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Abstract: We undertook a retrospective analysis to evaluate the C-reactive protein/albumin (CRP/Alb) ratio for its 
prognostic value in patients with clear cell renal cell carcinoma (CCRCC). The study comprised 406 CCRCC patients 
undergoing nephrectomy between 2003 and 2012 in our hospital. The correlations among the pretreatment CRP/
Alb ratio, clinicopathological parameters, and overall survival (OS) were evaluated. An elevated CRP/Alb ratio was 
associated with older age at surgery (P=0.007), more advanced TNM stage (P<0.001), more presence of tumor 
necrosis (P<0.001) and lymphovascular invasion (P<0.001), lower concentration of hemoglobin (P<0.001) and 
calcium (P=0.005), and shorter OS (P<0.001). The multivariate analysis confirmed that the CRP/Alb ratio inde-
pendently predicted the OS of patients with CCRCC (P<0.001), the Glasgow Prognostic Score (GPS) (P=0.001) and 
modified GPS (mGPS) (P=0.019) were independent prognostic factors also. At last, we evaluated the prognostic 
value of the CRP/Alb ratio compared with the similar inflammation-based prognostic scores GPS and mGPS using 
the area under the curve (AUC). Although the differences were not statistically significant, the AUC value of the CRP/
Alb ratio (continuous, categorical) was higher compared with the GPS and mGPS, except that the AUC value for the 
CRP/Alb ratio (categorical) at 3 years was lower than that for the GPS. The CRP/Alb ratio could take the place of the 
GPS and mGPS in terms of predicting prognosis in CCRCC.
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Introduction

Kidney cancer is one of the most common 
malignancies in the urological system. Clear 
cell renal cell carcinoma (CCRCC) is the most 
common subtype of kidney cancer and ac- 
counts for 70%-80% of all. Although advances 
in technology have improved the efficacy in 
patients with CCRCC, 20%-30% of patients 
undergoing curative nephrectomy will have a 
relapse during follow-up [1]. In order to assess 
patients’ postoperative risk, and draw their 
attention to the possible relapse, several prog-
nostic factors and models have been estab-
lished to predict CCRCC patient’s clinical out-
come, such as TNM stage and Fuhrman grade 
and so on. Last few years, investigators have 
demonstrated that the presence of systemic 
inflammatory response is associated with a 
poor outcome in patients with various types of 

cancer [2-4]. As the established inflammation-
based prognostic scores, GPS and mGPS deter-
mined based on the serum levels of C-reactive 
protein (CRP) and albumin have been proved to 
have prognostic value in various types of can-
cer. Previous studies have demonstrated that 
the GPS and mGPS are reliable and effective 
scoring system for outcome prediction in 
patients with CCRCC [5, 6]. Moreover, Lucca 
indicated that the GPS is superior to other 
inflammation-based prognostic scores in terms 
of its prognostic ability in patients with CCRCC 
[7]. Recently, based on the same index, the 
ratio of CRP to albumin, which names the CRP/ 
albumin (CRP/Alb) ratio, have been proved to 
show outstanding prognostic value in hepato-
cellular carcinoma and esophageal squamous 
cell carcinoma compared with other estab-
lished inflammation-based prognostic scores 
[8, 9]. However, whether the CRP/Alb ratio is 
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associated with outcome in CCRCC patients 
has not yet been elucidated. Therefore, in this 
study we aim to explore the prognostic perfor-
mance of the CRP/Alb ratio in Chinese patients 
with CCRCC. We also evaluated the prognostic 
value of the CRP/Alb ratio compared with the 
GPS and mGPS.

albumin, hemoglobin, calcium and so on were 
obtained within 1 week before surgery. All of 
the clinicopathological data above were 
retrieved from Medical records inquiry system 
of The Third Affiliated Hospital of Soochow 
University. The CRP/Alb ratio was calculated by 
dividing the serum CRP level by the serum albu-

Table 1. Correlation of the CRP/Alb ratio with the clinicopathologi-
cal characteristics of patients

Variable

No. of Patients (%)

P value
CRP/Alb 

ratio
CRP/Alb 

ratio
CRP/Alb 

ratio
<0.060 0.060-0.115 ≥0.115
(n=163) (n=150) (n=93)

Age (years) 0.007*

    <57.5 91 (22.4) 75 (18.5) 33 (8.1)
    ≥57.5 72 (17.7) 75 (18.5) 60 (14.8)
Sex 0.221
    Male 99 (24.4) 89 (21.9) 65 (16.0)
    Female 64 (15.8) 61 (15.0) 28 (6.9)
T stage <0.001*

    1 144 (35.5) 135 (33.3) 61 (15.0)
    2 15 (3.7) 11 (2.7) 13 (3.2)
    3 4 (1.0) 4 (1.0) 18 (4.4)
    4 0 (0.0) 0 (0.0) 1 (0.2)
N stage 0.163
    0 159 (39.1) 148 (36.5) 88 (21.7)
    1 4 (1.0) 2 (0.5) 5 (1.2)
M stage 0.034*

    0 163 (40.1) 150 (37.0) 91 (22.4)
    1 0 (0.0) 0 (0.0) 2 (0.0)
TNM stage <0.001*

    I 142 (35.0) 134 (33.0) 59 (14.5)
    II 15 (3.7) 11 (2.7) 12 (3.0)
    III 6 (1.5) 5 (1.2) 19 (4.7)
    IV 0 (0.0) 0 (0.0) 3 (0.7)
Tumor necrosis <0.001*

    Absent 155 (38.2) 142 (35.0) 71 (17.5)
    Present 8 (2.0) 8 (2.0) 22 (5.4)
Lymphovascular invasion <0.001*

    Absent 160 (39.4) 146 (36.0) 80 (19.7)
    Present 3 (0.7) 4 (1.0) 13 (3.2)
Hemoglobin (g/L) <0.001*

    <116.05 14 (3.4) 13 (3.2) 30 (7.4)
    ≥116.05 149 (36.7) 137 (33.7) 63 (15.5)
Ca (mmol/L) 0.005*

    <2.40 71 (17.5) 73 (18.0) 59 (14.5)
    ≥2.40 91 (22.4) 75 (18.5) 32 (7.9)
*indicates that the difference was statistically significant. Abbreviation: TNM 
tumor-node-metastasis, CRP/Alb the C-reactive protein/Albumin ratio, Ca calcium.

Materials and methods

Patients

This retrospective study in- 
cluded data from 461 CCRCC 
patients, who underwent radi-
cal or partial nephrectomy in 
The Third Affiliated Hospital  
of Soochow University from 
2003 to 2012. 27 patients 
had been lost to follow-up,  
and 22 patients whose clinico-
pathological parameters were 
not complete were excluded. 
Patients who had a history of 
previous anti-cancer therapies 
and other malignancies, who 
showed evidence of acute 
infection or chronic inflamma-
tory disease were also exclud-
ed. After excluding 55 patien- 
ts, the remaining 406 patien- 
ts were finally evaluated, who 
underwent potentially curative 
resection.

Clinical and laboratory data

For each patient, the following 
clinical and pathologic infor-
mation was gathered: age at 
surgery, gender, TNM stage, 
presence of tumor necrosis 
and lymphovascular invasion, 
and concentration of serum 
hemoglobin and calcium. TNM 
stage was assigned accord- 
ing to the 2010 TNM classi- 
fication. Tumor necrosis was 
defined as microscopic coagu-
lative necrosis [10, 11]. Lym- 
phovascular invasion was de- 
fined as the presence of the 
invasion of cancer cells into 
blood vessels or the lympha- 
tic system without underlying 
muscular walls [12, 13]. The 
laboratory data, levels of CRP, 
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min level. The GPS was calculated as follows: 
Patients had both an elevated C-reactive pro-
tein serum levels (>10 mg/L) and low albumin 
(<35 g/L) were allocated a score of 2, and 
patients with 1 or no abnormality value were 
allocated a score of 1 or 0, respectively [5]. The 
mGPS was constructed as follows: Patients had 
both an elevated C-reactive protein serum lev-
els (>10 mg/L) and hypoalbuminemia (<35 g/L) 
were allocated a score of 2; patients in whom 
only C-reactive protein was elevated (>10 mg/L) 
were allocated a score of 1 and those with a 
normal C-reactive protein were allocated a 
score of 0 [14].

Statistical analyses

For the description of clinical and pathologi- 
cal characteristics of patients, categorical vari-
ables were presented as numbers and percent-
ages, continuous variables were allocated in 
groups according to the optimal cut-off value. 
Receiver operating characteristics (ROC) analy-
sis was done to identify the cutoff point of con-
tinuous variables. OS was calculated from date 
of surgery to individuals’ death of any cause or 
last follow-up. The OS rates were calculated 
using the Kaplan-Meier method, and compared 

Results

The median age of patients was 58 (range 
24-80) years. Overall, 253 (62.3%) patients 
were males and 153 (37.7%) were females. The 
mean postoperative follow-up was 63 (range 
1-151) months.

Table 1 shows the correlations of the CRP/Alb 
ratio with the clinicopathological characteris-
tics. The cut off level of CRP/Alb ratio to divide 
the three groups (CRP/Alb ratio <0.060 (n= 
163), CRP/Alb ratio ≥0.060 and <0.115 (n= 
150), CRP/Alb ratio ≥0.115 (n=93)) was deter-
mined after receiver operating characteristics 
(ROC) analysis. In order to analysis the con- 
tinuous variables, we divide them into groups 
according to the cut off level. The cut off level  
of age at operation, hemoglobin, calcium were 
57.5, 116.05, and 2.405 respectively. An ele-
vated CRP/Alb ratio was associated with older 
age at surgery (P=0.007), more advanced TNM 
stage (P<0.001), more presence of tumor 
necrosis (P<0.001), more presence of lympho-
vascular invasion (P<0.001), lower concentra-
tion of hemoglobin (P<0.001) and calcium 
(P=0.005). There was no statistical difference 
in the distribution of sex and lymph node 

Figure 1. The Kaplan-Meier survival curves according to the preoperative 
CRP/Alb ratio. The OS rates were significantly lower in the high CRP/Alb 
ratio group compared with the low group (P<0.001).

using the log-rank test. Uni- 
variate analysis of the poten-
tial factors related to survival 
was conducted with the help of 
Mantel-Cox regression meth-
odology. The Cox proportional 
hazards model was used for 
the multivariate analysis to 
identify independent prognos-
tic factors associated with OS. 
ROC analysis was also used to 
measure and compare the 
areas under the curve (AUC), 
and then to evaluate the  
discriminatory ability of the 
inflammation-based prognos-
tic scores. The Chi square test 
was used to detect the differ-
ences between groups. All sta-
tistical tests were two-sided 
and a P-value <0.05 was  
considered statistically signifi- 
cant. All data analyses were  
performed with SPSS Stati- 
stics 17.0.



C-reactive protein: albumin ratio in clear cell renal cell carcinoma

14896 Int J Clin Exp Pathol 2015;8(11):14893-14900

metastasis compared with the CRP/Alb ratio. 
The results of the Kaplan-Meier method were 
present as Figure 1, the OS rates were signifi-
cantly lower in the high CRP/Alb ratio group 
compared with the low group (P<0.001).

The results of the univariate and multivariable 
analysis are shown in Table 2. Univariate analy-

sis identified age (P=0.001), high TNM stage 
(P<0.001), tumor necrosis (P<0.001), lympho-
vascular invasion (P<0.001), lower concentra-
tion of hemoglobin (P<0.001) and calcium 
(P<0.001), and a higher CRP/Alb ratio (P< 
0.001), GPS (P<0.001), mGPS (P<0.001) as 
prognosticators of patients’ poor outcome, 
whereas SEX (P=0.110) was not statistically 

Table 2. Overall survival, univariate and multivariate analyses

Variable
Univariate analysis Multivariate analysis

HR (95% CI) p value HR (95% CI) p value
Age (years) 0.001* 0.008*,a

    <57.5 reference reference
    ≥57.5 2.66 (1.46-4.85) 2.39 (1.26-4.56)
Sex 0.110
    Female reference
    Male 1.65 (0.89-3.04)
TNM stage <0.001* 0.002*,a

    I reference reference
    II 2.68 (1.21-5.95) 0.015* 2.09 (0.86-5.12) 0.105a

    III 11.13 (6.00-20.66) <0.001* 4.46 (2.07-9.59) <0.001*,a

    IV 11.04 (2.57-47.33) 0.001* 2.40 (0.38-15.09) 0.351a

Tumor necrosis <0.001* 0.982a

    Absent reference reference
    Present 3.26 (1.75-6.05) 1.01 (0.48-2.10)
Lymphovascular invasion <0.001* 0.907a

    Absent reference reference
    Present 5.64 (2.74-11.60) 1.06 (0.40-2.78)
Hemoglobin (g/L) <0.001* 0.001*,a

    ≥116.05 reference reference
    <116.05 5.89 (3.40-10.20) 2.74 (1.48-5.07)
Ca (mmol/L) <0.001* 0.009*,a

    ≥2.40 reference reference
    <2.40 3.33 (1.80-6.19) 2.52 (1.26-5.05)
CRP/Alb ratio <0.001* <0.001*,a

    <0.060 reference reference
    ≥0.060 and <0.115 2.92 (1.01-8.42) 0.047* 3.13 (1.07-9.13) 0.037*,a

    ≥0.115 15.49 (6.06-39.62) <0.001* 7.45 (2.81-19.73) <0.001*,a

GPS <0.001* 0.001*,b

    0 reference reference
    1 6.64 (3.56-12.37) <0.001* 3.57 (1.79-7.15) <0.001*,b

    2 13.26 (6.47-27.17) <0.001* 2.540 (1.03-6.29) 0.044*,b

mGPS <0.001* 0.019*,c

    0 reference reference
    1 5.30 (2.65-10.59) <0.001* 2.98 (1.36-6.53) 0.006*,c

    2 10.96 (5.47-21.94) <0.001* 1.94 (0.81-4.62) 0.135c

*Indicates that the difference was statistically significant. Abbreviation: HR Hazard ratio, CI confidence interval, TNM tumor-
node-metastasis, CRP/Alb the C-reactive protein/Albumin ratio, Ca calcium , GPS the Glasgow Prognostic Score, mGPS the 
modified Glasgow Prognostic Score. aAdjustment for age, TNM stage, tumor necrosis, lymphovascular invasion, hemoglobin, 
Ca, CRP/Alb ratio; bAdjustment for age, TNM stage, tumor necrosis, lymphovascular invasion, hemoglobin, Ca, GPS; cAdjust-
ment for age, TNM stage, tumor necrosis, lymphovascular invasion, hemoglobin, Ca, mGPS.
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significantly associated with OS. Considering 
the original correlations among the CRP/Alb 
ratio, GPS, and mGPS, we conducted the multi-
variate analysis respectively. The age, TNM 
stage, tumor necrosis, lymphovascular inva-
sion, hemoglobin and calcium were the com-
mon variables tested in the multivariate analy-
sis. Multivariate analysis revealed that the CRP/

Alb ratio (P<0.001), age (P=0.008), TNM stage 
(P=0.002), hemoglobin (P=0.001) and calcium 
(P=0.009) were independently associated with 
OS. The GPS (P=0.001) and mGPS (P=0.019) 
were independent prognostic factors also.

To assess the discrimination ability of the CRP/
Alb ratio compared with the GPS and mGPS, we 
generated ROC curves for the survival status at 
3 years and 5 years follow-up examinations 
which was shown in Figure 2. Table 3 showed 
the comparison of discrimination ability of the 
CRP and albumin based inflammation-based 
prognostic score. As showed in the table, the 
AUC value of the CRP/Alb ratio (continuous) was 
always higher than that of the GPS and mGPS 
at both 3 years and 5 years. At the follow-up of 
5 years, the AUC value of CRP/Alb ratio (cate-
gorical) remained to be the highest. When at 
the follow-up of 3 years, the AUC value of the 
GPS was higher than the CRP/Alb ratio (categor-
ical). However with the help of the statistics 
software MedCalc12.7.0, we confirmed that 
none of the differences had statistical signifi- 
cance.

Discussion

In the nineteenth century, Virchow at all origi-
nally found the connection between cancer and 
inflammation [15]. Gradually, the opinion that 
inflammation has an important role in carcino-

Figure 2. The ROC curves of inflammation-based prognostic indexes at 3 years and 5 years of follow-up. This figure 
showed the ROC curves of the CRP/Alb ratio (continuous), CRP/Alb ratio (categorical), GPS (categorical) and mGPS 
(categorical) for the survival status at 3 year and 5 years of follow-up.

Table 3. Comparison of the discriminatory 
ability of the inflammation-based prognostic 
scores
Period AUC 95% CI p value
3-year
    CRP/Alb ratio
        Continuous 0.88 0.85-0.91 <0.001*

        Categorical 0.84 0.80-0.87 <0.001*

        GPS 0.85 0.81-0.88 <0.001*

        mGPS 0.80 0.76-0.84 <0.001*

5-year
    CRP/Alb ratio
        Continuous 0.80 0.76-0.84 <0.001*

        Categorical 0.79 0.75-0.83 <0.001*

        GPS 0.76 0.72-0.80 <0.001*

        mGPS 0.72 0.68-0.77 <0.001*

*Indicates that the difference was statistically significant. 
Abbreviation: AUC area under the curves, CI confidence 
interval, CRP/Alb the C-reactive; protein/Albumin ratio, 
GPS the Glasgow Prognostic Score, mGPS the modified 
Glasgow Prognostic Score.
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genesis was widely recognized. Except the 
secretion of inflammatory cells, cancer-related 
inflammation consist of inflammatory cytokines 
produced by cancer cells themselves and 
tumor-associated leukocytes during the pro-
cess of tissue remodeling, tissue repair and 
angiogenesis [16]. Thus, except peritumoral 
zone microenvironment changes , inflammatory 
cytokines such as tumor necrosis factor (TNF), 
interleukin (IL)-1, -6, and -8, and vascular endo-
thelial growth factor (VEGF) will have a great 
change in peripheral blood, which facilitate 
cancer process [15-17]. For the reason that the 
peripheral circulation may reflect the complex 
array of inflammatory cells and inflammatory 
mediators produced in tumor microenviron-
ment. Thus, several inflammation-based prog-
nostic scores have been developed to predict 
patient outcome in various types of tumor. As 
for renal carcinoma, NLR [18], PLR [19], LMR 
[20], PNI [21], GPS [5] and mGPS [6] were 
proved to be effective inflammation-based 
prognostic scores. With the help of these 
marks, clinicians can roughly estimate outcome 
of cancer patients.

In this study, we focus on the prognosis value  
of CRP/Alb ratio in CCRCC. The prognosis value 
of CRP/Alb ratio was primarily found in the out-
come of acute exacerbations of chronic dis-
ease by Fairclough et al. [22]. Another study 
showed that CRP/albumin ratio was an inde-
pendent risk factor for mortality at 90 days in 
septic patients [23]. When it comes to tumor, 
CRP/Alb ratio also proved to be efficacious  
in hepatocellular carcinoma and esophageal 
squamous cell carcinoma [8, 9]. According to 
their articles, the CRP/Alb ratio is an indepen-
dent prognostic marker, and compared with 
other established inflammation-based prog-
nostic scores, the CRP/Alb ratio may have a 
better prognostic ability.

In our study, as shown on Table 1, an elevated 
CRP/Alb ratio is associated with higher TNM 
stage, more presence of tumor necrosis and 
lymphovascular invasion, lower concentration 
of hemoglobin and calcium. The multivariate 
analysis confirmed that the CRP/Alb ratio inde-
pendently predicted the overall survival of 
patients with CCRCC (P<0.001). These results 
indicated that the CRP/Alb ratio was an effec-
tive and promising inflammation-based prog-
nostic score in CCRCC.

As a sensitive and reliable prognostic marker 
for systemic inflammation, CRP has been 
shown to be significant in the prediction of out-
comes of urological cancers, most intensively 
in renal cell carcinoma [24, 25]. The albumin 
that indicates both the inflammation and the 
nutritional status, had been proved to be an 
independent prognostic factor for patients with 
metastatic renal cell carcinoma [26]. The CRP/
Alb ratio and GPS, mGPS, combining the two 
efficacious indexes, CRP and albumin, should 
have greater predictive value. Numbers of arti-
cles had indicated the prognosis value of GPS, 
mGPS in different types of cancer, include 
CCRCC [5, 6]. As a new prognostic indicator,  
the CRP/Alb ratio showed outstanding perfor-
mance in the prognosis of CCRCC according  
to the univariate and multivariable analysis of 
this article. Thus, we also pay special attention 
to compare the prognostic value of the three 
related prognostic scores. The ROC analysis 
has demonstrated that the CRP/Alb ratio (con-
tinuous) had a higher AUC value than GPS  
and mGPS at 3 years and 5 years examined. 
Meanwhile, the AUC values for the CRP/Alb 
ratio (categorical) at 5 years were higher than 
those for the GPS and mGPS, but, the AUC val-
ues for the CRP/Alb ratio (categorical) at 3 years 
were lower than those for the GPS. Although 
the differences above were not statistically sig-
nificant, the CRP/Alb ratio is comparable to GPS 
and mGPS in terms of its prognostic ability on 
the basis of the result above.

The CRP/Alb ratio, GPS, mGPS, originated from 
the same variables, were all useful for the prog-
nosis of CCRCC, but due to the continuous vari-
able in its nature, the CRP/Alb ratio could strat-
ify the patient outcomes more strictly. Mean- 
while, GPS, mGPS calculated the serum CRP 
and albumin levels separately, which ignored 
the relationship between the two indexes. In 
contrast, the CRP/Alb ratio blended the two 
together, highlight the interlinkages between 
CRP and albumin, can be more convincing theo-
retically. What further caught our attention was 
that, when considering the distinguish range, 
there were 84.2% and 88.2% of patients classi-
fied in the group of a score of 0 of the GPS  
and mGPS respectively, numbers of patients 
who were high-risk groups were classified in  
the group of a score of 0, which meant that the 
GPS and mGPS couldn’t distinguish the survival 
differences of most of the patients compared 
with the CRP/Alb ratio in this study.
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There are some possible limitations associ- 
ated with this study. We evaluated a relatively 
small number of patients, instead of a multi-
center study, the prognostic value of the CRP/
Alb ratio should be confirmed in a validation 
cohort. Meanwhile, this study was a retrospec-
tive study, some criteria for the research meth-
ods were not uniform. A multi-center, prospec-
tive study should be performed to confirm our 
findings.

In summary, to the best of our knowledge, this 
is the first study to indicate that CRP/Alb ratio 
can predict the overall survival in CCRCC. This 
study demonstrated that the CRP/Alb ratio, a 
novel inflammation-based prognostic score, is 
an independent predictor of overall survival for 
patients with CCRCC undergoing radical or par-
tial nephrectomy, and it is comparable to the 
similar inflammation-based prognostic score 
GPS and mGPS. The CRP/Alb ratio might be a 
reliable model to predict survival after nephrec-
tomy in CCRCC patients.
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