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Background

The relationship between the C-reactive protein (CRP) and prognosis in prostate cancer (PCa) has been widely discussed over the past few years but remains controversial.



Material and methods

In our meta-analysis, we searched 16 reliable studies in the PubMed, Embase, and Cochrane Library databases. Otherwise, we have successfully registered on the INPLASY. We also performed random- and fixed-effects models to evaluate the hazard ratio (HR) and 95% confidence interval (CI), respectively.



Result

The result of our meta-analysis shows that elevated CRP levels were related to worse overall survival (OS) (HR = 1.752, 95% CI = 1.304–2.355, p = 0.000), cancer-specific survival (CSS) (HR =1.823, 95%CI = 1.19-2.793, P = 0.006), and progression-free survival (PFS) (HR = 1.663, 95% CI = 1.064–2.6, p = 0.026) of PCa patients. There was significant heterogeneity, so we performed a subgroup analysis according to the staging of the disease and found the same result. Furthermore, the heterogeneity was also reduced, and no statistical significance.



Conclusion

Our study shows that the level of CRP could reflect the prognosis of prostate cancer patients. We find that PCa patients with high levels of CRP often have worse OS, CSS, and PFS, although the stages of the patients’ disease are different. More studies are needed to verify this idea.
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1 Introduction

Prostate cancer (PCa) is one of the most common cancers, with a mortality rate that is among the top five worldwide. Moreover, it is the second most frequently diagnosed cancer among men (1). Most PCa patients are diagnosed when the disease is only localized, which means that many patients could be curable if the disease is detected in the early stages. In contrast, approximately 30% of patients will have cancer recurrence. Therefore, it is important to find more accurate prognoses and predictive markers for the treatment of PCa.

Before that, many indicators have been shown to be closely related to the prognosis of prostate cancer. For example, Gleason score, metastases, pain phosphatase, alkaline, and albumin were prognostic factors for several survival indicators of PCa (2–5). Moreover, systemic inflammation was discussed as a predictive factor for the survival of PCa patients in some studies (6). Some studies also showed that anti-inflammatory drugs had a protective effect on PCa patients (7).

C-reactive protein (CRP) is mainly produced by the liver as a typical acute-phase protein, which is one of the most common markers of systemic inflammation and is routinely measured (8). The elevation of CRP level was discussed as a prognostic indicator for many cancers, such as lung cancer, breast cancer, and colorectal cancer (9). It is also associated with the prognosis of urological cancers such as renal cell carcinoma (10, 11).

In the past few years, the relationship between CRP levels and the prognosis of prostate cancer patients remains controversial. Some studies suggested that PCa patients with elevated CRP levels often had worse survival (12, 13). Some other studies had different views and believed that there was no significant correlation between the CRP level and the prognosis of prostate cancer patients (14–16). The results of these studies were different, and due to their small sample size, the results were not very reliable. Therefore, we performed this meta-analysis by summarizing all credible articles to explore the relationship between C-reactive protein levels and prognosis in prostate cancer. Then, subgroup analysis was performed by staging the disease.



2 Materials and methods


2.1 Search strategy

We independently and systematically searched the Embase, PubMed, and Cochrane Library databases, and assessed the relationship between C-reactive protein levels and survival of prostate cancer patients up to October 2019. We used the following search terms: “Prostate Cancer”, “PCa”, “CRP”, and “C reactive protein”. Otherwise, we have successfully registered on the INPLASY, and our registration number was “INPALSY202060061”. There was no restriction on the type of study or the sample size.



2.2 Inclusion and exclusion criteria

Those who met the following conditions were eligible for inclusion in this study: 1) the studies discussed the relationship between CRP and the prognosis in PCa patients; 2) the study design was prospective, randomized controlled trials (RCTs) or retrospective studies; 3) contain data on hazard ratio (HR) and 95% confidence interval (CI) or include the survival curves of CRP in PCa patients. Studies were excluded based on the following criteria: 1) data cannot be obtained even after contacting the author; 2) the type of study was abstract, review, and comment; 3) duplicate studies.



2.3 Data abstraction

We gathered the following information for inclusion in the study by carefully reading and sifting through the retrieved titles and abstracts: 1) the basic characteristics of the study including the family name of the lead author, time of publication, nationality of patients, size of the sample, age, and staging of the disease; 2) time of follow-up, CRP cutoff values, and median follow-up; 3) HR, p-value, and 95% CIs of elevated CRP for all prognostic indicators, such as overall survival (OS), disease-specific survival (DSS), cancer-specific survival (CSS), recurrence-free survival (RFS), progression-free survival (PFS), and disease-free survival (DFS). It was worth mentioning that we have combined some similar prognostic indicators to make the study feasible. For example, CSS and DSS were considered to be CSS; PFS, RFS, and DFS were considered to be PFS. In order to ensure the effectiveness of the results, all results we have extracted were from multivariate analysis. When there was no exact HR reported, we extracted the data from its survival curve and calculated HR. We used the Newcastle–Ottawa Scale (NOS) to evaluate the quality of all included articles (17), and we also evaluated the selection, exposure, and comparability of these studies.



2.4 Statistical analysis

All statistical analyses were performed using Stata 12.0 software. Egger’s test and Begg’s funnel plot were used to assess the publication bias (18). The HR and 95% CIs were calculated to evaluate the correlation between C-reactive protein levels and the survival of PCa patients. We checked the heterogeneity among the included studies by using the chi-square test, and when p < 0.05, we considered the result significant. The higher the value of I2, the higher the heterogeneity. We recognized that there was no significant heterogeneity when I2 < 50%. The fixed-effects model (Mantel–Haenszel method) was adopted when no significant heterogeneity was detected (p > 0.05 and I2 < 50%) (19). Otherwise, the random-effects model (DerSimonian and Laird method) was used (20). We also performed subgroup analyses when patients had different stages.




3 Results


3.1 Data retrieval

A total of 639 potentially relevant studies were identified from the aforementioned databases. As shown in Figure 1, the full text of 73 studies on the association between C-reactive protein levels and prognosis in prostate cancer was retrieved after screening the titles. A total of 57 studies were excluded after screening the abstract: 23 were about the association between C-reactive protein levels and the risk of prostate cancer; 14 were reviews; 5 were comments and responses; 15 were unrelated studies. Finally, 16 studies were pooled in the final meta-analysis, which contained 13,555 PCa patients.




Figure 1 | Flowchart illustrating the search strategy for CRP and prognosis in prostate cancer. CRP, C-reactive protein.





3.2 Study characteristics

The main features of all included studies are presented in Table 1. The patients were from the United Kingdom, Russia, Japan, Canada, Austria, Sweden, China, and the United States. The research population was also different: five were metastatic prostate cancer (mPCa) patients, four were localized PCa patients, and the remaining were not clearly stated. Otherwise, CRP values were analyzed by different techniques in each study that we included. A total of 12 studies used a dichotomous variable to analyze CRP with different cutoff values. Only one study dealt with trichotomous variables and compared the survival between the highest tertile and the lowest tertile. CRP was considered a continuous variable in the remaining three studies, in which HR was calculated as a unit change on a log scale. All studies showed the values of HR and confidence interval (Table 2). Significantly, all data with multivariate analysis were collected to ensure the credibility of the results.


Table 1 | Main characters of studies included in this meta-analysis.




Table 2 | Main data of studies included in this meta-analysis.





3.3 Meta-analysis

By analyzing all studies, we found that there was a significant correlation between C-reactive protein levels and prognosis in PCa patients (Figures 2, 3). According to the high heterogeneity (I2 > 50%), the random-effects model was carried out to calculate the pooled HR and their 95% CI. Otherwise, the subgroup analyses were also performed as follows to reduce heterogeneity.




Figure 2 | Forest plot of categorized CRP and prognosis in prostate cancer from random-effects analysis. CRP, C-reactive protein.






Figure 3 | Forest plot of log CRP and prognosis in prostate cancer from fixed-effects analysis. CRP, C-reactive protein.




3.3.1 Overall survival

For OS, there was significant heterogeneity between studies of categorized CRP (I2 = 0.888, p = 0.000), and log CRP (I2 = 0.725, p = 0.057) has no significant heterogeneity. Elevated serum CRP level was significantly associated with the OS of PCa for categorized data (HR = 1.752, 95% CI = 1.304–2.355, p = 0.000) and log CRP (HR = 1.142, 95% CI = 1.059–1.232, p = 0.001) (Figures 2, 3).



3.3.2 Cancer-specific survival

For CSS, seven studies discussed the association between the high CRP level and worse CSS for categorized CRP, and the pooled HR was 1.823 (95% CI = 1.19–2.793, p = 0.006). There was also significant heterogeneity (I2 = 0.752, p = 0.000). Only one study discussed log CRP (Figures 2, 3).



3.3.3 Progression-free survival

For PFS, there was also a significant association between the high CRP level and worse PFS for categorized CRP (HR = 1.663, 95% CI = 1.064–2.6, p = 0.026) and log CRP (HR = 1.504, 95% CI = 1.247–1.814, p = 0.000). Some heterogeneity was also found for categorized CRP (I2 = 0.718, p = 0.029) (Figures 2, 3).

In summary, a high CRP level was proved to be associated with a worse OS, CSS, and PFS, which meant that serum CRP level could be a prognostic biomarker for the survival of PCa patients. However, there was also significant heterogeneity between the studies that we included. Therefore, we performed a subgroup analysis by the staging of the disease to find the sources of heterogeneity.



3.3.4 Relationship between high CRP level and prognosis in mPCa

In the subgroup analysis, we also found a significant association between high CRP levels and worse OS in mPCa by pooled HR of two studies (HR = 1.765, 95% CI = 1.058–2.943, p = 0.029) (Figure 4).




Figure 4 | Relationship between categorized CRP and prognosis in mPCa. CRP, C-reactive protein; mPCa, metastatic prostate cancer.





3.3.5 Relationship between high CRP level and prognosis in localized PCa

As shown in Figure 5, a significant association also could be observed between elevated CRP levels and worse OS (HR = 2.083, 95% CI = 1.473–2.944, p = 0.000, I2 = 0.732, p = 0.053), CSS (HR = 2.215, 95% CI = 1.266–3.874, p = 0.005, I2 = 0.000, p = 0.95), and PFS (HR = 2.137, 95% CI = 1.839–2.484, p = 0.000, I2 = 0.254, p = 0.247) in localized PCa for categorized CRP. Significantly, all heterogeneity between included studies was reduced, and there was no significant heterogeneity between studies on localized PCa (p > 0.05, I2 < 50%). It indicated that the staging of the disease was likely to be the source of heterogeneity.




Figure 5 | Relationship between categorized CRP and prognosis in localized PCa. CRP, C-reactive protein; PCa, prostate cancer.






3.4 Publication bias

As shown in Figure 6, we also used Egger’s test and Begg’s funnel plot to evaluate the publication bias. The results showed that there was no publication bias because of the symmetric shapes of all models (p = 0.252).




Figure 6 | Funnel plot (categorized CRP and PFS in prostate cancer). CRP, C-reactive protein; PFS, progression-free survival.





3.5 Sensitivity analysis

Sensitivity analysis was used to assess one study’s effect on the total analytical results. Figure 7 shows the sensitivity analysis of the subgroup of CSS. No study impacted the pooled HRs significantly, which meant that our results were reliable.




Figure 7 | Sensitivity analysis (CSS in prostate cancer). CSS, cancer-specific survival.






4 Discussion

This was a meta-analysis of C-reactive protein levels and prognosis in prostate cancer. We found that PCa patients often had worse survival with high levels of CRP. The results further confirmed the study of Liu et al. (21). Moreover, we also performed subgroup analyses by staging the disease because of the bigger sample size. Our study also indicated that the level of CRP was related to the survival of both mPCa patients and localized PCa patients.

As prostate cancer is the most common malignancy in the male reproductive system, its treatment is varied. It could be roughly divided into wait and watch, active monitoring, surgical treatment, radiotherapy, androgen deprivation therapy (ADT), etc. (22). However, mPCa is still deadly, with a 5-year survival rate of approximately 30%, indicating the need for better treatment options. In recent years, there are also some new advances in the treatment of prostate cancer. Arpit et al. found that rucaparib and olaparib (poly-ADP-ribose polymerase (PARP) inhibitors) could be used as the targeted therapy option for patients with mPCa (23). Arnas et al. suggested that high-intensity focused ultrasound (HIFU) has a high control rate and safety in the treatment of local prostate cancer patients and should be promoted in clinical treatment (24). Jiang et al. also found that nanotechnology could create good synergy with radiotherapy, chemotherapy, thermotherapy, photodynamic therapy, and gene therapy, which could increase the effectiveness of treatment and reduce drug resistance (25). With the recent advances, the treatments of prostate cancer became varied, so it was particularly important to evaluate the prognosis of prostate cancer patients.

In recent years, diversified predictors have been confirmed for predicting the prognosis of PCa. One of the most commonly used prostate-specific antigens was the conventional measurement index in the treatment of all PCa patients. In addition, many studies found that epidermal growth factor receptor (EGFR), pAkt, nuclear factor-kappa B, macrophage inhibitory cytokine-1 (MIC-1), matrix metalloproteinase-1 (MMP-1), MMP-9 and tissue inhibitor of metalloproteinase-2 (TIMP-2), and macrophage inhibitory cytokine-1 were associated with the outcome of PCa patients (26, 27). However, in fact, all the above biomarkers must be tested in pathological tissues. This made it difficult for real-time monitoring of the prognosis of patients. Instead, the inflammation indicators were easy to examine from the blood. Brown et al. found that an inflammation-based prognostic score (Glasgow Prognostic Score) was associated with advanced lung and gastrointestinal cancers for the first time (28). After that, the Glasgow Prognostic Score was found to be related to many types of cancer. Recently, one study found that the prognostic value of the Glasgow Prognostic Score in PCa patients, the elevation of CRP (>10 mg/L), and hypoalbuminemia (<35 g/L) were related to worse prognoses of PCa patients (6). William Khalil et al. also summarized the hematological indicators related to the prognosis of prostate cancer, including collagenases, stromelysins, TIMP-1 and TIMP-2, MMP-13, osteopontin (OPN), MMP-2, MMP-9, and MMP-7 (29). Maria et al. also considered the following blood indicators to be associated with the prognosis of prostate cancer: prostate-specific antigen (PSA) + kallikrein antigen (KLK2), AKT, chromogranin A (CHGA), and early prostate cancer antigen (EPCA) (30). Katalin et al. also considered that the following blood-derived biomarkers played an important role in the prognosis of prostate cancer: circulating tumor cells, cellular and soluble immunological and inflammation-related blood markers, and extracellular vesicles and their microRNA content (31). However, the inflammation indicators could be more easily detected from the blood and are widely used in the clinical setting. CRP is the most common indicator of inflammation and has also been widely studied in recent years.

There are many possible mechanisms for the elevation of CRP with worse survival in cancer patients. Chronic inflammation could promote the growth of vascular endothelial cells, which was beneficial to the occurrence of tumors (32). On the one hand, the inflammatory reaction could be activated by the rapid growth of the tumor. Many inflammatory factors are released when the tumor is growing. On the other hand, inflammation also could provide a microenvironment for the growth of tumors, for example, survival factors and growth factors (33). Moreover, a significant negative correlation was recently found between the elevation of CRP and T-lymphocyte subset infiltration (34). Therefore, our study is necessary for the advancement in the treatment of PCa.

The level of CRP is also important for the outcome in PCa. Sevcenco et al. suggested that patients are more prone to experience biochemical recurrence (BCR) with high levels of CRP (35). Hall et al. performed multivariable analysis and found that a higher CRP level is an independent prognostic factor for BCR in patients with radiotherapy (36). According to the multivariate analysis of McArdle et al., a CRP level >10 mg dl−1 before a diagnosis is an independent prognostic factor for both OS and CSS of PCa patients (37). Otherwise, Arthur et al. found that elevated CRP is associated with increased odds of both a high risk and metastatic PCa and high PSA levels, which means that the level of CRP would rise with the increase of tumor stage and disease progression for PCa patients (38). Sevcenco et al. also found that the patients with higher Gleason scores on biopsy, lymph node metastasis, seminal vesicle invasion, extracapsular extension, and positive surgical margins status often had a higher level of CRP compared with patients without these features (35). This further confirmed this conclusion, but more studies are needed to confirm the conclusions.

Firstly, we analyzed the association between the elevation of CRP and the prognosis of PCa patients. We found that CRP level could be a prognosis predictor of PCa in both categorized data and log data. The result showed that elevated CRP levels were associated with worse OS, CSS, and PFS in PCa patients. However, significant heterogeneity was observed; the heterogeneity might be due to many aspects, for example, basic characteristics, the staging of the disease, follow-up time, the difference in treatment, and the different cutoff values. Therefore, we chose a random-effects model to reduce the effect of these differences. Otherwise, we performed a subgroup analysis by the staging of the disease according to the characteristics of these studies and found that the heterogeneity was significantly reduced, which meant that the staging of the disease was likely to be the source of heterogeneity. The result further confirmed that CRP level could be a prognosis predictor for PCa.

For mPCa, we found a significant association between high CRP levels and worse OS in mPCa. For localized PCa, a significant association also could be observed between elevated CRP levels and worse OS, CSS, and PFS. Furthermore, we found that heterogeneity was significantly reduced, which indicated that the staging of the disease contributed to the source of heterogeneity. Our meta-analysis proved that an elevated CRP level is a strong prognosis predictor of PCa patients, which could be helpful for the treatment of PCa. It also could help doctors better monitor the progress of the disease.

Our research includes more new studies compared with the research of Liu et al. (21). Moreover, we also performed Begg’s test to make our results more credible and the subgroup analysis by staging the disease, explored the relationship between CRP and the survival of patients with different stages of PCa, and found the source of heterogeneity.

However, our study also has some limitations. There is also a need for more credible studies to confirm our conclusions, although we have reviewed all the current literature. The heterogeneity was significant in our study, but we performed stratified analysis to reduce the heterogeneity, which made the results more credible. In addition, the techniques for detecting CRP were different, which made the results unreliable.



5 Conclusion

In general, our meta-analysis found that elevated CRP levels were related to worse OS, CSS, and PFS in PCa patients. Furthermore, we also observed the same relationship between CRP and the survival of localized PCa patients. Therefore, it can be indicated that the CRP level could be used as a prognosis predictor of prostate cancer. More studies are needed to confirm these conclusions.
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