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Purpose

The purpose of this study is to explore the prognostic value of associating pre-treatment neutrophil–lymphocyte ratio (NLR) with circulating tumor cells counts (CTCs) in patients with gastrointestinal cancer.



Materials and Methods

We collected the related data of 72 patients with gastric cancer (GC) and colorectal cancer (CRC) who received different therapies from August 2016 to October 2020, including age, gender, primary tumor location, TNM stage, tumor-differentiation, NLR, CTCs, disease-free survival (DFS) and overall survival (OS). We chose the optimal cut-off value of NLR >3.21 or NLR ≤3.21 and CTC >1 or CTC ≤1 by obtaining receiver operating characteristic (ROC) curve. The Kaplan–Meier survival analysis and Cox regression analysis were used to analyze DFS and OS. To clarify the role of the combination of NLR and CTCs counts in predicting the prognosis, we analyzed the DFS and OS when associated NLR and CTCs counts.



Results

A high NLR (>3.21) was associated with shorter DFS (P <0.0001) and OS (P <0.0001). Patients with high CTCs level (>1) had shorter DFS (P = 0.001) and OS (P = 0.0007) than patients with low CTCs level. Furthermore, patients who had both higher NLR and higher CTCs counts had obvious shorter DFS (P <0.0001) and OS (P <0.0001).



Conclusions

Patients with higher NLR and more CTCs respectively tended to have poor prognosis with shorter DFS and OS, which might be regarded as predictors of gastrointestinal cancer. In particular, associating NLR and CTCs counts might be a reliable predictor in patients with gastrointestinal cancer.
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Introduction

Gastrointestinal cancer is a kind of primary tumor located in the digestive tract, which mainly includes gastric cancer (GC) and colorectal cancer (CRC). GC and CRC are the most common malignancies in the world. The 5-year survival rate was approximately 30% in GC patients with radical surgery (1) and about 68.9% in CRC postoperative patients (2). The prognosis of GC and CRC patients was significantly correlated with tumor location, TNM stage, and the tumor size (3). The patients after surgery are mainly monitored by imaging examinations for recurrence or metastasis, but imaging is difficult to detect micro-metastatic lesions. Therefore, a sensible and easy indicator is urgently required to assist predicting prognosis of GC and CRC, which is significant for improving survival.

Nowadays, increasing studies have been suggesting that chronic inflammation is closely related to tumorigenesis and development. Inflammation is one of the key components of tumor microenvironment (TME), which is mainly comprised of tumor cells, stroma cells and immune cells (4). The prognosis of malignancies appeared to be predicted by a variety of inflammatory indices such as neutrophil–lymphocyte ratio (NLR), platelet–lymphocyte ratio (PLR), monocyte–lymphocyte ratio (MLR), systemic immune-inflammatory index (SII), systemic inflammatory marker (SIM) and so on. There were several studies that indicated that NLR as an immunoinflammatory marker can predict the prognosis of certain tumors, such as breast cancer, non-small-cell lung cancer, head and neck squamous cell carcinoma, gastric cancer, and colorectal cancer (5–10).

Circulating tumor cells (CTCs) are kinds of tumor cells that enter into the bloodstream from a primary or metastatic tumor location that may have metastatic potential. Currently, CTCs have been reported to have prognostic value in breast cancer, non-small-cell lung cancer, head and neck squamous cell carcinoma, gastric cancer and colon cancer (11–17).

The prognostic values of NLR (5–10) and CTCs (11–17) were studied respectively. In our former studies about CTCs, we observed that in advanced colorectal cancer patients, CTCs could be a predictor for prognosis, and more CTCs tended to accompany with shorter survival (17). Similarly, in patients with head and neck squamous cell carcinoma, it was also obvious that a high CTCs level was associated with poor prognosis (18). Additionally, we also come to a conclusion that SIM positively correlated with tumor progression in head and neck squamous cell carcinoma patients (14). With the consideration of CTCs and inflammatory index having both a role in predicting the prognosis of tumors, our study not only demonstrated the NLR and CTCs as factors to predict the prognosis, but we also intended to combine the NLR with CTCs to predict the prognosis of GC and CRC patients furthermore.



Materials and Methods


Patients

This was a retrospective study which included the patients with GC and CRC who have received therapies between August 2016 and October 2020. All patients were staged according to the 8th TNM-classification (AJCC). The included criteria of the group of patients were as follows: 1) patients were aged from 18 to 85 years; 2) patients had the whole clinicopathological data and follow-up data; 3) the blood examination and CTCs counts detection were carried out before the postoperative antitumor treatment, such as chemotherapy or other therapies; 4) patients were diagnosed definitely by histopathology; 5) patients who were excluded were those who had chronic infection or acute infection in the process of tumor treatment confirmed by microbiology; 6) patients who were excluded were those who were under the treatment with glucocorticoids in a week.



The Detection of CTCs

Approximately 5 ml peripheral blood was collected from every patient with GC or CRC before the treatment. The detection of CTCs, in brief, was used by immunomagnetic bead negative enrichment combined with immunofluorescence in situ hybridization (Im-FISH), according to our previous study (17).



Statistical Analysis

The demographic data and clinicopathologic features were collected retrospectively. DFS was defined as the time from the date of surgery to the date of definite diagnosis of disease recurrence. OS was calculated from the date of treatment to the date of death or the last follow-up. The data was analyzed by using SPSS 22.0 software (IBM, NY, USA), and the graphs were profiled by using GraphPad Prism 6.0 (GraphPad Software, CA, USA). We constructed the receiver-operating-curve (ROC) by using the OS as the status variable and calculating the optimal cut-off value for NLR and CTCs by Youden index (sensitivity + specificity − 1). In order to demonstrate the relationship between NLR and clinicopathological data, Pearson’s chi-square test or Fisher exact test was used to analyze them. The same method was applied in testifying the association of CTCs and patients’ characteristics. Survival curves were calculated with the Kaplan–Meier analysis and compared with log-rank test. The multivariate analysis was used to evaluate the independent factors of prognosis. The P-value <0.05 was considered significant in this paper.




Results


The Characteristics of Patients

We enrolled 72 patients with gastrointestinal cancer from August 2016 to October 2020. Patients were followed up to October 2020. The median follow-up time was 50.18 ± 3.41 months. The characteristics of these 72 patients are shown in Table 1. The median age of all these patients was 65 years (range 37 to 85 years). For primary tumor location, there were 25 (34.7%) patients in colon, 19 (26.4%) in rectum and 28 (38.9%) in stomach, respectively. Among them, 15 patients (20.8%) had visceral metastasis such as pulmonary or hepatic metastasis. The connection of NLR and clinicopathological variables was performed in Table 2; meanwhile, the association of CTCs and characteristics was also shown in Table 2. Our univariate analysis revealed that TNM stage, T stage and the number of metastatic tumor sites were related to DFS (Table 3). For OS, TNM stage, T stage and the number of metastatic tumor sites had significance (Table 3). In consideration of the difference of N stage in gastric cancer and colorectal cancer, we analyzed the N stage with the survival separately, after which we found that N stage of colorectal cancer was related to DFS and OS, whereas in gastric cancer, N stage had significance in DFS but had no significance in OS (Table 3). Nevertheless, age, gender, primary tumor location, tumor differentiation had no significance of DFS and OS (Table 3). In addition, patients diagnosed with visceral metastasis had worse prognosis than patients with non-visceral metastasis in DFS and OS (Table 3).


Table 1 | Clinicopathological variables of patients with gastrointestinal cancer.




Table 2 | Association of NLR (>3.21 versus ≤3.21) or CTC (>1 versus ≤1) with clinicopathological variables.




Table 3 | Univariate analysis of clinicopathological characteristics associated with survival.





The Relationship Between NLR With Clinicopathological Parameters and the Survival

We constructed the ROC by using the OS as the status variable (area under the curve (AUC) = 0.759) and determined the optimal cut-off value for NLR as 3.21. Patients were divided into two groups according to the cut-off value. In these patients, 22 (30.6%) of them had NLR>3.21 and the other 50 (69.4%) of patients had NLR ≤3.21. The association between NLR and clinicopathological variables was shown in Table 2. The results turned out that NLR was related with TNM stage, T stage, the number of metastatic tumor sites and visceral metastasis, whereas NLR seemingly had no significance with age, gender, primary tumor location and tumor differentiation. Among them, due to the difference of N stage of GC and CRC, we found that NLR was correlated with N stage of colorectal cancer but had no significance in N stage of gastric cancer.

In these 72 patients, 30 of them developed tumor recurrence during the follow-up. Results from our data showed that 17 patients (56.7%) in high NLR group and 13 patients (43.3%) in low NLR group had recurrence. Otherwise, we observed the prognostic value of NLR in these two groups. We found that the patients with NLR ≤3.21 had longer DFS (median, not reached (NR) vs. 14 months, P <0.0001, Figure 1A) and OS (median, NR vs. 26 months, P <0.0001, Figure 1B) than patients with NLR >3.21. Furthermore, in order to estimate the relevance between NLR and survival, we got information from describing Kaplan–Meier curves and then discovered that the 5-year DFS rate of patients with NLR >3.21 was 11.9% and 74% of patients with NLR ≤3.21, respectively (P <0.0001). In terms of OS, the 5-year OS rate was 19.5% in higher NLR group and 77.5% in lower NLR group (P <0.0001).




Figure 1 | The Kaplan–Meier analysis curves for NLR on DFS (A) and OS (B) and for CTCs on DFS (C) and OS (D) (DFS, disease-free survival; OS, overall survival; NLR, neutrophil–lymphocyte ratio; CTCs, circulating tumor cells). Patients in higher NLR group had poorer prognosis with shorter DFS and OS, meanwhile, patients with more CTCs tended to have worse clinical outcome with shorter DFS and OS.





Association of CTCs With Clinicopathological Variables and Survival

As for CTCs, we constructed the ROC by using the OS as the status variable (AUC = 0.738) and found the suitable cut-off value for CTCs was 1. We assessed the relationship between CTCs and patients’ clinical outcome. The CTCs counts were ≤1 among 52 (72.2%) patients and >1 among 20 (27.8%) patients. The relationship between CTCs and characteristics was shown in Table 2. From our results, TNM stage, T stage, the number of metastatic sites and visceral metastasis were linked with CTCs. Unfortunately, CTCs had no significance with other variables, as age, gender, primary tumor location, N stage and tumor differentiation.

Among those patients who had recurrence, there were two patients (10%) in the CTC ≤1 group while 18 patients (90%) in the CTC >1 group. In this paper, we investigated whether CTCs could predict the clinical outcomes of gastrointestinal cancer. In the process of studying the prognostic value of CTCs, we found that individuals with more CTCs tended to have shorter DFS (median, NR vs. 49 months, P = 0.001, Figure 1C) and OS (median, NR vs. 60 months, P = 0.001, Figure 1D) than the patients with less CTCs. Moreover, we explored the relationship of CTCs and survival by using Kaplan–Meier analysis, which demonstrated that the 5-year DFS rate was 44.6% and 89.5% (P = 0.001), in higher CTCs and lower CTCs group, respectively. Meanwhile, patients with CTC>1 had a decreased 5- year OS rate than the group of CTC ≤1 (46.7% vs. 94.1%, P = 0.001).



The Relationship Between NLR and CTCs Counts and Survival

Finally, our ultimate aim was to explore the combined effect of associating NLR with CTCs to predict the prognosis of gastrointestinal cancer. Therefore, we divided our patients into four groups: 1) patients with NLR ≤3.21 and CTC ≤1 (n = 17); 2) patients with NLR >3.21 and CTC ≤1 (n = 3); 3) patients with NLR ≤3.21 and CTC >1 (n = 33); and 4) patients with NLR >3.21 and CTC >1 (n = 19). After that we found that in the people who had both higher NLR and higher CTCs counts had shorter DFS (P <0.0001, Figure 2A) and OS (P <0.0001, Figure 2B) than the others.




Figure 2 | The Kaplan–Meier analysis curves on DFS (A) and OS (B) when associating NLR and CTCs counts (DFS, disease-free survival; OS, overall survival; NLR, neutrophil–lymphocyte ratio; CTCs, circulating tumor cells). In patients with higher NLR and higher CTCs counts had shorter DFS and OS.






Discussion

Gastrointestinal cancer is one of the most common tumors among the world, which nowadays accompanies with high incidence. The incidence rate of GC and CRC were approximately 11.1/100,000 and 19.7/100,000 worldwide, respectively (19). In the last decades, the appearance of an endoscope has brought the great advancement of disease diagnosis. GC screening such as endoscopy and Barium imaging could improve the detection of early GC, which could improve the 5-year survival rate as well (20). Colonoscopy could decrease the overall mortality by about 29% in CRC (21). However, the survival of gastrointestinal cancer is still poor. Thus, the relatively exact biomarker to predict the prognosis of GC and CRC is necessary.

Currently, the vital role of inflammation in the tumor microenvironment has been found in different researches. It is worth noting that neutrophils and lymphocytes as indispensable components of inflammation which demonstrated that they may have an effect on the development of tumor. Neutrophils are the first line of defense of the body which can increase rapidly when body gets acute infection, various poisoning and the damage of tissue. Now, a lot of growing research has suggested the positive role of neutrophils in the growth of tumor (22–24). Neutrophils are major inflammatory constituents of TME, which can facilitate the growth and development of tumor by different mechanisms (24, 25). Diefenhardt et al. (26) found that leukocytosis and neutrophilia tended to predict the poor clinical outcome. Meanwhile, the variation of lymphocytes often related to virus infection, as the center of immune response. For the prognostic value of lymphocytes, De Giorgi et al. (27) concluded that lymphocytopenia can be regarded as an independent prognostic factor for metastatic breast cancer. Therefore, to some extent, NLR reflects a balance between the inflammation and antitumor immunity (28), but the breaking of balance would promote the inflammatory response and consequently result in tumor progression. Therefore, the value of NLR, as an inflammatory index, might be applied to predict the prognosis of GC and CRC, which have been investigated in previous papers. There was a meta-analysis by Sun et al. (29) suggesting that patients with higher NLR had poorer prognosis for OS and PFS than patients with normal NLR in gastric cancer. Similar results were concluded from a meta-analysis by Randy et al. (30) in gastrointestinal cancer. According to some studies, comparable results were reported, from which it was found that for patients with GC, high postoperative NLR was a favorable tool for indicating poor prognosis (31, 32). A systemic review by Haram et al. (33) revealed that pre-operative elevated NLR was related with shorter survival in both patients with localized CRC and with liver metastasis. Identically, in a retrospective analysis, Wu et al. (34) concluded that NLR was a crucial prognostic factor for OS and PFS in patients with CRC, which was a predictor for therapy response as well. The combination of NLR and PLR were regarded as a predictor for prognosis in GC (35), the same conclusion was presented among the gastrointestinal cancer as well by Nora et al. (36). In our article, patients with lower NLR had a better outcome with longer DFS and OS, which revealed that lower NLR tended to accompany with better prognosis. Favorably, our results from multivariate analysis indicated that NLR was an independent factor predicting the prognosis (Table 4).


Table 4 | Independent factors associated with DFS and OS in multivariate analysis.



CTCs are a kind of tumor cells which survive in the bloodstream, playing a significant role in the tumor metastatic process. Nowadays, the prognostic role of CTCs in the gastrointestinal cancer is under active investigation. In colon cancer, high CTCs were an independent factor which meant worse OS and DFS (16). As our previous study mentioned, in advanced colorectal cancer, patients with CTCs ≥3 were reported with unfortunate survival with shorter PFS and OS (17). Likewise, CTCs were considered as a predicting factor for PFS and OS in metastatic colorectal cancer according to other researches (37, 38). Gao et al. (15) summarized a meta-analysis indicating that in patients with GC, the detection of increased CTCs predicted poor prognosis. Our data show a definite consequence that patients with more CTCs had a poorer prognosis along with shorter OS and DFS as well. However, resulting from our multivariate analysis, CTCs might not be an independent factor for prognosis (Table 4), which may due to the fact that our follow-up period was not long enough and thus our ending events were not adequate.

As mentioned previously, many studies have found that single NLR or single CTCs had the prognostic role in GC and CRC. Particularly, our past study found that inflammatory index had significance in head and neck squamous cell carcinoma. Meanwhile, CTCs were demonstrated to have the prognostic value in head and neck squamous cell carcinoma and advanced colorectal cancer. Thus, in consideration of NLR being closely linked with tumor progression and CTCs having the capability to predict prognosis, we chose a direction of combining NLR with CTCs to predict the outcome of gastrointestinal cancer. There were several similar studies that combined inflammatory indices with CTCs to predict the prognosis in malignancies. De Giorgi et al. (11) conducted a work in patients with breast cancer that combined MLR with CTCs, which suggested that MLR and CTCs are independent roles together for prognosis. Hu Bo et al. (39) carried on a research in hepatocellular carcinoma, which integrated SII with CTCs to predict the prognosis, finding that patients with higher SII and detectable CTCs tended to have poor prognosis. Fortunately, from our own perspective, we obtained a result that in patients with gastrointestinal cancer who had both NLR >3.21 and CTC >1 had obviously shorter DFS and OS than those with NLR ≤3.21 and CTC ≤1, which indicated that combining the NLR and CTCs had great prognostic value of GC and CRC.

However, this research had several potential limitations. First, the samples size of our research was too small to find the prognostic value of NLR and CTCs counts, and the follow-up time was not long enough. Second, this research was a retrospective analysis; some data about patients may have unavoidable error. Thirdly, we only collected the peripheral blood and CTCs counts before chemotherapy or other therapy and we did not evaluate NLR and/or CTCs before and after chemotherapy or other therapy dynamically. Additionally, although CTCs had a different application for tumor prognosis, it is still difficult for CTCs to become common in the clinical practice because at present, the majority of CTCs detection is through epithelial markers (such as EpCAM and cytokeratins) and epithelial cell surface-associated glycoproteins (such as MUC-1) (1), whereas nowadays these methods tend to ignore CTCs with mesenchymal phenotypes. However, epithelial–mesenchymal transition can appear in the metastatic process of tumor, which means CTCs detection with mesenchymal markers may be more accurate (1).

Nowadays, a definite diagnosis for progression of cancer depends on the pathological examination of surgery or biopsy tissue. Traditional biopsy such as surgical and puncture biopsy tend to accompany with relatively major trauma and limiting sampling location. In this way, liquid biopsy, as the novel detecting method, has far less damage to human’s body than traditional biopsy (40). And in the subsequent process of tumor therapies, liquid biopsy may play a vital role in guiding treatment dynamically. For example, Tammingam et al. (41) divided patients with small lung cancer into different groups on the basis of CTCs positive/negative and chemotherapy/immunotherapy, of which the survival consequence showed that CTCs positive patients have clearly lower survival rate than the opposite groups. As a result, CTCs counts might be regarded as a tool to be applied to stratify patients into different groups and then direct treatment to a certain degree in the future.



Conclusion

In conclusion, we found that higher NLR was an independent biomarker for poor prognosis in gastrointestinal cancer patients, while CTCs counts need further studies to be regarded as a significant factor. Meanwhile, combining NLR and CTCs counts might predict the clinical outcome in gastrointestinal cancer as well.
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