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Abstract

Peritoneal metastasis (PM) is one of the most frequent forms of gastric cancer recurrence.
In this study, we aimed to use computed tomography (CT) colonography (CTC) to detect
signs of PM earlier in patients in whom PM was suspected but not yet diagnosed. CTC was
used to evaluate patients with clinical symptoms or general CT findings that were suspicious
but not sufficient to confirm PM. In total, 18 patients with suspected PM were enrolled. Ten
patients (55.6%) had PM on CTC. Abnormal colonic deformities were identified at locations
other than those of the lesions detected by general CT in seven patients. The sensitivity
and specificity of CTC for the detection of PM were 83.3% and 100%, respectively. The
median overall survival after CTC was 201 days in the CTC-positive group, which was signif-
icantly shorter than that in the CTC-negative group (945 days, p = 0.01). In the multivariate
analysis, a positive CTC finding was the only factor independently associated with survival
(p =0.005). According to our experience with 18 patients, CTC can be an alternative to con-
ventional imaging for early detection of PM. Further prospective studies with larger sample
sizes are warranted to confirm and validate these findings.

University hospital Medical Information Network Clinical Trials Registry (UMIN-
CTR): Registration number: UMIN000044167.

Introduction

Gastric cancer is the fourth most frequently observed malignancy, with the third highest mor-
tality rate worldwide [1]. Peritoneal metastasis (PM)/gastric cancer recurrence is associated
with a poor prognosis and generally worsens the overall treatment outcomes while reducing
the median survival time [2, 3]. PM is one of the most frequent forms of recurrence and is one
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of the poorest prognostic factors in patients with recurrent disease; it is observed in ~50% of
patients with distant metastasis. Even if such patients can be treated, the expected survival is
only ~9 months [4]. Probable reasons for the poor prognosis of PM include diagnostic difficul-
ties and subsequent treatment delays. Thus, early detection of PM and prompt intervention
may be crucial for improving survival outcomes [5].

Accurate diagnosis of PM is crucial for assessment and optional therapeutic methods; how-
ever, it is not always straightforward. Several noninvasive imaging methods have been used for
PM detection in patients with gastric cancer, including endoscopic ultrasound (EUS), com-
puted tomography (CT), and fluorodeoxyglucose positron emission tomography (FDG-PET);
however, none of them have been completely accurate in diagnosing PM. In a meta-analysis of
imaging methods used for diagnosing PM [6], the sensitivities of EUS, CT, and 18F-FDG PET
were 0.34 (95% confidence interval [CI]: 0.10-0.69); 0.33 (95% CI: 0.16-0.56); and 0.28 (95%
CI: 0.17-0.44), respectively. Additionally, Yoshikawa et al. [7] analyzed 123 initial-onset gastric
cancer cases with PM in a preoperative setting, and the accuracy of CT in diagnosing PM was
37.4%. The low sensitivity of conventional CT in detecting PM has also been demonstrated in
other reports [8, 9]. Although CT is the most advantageous modality due to its versatility and
reproducibility, it cannot detect small PM, similar to EUS and PET. This low sensitivity could
be attributed to the nature of PM, as it diffusely disseminates within the peritoneal cavity.
Thus, it may be challenging to assess PM using CT images alone, and a more sensitive and
objective imaging method is required.

CT colonography (CTC) is a diagnostic imaging method that was first reported in 1994 and
is less invasive than conventional colonoscopy [10]. In addition to the detection of colorectal
mucosal lesions, the detection of colon wall deformities via acquisition of three-dimensional
(3D) air images of the whole colon is an advantage of this method [11]. In this study, we aimed
to use CTC for early detection of PM in patients in whom PM was suspected based on clinical
symptoms and general CT findings but was not yet diagnosed, and to administer anticancer
agents in a timely and effective manner.

Materials and methods
Patients and methods

This prospective study was undertaken to assess the diagnostic feasibility of CTC for the detec-
tion of PM. CTC was performed to improve diagnostic performance in cases wherein PM/gas-
tric cancer recurrence was suspected based on physical examination, laboratory tests, and
imaging findings, but a definite diagnosis could not be established. CTC had not been previ-
ously used in our institute for diagnostic purposes, and had not been implemented as stan-
dard-of-care for a definitive diagnosis in patients with suspected PM. The study was approved
by the Institutional Review Board of Kanagawa Cancer Center Hospital (KCC No.2010EPID-
2) and was conducted in accordance with the principles of the Helsinki Declaration and the
Japanese Ethical Guidelines for Clinical Studies. There was a possibility of failed PM detection
by the CTC that could lead to treatment disadvantages, as this was the first prospective study
to use CTC for early-stage diagnosis of PM. This was explained to every patient before the
acquisition of written consent. All patients were assigned to this study for the purpose of
research, and participation in the study was offered to all who met the inclusion criteria; each
patient was given the right to reject participation. Patients who met the inclusion criteria but
refused to join the research were provided standard-of-care follow-ups at the designated peri-
ods through physical examination, laboratory tests, and conventional imaging.

The inclusion criteria were: (i) histologically diagnosed gastric cancer via endoscopic biopsy
or surgical specimen retrieval; (ii) suspected PM/recurrence of gastric cancer based on at least

PLOS ONE | https://doi.org/10.1371/journal.pone.0261527  January 25, 2022 2/13


https://doi.org/10.1371/journal.pone.0261527

PLOS ONE

Early detection of peritoneal metastasis

one of the following clinical findings: abnormal physical symptoms with causes that could not
be explained by other diseases, elevation of serum tumor markers, and suspicious but not
definitive signs of PM on conventional CT images; (iii) Eastern Cooperative Oncology Group
(ECOG) performance status of 0, 1, or 2; (iv) oral intake ability; and (v) provision of written
consent by each patient.

To minimize selection bias, patients with symptoms that severely affected their daily lives
were excluded. Other exclusion criteria were: (i) inability to undergo bowel preparation; (ii)
obvious intestinal stenosis; (iii) presence of massive ascites; and (iv) inability to undergo car-
bon dioxide (CO,) insufflation through the rectum.

The primary endpoint of this study was the diagnostic sensitivity of CTC for PM. The sec-
ondary endpoints included overall survival (OS) and progression-free survival (PES). Ideally, a
pathological diagnosis is required to confirm PM; however, suspicious PM lesions detected by
CTC are difficult to confirm using endoscopy or laparoscopy. Thus, we adopted the wait-and-
see method to confirm PM. Patients were followed-up until the definitive development of PM.
In this cohort study, the treatment to be administered after PM diagnosis was not specified.
Accordingly, decisions regarding the timing of treatment initiation and the treatments to be
administered were made on a case-by-case basis after a discussion between the patient and
attending doctors. However, fluorouracil-compound plus cisplatin was administered as first-
line chemotherapy when the patient did not undergo gastrectomy or developed recurrence,
with the interval between S-1 adjuvant chemotherapy and recurrence being <6 months. All
oncological definitions were in accordance with the Japanese Classification of Gastric Carci-
noma 15th edition [12].

CTC procedure

Bowel preparation was performed by administering low-residue diets for the three meals on
the day before CTC, along with oral administration of a laxative (50 g magnesium citrate
diluted in 180 mL of water and 10 mL of 0.75% sodium picosulfate) at 3:00 PM on the same
day. After the colon was inflated with sufficient CO, through a rectal catheter with the patient
in the left lateral decubitus position, CTC of the abdominal cavity was performed in the supine
and side positions. The procedure was repeated in the prone position. All patients underwent
the same process to ensure the reproducibility of CTC. Radiological interpretations regarding
abnormal deformity and/or thickness of the colonic wall were made by the attending surgeons
and radiologists.

Definition of PM

Patients with at least one of the following findings on conventional CT were enrolled in this
study: small amount of ascites, intestinal wall thickening, intestinal mesentery thickening, and
intraperitoneal nodules. After CTC, a tentative diagnosis of PM was established by the attend-
ing doctors and radiologists based on abnormal deformity of the parts of the colonic wall with-
out intraluminal tumors or fecal matter. A definitive diagnosis of PM was based on the
appearance of massive ascites (ascites extending beyond the pelvic cavity to the abdominopel-
vic cavity), hydronephrosis, multiple enlarged intra-abdominal masses, and an overt peritoneal
mass on conventional follow-up of CT images obtained within 6 (patients who underwent che-
motherapy) or 3 (untreated patients) months after CTC.

Statistical analyses

According to the results of previous reports [13-15], the diagnostic sensitivity of CTC has
been estimated to be 60%, with a threshold value of 50% and an expected value of 75%. Using
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Simon’s two-stage method with a one-sided alpha value of 0.05 and a beta value of 0.7, we
determined that a sample of 18 patients was required for this study. Interobserver variation
between the attending doctors and radiologists was evaluated using kappa statistics. Kappa val-
ues of >0.81, 0.61-0.80, 0.41-0.60, and <0.41 were considered to represent almost perfect
agreement, substantial agreement, moderate agreement, and slight agreement, respectively.
The Kaplan-Meier method was used to determine the cumulative survival rate, and this was
compared between the patients with positive and negative CTC findings using the log-rank
test. OS was defined as the period between CTC and death. PFS was defined as the period
between CTC and recurrence or death, whichever occurred earlier. All statistical analyses were
performed using R for Windows (version 3.3.3; http://www.r-project.org/), and a p-value of
<0.05 was considered statistically significant.

Results

Since July 2010, CTC has been indicated for patients with suspected PM/recurrence of primary
gastric carcinoma, as assessed by the attending surgeon at Kanagawa Cancer Center (Kana-
gawa, Japan). The final patient was registered in March 2016. As shown in Fig 1, Tables 1 and
2, CTC was performed in a total of 18 patients (11 men and 7 women; median age, 70 years).
CTC was indicated for patients with clinical symptoms, abnormal serum tumor marker levels,
and/or abnormal findings on conventional CT, which was the most common indication that
was observed in 13 of the 18 patients. The treatments for PM were not regulated in this pro-
spective cohort study.

Nine patients had clinical symptoms (anorexia, n = 4; abdominal distension, n = 3; nausea,
n =2), 10 had elevated tumor marker levels (carcinoembryonic antigen [CEA], n = 4; carbohy-
drate antigen (CA) 19-9, n = 5; CA125, n = 3), and 14 had suspicious findings suggestive of

Enrollment Assessed for eligibility (n=18 )

Excluded (n=0)

" Not meeting inclusion criteria (n=0)
> Declined to participate (n=0 )

" Other reasons (n=0 )

| Randomized (n=0 ) |

I

, Allocation 3
Allocated to intervention (n=0 ) Allocated to intervention (n=18 )
" Received allocated intervention (n=0 ) " Received allocated intervention (n=18 )
" Did not receive allocated intervention (give " Did not receive allocated intervention (give
reasons) (n=0) reasons) (n=0 )

Follow-Up

A

Lost to follow-up (give reasons) (n=0 ) Lost to follow-up (give reasons) (n=0 )

Discontinued intervention (give reasons) (n=0 ) Discontinued intervention (give reasons) (n=0 )
Analysis l

Analysed (n=0 ) Analysed (n=18 )

Excluded from analysis (give reasons) (n=0 ) Excluded from analysis (give reasons) (n=0 )

Fig 1. CONSORT 2010 flow diagram.
https://doi.org/10.1371/journal.pone.0261527.9001

PLOS ONE | https://doi.org/10.1371/journal.pone.0261527  January 25, 2022 4/13


http://www.r-project.org/
https://doi.org/10.1371/journal.pone.0261527.g001
https://doi.org/10.1371/journal.pone.0261527

PLOS ONE

Early detection of peritoneal metastasis

Table 1. Patient characteristics.

CTC negative (n = 8) CTC positive (n = 10)
Age, median (range) 70 (54-88) 71.5 (57-83)
Sex
Male 5
Female 3
ECOG performance status
0/1 6/2 8/2
Clinical criteria
Clinical symptoms
Anorexia 3 1
Abdominal distension 0 3
Tenesmus 0 1
Nausea 0 2
Any 3 6
TM elevation
CEA 0 4
CA 19-9 3 2
CA 125 1 2
Any 4 5
Conventional CT findings
Small amount of ascites 1 3
Intestinal wall thickness 3 8
Intestinal mesentery thickness 1 0
Intraperitoneal nodules 0 0
Any 3 8

CTC, computed tomography colonography; ECOG, Eastern Cooperative Oncology Group; TM, tumor marker; CEA,

carcinoembryonic antigen; CA, carbohydrate antigen.

https://doi.org/10.1371/journal.pone.0261527.t001

PM on axial CT images (thickening of the intestinal wall, n = 11; ascites, n = 4; intraperitoneal
nodules, n = 0; thickening of the intestinal mesentery, n = 1). All four patients with a small
amount of ascites on axial CT images also showed thickening of the intestinal wall and/or
intestinal mesentery or intra-abdominal nodules. No CTC-related complications were
observed. Representative positive CTC findings are shown in Fig 2. The surface-shaded recon-
struction images and endoluminal images show a stricture in the transverse colon (A: black
arrowhead), deformity of the sigmoid colon (B: black arrowhead), a stricture in the ascending
colon (C: black arrowhead), and stenosis in the descending colon (D: black arrowhead). No
neoplastic changes are observed on the mucosa surface in the endoluminal view.

As shown in Fig 3, 10 patients (55.6%) showed positive findings that were suggestive of PM
on CTC. Similarly, colonic deformities were identified at locations other than those of the
lesions detected by general CT in seven patients. Treatment with anticancer agents was initi-
ated in seven patients. One patient continued treatment, while two refused further treatment.
The first-line chemotherapy regimens were as follows: S-1, n = 2; S-1 plus docetaxel, n = 2; pac-
litaxel, n = 2; and capecitabine plus cisplatin, n = 1. Second-line chemotherapy was adminis-
tered when the patient experienced recurrence and the interval between S-1 adjuvant
chemotherapy and recurrence was <6 months. Two patients received irinotecan, and one
received capecitabine plus cisplatin as second-line chemotherapy. S-1 monotherapy was
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Table 2. Primary stage and previous treatment for gastric cancer.

CTC negative (n = 8) CTC positive (n = 10)
Type of gastrectomy
None 0 1
Distal 4 2
Total 4 7
Extent of lymphadenectomy
<D2 1 1
>D2 7 8
Histological type
Differentiated 3
Undifferentiated 5
pT
T1-T3 4 1
T4a, T4b 4 9
PN
NO 1 1
N+ 7 9
Distant metastasis
MO 7
M1 1
Pathological stage
11 2
III 5
v 1
Adjuvant chemotherapy
Yes 6 8
No 2 1

CTC, computed tomography colonography.

https://doi.org/10.1371/journal.pone.0261527.t1002

considered for patients who could feed orally, responded to S-1, and could not tolerate doublet
chemotherapy due to old age or a poor general condition.

Six patients showed corresponding CTC and CT findings. In all cases with positive CTC
findings, PM was clinically confirmed within 3 months. Among the eight patients who showed
negative CTC findings, six (75%) did not develop recurrent PM, and two were alive without
recurrence (Fig 2). The predictive accuracy, sensitivity, and specificity of conventional CT/
CTC for the early detection of PM before obvious development were 61.1%/88.9%, 75%/
83.3%, and 33.3%/100%, respectively (Table 3). The kappa value for correspondence between
the attending surgeon and radiologist was 0.86, indicating an almost perfect agreement.

To address the prognostic role of positive CTC findings, we compared the OS between the
CTC-positive and CTC-negative patients. The median OS periods in the CTC-positive and
CTC-negative groups were 201 (95% CI: 29-495) days and 945 (95% CI: 386-NA) days
(p = 0.01), respectively (Fig 4). Similarly, we collected the PFS data and compared them
between the two groups, as shown in Fig 5. The median PES periods in the CTC-positive and
CTC-negative groups were 151 (95% CI: 28-238) and 810 (95% CI: 93-NA) days (p = 0.008),
respectively. In the CTC-positive group, we compared the OS and PFS between the seven
patients who started chemotherapy after CTC and the two patients who refused further treat-
ment, including chemotherapy. The median OS periods in the chemotherapy and non-
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Fig 2. Representative computed tomography colonography (CTC) images.
https://doi.org/10.1371/journal.pone.0261527.9002

chemotherapy groups were 337 (95% CI: 141-709) days and 146 (95% CI: NA) days (p = 0.09),
respectively; the median PFS periods were 226 (95% CI: 49-547) and 90 (95% CI: NA) days
(p = 0.15), respectively. PM was the cause of death in all 12 patients with confirmed PM.
Among these 12 patients, two had para-aortic lymph node metastasis. Previous reports have
shown a poor prognosis of PM in patients without any treatment (3-6 months) and those with
systematic chemotherapy (3.1-10.6 months) [4, 16]; our findings were consistent with those of
previous studies.

As shown in Table 4, multivariate analysis of factors associated with OS revealed that a posi-
tive CTC finding was the only independent prognostic factor (p = 0.005).

Discussion

To the best of our knowledge, this is the first prospective clinical study to explore the diagnos-
tic and prognostic values of CTC for early detection of PM in gastric cancer. The diagnostic
sensitivity of the CTC in our study was 83.3%, which was significantly higher than that of con-
ventional CT (75%) and the statistically expected value (75%). Furthermore, CTC findings
were associated with a worse prognosis.

CTC acquires 3D and virtual endoscopic images of the large intestine through computer
data processing of CT images. It is less invasive and capable of detecting colorectal lesions with
an accuracy that is comparable to that of colonoscopy, along with high objectivity and repro-
ducibility. Thus, it offers a better method for PM visualization. We aimed to detect PM earlier
by combining the expedient characteristics of both CT and contrast enema. In the 2011
National Comprehensive Cancer Network (NCCN) guidelines [17], CTC was recommended
every 5 years with colonoscopy and every 10 years as a screening method for neoplastic polyps
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| Suspicious of PM (n=18)

l

| Chemotherapy initiation before CTC (n=1)

l

| Enrolled in this study ‘
|

v +
| Positive CTC findings (n=10) ‘ | Negative CTC findings (n=8) ‘
I
i i i 1
Continuation of Initiation of Followed up ‘ Followed up (n=8) ‘
chemotherapy (n=1) chemotherapy (n=7) (n=2)
| [ |
v
| PM confirmed (n=10) | [ PM@=2) | | Others(n=4 )|
Continuation of chemotherapy Initiation of chemotherapy ‘ Best supportive care (n=7) ‘
(n=8) (n=1)
| Death from PM (n=12) ‘ ‘ Death from other disease (n=4) ‘ | Alive without PM (n=2)

Fig 3. A flow diagram showing the treatment strategy for the 18 patients who underwent computed tomography colonography (CTC).
https://doi.org/10.1371/journal.pone.0261527.g003

and cancer. Apart from providing an overview of the large intestine, any suspicious lesions
appearing on 3D images can be visualized, which is an important advantage of this modality.
Pickhardt et al. [18] have reported that cancers other than colorectal cancer could be identified
at a rate of 1 in 300 cases. In our study, abnormal findings were observed in the same region of
the large intestine on both axial CT and CTC images of seven patients. Interestingly, the CTC
revealed additional findings in other regions in all patients. Moreover, no abnormal CTC find-
ings were noted in four clinical PM-negative cases wherein PM was suspected on CT. These
findings indicate that CTC is a feasible option for multifaceted evaluation of PM in patients
with gastric cancer.

Elevation of the CA125 level reportedly correlates with the presence and expansion of PM
in patients with gastric cancer and is an alternative marker for identifying PM. Takahashi et al.
[19] have reported that the CA125-positive rate in patients with PM was high (42.9%), whereas
the positive rates of other markers (CEA, CA19-9, and alpha fetoprotein) were 10% or lower;
this result demonstrates high metastatic organ specificity. Wang et al. [20] have reported that
the positive rate of CA125 measurement was 45.9%, in 269 PM-positive patients, while Nakata
et al. [21] have reported a sensitivity and specificity of 39.4% and 95.7%, respectively. Although

Table 3. Prediction of peritoneal metastasis (PM) development by conventional computed tomography (CT) and CT colonography (CTC).

Conventional CT findings CTC findings
Definitive PM development Positive Negative Positive Negative
Positive 9 3 10 2
Negative 4 2 0 6

https://doi.org/10.1371/journal.pone.0261527.t1003
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—— ; Negative CTC findings (n=R)
---- ; Positive CTC findings (n=10)

Survival rate

0 2 4 8 10
OS (years)

Fig 4. Kaplan-Meier survival curves for overall survival (OS) after computed tomography colonography (CTC).
https://doi.org/10.1371/journal.pone.0261527.g004

the sensitivity of CA125 measurement alone was observed to be only 46%, Nakata et al. have
reported that a combination of multiple markers, such as CA72-4, increases the sensitivity
[21]. In contrast, it has been frequently reported that the sensitivity of CA125 correlates with
the degree of advancement of PM. According to Nakata et al., the accuracy of a CA125-based
diagnosis was 28.6% when the lesion was at the P1 stage (vicinity of the stomach, small
amount), whereas the diagnostic accuracy was 0% for both CT and US. Emoto et al. [16] have

1.0 —— ; Negative CTC findings (n=8)
i ---- ; Positive CTC findings (n=10)
0.8 4
2 0.6
8
s
2
i 0.4
=
N
0.2
0.0
T T T T

0 2 4 8 10
PFS (years)

Fig 5. Kaplan-Meier survival curves for progression-free survival (PFS; clinical peritoneal metastasis-free period)
after computed tomography colonography (CTC).

https://doi.org/10.1371/journal.pone.0261527.9005
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Table 4. Univariate and multivariate Cox proportional hazards analyses of the clinicopathological factors associated with survival after CTC.

Variables

Sex

Age

PS

pStage

Clinical symptoms

TM elevation

CT findings

CTC findings

Adjuvant chemotherapy

Male
Female
<70 years
>70 years
0
1
I
11
v
Positive
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Yes
No

Univariate analysis Multivariate analysis
HR 95% CI P-value HR 95% CI P-value
1.431 0.028-72.50 0.858
1.248 0.043-11.11 0.794
1.248 0.057-27.55 0.889
2.768 0.098-77.80 0.550
0.593 0.194-1.817 0.360
0.599 0.027-12.90 0.743
0.409 0.118-1.414 0.158
0.552 0.079-1.356 0.010 3.688 1.287-10.56 0.005
0.260 0.045-1.497 0.131

PS, performance status; TM, tumor marker; HR, hazard ratio; CI, confidence interval; CT, computed tomography; CTC, computed tomography colonoscopy.

https://doi.org/10.1371/journal.pone.0261527.1004

reported a strong correlation in the presence of ascites; however, the CA125 level exceeded the
cutoff value in only one (12.5%) out of eight P1 cases. This suggests that CA125 cannot be
expected to supplement the imaging diagnosis of PM in patients with gastric cancer. Another
alternative method is contrast enema, which has long served as a useful tool for the detection
of PM in Japan, considering that intestinal stenosis occurs frequently as PM advances in
numerous patients with gastric cancer. However, contrast enema is less reliable due to the lack
of reproducibility; furthermore, unlike CT, it cannot detect ascites or extraintestinal masses. If
CT images are acquired while air is injected without contrast enema into the large intestine,
the sensitivity of CT in detecting PM can be expected to improve.

PM in gastric cancer impairs the patient’s quality of life by obstructing the digestive tract or
by frequently causing ascites that results in a poor prognosis [22, 23]. Ideally, early detection of
PM by less invasive and clinically feasible CTC may lead to appropriate initiation of chemo-
therapy and, consequently, improved survival. In our study, the median OS period in the
CTC-positive group was 201 days, which is far from satisfactory. However, when compared
with the poor induction rate of 25% in the group of patients who started chemotherapy after
PM was confirmed, all patients in the CTC-positive group could have started chemotherapy
without delay. However, early detection and induction of treatment for PM did not prolong
the OS or PFS in our study. This may be related to the very limited response of PM to systemic
chemotherapy. Consistent with our results, the results of previous studies have reported a slim
chance of achieving cure, with a 1-year OS rate and median OS period of 16%-40.7% and 3.1-
10.6 months, respectively [4, 24, 25]. In contrast, CTC showed extremely high specificity, and
the median OS period for patients without abnormal findings in CT'C was 31.5 months. These

PLOS ONE | https://doi.org/10.1371/journal.pone.0261527  January 25, 2022 10/13


https://doi.org/10.1371/journal.pone.0261527.t004
https://doi.org/10.1371/journal.pone.0261527

PLOS ONE

Early detection of peritoneal metastasis

results suggest that positive CTC findings can be associated with a poor prognosis in gastric
cancer.

This study has several limitations. First, the sample size estimation was based only on sensi-
tivity, and specificity was not considered at the beginning of this study since conventional
modalities had been reported to have high specificity. We re-calculated the sample size
required for this study using the area under the curve (AUC) of the c-statistics for prediction
of definitive PM. The AUC was 0.542 when conventional CT was used to predict definitive
PM. When we set the AUC with a threshold value of 0.6 and expected value of 0.85 for predict-
ing PM by CTGC, the required sample size was estimated to be 16 patients with a one-sided
alpha of 0.05 and a power of 0.7. Actual AUC of CTC was 0.917, which was higher than the
expected value. Second, the sample size of 18 patients was relatively small and could have led
to bias; therefore, a larger number of cases is required to draw stronger conclusions. Third, the
regimen and timing of the initiation of chemotherapy were not standardized, which may have
caused variations in the study results. A study design constructed to include the chemotherapy
regimen based on the possibility of oral intake and the function of other organs during treat-
ment may overcome this limitation. Fourth, PM was not pathologically confirmed. Finally,
only axial CT images were used for the analysis; coronal or sagittal views would have been use-
ful for detecting PM in gastric cancer in some cases. This may have influenced our results and
would need to be resolved in future studies.

Conclusions

According to our experience with 18 patients, CTC may be an alternative to conventional
imaging in detecting PM early in patients with gastric cancer. Further prospective studies with
larger sample sizes are warranted to confirm and validate these findings.
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