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Background: We aimed to assess long-term survival between locally advanced proximal gastric cancer (LAPGC) patients who underwent proximal gastrectomy (PG) and those who underwent total gastrectomy (TG) to evaluate the optimal extent of resection and adjuvant therapy.

Materials and Methods: Patients diagnosed with locally advanced proximal gastric adenocarcinoma were selected from the National Cancer Data Base (2004–2015) in America. Survival analysis was performed via Kaplan-Meier and Cox proportional hazards models.

Results: A total of 4,381 eligible patients were identified, 1,243 underwent PG and 3,138 underwent TG. Patients in TG group had a poor prognosis (hazard ratio [HR] = 1.13, 95% confidence interval [CI]: 1.03–1.25) compared with those in PG group. Moreover, postoperative chemoradiation therapy was associated with improved overall survival compared to surgery alone (HR = 0.71, 95% CI: 0.53–0.97) in LAPGC patients who had PG, while preoperative chemotherapy (HR = 0.74, 95% CI: 0.59–0.92) was associated with improved survival among patients who had TG.

Conclusions: Our study suggested that LAPGC patients underwent PG experienced better long-term outcomes than those underwent TG. It also suggested that multimodality treatment of LAPGC, including preoperative chemotherapy followed by TG or postoperative chemotherapy followed by PG, should be considered to achieve better long-term outcomes.
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INTRODUCTION

Gastric cancer (GC) is the fifth most common malignancy and the third leading cause of cancer-related mortality worldwide (1). While its overall incidence appears to be decreasing, there has been a dramatic rise in the incidence of proximal gastric cancer (PGC) (2). The shift in GC subsite has renewed interest in the management of PGC with a focus on the optimal extent of resection and adjuvant therapy.

Proximal gastrectomy (PG) and total gastrectomy (TG) are the most common surgical approaches for PGC. For early stage PGC, PG has been generally accepted by most surgeons for its comparable oncological radicality and safety with TG (3–5). The newly published “Japanese Gastric Cancer Treatment Guidelines 2018” also recommends that PG is suitable for early stage diseases (6). However, no consensus has been reached regarding which procedure should be selected for locally advanced PGC (LAPGC). Several studies investigated overall survival (OS) of LAPGC patients who underwent TG or PG and reached inconsistent results. Some studies (3, 5, 7–21) reported that TG and PG had similar OS, whereas other studies (22–25) showed that TG was associated with better 5-year OS than PG. Moreover, some studies even found that the prognosis of LAPGC patients undergoing PG was significantly better than those undergoing TG (9, 26). Deficiently, these published studies generally included limited number of patients ranging from 45 to 423. On the other hand, the optimum treatment strategy of neoadjuvant or adjuvant therapy targeted on LAPGC patients was not fully discussed in previous studies.

Here, we analyzed data from the American College of Surgeons (ACS) National Cancer Database (NCDB) to compare the OS of PGC patients who underwent PG to those who underwent TG, in order to determine whether the extent of resection for LAPGC affect prognosis and provides evidence for the development of guiding strategies for LAPGC patients.



MATERIALS AND METHODS


Patient Population

Data were abstracted from the NCDB 2004-2015. The NCDB is a clinical oncology database sourced from hospital registry data that are collected from more than 1,500 Commission on Cancer (CoC)-accredited facilities. Eligible patients were LAPGC according to the International Classification of Diseases for Oncology codes (defined by C16.33, C16.41, C16.42, C16.52, and C16.62) and underwent definitive gastrectomy. Patients were further restricted to adenocarcinoma histology (defined by 8,140, 8,141, 8,144, 8,146, 8,147, 8,255, 8,260, 8,262, 8,310, 8,480, 8,481, 8,490, 8,510, 8,560, 8,562, and 8,570–8,576). According to the American Joint Committee on Cancer 8th (27), the locally advanced gastric cancer (LAGC) patients were defined as (1) patients treated with neoadjuvant treatment whose clinical T ≥2, N = any, M = 0, or whose T = any, N ≥1, M = 0, or (2) patients without neoadjuvant treatment whose pathological T ≥2, N = any, M = 0, or whose pathological T = any, N ≥1, M = 0. The study was exempt from the approval by the Yale Institutional Review Board as a secondary data analysis.



Statistical Analyses

Patient demographics and clinical characteristics included age, gender, race, Hispanic ethnicity, insurance status, median income (calculated by the NCDB based on patient's zip code), facility location, facility type, distance (from patient's zip code to hospital reporting the case), year of diagnosis, Charlson Deyo score, tumor grade, clinical stage, pathological stage, number of lymph nodes examined, number of lymph nodes positive, scope of regional lymph node surgery, surgical margins, surgical inpatient stay, 30-day unplanned readmission after surgical discharge, and treatment. The sequence of chemotherapy was determined using the sequence of systemic therapy in relationship to surgery. Neoadjuvant therapy (NAT) was defined as preoperative therapies including chemotherapy and/or radiation therapy. Adjuvant therapy (AT) was defined as postoperative therapies including chemotherapy and/or radiation therapy. OS was defined as the interval between the date of diagnosis and the date of death or last contact.

Student's t-test for continuous variables and chi-square test for categorical variables were performed to compare patients' characteristics between PG and TG groups. Kaplan–Meier and log-rank test was used to examine OS by different treatment groups (28). Multivariate Cox regression models were employed to estimate hazard ratio (HR) and 95% confidence intervals (CI). The proportionality assumption of the cox-regression was checked by including a time-varying covariate, an interaction between the covariate and the event time. Confounding variables were selected through stepwise. Several clinically significant variables were forced into the final models although they were not statistically significant. The adjusted confounding variables included age, sex, race, Hispanic ethnicity, Charlson Deyo score, insurance status, year of diagnosis, median income, facility location, facility type, distance, tumor grade, scope of regional lymph node surgery, surgical margin, surgical inpatient stay, 30-day unplanned readmission. The adjustment for NAT and/or AT was only in the model for OS by surgical approaches. A p < 0.05 was considered statistically significant and all tests were two-sided. Sensitivity analysis was performed by excluding patients who died within 90 days after primary surgery in order to account for immortal time bias.

All analyses were conducted using SAS statistical software v9.3 (SAS Institute, Inc., Cary, NC).




RESULTS


Cohort Characteristics

A total of 4,381 LAPGC patients with adenocarcinoma were identified, and 1,243 patients (28.37%) underwent PG and 3,138 (71.63%) underwent TG (Table 1). Approximately two thirds of the patients were aged 50–74 years at diagnosis, with a mean diagnosis age of 64.43 ± 11.57 years. Majority of the cases were male (76.69%) and white (86.56%). Compared with patients underwent TG, patients underwent PG were more likely to be older, male, and white. Patients in PG group were more likely to have a higher proportion of R0 resection (88.33 vs. 84.00%, p < 0.01) and well or moderately differentiated tumor grade, whereas patients in TG group were more likely to have a higher proportion of more than 15 nodes examined (53.98 vs. 35.32%, p < 0.01) and nodes positive (67.30 vs. 63.07%, p < 0.01). Carlson scores, surgical inpatient stay, and 30-day unplanned readmission were not significantly different between the two groups (p > 0.05).


Table 1. Patient characteristics.

[image: Table 1]



Survival Outcomes for Patients Who Underwent PG and TG

Compared with patients in TG group, patients in PG group had longer OS as shown in Figure 1 (p = 0.0006). The median survival time was 32.99 months (95% CI: 30.06–37.03 months) for PG group and 28.19 months (95% CI: 26.64–29.57 months) for TG group. The 3- and 5-year survival rates were 47.40 and 35.94% for PG and 42.06 and 30.14% for TG, respectively). After controlling for confounding variables, patients who underwent TG had poor OS compared to patients who underwent PG (HR = 1.13, 95% CI: 1.03–1.25; p = 0.0109) (Table 2).


[image: Figure 1]
FIGURE 1. Kaplan-Meier of overall survival of locally advanced proximal gastric cancer patients by proximal and total gastrectomy.



Table 2. Multivariate analysis of locally advanced proximal gastric cancer patients by surgical approach.
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Survival Outcomes for Patients With Different Adjuvant Therapies in Locally Advanced Stage

Patients who received AT, NAT only, or NAT plus AT had improved OS compared with patients who underwent gastrectomy alone regardless of PG (Figure 2A, p < 0.0001) or TG (Figure 2B, p < 0.0001). The median survival time for patients who underwent PG were 23.66, 39.49, 43.83, and 54.08 months in gastrectomy alone, NAT, AT, and NAT plus AT, respectively. The corresponding median survival time for patients who underwent TG were 16.82, 34.69, 32.95, and 35.81 months, respectively. No significant differences in survival benefits between different adjuvant therapies.
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FIGURE 2. Kaplan-Meier of overall survival of locally advanced proximal gastric cancer patients who underwent (A) proximal gastrectomy (B) or total gastrectomy by different adjuvant therapy.


After controlling for confounding variables (Table 3), only AT was associated with improved OS compared to surgery alone in PG group (HR = 0.70, 95% CI: 0.52–0.92; p = 0.0114). However, there was no significant survival benefit for various adjuvant therapies among patients who underwent TG.


Table 3. Multivariate analysis for locally advanced proximal gastric cancer patients by neoadjuvant and adjuvant therapy.
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We further analyzed the data by detailed therapies (Table 4), among patients who underwent PG, postoperative CT plus RT (HR = 0.71, 95% CI: 0.53–0.97; p = 0.0316) was associated with improved survival compared to surgery alone. Among patients who underwent TG, only preoperative CT (HR = 0.74, 95% CI: 0.59–0.92; p = 0.0078) was associated with improved survival compared to surgery alone.


Table 4. Multivariate analysis for locally advanced proximal gastric cancer patients with detailed neoadjuvant and adjuvant therapy.
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DISCUSSION

Our study suggested an improved survival benefit of PG compared to TG among patients diagnosed with LAPGC. In contrast to early studies that have reported no differences in survival outcomes between the two surgical procedures (3, 5, 7–21) or a better survival was associated with TG procedure (22–25). Varying patients' characteristics in different study populations might account for the inconsistent results. A meta-analysis (22) reported no difference in survival between TG and PG groups among LAPGC patients, which was inconsistent with our study results. A possible explanation was that patients in TG group had a higher proportion (58.92%) of poorer tumor grade in our cohort whereas the patients in early studies (9–12, 14) had a lower proportion (ranging from 27.5 to 52%) of poorer tumor grade. Another possible explanation was that confounding factors, such as adjuvant or neoadjuvant therapies were not controlled in early studies.

Neoadjuvant therapy or adjuvant therapy have been developed over the last decades as part of a multimodality treatment in order to improve survival for LAPGC patients with gastrectomy (29). However, no consensus has been reached regarding the optimal choice. Our study revealed a better prognosis for PGC patients given AT compared to gastrectomy alone only in PG group, but no significant survival benefits of AT in TG group. Previous studies have reported improved patient survival with the addition of AT or NAT compared to surgery alone (30, 31). Surgery does not always result in complete resection, which is likely to cause recurrence and metastasis and influence the long-term outcomes (22). NAT is expected to improve the resection rate and long-term follow-up results by reducing the size of the primary lesion and controlling lymph node metastasis and micrometastasis (32). Therefor NAT has been recommended for PGC patients with advanced clinical stage. AT controls residual tumor cells following curative resection, and therefore improve the long-term follow-up results (31).

The increased use of preoperative CT for patients with PGC was a dominant trend among patients with locally advanced disease (33). Preoperative CT has several advantages, including a greater likelihood of completing treatment, a rapid improvement in tumor-related symptoms, the potential to downstage tumors, and the ability to assess response to preoperative therapy (33). In our study, survival benefit of preoperative CT only was shown for LAPGC patients who underwent TG but not those who underwent PG. The reasons for this are currently unclear and warrant further investigation. Postoperative CT or RT is delivered with an intention to reduce recurrence by controlling residual tumor cells following curative resection. Recent advances in postoperative CT have achieved considerable tumor regression in many cases of gastric cancer (6). In our study, we also observed postoperative CT with or without RT showed OS benefit only for LAPGC patients who underwent PG.

Study limitations should be considered when interpreting the study results. Although ~70% of all newly diagnosed cases of cancer in the United States were reported to the NCDB, the NCDB collects data only from Commission on Cancer–accredited hospitals which might affect the generalizability of the study results. Some treatment-related information was unavailable, including recurrence time, metastasis time, treatment intent, specific chemotherapy regimens, completion of prescribed treatment schedules, and toxicities of the received therapies. Information concerning more granular endpoints including disease specific survival, recurrence, and postoperative complications were also not available. In addition, the numbers of patients in certain specific neoadjuvant and adjuvant therapy groups were too small, which provided limited power to evaluate their effects on OS. Despite these limitations, the NCDB provides a large sample size, making this study one of the largest studies to assess long-term survival between LAPGC patients who underwent PG and TG.

In conclusion, long-term outcome disparities exist between LAPGC patients who underwent TG and those who underwent PG in the United States. Patients treated with PG had better OS than those who underwent TG, suggesting PG might be an optimal extent of resection for LAPGC patients. The study also suggested that LAPGC should be treated with multimodality treatment approach, including preoperative CT followed by TG or postoperative CT followed by PG. The findings in our study need to be verified in randomized controlled clinical trials.
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1 1047 2390 310 2494 737 23.49

2 263 577 73 6587 180 6.74

3 81 185 24 198 57 182 0739%
Clinical T

<To 12 027 4 082 8 025

cT 247 5864 92 740 155 4.94

oT2 689 1573 222 17.86 467 1488

cT3 1,854 4232 506 40.71 1,348 4296

oT4 165 377 31 249 184 427

oTx 1414 8228 888 8121 1026 8270 0.0001
Clinical N

cNO 1,471 33.58 456 36.69 1,015 32.35

oNt 1396 8186 390 8188 1006 3206

oN2 323 7.37 78 628 245 7.81

oN3 87 199 16 120 71 226

oNx 1,104 2520 303 2438 801 2553 0.0074
Clinical M

oMo 4381 10000 1243 100.00 3,138 100.00

oMt 0 000 0 000 0 000 @~
CTNM

I 554 12,65 197 15685 3657 11.38
] 1,029 23.49 200 2333 739 2355
n 1,208 29.63 344 2767 954 30.40

v 19 043 4 032 15 048

Unknown 1,481 33.81 408 3282 1,073 34.19 0.0017
Pathologic T

pTO 246 562 79 636 167 532

pTt 350 7.99 116 933 234 7.46

pT2 1206 2753 386 3105 820 26.13

pT3 1917 43.76 506 40.71 1,411 4496

pT4 324 7.40 41 830 283 Q02

pTx 338 7.72 115 925 223 7.11  <0.0001
Pathologic N

pNO 1,470 33.55 442 3556 1,028 32.76

pN1 1,430 32.64 441 35.48 989 31.52

pN2 702 1602 166 1335 536 17.08

pN3 441 1007 73 587 368 1173

phix 338 7.72 121 978 217 692 <0.0001
Pathologic M

pMO 4381 10000 1243 100.00 3,138 100.00

pM1 0 000 0 000 0 000 @~
PTNM

I 953 21.76 324 2607 629 20.04

I 1,530 34.92 431 3467 1,099 35.02

n 1,292 29.49 287 2309 1,005 3203

v 0 0.00 0 0.0 0 000

Unknown 606 13.83 201 1617 405 1291 <0.0001
Number of nodes examined

0-15 nodes 2,132 48.66 741 5961 1,391 44.33

>156 nodes 2,133 48.69 439 3632 1,694 53.98
Unknown 76 173 23 1.85 63 169 <0.0001

Number of nodes positive

0 nodes 1485 8390 450 8693 1,026 8270

i-2nodes 1,061 2422 830 2655 731 2330

3-6 nodes 864 1972 231 1858 633 2017

7-15nodes 623 1422 140 1126 483 1539

16 or more 200 457 26 200 174 554

nodes

Unknown 148 338 57 459 91 290 <0.0001
Scope of regional lymph node surgery

No 78 178 38 3.06 40 127

Yes 4284 97.79 1200 9654 3084 9828

Unknown 19 043 5 0.40 14 045 <0.0001
Tumor grade

Well 168 3.83 55  4.42 113  3.60

Moderately 1316 3004 414 3331 902 28.74

Poorly 2512 5734 663 5334 1849 5892

Undifierentiated; 103 2.35 22 177 81 258

anaplastic

Unknown 282 6.44 89 7.6 193 6.5 00018
Surgical margin

RO 3734 8523 1008 8833 2636 8400

R1 355 810 89 7.6 266 848

R2 217 495 35 282 182 580

Unknown 75 171 21 169 54 172  <0.0001
Surgical inpatient stay (days)

05 423 966 117 941 806 975

6-7 562 12.83 156 1255 408 12.94

811 1488 3396 421 3387 1,067 34.00

=12 1468 8351 413 3323 1,055 8362
Unknown 440 1004 136 1094 304 969 09917

30-day unplanned readmission

Nounplanned 3,979 90.82 1,124 90.43 2,855 90.98
readmission

Unplanned 262 575 72 579 180 574

readmission

Unknown 150 3.42 47 378 103 328 09120
Age at diagnosis (y)

Mean 64.43 65.42 64.21

sD 1157 1091 11.66 0.0016

PG, proximal gastrectomy; TG, total gastrectomy; SD, standard deviation.
*Comparisons between PG and TG group.
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Adjusted

HR 95%Cl P-value
Prognostic Number % Lower Upper
Factors
PG 1025 2945  ref
TG 2456 7055 1433 1029 1246 00109

Adjusted for age, gender, race, Hispanic ethnicity, Charison Deyo score, insurence status,
year of diagnosis, median income, facilty location, facilty type, distance, tumor grade,
scope of regional lymph node surgery, surgical margin, surgical inpatient stay, 30-day
unplanned readmission, and neoadjuvant and/or adjuvant therapy.

HR, hazard ratio; Cl, confidence intervals.
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