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Introduction: Gastric cancer (GC) is one of the main causes of death from cancer globally. Long-term survival, especially in Western countries, remains dismal, with no significant improvements in recent years. Therefore, precise identification of clinical and pathological risk factors is crucial for prognosis, as it allows a better selection of patients suitable for oncologically radical treatments and contributes to longer survivals.



Methods: We devised a retrospective observational longitudinal study over 10 years of experience with GC patients operated with curative intent.



Results: Several factors were thoroughly investigated in a multivariate analysis to look for significance as independent risk factors for disease-free survival. Our results showed that only BMI, pTNM, and lymph node ratio expressed hazard ratios with implications for survival in our series of patients.



Discussion: Although limited by the retrospective nature of the study, this is one of the few cancer reports from Northern Italy showing results over 10 years, which may in our view, have an impact on decision-making processes for multidisciplinary teams dedicated to the care of gastric cancer patients.
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1 Introduction

Gastric cancer (GC) is one of the main causes of death from cancer globally; in fact, it is the fifth most common neoplasm and the third most lethal worldwide (GLOBOCAN 2018) (1). Its development process is linked to both environmental and genetic factors, with as much as 50% of cases related to dietary habits and social behaviours (2). Moreover, up to 3% of cases may be attributed to inherited cancer-predisposing syndromes (3). Although its incidence has been on the decline in the last few decades, long-term survival remains dismal, especially in Western countries, with no significant improvements in recent years (4).

Currently, the globally accepted gold standard for GC treatment is radical surgery (R0 gastrectomy + D2 lymphadenectomy) (5, 6). In most cases, surgery alone does not represent a radical treatment, so perioperative treatments like neoadjuvant or adjuvant chemo-radioimmunotherapy are recommended for achieving long-term overall survival (OS) (7).

Unfortunately, up to 75% of GC patients are diagnosed when the disease has reached a locally advanced or metastatic stage; therefore, median OS rarely exceeds 12 months in the metastatic setting, and the 5-year OS remains lower than 10%.

Therefore, the correct identification of clinical and pathological risk factors is crucial for prognosis, as it allows a better selection of patients suitable for oncologically radical treatments and contributes to longer survivals.

The objective of our study was to evaluate the impact of clinical, pathological, and treatment-related risk factors on the survival outcomes of patients with GC who underwent operative procedures at a tertiary referral centre in Northern Italy from 2009 to 2019.



2 Material and methods


2.1 Patient selection

Medical records of all GC patients operated on at the Policlinico of Modena between 2009 and 2019 were collected through a prospective electronic database and reviewed retrospectively. Each patient’s record included demographic information, along with clinical, laboratory, pathological, surgical, and oncological therapy data.

A series of key variables were analysed, including age, sex, Eastern Cooperative Oncology Group (ECOG) performance status (PS), preoperative BMI, Helicobacter pylorii (HP) infection, tumour site, symptoms if relevant, pathological data [type of tumour, T, N, lymph node ratio (LNR), metastasis if any, grading, resection margins, angiovascular and perineural invasion, disease stage, HER2 status], haematological markers of inflammation [white blood cell, neutrophil, lymphocyte, and platelet count, neutrophil–lymphocyte ratio (NLR), platelet–lymphocyte ratio (PLR), and lymphocyte–monocyte ratio (LMR)], carbohydrate antigen 19-9 (CA19-9), and carcinoembryonic antigen (CEA). Surgical data regarding the type of surgery performed and the onset of postoperative complications were also retrieved. Complications, if they occurred, were classified by the Clavien–Dindo classification. From an oncological perspective, data on the administration of chemotherapy (perioperative or adjuvant), outcomes (recurrence or death), and the duration of follow-up in months were also recorded. All patients were staged according to national guidelines (8, 9), including blood examinations, CEA and CA19-9 tumour markers, esophago-gastro-duodeno-scopy (EGDS) plus tumour biopsy, and a whole-body CT scan with contrast medium. Therefore, an institutional GC Multi-Disciplinary Team planned the best therapeutic pathway, which includes up-front surgery with curative or palliative intent, perioperative chemotherapy, or best supportive care.

All selected patients had been scheduled for an elective standard gastrectomy plus D2 lymphadenectomy; patients with urgent operation requirements and a follow-up duration of less than 6 months were excluded from the analysis. Histologies other than adenocarcinoma were also excluded. All pathological reports were revised to establish the TNM staging according to the last TNM classification [UICC classification, 8th ed. (10)].

The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki. Data were collected under protocol 1186-2018/OSS/AOUMO, which was reviewed and approved by the Ethics Committee of the Area Vasta Emilia Nord.



2.2 Statistical analysis

In this study, descriptive statistics are reported as proportions or medians with interquartile ranges (IQRs). Differences in the distribution of characteristics between groups were studied using the chi-squared test or Fisher exact test to compare categorical variables. The Mann–Whitney U-test was used to compare continuous variables that were not normally distributed, while the Student t-test was used in all other cases. The primary outcome was disease-free survival (DFS), which is defined as the time from the day of operation to the date of recurrence or death, whichever is first. The Kaplan–Meier method (KM) was utilised to estimate survival, and the log-rank test was used for assessing significant differences. To determine the existence of prognostic factors, data on DFS were subjected to univariate analysis using the Cox proportional hazard method. Significant variables were selected, and multivariate analysis was finally performed to weigh different hazard ratios, determining their significance as independent prognostic factors for survival.

Statistical significance was determined if the p-value was <0.05. The entire statistical analysis was performed with the SPSS statistical program (version 25.0).




3 Results

A total of 264 patients, comprising 115 women and 149 men, who underwent surgery for GC at the Policlinico of Modena between 2009 and 2019, were included in the analysis. Other 277 patients with known metastatic disease at the time of diagnosis were excluded (see Figure 1). In a small group of 29 (10.9%) patients, a limited peritoneal involvement of the tumour became apparent only during surgery. These cases were considered in the final analysis (real-life analysis).


[image: Figure 1]
FIGURE 1
Inclusion and exclusion criteria and final population.



3.1 Patient characteristics

The median age was 73 years (range 20–94), with an ECOG PS of 0–1 observed in over 80% of patients; the tumour was located at the gastro-esophageal junction (GEJ) in as low as 11.4% of cases, whereas adenocarcinoma of intestinal type was identified in 56.8% of cases; 59.8% received a subtotal gastric resection; and a standard D2 lymphadenectomy was performed in the majority of cases (94.3%), with an average of 27.4 (range 15–86) retrieved lymph nodes for examination. During the operation, 10.9% of patients were accidentally discovered to have limited intra-abdominal peritoneal metastasis; these patients underwent radical surgery anyway (R0) and subsequently received postoperative chemo- or chemoradiotherapy. In 34 cases (12.7%), resection margins were classified as microscopically positive (R1); final histologic examination showed G3 in a predominant 68.2% of all cases and a pTNM stage III in 112 patients (44%). Before surgery, 18.2% of patients received neoadjuvant chemotherapy, whereas after the operation, 50.9% of all patients received adjuvant treatments.

Table 1 shows the basal characteristics of patients grouped by occurrence of recurrence (disease-free or not). Continuous variables for age, NLR, LMR, PLR, CA19-9, and CEA are reported as medians (IQR in parentheses); the remaining are given as numbers (percentage in parentheses).


TABLE 1 Clinical, surgical, and pathological characteristics of patients.
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3.2 Disease-free survival analyses

The mean (median) follow-up period was 35 (26) months for the overall series. The longest period of follow-up observed from surgery to the time of closure of the study has been 121 months.

The mean (median) DFS was 65.65 (52.0) months [95% confidence interval (CI): 57.9–73.3 (26.0–77.9)], and 3-, 5-, and 7-year DFS scores were 56.1%, 49.6%, and 45.2%, respectively. There was a total of 103 recurrences (39%).

Risk factors significantly associated with DFS were BMI, histotype, LNR, pTNM, grading, vascular budding, perineural and margin infiltration, NLR, PLR, LMR, and finally postoperative chemotherapy.


3.2.1 BMI

Preoperative body mass index was separated into three distinct categories: ≤18.5, >18.5–<25, and ≥25, which accounted for 13.6% (n = 36), 41.2% (n = 108), and 45.2% (n = 120) of all patients, respectively. Mean DFS was shorter for under- or overweight patients (61.9 and 52.5 months, respectively) with respect to the normal weight group (79.6 months); the log-rank test showed a statistically significant difference (p < 0.02) (see Figure 2 curve a).
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FIGURE 2
BMI (curve a) and Lauren histotype (curve b).




3.2.2 Lauren histotype

Tumour histology in the Lauren classification is divided into intestinal and diffuse types; a third category, mixed type, which presents both intestinal and diffuse characteristics, was also analysed. Intestinal type comprised 56.8% of cases (n = 150), diffuse type comprised 35.2% of cases (n = 93), and mixed type comprised 8.0% of cases (n = 21). Mean DFS was shorter for diffuse histotype vs. intestinal (50.2 vs. 67.4 months), whereas mixed type showed an intermediate behaviour; the log-rank test showed a statistically significant difference (p < 0.01) (see Figure 2 curve b).



3.2.3 Lymph node positivity and LNR

An average of 27.4 lymph nodes (SD ± 14.9, range 15–86) were retrieved for the final examination, and metastases were found in 223 (84.4%) cases (p < 0.001).

The prognostic value of LNR was further investigated in terms of DFS. LNR was divided into four categories according to Marchet et al. (LN1 = 0; LN2 = >0–0.1; LN3 = >0.1–0.25; LN4 = >0.25).

LN1 accounted for 79 patients (29.9%), LN2 for 42 (16.0%), LN3 for 43 (16.3%), and LN4 for 100 (37.8%). The mean DFS was 93.8 months for LN1, 74.1 months for LN2, 56.9 months for LN3, and 31.0 months for LN4. DFS curves behaved consistently, showing 5-year rates of 88.9%, 55.8%, 39.0%, and 20.5%, respectively; the log-rank test showed a statistically significant difference (p < 0.0001) (see Figure 3 curve a).


[image: Figure 3]
FIGURE 3
LN ratio and DFS (curve a) and pTNM stages and DFS (curve b).




3.2.4 pTNM

The last TNM classification [UICC classification, 8th ed. (11)] divides patients into eight pathologic stage groups, with the number of patients progressively increasing from stage IA to stage IIIC; consequently, the number of recurrences and lower mean survival time follow a corresponding pattern. DFS survival curves coherently separated from each other, showing 5-year rates of 95.8 (IA), 83.5 (IB), 72.8 (IIA), 48.9 (IIB), 33.9 (IIIA), 26.4 (IIIB), and 10.9 (IIIC), respectively (log-rank test p < 0.0001). Most of the recurrence events occurred within 24 months of the intervention; however, remarkably long survival periods were still achievable even in very advanced stages (see Figure 3 curve b).



3.2.5 Histological grading, vascular budding, and perineural and margin infiltration

Grading showed steady progress; the majority of patients developed higher grades and more recurrences; and a similar pattern was observed for vascular budding, whereas most patients did not experience perineural infiltration.

DFS survival curves for each factor were drawn (see curves a, b, c, and d in Figure 4), and differences between groups (i.e., recurrence vs. no recurrence) consistently showed statistical significance (grading p < 0.001; vascular budding and perineural infiltration p < 0.0001). Margin positivity, although low in percentage (16% vs. 84%), resulted in an expected lower survival (median 83 vs. 13 months, p < 0.002). Mean 5-year rates were 85.7% for G1, 66.9% for G2, and 41% for G3, respectively, whereas these rates were 33.3% for V+, 35.2% for P+, and 22% for R+.


[image: Figure 4]
FIGURE 4
Grading and DFS (curve a), vascular budding and DFS (curve b), perineural infiltration and DFS (curve c), and R positivity and DFS (curve d).




3.2.6 Immune inflammation indices NLR, PLR, and LMR

Continuous variables of each index were retrieved, and median values (NLR: 2.33; PLR: 134.55; LMR: 4.01) served as a dichotomy for categorising patients (median value ≥ or ≤). Only PLR had an impact on DFS (p < 0.005), whereas NLR and LMR had no impact See Figure 5 curves a, b and c.
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FIGURE 5
NLR and DFS (curve a), PLR and DFS (curve b), and LMR and DFS (curve c).




3.2.7 Complications

Complications occurred in 93 patients (35.2%), of which 36 (39%) were classified as Clavien–Dindo I type, 42 (45.1%) as type II, 6 (6.4%) as type IIIa, 6 (6.4%) as type IIIb, 2 (2.1%) as type IVa, and 1 (1%) as type V. Of all patients with complications, 24 (25.8%) experienced a recurrence of GC, whereas 69 (74.2%) did not show any recurrence. Complications as a group exerted no impact on DFS (log-rank = NS) (see Figure 4 curve a).



3.2.8 Postoperative chemotherapy

A total of 50.9% of all patients underwent at least a 3-month course of adjuvant chemotherapy. Exclusion criteria were advanced age, ECOG PS ≥ 2, major liver, renal, cardiac, or haematological alterations. The mean DFS with vs. without postoperative chemotherapy was 78.34 vs. 53.96 months, respectively; the 5-year DFS rate was 68.4 vs. 36.8%, respectively, p < 0.0001 (see Figure 6 curve b).


[image: Figure 6]
FIGURE 6
Complications and DFS (curve a) and post-operative chemotherapy and DFS (curve b).





3.3 Risk factors influencing survival outcomes: univariate and multivariate analyses

Cox univariate and multivariate regression analyses were performed on several examined characteristics to assess their impact as independent risk factors for DFS.

In the univariate analysis, all analysed factors, with the exception of histotype and LMR, showed statistical significance as prognostic factors for DFS. In multivariate analysis, only BMI [p < 0.007, hazard ratio (HR) = 1.811], LNR (p < 0.002, HR = 1.572), and pTNM (p < 0.004, HR = 1.271) showed hazard risk ratios as independent predictors of poor DFS in our series.

Table 2 shows the results of univariate and multivariate Cox regression analyses of risk factors for DFS.


TABLE 2 Univariate and multivariate Cox regression analyses of risk factors for DFS.
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4 Discussion

In this retrospective study, we evaluated the DFS of patients with advanced GC who underwent radical resection in a real-life clinical setting at a single cancer centre over a period of 10 years. Advanced GC is an aggressive disease with a high mortality rate. A successful multimodal combination of therapies still relies on radical surgery to achieve long-term survival rates. Findings from our retrospective series, which included 264 patients, confirm the importance of analysing risk factors capable of influencing survival after resection. In particular, preliminary analysis revealed that BMI, LN ratio, stage of disease, grading, vascular budding, perineural and margin infiltration, platelet-to-lymphocyte ratio, and adjuvant chemotherapy all impacted significantly.

Levels of BMI have been associated with lower survival in cancer patients, a trend observed in over- or underweight patients in our series. A meta-analysis of cohort studies also supported that overweight and obesity were associated with an increased risk of GC (12). Conversely, Wong et al. reported a lower DFS in underweight patients in the United States, although BMI did not show significance as a risk factor for DFS in their multivariate analysis (13). In our study, we found that lower BMI was associated with decreased survival for the whole group of GC patients, although this association is rarely reported in the literature. It is still unknown whether the correlation between BMI and GC is casual. Hyperinsulinemia, frequently found among overweight/obese people, represents a risk factor for developing GC. Two Japanese studies showed that impaired fasting blood glucose and high haemoglobin A1c are associated with an increased risk of developing GC in HP-positive individuals (14, 15). Lately, results from studies on sarcopenia and obese sarcopenia have strengthened the assumptions that a strong relationship exists between tissue and body composition and GC (16).

In our study, BMI emerged as a significant prognostic factor, exhibiting an even greater impact on disease-free survival than lymph node ratio, or pTNM, in multivariate analysis.

Different types of Lauren histotypes can predict different prognoses in GC patients, affecting both survival and response to chemotherapy.

In our study, we found a better outcome in terms of DFS for patients affected by intestinal-type GC. The intestinal type, by itself, is typically connected with a better outcome, and Petrelli et al. suggested that it could be used for stratification purposes in future clinical trials (17). Jiménez Fonseca et al. studied the different behaviours between intestinal-type and diffuse-type HER2-negative advanced GC within the AGAMENON National Cancer Registry (patients collected from 30 Spanish and one Chilean centre) (18). They found that intestinal-type tumours were more chemosensitive, in particular when a triple regimen was used with docetaxel regimens. This finding was supported by data published from the FLOT trial (19). Also, Chen et al. published a retrospective study involving 3,071 patients, the majority of whom had intestinal-type rather than diffuse-type or mixed-type GC. Intestinal-type GC led to a better 5-year overall survival rate (57.7%) than diffuse-type (45.6%) or mixed-type (43.4%) GC (20). Recently, histological studies focusing on the significance of PDCs (poorly differentiated clusters) in GC have provided a deeper insight into the strong association between cancer cell types, their behaviour, and prognosis (21).

Vascular invasion and perineural and margin infiltration are usually associated with a poor prognosis. Vascular invasion, in fact, lays the groundwork for the metastatic process; additionally, perineural and margin infiltration are commonly associated with poor prognostic outcomes. Liebig et al. and De Franco et al. both found in a multivariate analysis that PNI is an independent prognostic factor for intestinal-type but not for diffuse-type and mixed-type GC (22, 23), although we found no significance as a risk factor for DFS in our series.

Platelet-to-lymphocyte ratio, as well as neutrophil-to-lymphocyte ratio and monocyte-to-lymphocyte ratio, is a prognostic marker associated with the systemic inflammatory response. A vigorous immune system response of the host has a great impact and is associated with a better outcome, independently from the tumour stage (24). Our data confirmed the association between a high PLR and a lower DFS.

D2 lymph node dissection is of paramount importance for achieving a radical gastrectomy and is nowadays considered the standard of care for GC worldwide. Although the safety and utility of extended lymph node dissection have been long debated in Europe and the United States, D2 dissection is recommended based on several trials, particularly after the Dutch studies (25, 26), and the UICC/TNM staging system coherently incorporates these requests. LNR has been proposed as a surrogate tool for identifying patients with a worse prognosis, and cutoff values divided into four categories, according to Marchet et al. (27, 28), are conveniently used for this purpose. Also, in a recently performed analysis, Woo et al. found that the maximum survival is achieved by performing a lymphadenectomy with a minimum of 29 nodes retrieved (29). In our series, an average of 27 lymph nodes were retrieved, and metastases were found in 84.4% of cases (p < 0.001). The subsequent survival analysis accurately reflected the extent of lymph node metastasis in progressive LN ratios, which were consistently associated with worse postoperative DFS and a statistically significant risk in multivariate analysis among other factors like grading, perineural infiltration, or vascular invasion, which did not emerge as significant.

Finally, the pathological stage of the disease is one of the strongest prognostic determinants of DFS in our series. The relevant survival curves showed that an earlier stage was associated with longer survival, and multivariate analysis strengthens this finding. Although a formal subgroup analysis was not performed, it is likely that patients with more advanced stages and/or better LN ratios who received adjuvant therapy did benefit from longer disease-free survival periods. Administration of adjuvant chemotherapy was significant as a risk factor in univariate analysis in our group of patients, although it did not represent an independent association for DFS in multivariate analysis.

In Asian countries, the standard of care consists of surgery followed by adjuvant chemoradiotherapy. In Western countries, the gold standard for resectable tumours is represented by perioperative chemotherapy. FLOT is nowadays the gold standard of care for gastric and oesophageal locally advanced cancer (30, 31). Results published from the MAGIC trial showed that perioperative chemotherapy is the best standard of care for patients affected by resectable, non-early GC (32). One major limitation of our retrospective analysis is that, over the 2009–2019 period, only a limited number of advanced cases were administered perioperative chemotherapy. This likely represents a “pessimistic” view of our oncology team towards neoadjuvant chemotherapy before the advent of FLOT, which undoubtedly represented a major shift in the oncological treatment of patients with more advanced GC.

GC recurrence is a multifactorial event that relies upon numerous elements, the main contributors being the type of tumour, size at diagnosis, depth of invasion, LN metastasis, radical surgery, and Borrmann classification (33, 34). The majority of recurrent cases are usually reported within 2 years from intervention (35), as observed in our series, where BMI, LNR, and pTNM stage were independent risk factors for DFS.



5 Conclusion

GC represents one of the most impacting tumours for survival in many countries; however, over the last two decades, newer chemotherapies and advancements in surgical techniques have dramatically changed the perspectives of patients affected by this disease.

With our longitudinal study spanning over the last 10 years of activity in our cancer centre, we have tried to improve the analyses of factors impacting the survival of patients, particularly considering the period from diagnosis to the recurrence of the disease.

One point of strength of our study is that, coherently with other larger published series in different countries and areas, some characteristics like BMI and factors influencing immunity, type, and diffusion of cancer, lymph node status, and chemotherapy were vastly involved in determining disease-specific survival after radical resection.

A limitation is that the time period from 2009 to 2019 predates three major advances, namely, the diffusion of FLOT perioperative chemotherapy, preoperative US endoscopy, and immunotherapy; these advancements have shown a strong effect on the OS and DFS outcomes of GC patients.

Also, it was not possible to show data on comorbidities and 30- and 90-day morbidity, which may have shed light on the intensity of care necessities in an aging population.

Whether or not the patient had received a laparoscopic rather than an open procedure was not a matter of analysis, as the number of patients was not consistent enough to draw any conclusions different from what the literature has already demonstrated (36). A radical and oncologically correct gastrectomy and lymphadenectomy remain the most important factors for survival.
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