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Abstract: To investigate the predictive value of Glasgow Prognostic Score (GPS) for the postoperative complications and 

survival in elderly patients with colorectal cancer (CRC) undergoing radical resection. These participants in Beijing Hospital 

between February 2009 and November 2011 were included and classified into three groups according to GPS. The GPS was 

constructed based on C-reactive protein and serum albumin. Univariate and multivariate analyses evaluating predictors of 

long-term survival were performed. 137 participants were enrolled, including 58 (42.3%) with GPS=0, 64 (46.7%) with 

GPS=1 and 15 (11.0%) with GPS=2. High GPS group patients were associated with older age (P < 0.001), higher levels of 

BMI (P = 0.002), higher rate of postoperative complications (P < 0.001), lymph node metastasis (P < 0.001), higher levels of 

CEA (P < 0.001), CA199 (P = 0.031), as well as more advanced tumor depth and TNM stage (P < 0.001). The 5-year survival 

rate was 40.9% and 5-year disease-free rate was 51.8%. Univariate and multivariate analyses revealed that GPS, CA199, TNM 

stage and BMI were independent risk factors of overall survival. Moreover GPS, CA199, TNM stage and BMI were 

independent risk factors of disease-free survival. The GPS was an independent biomarker to predict long-outcomes of elderly 

CRC patients undergoing radical resection. 
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1. Introduction 

Colorectal cancer (CRC) is the third most common 

malignancy worldwide and the second leading cause of 

cancer-related death [1]. Approximate 1.93 million new cases 

were diagnosed in 2020 [2]. Currently, therapeutic strategies 

for CRC are determined by the tumor stage and patients’ 

condition. Curative colorectal resection, chemotherapy, 

radiotherapy, immunotherapy as well as targeted therapy are 

effective therapeutic regimens. Nevertheless, high 

postoperative recurrence and metastasis rates remain a serious 

problem, and improving 5-years overall survival (OS) and 

disease-free survival (DFS) still a serious challenge. Hence, it 

is of great importance to explore novel indicators to predict the 

prognosis of CRC patients after surgery. 

Increasing evidence indicates that the systemic inflammatory 

response plays a critical role in carcinogenesis. Cancer-related 

inflammation can influence cell proliferation, cell survival, 

angiogenesis, tumor cell migration, invasion, metastasis, and 

inhibition of adaptive immunity [3]. It’s an independent risk 

factor for the development of tumor and is associated with 

worse prognosis in many malignancies [2, 4-6]. The original 

Glasgow Prognostic Score (GPS) was developed as a 

prognostic score in metastatic non-small cell lung cancer [7] 

and is composed of C-reactive protein (CRP) and albumin, both 

of which may reflect the underlying inflammatory condition 

and nutritional status [2]. Accumulating studies have showed 

the utility of the GPS as an indicator of survival outcomes for 

various cancers [8-11]. Due to systemic comorbidities and 

decreased physical and physiological functions, elderly patients 

are at high risks for morbidity and mortality and have poor 

prognosis. The predictive value of GPS in the elderly CRC 

patients remains unclear. 



56 Zi-Jian Li:  Glasgow Prognostic Score as a Prognostic Factor for Survival in Chinese  

Elderly Patients with Colorectal Cancer 

We aimed to evaluate and validate the relationship between 

preoperative GPS and long-term outcomes in Chinese elderly 

CRC patients undergoing radical resection. The results may 

provide a further insight into the association between 

preoperative GPS and prognosis of CRC patients. 

2. Material and Methods 

2.1. Patients 

In this retrospective study, data were collected from 137 

elderly patients with CRC who underwent curative operation 

at Department of General Surgery, Beijing Hospital, between 

February 2009 and November 2011. The inclusion criteria 

were as follows: (1) patients were diagnosed as advanced 

CRC based on imaging finding; (2) colorectal cancer 

confirmed by preoperative pathological examinations; (3) 

treatment without preoperative radiotherapy; (4) no serious 

surgical contraindications; (5) the age over 60 years old. The 

exclusion criteria were as follows: (1) multiple primary 

colorectal cancer; (2) incomplete clinical data; (3) emergency 

surgery. The patients’ clinicopathological factors included age, 

gender, body mass index (BMI), tumor location, tumor 

characteristics, TNM stage, the results of laboratory tests such 

as CEA, CA199, CRP, albumin, operative characteristics and 

survival outcomes. 

The optimal cutoff values for continuous variables were 

defined as old age (> 65 years old), underweight (BMI < 18.5 

kg/m
2
), and abnormal CEA level (CEA > 6 ng/mL), and 

abnormal CA199 level (CA199 > 37 ng/mL). The GPS was 

defined based on the presence of hypoalbuminemia (< 3.5 

g/dL) and elevated CRP (> 10 mg/L) as follows: If both were 

abnormal, the score was 2; if either was abnormal, the score 

was 1; if not, the score was 0 [12]. 

2.2. Clinical Outcomes 

Postoperative complications were graded using the 

Clavien-Dindo classification [13]. Patients were followed up 

at 3-month intervals. Recurrence was confirmed by clinical 

examinations. Overall survival (OS) was calculated from the 

time of surgery to the period of death from any cause or the 

last follow-up. Disease-free survival (DFS) was defined as the 

time from surgery to the time of cancer recurrence or death 

from any cause. The patients were continuously followed up 

until April 2016 or death, whichever occurred first. 

2.3. Statistical Analysis 

Statistical analyses were performed using SPSS software, 

version 26.0 (IBM Corporation). Group data were compared 

using Pearson’s chi-square test. The associations between 

survival outcomes and clinicopathological characteristics 

were analyzed using Cox proportional hazard models. All 

independent variables significantly associated with survival 

outcomes in the univariate analysis were included in the 

multivariate analysis. The survival curves were generated by 

the R package (survminer). P-values < 0.05 were considered 

statistically significant. 

3. Results 

3.1. Patient Characteristics 

A total of 137 patients were enrolled in this study. The 

clinical characteristics are shown in Table 1. The study 

population comprised 83 (60.6%) males and 54 (39.4%) 

females, with 82 (59.9%) of patients were above 65 years. 

Twenty-eight (21.8%) patients had stage I- II CRC, 44 (34.3%) 

had stage III-IV CRC. Tumor located in the colon in 83 cases 

(60.6%) and in the rectum in 54 cases (39.4%). All patients 

received standard surgery. 

Table 1. Clinicopathological characteristics of enrolled patients. 

Characteristic Total (n=137) 

Sex, n (%)  

Male 83 (60.6) 

Female 54 (39.4) 

Age at diagnosis, n (%)  

≥65 years old 82 (59.9) 

<65 years old 55 (40.1) 

BMI, n (%)  

< 18.5 kg/m2 19 (13.9) 

≥18.5 kg/m2 118 (86.1) 

CEA, n (%)  

≥6 ng/mL 52 (38.0) 

<6 ng/mL 85 (62.0) 

CA199, n (%)  

≥37 ng/mL 28 (20.4) 

<37 ng/mL 109 (79.6) 

Primary tumor location, n (%)  

Colon 83 (60.6) 

Rectum 54 (39.4) 

Histological type, n (%)  

Well/Moderately differentiated 113 (82.5) 

Poor differentiated 24 (17.5) 

Tumor depth, n (%)  

T1-T2 20 (14.6) 

T3-T4 117 (85.4) 

Lymph node metastasis, n (%)  

Negative 76 (55.5) 

Positive 61 (44.5) 

Metastasis, n (%) 0 (0) 

TNM stage, n (%)  

I-II 75 (54.7) 

III-IV 62 (45.3) 

Postoperative complications, n (%)  

Clavien-Dindo grade 3 or higher 17 (12.4) 

Glasgow Prognostic Score, n (%)  

0 58 (42.3) 

1 64 (46.7) 

2 15 (11.0) 

3.2. Correlation Between GPS and Clinicopathological 

Characteristics 

Patients were stratified into three groups according to GPS, 

58 patients with a GPS of 0 (42.3%), 64 patients with a GPS of 

1 (46.7%) and 15 patients with a GPS of 2 (11.0%) (Table 2). 

High GPS group patients were associated with older age (P < 

0.001), higher levels of BMI (P = 0.002), higher rate of 

postoperative complications (P < 0.001), lymph node 

metastasis (P < 0.001), and higher levels of CEA (P < 0.001), 

CA199 (P = 0.031), as well as more advanced tumor depth and 
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TNM stage (P < 0.001). There was no statistical difference in sex, tumor location, and histological type. 

Table 2. The relationship between GPS and clinicopathological characteristics in enrolled patients. 

Characteristic 
GPS 

P value 
0 (n=58) 1 (n = 64) 2 (n = 15) 

Sex, n (%)    0.578 

Male 38 (65.5) 36 (56.3) 9 (60.0)  

Female 20 (34.5) 28 (43.8) 6 (40.0)  

Age at diagnosis, n (%)    < 0.001 

≥65 years old 18 (31.0) 52 (81.3) 12 (80.0)  

<65 years old 40 (69.0) 12 (18.7) 3 (20.0)  

BMI, n (%)    0.002 

< 18.5 kg/m2 2 (3.5) 12 (18.8) 5 (33.3)  

≥18.5 kg/m2 56 (96.6) 52 (81.3) 10 (66.7)  

CEA, n (%)    < 0.001 

≥6 ng/mL 10 (17.2) 36 (56.3) 6 (40.0)  

<6 ng/mL 48 (82.8) 28 (43.8) 9 (60.0)  

CA199, n (%)    0.026 

≥37 ng/mL 6 (10.3) 19 (29.7) 3 (20.0)  

<37 ng/mL 52 (89.7) 45 (70.3) 12 (80.0)  

Primary tumor location, n (%)    0.157 

Colon 31 (53.4) 40 (62.5) 12 (80.0)  

Rectum 27 (46.6) 24 (37.5) 3 (20.0)  

Histological type, n (%)    0.088 

Well/Moderately differentiated 52 (89.7) 51 (79.7) 10 (66.7)  

Poor differentiated 6 (10.3) 13 (20.3) 5 (33.3)  

Tumor depth, n (%)    0.018 

T1-T2 13 (22.4) 7 (10.9) 0 (0)  

T3-T4 45 (77.6) 57 (89.1) 15 (100)  

Lymph node metastasis, n (%)    < 0.001 

Negative 42 (72.4) 31 (48.4) 3 (20.0)  

Positive 16 (27.6) 33 (51.6) 13 (80.0)  

Metastasis, n (%) 0 (0) 0 (0) 0 (0) 1.000 

TNM stage, n (%)    < 0.001 

I-II 42 (72.4) 30 (46.9) 3 (20.0)  

III-IV 16 (27.6) 34 (53.1) 12 (80.0)  

Postoperative complications, n (%)    < 0.001 

Clavien-Dindo grade 3 or higher 3 (5.2) 10 (15.6) 11 (73.3)  

 

3.3. Prognostic Value of Glasgow Prognostic Score for 

Survival 

The median follow-up time for all patients was 43 months 

(range 1-86 months). During the follow-up period, 81 events 

(59.1%) of death were observed in this study population. 

Disease recurrence was detected in 66 patients (48.2%). 

Univariate analysis revealed that OS was significantly 

associated with the age (p = 0.015), BMI (p = 0.011), CEA (p 

= 0.048), CA199 (p < 0.001), lymph node metastasis (p < 

0.001), TNM stage (p < 0.001), postoperative complications 

(p < 0.001), and GPS (p < 0.001). In multivariate analysis, 

BMI (HR = 0.551; 95%CI: 0.304-0.996) was found to be a 

predictor of improved OS. While CA199 (HR = 2.060; 95%CI: 

1.264-3.357), TNM stage (HR = 1.837; 95%CI: 1.145-2.948) 

and GPS (1, HR = 2.314; 95%CI: 1.309-4.090; 2, HR =5.296; 

95%CI: 2.528-11.095) as independent predictors of poor OS 

(Table 3). 

Univariate and multivariate analysis demonstrated BMI 

(HR = 0.358; 95%CI: 0.184-0.696), CA199 (HR = 1.732; 

95%CI: 1.010-2.970), TNM stage (HR = 4.168; 95%CI: 

2.365-7.346) and GPS (1, HR = 1.495; 95%CI: 0.818-2.734; 2, 

HR =3.434; 95%CI: 1.555-7.584) as independent predictors of 

DFS (Table 4). 

The 5-year OS and DFS rates were significantly poorer in the 

high GPS group than in the other groups (GPS=2 vs. GPS=1 vs. 

GPS=0: 26.7% vs. 26.6% vs. 67.2%, p < 0.001; and 0% vs. 

32.8% vs. 63.8%, p < 0.001, respectively) (Figure 1). 

Table 3. Univariate and multivariate analyses of predictive factors for overall survival. 

Variables 
Univariate analysis Multivariate analysis 

HR (95% CI) P value HR (95% CI) P value 

Sex (Female) 1.189 (0.765-1.848) 0.441   

Age at diagnosis (≥65 years old) 1.817 (1.125-2.932) 0.015  0.634 

BMI (≥18.5 kg/m2) 0.482 (0.275-0.848) 0.011 0.551 (0.304-0.996) 0.048 

CEA (≥6 ng/mL) 1.555 (1.004-2.408) 0.048  0.722 

CA199 (≥37 ng/mL) 2.840 (1.760-4.582) < 0.001 2.060 (1.264-3.357) 0.004 

Primary tumor location (Rectum) 0.911 (0.582-1.427) 0.685   
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Variables 
Univariate analysis Multivariate analysis 

HR (95% CI) P value HR (95% CI) P value 

Histological type (Poor) 1.516 (0.897-2.563) 0.121   

Tumor depth (T3-T4) 1.745 (0.840-3.627) 0.136   

Lymph node metastasis (Positive) 2.232 (1.436-3.468) < 0.001  0.525 

TNM stage (III-IV) 2.331 (1.498-3.628) < 0.001 1.837 (1.145-2.948) 0.012 

Postoperative complications 2.937 (1.691-5.102) < 0.001  0.616 

Glasgow Prognostic Score (1) 3.197 (1.854-5.513) < 0.001 2.314 (1.309-4.090) 0.004 

Glasgow Prognostic Score (2) 7.723 (3.830-15.572) < 0.001 5.296 (2.528-11.095) < 0.001 

Abbreviations: CI, confidence interval; HR, hazard ratio. 

Table 4. Analyses of predictive factors for disease-free survival. 

Variables 
Univariate analysis Multivariate analysis 

HR (95% CI) P value HR (95% CI) P value 

Sex (Female) 1.048 (0.643-1.708) 0.851   

Age at diagnosis (≥65 years old) 1.477 (0.890-2.453) 0.131   

BMI (≥18.5 kg/m2) 0.428 (0.233-0.788) 0.006 0.358 (0.184-0.696) 0.002 

CEA (≥6 ng/mL) 1.700 (1.048-2.759) 0.032  0.946 

CA199 (≥37 ng/mL) 2.312 (1.362-3.925) 0.002 1.732 (1.010-2.970) 0.046 

Primary tumor location (Rectum) 1.053 (0.645-1.721) 0.836   

Histological type (Poor) 1.907 (1.095-3.319) 0.023  0.351 

Tumor depth (T3-T4) 2.288 (0.987-5.304) 0.054   

Lymph node metastasis (Positive) 4.181 (2.491-7.015) < 0.001  0.405 

TNM stage (III-IV) 4.466 (2.644-7.541) < 0.001 4.168 (2.365-7.346) < 0.001 

Postoperative complications 3.093 (1.679-5.699) < 0.001  0.445 

Glasgow Prognostic Score (1) 2.467 (1.384-4.398) 0.002 1.495 (0.818-2.734) 0.192 

Glasgow Prognostic Score (2) 7.290 (3.492-15.220) < 0.001 3.435 (1.555-7.584) 0.002 

Abbreviations: CI, confidence interval; HR, hazard ratio. 

 
Figure 1. The overall survival (A) and disease-free survival (B) of patients with different GPS. 

4. Discussion and Conclusion 

In the present study, we found that preoperative GPS was 

significantly associated with OS and DFS of CRC patients in 

univariate and multivariate analyses. We found the GPS was 

significantly higher in patients with older age, lower BMI, 

lymph node metastasis, higher levels of CEA and CA199 and 

advanced TNM stage. No significant difference could be 

detected among the GPS groups when sex, tumor location, and 

histological type were analyzed. 

Inflammation has an important role in the initiation and 

progression in colorectal cancer [14]. It could modify the 

tumor microenvironment that permits the progression and 

metastasis of tumor cells and correlate with response to 

therapy [15]. A combination of inflammation-related 

indicators has a significant potential in predicting the initiation 

and development of tumors and patient prognosis. CRP is a 

positive acute-phase inflammatory reactant synthesized by the 

liver and a marker of systemic inflammation [16]. And CRP 



 Cancer Research Journal 2022; 10(3): 55-60 59 

 

has been perceived as an independent biomarker to predict 

survival outcome in various cancers, including colorectal 

cancer [17], breast cancer, cervical cancer [18], bone 

neoplasms [19], lung cancer [20] and urologic cancer [21]. 

While as a major protein synthesized by the liver, albumin is a 

negative acute phase reactant related to inflammation. The 

albumin level is decreased in cancer patients due to 

malnutrition and systemic inflammation. Hypoalbuminemia 

correlates with poor prognosis of the many malignancies, such 

as adrenocortical carcinoma [22], prostate cancer [23], 

pancreatic ductal adenocarcinoma [24], and gastric cancer 

[25]. CRP and albumin levels are the two markers that 

represent a balance between inflammation and nutritional 

status [8]. The pathophysiological background of the GPS is 

the intensity of systemic inflammation and decreasing 

nutritional status elicited by consumptive character of an 

underlying malignant disease [10]. The calculation of the GPS 

is an extremely cost-effective and readily available tool to 

predict survival in cancer patients. 

Compared with other types of cancer, patients with CRC 

have been found higher rate of malnutrition due to its local 

effects on bowel function from obstruction and malabsorption. 

In our study, low BMI was significantly associated with 

shorter OS and DFS. Because malnutrition can impede the 

effects of anticancer therapies. Huong et al. [26] found that 

nutritional intervention could improve outcomes in colon 

cancer patients receiving chemotherapy. Therefore, it is 

important to provide effective nutritional intervention for 

oncology patients, particularly CRC patients. Elderly patients 

always have poor prognosis owing to systemic comorbidities 

and decreased physical and physiological functions. As shown 

in this study, patient age was related with the GPS, but wasn’t 

associated with survival outcomes. While Tamai et al. [6] 

proposed that elderly patients with chronic inflammation, 

C-reactive protein/albumin ratio (CAR) maybe a useful 

prognostic marker. What’s more, Yu et al. [27] found that 

CAR is an effective predictor for anastomotic leak in elderly 

patients. TNM stage has been validated as indicators to 

evaluate CRC prognosis before patients undergo treatment. 

Our current study showed that advanced TNM stage is an 

independent predictor of poor OS and DFS. Studies have 

confirmed that CEA has independent prognostic value in CRC, 

and that preoperatively elevated CEA was correlated with 

worsened outcomes [28]. Koper-Lenkiewicz et al. [29] found 

that CA199 could affect the CRP concentration. In present 

study we found that serum CEA and CA199 levels were 

related with the GPS and prognosis of CRC patients. 

There are several limitations to our study. One of the main 

limitations of the current study was the relatively small 

number of patients and its single-center, retrospective design, 

which made the data may not be fully convincing. And we 

didn’t get the detailed adjuvant therapy of all patients, which 

may influence our results. Therefore, a multi-center, 

prospective, large scale well-designed studies are needed. 

In conclusion, the present study demonstrated that GPS, an 

inflammation-based score, is a useful marker in predicting the 

prognosis of CRC patients who received curative surgery. 
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