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Background: Tumor markers can be diagnostically suggestive and are sometimes even related to
prognostic prediction certain diseases. Multiple studies have shown the effectiveness in the prediction of
prostate cancer (PCa) by the use of C-reactive protein (CRP). This meta-analysis was conducted to facilitate
a conclusion regarding the values of CRP in the prediction of survival rate in patients with PCa.

Methods: Manuscripts were searched, identified, and collected from different databases; quality evaluation
was performed according to the different search strategies involved. Information including the comparison
between overall survival (OS) and cancer-specific survival (CSS) rate were retained from different studies in
patients with evaluated or lowered CRP levels. Progression-free survival (PFS) was also recorded in relation
to the log of CRP. Level of relevance was assessed using hazard ratio (HR) and 95% confidence interval (CI).
Heterogenicity testing was performed by using Cochran’s Q test and Higgins I’ statistics. When P value
<0.05, the outcome was considered statistically significant.

Results: A total 12 of manuscripts were included and evaluated from the 1,523 initially identified studies.
The results of OS and PFS were 1.57 (95% CI: 1.34 to 1.85) and 1.50 (95% CI: 1.25 to 1.81), respectively.
For CSS, the combined HR and 95% CI was 1.92 (95% CI: 1.36 to 2.70), which revealed a significant
correlation between increased level of CRP and CSS in PCa patients.

Conclusions: This meta-analysis revealed that CRP value could be one of the critical indicators to predict
the survival rate of PCa patients.
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Introduction countries (1). Prostate cancer (PCa) is the most common
Cancer is currently one of the leading causes of human urinary malignancy in older men (2). It is only surpassed by
death. In economically developed countries, cancer has lung cancer and colorectal cancer as a cause of death among
overtaken cardiovascular disease as the leading cause of older men in Western countries, making it the third leading
death, and it is the second leading cause in many developing cause of cancer death in this demographic (3).
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In China in recent years, with the continuous growth
of the aging population, the incidence rate of PCa has
been on the rise, especially among obese or diabetic
patients (4), which has piqued the attention of urologists.
The prognosis of PCa patients mainly depends on early
diagnosis and appropriate treatment. After active and
effective treatment, the 5-year survival rate of patients
with PCa confined to the capsule can reach above 90%;
however, following treatment of metastatic PCa, the 5-year
survival rate peaks at 30% (5). Therefore, early and timely
diagnosis and reasonable treatment for PCa patients is very
important. To date, prostate-specific antigen (PSA) is still
the most widely used serum biomarker in clinical diagnosis
of prostatic adenocarcinoma, and it has a strong predictive
value for PCa. However, due to its high false positive rate,
PSA is still the most widely used serum marker in clinical
diagnosis. Guidelines published by the United States
Preventive Services Task Force no longer advocates routine
PSA screening of younger men (6). At the same time, PSA
is not accurate in predicting patient prognosis, so more
biological markers are needed to assist in the diagnosis and
prognosis prediction of PCa (7).

C-reactive protein (CRP), a plasma protein in acute
phase, is increased during the systemic inflammatory
response and is one of the commonly used markers of
inflammation. It is produced in the liver and is regulated by
many proinflammatory cytokines, especially interleukin-6
(IL-6) (5). In fact, inflammation can play potentially
dichotomous (both pro and antitumorigenic) roles
depending on the nature and the cellular makeup of the
immune response (8).

Normally, circulating CRP levels are low and
difficult to detect in healthy people. However, an
increase in circulating CRP concentration has been
reported in many diseases (including infectious diseases,
cardiovascular diseases, diabetes, inflammatory bowel
disease, autoimmune diseases, and a variety of cancers) (9).
Clinically, CRP is easy to detect and clinically operable,
and it is a biological indicator that is helpful for the
clinical diagnosis of PCa and prognostic judgment of PCa
patients (10).

In recent years, many studies have reported that CRP
plays a crucial role in the occurrence and development of
PCa. This article reviews recent advances in the study of
CRP and draws conclusions about the effectiveness of CRP
in prognosis evaluation in PCa. We present the following
article in accordance with the MOOSE reporting checklist
(available at https://dx.doi.org/10.21037/tcr-21-2097).
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Methods

This meta-analysis was performed according to the Meta-
analysis of Observational Studies in Epidemiology Group
Guideline (MOOSE) (11).

Search strategy

The databases of Medline and Embase were searched
systematically from August 2013 to April 2021 in order
to locate relevant research. Searching terms as C-reactive
protein, CRP and prostate cancer, PCa were used to
identify manuscripts which were eligible.

Eligibility of manuscripts included

Inclusion criteria

Manuscripts were included if they met the following
criteria: CRP value was measured before treatment, possible
correlations were evaluated between CRP value before
treatment and overall survival (OS) and study design was
prospective or retrospective.

Exclusion criteria

The exclusion criteria were as follows: meeting abstracts,
meeting notes, reviews, letters, news reports, and laboratory
studies. Studies which did not include necessary information
such as 95% confidence interval (CI) and hazard ratio (HR);
incomplete or duplicate studies were also excluded.

Literature screening and quality evaluation

The screening process of manuscripts and final cross-
checking were completed by 2 reviewers independently.
All disagreements were resolved by the agreement of both
reviewers or via consultation with a third party. In order to
prevent overestimation in the results, only the additional
participants included in a repeated article were selected.

All manuscripts underwent quality evaluation according
to the MOOSE checklist (11). The content of the checklist
included: (I) precise description of included population
and country; (II) accurate definition of the study design;
(III) comprehensive definition of outcome evaluation, OS
rate, cancer-specific survival (CSS) rate, and progression-
free survival (PFS) rate; (IV) clear definition of cut-off for
CRP or accurate definition of log of CRP; (V) sufficiently
duration of follow-up. These standards were used to exclude
unqualified studies in order to improve the quality of this
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Figure 1 Flow diagram of screening process of manuscripts. HR, hazard ratio.

manuscript. The screening process is shown in Figure 1.

Data extraction

After screening of manuscripts, the following data was
extracted: (I) first author, publication year, population of
the study, and which country this study was held; (II) study
design; (III) characteristics including staging, number of
samples, and age; (IV) HR of CRP level to evaluate, OS
rate, CSS rate, PFS rate, and their 95% CI. If data was not
clearly shown, we manually extracted the total number of
patient deaths against each group’s sample size in order to
calculate the HR (12).

Statistical analysis

Heterogenicity testing was performed by using Cochran’s
Q test and Higgins I’ statistics. When P value <0.05,
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the outcome was considered statistically significant.
Sensitivity evaluation was performed in order to evaluate
the causes of heterogenicity. Review Manager 5.3 (RevMan,
Copenhagen: The Nordic Cochrane Center, The Cochrane
Collaboration, 2014) was the main software used to analyze
all the data and statistics.

Results
Data retrieval

After primary screening of the PubMed and Embase
databases, 94 results with recorded CRP level were
retrieved. After reading titles and abstracts, 79 articles were
excluded due to being letters, newspapers, having important
data missing, and analysis irrelevant to the topics. Some
additional manuscripts were excluded due to inappropriate
reporting standards; others were excluded due to too
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Figure 2 Forest plots of pooled outcomes in: (A) and (B) OS rate; (C) CSS rate; (D) PES rate with HR and 95% confidence interval in the evaluation
of high and low level of serum CRP. OS, overall survival; CSS, cancer-specific survival; PES, progression-free survival; HR, hazard ratio; CI,

confidence interval; CRP, C-reactive protein.

short duration of follow-up to observe the survival rate;
2 manuscripts were excluded due to their recording of
CRP-albumin ratio (CAR) and IL-6 instead of CRP level.
Eventually, 12 studies were included in the meta-analysis
(13-24).

OS rate

Among the studies which evaluated OS rate, there was no
obvious evidence of significant heterogeneity in categorized
CRP (P=0.15). According to the results displayed in
Figure 2, the serum CRP level was relevant to the OS rate
in PCa patients with combined HR estimated at about 1.57
(95% CI: 1.34 to 1.85). However, certain evidence showed
significant heterogeneity in log CRP (P=0.05) but not
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statistically significant in HR and 95% CI 1.21 (95% CI:
0.98 to 1.49).

CCS rate and PES rate

The random effects model was used to evaluate CSS and PFS
outcomes. As shown in Figure 2, the P value in CSS and PFS
was 0.39 and 0.50, respectively, which showed insignificant
heterogeneity in either CSS or PFS. For CSS, the combined
level of HR and 95% CI was calculated as 1.92 (95% CI: 1.36
to 2.70), which revealed a significant correlation between
increased level of CRP with PCa patients in CSS The pooled
HR and 95% CI in PFS was calculated as 1.50 (95% CI: 1.25
to 1.81), which also showed a relationship between increased
CRP level and PFS in PCa patients.
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Figure 3 Funnel plots of pooled outcomes in: (A) OS rate; (B) CSS rate; (C) PFS rate. OS, overall survival; CSS, cancer-specific survival; PFS,

progression-free survival; HR, hazard ratio; SE, standard error.

All the above data indicated that CRP serum level was
useful and suggestive in the prediction of prognosis in PCa
patients as one of the tumor markers.

Publication bias

To evaluate the publication bias, funnel plots with the
Egger’s bias indicator test were used to evaluate the
included studies (25). As shown in Figure 3, two of these
funnel plots were symmetrical. In conclusion, there were
negative findings in the presence of significant publication
bias in categorized OS rate and PFS rate.

Limitations

Most of the data on the prognosis of PCa have been
produced via retrospective analysis, and few prospective
and randomized controlled studies have been conducted,
so circulating CRP has not yet been recognized as an
independent indicator for prognosis prediction (26).
However, the predictive role of circulating CRP level in
prognosis and post-treatment outcome of PCa patients
has been confirmed by many studies. The combination of

commonly used bedside indicators and patient’s circulating
CRP level would be more accurate in predicting the
prognosis.

Discussion

The molecular mechanism of inflammation and
tumorigenesis has been a hot topic in recent years. An acute
inflammatory response can protect damaged tissues, while a
chronic inflammatory response may be one of the causes of
tumorigenesis. The possible mechanisms include: regulating
the production of free radicals to cause irreversible cell
damage; accelerating cell growth by promoting DNA and
cell repair; the inflammatory response creates a protective
microenvironment that is also conducive to the growth
of tumor cells. There have been many studies on the
relationship between inflammatory response and the
occurrence and development of PCa. The inflammatory
marker CRP is an acute chronological serum protein
synthesized by liver cells and its content amplified in
inflammatory disease. Its role is to promote the movement
of white blood cells and improve the activity of phagocytes
to activate the complement system. Some studies have
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shown that elevated CRP levels are a risk factor for poor
prognosis in patients with steroid-refractory PCa.

In addition, although several studies have evaluated the
effect of serum CRP level as a prognostic factor in PCa,
the results obtained have remained contradictory, and no
studies have revealed the relationship between baseline
CRP level and OS in Chinese patients with metastatic PCa.
Previous study indicated that elevated CRP expression is
significantly associated with worse PCa survival, and CRP is
a strong predictor for all three survival outcomes, especially
for CSS (27).

Currently, multiple studies have shown that circulating
CRP levels contribute to the prediction of prognosis in
many malignancies, including PCa, and some studies
have suggested that elevated cyclic CRP levels are an
independent predictor of poorer prognosis in PCa patients
(13,23,28,29). Circulating CRP level is considered a strong
predictor of 3 survival indicators (PFS, CSS, and OS)
in patients with anterior adenocarcinoma, especially for
CSS of PCa patients, circulating CRP level has a strong
predictive effect (30). Graff et 4/. (31) summarized and
analyzed previous related studies and determined the critical
value of circulating CRP level in prognosis judgment of
PCa. They asserted that 12 mg/L was the best critical
value for prognosis judgment, and this critical value was
closely correlated with patient survival rate. Patients with
high circulating CRP levels had a statistically significant
(83%) increased risk of death. Xu et 4/. (23) believed that
circulating CRP level >10 mg/L could more effectively
represent a significant increase in mortality and a significant
decrease in survival rate. Nakashima er /. (32) also found
through multivariate analysis that circulating CRP level
and bone scan results are important prognostic indicators
for patients with metastatic PCa, and can be used as a
standard to divide patients into high- and low-risk groups.
The 5-year survival rates for low-risk and high-risk patients
were 74% and 24%, respectively, which were significantly
different. Taken together, the association between CRP and
PCa is a potential but modifiable risk factor. Interventions
that interfere with CRP and even inflammatory pathways
may reduce the risk of PCa and improve prognosis and
survival of PCa patients. It was shown that aspirin reduced
circulating CRP levels and inflammatory reaction to drug
use, and transfer of PCa and PCa mortality in patients with
a negative correlation, but the clinical benefits of using
chemical methods to intervene CRP and the inflammatory
response in high-risk adenocarcinoma patients requires

further study (27).
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Conclusions

Inflammation has been repeatedly shown to be related to
the occurrence and development of a variety of tumors,
and CRP is a sensitive and easily measured factor in
the inflammatory response. It may also influence the
occurrence and development of various tumors through
the related inflammatory mechanisms. In addition, due to
the interaction between CRP and PCa tissue, CRP has also
been considered an important mediator in the development
and progression of PCa. However, circulating CRP levels
are easily affected by factors such as age and smoking. At
the same time, the mechanism of action between CRP
and PCa has not been fully elucidated. Whether CRP-
dominated inflammatory factors lead to the generation
and development of PCa or the stimulation of PCa to
surrounding tissues leads to the increase of CRP reactivity
has also been controversial. In addition, preocular studies
are often limited to small, retrospective studies, and the
relationship between CRP and PCa in large sample data
and prospective studies has remained controversial.

Therefore, to date, circulating CRP level has not been
used in the diagnosis and prediction of PCa alone, and
further exploration of the relationship between CRP and
PCa and its related mechanisms is required. This meta-
analysis integrated the related more recent studies on
the relationship between CRP and PCa. Many studies
pointed out that CRP is closely related to the occurrence
and development of PCa, which is expected to be used as a
new indicator for the diagnosis and prognosis of PCa, and
should be observed or trialled in clinical practice. It can
also be combined with other common indicators to try to
improve their overall sensitivity and specificity. At the same
time, in future research on CRP and PCa, more attention
should be paid to the basic research on its mechanism, so as
to clarify the specific relationship and mechanism between
CRP and PCa, and even other malignant tumors.
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