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Abstract
Background: There are a mass of studies declared the prognostic signi�cance of C-reactive
protein/albumin ratio (CRP/Alb) in renal cell carcinoma (RCC). Nevertheless, these works are
controversial. In our study, we investigate the expression of CRP/Alb in RCC and its role in prognosis and
clinicopathological features. Methods: The PubMed, Embase and Cochrane databases were searched
systematically for correlative articles published before August 1, 2019. Hazard ratios (HRs) and 95%
con�dence intervals (CIs) were determined according to eligible studies. And we use �xed and random
effects models to calculate on the basis of heterogeneity. Results: Six relevant studies were identi�ed in
this study, 1959 participants included in total. Our results showed that CRP/Alb was related to poor
overall survival (HR=1.86, 95% CI: 1.56-2.21). In addition, CRP/Alb was also associated with tumor stage
(OR=3.29, 95% CI: 1.66-6.50), lymph node involvement (OR=3.76, 95% CI: 2.57-5.51), metastasis
(OR=5.69, 95% CI: 2.40-13.51), Fuhrman nuclear grade (OR=4.21, 95% CI: 3.14-5.64), pTNM (OR=4.34,
95% CI: 1.94-9.70) and tumor size (WMD=2.26, 95% CI: 1.86–2.67). However, CRP/Alb was not
associated with necrosis. Conclusion: Our study illustrates that the higher CRP/Alb expression was
correlated with poorer prognosis and more advanced clinicopathological features in RCC patients. High
CRP/Alb expression may act as a valuable predictive biomarker for poor prognosis in RCC patients.

Background
Renal cell carcinoma (RCC) represents 5% and 3% of the malignancies in males and females respectively,
is the most common neoplasm of kidney [1-3]. In spite of the development of diagnosis and treatment for
RCC, like abdominal ultrasound, computerized tomography, surgical methods improvement, targeted
therapy and immunotherapy, the patient's prognosis is still poor in the long-term, given 40% patients will
eventually relapse and distal metastasis [3, 4]. Thus, some precise prognostic factors that could predict
the outcome of RCC patients is in urgent need.

A great deal of evidences has elucidated the role of in�ammation in tumor formation and progression [5,
6]. For instance, neutrophil level, platelet level, CRP, neutrophil-to-lymphocyte ratio and platelet-to-
lymphocyte ratio, some parameters derived from blood tests have been proven to independently predict
clinical outcomes of various human cancer types, including RCC [7-16]. A new prognostic index,
preoperative C-reactive protein/albumin (CRP/Alb) ratio, together with the systemic in�ammation and
nutritional status come to researcher’s eyes recently. It has also been declared as an independent
prognostic marker in RCC. Due to differences in study design, sample size, and other factors, CRP/Alb in
RCC patients reported some opposite results. Therefore, it is time to shine a light on performing a
systematic meta-analysis to understand the prognostic value of CRP/Alb in patients with RCC.

   In our study, we evaluated the prognostic signi�cance of CRP/Alb for overall survival (OS) and
clinicopathological value in those with RCC by gathering the available outcome data.

Methods
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Search strategy

This study is based on the accepted top-notch report for systematic reviews and meta-analyses, and we
chose to use this commonly used protocol for this study [17]. The PubMed, Embase and Cochrane
databases were searched systematically for correlative articles published before August 1, 2019. We
searched for keywords: “renal cell carcinoma” or “renal cancer” or “kidney cancer” and “C-reactive
protein/albumin ratio” and “prognosis” or “survival” or “outcome” in humans. The language of the articles
included in this study must be in English, regardless of the language of other languages.

Inclusion and exclusion criteria

We identi�ed articles in this meta-analysis according to the following criteria: 1) the prognostic indicator
of CRP/Alb needs to be OS; 2) all patients must undergo a �nal pathological diagnosis of RCC; 3) hazard
ratios (HRs) and the 95% CIs for survival analysis could be gotten.

The exclusion criteria were described below: 1) animal studies, non-English articles; 2) speci�c paper
types such as abstract, case report, review, or letter; 3) duplicate publications; 4) with incomplete data to
obtain the HR and 95% CIs.

Data extraction and quality

The data was evaluated by two independent reviewers, and if there were inconsistencies, they were
discussed together with the participation of QLC. We assess the quality of selected items on the basis of
the Newcastle-Ottawa Scale (NOS) [18]. A high-quality study should get a score of six or higher. We
recorded information for each study as follows: �rst author, time of publication, origins, participant
number, cut-off value, the amounts of patients with positive CRP/Alb, HR for survival (OS), and follow-up
time.

Statistical analysis

The statistical analysis was conducted on Stata SE14.0 (Stata Corp LP, USA). HRs and 95% CIs were
applied to evaluate the relations between CRP/Alb expression and OS. Similarly, ORs (odds ratios) and
95% CIs were used to illustrate the interaction between CRP/Alb expression and clinicopathological
features. We use the chi-square test and I2 statistic (100% × [(Q-df)/Q]) to evaluate inter-study
heterogeneity [19, 20], the value of P (heterogeneity) <0.05 or I2 >50% was considered statistically
signi�cant. When the value of P (heterogeneity) is > 0.05 or I2 < 50%, we choose to use the �xed effect
model, otherwise we choose to use the random effect model. We chose to use a funnel chart to measure
publication bias. P < 0.05 indicates statistical signi�cance.

Results
Study Characteristics
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The search strategy of the current meta-analysis identi�ed a total of 617 literature. Overall, 570 records,
identi�ed irrelevant by title and abstract screening, were excluded; and the remained 47 records, which
investigated the correlation between CRP/Alb reactivity and survival outcomes of patients with RCC, were
evaluated in full text. To meet our inclusion and exclusion criteria, six articles of �ve literatures [21-25]
were eligible and eventually included in our study for analysis of the relationship between CRP/Alb and
outcomes of the RCC patients. Our work �owchart is shown in Fig. 1. Major characteristics of these
studies are summarized in Table 1. The number of cohorts of each study ranged from 108 to 699, for a
total of 1959 patients. The cut-off value to distinguish high CRP/Alb reactivity from low CRP/Alb was set
from 5% to 11.5%. The median follow-up periods range from 54.5 to 73 months.

Prognostic value of CRP/Alb for OS

  The correlation between CRP/Alb and prognosis for OS in patients with RCC were evaluated using
pooled HRs and 95% CIs displayed in Table 2 and Fig. 2. All the HRs data were obtained owing to the
multivariate analysis and the results implied that CRP/Alb predicted worse OS (HR=1.56, 95% CI: 1.30-
1.87, P<0.001).

Evaluation of CRP/Alb and clinicopathological characteristics

The Table 2 and Fig. 3 shows the association between CRP/Alb and clinicopathological features in the
RCC patients. CRP/Alb was signi�cantly associated with tumor stage (T3/T4 vs T1/T2, OR=3.29, 95% CI:
1.66-6.50, P=0.001, Fig. 3a), lymph node involvement (N1 vs N0, OR=3.76, 95% CI: 2.57-5.51, P<0.001, Fig.
3b), metastasis (M1 vs M0, OR=5.69, 95% CI: 2.40-13.51, P<0.001, Fig. 3c), Fuhrman nuclear grade (III/IV
vs I/II, OR=4.21, 95% CI: 3.14-5.64, P<0.001, Fig. 3d), pTNM (III/IV vs I/II, OR=4.34, 95% CI: 1.94-9.70,
P<0.001, Fig. 3e) and size (WMD=2.26, 95% CI: 1.86–2.67, P<0.001, Fig. 3f). However, CRP/Alb do no
relationship with necrosis (positive vs negative, OR=2.31, 95% CI: 0.83-6.43, P=0.108).

Publication bias

Funnel plot of meta-analysis for OS (Fig. 4a), tumor stage (Fig. 4b), lymph node involvement (Fig. 4c),
metastasis (Fig. 4d), Fuhrman nuclear grade (Fig. 4e), pTNM (Fig. 4f) and size (Fig. 4g) were evaluated
for publication bias. The funnel plots for OS and clinical features implied no obvious publication bias.

Sensitivity analysis

We perform a sensitivity analysis to assess the stability of results and to lessen the effect of the
individual studies on the �nal conclusions. The results indicated that for OS, the pooled result would not
alter prominently when excluded a certain study (Fig. 5).

Discussion
   For RCC, it is well known that the TNM staging system is a commonly used prognostic factor, but it is a
postoperative indicator and cannot accurately predict the patient's clinical course. As the research
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progressed, we gradually found that many patients at the same stage or level faced completely different
results, so we need an preoperative indicator that can predict the clinical course well. In the nineteenth
century, Virchow originally found the connection between cancer and in�ammation [6]. Gradually, the
opinion that in�ammation has an important role in carcinogenesis was widely recognized [26-29]. Except
the secretion of in�ammatory cells, cancer-related in�ammation consists of in�ammatory cytokines
produced by cancer cells themselves and tumor-associated leukocytes during the process of tissue
remodeling, tissue repair and angiogenesis [5, 30].

In this study, we evaluated the prognostic signi�cance of CRP/Alb in RCC patients. Given laboratory
examination are routinely performed in those patients before treatment, the CRP/Alb is an easily
accessible, and convenient measure of the systemic in�ammatory response. There are some studies
show a relationship between CRP/Alb and prognosis in multiple cancers, RCC included [31-34]. But
researchers have not reached a consensus. Hence, we performed this study to investigate the association
between CRP/Alb and prognostic value and clinicopathological features in RCC patients.

This meta-analysis was to systematically evaluate the correlation between CRP/Alb and the prognosis of
RCC patients. We report a systematic review of 1959 patients included in �ve literatures. Consistently, the
results indicated that the increasing CAR was associated with shorter OS signi�cantly and acted as an
independent prognostic factor for RCC patients. According to univariate and multivariate analysis results
showed that CRP/Alb predicted worse OS.

The correlation between CRP/Alb and clinicopathological characteristics was evaluated at the same time.
The result implied that CRP/Alb were associated with primary tumor stage, regional lymph node
involvement, distant metastases, Fuhrman nuclear grade, pTNM stage, and size in RCC patients
signi�cantly. The higher CRP/Alb was associated whit a higher tumor stage Fuhrman nuclear grade and
pTNM stage. Our study indicated that the CRP/Alb can be a prognostic factor in N1 and M1 RCC patients.
Furthermore, we found that higher CRP/Alb was likely to have a larger tumor size. However, CRP/Alb was
not associated with necrosis.

We should and must acknowledge that there are some limitations in this study alone. First, the criteria for
determining CRP/Alb positive expression are inconsistent in the different literature we have included,
which of course may lead to some heterogeneity. Therefore, we believe that more research is needed in
the future to support the establishment of a more uni�ed standard. Second, the number of patients
included in some included studies is relatively small. Therefore, there should be some large-scale studies
in the future to conceive more reliable results. Finally, although not detected in the present analysis, the
publication bias actually could exist because research with positive results have much more possibilities
to be published than negative [35].

Conclusions
Our study implies that high CRP/Alb is associated with a poor OS in RCC patients. The results also
suggest that high CRP/Alb play a role in more aggressive clinical features in those patients. Therefore, we
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might bene�t from the detection of CRP/Alb when make clinical decision and evaluate prognosis for RCC
patients in the future. To clarify our results, some more prospective and large-scale studies are needed.

Abbreviations
CRP/Alb: C-reactive protein/albumin ratio; RCC: Renal cell carcinoma; HR: Hazard ratios; CI: Con�dence
interval; NOS: Newcastle-Ottawa Scale; OS: Overall survival
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Tables
Table 1 Main characteristics of included studies

Year Country No. of
patients

Mean
age

Gender 
(F/M)

Median follow-
up

Cut-off (%) NOS

2015 China 406 58 253/153 63 <6 vs 6-
11.5

7

2015 China 406 58 253/153 63 <6 vs
>11.5

7

2017 China 570 51.43 382/188 63.54 8 8
2018 China 108 57 78/30 54.5 9.4 6
2019 Japan 699 61.9 500/199 73 7.3 7

i 2019 Japan 176 67 129/47 - 5 6

 

Table 2 Meta-analysis of C-reactive protein/albumin ratio for OS and clinicopathological features in renal cell
carcinoma
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Group No. of
studies

P
(heterogeneity)

I2
(%)

Effect
model

OR (95% CI) P-value

OS 6 0.011 66.6 Random 1.56(1.30-1.87) * <0.001
T (T3/T4 vs T1/T2) 6 <0.001 81.6 Random 3.29(1.66-6.50) 0.001
N (N1 vs N0) 6 0.083 48.7 Random 3.58(1.98-6.47) <0.001
M (M1 vs M0) 5 0.014 68.1 Random 5.69(2.40-13.51) <0.001
Fuhrman (III/IV vs
I/II)

3 0.171 43.4 Fixed 4.21(3.14-5.64) <0.001

pTNM (III/IV vs I/II) 4 0.015 71.4 Random 4.34(1.94-9.70) <0.001
Necrosis (+ vs -) 3 0.028 72.2 Random 2.31(0.83-6.43) 0.108
Size 2 0.429 0 Fixed 2.26(1.86-2.67)

**
<0.001

Notes: *HR (95% CI), ** WMD (95% CI).

Figures
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Figure 1

Flow diagram of the study selection process.
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Figure 2

Forest plot HR for the correlation between C-reactive protein/albumin ratio and OS in RCC patients based
on univariate, multivariate and overall analysis.
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Figure 3

Association between C-reactive protein/albumin ratio and tumor stage (a); lymph node involvement (b);
metastasis (c); Fuhrman nuclear grade (d); pTNM (e); tumor size (f).
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Figure 4

Funnel plot of meta-analysis for OS (a), tumor stage (b), lymph node involvement (c), metastasis (d),
Fuhrman nuclear grade (e), pTNM (f) and tumor size (g).

Figure 5
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Sensitivity analysis for OS in this meta-analysis.


