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The preoperative prediction of malignant potential in patients with gastric submucosal tumors (SMTs) plays an im-
portant role in decisions regarding their surgical management. We evaluated the predictors of malignant gastric
SMTs in 314 patients with gastric SMTs who underwent surgery in Chonnam National University Hospital. The ma-
lignant SMTs were significantly associated with age (odds ratio [OR], 1.067; 95% confidence interval [CI], 1.042 to 1.091; P <
0.0001), presence of central ulceration (OR, 2.690; 95% CI, 1.224 to 5.909; P = 0.014), and tumor size (OR, 1.791; 95% CI, 1.483 to
2.164; P < 0.0001). Receiver operating characteristic curve analysis showed that tumor size was a good predictor of malig-
nant potential. The most relevant predictor of malignant gastric SMT was tumor size with cut-offs of 4.05 and 6.40 cm.

Our findings indicated that age, central ulceration, and tumor size were significant preoperative predictors of
malignant SMTs. We suggest that 4 cm be selected as a threshold value for malignant gastric SMTs. In patients with a gastric
SMT larger than 4 cm with ulceration, wide resection of the full thickness of the gastric wall or gastrectomy with adequate
margins should be performed because of its malignant potential.
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ported a sensitivity of 95% and a specificity of 72% for di-
agnosing gastrointestinal stromal tumors, while Oguz et
Gastric submucosal tumors (SMTs) account for less than al. [6] reported a sensitivity of 50% and specificity of 72%
2% of all neoplasms of the stomach and stromal tumors are for diagnosing gastrointestinal SMTs. More than 30% of

the most common tumors of the gastric submucosa [1,2]. the patients with malignant tumors develop local re-

Most SMTs are asymptomatic and benign, but 15 to 30%
are malignant [3,4]. Endoscopic ultrasonography (EUS) is
widely used following endoscopy for the evaluation of
SMTs, but EUS is not yet reliable enough to differentiate
between benign and malignant SMTs. Brand et al. [5] re-

currence and distant metastases [7]. Therefore, the pre-
operative prediction of malignant potential in patients
with gastric SMTs plays an important role in the decision
regarding surgical management. This study examined the

preoperative predictors of malignant gastric SMTs.
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From January 2004 to December 2009, 314 patients (151
males, 163 females) with suspected SMT of the stomach
underwent surgery in Chonnam National University
Hospital, Gwangju, Korea. Patient information was gath-
ered from the hospital records retrospectively. Eleven var-
iables were evaluated for each patient: patient age and
gender, the use of EUS, pre- and postoperative diagnosis,
tumor growth pattern, exploration method, type of oper-
ation, presence of central ulceration, and tumor location
and size. To establish the diagnosis and determine the ex-
tent of the disease, all patients underwent a preoperative
work-up including esophagogastroduodenoscopy, EUS,
and computed tomography (CT). We classified the pa-
tients into malignant potential and benign groups. The ag-
gressive risk was defined according to the size and mitotic
rate of the tumors, as proposed by Fletcher et al. [8]. We
evaluated the accuracy of the preoperative diagnosis and
the sensitivity and specificity of the preoperative diag-
nosis in all cases. Furthermore, we compared the sensi-
tivity and specificity of diagnosis with and without per-

forming EUS.

The operative indications included a SMT > 20 mm in
size and definitely visible by endoscopy, irrespective of
symptoms. Tumors < 20 mm in size measured on EUS or
CT were observed or a gastrectomy was performed when
the patient requested surgery because of concern. Laparo-
scopic resection and local excision were performed using
three methods: extragastric wedge resection was perfor-
med for SMTs with an exophytic growth pattern; trans-
gastric resection was performed for endophytic SMTs; and
intragastric resection was performed for SMTs located at
the esophagogastric junction. Intraoperative gastroscopy
was used to identify and mark small tumors and to ensure
that the tumor was excised with an adequate margin.
Conventional open surgery was performed via an upper

midline laparotomy.
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To identify significant independent correlates of overall
and malignant risk, a stepwise procedure was applied for
selected factors with P < 0.05 in order to identify in-
dependent potent risk factors. A multiple logistic model
was applied to evaluate the odds ratios of the major risk
factors. Statistical analyses were conducted using PASW
ver. 18.0 (IBM Co., Armonk, NY, USA).

Table 1 shows the clinicopathological features of the pa-

Clinicopathological features of the malignant potential
and benign groups

Malignant enign
Feature potential (n=181) Total P-value
(n=133)
Gender 0.124
Male 70 81 151
Female 64 99 163
Mean age (yr) 594 48.7 533
Mean size (cm) 2.68 494 3.6
Growth pattern 0.122
Endophytic 84 123 207
Exophytic 49 58 107
Tumor location 0.151
Upper 1/3 80 93 173
Middle 1/3 23 38 61
Lower 1/3 33 47 80
Central ulceration 0.000
(+) 41 15 56
(=) 92 166 258
Site of lesion 0.087
Anterijor wall 29 37 66
Posterior wall 29 40 69
Greater curvature 28 32 60
Lesser curvature 47 58 105
Circular 1 13 14
Exploration method 0.001
Open 59 49 108
Laparoscopy 75 131 206
Operative type 0.325
Wedge resection 119 163 282
Proxiaml gastrectomy 2 0 2
Distal gastrectomy 6 11 17
Total gastrectomy 6 6 12
PPPD 1 0 1

PPPD, pylorus-preserving pancreaticoduodenectomy.
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Malignant gastric submucosal tumor

Sensitivity, specificity, PPV, and NPV of the diagnosis of malignant submucosal tumor (exclusion criterion: preoperative diagnosis

not described, n = 63)

Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Diagnosis for malignant SMTs without EUS 93.8 35.1 717 764
Diagnosis for malignant SMTs with EUS 88.0 46.7 39.3 90.9

PPV, positive predictive value; NPV, negative predictive value; SMTs, submucosal tumors; EUS, endoscopic ultrasonography.

Multivariate analyses of factors related to malignant
gastric submucosal tumors

Predictive factor for

. P-value  Odds ratio (95% CI)
malignancy

Age 0.000 1.067 (1.042-1.091)
Gender 0.356
Presentation of central ulcer 0.000 2.690 (1.224-5.909)
Growth patter 0.171
Location of tumor

Upper 1/3 0.082

Middle 1/3 0.035

Lower 1/3 0.268

Anterior wall 0.100

Posterior wall 0.910

Greater curvature 0.246

Lesser curvature 0.184

Circular 0.774
Size 0.000 1.791 (1.483-2.164)

CI, confidence interval.

tients with gastric SMTs. In total, 314 patients with a SMT
in the stomach underwent surgery. Of the patients, 151
(48.1%) were male and 163 (51.9%) were female. The mean
age was 53.3 years and the mean tumor size was 3.6 + 2.5
cm in maximum diameter (range, 0.6 to 20.0 cm). The
growth pattern was endophytic in 207 cases (65.9%) and
exophyticin 107 cases (34.1%). The lesions were located in
the upper one third in 173 (55.1%) patients including the
esophagogastric junction, in the middle third in 61 (19.4%)
patients, and in the lower one third in 80 (25.5%) patients.
Fifty-six tumors (17.8%) were ulcerated. Wedge resection
was the procedure carried out most frequently in patients
with gastric SMTs. The preferred procedure was laparo-
scopic surgery.

The sensitivity, specificity, and negative and positive
predictive values of diagnosis without EUS for malignant
SMT were 93.8, 35.1, 71.7, and 76.4%, respectively. The cas-
es diagnosed with EUS had respective values of 88.0, 46.7,
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The receiver operating characteristic curve of tumor size for
predicting malignant gastric submucosal tumors.

39.3, and 90.9% for potential malignancy (Table 2).

Multivariate analysis of the predictors of malignant
SMTs is summarized in Table 3. The malignant SMTs were
significantly associated with age (odds ratio [OR], 1.067;
95% confidence interval [CI], 1.042 to 1.091; P < 0.0001),
the presence of central ulceration (OR, 2.690; 95% CI, 1.224
t05.909; P=0.014), and tumor size (OR, 1.791; 95% CI, 1.483
to 2.164 for a 1-cm increase; P < 0.0001). No relationship
between the other factors (gender, growth pattern, tumor
location) and malignant potential was found.

The receiver operating characteristic (ROC) curve anal-
ysis showed that tumor size was a good predictor of malig-
nant potential (Fig. 1). The area under the ROC curve was
0.772 + 0.026 (95% CI, 0.721 to 0.823). The diagnostic per-
formance of malignant potential was further analyzed us-
ing two cut-off values: a lower value to improve sensitivity
and a higher value to improve specificity. Table 4 shows
the different threshold values, and the most relevant ones
for malignant SMT prediction were 4.05 and 6.40 cm. A
cut-off value of 4.05 cm gave a sensitivity of 49.6%, specif-
icity of 86.2%, positive predictive value of 72.5%, and neg-

ative predictive value of 69.9%. When the cut-off value was

85



Ho Goon Kim, et al.

Sensitivity, specificity, PPV, and NPV of the diagnosis of
malignant submucosal tumor using size to identify the malignant
potential

Tumor size  Sensitivity ~ Specificity PPV NPV
(em) (%) (%) (%) (%)
1.35 99.2 13.8 45.8 96.1
2.05 94.7 40.3 53.8 91.2
4.05 49.6 86.2 72.5 69.9
6.40 23.3 99.4 96.8 63.8

PPV, positive predictive value; NPV, negative predictive value.

increased to 6.40 cm, the specificity reached 99.4% and the

positive predictive value 96.8%.

The surgical principles for managing SMTs include lap-
aroscopic resection for small tumors and avoidance of tu-
mor rupture, wedge resection, and complete resection of
gross disease and adherent organs [9-12]. A wide resection
of the full thickness of the gastric wall with adequate mar-
gins is a satisfactory procedure for malignant gastric
SMTs, while mass enucleation may be sufficient for benign
gastric SMTs [12,13]. The preoperative prediction of ma-
lignant potential in patients with gastric SMTs plays an
important role in deciding on the operative method.
However, it is difficult to diagnose whether a tumor is ma-
lignant preoperatively; the definitive diagnosis of gastric
SMTs is possible only with pathological confirmation.

EUS is used widely in the evaluation of gastric SMTs.
Unfortunately, EUS is not yet reliable enough for differ-
entiating between benign and malignant SMTs. Palazzo et
al. [14] reported that the three most predictive EUS fea-
tures for malignancy were irregular margins, cystic spaces,
and lymph nodes with a malignant pattern. They found
that the presence of at least one of these criteria had a sensi-
tivity of 91%, specificity of 88%, positive predictive value
of 83%, and negative predictive value of 94% for potential
malignancy. We found that EUS has a high diagnostic sen-
sitivity for the malignant potential of SMT, in agreement
with previous studies [8,9,14]. However, EUS had a low
specificity and positive predictive value for the diagnosis

of malignant SMTs in our study. Therefore, we need better
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preoperative predictors for malignant SMTs to establish
the surgical plan.

In this study, three factors predicted malignant SMTs in
the multivariate analysis. The first was age. Rabin et al.
[15] found a significant correlation between age and ma-
lignant potential and reported that the younger the pa-
tient, the higher the incidence of malignancy. Contrary to
their results, the mean age was higher in the malignant
group in our series. No similar data regarding age as a pre-
dictor of malignant SMTs were found when reviewing
other reports.

Second, mucosal ulceration is a common feature of gas-
tric SMTs. Miettinen et al. [16] reported that the presence of
ulceration has no predictive value or prognostic sig-
nificance, although it may be related to tumor size. In an-
other study, Miettinen et al. [17] demonstrated that ulcer-
ation was common in all histologic subtypes but, never-
theless, was an adverse prognostic factor, probably be-
cause of its consistent presence in malignant SMTs. In con-
trast to their result, we found that tumor ulceration pre-
dicted malignant SMTs.

Third, tumor size was another predictor of malignant
SMTs in our series. Tumor size is an easily applicable mor-
phologic criterion for predicting tumor behavior. In some
studies, tumor size > 6 cm has been suggested as a thresh-
old value for malignancy [18,19]. Miettinen et al. [17] sug-
gested that 5 cm was a threshold value for malignant
SMTs, despite an unpredictable, but low, frequency of un-
expected progressive disease among patients with rela-
tively small tumors and low mitotic activity, although this
frequency does not exceed 2 to 3%. Hsu et al. [20] also re-
ported that tumor size = 10 cm carried both a higher risk
of recurrence and worse survival in SMTs. We used ROC
curves to determine the optimal cut-off value for size to
distinguish malignant and benign tumors. Examining dif-
ferent threshold values, the most relevant for malignant
SMTs prediction were 4.05 and 6.40 cm. A cut-off value of
4.05 cm had a sensitivity of 49.6%, specificity of 86.2%, pos-
itive predictive value of 72.5%, and negative predictive
value of 69.9%. When the cut-off value was increased to
6.40 cm, the specificity reached 99.4% and the positive pre-
dictive value was 96.8%. We propose 4 cm as the threshold

value.
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In conclusion, malignant SMTs were significantly asso-
ciated with age, the presence of central ulceration, and tu-
mor size. We suggest that a tumor size of 4 cm be selected
as the threshold value for malignant SMTs. If an ulcerated
SMT is bigger than 4 cm, we recommend a wide wedge re-
section of the full thickness of the gastric wall, or gas-
trectomy with adequate margins, because it has high po-

tential for malignancy.

No potential conflict of interest relevant to this article

was reported.
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