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Abstract
AIM: To study how lymph node metastasis (LNM) risk is stratified in undifferentiated-type early gastric cancer (undiff-EGC) dependent on combinations of risk factors.

METHODS: Five hundred and sixty-seven cases with undiff-EGC undergoing gastrectomy with lympha​denectomy were examined retrospectively. Using clinicopathological factors of patient age, location, size, an endoscopic macroscopic tumor form, ulceration, depth, histology, lymphatic involvement (LI) and venous involvement (VI), LNM risk was examined and stratified by conventional statistical analysis and data-mining analysis.

RESULTS: LNM was positive in 44 of 567 cases (7.8%). Univariate analysis revealed > 2 cm, protrusion, submucosal (sm), mixed type, LI and VI as significant prognostic factors and > 2 cm and LI-positive were independent factors by multivariate analysis. In preoperatively evaluable factors excluding LVI, sm and > 2 cm were independent factors. According to the depth and size, cases were categorized into the low-risk group [m and ≤ 2 cm, 0% (LNM incidence)], the moderate-risk group (m and > 2 cm, 5.6%; and sm and ≤ 2 cm, 6.0%), and the high-risk group (sm and > 2 cm, 19.3%). On the other hand, LNM occurred in 1.4% in all LI-negative cases, greatly lower than 28.2% in all LI-positive cases, and LNM incidence was low in LI-negative cases even in the moderate- and high-risk groups.

CONCLUSION: LNM-related factors in undiff-EGC were depth and size preoperatively while those were LI and size postoperatively. Among these factors, LI was the most significantly correlated factor.

Key words: Undifferentiated-type early gastric cancer; Lymph node metastasis; Lymphatic involvement; Data-mining analysis; Stratification
© The Author(s) 2015. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: The lymph node metastasis (LNM) risk in cases with undifferentiated-type early gastric cancer was evaluated and stratified using preoperatively as well as postoperatively evaluable factors. In preoperatively evaluable factors, the risk of LNM was predicted based on the size and depth and categorized into the low-risk group: mucosal cancer (m) and ≤ 2 cm, 0% (LNM incidence) (95%CI: 0-2.3), the moderate-risk group: m and > 2 cm, 5.6% (95%CI: 2.6-11.7); submucosal invasion (sm) and ≤ 2 cm, 6.0% (95%CI: 3.2-11.1), and the high-risk group: sm and > 2 cm, 19.3% (95%CI: 13.8-26.4). However, when the postoperatively evaluable factor of LI was included, cases with further lower or higher risk could be stratified even in the moderate- and high-risk groups. Some high-risk cases for surgery due to old age and concurrent disease could be reasonably followed-up after resection of the gastric lesion by endoscopic submucosal dissection.
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INTRODUCTION
Recently, technique of endoscopic submucosal dis​section (ESD) has advanced and ESD has become prevalent as an excellent treatment modality in terms of low-invasiveness, functional preservation of the stomach, and postoperative quality of life, in particular, as curative treatment for differentiated-type early gastric cancer (EGC). Meanwhile, compared with the differentiated-type, undifferentiated-type EGC (undiff-EGC) is expected to have high incidence of lymph node metastasis (LNM), and it has been thought that surgery with lymphadenectomy is necessary and there is no indication of ESD.
However, Gotoda et al[1] reported in 2000 that undiff-EGC with the conditions of mucosal cancer (m), ulceration (UL)(-), ≤ 2 cm, and lymphatic-vascular involvement (LVI)(-) had a risk of LNM at 0% (95%CI: 0-2.6), which suggested a potential indication of ESD for undiff-EGC. Although reports focusing on LNM risk factors in undiff-EGC have been increasing, it was verified in a number of cases (3843 cases) in 2009 that LNM was markedly rare within the conditions proposed by Hirasawa et al[2]. According to this report, the Japan Gastric Cancer Society constructed Gastric Cancer Treatment Guidelines 2010[3], and the lesions satisfying the above mentioned expanded criteria, which are considered an indication for ESD, have been treated by ESD.

Meanwhile, undiff-EGC with low LNM risk has been the focus of exploration, and it has been poorly elucidated how high the LNM risk is in the cases that fail to satisfy the criteria of the guidelines. Surgery with lymphadenectomy is recommended in cases with potentially positive LNM in undiff-EGC, but the incidence of LNM was 2.8%-10.6% even in undiff-EGC without satisfying the indication for ESD[1,2], and LNM was absent in almost 90% of cases. Therefore, should identification of the 90% of cases with low LNM risk be possible, even without the indication for ESD, unnecessary surgery and lymphadenectomy may be avoided in the elderly and those with a variety of concurrent diseases with a high risk for surgery.

In the present study, we elucidated LNM risk factors in a number of cases with surgically-resected undiff-EGC and analyzed clinicopathological factors by introduction of data mining, in addition to conventional statistical analysis, to classify risk groups by combinations of risk factors.

MATERIALS AND METHODS

Patients

The subjects comprised 567 cases that underwent gastrectomy with lymphadenectomy for undiff-EGC which was diagnosed by biopsy before an operation between March 1983 and April 2012 at University of Yamanashi Hospital and its collaborating institutes (Fujiyoshida Municipal Medical Center, Social Insurance Yamanashi Hospital, Kofu National Hospital, Kofu Kyoritsu Hospital, Social Insurance Kajikazawa Hospital, Yamanashi Prefectural Central Hospital, Kofu Municipal Hospital, Yamanashi Kosei Hospital, and Kanoiwa General Hospital). No cases received endoscopic therapy such as ESD or endoscopic mucosal resection prior to gastrectomy. Then, clinicopathological cha​racteristics which were considered relevant with local LNM were retrospectively investigated.

Clinicopathological factors were categorized as follows: patient age (≤ 60 years or > 60 years), location [upper third (upper), middle third (middle), or lower third (lower) of the stomach], size (maximum diameter ≤ 2 cm or > 2 cm) (evaluation criterion at 2 cm according to the indication criteria for endoscopic treatment), an endoscopic macroscopic tumor type (protrusion, flat, or depression), UL (positive or negative), depth [mucosal (m) or submucosal (sm)], histology, and lymphatic involvement (LI) (positive or negative).

Cases were categorized into five groups macroscopically: type Ⅰ (protruded), type Ⅱa (superficially elevated), type Ⅱb (flat), type Ⅱc (superficially depressed), and Ⅲ (depressed). Protrusion type was subcategorized into type Ⅰ, Ⅱa, Ⅰ plus Ⅱa, Ⅰ plus Ⅱc, and Ⅱa plus Ⅱc. Meanwhile, flat or depressed types were subcategorized into type Ⅱb, Ⅲ, Ⅱc, Ⅱb plus Ⅱc, Ⅱa plus Ⅱc, Ⅱb plus Ⅱc, Ⅱc plus Ⅰ, Ⅱc plus Ⅱa, Ⅱc plus Ⅱb, Ⅱc plus Ⅲ, and Ⅲ plus Ⅱc.

Histology

According to the Japanese Classification of Gastric Carcinoma[4], diagnosis was made in each institute by a certified pathologist. Resected specimens were fixed in formalin and sectioned serially by 3 to 5-mm thickness, and then subjected to histological examination.

Histologically, signet ring cell carcinoma (sig), poorly differentiated adenocarcinoma (por), and mucinous adenocarcinoma (muc) were defined as undifferentiated-types[3]. When two or more histological types were present in the tumor, the predominant histological type accounting for 50% or more was defined as the histological type of the tumor. When an undifferentiated-type was mixed with a differentiated-type, such histology was defined as mixed type and subjected to analysis. Histological examinations including the diagnosis of LI and VI were performed with routine hematoxylin and eosin (H and E) staining in each institution.

These paper-based patho-histological information obtained at surgery (location, size, macroscopic type, UL, depth, histology, existence of mixed-type, LI and VI) were collected at the University of Yamanashi, and were used for the analysis.

Ethical review

The protocol of this retrospective study was approved by the ethical committee of University of Yamanashi Hospital, which waived the requirement for written informed consent since the study was a retrospective data analysis with appropriate consideration given to patient risk, privacy, welfare, and rights. According to the Declaration of Helsinki[5], this study was carried out.
Statistical analysis

Univariate analysis was performed by the 2 test or Fisher’s exact test. Multivariate analysis was done according to the multiple logistic analysis with the factors extracted as significant by univariate analysis. A P value less than 0.05 was considered significant. Population rates and their 95% confidence intervals were calculated with JMP® 10 Modeling and Multivariate Methods (SAS Institute Inc. Cary, NC, United States). Decision tree analysis was used for data-mining analysis and a decision tree was constructed based on the LNM-related factors. SPSS Decision Tree Version 18 (IBM, Tokyo, Japan) was used for statistical analysis. According to 2 Automatic Interaction Detection algorithm, classification tree models predicting LNM were constructed[6,7]. The decision tree was verified by 10-fold cross validation.

RESULTS

Details of the patients

In 567 patients with undiff-EGC, local LNM was observed in 7.8% (44/567). The details of the patients were as follows: average age, 59.9 years; males, 55.1% (n = 132); location: middle, 61.2% (n = 347); and the form: flat or depression, 93.1% (n = 528). UL was present in 23.4% (n = 132) and depth limited to mucosa was in 54.7% (n = 310). With regard to the histological type, “sig” and “por” accounted for 55.5% (n = 315) and 43.3% (n = 246), respectively, and the mixed type was observed in 17.8% (n = 101) (Table 1). 

LNM risk factors
Univariate analysis on LNM risk factors extracted size > 2 cm, protrusion, sm, and the mixed type in histology, LI-positive, and VI-positive (Table 2). Multivariate analyses were performed with the factors extracted by univariate analysis with UL, which included in the guidelines (Table 3), with preoperatively evaluable factors by endoscopic findings except LI and VI and postoperatively evaluable factors including LI and VI.

Analysis with preoperatively evaluable factors revealed that > 2 cm (OR = 5.00, 95%CI: 2.03-12.30) and sm (OR = 4.37, 95%CI: 2.00-9.55) were independent LNM-related factors. Meanwhile, analysis with postoperatively evaluable factors showed that > 2 cm (OR = 3.62, 95%CI: 1.39-9.46) and LI (OR = 40.70, 95%CI: 11.37-145.69) were independent factors and LI, in particular, showed high OR (Table 3).

Cases were categorized into three LNM risk groups (high, moderate, or low) by a combination of size and depth, two preoperatively evaluable factors extracted by multivariate analysis (Figure 1A). Cases with ≤ 2 cm and m showed 0% (0/161) (95%CI: 0.0-2.3) as incidence of LNM and were categorized as the low-risk group. LNM was observed in 5.6% (6/107) (95%CI: 2.6-11.7) in cases with ≤ 2 cm and sm and in 6.0% (9/149) (95%CI: 3.2-11.1) in those with > 2 cm and m, and they were categorized as the moderate-risk group. LNM was observed in 19.3% (29/150) (95%CI: 13.8-26.4) in those with > 2 cm and sm, and they were categorized as the high-risk group. There was a significant difference in the incidence of LNM between any two groups. The incidence of LNM was significantly higher in cases > 2 cm than in those ≤ 2 cm.

The LNM rate was compared with three posto​peratively evaluable factors of size, depth and LI (Figure 1B). The incidence of LNM was 1.4% (95%CI: 0.6-3.0) in the LI-negative cases and 28.2% (95%CI: 5.0-43.2) in the LI-positive cases, and it was significantly higher in the latter. Taken together, there was no case with LI(+), ≤ 2 cm, and m, and LI was negative in all cases with ≤ 2 cm and m, which had the incidence of LNM at 0% (0/161) (95%CI: 0-2.3).

Although there was no significant difference between subgroups in LI-negative cases, LI-positive cases had a higher incidence of LNM and there was a significant difference between the LI-negative and LI-positive cases. Cases with ≤ 2 cm and sm and those with > 2 cm and m in the moderate-risk group showed the incidence of LNM at 5.6% (95%CI: 2.6-11.7) and 6.0% (95%CI: 3.2-11.1), respectively. Meanwhile, they revealed the incidence of LNM to be as low as 1.6% (95%CI: 0.3-8.5) and 2.1% (95%CI: 0.8-6.1), respectively, when LI was negative, and they were categorized into the low-risk group. Similarly, cases with > 2 cm and sm with LNM in 19.3% (95%CI: 13.8-26.4) in the high-risk group revealed the incidence of LNM at as low as 3.0% (95%CI: 0.8-10.3) when LI was negative (Figure 1A and B).

LNM risk factors by data mining
Since data mining is a method for discovering mea​ningful patterns or information through the analysis of large set of data, decision tree analysis, a method for data mining, was introduced to extract LNM-related risk factors that were not extracted with the conventional statistical analysis. With LNM as the outcome, a decision tree was constructed with nine preoperatively evaluable factors of age, gender, location, size, form, UL, depth, histology, and the mixed type in all 567 cases with undiff-EGC (Figure 2A). According to the decision tree, three factors of depth, size, and location were extracted and cases were categorized into five subgroups with great difference in the incidence of LNM, from 0% to 32.6%, by combinations of the three factors: (Subgroup 1) m and ≤ 2 cm, 0% (0/161); (Subgroup 2) m and > 2 cm, 6.0% (9/149); (Subgroup 3) sm and ≤ 2 cm, 5.6% (6/107); (Subgroup 4) sm, > 2 cm, and upper/middle, 13.5% (14/104); and (Subgroup 5) sm, > 2 cm, and lower, 32.6% (15/46). Interestingly, lower location was related with LNM in cases with sm and > 2 cm.

Next, a decision tree was constructed with 11 factors including postoperatively evaluable factor LI and VI (Figure 2B). Three factors of LI, depth, and the mixed type were extracted and cases were categorized into four subgroups. The incidence of LNM was 1.4% (6/432) in Subgroup 1 with LI(-), 75.0% (6/8) in Subgroup 2 with LI(+) and m, 18.6% (18/97) in Subgroup 3 with LI(+), sm, and the mixed type(-), and 46.7% (14/30) in Subgroup 4 with LI(+), sm, and the mixed type(+). Among the cases with LI(+), sm, and the mixed type(+), those with > 2 cm had LNM in 32.5% (27/83), which was significantly higher than 11.3% (5/44) in cases with ≤ 2 cm.

DISCUSSION

In this study, LNM risk factors in 567 cases that under​went gastrectomy for undiff-EGC were investigated and the following points were elucidated: (1) Three factors of LI, size, and depth were the most critical factors for LNM; (2) No LNM was observed in 161 cases that satisfied the condition of three factors for low LNM rates as described above [m, ≤ 2 cm, and LI(-)]; and (3) LNM risk other than the condition for low LNM rates, which had been poorly investigated, was stratified, and cases that failed to satisfy the condition of m and ≤ 2 cm had LNM in up to 3.0% (95%CI: 0.8-10.3) as long as LI was negative, which suggested that the risk was not so high.

Previous papers[1,2,8-13] on LNM-related factors in undiff-EGC in a scale of ≥ 500 cases were consistent in that size, depth, VI and LI were related with LNM, although the conditions were slightly different one another (Table 4). In our study, multivariate analysis revealed that size and depth were independent risk factors among preoperatively evaluable factors excluding postoperatively evaluable factors (LI and VI), and LI and size were independent risk factors including postoperatively evaluable factors.

UL, currently included in the expanded criteria for ESD in the treatment guidelines for gastric carcinoma, had no evident correlation with LNM by univariate and multivariate analysis. Akamatsu et al[14] reported that intramucosal laminated structure could not be maintained in cases with UL(+) and the risk for submucosal invasion was higher, which suggested the contribution of increased invasion risk of UL(+) to elevated LNM risk. Meanwhile, among the eight papers cited previously, only two reports by Kunisaki et al[12] and Kim et al[15] showed that UL(+) was a risk factor for LNM, making us to speculate that the accurate pathological diagnosis of UL might be difficult. However, UL(+) is not considered important as a risk factor for LNM under the current status of diagnosis. Likewise, though it is speculated that biological characters of undifferentiated gastric cancers are different dependent on histology, histology was not considered as a risk factor for LNM when restricted to undiff-EGC in this analysis. On the other hand, most previous reports evaluated VI as LVI altogether and it was unclear if VI was an independent risk factor. In the present study, VI and LI were strong confounders and univariate analysis revealed that VI was related with LNM, but multivariate analysis showed that VI was not an independent factor.

Previous papers failed to show how much combinations of these risk factors would increase the risk for LNM. In the present study, cases were categorized into the three risk groups according to the combinations of preoperatively evaluable factor size and depth, extracted by multivariate analysis: the low-risk group (LNM, 0%), ≤ 2 cm and m; the moderate-risk group, ≤ 2 cm and sm (LNM, 5.6%) and > 2 cm and m (LNM, 6.0%); and the high risk group, > 2 cm and sm (LNM, 19.3%). Any two groups had a significant difference in the incidence of LNM. The low-risk group had an absolute indication for ESD, while the high-risk group should be treated, in principle, by surgery. The moderate-risk group may have a relative indication for ESD under certain conditions.

On the other hand, when postoperatively evaluable factor LI was added to the combination of size and depth, cases were divided into two groups with a statistical significance in the incidence of LNM by the presence or absence of LI. The LNM rate was 0% in the low-risk group with ≤ 2 cm and m that showed LI(-) in all cases. Meanwhile, the LNM rate was 11.4% in cases with LI(+) and 1.6% in cases with LI(-) in the moderate-risk group with ≤ 2 cm and sm, while it was 75% in cases with LI(+) and 2.1% in cases with LI(-) in the moderate-risk group with > 2 cm and m. The LNM rate was 32.5% in cases with LI(+) and 3.0% in those with LI(-) in the high-risk group with > 2 cm and sm. Taken together, the risk for LNM was divided into two group according to the presence or absence of LI, which clarified the importance of LI.

Although LI was considered the most correlated factor with LNM among the three factors and the importance of LI for the risk of LNM has been shown in other reports, there is a large difference among institutes in the diagnostic rate of LI and the LNM rate in cases with LI(+)[2,8-13,15]. In the present study, LI was positive in 23.8% overall, and LNM was observed in 28.2% of the LI(+) cases, whereas LNM was present only in 1.4% in LI(-) cases. The outstanding correlation of LI with LNM in this study was considered attributable to accurate pathological diagnosis and it was presumed that experienced pathologists thoroughly examined LI. Theoretically, LI is a prerequisite for LNM, and establishment of highly sensitive diagnostic methods, similar to the diagnosis by experienced pathologists, will greatly reduce the necessity of surgery intended for lymphadenectomy. Diagnosis of LI is limited as long as hematoxylin-eosin staining is employed[16], and addition of immunostaining specific for lymphatic vessels, such as immunostaining with D2-40 antibody, increased diagnostic accuracy[17,18]. It is necessary to accurately evaluate LI in the obtained specimens, to develop a new modality, and to establish an evaluation method.

In the present study, clinicopathological factors related with LNM in undiff-EGC were investigated by a decision tree analysis for data mining. Data mining is a technique to extract useful information from massive data. Based on clinicopathological factors in each individual case with different conditions, it was successful to practically present the risk of LNM and categorize cases into subgroups by decision tree analysis using preoperatively (Figure 2A) and postoperatively evaluable factors (Figure 2B). Three factors of LI, size, and depth, among the five extracted factors, were almost similar with Gotoda’s criteria for the condition of low incidence of LNM [m, ≤ 2 cm, and LI(-)], which demonstrated the utility of data mining analysis. Stratification by data mining extracted the mixed type and location other than the independent factors of LI, size, and depth extracted by multivariate analysis (Figure 2A and 2B). Though it has attracted attention that the mixed type has a higher risk for LNM than the pure undifferentiated-type[19-22], our analysis among postoperatively evaluable factors disclosed that the mixed type increases the LNM risk in the limited condition of cases with LI(+) and sm. Among preoperatively evaluable factors, location was extracted and incidence of LNM tended to be higher in cases with > 2 cm and sm at the lower location than in those at the middle/upper location (32.6% vs 13.5%). With regard to the relationship between location and LNM, some reports have demonstrated a correlation but there has been no consensus. Analysis from this point of view will be necessary[13,15,23].

The information of the risk for LNM is important and useful for determining treatment such as ESD and surgery in cases with a high risk for surgery including the elderly. Although a five-year survival after curative resection by surgery was higher than 90% in all ages[24], it was 54%-55% after curative resection of EGC by surgery in the elderly 80 years or older, and other causes of death accounted for a large proportion[25]. On the other hand, a five-year survival in the elderly 80 years or older was 80% by curative resection by ESD and 66.7% by non-curative resection without additional surgery[26], and it was higher by ESD than by surgery. It was estimated that a five-year survival in the general population aged 80 years in Japan was 69%[27]. The five-year survival at 66.7%, obtained by local therapy such as ESD for EGC, even non-curative resection, was comparable to 69% in the general population aged 80 years. In our study, as long as LI was negative, the incidence of LNM was 10% at the highest, and it was likely that local therapy was curative in 90% cases or more. Even in cases that fail to satisfy the criteria in the guidelines for ESD, it may be appropriate to predict incidence of LNM, control lesions locally by ESD, and follow-up cases, when gastrectomy provides shorter life prognosis than average life expectancy in the elderly.

In this study, it is a limitation that the pathological information excluding LI and VI obtained from postoperative resected tissue is assumed to be preoperatively evaluable by endoscopy while preoperative diagnosis of the depth, in particular, is sometimes considered difficult. However, it was reported that the diagnostic accuracy of the depth was as high as 92% with the recently-advanced endoscopic ultrasound (EUS)[28], and we also disclosed that the accuracy to be around 90% with the EUS through the analysis of small number of cases (data not shown). Considering these advances in diagnosis, the present LNM prediction model might be applicable in clinical practice though further prospective study is warranted.

In conclusion, we could stratify the LNM risk in cases with undiff-EGC using preoperatively as well as postoperatively evaluable factors. The treatment modality should be determined after careful estimation of the LNM risk as well as the surgical risk dependent on each different individual.

COMMENTS

Background
Undifferentiated-type early gastric cancer (undiff-EGC) fulfilling the criteria of ≤ 2 cm, mucosal, lymphatic-vascular involvement-negative, and ulceration-negative is recently treated by endoscopic submucosal dissection (ESD) since lymph node metastasis (LNM) is rare. On the other hand, it is elusive how LNM risk is increased in undiff-EGCs falling outside the criteria.

Research frontiers

Recent researches are focusing on establishing and confirming the condition for ESD procedure that guarantee safety from LNM in the treatment of undiff-EGCs. In particular, a large phase Ⅱ study is ongoing in Japan to prove long-term safety and effectiveness of ESD in undiff-EGCs. On the other hand, previous studies did not show how LNM risk is increased with ESD in the combinations of risk factors.

Innovations and breakthroughs
LNM risk in undiff-EGC was stratified both in preoperative and postoperative conditions by introduction of data mining, in addition to conventional statistical analysis.

Applications

With the information of individual risk for LNM in undiff-EGC, patients with poor physiological conditions due to concurrent diseases or old age could choose therapies considered as most appropriate.

Terminology

Data mining is a method for discovering meaningful patterns or information through the analysis of large set of data and it is applicable to clinical judgment. ESD is a technique for “en bloc” resection of superficial tumors of the gastrointestinal tract.

Peer-review

The authors demonstrated the risk of LNM in undiff-EGC by well-designed analyses having high statistical power.
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Figure 1  Lymph node metastasis. A: In each subgroup of undifferentiated-type gastric adenocarcinoma. The figure demonstrates incidence of lymph node metastasis (LNM) with 95%CIs in subgroups classified by gastroscopic findings (size and depth) of undifferentiated-type gastric adenocarcinoma. The dashed lines represent incidence of LNM (%) in cases ≤ 2 cm and > 2 cm. A P value with a significant difference between two groups is shown. LNM was absent in the mucosal ≤ 2 cm group. The LNM rate was significantly higher in the > 2 cm group than in the > 2 cm group and higher in submucosal cancer than in mucosal cancer; B: In each subgroup with and without lymphatic involvement (LI) of undifferentiated-type gastric adenocarcinoma. The figure demonstrates incidence of LNM with its 95%CI in subgroups classified by size, depth, and LI in undifferentiated-type gastric adenocarcinoma. The dashed lines represent incidence of LNM (%) with or without LI. There was no case with LI-positive, ≤ 2 cm, and mucosal, which was referred to as not applicable (NA). A P value with a significant difference between two groups is shown. There was no significant difference in the LNM rate among LI-negative groups. The LNM rate was significantly lower in the LI-negative group than in the LI-positive group. The LNM rate (LI-positive, ≤ 2 cm, and submucosal) was relatively low at 11.4%.
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Figure 2  Decision tree analysis. A: Preoperatively evaluable factors. Based on nine factors of age, gender, location, size, form, ulcer, depth, histology, and mixed-type, 567 cases were classified into five subgroups. Boxes indicate the factors used for splitting with cut-off points. Pie charts indicate the rate of lymph node metastasis in each group. Numbers show the rate of lymph node metastasis with 95%CI; B: Postoperatively evaluable factors. Based on 11 factors of age, gender, location, size, form, ulcer, depth, histology, mixed-type, lymphatic involvement, venous involvement, and lymph node metastasis, 567 cases were classified into four subgroups on the decision tree. Boxes indicate the factors used for splitting with cut-off points. Pie charts indicate the rate of lymph node metastasis in each group. Numbers shows the rate of lymph node metastasis with 95%CI. LNM: Lymph node metastasis; M/U: Middle/upper third of the stomach; L: Lower third of the stomach; LI: Lymphatic involvement.
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Table 3  Multivariate analysis of risk factors for lymph node metastasis in patients with undifferentiated-type early gastric cancer


Factor


�
Without lymphatic-vascular involvement


�
With lymphatic-vascular involvement


�
�
�
OR (95%CI)


�
P value


�
OR (95%CI)


�
P value


�
�
Size of tumor (> 2 cm)


�
  5.00 (2.03-12.30)


�
< 0.001


�
3.62 (1.39-9.46)


�
   0.009


�
�
Form (protrusion)


�
0.58 (0.23-1.46)


�
   0.245


�
0.72 (0.25-2.06)


�
   0.534


�
�
Depth (submucosal)


�
4.37 (2.00-9.55)


�
< 0.001


�
0.46 (0.14-1.58)


�
   0.218


�
�
Ulceration


�
1.38 (0.66-2.84)


�
   0.394


�
1.40 (0.61-3.22)


�
   0.426


�
�
Mixed type


�
1.63 (0.80-3.35)


�
   0.180


�
2.01 (0.87-4.67)


�
   0.103


�
�
Lymphatic involvement


�
-


�
-


�
      40.7 (11.37-145.69)


�
< 0.001


�
�
Venous involvement


�
-


�
-


�
0.84 (0.32-2.24)


�
   0.733


�
�






Table 2  Univariate analysis of risk factors for lymph node metastasis in patients with undifferentiated-type early gastric cancer


Factor


�
Patients (LNM) 


n (%)�
Lymph node metastasis


�
P value


�
�
�
�
Positive


n = 44


�
Negative


n = 523


�
�
�
Age


�
�
�
   0.118


�
�
   ≤ 60 yr


�
296 (6.1)


�
18


�
278


�
�
�
   > 60 yr


�
271 (9.6)


�
26


�
245


�
�
�
Gender


�
�
�
�
   0.573


�
�
   Male


�
312 (8.3)


�
26


�
286


�
�
�
   Female


�
255 (7.1)


�
18


�
237


�
�
�
Location


�
�
�
�
   0.050


�
�
   Upper


�
72 (8.3)


�
  6


�
  66


�
�
�
   Middle


�
347 (5.8)


�
20


�
327


�
�
�
   Lower


�
  148 (12.2)


�
18


�
130


�
�
�
Size


�
�
�
�
< 0.001


�
�
   ≤ 2 cm


�
268 (2.2)


�
  6


�
262


�
�
�
   > 2 cm


�
  299 (12.7)


�
38


�
261


�
�
�
Form


�
�
�
�
   0.002


�
�
   Protrusion


�
    39 (20.5)


�
  8


�
  31


�
�
�
   Flat or depression


�
528 (6.8)


�
36


�
492


�
�
�
Ulceration


�
�
�
�
   0.306


�
�
   Absent


�
435 (7.1)


�
31


�
404


�
�
�
   Present


�
132 (9.9)


�
13


�
119


�
�
�
Depth


�
�
�
�
< 0.001


�
�
   Mucosal (m)


�
310 (2.9)


�
  9


�
301


�
�
�
   Submucosal (sm)


�
  257 (13.6)


�
35


�
222


�
�
�
Histology


�
�
�
�
   0.592


�
�
   Sig


�
315 (6.7)


�
21


�
294


�
�
�
   Por


�
246 (9.3)


�
23


�
223


�
�
�
   Muc


�
 6 (0)


�
  0


�
    6


�
�
�
Mixed type


�
�
�
�
   0.003


�
�
   No


�
466 (6.2)


�
29


�
437


�
�
�
   Yes


�
  101 (14.9)


�
15


�
  86


�
�
�
Lymphatic involvement


�
�
�
�
< 0.001


�
�
   Negative


�
432 (1.4)


�
  6


�
426


�
�
�
   Positive


�
  135 (28.1)


�
38


�
  97


�
�
�
Venous involvement


�
�
�
�
< 0.001


�
�
   Negative


�
520 (6.5)


�
34


�
486


�
�
�
   Positive


�
    47 (21.3)


�
10


�
  37


�
�
�
Values in parentheses are percentages of patients with lymph node metastasis (LNM). Sig: Signet ring cell carcinoma; Por: Poorly differentiated adenocarcinoma; Muc: Mucinous adenocarcinoma.





Table 1  Characteristics of 567 patients included in the study  n (%)


Factor


�
Value


�
�
Age, yr, mean ± SD


�
59.9 ± 12.3


�
�
Gender


�
�
�
   Male


�
312 (55.1)


�
�
   Female


�
255 (44.9)


�
�
Location


�
�
�
   Upper


�
  72 (12.7)


�
�
   Middle


�
347 (61.2)


�
�
   Lower


�
148 (26.1)


�
�
Size, mm, mean ± SD


�
26.8 ± 17.6


�
�
Form


�
�
�
   Protrusion


�
39 (6.9)


�
�
   Flat or depression


�
528 (93.1)


�
�
Ulceration


�
132 (23.4)


�
�
Depth


�
�
�
   Mucosal (m)


�
310 (54.7)


�
�
   Submucosal (sm)


�
257 (45.3)


�
�
Histology


�
�
�
   Sig


�
315 (55.5)


�
�
   Por


�
246 (43.4)


�
�
   Muc


�
  6 (1.1)


�
�
Mixed type


�
101 (17.8)


�
�
Lymphatic involvement


�
135 (23.8)


�
�
Venous involvement


�
47 (8.3)


�
�
Lymph node metastasis


�
44 (7.8)


�
�
Mixed type; histological mixture of differentiated and undifferentiated components; undifferentiated-predominant type. Sig: Signet ring cell carcinoma; Por: Poorly differentiated adenocarcinoma; Muc: Mucinous adenocarcinoma.








Table 4  Studies for factors and their conditions required for low incidence of lymph node metastasis in patients with undifferentiated-type early gastric cancer


Ref.


�
Country


�
Condition for low LNM incidence


�
Pts in the condition


�
Pts with LNM


�
LNM (95%CI)


�
�
�
�
Size (cm)


�
Depth


�
LI


�
VI


�
UL


�
Other


�
�
�
�
�
Yamao et al[8]


�
Japan


�
< 3


�
m


�
LI(-)


�
VI(-)


�
UL(-)


�
�
277


�
1


�
  0.36% (0.06-2.02)


�
�
Gotoda et al[1]


�
Japan


�
≤ 2


�
m


�
LI(-)


�
VI(-)


�
UL(-)


�
�
141


�
0


�
0% (0-2.6)


�
�
Ye et al[9]


�
South Korea


�
< 2.5


�
m


�
LI(-)


�
NS


�
NS


�
�
131


�
0


�
  0% (0-2.28)


�
�
�
�
�
sm1


�
�
�
�
�
�
�
�
�
Li et al[10]


�
China


�
≤ 2


�
m


�
LI(-)


�
VI(-)


�
NT


�
�
201


�
1


�
  0.5% (0.08-2.76)


�
�
Ha et al[11]


�
South Korea


�
< 2


�
m


�
LI(-)


�
NT


�
NT


�
Sig


�
  77


�
0


�
0% (0-4.75)


�
�
Hirasawa et al[2]


�
Japan


�
≤ 2


�
m


�
LI(-)


�
VI(-)


�
UL(-)


�
�
310


�
0


�
0% (0-0.96)


�
�
Kunisaki et al[12]


�
Japan


�
≤ 2


�
m


�
LI(-)


�
VI(-)


�
�
Por


�
  84


�
0


�
0% (0-4.37)


�
�
1Lee et al[13]


�
South Korea


�
≤ 2


�
m


�
LI(-)


�
NS


�
NS


�
Male


�
124


�
4


�
  3.2% (1.26-8.00)


�
�
This study


�
Japan


�
≤ 2


�
m


�
LI(-)


�
NS


�
NS


�
�
161


�
0


�
0% (0-2.33)


�
�
1Study for patients with poorly differentiated adenocarcinoma. LNM: Lymph node metastasis; m: Mucosal cancer; sm: Submucosal cancer; Pts: Patients; LVI: Lymph-vascular involvement; LI: Lymphatic involvement; VI: Venous involvement; UL: Ulceration; NS: Not significant; NT: Not tested.











