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Objective: The prognostic significance of serum CA19-9 levels in gastric cancer patients remains a matter debate. The aim of this study was to determine the prognostic value of changes in preoperative and postoperative serum CA19-9 levels in patients with gastric cancer.

Methods: A total of 1,046 gastric cancer patients who underwent curative gastrectomy in West China Hospital of Sichuan University from January 2011 to December 2016 were analyzed retrospectively. Patients were categorized by minimum P-value using X-tile, while the baseline confounders for CA19-9 changes were balanced through propensity score matching (PSM). The relationships between CA19-9 changes and other clinicopathologic features were measured. Univariate and multivariate analysis were performed to explore the risk factors associated with survival outcomes.

Results: We included 653 patients. Changes in CA19-9 levels significantly correlated with age, tumor size, macroscopic type, histological grade, T stage and TNM stage. Kaplan–Meier curves revealed that patients with CA19-9 changes <20% had significant better overall survival than those with changes more than 20% (p < 0.001); Cox regression analysis revealed the CA19-9 change (p = 0.010), gender (p = 0.031), histological grade (p = 0.036) and TNM stage (p < 0.001) were independent risk factors for survival after PSM. Stratification analysis indicated that patients with CA19-9 change more than 20% had worse prognosis that those with CA19-9 change no more than 20% in male (p = 0.002), poorly differentiated or undifferentiated type (p = 0.031) and TNM stage III (p = 0.006).

Conclusion: Changes in preoperative and postoperative serum CA19-9 levels were closely associated with clinicopathological traits and was an independent prognostic factor in gastric cancer patients. This parameter may be a reliable marker for prediction of survival.
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INTRODUCTION

Gastric cancer is one of the most common form of malignancy in China, and it is the second leading cause of cancer deaths, following lung cancer (1, 2). In China, most patients have already evolved into advanced gastric cancer by the time of diagnosis (3, 4). The standard treatments worldwide for advanced gastric cancer are surgery and systemic chemotherapy; however, the prognosis of gastric cancer patients remains poor (5, 6). The most common causes of death for gastric cancer patients after radical surgery are local recurrence and distant metastasis. It is essential to determine the prognostic factors and perform appropriate therapeutic strategies for patients with advanced gastric cancer. Among various clinicopathological factors, the depth of tumor invasion and lymph node metastasis have been identified as the most important prognostic factors in gastric cancer (7, 8).

Among the available tumor markers, carbohydrate antigen (CA) 19-9 is one of the commonly used tumor markers for patients with gastrointestinal malignancies (9, 10). Carbohydrate antigen (CA) 19-9 was identified by Koprowski et al. as an anti-sialyl-lea sugar chain antigen (11). Since then, it has been used extensively as a serum tumor marker for the diagnosis and monitoring of pancreatic cancer and gastric cancer (10, 12). In addition, some studies have shown that CA19-9 levels predicts prognoses in gastric cancer (10, 13, 14). Nevertheless, it remains unclear as to whether serum CA19-9 levels are prognostic indicators in patients with gastric cancer.

Most published studies focus only on preoperative or postoperative values of serum CA19-9 (15, 16). The prognostic value of preoperative and postoperative serum CA19-9 change has not been reported and remain unknown at present. Therefore, in this study, we measured changes in serum CA19-9 levels in patients with gastric cancer before and after curative treatment to understand its significance.



MATERIALS AND METHODS


Ethics

Patient records were de-identified and anonymized prior to analysis. The Research Ethics Committee of West China Hospital approved this retrospective study and Surgical Gastric Cancer Patient Registry number was (No. WCH-SGCPR-2019-11).



Patients

We retrospectively enrolled patients who were diagnosed with primary gastric cancer and underwent curative gastrectomy from January 2011 to December 2016 in the Department of Gastrointestinal Surgery, West China Hospital, Sichuan University. The following inclusion criteria were applied: (1) histologically confirmed adenocarcinoma of the stomach; (2) curative R0 according to a pathological diagnosis after surgery; (3) no preoperative treatment; (4) measurement of serum CA19-9 before and after surgery. The following exclusion criteria were applied: (1) metastatic disease; (2) preoperative treatment such as neoadjuvant chemoradiotherapy; (3) incomplete medical records; and (4) no measurement of serum CA19-9 before and after surgery. Finally, 653 patients were included.



Data Collection

Clinicopathological traits including extent of resection, tumor location, tumor size, macroscopic type, histological grade, pathological T stage (pT stage), pathological N stage (pN stage), M stage and pathological TNM stage (pTNM stage) were recorded according to the AJCC 8th edition (17).

After undergoing gastrectomy, all patients were periodically followed up in outpatient visits and telephone interviews. The follow-up evaluation was every 3 months during the first 2 postoperative years, every 6 months in the third year, then annually thereafter. Overall survival (OS) was the primary end-point, and the survival time was calculated from the date of operation to the date of death or the last follow-up visit, in January 2019. Of the total patients, 93.3% were followed up.



Evaluation of Changes Serum Tumor Markers

Preoperative serum levels of CA19-9 were measured within 7 days before gastrectomy, while postoperative measurement of CA19-9 levels were usually measured at the outpatient 1–4 weeks after surgery and before administration of adjuvant chemotherapy. The changes of CA19-9 level before and after surgery were labeled as change rate (α):
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According to the X-tile plots, the optimal cutoff point for CA19-9 change rate (α) was ±.2. As a result, gastric cancer patients were divided into four groups: (1) CA19-9 decreasing more than 20% (α < -0.2); (2) CA19-9 decreasing no more than 20% (−0.2 ≤ α ≤ 0); (3) CA19-9 increasing no more than 20% (0 < α ≤ 0.2); (4) CA19-9 increasing more than 20% (α > 0.2). CA19-9 decreasing or increasing more than 20% means CA19-9 changing more than 20% (α < -0.2 or α >0.2), while CA19-9 decreasing or increasing <20% means CA19-9 changing <20% (−0.2 ≤ α ≤ 0.2).



Statistical Analysis

X-tile program (Version 3.1.2, Yale University) was used to calculate the optimal cutoff points for the change rate (α) of each group. All statistical analyses were performed using SPSS 19.0 (SPSS®, Chicago, Illinois, USA). All continuous variables were expressed as mean ± standard deviation (SD). Unordered categorical variable and ranked data was analyzed using the chi-square test and rank sum test (Mann–Whitney U-test), respectively. The student's t-test was used to analyze continuous data if homogeneity of variance and normal distribution. If not, rank sum test was used. The Kaplan–Meier method and life-table method were used to calculate the cumulative survival rate. Log-rank test and Cox's proportional hazard regression model were applied for univariate and multivariate survival analyses, respectively. To reduce the impact of potential confounding factors and effects of selection bias such as baseline clinicopathologic factors or uneven patient distribution between the CA19-9 changing more than 20% and no more than 20%, 1:1 propensity score matching (PSM) was applied to adjust for age, tumor size, macroscopic type, histological grade, and T stage and TNM stage. A 0.2-width caliper of the standard deviation of the logit was applied to match across the two groups (18, 19). P-values less than 0.05 were considered significant.




RESULTS


Patient Population

A total of 653 patients were included. There were 165 patients with CA19-9 decreasing more than 20% (α < −0.2), 125 patients with CA19-9 decreasing no more than 20% (−0.2 ≤ α ≤ 0), 187 patients with CA19-9 increasing no more than 20% (0 < α ≤ 0.2) and 176 patients with CA19-9 increasing more than 20% (α > 0.2); There were 341 patients with CA19-9 changing more than 20% (α < −0.2 and α > 0.2) and 312 patients with CA19-9 changing <20% (−0.2 ≤ α ≤ 0.2).

There was no significant difference of the survival curves between the patients with CA19-9 decreasing no more than 20% (−0.2 ≤ α ≤ 0) and those increasing no more than 20% (0 < α ≤ 0.2) (p = 0.405) (Figure 1). We compared the clinicopathological features between patients with CA19-9 decreasing no more than 20% (−0.2 ≤ α ≤ 0) and those with CA 19-9 increasing no more than 20% (0 < α ≤ 0.2) and we found that there were no significant differences between the two groups in terms of tumor location, tumor size, macroscopic type, histological grade, T stage, N stage, and TNM stage (Supplementary Table 1).
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FIGURE 1. Kaplan–Meier survival analyses of four subgroups of gastric cancer patients with CA19-9 change.


A similar result was found between the patients with CA19-9 decreasing more than 20% (α < −0.2) and those with CA19-9 increasing more than 20% (α > 0.2); there was no significant difference of the survival curves (p = 0.106) (Figure 1) and clinicopathological features between the two groups (Supplementary Table 2).

These results suggested that patients with CA19-9 decreasing no more than 20% (−0.2 ≤ α ≤ 0) and those increasing no more than 20% (0 < α ≤ 0.2), patients with CA19-9 decreasing more than 20% (α < −0.2) and those with CA19-9 increasing more than 20% (α > 0.2) might have similar biological behaviors. Therefore, we combined patients with CA19-9 decreasing no more than 20% (−0.2 ≤ α ≤ 0) and those increasing no more than 20% (0 < α ≤ 0.2) into one group with CA19-9 change no more than 20% (−0.2 ≤ α ≤ 0.2) and combined patients with CA19-9 decreasing more than 20% (α < −0.2) and those with CA19-9 increasing more than 20% (α > 0.2) into another group with CA19-9 change more than 20% (α < −0.2 or α > 0.2); Then we compared the clinicopathological characteristics and survival of patients with CA19-9 change no more than 20% (−0.2 ≤ α ≤ 0.2) and those with CA19-9 change more than 20% (α < −0.2 or α > 0.2).



Correlations Between Clinicopathological Findings and CA19-9 Change

Clinicopathologic features were compared between patients with the CA19-9 change no more than 20% and those with the CA19-9 change more than 20%. CA19-9 change was found to be significantly associated with age (p = 0.004), tumor size (p = 0.004), macroscopic type (p = 0.012), histological grade (p = 0.038), T stage (p < 0.001), and TNM stage (p < 0.001). Specifically, patients with CA19-9 change more than 20% were more likely to be with large tumor size, macroscopic type III–IV, deep tumor invasion, and more advanced TNM stage than patients with CA19-9 change no more than 20%. However, CA19-9 change was not significantly associated with gender (p = 0.353), extent of resection (p = 0.785), tumor location (p = 0.992), or N stage (p = 0.235) (Table 1).


Table 1. Clinicopathological findings of two groups stratified by CA19-9 change rate (α).
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As demonstrated in Table 2, logistic regression analyses were performed to determine the risk factors for CA19-9 change. In the univariate analyses, the involved variables significantly consisted of clinicopathologic factors: macroscopic type (p = 0.012), age (p = 0.004), histological grade (p = 0.039), and T stage (p < 0.001). Multivariate analyses found that age (p = 0.004), histological grade (p = 0.039), and T stage (p < 0.001) were independent risk factors for CA19-9 change.


Table 2. Logistic regression analysis of the risk factors for CA19-9 change.
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Prognostic Significance of CA19-9 Change Before PSM

Patients with the CA19-9 change no more than 20% had better survival than those with CA19-9 change more than 20% (p < 0.001) (Figure 2A).
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FIGURE 2. Kaplan–Meier survival analyses of two subgroups of gastric cancer patients with CA19-9 change before PSM (A) and after PSM (B).


Univariate analysis showed that CA19-9 change (p < 0.001), tumor location (p = 0.002), histological grade (p = 0.002), macroscopic type (p < 0.001), tumor size (p < 0.001), extent of resection (p = 0.021), T stage (p < 0.001), N stage (p < 0.001), and TNM stage (p < 0.001) were closely associated with overall survival. Multivariate analysis with Cox regression indicated that CA19-9 change (p = 0.001) and other clinicopathological factors such as histological grade (p = 0.048) and TNM stage (p < 0.001) were independent prognostic factors for gastric cancer (Supplementary Table 3).



Prognostic Significance of CA19-9 Change After PSM

To balance the baseline and reduce the impact of potential confounding factors and selection bias, we used 1:1 PSM to adjust for age, tumor size, macroscopic type, histological grade, and T stage and TNM stage between patients with the CA19-9 change no more than 20% and more than 20%. After matching, all clinicopathologic features were found to be balanced (all p > 0.05) between the two groups (Table 3).


Table 3. Clinicopathological findings of two groups stratified by CA19-9 change rate (α) after PSM.
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Patients with CA19-9 changes no more than 20% had better survival rate than those with CA19-9 change more than 20% (p = 0.049) (Figure 2B) after matching.

Univariate analysis showed that CA19-9 change (p = 0.049), gender (p = 0.021), tumor location (p = 0.010), histological grade (p = 0.001), macroscopic type (p = 0.002), tumor size (p < 0.001), extent of resection (p = 0.042), T stage (p < 0.001), N stage (p < 0.001), TNM stage (p < 0.001) were closely associated with overall survival of gastric cancer patients. Multivariate analysis with Cox regression indicated that CA19-9 change (p = 0.010), gender (p = 0.031), histological grade (p = 0.036) and TNM stage (p < 0.001) were independent prognostic factors for gastric cancer (Table 4).


Table 4. Univariate and multivariate analysis of prognostic factors in gastric cancer patients using the cox proportional hazards model after PSM.
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In stratification analysis based on gender, histological grade and TNM stage, patients with CA19-9 change more than 20% had worse prognosis that those with CA19-9 change no more than 20% in male (p = 0.002), poorly differentiated or undifferentiated adenocarcinoma (p = 0.031) and TNM stage III (p = 0.006) (Figure 3).
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FIGURE 3. Kaplan–Meier survival analyses of two subgroups of gastric cancer patients with CA19-9 change stratified by TNM stage (A–C), gender (D,E) and histological grade (F,G).





DISCUSSION

The serum tumor marker CA19-9 have been widely applied in gastrointestinal malignancies. To date, a series of studies have explored the diagnostic and prognostic value of serum tumor markers including CA19-9 in gastric cancer (10, 13, 14). Elevated preoperative serum markers are generally associated with tumor progression, and most reports concluded that preoperative elevated serum markers such as CA19-9 and CEA were significantly associated with poor long-term patient survival (4, 9, 20). Postoperative CA19-9 levels have been utilized not only for detecting recurrence early but also for the prediction of survival of gastric cancer patients (14). Nevertheless, the prognostic significance of CA19-9 remains controversial and requires further investigation because of its low positivity rate, low sensitivity and high false-positive rates. For these reasons, analysis of changes in levels of preoperative and postoperative serum markers may provide a new way for examining the prognostic significance of serum CA19-9 levels in gastric cancer. Previous studies suggested that the half-life of CA19-9 was short and the level of serum tumor marker would change over time (21, 22). In this manner, the level of a serum tumor marker might be change from before to after surgery. Most previous studies focused only on preoperative or postoperative values of serum CA19-9. In this study, we explored the prognostic value of serum tumor marker CA19-9 change before and after gastrectomy. To the best of our knowledge, ours is the first study to report the prognostic impact of serum CA19-9 change before and after curative resection for gastric cancer patients.

We found that CA19-9 change significantly correlated with age, tumor size, macroscopic type, histological grade, T stage and TNM stage. Gastric cancer patients with CA19-9 changes <20% had significant better overall survival than those with change more than 20%; Cox regression analysis revealed the CA19-9 change was an independent risk factor for survival before and after PSM.

A strong correlation between elevated tumor marker CA19-9 and clinicopathological features has already been reported in gastric cancer. Those studies have demonstrated that preoperative serum CA19-9 was significantly associated with tumor size, differentiated tumor types, the tumor depth, nodal involvement, peritoneal metastases and TNM stage, and elevated preoperative serum CA19-9 was associated with aggressive tumor behavior (23–25). In the present study, CA19-9 change significantly correlated with tumor size, macroscopic type, histological grade, tumor depth, and TNM stage. Patients with CA19-9 change more than 20% had larger tumor size, more macroscopic type III–IV, deeper tumor invasion, and more advanced TNM stage than those with CA19-9 change <20%. It appears that CA19-9 with changes more than 20% were similar to elevated preoperative serum CA19-9 that corelated with aggressive tumor behavior. However, gastric cancer patients with CA19-9 change more than 20% were older and had less poorly differentiated tumor types and no association was found between CA19-9 change and nodal involvement in this study, which differed from results of previous reports (23–25). These results indicated that preoperative serum CA19-9 level and CA19-9 change might have different clinical significance. Another reason might be postoperative serum CA19-9 level had some effects on the relationship between preoperative serum CA19-9 and nodal involvement. Logistic regression analyses in our study suggested that age, histological grade and T stage were independent risk factors for CA19-9 change, suggesting that these factors were closely associated with CA19-9 change.

Whether serum CA19-9 levels should be used as prognostic indicators in patients with gastric cancer has long been discussed; however, the results remain controversial. Some studies reported that CA19-9 level was an independent prognostic factor by multivariate analysis in gastric cancer; gastric cancer patients with elevated CA19-9 levels had poorer prognosis than those with normal CA19-9 (13, 14, 16, 26). However, other studies showed than preoperative CA19-9 levels were not an independent prognostic factor in gastric cancer (27, 28). In the present study, we found that CA19-9 change was an independent prognostic factor before PSM. We also found that there might exist multicollinearity with CA19-9 change, and this could be a potential confounding factor for CA19-9 change. Therefore, propensity score matching was applied to reduce the multicollinearity and to balance the baseline. After matching, CA19-9 change was found to be an independent predictor, and patients with CA19-9 change more than 20% had worse survival than those with CA19-9 change <20%.

Shimada et al. reported that the positive rates for preoperative CA19-9 of gastric cancer increased with TNM stage (14). Some authors reported that postoperative CA19-9 levels increased for the first time at recurrence, and that CA19-9 may be particularly useful as a marker of peritoneal recurrence (29, 30). Tumor markers were expressed in the process of tumorigenesis and progression and elevated serum tumor marker levels may indicate the presence of a neoplasm as well as the relative high malignancy burden and aggressive nature of the biological response (31). For patients with CA19-9 decreasing more than 20%, they might have higher tumor burdens before surgery; therefore, the substantial decrease might reflect the efficiency of radical operation and an elimination of the invasive potential of the cancer. However, those patients with higher tumor burdens may be more prone to relapse, resulting in a poor prognosis. For patients with CA19-9 increasing more than 20%, the large increase might indicate the potential for the increased prevalence micro-metastases. After PSM, further stratification analysis indicated that patients with CA19-9 change more than 20% had worse prognosis that those with CA19-9 change no more than 20% in male, poorly differentiated or undifferentiated adenocarcinoma and TNM stage III. Those patients might more likely to have recurrence after surgery. Our result suggested that clinicians ought to focus attention on gastric cancer patients with CA19-9 changes more than 20%, especially those in male, poorly differentiated or undifferentiated adenocarcinoma and TNM stage III, as those patients might require closer postoperative follow-up.

This study had some limitations: First, there was possible selection bias and performance of analysis bias because it was a retrospective study. Second, we only studied the prognostic value of serum CA19-9 change; other serum tumor markers such as CEA, CA72-4 and CA125 need to be further investigated. Finally, we reported the prognostic value of serum CA19-9 changes in our institution and a large-scale, well-designed prospective study is needed in the future.

In conclusion, changes in preoperative and postoperative serum CA19-9 levels were closely associated with clinicopathological traits and was an independent prognostic factor in gastric cancer patients, which may be regarded as reliable markers for survival prediction.
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