therefore, we believe that such subtle
invasion of the tumor to adjacent organs may lead to under-stage T4b into T4a in some cases.

We observed that interobserver agreement between the two reviewers in differentiating be-
tween T4b and T4a also improved when RDD CT images were added to the LPO CT images
alone. More specifically, the weighted x value increased from 0.296 (fair agreement) on LPO
images only to 0.444 (moderate agreement) with RDD CT images. In patients with tumors at-
tached to adjacent organs, reviewers might have some challenges in determining whether the
tumor was simply located with adjacent organs side-by-side or invaded into the adjacent or-
gans on LPO CT images. However, when RDD CT images were additionally provided, they
could determine the presence or absence of adjacent organ invasion more confidently
through the presence of a sliding sign. There was also a limitation due to the time delay be-
tween the two CT scans taken at two different positions. Our CT scanning protocol design in-
volved taking an AP scan on LPO and taking a PVP scan immediately after changing the pa-
tients’ position to RDD. However, in reality, it took a variable time to change the patient’s
position, depending on the patient’s physical ability and degree of cooperation. Despite the ef-
fort our radiology technicians took to reposition patients as fast as possible, in some patients it
took more than 3 minutes to change the position; hence, the images were closer to the DP scan,
rather than the PVP scan. In these cases, the extent of the tumor was less distinct on the image,
and it was difficult to determine whether the stomach had adhered to the adjacent organs.

We acknowledge several limitations of our study. First, because this study was retrospec-
tive, there was several missing information regarding surgical and pathologic findings. In
particular, pathologic confirmation in terms of adjacent organ invasion was not confirmed in
all patients. Adjacent organ invasion was surgically confirmed in 99 patients. Furthermore, a
variety of MDCT scanners were used in our study owing to their retrospective design. Sec-
ond, we did not analyze whether there were differential CT features for tumors between T4a
with adhesion and T4b. As our study primarily aimed to determine whether the absence of a
sliding sign is a differential CT feature for T4b tumors, further studies investigating other
useful CT features for differentiating true adjacent organ invasion from simple adhesion by
gastric cancers using CT imaging should be strongly needed. Third, we recruited only two re-
viewers with similar expertise (6 and 9 years of experience in abdominal imaging). There-
fore, a performance study recruiting more reviewers with different expertise, such as novice
and experienced reviewers, should also be determined whether the sliding sign can be more
helpful for novice reviewers.

In conclusion, compared to LPO CT images alone, there is an added value of “sliding sign”
on RDD CT for the determination of adjacent organ invasion in patients with AGC, by showing
increased AUC values and improved interobserver agreement. However, as the presence of
simple adhesion between the tumor and adjacent organ can be a source of false-negative find-
ings for a sliding sign, further studies to investigate other useful CT features for differentiating

true adjacent organ invasion from simple adhesion by gastric cancers are strongly warranted.
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