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Abstract 
Objective: Exploring the expression characteristics of CRP/ALB (CAR) in 
DLBCL patients and its value in prognostic judgment. Methods: We collected 
the basic information, clinical characteristics, laboratory examinations and 
follow-up prognosis of 142 newly diagnosed DLBCL patients with relatively 
complete data in our hospital and performed statistical analysis. We used X- 
tile analysis software to obtain the best cut-off value of CAR (0.33), compared 
the clinical characteristics and survival of patients in the high CAR group and 
the low CAR group, and compared the survival status with the IPI scoring sys-
tem. Results: 1) There were significant differences in staging, grouping, IPI 
scores, extranodal involvement, LDH levels, β2-microglobulin, CA125, and 
Hb levels between the high CAR group and the low CAR group (all P < 0.05). 
2) According to the survival curve, the OS of the high CAR group was signif-
icantly shorter than that of the low CAR group (P < 0.01), and the one-year, 
three-year and five-year survival conditions of high CAR group were all shorter 
than those of low CAR group. 3) COX analysis showed that high CAR is an 
independent poor prognostic factor for DLBCL patients. 4) A comparative 
analysis of OS, three-year and five-year survival showed that the combination 
of CAR and IPI was significantly better than the IPI system, and there was no 
significant difference in the evaluation value of the prognosis between CAR 
alone and IPI alone. Conclusion: High CAR value, like the IPI scoring sys-
tem, is an independent poor prognostic factor of DLBCL, can be used as a re-
liable indicator of prognosis. And CAR can also be combined with IPI to 
evaluate the prognosis of DLBCL, of which the effect is better than that of IPI 
alone. 
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1. Introduction 

Diffuse large B cell lymphoma (DLBCL) is the most common lymphoma, a type 
of aggressive lymphoma [1]. According to current domestic and foreign guide-
lines [2], international prognostic index (IPI) scoring system is still the most 
commonly used prognostic scoring system for lymphoma such as DLBCL [2] [3] 
[4] [5]. Researches [6] [7] [8] have shown that many molecular genetic abnor-
malities, such as the abnormalities of genes BCL-6, BCL-2, P53, MYC and miRNA, 
are closely related to the poor prognosis of DLBCL. However, these scoring sys-
tems are not yet complete and must rely on complete imaging, serological ex-
aminations and general assessment of patients, and these examinations are time- 
consuming, expensive, and limited by technology, so the clinical predictive value 
has certain limits. Therefore, clinicians need a simpler, faster, and more univer-
sal prognostic scoring system. 

Recent studies have found [2] [3] [9] [10] [11] [12], tumor-related inflamma-
tion and the patient’s nutritional status have a certain impact on the prognosis of 
many malignant tumors, including hematological tumors. Among them, the CRP/ 
ALB ratio composed of inflammation index C-reactive protein (CRP) and nutri-
tional index albumin (ALB) is called CAR (C-reactive protein-to-Albumin Ratio, 
CAR), which can be used to assess the inflammation and nutritional status of 
tumor patients at the same time, closely related to the prognosis of tumors [13] 
[14] [15]. Therefore, this study used a comprehensive clinical analysis of 142 
DLBCL patients to explore the characteristics of CAR expression in DLBCL and 
its relationship with prognosis, in order to evaluate the value of CAR for the 
prognosis of DLBCL. 

2. Materials and Methods 
2.1. Case Selection 

We selected newly diagnosed DLBCL patients who were hospitalized in our hos-
pital from March 1, 2009 to February 28, 2020, among them, a total of 142 cases 
had complete follow-up records and relatively complete data. Among the 142 
cases, there were 80 males and 62 females, aged from 23 to 85 years (mean age 
66.4 years). Each case was confirmed by immunopathological examination, and 
the diagnosis of DLBCL was confirmed according to the revised fourth edition of 
WHO classification criterion of lymphoid tissue tumors in 2016. Patients with a 
variety of acute or chronic infectious diseases, and those with rheumatoid arthri-
tis, systemic lupus erythematosus or other rheumatic diseases and autoimmune 
diseases that could significantly affect the expression of CRP had been excluded. 
The patients were divided into two groups according to Hans, including GCB 
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patients 67 cases (47.2%) and non-GCB patients 75 cases (52.8%).   
This study has been discussed, approved and authorized by the Ethics Com-

mittee of Taicang Hospital affiliated to Suchow University. And the approval 
number was KY-2020-180. 

2.2. Research Methods 
2.2.1. Grouping Method 
We collected cases’ data of all patients, involving clinical indicators (such as 
gender, age, clinical stage, symptom grouping, IPI score, number of extranodal 
involvement, etc.) and laboratory indicators (such as LDH, β2-MG, CA125, Hb, 
CRP and ALB, etc.). And then we used X-tile software to analyze to get the best 
cut-off value of the ratio of CRP and ALB (CAR value), which was used as the 
cutting point (the cut-off value of the two groups) to divide 142 subjects into 
high CAR group and low CAR group for comparative analysis.  

2.2.2. Follow-up Methods 
Follow-up was carried out by telephone inquiries, consulting medical records 
and other methods, and the dead cases were confirmed by consulting the origi-
nal medical records, and the time of death or the last follow-up time was taken 
as the termination time of follow-up. The total end time of follow-up was De-
cember 31, 2020. The follow-up period was divided into three: 1 year, 3 years 
and 5 years. The overall survival (OS) was taken as the criterion. OS is defined as 
the course from the diagnosis of the disease to the death due to this disease or 
the last follow-up. 

2.3. Statistical Analysis 

We used X-tile software to get the best cut-off value of CAR, SPSS 23.0 software 
package for statistical analysis, expressed measurement data as mean ± standard 
deviation, adopted t-test to compare between the two groups, expressed count-
ing data as percentage (%), adopted chi-square test for data comparison, adopted 
Pearson correlation analysis for correlation analysis, used COX risk model for 
multivariate analysis, and employed Kaplan-Meier method to draw survival 
curve. Furthermore, the receiver operator characteristic (ROC curve) and the 
areas under the curve (AUV) were compared by MedCalc software. The differ-
ence was statistically significant when P < 0.05. 

3. Results 
3.1. The Basic Condition of 142 Patients with DLBCL 

In 142 cases, 80 cases were males and 62 cases were females, aged from 23 to 85 
years old, with an average age of 66.4 years old. According to clinical stages, 16 
cases were in stage I, 47 cases were in stage II, 38 cases were in stage III, and 41 
cases were in stage IV. Among them, there were 36 cases in group B (sympto-
matic group) and 107 cases in group A (asymptomatic group). According to the 
IPI score, there were 11 cases with 0 points, 37 cases with 1 point, 36 cases with 2 
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points, 31 cases with 3 points, 17 cases with 4 points, and 10 cases with 5 points. 
According to the number of extranodal site involvement, there were 87 cases 
with 1 site involvement, 23 cases with 2, 11 cases with 3, 1 case with 4, 1 case 
with 5, and 19 cases with no extranodal site involvement.  

3.2. Follow-Up Results 

All 142 cases were followed up to December 31, 2020. 139 cases (97.9%) com-
pleted 1-year follow-up, 108 cases (76.1%) completed 3-year follow-up, and 76 
cases (53.5%) completed 5-year follow-up. Until the follow-up deadline, among 
all the subjects, 99 cases (69.7%) survived and 43 cases (30.3%) died. 

3.3. The Relationship between CRP and ALB 

CRP is negatively correlated with ALB (χ2 = 26.40, P < 0.01). The specific results 
are shown in Table 1. 

3.4. Comparing in Groups by CAR (CRP/ALB Ratio) 

Using X-tile software to get the best cut-off value of CRP/ALB (CAR = 0.33), 
then we divided 142 patients into high CAR group (CAR > 0.33, 64 cases in total, 
accounting for 45.1%) and low CAR group (CAR < 0.33, 78 cases in total, ac-
counting for 54.9%).  

Patients’ high CAR value is correlated with Ann Arbor stages III/IV (P < 
0.001), group B symptoms (P < 0.005), more than 1 site of extranodal focus (P < 
0.05), IPI scores ≥ 4 (P < 0.001), LDH elevation (P < 0.005), β2-MG elevation (P 
< 0.001), CA125 elevation (P < 0.005) and anemia (P < 0.001). In addition, CRP 
levels increased (100%) in all patients in the high CAR group, while ALB de-
creased by up to 42.2%. The specific comparison results of clinical and hemato-
logical indexes between the two groups were shown in Table 2. 

3.5. Survival Analysis 
3.5.1. Relationships between CAR, CRP, ALB and Prognosis of Patients  

with DLBCL  
Taking CAR = 0.33 as the cut-off value to analyze its relationship with the 
prognosis of DLBCL, the result was statistically significant (P = 0.002), the me-
dian survival time of high CAR group was 15.05 months and that of low CAR 
group was 23.45 months. The median survival time of high CAR group was ob-
viously shorter than the low CAR group. The specific results are shown in Fig-
ure 1. The specific results of 1-year, 3-year and 5-year survival analysis are shown  
 
Table 1. The relationship between CRP and ALB. 

Indexes 
ALB 

normal decrease 

CRP 
normal 63 9 

increase 33 37 
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Table 2. The comparison results of each index when CAR’s (CRP/ALB) cut-off is 0.33 
(statistical analysis by the number of cases). 

Indexes Specific indexes’ data 
Low CAR group High CAR group 

χ2 
<0.33 (n = 78) >0.33 (n = 64) 

Gender 
Male 41 39 

1.00 
Female 37 25 

Age 
≤60 19 15 

0.02 
>60 59 49 

Stage 
I/II 45 18 

12.45** 
III/IV 33 46 

Group 
A 66 40 

9.09** 
B 12 24 

IPI-A 
Low-medium low risk (0 - 2) 58 26 

16.56** 
Medium high-high risk (≥3) 20 38 

IPI-B 
Low-medium risk (0 - 3) 73 42 

17.85** 
High risk (≥4) 5 22 

LDH 
Normal (109 - 245 U/L) 53 26 

10.63** 
Increase (>245.0 U/L) 25 38 

β2-MG▲ 
Normal (0.80 - 2.20 mg/L) 34 6 

19.48** 
Increase (>2.2 mg/L) 20 31 

CA125▲ 
Normal (0.0 - 35.0 U/ml) 58 29 

10.18** 
Increase (>35.0 U/ml) 10 20 

Extranodal  
focus(es) 

1 64 42 
5.01* 

≥2 14 22 

Anemia 
Yes 21 40 

24.42** 
No 57 24 

CRP 
Normal (≤10.0 mg/l) 72 0 

119.84** 
Increase (>10.0 mg/l) 6 64 

ALB 
Normal (35.0 - 54.0 g/L) 69 37 

17.45** 
Decrease (<35.0 g/L) 9 27 

Note: 1) *P < 0.05, **P < 0.01, the others are all P > 0.05. 2) ▲: Some cases’ data of β2-MG, CA125 at the 
initial diagnosis were missing, but all the follow-up treatment data were available. Considering the unity of 
the data, the actual data at the initial diagnosis prevailed in the analysis. 

 
Table 3. The relationship between CAR and prognosis of DLBCL. 

Indexes 

Overall survival 

1 year 3 years 5 years 

<1 ≥1 <3 ≥3 <5 ≥5 

CAR 

<0.33 20 58 49 29 61 17 

>0.33 27 37 55 9 58 6 

χ2 4.35* 9.59** 4.06* 

Note: *P < 0.05, **P < 0.01. 
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Figure 1. The relationship between CAR and survival and prognosis of DLBCL (P = 0.002). 

 
in Table 3. It is shown from Table 3 that high CAR was associated with shorter 
overall survival of 1-year, 3-year and 5-year in patients with DLBCL. 

3.5.2. Analysis of the Relationships between Each Clinical Indexes and  
Prognosis of Patients with DLBCL 

1) Univariate analysis 
Univariate analysis was conducted to analyze the relationships between overall 

survival and 15 indexes such as gender, age, stage and therapies containing Mab-
thera (R), etc. The results showed that overall survival was related to 6 indexes 
including the number of extranodal involvement, IPI, LDH, CRP, ALB and CAR. 
The specific results are shown in Table 4. 

2) Multifactor analysis 
Multivariate analysis was performed on 4 indicators of extranodal involve-

ment, IPI, LDH, and CAR which were related to overall survival in univariate 
analysis. The results showed that IPI score (HR: 2.324, 95% CI: 1.304 - 4.142, P = 
0.000) and CAR (HR: 1.806, 95% CI: 1.049 - 3.109, P = 0.030) were both inde-
pendent prognostic factors of DLBCL (considering that in univariate analysis, 
CRP and ALB were statistically significant, and the two indexes had been com-
bined into one index of CAR, so there was no separate statistical analysis of these 
two indexes). Extranodal involvement (P = 0.62) and LDH (P = 0.06) were no 
statistically significance. 
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Table 4. Univariate analysis of the relationships between each clinical indexes and prog-
nosis of patients with DLBCL. 

Influencing factors  HR 95% CI P 

Gender male 0.892 0.531 - 1.499 0.67 

Age >60 1.441 0.763 - 2.718 0.26 

Stage III/IV 1.490 0.878 - 2.529 0.14 

Group B 1.501 0.850 - 2.651 0.16 

Extranodal involvement >1 1.881 1.081 - 3.275 0.02* 

IPI score high 2.627 1.541 - 4.476 0.00** 

R therapy no 1.492 0.888 - 2.508 0.13 

Anemia yes 1.572 0.939 - 2.629 0.08 

LDH increase 1.915 1.146 - 3.200 0.01** 

β2-MG increase 1.678 0.883 - 3.186 0.11 

CA125 increase 1.389 0.759 - 2.540 0.29 

CRP increase 2.066 1.224 - 3.485 0.01** 

ALB decrease 2.907 1.730 - 4.886 0.00** 

D-D increase 1.858 0.841 - 4.109 0.13 

CAR increase 2.210 1.317 - 3.708 0.00** 

Note: *P < 0.05, **P < 0.01, the other are all P > 0.05. 

3.5.3. Comparison of Prognostic Significance of CAR Combined with IPI,  
IPI Alone and CAR on DLBCL 

We analyzed the prognosis of CAR combined with IPI and IPI alone, scored 1 
point for high CAR and directly superimposed onto IPI score. And we evaluated 
the prediction accuracy by comparing the area under the receiver operating 
characteristic (ROC) curve of CAR combined with IPI, IPI alone and CAR. The 
results showed that no matter the overall survival condition (Figure 2(a)) or the 
three-year and five-year survival condition (Figure 2(c) and Figure 2(d)), the 
significance of IPI combined with CAR to prognosis was higher than IPI alone, 
that is, CAR combined with IPI had better prognostic value than IPI alone, while 
it had little effect on 1-year survival time (Figure 2(b)). Comparing the ROC 
curve of IPI with CAR, the area under the curve of CAR was larger than all that 
of IPI in 1 year, 3 years and 5 years, but the difference was not statistically sig-
nificant. 

4. Discussion 

At present, the discussion on the relationship between inflammation and tumor 
has become a hot research topic [10] [16] [17]. On the one hand, tumor-related 
inflammation can mediate and inhibit tumor progression [18], on the other 
hand, it can also play a counterproductive role, stimulating tumor cell growth, 
proliferation and tumor angiogenesis, accelerating tumor invasion and metasta-
sis [19] [20] [21]. As an accurate and reliable indicator of inflammation, CRP is  
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(a)                                                   (b) 

 
(c)                                                   (d) 

Figure 2. (a) ROC curve comparison of the prognostic value of CAR alone in overall survival condition (IPI combined with CAR versus 
IPI alone, P = 0.02; IPI versus CAR, P = 0.86); (b) ROC curve comparison of the prognostic value of CAR combined with IPI and IPI 
alone in 1-year survival condition (IPI combined with CAR versus IPI alone, P = 0.11; IPI versus CAR, P = 0.68); (c) ROC curve com-
parison of the prognostic value of CAR combined with IPI and IPI alone in 3-year survival condition (IPI combined with CAR 
versus IPI alone, P = 0.01 and IPI versus CAR, P = 0.32); (d) ROC curve comparison of the prognostic value of CAR combined 
with IPI and IPI alone in 5-year survival condition (IPI combined with CAR versus IPI alone, P = 0.02; IPI versus CAR, P = 0.91). 

 
produced by hepatocytes and epithelial cells under the stimulation of IL-6, IL-1, 
TNF and other inflammatory factors, which is not only related to the poor prog-
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nosis of tumors, but also increases the occurrence risk of future tumors [22] 
[23]. Researches [24] [25] [26] [27] have found that the association between in-
creased circulating levels of CRP and increased cancer risk is not directly causal. 
In order to better predict the prognosis of tumors, the researchers proposed to 
combine CRP with ALB, which is an indicator of nutritional status, into a new 
indicator, CRP/ALB (CAR), to predict the prognosis of cancer patients [12] [13] 
[14] [28]. Domestic and foreign researches [12] [13] [14] [28] [29] [30] have 
proved that, in solid tumors such as pancreatic cancer, gastrointestinal tumors, 
lung cancer and reproductive system, CAR can independently predict the prog-
nosis of patients. 

This study took CAR = 0.33 as the best critical value, which is basically con-
sistent with the current domestic and foreign researches’ CAR value of 0.03 - 
0.68 [14] [15] [31]. We selected the data of patients at the time of initial diagno-
sis, which were more representative, stable and uniform, and can better judge 
the predictive value of CAR value at the time of initial diagnosis. In this study, 
the differences in staging, grouping, number of extranodal involvement sites, IPI 
score, LDH level, β2 microglobulin, CA125, and anemia between the high CAR 
group and the low CAR group were statistically significant, which indicated that 
patients in the high CAR group had more serological abnormalities and more 
serious clinical symptoms risk [30]. Moreover, the OS of the high CAR group 
was significantly shorter than that of the low CAR group, and the median sur-
vival time was 8.4 months less in the lower CAR group. This suggested that high 
CAR level was closely related to the poor prognosis of DLBCL, of which the re-
sult was consistent with the results of solid tumors [29] [30] [32]. 

The single-factor and multi-factor COX survival analysis of CAR in DLBCL 
showed that both CAR and IPI scores were independent prognostic factors for 
DLBCL (CAR: HR = 1.806, P = 0.03; IPI score: HR = 2.234, P = 0.00). To further 
evaluate the prognostic value of CAR, this study also combined CAR and IPI 
scoring system to form a new scoring system to evaluate the prognosis of DLBCL. 
ROC curve results showed that CAR and IPI have no significant difference in the 
assessment of survival (the overall survival time, 1-year, 3-year and 5-year sur-
vival, P all > 0.05). When assessing the overall survival and three-year and five- 
year survival of patients, CAR combined with IPI had a better predictive value 
for the prognosis of DLBCL patients than the IPI scoring system alone (P = 0.02, 
0.01 and 0.02, respectively). 

Therefore, the CAR value, like the IPI scoring system, is an independent poor 
prognostic factor of DLBCL, which can be used as a reliable indicator to judge 
the prognosis, and it is easy to obtain. CAR combined with IPI scoring system 
has better prognostic value than IPI scoring system alone. However, this study is 
a single-center preliminary study, the number of DLBCL cases included is not 
too large, and the time span for selecting cases is also long, there may exist in-
formation bias, loss to follow-up, etc. Therefore, it needs to further expand the 
number of cases, extend follow-up time, conduct multi-center, prospective and 
other unified standards to further study. 
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