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Background

High serum uric acid (SUA) levels increase the risk of overall cancer morbidity and mortality, particularly for digestive malignancies. Nevertheless, the correlation between SUA level and clinical outcomes of the postoperative patients with colorectal cancer (CRC) treated by chemotherapy is unclear. This study aimed at exploring the relationship between baseline SUA level and progression-free survival (PFS), disease control rate (DCR), and safety in postoperative CRC patients receiving chemotherapy.



Patients and Methods

We conducted a retrospective study to evaluate the relationship between baseline SUA level and PFS, DCR, and incidence of serious adverse events of 736 postoperative CRC patients treated with FOLFOX, FOLFIRI or XELOX at our center.



Results

Data from our center suggested that high baseline SUA level is linked to poor PFS in non-metastatic CRC patients using FOLFOX (HR=2.59, 95%CI: 1.29-11.31, p=0.018) and in male patients using FOLFIRI (HR=3.77, 95%CI: 1.57-39.49, p=0.012). In patients treated by FOLFIRI, a high SUA is also linked to a low DCR (p=0.035). In patients using FOLFOX, high baseline SUA level is also linked to a high incidence of neutropenia (p=0.0037). For patients using XELOX, there is no significant correlation between SUA level and PFS, effectiveness, or safety.



Conclusions

These findings imply that a high SUA level is a promising biomarker associated with poor PFS, DCR and safety of postoperative CRC patients when treated with FOLFOX or FOLFIRI.
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Introduction

Colorectal cancer (CRC) is one of the most common cancers and ranks third in incidence and second in mortality among all the cancer types (1). Postoperative chemotherapy is critical for lowering the postoperative recurrence rate and extending the survival of CRC patients (2). Currently, the main systemic regimens used for postoperative chemotherapy in CRC are FOLFOX, FOLFIRI, and XELOX, but an increasing number of studies has reported the resistance to chemotherapeutic agents in postoperative CRC patients (3, 4). Uric acid (UA) belongs to the oxidative metabolites of purine nucleotides, and serum uric acid (SUA) is one of the most prevalent antioxidant molecules in human blood as a free radical scavenger and transition metal ion chelator (5, 6). SUA is primarily excreted from the body via the kidneys and gut (7). Elevated SUA has recognized pathogenic roles in respiratory and renal diseases (8, 9). In addition, clinical studies have shown that high SUA levels increase the risk of overall cancer morbidity and mortality, with digestive malignancies being particularly evident (10–13). UA is also reported to be one of the risk factors for the development of metabolic syndrome-associated colorectal adenomas (14). In patients with lung squamous cell carcinoma, esophageal cancer, gastric cancer, hepatitis B-associated liver cancer, breast cancer, acute myeloid leukemia, or diffuse large B-cell lymphoma, high SUA levels are associated with a poor prognosis (15–21). Furthermore, higher SUA levels prior to surgery are linked with a poorer prognosis in CRC patients (22). Elevated SUA levels are associated with metastasis in rectal cancer patients who have not received chemotherapy (23). SUA levels are significantly elevated in patients with metastatic CRC who responded well to bevacizumab chemotherapy, and this elevation is linked to better overall survival (24). SUA levels are not correlated with the prognosis of CRC patients receiving cetuximab chemotherapy (25). Elevated SUA before chemotherapy is associated with lower OS in patients with small cell lung cancer (26). Nonetheless, the impact of UA on the prognosis, efficacy and safety of CRC patients treated with chemotherapy after operation remains unclear. Thus, it’s urgent to elucidate the relationship between baseline SUA levels and their prognosis, disease control rate (DCR) and safety in patients treated with various chemotherapy regimens following CRC surgery.



Methods


Patients selection

We performed a retrospective study with the data of CRC postoperative patients treated with FOLFOX, FOLFIRI or XELOX in the Nanfang Hospital of Southern Medical University from November 2007 to April 2020. Medical practice data were collected by two independent investigators and assessed further by another investigator.



Inclusion criteria

The inclusion criteria were as follows: (1) Patients who were diagnosed with CRC. (2) Patients received postoperative chemotherapy with FOLFOX, FOLFIRI or XELOX. (3) Patients had baseline SUA level after surgery.



Exclusion criteria

The exclusion criteria were as follows: (1) Patients had events that significantly affected baseline SUA levels or were taking uric acid-lowering drugs. (2) Patients suffered from other malignant tumors. (3) Patients suffered from other diseases that seriously affect survival, such as uncontrolled hypertension, severe organ failure, other chronic diseases with long-term non-standard treatment, etc. (4) Patients with ECOG scores equal or above 3; (5) Patients detected baseline SUA 7 days or more later after the onset of chemotherapy. (6) Patients conducted imaging tests after the start of chemotherapy or 8 weeks before chemotherapy. (7) Patients with absence of baseline or endpoint imaging data.



Basis for grouping

High SUA level was defined as >420 mmol/L in men and >357 mmol/L in women while the non-high SUA level was defined as ≤420 mmol/L in men and ≤357 mmol/L in women.



Patients follow-up

The recruited patients treated with different chemotherapy regimens were followed-up. The primary end point of this study was progression-free survival (PFS), which was defined as the time from the first treatment with FOLFOX or FOLFIRI or XELOX following CRC surgery to the date of progression or death. If patients were still in a non-progressive state at the last follow-up, the end point of PFS was the date of the last follow-up. According to the Response Evaluation Criteria in Solid Tumors (RECIST) (version1.0), progression disease (PD) was defined as a 20% rise in the sum of the greatest diameter of the target lesions at baseline, or the occurrence of new lesions or confirmed advancement of non-target lesions (27).



DCR

DCR, that refers to the proportion of all non-progressive patients at the end of follow-up in all patients included in the trial, was used to assess the efficacy of various chemotherapy regimens.



Safety

We evaluated the safety of various chemotherapy regimens by the incidence of serious adverse events, which was defined as the proportion of patients with grade 3 or higher adverse events among all patients included in the study during the follow-up period. In this investigation, we recorded only adverse events with a grade of not less than three according to the Common Terminology Criteria for Adverse Events (CTCAE) version 5.0 (28).



Statistical analysis

Categorical data were presented as number (%) and assessed by the Fisher’s exact test or the chi-square test when appropriate. Continuous data were presented as mean ± standard deviation (SD) and assessed by the student’s t-test with the GraphPad Prism (version 6.0). The log-rank test was used to compare survival curves of each group, and log-rank method was used to calculate hazard ratio (HR) and 95%CI.




Results


Baseline characteristics of included patients

A total of 736 patients treated with chemotherapy after CRC surgery were included in our clinical study after screening using inclusion and exclusion criteria, including 151 patients treated with FOLFOX, 45 patients treated with FOLFIRI, and 540 patients treated with FOLFOX. At baseline, there was no significant statistical difference between the HUA and non-HUA groups in terms of age, gender, primary tumor location, or tumor state (Table 1).


Table 1 | Baseline characteristics of colorectal cancer patients treated with postoperative chemotherapy.





Prognosis of patients with FOLFOX

In all patients treated with FOLFOX after operation, higher SUA levels were associated with shorter PFS (median PFS: 19.07 vs 29.42 months in the non-HUA group; HR: 1.31, 95%CI= (0.70-2.69), p=0.37, Figure 1). Nonetheless, this association was significant in non-metastatic CRC (non-mCRC) patients (median PFS: 19.07 vs 48.79 months in the non-HUA group; HR: 2.59, 95%CI= (1.29-11.31), p=0.018, Figure 2A) but not in metastatic CRC (mCRC) patients (median PFS: 16.24 vs 7.86 months in the non-HUA group; HR: 0.60, 95%CI= (0.27-1.47), p=0.29, Figure 2B). In the subgroup analysis of gender, higher SUA levels were associated with shorter PFS in both men(median PFS: 19.07 vs 29.42 months in the non-HUA group; HR: 1.55, 95%CI= (0.71-3.93), p=0.24, Figure 2C) and women (median PFS: 22.09 vs 57.40 months in the non-HUA group; HR: 1.04, 95%CI= (0.34-3.18), p=0.95, Figure 2D), although the association was not significant in both genders.




Figure 1 | Kaplan-Meier plots comparing the PFS of the different baseline SUA level CRC patients treated with FOLFOX. HUA, high uric acid, Non-HUA, non-high uric acid, MPFS, median PFS.






Figure 2 | Subgroup analysis for PFS of patients treated with FOLFOX. HUA, high uric acid, Non-HUA, non-high uric acid, MPFS, median PFS. (A) PFS of the non-mCRC patients treated with FOLFOX. (B) PFS of the mCRC patients treated with FOLFOX. (C) PFS of male CRC patients treated with FOLFOX. (D) PFS of female CRC patients treated with FOLFOX.





Prognosis of patients with FOLFIRI

In all patients treated with FOLFIRI following surgery, higher SUA levels were associated with shorter PFS (median PFS: 6.24 vs 7.00 months in the non-HUA group; HR: 1.90, 95%CI= (0.76-6.24), p=0.15, Figure 3). This association, however, was only significant in male patients (median PFS: 3.52 vs 8.91 months in the non-HUA group; HR: 3.77, 95%CI= (1.57-39.49), p=0.012, Figure 4A), but not in female patients (median PFS: 9.47 vs 6.15 months in the non-HUA group; HR: 0.52, 95%CI= (0.12-1.66), p=0.28, Figure 4B).




Figure 3 | Kaplan-Meier plots comparing the PFS of the different baseline SUA level CRC patients treated with FOLFIRI. HUA, high uric acid, Non-HUA, non-high uric acid, MPFS, median PFS.






Figure 4 | Subgroup analysis for PFS of patients treated with FOLFIRI. HUA, high uric acid, Non-HUA, non-high uric acid, MPFS, median PFS. (A) PFS of male CRC patients treated with FOLFIRI. (B) PFS of female CRC patients treated with FOLFRI.





Prognosis of patients with XELOX

Survival analysis suggests higher SUA levels were correlated with shorter PFS in all patients treated with XELOX chemotherapy after surgery (HR: 1.07, 95%CI= (0.74-1.56), p=0.72, Figure 5). Subgroup analysis revealed no significant difference in PFS between HUA group and non-HUA group in men, women, mCRC patients or non-metastatic CRC patients (Figure 6).




Figure 5 | Kaplan-Meier plots comparing the PFS of the different baseline SUA level CRC patients treated with XELOX. HUA, high uric acid, Non-HUA, nonhigh uric acid, MPFS, median PFS.






Figure 6 | Subgroup analysis for PFS of patients treated with XELOX. HUA, high uric acid, Non-HUA, non-high uric acid, MPFS, median PFS. (A) PFS of male CRC patients treated with XELOX. (B) PFS of female CRC patients treated with XELOX. (C) PFS of the mCRC patients treated with XELOX. (D) PFS of the non-mCRC patients treated with XELOX.





Disease control rate of FOLFOX

Patients receiving FOLFOX chemotherapy after surgery had a larger DCR in the non-HUA group (65.57%) than in the HUA group (55.17%), but no significant difference in DCR was identified between the two groups (p=0.30, Table 2). In terms of DCR in males, women, mCRC patients, and non-metastatic CRC patients, subgroup analysis based on gender and cancer state revealed no significant difference between non-HUA and HUA groups in men, women, metastatic patients, or non-metastatic patients (p>0.05, Table 2).


Table 2 | Relationship between SUA levels and disease control rate in patients using FOLFOX following colorectal cancer surgery.





Disease control rate of FOLFIRI

Patients who received FOLFIRI chemotherapy following surgery had a significantly greater DCR in the non-HUA group (60.00%) than the HUA group (20.00%) (p=0.035, Table 3). In terms of DCR in male and female patients, subgroup analysis based on gender indicated no significant difference between non-HUA and HUA groups (p>0.05, Table 3).


Table 3 | Relationship between SUA levels and disease control rate in patients using FOLFIRI following colorectal cancer surgery.





Disease control rate of XELOX

There was no significant difference in DCR between the non-HUA group and the HUA group of patients receiving XELOX after surgery (p>0.05, Table 4). Subgroup analysis based on gender and cancer state suggests no significant difference between non-HUA group and HUA group in terms of DCR in men, women, metastatic patients, or non-metastatic patients (p>0.05, Table 4).


Table 4 | Relationship between SUA levels and disease control rate in patients using XELOX following colorectal cancer surgery.





Safety of patients with FOLFOX

In patients treated with FOLFOX following surgery, grade 3 or higher adverse events were recorded, including liver failure, neutropenia, intestinal obstruction, and thrombocytopenia. The HUA group had a greater incidence of neutropenia than the non-HUA group (p=0.0037, Table 5). In addition, the incidence of liver failure and intestinal obstruction were higher in the HUA group than in the non-HUA group and the incidence of thrombocytopenia was lower than in the non-HUA group, but there was no significant difference between the two groups in the incidence of adverse events mentioned above (p>0.05, Table 5).


Table 5 | Relationship between baseline SUA levels and safety in colorectal cancer patients treated with postoperative chemotherapy.





Safety of patients with FOLFIRI

Grade three or higher adverse events, including neutropenia, vomiting, and anorexia were observed in patients receiving FOLFIRI chemotherapy after surgery. But there was no significant difference in the occurrence of these adverse events between HUA patients and non-HUA individuals (p>0.05, Table 5).



Safety of patients with XELOX

In patients treated with XELOX chemotherapy after surgery, we observed grade 3 or higher adverse events, including neutropenia, intestinal obstruction, anemia, myelosuppression, and diarrhea. In the HUA group, the incidence of neutropenia and diarrhea was higher than in the non-HUA group, while the incidence of liver failure, intestinal obstruction, anemia, and bone marrow suppression was lower than in the non-HUA group, but there was no significant difference in the incidence of these adverse events between the two groups (p>0.05, Table 5).




Discussion

This is the first study to show a linkage between the baseline SUA levels and prognosis, effectiveness, and safety in patients treated with chemotherapy following CRC resection. Other study shows that patients with higher SUA levels were found to have a higher percentage and shorter duration of brain metastases, as well as a lower overall survival rate in non-small cell lung cancer patients (15). While CRC patients in stage IIIA/IIIB who have a high SUA level may have early metastasis independent of all variables, implying uric acid is associated with CRC metastasis (29). In line with these findings, we found that non-metastasis CRC patients who were treated with FOLFOX following CRC surgery had shorter PFS if they had high baseline SUA than those had low baseline SUA. FOLFIRI is primarily used for mCRC patients who are refractory to oxaliplatin chemotherapy, and it has been shown to improve quality of life and prolong survival in these patients (30–32). As a result, 43 patients with mCRC and only 2 patients with non-metastatic CRC were enrolled in FOLFIRI chemotherapy after surgery. Our data show that the DCR of patients treated with FOLFIRI after CRC was considerably greater in those with high baseline SUA levels than in those with low baseline SUA levels. This may be related to the fact that uric acid promotes the CRC progression or reduces the drug sensitivity to 5-FU. In addition, we found that the PFS of men with high SUA levels on this regimen were significantly shorter than those with low SUA levels; while in women, there was no statistically significant difference in PFS with different SUA levels. We hypothesize that the above discrepancies in different genders are due to the effect of estrogen on the uric acid levels. Estrogen may promote uric acid excretion by regulating uric acid transport-related proteins (33, 34). By suppressing xanthine oxidase and maintaining a stable nutrient metabolism, estrogen can lower uric acid generation (35, 36). Therefore, for female patients with higher SUA levels, estrogen may reduce UA to a level below the threshold that promotes CRC progression or reduces the sensitivity of CRC to 5-FU, leading to a non-significant difference in DCR and prognosis.

When SUA level is elevated, both in the state of soluble high uric acid and crystalline uric acid, ROS production and IL-1β formation can be increased, resulting in oxidative stress and inflammatory response and thus promoting tumor progression (37–39). Increased ROS is associated to an increase in matrix metalloproteinase (MMP) in the tumor microenvironment, which is directly related to tumor invasion and migration (40, 41). In addition, elevated ROS accelerates angiogenesis by inducing the production of angiogenic factors (42).Therefore, ROS production and IL-1β may be responsible for shortening PFS in patients with high SUA levels. As a capecitabine-based regimen, XELOX differs from the regularly used 5-FU-based chemotherapy regimen of FOLFOX and FOLFIRI. As an oral fluorouracil agent, capecitabine is slightly different from 5-FU that directly targets tumor cells and it has low bioavailability. Capecitabine enhances the concentration of 5-Fu in tumor tissues by utilizing the different activities of thymine phosphorylase in tumor tissues and normal tissues (43). Studies have shown that the average concentration of 5-FU in primary colorectal tumors is 3.2 times higher than that in adjacent normal tissues, and the mean ratio of 5-FU concentration in liver metastasis to normal tissues is 1.4. The average 5-FU concentration ratio of colorectal tumor tissue to plasma is over 20, while that of other tissues are between 8 and 10 (44). Based on our data, there was no significant difference in prognosis or DCR between patients with varying SUA levels who received XELOX following surgery. This discrepancy could be due to the fact that the concentration of 5-Fu in CRC tissues in XELOX patients was higher than in FOLFOX or FOLFIRI patients, masking the reduction in CRC sensitivity to 5-FU induced by elevated uric acid.

In our study, patients receiving FOLFOX chemotherapy for CRC experienced grade 3 or higher adverse effects, such as liver failure, neutropenia, intestinal obstruction, and thrombocytopenia. These events are common in people treated by FOLFOX (45–47). Neutropenia is a regular occurrence in patients during postoperative chemotherapy, which is also one of the serious adverse events of chemotherapy. Our data show that patients with high SUA levels had considerably higher incidences of neutropenia than those with low SUA levels. High concentrations of SUA increase intracellular oxidation (6). In addition, by activating calpain-1 and endoplasmic reticulum stress (ERS), excessive UA induces apoptosis in normal cells (48). As a result, we hypothesize that the increased prevalence of neutropenia in patients with high SUA levels could be linked to the fact that UA enhances the apoptotic action of chemotherapeutic medicines on neutrophils. There was no significant association between the occurrence of adverse events and blood UA levels in individuals who received FOLFIRI as postoperative chemotherapy. We speculate that this is due to the sample size being insufficient. For patients treated with XELOX, we have not observed significant association between the incidence of adverse events and SUA levels either, which could be due to the difference in the mechanism of action of capecitabine and 5-FU.

Our research has some limitations. We only focused on the values of baseline SUA, and failed to include the SUA levels after chemotherapy. Secondly, the current study was based on retrospective observations, future prospective studies with larger samples are needed to confirm our findings. Thirdly, the number of high SUA patients was much less than that of non-HUA patients, and this may lead to the inaccuracy of the statistics analysis. Further studies with larger sample size or multicenter studies are needed to validate our findings.

In summary, our findings imply that the baseline blood uric acid level is an important biomarker correlated with the clinical prognosis, DCR, and safety of postoperative chemotherapy for CRC. Elevated baseline SUA is associated with poor prognosis in non-metastatic CRC patients treated by FOLFOX and in male patients treated by FOLFIRI, low DCR in patients with FOLFIRI, and reduced safety in patients with FOLFOX.
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