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Abstract

Objective: To develop a system for accurate staging of patients with locally advanced gastric 

adenocarcinoma (GA) who undergo neoadjuvant chemotherapy (NC) followed by gastrectomy 

with D2 lymphadenectomy (LAD).

Background: NC followed by gastrectomy with D2LAD is commonly used for patients with 

locally advanced GA. The 8th American Joint Committee on Cancer (AJCC) ypTNM staging 

system was validated based on patients undergoing more limited LAD.

Methods: We developed a modified system (m-ypTNM) based on overall survival (OS) of 

patients receiving NC followed by gastrectomy with D2 LAD at Memorial Sloan Kettering Cancer 

Center (MSKCC) and validated the system using data from an international cohort of patients that 

underwent a similar treatment.

Results: Among 325 patients form the derivation cohort, 33 (10.2%) had ypT0N0/+ tumours, 

which are not classifiable under the AJCC system. Five-year OS for m-ypTNM stages I, II, IIIA, 

and IIIB were 89%, 71%, 42%, and 10%, respectively, compared with 82%, 65%, and 29% for 

AJCC stages I, II, and III, respectively. The concordance index (C-index, 0.730 vs. 0.709), 

estimated area under the curve (0.765 vs. 0.740), and time-dependent ROC curve throughout the 

observation period were all superior for m-ypTNM staging. For the validation cohort of 186 

patients, the m-ypTNM system was again better at separating patients into prognostic groups for 

OS.

Conclusion: The m-ypTNM staging system stages improves the accuracy of OS prediction for 

patients treated with NC followed by gastrectomy with D2 LAD.
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INTRODUCTION

Worldwide, gastric cancer is the fifth most common cancer and the third leading cause of 

cancer-related death1. In the United States alone, there were an estimated 26,240 new cases 

and 10,800 deaths related to gastric cancer in 20182. Except in a few Asian countries such as 

Japan and South Korea where endoscopic screening is widespread, the majority of gastric 

cancer patients present with locally advanced or metastatic disease3.

There is increasing evidence that neoadjuvant and adjuvant chemotherapy can increase 

overall survival in patients with gastric adenocarcinoma4–6. In Japan and Korea, the majority 

of patients undergo gastrectomy and adjuvant chemotherapy decisions are based on surgical 

specimen pathology7. One major advantage of this strategy is that risk stratification based on 

surgical pathology is more accurate than clinical staging. In many centers in Europe and the 

United States, patients with gastric cancer undergo clinical staging and patients with locally 

advanced disease are given neoadjuvant chemotherapy. One major disadvantage of this 

approach is that the resection specimen has undergone changes of he primary tumour and 

lymph nodes affecting accurate staging of the disease.

The American Joint Committee on Cancer (AJCC) staging system is the most widely used 

staging system for gastric cancer8. The 8th edition of the AJCC Cancer Staging Manual for 

gastric adenocarcinoma introduced both a clinical staging system (cTNM) and a staging 

system for those receiving neoadjuvant therapy (ypTNM)9. The AJCC ypTNM staging 

system was validated based on the United States National Cancer Database (NCDB)10. The 

mean number of resected nodes among the 40,281 patients with gastric adenocarcinoma 

treated surgically in the NCDB database from 2004 to 2014 was 16.0 ± 10.92. 11 A mean of 

16 nodes examined means that substantial proportion of patients in the NCDB have fewer 

nodes examined than what the AJCC recommends. As limited lymphadenectomy leads to 

understaging12, 13, the AJCC system may not be accurate for patients undergoing more 

extensive D2 lymphadenectomy. At Memorial Sloan Kettering Cancer Center (MSKCC) the 

mean number of resected nodes following D2 lymphadenctomy is 26.6 ± 11.914. In addition, 

the NCDB patients used to validate the AJCC ypTNM staging system had both neoadjuvant 

chemotherapy as well as chemoradiation10. Finally, patients with complete primary tumour 

regression (ypT0) are not included in the AJCC ypTNM staging system and thus are left 

without a stage designation.

The objective of this study was to develop an accurate staging system for patients with 

locally advanced gastric adenocarcinoma who undergo neoadjuvant chemotherapy followed 

by gastrectomy and D2 lymphadenectomy. Such a system would allow us to give more 

accurate predictions of survival.
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PATIENTS AND METHODS

Study Population

For the training set, the institutional database at MSKCC was reviewed following 

Institutional Review Board (IRB) approval. Inclusion criteria were: histologically confirmed 

primary gastric adenocarcinoma or Siewert II or III gastroesophageal junction 

adenocarcinoma, no distant metastasis; administration of neoadjuvant chemotherapy, and R0 

gastrectomy with D2 lymphadenectomy. The exclusion criteria included preoperative 

chemoradiotherapy or radiation therapy, incomplete histopathological or survival data, 

gastric remnant carcinoma, death within 30 days of surgery.

The validation set consisted of patients treated between 2000 and 2014 who satisfied the 

aforementioned inclusion and exclusion criteria. The first group was from Fujian Medical 

University Union Hospital (FMUUH) in Fujian, China, a tertiary referral center for gastric 

cancer that performs more than 800 gastrectomies per year for gastric adenocarcinoma. The 

other group was from the International study group on Minimally Invasive surgery for 

Gastric Cancer (IMIGASTRIC) trial (registration number NCT02325453)15, which includes 

centers in Europe, Asia, and North America.

Patient Characteristics and Clinicopathologic Data

Demographic and clinicopathologic characteristics and treatment information for the study 

population were determined by review of the database and medical records. T status, N 

status, and ypTNM stage were determined using the 8th edition of the AJCC staging 

system9. Pathological response to neoadjuvant chemotherapy was assessed by experienced 

gastric cancer pathologists. In general, this involved both the gross and microscopic 

examination of the resected surgical specimen. If grossly viable tumour was present, a 

minimum of 5 representative sections of the tumour were evaluated. If no grossly viable 

tumour was present, the entire scar-like lesion at the primary tumour site was submitted for 

histopathologic evaluation. At the microscopic level, treatment-related effects were observed 

as abolition of the malignant epithelium and replacement by dense fibrosis or 

fibroinflammation. The pathologic response to treatment was determined by the amount of 

residual viable carcinoma in relation to the extent of fibrosis or fibroinflammation within the 

gross lesion. Acellular mucin was regarded as a form of treatment response and not as viable 

tumour16. The extent of lymphadenectomy (D1 or D2) was classified according to the 

Japanese Gastric Cancer Association definitions in the 2nd English Edition (1998) and the 

3rd English Edition (2010)17, 18. This study included 10 patients in the training cohort who 

underwent proximal gastrectomy with removal of node stations node stations 1, 2, 3, 4sa, 

4sb, 7, 8a, 9, 10, 11p, and 11d. In the 2nd English Edition for an upper third tumour, node 

stations 5, 6, and 12a were not part of a D2 lymphadenectomy18.

Follow-up and Outcome Data

Follow-up after resection generally consisted of visits to the outpatient department with 

blood tests (complete blood count, chemistry panel, CEA level, CA19–9 level) and CT scans 

repeated every 3–6 months for the first 2 years and every 6–12 months for years 3–5. The 
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survival time was measured from the time of surgery to the last date tof follow up or date of 

death, whichever occurred first. Last date of follow up was July 2017.

Statistics

Statistical analyses were performed using SPSS software (version 22.0, SPSS Inc, Chicago, 

IL), R ver. 3.1.2 (R Foundation for Statistical Computing, Vienna, Austria), and STATA 

version 12.0 (StataCorp, College Station, TX). The Kaplan-Meier method and log-rank test 

were used to compare survival curves. Multivariable analysis on OS was performed with the 

Cox proportional hazards regression model. Variables associated with overall survival with 

p<0.05 were included in the multivariable analyses. The prognostic abilities of the two 

staging systems were compared by generating time-dependent receiver operating 

characteristic (ROC) curves and by calculating the estimated area under the curve (AUC). 

Time-dependent ROC curve analysis is an extension of the ROC curve, which assesses the 

discriminatory power of continuous markers for time-dependent disease outcomes19, 20, the 

R package “time ROC” was used this analysis. Sequential AUCs were compared between 

the AJCC ypTNM and modified ypTNM staging systems using independent and identically 

distributed representations of the AUC estimators. In addition, the relative discriminatory 

abilities of the two ypTNM staging systems were also assessed using the Akaike 

Information Criteria (AIC) and Harrell’s concordance index (C-index). In general, a 

predictive model with a low AIC indicates a better model fit. The Harrell’s concordance 

index or C-index is a measure of goodness of fit for binary outcomes in a logistic regression. 

In our analysis, the C-index gives the probability that a randomly selected patient who died 

had a higher stage than a randomly selected patient who did not die. A high C-index 

represents better discriminatory ability21-2324

Differences were assumed at p-values of less than 0.05 in a two-tailed test.

RESULTS

Patients and treatment

In total, 325 patients with neoadjuvant chemotherapy underwent potentially curative 

gastrectomy with D2 lymphadenectomy between January 2000 and December 2014. The 

validation set included 186 patients (FMUUH, n=98; IMIGASTRIC, n=88). Patient’s 

demographics, treatment, and pathology are shown in Table 1. All patients in both the 

training and validation set were treated with 5-FU and/or cisplatin-based neoadjuvant 

chemotherapy for 2–6 cycles followed by gastrectomy with D2 lymphadenectomy. There 

were more distal gastrectomies in the training set compared to the validation set (50% vs. 

22%). About half of the patients in both cohorts received post-operative adjuvant 

chemotherapy or chemoradiotherapy.

In the training set, tumours were significantly smaller, more often located in the lower third 

of the stomach, more often well or moderately differentiated and had an earlier disease stage 

as compared to the validation set (Table 1). Treatment effect data was not available for the 

validation set.
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Demographics, treatment, and pathologic characteristics for the FMUUH and IMIGASTRIC 

cohorts of the validation cohort are shown in Supplementary Table 1.

Outcomes

The median follow-up was 86 months in training cohort and 71 months in validation cohort. 

The 5-year overall survival (OS) rate in the training cohort was 52%. For patients that died 

during follow-up, the vast majority of deaths were from gastric cancer. For the training 

cohort, there were 121 deaths during tfollow-up period, 111 of 121 patients (92%) died of 

disease, and 10/121 patients (8%) died of other causes. For the validation cohort, 80 patients 

died during the follow-up period, 77 of 80 patients (96%) died of disease, and 3 of 80 (4%) 

died of other causes. to the 8th edition of the AJCC ypTNM staging system, the 5-year OS 

rate for patients with stage I disease was 82%; for stage II, 65%; and for stage III, 24% with 

statistically significant differences among all stages (Fig. 1A; χ2=67.961, p<0.001). Survival 

for patients with ypT0N0 and stage I was similar as well as for ypT0N+ tumours and stage 

III (Fig. 1A, Suppl. Table 2).

Modified ypTNM staging system

A modified ypTNM staging system using pathologic and overall survival data from the 

MSKCC training set was constructed. To develop the modified ypTNM staging system, each 

patient was classified, based on the 8th edition of the AJCC pTNM staging system, as stage 

IA, IB, IIA, IIB, IIIA, IIIB, or IIIC. This was done even though these patients had received 

neoadjuvant chemotherapy Patients with a complete pathologic response in their primary 

tumour were classified as ypT0N0 or ypT0N+. Overall survival was compared between each 

of pTNM stage groupings. (Suppl. Table 3). It was found that the 5-year survival rate for 

ypT0N0 patients was 87%, which was similar to that for pTNM IA patients (90%, p > 0.05). 

Survival was also similar between both pTNM IB and pTNM IIA and ypT0N+; pTNM IIB 

and pTNM IIIA; and pTNM IIIB and pTNM IIIC. Based on these findings, pTNM groups 

with similar overall survivals were grouped together to generate the modified ypTNM 

staging system. The modified system was compared with the 8th edition AJCC system in 

Fig. 1B. The 5-year OS rate for modified ypTNM stage I patients was 89%, stage II 71%, 

stage IIIA 42%, and stage IIIB 10%, with significant differences between each modified 

ypTNM stage (p < 0.01, Fig. 1C, Suppl. Table 4).

On univariable analysis, several clinicopathologic factors were associated with overall 

survival including tumour location, tumour size, differentiation type, Lauren type, vascular 

invasion, perineural invasion, treatment effect, AJCC ypTNM stage, and modified ypTNM 

stage (Table 2). On multivariable analysis including both ypTNM staging systems, modified 

ypTNM stage was still independently associated with OS (p=0.004) but AJCC ypTNM stage 

was not (p = 0.127). Two additional multivariable analyses, one excluding AJCC ypTNM 

stage and the other excluding modified ypTNM stage also showed that AJCC and modified 

ypTNM stage were independently associated with survival (Suppl. Table 5).

Comparison of the AJCC and modified ypTNM staging

The C-index was 0.730 for the modified ypTNM staging system and 0.709 for the AJCC 

ypTNM staging system. Integrating the estimated areas under the ROC curves revealed that 
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the modified ypTNM system was superior to the AJCC ypTNM staging system in predicting 

5-year overall survival (AUC 0.765 vs. 0.740, Fig. 2A). Similarly, the time-dependent ROC 

curve of the modified system was continuously superior to that of the AJCC system (Fig. 

2B). Moreover, the modified system also had a smaller Akaike Information Criteria (AIC) 

value (1,428.56 vs. 1,450.38 for the AJCC system), thereby indicating more accurate 

prognostic stratification.

In the validation set, the AJCC ypTNM staging system failed to discriminate the survival of 

stage I patients from that of stage II patients (5-year overall survival 60% and 62%, 

respectively), and there was a significant gap in survival between stage I/II and stage III (5-

year overall survival 19%) (Fig. 3A). The survival of patients classified using the modified 

ypTNM system differed significantly among all stages (Fig. 3B). The 5-year overall survival 

of ypTNM stage I, II, and III was 58.8%, 58.5%, and 22.1%, respectively. The time-

dependent ROC curve of the modified ypTNM staging system was superior to that of the 

AJCC ypTNM system for 5 years postoperatively (Fig. 3C). The modified system also 

showed a higher C-index (0.688 vs. 0.657), a larger AUC (0.691 vs. 0.652), and smaller AIC 

(831.45 vs. 842.61) than the AJCC system.

Effect of pathologic response to neoadjuvant treatment

Overall survival was stratified based on percent treatment effect (0–49%, 50–89%, and 90–

100%). In the training cohort, an increased treatment effect was associated with improved 

overall survival (Suppl. Fig. 1A). However, there was no statistically significant difference in 

survival based on percent treatment effect when individual modified ypTNM stages were 

examined (Suppl. Fig. 1B-E).

DISCUSSION

In this study, a modified ypTNM staging system for patients undergoing neoadjuvant 

chemotherapy followed by gastrectomy with D2 lymphadenectomy tumourbetter predicted 

survival than the AJCC ypTNM system according to multiple measures of prognostic value. 

Most notably, time-dependent ROC curves indicated that the modified system was 

continuously superior to the AJCC system over the 5 years following surgery. Validation of 

the modified ypTNM system using an external multi-institutional cohort demonstrated its 

relevance across populations of patients treated with neoadjuvant chemotherapy followed by 

gastrectomy with D2 lymphadenectomy.

More extensive lymphadenectomy improves the accuracy of staging12, 13 and prognostic 

prediction in patients with gastric cancer12, 25. There is significant variability in the extent of 

lymphadenectomy and number of lymph nodes examined among different institutions and 

regions. As a result, the number of examined lymph nodes can vary greatly among different 

patient cohorts. Several studies have demonstrated that examination of more than 16 lymph 

nodes improves the ability to predict prognosis in patients with gastric cancer12, 25. For 

example, overall survival of patients in one SEER database analysis, with an average of 8 

harvested lymph nodes, was significantly inferior, stage for stage, when compared with 

survival of patients at MSKCC, where 81% of patients underwent D2 lymphadenectomy and 

a median of 22 lymph nodes were examined14. Thus it is not surprising that the AJCC 
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ypTNM staging system, which is based on patients who generally underwent less than a D2 

lymphadenectomy, does not accurately stage patients who all underwent D2 

lymphadenectomy.

Neoadjuvant chemotherapy is being increasingly used for patients with locally advanced 

gastric adenocarcinoma. The perioperative chemotherapy regimen used is this study was 

based primarily on the MAGIC trial 26. In our training and validation cohorts, patients did 

not receive postoperative chemotherapy for reasons similar to that of patients in the MAGIC 

study. The practice at MSKCC for patients who are tolerating preoperative chemotherapy 

well and who are responding to chemotherapy based on radiologic studies is to try and 

complete the 6 cycles of chemotherapy in the preoperative setting. This was accomplished in 

about 15% of MSKCC patients.

The recently reported FLOT4-AIO trial 27 reported pathological complete regression in 6% 

in the MAGIC group and 16% in the FLOT group28. For those that underwent surgery, there 

was at least partial tumour regression for the majority of patients in both groups. The major 

advantage of neoadjuvant chemotherapy is that patients can generally tolerate chemotherapy 

better before surgery than after surgery29, but a major disadvantage is that downstaging of 

both T status and N status makes determination of prognosis more difficult. The present 

study directly addresses this problem of staging patients following neoadjuvant 

chemotherapy.

The AJCC system was based on patients given either neoadjuvant chemotherapy or 

chemoradiotherapy before surgery while the modified system was based on neoadjuvant 

chemotherapy only. The treatment effects of neoadjuvant chemoradiotherapy and 

chemotherapy may be quite different. The RTOG 9904 study found a pathological complete 

response to neoadjuvant chemoradiotherapy of 26%30, a much higher rate than that for 

neoadjuvant chemotherapy alone31–33. Similarly, a phase III study directly comparing the 

two treatments for patients with locally advanced adenocarcinoma of the lower esophagus or 

esophagogastric junction showed that treatment with chemoradiotherapy followed by 

surgery led to a significantly higher pathologic complete response rate (15.6% vs. 2.0%) and 

was associated with a statistically insignificant survival advantage (3-year survival rate, 47% 

vs. 28%)5.

TNM staging after chemotherapy is itself influenced by the degree of tumour response. 

Downstaging of both T status and N status can be inferred from some prospective 

randomized trials. For example in the MAGIC study, the proportion of patients with T3/T4 

status and positive node status was 63.2% and 73.1%, respectively, in the surgery alone 

group, and 48.3% and 69.9%, respectively, in the neoadjuvant chemotherapy group26. Our 

system differs from the system proposed by Becker et al., which combined ypT and ypN 

categories with tumour regression grading. Their system was also more accurate in 

predicting survival than AJCC staging32. The omission of tumour response from our 

modified ypTNM should not limit its prognostic power, however, as this factor was not 

independently associated with survival in our analysis, and patients with more responsive 

tumours did not survive longer than patients with less responsive tumours when subdivided 

by stage (Suppl. Fig. 1B-E). In addition, tumour regression grading is not widely used, and 
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its inclusion would result in a more complex staging system that may limit its application 

and use.

There are several limitations to this study. One major limitation is that various chemotherapy 

protocols were used for neoadjuvant treatment, and different treatment protocols may have 

influenced our findings. Second, the modified ypTNM staging system likely is not valid for 

patients undergoing more limited lymphadenectomy at non-referral institutions. Since the 

AJCC ypTNM staging system was developed from data from such patients, the AJCC 

system may be better for these patients. However, as we have published previously, staging 

gastric adenocarcinoma based on limited lymph node analysis results in less accurate 

staging34. Third, the number of patients with ypT0N0/+ status (33 in the training set and 1 in 

the validation set) was limited, so further investigation is needed to determine the accuracy 

of the modified ypTNM staging system for predicting prognosis in these patients. The 

relative lack of ypT0 patients in the validation set may be partly explained by global 

differences in treatment practices for locally advanced gastric adenocarcinoma. For example 

in China, neoadjuvant chemotherapy is often reserved for patients with more advanced 

tumours (cT4a/T4b).

Use of the modified staging system may aid oncologists in better predicting survival, making 

treatment decisions, and comparing cohorts of patients undergoing more extensive lymph 

node dissections.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Overall survival of the training set based on two staging systems. (A) Kaplan-Meier overall 

survival for the training set according to 8th edition AJCC ypTNM stage, with the addition 

of ypT0N0 and ypT0N+. (B) AJCC ypTNM staging system and modified ypTNM staging 

system. (C) Kaplan-Meier overall survival for the training set according to modified ypTNM 

stage.
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Figure 2. 
Survival discrimination and prognostic accuracy of the 8th edition AJCC and modified 

ypTNM staging systems for the training set. ROC curves (A) and time-dependent ROC 

curves (B) for the AJCC ypTNM and m-ypTNM staging systems. Solid lines represent time 

dependent ROC curves and dotted lines represent 95% confidence intervals.
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Figure 3. 
Kaplan-Meier overall survival in the validation set according to AJCC TNM stage (A) and 

modified ypTNM stage (B). (C) Time-dependent ROC curves for the 8th edition AJCC and 

modified ypTNM staging systems.
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Table 1.

Demographic, treatment, and pathologic variables in the training and validation cohorts

Training cohort
(n=325)

Validation cohort
(n=186) p-value

Age, years (mean +/− s.d.) 61.4 ± 11.6 58.6 ± 11.8 0.010

 ≤ 60 139 (48.2%) 100 (53.8%) 0.017

 > 60 186 (57.2%) 86 (46.2%)

Sex 0.018

 Male 195 (60.0%) 131 (70.4%)

 Female 130 (40.0%) 55 (29.6%)

Body mass index, kg/m2 (mean +/− s.d.) 26.7 ± 4.7 23.2 ± 3.8 <0.001

Race <0.001

 Caucasian 233 (71.7%) 88 (47.3%)

 Asian/other 92 (28.3%) 98 (52.7%)

Type of gastectomy <0.001

 Distal gastrectomy 161 (49.5%) 40 (21.5%)

 Total gastrectomy 154 (47.4%) 146 (78.5%)

 Proximal gastrectomy 10 (3.1%) 0 (0%)

Surgical approach <0.001

 Open 283 (87.1%) 91 (48.9%)

 Minimally invasive 42 (12.9%) 95 (51.1%)

Post-operative adjuvant therapy 0.001

 None 168 (51.7%) 92 (49.5%)

 Adjuvant chemotherapy 136 (41.8%) 94 (50.5%)

 Adjuvant chemoradiotherapy 21 (6.5%) 0 (0%)

Tumour size, cm (mean +/− s.d.) 4.0 ± 3.3 5.7 ± 2.6 <0.001

Tumour location 0.001

 Lower third 135 (41.5%) 46 (24.7%)

 Middle third 75 (23.1%) 56 (30.1%)

 Upper third 102 (31.4%) 68 (36.6%)

 More than two parts 13 (4.0%) 16 (8.6%)

Lauren type - -

 Intestinal 156 (48.0%) -

 Diffuse 107 (32.9%) -

 Mixed/unknown 62 (19.1%) -

Differentiation <0.001

 Differentiated 173 (53.2%) 69 (37.1%)
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Training cohort
(n=325)

Validation cohort
(n=186) p-value

 Undifferentiated/unknown 152 (46.8%) 117 (62.9%)

Vascular invasion -

 Yes 163 (50.2%) -

 No 162 (49.8%) -

Perineural invasion -

 Yes 159 (48.9%) -

 No 166 (51.1%) -

Treatment effect -

 0–49% 192 (59.1%) -

 50–89% 73 (22.5%) -

 90–100% 60 (18.5%) -

≥16 lymph nodes examined 301 (92.6%) 179 (96.2%) 0.099

Lymph nodes examined (mean +/− s.d.) 26.6 ± 11.9 31.4 ± 11.9 <0.001

Positive lymph nodes (mean +/− s.d.) 3.2 ± 5.6 5.7 ± 2.6 <0.001

ypT status <0.001

 T0 33 (10.2%) 1 (0.5%)

 T1 39 (12.0%) 17 (9.2%)

 T2 41 (12.6%) 33 (17.7%)

 T3 127 (39.0%) 62 (33.3%)

 T4 85 (26.2%) 73 (39.3%)

ypN status <0.001

 N0 147 (45.2%) 55 (29.6%)

 N1 70 (21.5%) 31 (16.7%)

 N2 48 (14.8%) 36 (19.4%)

 N3a 49 (15.1%) 45 (24.2%)

 N3b 11 (3.4%) 19 (10.2%)

ypTNM stage <0.001

 ypT0N0/+ 33 (10.2%) 1 (0.5%)

 I 51 (15.7%) 26 (14.0%)

 II 125 (38.5%) 57 (30.7%)

 III 116 (35.7%) 102 (54.8%)
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Table 2.

Univariable and multivariable analysis of clinicopathologic factors associated with overall survival.

Characteristic Univariate analysis Multivariate analysis

5-yr (%) p-value OR 95% CI p-value

Type of gastrectomy 0.002 0.067

 Distal 60.8 Ref

 Total/proximal 42.5 1.882 0.980–3.613

Tumour size, cm 0.001 0.666

 ≤4.0 60.2 Ref

 >4.0 41.2 0.913 0.603–1.381

Tumour location <0.001 0.026

 Lower third 62.2 Ref

 Middle third 48.8 0.780 0.408–1.493 0.453

 Upper third 44.1 0.915 0.437–1.917 0.814

 More than one part 0.00 2.916 1.049–8.104 0.040

Lauren type <0.001 0.812

 Intestinal 62.0 Ref

 Diffuse 38.2 0.910 0.446–1.855 0.795

 Mixed/unknown 48.5 0.801 0.384–1.671 0.554

Differentiation type <0.001 0.076

 Differentiated 67.7 Ref

 Undifferentiated/unknown 37.2 1.803 0.940–3.458

Vascular invasion <0.001 0.416

 Yes 37.0 Ref

 No 65.3 1.215 0.760–1.943

Perineural invasion <0.001 0.843

 Yes 39.8 Ref

 No 63.8 0.956 0.614–1.489

Treatment effect 0.020 0.354

 0–49% 46.4 Ref

 50–89% 56.9 1.085 0.665–1.769 0.744

 90–100% 61.7 1.899 0.793–4.550 0.150

AJCC ypTNM stage <0.001 0.127

 I 82.1 Ref

 II 62.9 1.487 0.480–4.605 0.491

 III 23.9 2.678 0.740–9.693 0.133

Modified ypTNM stage <0.001 0.004
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Characteristic Univariate analysis Multivariate analysis

5-yr (%) p-value OR 95% CI p-value

 I 86.5 Ref

 II 74.1 2.349 0.420–13.154 0.331

 IIIA 45.3 3.506 0.542–22.682 0.188

 IIIB 9.7 8.585 1.224–60.222 0.031
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