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Background

This study aimed to evaluate the impact of postoperative complication and its etiology on long-term survival for gastric cancer (GC) patients with curative resection.



Methods

From January 2009 to December 2014, a total of 1,667 GC patients who had undergone curative gastrectomy were analyzed. Patients with severe complications (SCs) (Clavien–Dindo grade III or higher complications or those causing a hospital stay of 15 days or longer) were separated into a “complication group.” Univariate and multivariate analyses were performed to reveal the relationship between postoperative complications and long-term survival. A 2:1 propensity score matching (PSM) was used to balance baseline parameters between the two groups.



Results

SCs were diagnosed in 168 (10.08%) patients, including different etiology: infectious complications (ICs) in 111 (6.66%) and non-infectious complications (NICs) in 71 (4.26%) patients. Multivariate analysis showed that presence of SCs (P=0.001) was an independent prognostic factor for overall survival, and further analysis by complication type demonstrated that the deteriorated overall survival was mainly caused by ICs (P=0.004) rather than NICs (P=0.068). After PSM, patients with SCs (p=0.002) still had a significantly decreased overall survival, and the presence of ICs (P=0.002) rather than NICs (P=0.067) showed a negative impact on long-term survival.



Conclusion

Serious complications, particularly of an infectious type, may have a negative impact on overall survival of GC patients. However, additional multicenter prospective studies with larger sample size are required to verify this issue.
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Introduction

Gastric cancer (GC) is a common malignancy in the world (1). Supported by advances in resection techniques and adjuvant therapies, surgical therapy has been the primary treatment for GC, which provides the opportunity to dramatically extend the long-term survival of GC patients (2–4). However, surgery for GC remains technically demanding, and the following postoperative complications have been reported to occur with a wide range of incidence: 7–46% (5–8).

Recent studies have shown that postoperative complications increase the length of hospital stay and early mortality (9, 10). Postoperative complications also decrease the overall survival (OS) and disease-free survival (DFS) in several types of cancer like lung, breast, and colon (11–13). In the contemporary field of gastric cancer research, the impact of postoperative complications on long-term survival of GC patients has also been suggested (14). Decreased OS and DFS in GC patients have been reported in retrospective series (15–19) and a recent published meta-analysis (20). Nevertheless, most of these studies did not exclude patients who died in the immediate postoperative period when assessing long-term survival. Of note, any potential impact of postoperative complications on cancer progression will be overshadowed by short-term increased mortality (21, 22). Moreover, few studies (19, 23) have yet discussed which specific type of postoperative complications (infectious and non-infectious complications) in GC patients most significantly impacts the patient’s long-term chances of survival.

The aim of this study was to explore the relationship between postoperative complication and its etiology and long-term survival.



Methods


Patients and Ethical Issues

A total of 2,210 consecutive patients with gastric cancer who had previously undergone a gastrectomy procedure were selected from the database of Surgical Gastric Cancer Patient Registry in West China Hospital (WCH-SGCPR) from January 2009 to December 2014, with registration number WCH-SGCPR 2018-03. The present study involving human participants were reviewed and approved by the Research Ethics Committee of West China Hospital. Written informed consent from the patients/participants’ legal guardian/next of kin was not required to participate in this study in accordance with the national legislation and the institutional requirements. The inclusion criteria were as follows: (1) histologically proven gastric adenocarcinomas; (2) with radical surgical resection (R0); (3) without preoperative therapy; (4) no distant metastasis. The exclusion criteria of our study were patients with: (1) other synchronous or metachronous (within 5 years) cancers; (2) remnant gastric cancer; (3) harvested number of lymph node less than 15; (4) emergency treatment. Additionally, patients who died within 90 days (all the deaths were directly associated with serious intra- or postoperative complications) of the surgery were excluded to avoid exaggerating the effect of complications on long-term survival. Finally, 1,667 patients who underwent gastrectomy with potentially curative resection were included in this study, as shown in Figure 1.




Figure 1 | The flow diagram of gastric cancer patients enrolled in this study.



Potentially curative resection is regarded as gastrectomy with no gross residual disease, combined with adequate lymphadenectomy. The surgery was performed by experienced surgeons and followed the Japanese gastric cancer treatment guidelines (24). The resected specimens were pathologically classified according to JGCA classifications (25) and staged with the updated AJCC 8th TNM system (26).



Assessment of Postoperative Complications

In the present study, the Common Terminology Criteria for Adverse Events (CTCAE) version 4.0 (27), which is exhaustive enough in terms of postoperative morbidities, was used to define complications. As described by Song et al., we defined the severe complication (SC) group as patients with Clavien–Dindo (CD) grade III or higher complication or any morbidity causing a hospital stay of 15 days or longer (28–30). If a patient suffered from more than one complication, the highest-ranked complication was used for grade analysis.

All complications were categorized as infectious complications (ICs) or non-infectious complications (NICs). ICs included pulmonary infection, abdominal abscess (excluding leakage-related abscess), anastomotic leakage, wound infection, pancreatic leakage, pancreatitis, intestinal leakage, cholecystitis, urinary system infection, appendicitis, and bacteremia. NICs included gastroparesis, intestinal obstruction, intra-abdominal hemorrhage, pleural effusion, ascites, atelectasis, delirium tremens, respiratory failure, heart failure, arrhythmia, deep venous thrombosis.



Follow-Up

The follow-up was mainly performed through outpatient visits. All patients were recommended to undergo follow-up every 3 to 6 months during the first 3 years and at least once yearly during the subsequent years. Follow-up information was also collected from the database and updated to January 1, 2020. In the 1,667 patients, 49 of them lost contact during the follow-up process; the response rate was 97.06% with the median follow-up time 89.50 (range, 3.00–129.80) months. The main reasons for failed follow-ups were changes of telephone number and address, or the patient’s refusal to attend to outpatient interview of our hospital.



Statistical Analysis

For comparisons between patients with and without SCs, the Mann-Whitney U test was used to compare ordinal variables, whereas the Chi-square test or the Fisher exact test was used for unordered categorial variables. Then, multivariate logistic regression analysis was performed to detect independent risk factors for SCs. The Kaplan–Meier method and the log-rank test were used to calculate survival rates and compare survival rates, respectively. Univariate and multivariate Cox proportional hazards regression models were used to analyze the hazard ratios for a patient’s overall survival. Factors with a P value <0.1 in the univariate analysis as well as those that were clinically significant were entered into the multivariate model using an “Enter” method (31). A P value less than 0.05 (two-sided) was considered to be statistically significant.

To balance the potential confounders between the two groups, a 2:1 propensity score matching (PSM) was performed with the following variables: age, sex, comorbidities, extent of lymphadenectomy, perioperative blood transfusion, tumor size, tumor location, tumor invasion depth, and nodal involvement. A 0.2-width caliper of the standard deviation of the logit and the nearest neighbor matching was used to match across the two groups (32). All of these statistical analyses were performed using SPSS software version 23.0 (IBM, Armonk, NY, USA) and R version 3.6.0.

Considering the retrospective nature of this study, we would calculate the statistical power via PASS 11 (version 11.0.7).




Results


Description of Enrolled Study Population Cohort

The details of postoperative complications and characteristics of the included 1,667 patients with gastric cancer are presented in Table S1 and Table 1. Postoperative complications occurred in 675 (40.49%) out of 1,667 patients, including 631 (37.85%) patients with CD grade I/II and 44 (2.64%) patients with CD grade III/IV complications. The non-SC group consisted of 992 (59.51%) patients without complications and 507 (30.41%) patients with complications less than 15 days’ hospital stay. The SC group consisted of 44 (2.64%) patients with CD grade III or higher complications and 124 (7.44%) patients with CD grade I/II complications causing a hospital stay of 15 days or longer. Further, in the SC group, 111 (6.66%) patients were found to have severe ICs and 71 (4.26%) patients to have severe NICs.


Table 1 | Baseline characteristics of gastric cancer patients before and after propensity score matching.



Compared with patients in the non-SC group, SC group had an older age (P<0.001) and more preoperative comorbidities (P=0.015), and tended to have higher proportion of males (P=0.059), higher frequency of D2/D2+ lymph node dissection (P=0.058) and preoperative blood transfusion (P=0.055). After PSM, the baseline characteristics became comparable between the two groups (all P values >0.05).



Predictors Related to Occurrence of SCs

Relationships between the occurrence of SCs and clinicopathological parameters are shown in Table 2. Multivariate analysis identified that age 65 or higher (OR=1.815; 95%CI: 1.290–2.555; P=0.001) was the only independent risk factor for the development of SCs.


Table 2 | Multivariable logistic regression analysis of risk factors for severe postoperative complications.





Prognostic Significance of SCs on Long-Term Survival

As shown in Figure 2A, patients with SCs had a significant worse OS compared to those without (5-year OS rate 48.5 vs. 60.1%; P=0.002). The overall survival curves stratified by pathological stages are shown in Figures 2B–D. The curves were significantly separated in stage III cancers with P=0.001; however, no statistically significant difference was observed between stages I and II. Multivariable Cox regression analysis revealed that SCs (HR=1.442; 95% CI: 1.160–1.791; P=0.001) along with age, tumor size, histological grade, tumor invasion depth, nodal involvement, and adjuvant chemotherapy were independent prognostic factors for OS (Table 3). The statistical power of SCs on OS was 0.999 in this sample size.




Figure 2 | Kaplan-Meier survival analysis of SC in entire cohort. (A) in all patients; (B) in Stage I, (C) in Stage II, and (D) in Stage III patients. The significance of the difference between survival curves was calculated by the log-rank test. SC, severe complication.




Table 3 | Univariate and multivariate COX regression analysis of prognostic factors for overall survival in primary cohort.



To clarify which type of complication had a contribution on poor OS, we performed univariate and multivariate analyses using each complication (ICs and NICs) with other parameters. In the univariate analysis, patients with ICs (5-year OS rate 45.9 vs. 59.8%; P=0.002) showed a decreased OS when compared with those without ICs, and patients with NICs (5-year OS rate 47.8 vs. 59.5%; P=0.072) also tended to have a worse prognosis when compared with those without NICs (Figures 3A, B; Table 3). Further, multivariate analysis demonstrated that only ICs (HR, 1.455; 95% CI: 1.125–1.881; P=0.004) rather than NICs (HR, 1.355; 95% CI: 0.977–1.878; P=0.068) were independent risk factors for unfavorable OS (Table 3). The statistical power values of ICs and NICs on OS were 0.997 and 0.925, respectively.




Figure 3 | Kaplan-Meier survival analysis according to specific SC in entire cohort. (A) IC; (B) NIC. The significance of the difference between survival curves was calculated by the log-rank test. SC, severe complication; IC, infectious complication; NIC, non-infectious complication.





Propensity Score Analysis

To further verify the relationship between complication and its etiology and OS, we performed a PSM analysis that helped reduce the baseline bias. As shown in Figure 4, after PSM, patients with SCs still showed decreased OS when compared with those without (5-year OS rate 48.5 vs. 59.1%; P=0.013), especially in stage III group (p=0.002). Subsequent multivariate analysis suggested that the presence of SCs was an independent prognostic factor for OS (HR, 1.529; 95% CI: 1.175–1.990; P=0.002) (Table 4). In addition, in the PSM cohort, univariate and multivariate analyses identified that ICs remained a significant risk factor for deteriorated overall survival (Figure 5A and Table 4). However, NICs did not show difference in long-term results compared with patients without NICs (Figure 5B and Table 4). In addition, the statistical power values of SCs, ICs, and NICs on OS were 0.975, 0.980, and 0.718, respectively, in the PSM cohort.




Figure 4 | Kaplan-Meier survival analysis of SC in PSM cohort. (A) in all patients; (B) in Stage I, (C) in Stage II, and (D) in Stage III patients. The significance of the difference between survival curves was calculated by the log-rank test. SC, severe complication.




Table 4 | Univariate and multivariate COX regression analysis of prognostic factors for overall survival in PSM cohort.






Figure 5 | Kaplan-Meier survival analysis according to specific SC in PSM cohort. (A) ICs; (B) NICs. The significance of the difference between survival curves was calculated by the log-rank test. SC, severe complication; IC, infectious complication; NIC, non-infectious complication.






Discussion

Several previous studies have reported the negative impact of postoperative complications on oncological outcomes after gastric cancer resection (14–17). However, these studies failed to exclude patients who died in a short postoperative period. It is important to note that postoperative complications increase early mortality, which would overshadow the real influence of complications on long-term survival of cancer patients (33, 34). Besides, these reports (14, 17, 35, 36) did not discriminate which type of complication was the real risk factor for decreased long-term survival.

In the present study, 1,667 GC patients with curative resection were analyzed, and 10.08% of them experienced severe complications (excluding deaths within 90 days of the surgery). In the total cohort, we found that the occurrence of SCs was indeed significantly associated with shortened long-term OS, and ICs seemed to be the major cause of impaired long-term survival instead of SNICs. In addition, these findings were consistent in the PSM cohort.

The influence of complications, particularly infectious ones, on long-term survival has been described in several types of cancer (21, 22, 37). Recently, in a systematic review and meta-analysis about the effect of complications on long-term survival in GC patients with curative resection, Wang et al. identified a 40% higher risk of death in patients with complications and a much higher (86%) mortality risk in patients with infectious complications compared to those without (20); their findings match our results. Similarly, in lung cancer, an outcome reported by Andalib et al. has demonstrated that major infectious complications were the main reason for decreased rates of long-term survival and that non-infectious complications had a minor effect on this bad outcome, excluding early deaths (21).

With respect to the correlation between complications and poor survival rates, accumulated evidence (14, 38, 39) indicates that the surgical stress, especially in major surgery, induces an inflammatory response that could be worsened and prolonged by complications. It is also well established that a postoperative inflammatory response contributes to host immunosuppression by suppressing cell-mediated immunity (40, 41), especially natural killer cells and cytotoxic T lymphocytes are compromised (41), which promotes the proliferation and metastasis of residual tumor cells. Furthermore, numerous studies have confirmed that ICs have a direct effect on cancer cells’ metastatic ability by activating a bacterial antigen-mediated processes (42, 43). Indeed, in our study, the remarkable difference in overall survival rates between patients organized by the presence of complications in p-Stage III likely reflects the quantity of residual tumor cells that cause early recurrence.

Nevertheless, we must admit that complications’ relationship with decreased rates of survival is not yet clear. It is still possible that the pernicious effect of postoperative complications on long-term survival is just a confounder. Surgical technique may prove to be the reason for both occurrence of complications and decreased long-term survival. What we conclude from our study is that complications are associated with poor prognosis. Considering the curability of the complications and its potential benefit on patients’ long-term survival, it is crucial to prudently deal with complications through active intervention and remediation.

Given the fact that complications markedly compromise overall survival, to identify complication-related risk factors is therefore crucial. In the present study, older age was identified to be the only risk factor for the occurrence of complications, which was not a modifiable factor in perioperative management. In such circumstances, the prevention and early diagnosis of postoperative complications are of critical importance.

This study has some limitations. First, this is a single-center retrospective study with several confounding factors, which might bias our results and conclusions. Even though we tried our best to offset available biases with multivariate analysis and PSM analysis, some residual confounding unmeasured factors may exist. Second, there was also a lack of information about adjuvant chemotherapy. For example, the starting time of adjuvant chemotherapy among patients was unclear, which limited our further analysis of the interaction between postoperative complications and delayed adjuvant therapy on prognosis. Despite these limitations, postoperative complications are considered an important prognostic factor affecting long-term survival.

In conclusion, postoperative complications after curative resection of gastric cancer are both common and associated with poor overall survival in gastric cancer patients. And the survival disadvantage seemed to be mainly driven by infectious complications rather than non-infectious ones. However, additional multicenter prospective studies with larger sample size are required to verify this issue.
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