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Background

Recent studies have shown that the fibrinogen to albumin ratio (FAR) is closely related to the prognosis of various cancers. The aim of this systematic review and meta-analysis was to investigate the prognostic value of FAR in malignancies based on the available evidence.



Method

To systematically search the Cochrane Library, Embase, PubMed, Google Scholar, Baidu scholars, CNKI and VIP databases for relevant studies published before April 1, 2022, and to evaluate the fibrinogen-to-albumin ratio (FAR) and survival of patients with malignant tumors through a meta-analysis relationship between the results. Results. This meta-analysis included 19 eligible studies involving 5926 cancer patients. We found that high FAR was associated with poor overall survival (HR=2.25, 95%CI 1.86-2.74, p<0.001), recurrence-free survival (HR=2.29, 95%CI 1.91-2.76, P<0.001), progression-free survival (HR: 2.10, 95%CI 1.58-2.79, p<0.001), disease-free survival (HR=1.52, 95%CI 1.17-1.96, p=0.001), and time to recurrence (HR: 1.555, 95%CI 1.031-2.346, P=0.035) was significantly correlated.



Conclusions

High FAR is significantly associated with poor clinical outcomes in cancer, suggesting that it may be an important predictor of prognosis in patients with malignancies.
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Introduction

According to the latest data released by the American Cancer Society, 19.3 million new cancer cases and approximately 10 million deaths from cancer are expected worldwide in 2022 (1). As one of the leading causes of human death worldwide, how to prevent and treat cancer is a major issue in increasing the life expectancy of all human beings (2). Therefore, it is very important to find simple, effective and cheap markers to predict the prognosis of tumor patients. In recent years, many studies have shown that some biomarkers reflecting inflammation, nutritional status and immunity are related to the prognosis of cancer, including lymphocyte to monocyte ratio (LMR), neutrophil-to-lymphocyte ratio (NLR), fibrinogen to pre-albumin ratio (FPR), prognostic nutritional index (PNI) and albumin-to-alkaline phosphatase ratio (AAPR) (3–7).

Fibrinogen is a glycoprotein synthesized by liver cells and belongs to the acute phase positive protein (8). Fibrinogen levels are elevated during infection or inflammation and play an important role in clotting, cell attachment and thrombosis (9). During the tumor-associated inflammatory response, many events that promote tumor growth and metastasis often occur, including increased release of cytokines and inflammatory mediators, inhibition of apoptosis, and the exertion of immunosuppressive effects (10). Plasma fibrinogen levels have been reported to be associated with tumor progression and prognosis, such as colorectal, endometrial, hepatocellular and pancreatic cancers (11–14). Albumin is produced by the liver and is considered a negative acute phase protein (15). Plasma albumin plays an important role in regulating plasma osmotic pressure, antioxidant, capillary permeability and immune regulation (16, 17). A growing number of studies have shown an association between plasma albumin concentrations, inflammation, and tumorigenesis (18, 19). Available evidence suggests that hypoproteinemia is strongly associated with poor quality of life in cancer patients and is associated with poor prognosis in patients with various malignancies (20, 21). High fibrinogen and low albumin are associated with poor prognosis in cancer patients (12, 22). As a simple and effective new independent predictor, the fibrinogen-to-albumin ratio (FAR) has more prognostic value than high fibrinogen or low serum albumin. FAR has been reported as a potential predictor of adverse outcomes in various malignancies, such as esophageal squamous cell carcinoma, hepatocellular carcinoma, and non-small cell lung cancer (23–25).

A meta-analysis describing the relationship between fibrinogen and albumin ratio and cancer prognosis, exploring the effect of fibrinogen to albumin ratio (FAR) combined with albumin to fibrinogen (AFR) on cancer OS and DFS (26). However, this meta-analysis did not independently explore the effect of fibrinogen-to-albumin ratio (FAR) on cancer prognosis. Therefore, this study included 19 studies for meta-analysis, and evaluated the prognostic significance of FAR in human malignant tumors for the first time.



Materials and methods


Search strategy

In order to investigate the potential role of FAR in the prognosis of malignant tumors, this study followed the preferred reporting program of the systematic review and meta-analysis (PRISMA) guidelines (27) and searched the Cochrane Library, Embase, PubMed, Google Scholar, baidu scholar, CNKI and VIP databases. Search for relevant studies published no later than April 1, 2022, regardless of language. Combining the main keywords and free words, the complete search strategy is as follows: (“fibrinogen-to-albumin” OR “fibrinogen/albumin” OR “fibrinogen” OR “albumin”OR “FAR”) AND (“neoplasms” OR “carcinoma” OR “cancer” OR “tumor”) AND (“survival” or “recurrence” or “prognosis” or “progress”). In addition, the references of the retrieved publications are reviewed again to explore more potential relevant research.



Inclusion and exclusion criteria

The inclusion criteria are shown below:(1)the paper reports the relationship between fibrinogen-to-albumin ratio and long-term prognosis of patients with malignant tumor; (2)prognostic endpoints included overall survival (OS), progression-free survival (PFS), disease-free survival (DFS), recurrence-free survival (RFS) or time to recurrence (TTR);(3) hazard ratio (HR) and 95% confidence interval (CI) are provided or we can calculate it by Kaplan-Meier curve;(4) study patients were divided into two groups based on FAR. Exclusion criteria are listed:(1) hazard ratio (HR) and 95% confidence interval (CI) are not included; (2) outcomes—studies without primary or secondary results; (3) different articles published on the same cohort of patient data; (4) expert opinions, abstracts, case studies, letters or reviews.



Data extraction and quality assessment

Two researchers (Baibei Li and Huachu Deng) used standardized forms to extract relevant data from the study independently, and if there was a disagreement, all the authors negotiated and resolved it. The basic information extracted included first author name, publication year, country, study type, tumor type, sample size, tumor stage, age, sex, treatment, cut-off, follow-up date, outcome indicators, hazard ratio (HR) and 95% confidence interval (CI). The researcher actively contacted the original author of the included literature to confirm the accuracy of the data and the process of data extraction by the original author. Each included study was scored according to the Newcastle-Ottawa Scale (NOS) (28) criteria to assess its quality. The total score of NOS ranged from 0 to 9, including patient selection (0-4), comparability (0-2) and outcome (0-3). If the NOS score was higher than 6, it was considered to be of high quality in methodology.



Statistical analysis

STATA (version 12) was used for data analysis, and the combined hazard ratio (HR) and 95% confidence interval (CI) were calculated. Cochran’s Q test and Higgins I2 test were used to evaluate the heterogeneity of each study. When I2 > 50% or P < 0.10, there was significant heterogeneity, so the random effect model was used. Otherwise, the fixed effect model is adopted. Subgroup analysis was used to evaluate the sources of heterogeneity, and sensitivity analysis was used to determine the reliability and stability of the results. Begg’s test and Egger’s were used to test whether there was publication bias. When P > 0.05, there was no publication bias, otherwise trim-and-fill method would be used for re-evaluation. In this study, all the tests were bilateral, and P < 0.05 was considered to be statistically significant.




Results


Study characteristics

Figure 1 shows the screening process of the literature included in this study. In the aggregate, a total of 430 articles were retrieved through search strategies, and 12 articles were retrieved through additional records identified through other sources. After duplicates were removed, 256 articles remained. After reading the literature titles and abstracts, 44 reviews and 24 conference abstracts were deleted. Afterwards, we evaluated the full text of the articles and found that the data of 5 of them was of no value, and 9 of the articles did not mention the target result. Therefore, 19 studies involving 5926 cases were included in our meta-analysis (23–25, 29–44). Of the included studies, 18 were from China and one was from South Korea. Publication years are from 2017 to 2022. Sample sizes ranged from 91 to 1,135. In addition, 15 cohorts reported OS, 5 cohorts reported RFS, 4 cohorts reported PFS, 2 cohorts reported DFS, and 1 cohort reported TTR. The baseline information is shown in Table 1. The quality of each included article was evaluated by NOS, and the results showed that the scores of these studies were all≥6, indicating that the quality of the included study was high (Table 2).




Figure 1 | Flow diagram of study collection.




Table 1 | The characteristics of included studies.




Table 2 | Newcastle–Ottawa scale for quality assessment.





FAR and overall survival

Fifteen cohort studies involving a total of 4825 patients revealed the prognostic effect of FAR levels on human malignant tumor OS. Our results show that the relatively high level of HRR before treatment is related to the decrease of OS (HR=2.25, 95%CI 1.85-2.74, p<0.001). Because of the significant heterogeneity, the random effect model is adopted (I2 = 59.7%, P=0.002) (Figure 2). Therefore, we performed a stratified subgroup analysis by cancer type, treatment option, sample capacity, publishing time, methods for choosing FPR cut-off value and cut-off value to explore the source of heterogeneity (Table 3). Despite the differences between groups, high FAR was significantly associated with poor OS. Furthermore, some subgroup heterogeneity was eliminated when we stratified according to factors such as “Gynecology”, “Mixed”, “Cut-off value > 0.08”, “Sample capacity ≤ 250” and “X-tile”. Further analysis of these results led us to suggest that the use of mixed treatment option and the large sample capacity may have contributed to the heterogeneity.




Figure 2 | Forest plot for the association between FAR and overall survival.




Table 3 | Subgroup meta-analysis of FAR and OS.





Sensitivity analysis and publication bias for OS

Sensitivity analysis was used to explore the potential impact of each study on the combined results. After we removed each study separately, we recalculated the combined HR and its 95%CI.The results show that ignoring any study will not significantly change the effect of FAR on OS joint meta-analysis, in other words, the comprehensive results of our meta-analysis are stable (Figure 3). In the meta-analysis of OS, Begg’s test (p = 0.006) and Egger’s test (p = 0.000) suggested potential publication bias. Therefore, the trim-and-fill method is further used for correction. The symmetrical funnel diagram is obtained by adding six studies, and the corrected HR is still significant (HR=1.853, 95%CI 1.522-2.257, p<0.001), indicating that our results are reliable (Figures 4A–C).




Figure 3 | Sensitivity analysis for the association between FAR and OS. OS, overall survival.






Figure 4 | Plots for publication bias test in meta-analysis for overall survival. (A)Begg’s funnel plot; (B) Egger’s publication bias plot; (C) The trim-and-fill methods.





FAR and recurrence−free survival

Five studies involving 1372 patients reported the association between FAR and postoperative recurrence-free survival in patients with malignancy. The comprehensive results showed that a high FAR was related to poor RFS in patients with malignant (HR = 1.61, 95% CI 1.34-1.95, p < 0.001). In the case of low heterogeneity (I2 = 39.9%, P = 0.155), we used a fixed-effect model (Figures 5). Furthermore, we performed subgroup analysis according to cancer type, sample capacity, publishing time, sample capacity, methods for choosing FPR cut-off value, sample capacity, cut-off value and treatment option. The results showed that FAR was an independent prognostic factor affecting RFS in each subgroup (Table 4).




Figure 5 | Forest plot for the association between FAR and recurrence−free survival.




Table 4 | Subgroup meta-analysis of FAR and RFS.





Association between FAR and other outcomes

We also investigated the effect of FAR on PFS, DFS and TTR in human patients with malignant tumors. Four studies involving 669 medical records reported the prognostic impact of FAR on PFS. Due to the lack of heterogeneity, a fixed-effects model was used (I2 = 0.0%, P=0.779). Higher FAR was a prognostic factor for poor PFS in patients with human malignancies (HR: 2.10, 95% CI 1.58-2.79, p<0.001) (Figure 6A). Two studies involving a total of 575 patients reported the relationship between FAR and DFS in patients with malignancy, and the combined results showed that high FAR was an independent risk factor for DFS in patients with malignancy (HR=1.52, 95%CI 1.17-1.96, p= 0.001) (Figure 6B). Additionally, a study involving 151 medical records reported the prognostic effect of FAR on TTR, and FAR was also a prognostic factor for poor TTR in patients with human malignancies (HR: 1.555, 95% CI 1.031-2.346, P=0.035) (Figure 6C).




Figure 6 | Forest plot for the association between FAR and progression-free survival (A)/disease-free survival (B)/time to recurrence (C).






Discussion

In recent years, there have been continuous studies to explore the relationship between FAR and the clinical outcome of human solid tumors (29, 35, 36, 39). FAR is expected to be a simple, inexpensive, and readily available biomarker for predicting clinical prognosis in patients with solid tumors. However, the underlying mechanisms of how FAR influences cancer prognosis remain unclear. As a composite indicator based on fibrinogen and albumin, FAR can explain its mechanism of action in cancer prognosis by studying the functions of its components.

When the body is under pathophysiological states such as tumor, surgery, infection, inflammation, trauma, etc., the level of fibrinogen increases to varying degrees (45). Studies have shown that fibrinogen plays a cytoskeleton role in tumor extracellular matrix, protecting tumor cells from being killed by immune cells (46, 47). Jay S Desgrosellier et al. showed that fibrinogen can act as a bridge between platelets and circulating tumor cells (CTCs), promote platelet adhesion to CTCs, and increase the metastatic potential of tumor cells (48). In addition, fibrinogen can also directly bind to the intercellular adhesion molecule-1 (ICAM-1) of endothelial cells to promote tumor cell adhesion, proliferation and migration (49). Many studies have shown that tumor cells can synthesize and secrete additional endogenous fibrinogen, and high fibrinogen promotes the synthesis of IL-6, thereby stimulating T and B cells to promote chronic validation responses (50, 51). In animal experiments, tumor cell metastasis and migration were significantly inhibited in fibrinogen-deficient mice (52).

Previous studies have shown that the nutritional status of cancer patients is related to the patient’s age, degree of disease progression and prognosis (53). Albumin, the most abundant circulating protein in plasma, not only reflects the nutritional status of the human body, but also participates in systemic inflammatory responses (54). Low albumin levels may lead to impaired immune function in tumor patients and promote tumor proliferation, invasion and migration (55). Studies have shown that albumin deficiency is closely related to postoperative complications, secondary operations and recurrence of malignant tumors (56). In addition, Christopher G Lis et al. reported that albumin may help stabilize DNA replication and cell growth, regulate body responses, enhance natural immunity, and prevent malignant diseases (57).

Many biomarkers have been shown to be associated with OS, PFS, etc. in cancer, including neutrophil-to-albumin ratio (NAR), neutrophil-to-lymphocyte ratio (NLR), and C-reactive protein-to-albumin ratio (58–60). Available evidence suggests that fibrinogen and albumin are considered independent prognostic indicators for human solid tumors (61, 62). The FAR value derived from the ratio of these two indicators may combine the predictive effects of these indicators, reflecting a mixed prognostic value (40). Therefore, FAR is not only related to systemic inflammation, but also to coagulation and nutritional status (23). A study of 273 patients with advanced gastric cancer showed that FAR was considered a valuable predictor of PFS and OS, and was superior to fibrinogen or albumin alone (63). Junhong Li et al. reported that FAR was better than fibrinogen and albumin in predicting the prognosis of glioblastoma patients (30).

Here, we included 19 studies involving 5926 patients with malignancies. Available evidence suggests that FAR is a sensitive predictor of prognosis in human malignancies, with patients with high FAR exhibiting worse OS than patients with low FPR. At the same time, we also performed subgroup analyses to explore the influence of various factors on our final conclusions. Despite clear differences between subgroups, high FAR was still significantly associated with poor prognosis. The stability of the meta-analysis was further verified by sensitivity analysis and publication bias. In addition, we further discuss the relationship between FAR and RFS. The combined results showed that FPR was an independent predictor of RFS in patients with malignancy. Meanwhile, subgroup analysis showed that despite differences in different subgroups such as cancer types, sample capacity, publishing time, sample capacity, methods for choosing FPR cut-off value, sample capacity, cut-off value and treatment option, high FAR still significantly associated with poorer RFS. In addition, we discuss the relationship of FPR to other prognostic indicators of malignancy, with higher FPR being associated with poor clinical outcomes in PFS, DFS and TTR. In conclusion, FAR can be considered as an important and practical clinical indicator for predicting the prognosis of patients with malignant tumors. In addition, the critical value of FAR in most of the included studies was 0.08, which provided a certain reference value for the application of FAR in clinical work.

However, the results of our meta-analysis should be interpreted with caution, considering some limitations. First, despite the use of subgroup analyses and sensitivity analyses, sources of heterogeneity could not be fully traced. Second, all the included studies were conducted in Asia, which may affect its applicability in other populations when applied on a large scale. More studies from other regions are needed in the future to confirm its applicability in the whole human race. Third, only aggregated data were included, and data from individual patients were not provided for analysis. Fourth, including only English-language studies may introduce some bias. Despite these limitations, based on the available evidence, we have meaningfully explored the prognostic value of preconditioning FAR in cancer patients.



Conclusion

In summary, the outcomes of this meta-analysis shed light on that a higher level of pre-treatment FAR was positively associated with OS, RFS, PFS, DFS and TTR, indicating that it could be an independent prognostic factor in human solid tumors.


Future perspectives

Due to limited research, it restricted our in-depth investigation of the role of FAR. Hence, larger samples with higher quality randomized controlled trials were required to verify our findings. FAR consists of fibrinogen and albumin, both of which are commonly used laboratory tests that are easy and inexpensive to obtain. In the future, if FAR can be used in clinical treatment, it will improve the efficiency of diagnosis and reduce the cost of treatment for cancer patients.
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