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Aim: This study aims to analyze the prognostic value of seven tumor makers and also investigate the response of palliative chemotherapy in advanced NSCLC patients with advanced disease.

Methods: Medical records of 278 advanced NSCLC Chinese patients who received six cycles of palliative chemotherapy were retrospectively reviewed under ethical approval (JSCH2019K-011). Univariate and multivariate Cox regression analyses were performed using SPSS 24 to find the clinical value of these tumor markers and to identify the factors that were associated with progression-free survival (PFS), as well as the response to palliative chemotherapy.

Results: In baseline characteristic, the high levels of CEA, CA-125, CA-199, AFP, NSE, CYFRA21-1, and CA15-3 were detected in 209 (75.18%), 139 (50.0%), 62 (22.30%), 18 (6.47%), 155 (55.75%), 176 (63.30%), and 180 (64.74%) patients, respectively. Univariate analysis revealed that patients with high vs. normal levels of all tumor markers had an increased risk of poor prognosis. In the multivariable Cox regression model, the patient with (high vs. normal) CYFRA21-1 levels (HR = 1.454, P = 0.009) demonstrated an increased poor PFS. However, patients with (high vs. normal) CA19-9 levels (HR = 0.524, P < 0.0001) and NSE levels (HR = 0.584, P < 0.0001) presented a decreased risk of PFS. Also, patients receiving 3-drugs regimen had better PFS compared to those on 2-drugs regimen (P = 0.043).

Conclusions: The high levels of CYFRA21-1 was correlated with a poor prognostic factor of PFS for Advanced NSCLC patients. However, the high levels of CA19-9 and NSE were associated with a better prognostic factor of PFS. Additionally, smoking habits and tumor status had a poor prognostic factor of PFS. Moreover, we found that antiangiogenic therapy has high efficacy with first-line chemotherapy and longer PFS of NSCLC patients.
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INTRODUCTION

Lung cancer is one of the most common and fatal cancers worldwide (1, 2). Lung cancer is a heterogeneous disease comprising mainly non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC), which approximately accounted for 85% and 10–15% of all lung cancer cases respectively (2, 3). According to the global cancer statistics of 2018, lung cancer accounted for approximately 2,093,876 (11.6) new cases and 1,761,007 (18.4) of total cancer deaths representing one in five (18.4%) cancer deaths (4).

In China, the incidence and mortality rates of lung cancer have increased markedly over the past decades and accounted for ~49.94 per 100,000 men and 23.89 per 100,000 women and 40.30 per 100,000 and 17.13 per 100,000 deaths in 2014 (5). A recent study in China reported an annual mortality rate of 0.6 million (majority male) and 0.73 million new cases annually (6). In addition, NSCLC survival rate was estimated at 16.8% for men and 25.1% for women in 2012–2015, which are relatively low compared to other cancers (5). This can be explaining by the fact that about two-thirds of NSCLC patients are usually at an advanced stage (i.e., unresectable stage IIIB and IV) at the time of diagnosis (1, 2). Most of these advanced tumors are not surgically resectable as a result of disseminated (multiple sites) metastatic disease or metastatic sites that are not amenable to surgery. Patients with single metastatic sites may undergo surgical resection of both the primary tumor in the lung and the metastatic site. However, first-line chemotherapy used in most of the advanced NSCLC cases.

The purpose of palliative chemotherapy is to improve patient quality of life and increase the survival rate. Advanced non-small lung cancer patients are treated by either radiotherapy or palliative chemotherapy. Studies have reported that even with radiotherapy survival rates have not been significant (1, 2). Though palliative chemotherapy is not curative, it plays a supportive role to improve patient health state, and limit complications when chances of recovery are slim (7).

Tumor markers are small circulating quantifiable molecules present in blood or tissue which are released by tumor cells or body immune cells in response to tumor growth (8, 9). Tumor markers play a pivotal role in clinical diagnosis, prognosis, and anti-drug surveillance. Tumor markers can also be used to measure the response to chemotherapy (10, 11). Tumor markers have several advantages over conventional diagnostic methods, these are cheap, less time taking, unresting state, and avoid radiation exposure but statistically, it also supports the clinicians to estimate the progression of tumor (12, 13).

Previous studies have reported an association between tumor markers and curative effect in patients with breast cancer, epithelial ovarian cancer, gastric cancer, pancreatic cancer, and colorectal cancer (14–16). There is, however, limited clinical studies on the utilization of tumor markers in advanced-stage NSCLC (17). To the best of our knowledge, this is the first study to evaluate the clinical utility of seven tumor markers CEA, CA19-9, CA125, AFP, NSE, CA15-3, and CYFRA21-1 for prognostic specification as well as for measuring the response of chemotherapy (2-drugs vs. 3-drugs) in terminal stage (IV) NSCLC patients who underwent palliative chemotherapy.



METHODS


Study Site

Jiangsu cancer hospital, also known as Jiangsu Institute of Cancer Research is founded in 1960 and located in Nanjing city, China. The Hospital has 1,161 open beds with 1,635 employees across 25 clinical and medical departments. In 2019, the medical oncology department of Hospital received over 4,874 patients, which present a monthly average of 406 patients.



Study Design

A retrospective study was conducted between January 01, 2013, and March 29, 2019, under the approval of the research ethics committee of Jiangsu Cancer hospital (JSCH2019K-011). In this study, Medical records of 5,445 patients were succinctly reviewed and classified based on defined inclusion and exclusion criteria. The patient demographics, medical history, and physical examination, were verified before study entry. The patient medical record was collected until death, progression of cancer, and last medical fellow-up. The levels of CEA, CA125, CA19-9, AFP, NSE, CYFRA21-1, and CA15-3 were recorded at the baseline and at the start of six chemotherapy cycles. The flowchart and analysis are presented in Figure 1.
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FIGURE 1. Procedural flowchart of the study.




Inclusion/Exclusion Criteria

The inclusion criteria of this study consisted of: (A) patients with histologically confirmed terminal stage IV NSCLC according to the TNM staging criteria set by the International Union Against Cancer (UICC) in 2009 (2); (B) patients with ECOG performance status of 0–2; (C) patients who received palliative chemotherapy and were followed up at least six chemo-cycles; and (D) Postresection recurrent of NSCLC patients in palliative chemotherapy. The exclusion criteria included: (A) patients who diagnosed previously or had concurrent co-morbid cancers; (B) patients with inadequate medical records or recurrence within six chemo-cycles. Based on the inclusion and exclusion criteria, a total of 278 advanced NSCLC patients were enrolled in this study.



Laboratory Measurement

Assay of tumor markers was performed by electrochemiluminescence (ECL) so as to determine the baseline levels of CEA, CA19-9, CA125, AFP, CYFRA21-1, and NSE and at the beginning of each chemo-cycle until the risk of progression. The levels were compared with the manufacturer cutoff levels of: CEA < 3.5 ng/ml, CA125 < 35 U/ml, CA19-9 < 39 U/ml, AFP < 10 ng/ml, NSE < 16.3 ng/ml, CYFRA21-1 3.3 ng/ml and CA15-3 < 30 U/mL. Serum levels above (high) the cutoff values indicated a positive outcome. Positive detection of all the tumor markers was considered in case of one or more serum marker levels were above the normal cutoff range.



Clinical Outcomes

The clinical outcomes were evaluated by progression free survival (PFS). PFS was an initial time of taking therapy to the tumor progression or death. The Curative response was measured by tomography accordingly to the Response Evaluation Criteria in Solid Tumor (RECIST) (1, 2). These were divided into complete regression (CR), stable disease (SD), partial response (PR), and progression disease (PD). Objective response rate (ORR) measured as CR and PR while SD considered as disease control rate (DCR).



Treatment Received

All patients received palliative chemotherapy and were divided into two groups to assess the effectiveness of the chemotherapy: (1) patients receiving 2-drugs (Combination of chemotherapy) as indicated in Table 1 and (2) those receiving 3-drugs (Combination of chemotherapy + antiangiogenic therapy) as shown in Table 2.


Table 1. Palliative chemotherapy regimens for advanced-stage NSCLC patients.
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Table 2. Combination of chemotherapy plus anti-angiogenic agents' palliative chemotherapy-based regimens for advanced-stage NSCLC patients.
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Follow-Up

A standardized follow-up was received by all patients, for 2 years at an interval of 3 months, and 6 months, then 3 years and thereafter. On each cycle of follow-up, patients' physical examination, complete blood count (CBC), abdominal ultrasound, chest computed tomography (CT), and brain magnetic resonance imaging (MRI) were performed. Whenever possible local recurrence and distant metastases were also confirmed histologically.



Statistical Analysis

All patients' medical record was analyzed using SPSS 24.0. The association between tumor markers and clinicopathological features were determined by Chi-square analysis. PFS distribution was estimated through Kaplan–Meier curves. The independent prognostic value of each tumor marker and clinicopathological features that highly affect the PFS was evaluated by Cox regression multivariate analysis. Change in the tumor marker levels and effectiveness of pre- and post-palliative chemotherapy were determined using Wilcoxon signed ranks test. And P < 0.05 was considered statistically significant.




RESULTS


Patients' Characteristics

The Baseline characteristics of the 278 advanced NSCLC patients are summarized in Table 3. The Mean Age of the patients was (59.11 ± 10.39) years, and the majority of patients were males (65.8%) with no statistical differences (P = 0.357). In addition, 56.6% of patients had non-smoking habits with significant differences (P < 0.0001). Patients were classified according to the standard classification system of World Health Organization/International Association for the study of Lung Cancer (WHO/IASLC) (1, 2). With respect to the clinicopathological features, the majority of patients had metastasis (69.8%) with significant differences (P = 0.015). The histological diagnosis revealed 26.3, 60.1, and 13.7% of patients had squamous cell carcinoma, adenocarcinoma, and large cell carcinomas, respectively, with no significant differences (P = 0.152). Among these patients, there were 52.5% poorly differentiated, 15.1% moderate, and 32.4% well-differentiated. Most of the patients (59.7%) were on a 2-drugs regimen (Combination of chemotherapy), while the remaining (40.3%) received a 3-drugs regimen (Combination of chemotherapy plus antiangiogenic therapy). Of all patients, 75.9% presented a stable disease, while 24.5% had progression disease, with significant differences (P = 0.012).


Table 3. Baseline characteristics of tumor markers parameters of advanced-stage NSCLC patients.
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Association of Tumor Markers With Patients' Characteristics

In the pre-treatment, patients with high levels of CEA, CA-125, CA-199 AFP, NSE, CYFRA21-1, and CA15-3 were as follows: 209 (75.18%), 139 (50%), 62 (22.30%), 18 (6.47 %), 155 (55.75%), 176 (63.30%), and 180 (64.74%), respectively. In Table 3, CEA was found to significantly correlate with metastasis (P = 0.018). Similarly, CYFRA21-1 has strong correlation with gender (P = 0.017) and clinical response (P = 0.045). AFP correlated with smoking (P = 0.033) while NSE correlated only with therapy (P = 0.038). However, the combined positive detection of tumor markers was highly correlated with smoking (P = 0.0001), metastasis (P = 0.015) and cancer cell differentiation (P = 0.0001). There were no significant correlations in pre-treatment levels of CA125, CA-199, and CA15-3 levels with patients' characteristics (all P > 0.05), as shown in the Table 3.

In this present study, the tumor was progressed in 68 out of 278 patients, 166 patients used 2-drugs, while 112 patients used 3-drugs, and their overall median of PFS was 5.9 (4.1–8.7) months. Patients with CEA (high vs. normal) levels had a median PFS of 4.7 (4.15–5.31; P < 0.0001). Similarly, CA-125 (high vs. normal) levels median PFS was 6.26 (5.33–7.20; P < 0.0001) months. CA19-9 (high vs. normal) levels median PFS was 24.63 (20.41–28.85; P < 0.0001) months. AFP (high vs. normal) levels median PFS was 35.58 (32.40–38.76; P < 0.0001) months. NSE (high vs. normal) levels had median PFS was 5.6 (5.01–6.18; P < 0.0001) months. Similarly, patients with CYFRA21-1 (high vs. normal) levels median PFS was 5.4 (4.86–6.04; P = 0.009) months. However, patients with CA-153 (high vs. normal) levels were found poorly correlated with overall median PFS 5.53 (5.04–6.02; P = 0.125). Patients with elevated pre-treatment levels of CEA, CA125, CA19-9, AFP, NSE, CYFRA21-1, and CA15-3 noted shorter PFS compared to normal levels, as shown in the Figures 2A,G.
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FIGURE 2. Kaplan–Meier survival curve of four Tumor markers (A) PFS of CEA (high vs. normal) levels, (B) PFS of CA125 (high vs. normal) levels, (C) PFS of CA19-9 (high vs. normal) levels, and (D) PFS of AFP (high vs. normal) levels. Kaplan–Meier survival curve of three Tumor markers (E) PFS of NSE (high vs. normal) levels, (F) PFS of CYFRA21-1 (high vs. normal) levels, and (G) PFS of CA15-3 (high vs. normal) levels.


Furthermore, to find the pivotal role of these tumor markers as independent prognostic factors of PFS for NSCLC, univariate, and multivariate analyses were carried out, as shown in Tables 4, 5. Univariate Cox regression analysis was performed to assess the factors which correlated with PFS. CEA/CA125, and CA19-9 levels were found as highly associated with PFS. In addition, AFP and NSE levels were also statistical associated with PFS except in the following variables, i.e., Age > 60, Smoking status, Differentiation status, Tumor status, Therapy (3-drugs), and Curative response (disease progression).


Table 4. Univariate analysis of tumor markers for progression free survival using Cox regression model in advanced-stage NSCLC patients.
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Table 5. Multivariate analysis of tumor markers for progression free survival using Cox regression model in advanced-stage NSCLC patients.
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In multivariable Cox regression model, smoking status (Ever vs. Never, P = 0.037), Tumor (Others vs. Adenocarcinoma, P = 0.001), CA19-9 (high vs. normal, P = < 0.0001) levels, NSE (high vs. normal, P = < 0.0001) levels, CYFRA21-1 (high vs. normal, P = 0.009) levels, CA15-3 (high vs. normal, P = 0.073) levels and Sex* Tumor (P = 0.022) were found to be independent prognostic factors of PFS for NSCLC.

Prognostic values of all these tumor markers in advanced-stage NSCLC patients were evaluated in eight groups, i.e., (1) patients with one elevated tumor marker level, (2) patients with two elevated tumor markers levels, (3) patients with three elevated tumor markers levels, (4) patients with four elevated tumor markers levels, (5) patients with five elevated tumor markers levels, (6) patients with six elevated tumor marker levels, (7) patients with seven elevated tumor markers levels. However, only one patient found normal pre-treatment levels of all the seven tumor markers. On comparison of all the seven tumor markers, patients with six and seven were recorded shorter PFS compared to patients with normal pre-treatment levels (P = 0.025) as shown in the Figure 3A.


[image: Figure 3]
FIGURE 3. Kaplan–Meier progression-free survival. (A) Combined detection of elevated seven Tumor markers. (B) Comparison the effectiveness of 3-drugs regimen vs. 2-drugs regimen.




Association of Treatment With Progression-Free Survival

In this study166 (59.7%) patients were on a 2-drug regimen, while 112 (40.3%) received a 3-drug treatment regimen. These therapies (2-drugs and 3-drugs) were compared for progression free survival, and those on the 3-drugs regimen found to have better PFS compared to the ones receiving the 2-drugs treatment regimen (P = 0.043), as shown in Figure 3B.



Association of Tumor Markers With Response to Palliative Chemotherapy

In this study, 278 patients received palliative chemotherapy, and their clinical responses were recorded. None of the patients had fully recovered, while 43 patients achieved partial response (PR), 167 patients had stable disease (SD), and 68 patients had disease state progress (PD). Some patients had also experienced following side effects while receiving chemotherapy, i.e., alopecia, anorexia, nausea, vomiting. No patient death due to treatment was recorded.

Mean of the initial and final levels of the tumor markers were analyzed using Wilcoxon signed ranks test. The results revealed significant statistical Mean differences levels of CEA, CA-125, CA-199, AFP, and NSE (P = 0.019, 0.001, 0.023, P < 0.0001, and P = 0.012, respectively) between the pre-and post-treatment. Meanwhile, the Mean levels of CYFRA21-1 and CA15-3 were not statistically significant (P = 0.319 and 0.624, respectively), as shown in Table 6.


Table 6. Mean levels of seven tumor markers in pre- and post-palliative chemotherapy in advanced-stage NSCLC patients.
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All the seven tumor marker levels were measured at baseline and after 6th cycle of palliative chemotherapy. When stratified the Mean levels of all tumor markers by the disease control group and the progression disease group, there were statistical significant decreasing of CEA (P < 0.0001), CA-125 (P < 0.0001), AFP (P < 0.0001), NSE (P = 0.050), and CYFRA21-1 (P = 0.050) levels after the 6th cycle of palliative chemotherapy in the disease control group. However, no significant differences were observed in the Mean levels of pre- and post-treatment for CA19-9 (P = 0.151) and CA15-3 (P = 0.436) in the same group, as shown in Table 7.


Table 7. Mean levels of serum tumor markers in pre-and post-palliative chemotherapy in DC group (CR + PR + SD) and PD group respectively, in advanced-stage NSCLC patients.
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In addition, when stratified by the progression disease group, there was statistical significant decrease of CA19-9 (P = 0.047) levels between the pre-and post-treatment. However, no significant differences were observed for CEA, CA125, AFP, NSE, CYFRA21-1, and CA15-3 levels in the progression disease group (all P > 0.05), as shown in Table 7.

Furthermore, we also evaluated the response to therapy in patients receiving the two forms of palliative chemotherapy (i.e., 2-drugs or 3-drugs regiment). As evinced from Table 7, patients receiving a 3-drugs treatment regimen achieved better therapeutic outcomes compare to those on a 2-drugs regimen. Also, the pre- and post-treatment levels of the tumor markers were compared. When stratified by 3-drugs regimen, the results showed significant differences in CA125 (P = 0.009), AFP(P < 0.0001), NSE (P = 0.014) and CYFRA21-1 (P = 0.43) levels. However, no significant differences were observed for CEA (P = 0.122), CA19-9 (P = 0.071), and CA15-3 (P = 0.983) levels. Meanwhile, when stratified by the 2-drugs regimen, no statistical significant differences were observed in all tumor markers (all P > 0.05), as shown in Table 8.


Table 8. Comparing the clinical response of palliative chemotherapy (3-Drugs and 2-Drugs) in advanced-stage NSCLC patients.
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DISCUSSION

This retrospective study is one of the few studies that assess the clinical utility of tumor markers CEA, CA19-9, CA125, AFP, NSE, CA15-3, and CYFRA21-1 for prognostic specification as well as for measuring the response to chemotherapy. CEA is non-specific with an abnormal countenance in solid tumors including, non-small lung cancer. Moro et al. (18) reported CEA as a negative prognostic factor. One study reported that CEA has a poor prognostic specification in NSCLC for survival (19). In our present study, patients having elevated CEA pre-treatment levels were correlated with shorter PFS and poor prognosis compared to those with normal levels, as similarly found in previous studies (19, 20). Moreover, in univariate Cox regression analysis, CEA was a correlated factor with PFS, but the multivariate analysis demonstrated that CEA is not an independent prognostic factors of PFS (P = 0.286).

Previously, the role of CA125 as a prognostic marker was not well defined (21). A limited number of studies had explored its prognostic value in an advanced-stage of cancer (22, 23). Herein, patients with increased pre-treatment levels of CA125 had not shown any significance, but in univariate Cox regression, CA125 was found statistical associated with risk of progression. But the multivariate analysis found no statistical significant (P = 0.747). Similarly, the role of CA19-9 was not previously well-elucidated with PFS in NSCLC patients (19, 24). However, in our study patients with increased pre-treatment levels of CA19-9 had not shown any significant differences (P > 0.05), but in univariate Cox regression and multivariate variable models, CA19-9 was found as an independent prognostic factor associated with risk of progression.

The prognostic value of AFP is already reported in several types of cancers (e.g., gastric cancer and ovarian cancer) (25), but there is no study available that explored its diagnostic and prognostic value in lung cancer (26). Our study is the first to our best knowledge to identify the potential role of AFP in NSCLC. Our results showed that AFP levels have a significance difference in high pre-treatment levels. Moreover, AFP was found associated with PFS in univariate Cox regression, but not in multivariate analysis (P = 0.121). Further studies are, however needed to validate our results.

The role of NSE as a tumor marker is widely accepted in small cell lung cancer (SCLC). However, its prognostic value is controversial in NSCLC (27). Numerous studies explored the prognostic role of NSE in local advanced and metastatic NSCLC and found it as a vital prognostic factor for PFS. (28, 29) Our findings are also consistent with them and found NSE levels were associated with worse prognosis and shorter PFS. On the contrary, one study on 67 operable early stage NSCLC patients reported a non-correlation of NSE with prognosis (30). In addition, studies explored the prognostic reliability of CYFRA21-1 and its levels were highly expressed the in blood of NSCLC (31). In alignment with our study, we found a significant correlation of CYFRA21-1 with gender and curative response. Furthermore, univariate cox regression and multivariate variable model results showed that CYFRA21-1 is a reliable tumor marker of NSCLC. Our findings are also in line with previous studies that found CYFRA21-1 as an independent predictor of gender and metastasis (32).

CA15-3 is a mucin-1 soluble form that is associated with non-squamous carcinoma (33). We did not find any significant difference in pre-treatment levels of CA15-3. However, univariate Cox regression revealed that CA15-3 was associated with Age, poor differentiation, and disease control group, but no significant differences were observed in multivariate analysis. In accordance with our findings, Liu et al. (34) reported that CA15-3 is not a reliable tumor marker. Furthermore, CEA, CA125, CA19-9, AFP, NSE, CYFRA21-1, and CA15-3 may not have significant prognostic values individually, but their combined detection can help in diagnosis, prognosis, and further, it can also evaluate the response of therapy. One study reported that changes in tumor marker levels in patients taking pre- and post-gefitinib-based chemotherapy were associated with tumor response and PFS (35). Therefore, the clinical utilization of these tumor markers could play a promising role in predicting the outcomes of therapy in NSCLC. The combined positive detection was highly correlated with smoking status, metastasis, differentiation, and curative response.

In the Kaplan–Meier survival curve, patients with 5-, 6-, or 7-elevated pre-treatment tumor markers have short PFS compared to those with 0, 1-, 2-, 3-, or 4-elevated pre-treatment tumor markers. Therefore, clinicians/oncologists should consider the detection of the combined tumor markers before prescribing the chemotherapy (36–38). The role of chemotherapy in advanced-stage NSCLC in the past two decades has been well-established. However, an antiangiogenic drug also gained attention in recent years, antiangiogenic drugs, e.g., bevacizumab has proved its efficacy in numerous solid tumors, and also show high efficacy with first-line chemotherapy in NSCLC patients (39, 40). Numerous studies reported the safety profile and synergistic effects of bevacizumab in combination with chemotherapy (40, 41). Herein, patients who received 3-drugs regimen had longer PFS compared to those on 2-drugs. Those findings were consistent with previous studies (42).

The association between tumor markers and curative effect has already been studied in breast cancer, colorectal cancer, gastric cancer, pancreatic cancer, and ovarian cancer, but limited clinical studies are available to identify the role of tumor markers and response to chemotherapy in advanced stage of NSCLC (14, 16, 43–45). In this study, we sought to determine the clinical potential of tumor markers in monitoring the response of patients to palliative chemotherapy. Our results showed a significant reduction of tumor marker levels after palliative chemotherapy, especially in the disease control group (CR + PR + SD), as compared to the progression disease group, as aforementioned in Table 7.

In the present study, we also compared the effectiveness of a 2- and 3-drugs combination therapy. Our results showed significant differences in the tumor marker levels of patients using 3-drugs than those on a 2-drugs therapy, as shown in Table 8. Previously published studies supported the hypothesis that antiangiogenic therapy, e.g., bevacizumab, can penetrate inside the tumor with or without first line chemotherapy (1, 2). It can therefore be inferred that combination of antiangiogenic therapy with chemotherapy could improve patient survival and improve their quality of life.

The limitation of this retrospective study is that the socio-demographic data may be subject to bias, especially for the classification of being smoker, considering the fact it was a self-report. Nonetheless, our findings require confirmation in additional large prospective studies.



CONCLUSION

The high levels of CYFRA21-1 were correlated with poor a prognostic factor of PFS for Advanced NSCLC patients. However, the high levels of CA19-9 and NSE were associated with a better prognostic factor of PFS. Additionally, smoking habits and tumor status had a poor prognostic factor of PFS. Moreover, we found that antiangiogenic therapy has high efficacy with combination of chemotherapy and longer PFS of NSCLC patients.
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