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Purpose: We investigated the effects of proteinuria and renal insufficiency on all-
cause mortality in patients with colorectal cancer, with special emphasis on cancer 
staging and cancer-related deaths. Materials and Methods: We retrospectively 
studied a cohort of patients with colorectal cancer. In protocol 1, patients were 
classified into four groups based on the operability of cancer and proteinuria: 
group 1, early-stage cancer patients (colorectal cancer stage ≤3) without protein-
uria; group 2, early-stage cancer patients with proteinuria; group 3, advanced-stage 
cancer patients without proteinuria (colorectal cancer stage=4); and group 4, ad-
vanced-stage cancer patients with proteinuria. In protocol 2, patients were classi-
fied into four similar groups based on cancer staging and renal insufficiency 
(eGFR <60 mL/min/1.73 m2). Between January 1, 1998 and December 31, 2009, 
3379 patients were enrolled in this cohort and followed until May 1, 2012 or until 
death. Results: The number of patients with proteinuria was 495 (14.6%). The 
prevalence of proteinuria was higher in advanced-stage cancer (n=151, 22.3%) 
than in early-stage cancer patients (n=344, 12.7%). After adjusting for age, gender 
and other clinical variables, the proteinuric, early-stage cancer group was shown to 
be associated with an adjusted hazard ratio of 1.67 and a 95% confidence interval 
of 1.38-2.01, compared with non-proteinuric early-stage cancer patients. However, 
renal insufficiency was not associated with colorectal cancer mortality. Conclu-
sion: Proteinuria is an important risk factor for cancer mortality, especially in rela-
tively early colorectal cancer.

Key Words:   Cancer, death, proteinuria, GFR, stage

INTRODUCTION

In Korea, colorectal cancer is the fourth most common cancer, with an age-adjust-
ed incidence of 56.7 and 29.5 per 100000 men and women, respectively.1 Colorec-
tal cancer incidence has increased by 6.9% in men and 5.2% in women annually, 
between 1999 and 2008,1 despite developments in early diagnostic and treatment 
strategies, including improved chemotherapeutics and surgical techniques.2 

Chronic kidney disease (CKD) has been shown to be associated with a high risk 
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ity of cancer and proteinuria: group 1, patients without pro-
teinuria and with operable stage (early stage) cancer (colorec-
tal cancer stage ≤3); group 2, patients with proteinuria and 
early stage cancer; group 3, patients without proteinuria and 
with advanced stage cancer (colorectal cancer stage 4); and 
group 4, patients with proteinuria and advanced stage cancer.  

   
Protocol 2: retrospective analysis for the association of 
renal insufficiency and cancer specific mortality 
To further investigate the association of renal insufficiency 
and all cause mortality, patients were classified into four 
similar groups, based on the operability of cancer and renal 
insufficiency [estimated glomerular filtration rate (eGFR) 
of <60 mL/min per 1.73 m2]: group 1, patients without re-
nal insufficiency and with early cancer stage; group 2, pa-
tients with renal insufficiency and early cancer stage; group 
3, patients without renal insufficiency and with advanced 
cancer stage; and group 4, patients with renal insufficiency 
and advanced cancer stage. 

   
Definition of cancer stages 
Colorectal cancer stage was based on the American Joint 
Committee on Cancer (AJCC) TNM classification sys-
tem.21 We divided the patients into two groups according to 
cancer stages. Early stage was defined as non metastatic 
colorectal cancer (AJCC colorectal cancer stage ≤3) and 
advanced stage was defined as distant metastatic colorectal 
cancer (AJCC colorectal cancer stage ≥4).22

Assessment of kidney function
Laboratory data were collected on the date of admission. 
The renal function was accessed based on eGFR. The ab-
breviated Modification of Diet in Renal Disease formula 
was used to estimate GFR in milliliters per minute per 1.73 
m2 from the serum creatinine level.23 Renal insufficiency 
was defined as an eGFR <60 mL/min/1.73 m2. The pres-
ence of proteinuria was defined as albumin 1+ or greater. 

Measurement of covariates
Baseline variables included demographic features (age and 
sex), medical history (diabetes mellitus, hypertension, dys-
lipidemia, and chronic kidney disease), examination find-
ings (body mass index), laboratory data (WBC count, he-
moglobin, hematocrit, platelet count, BUN, creatinine), and 
treatment history (operation, chemotherapy and radiothera-
py). The demographic features were the baseline records, 
and the medical history and treatment history were evaluat-

of both cardiovascular and non-cardiovascular mortality.3-5 
Recently, many studies have suggested that CKD is associ-
ated with poor prognosis, and independently predicts high 
mortality rates in cancer patients.6,7 CKD also is highly 
prevalent (incidence: 13.8%) in Korea. By far, very little re-
search has addressed the association between renal insuffi-
ciency and colorectal cancer mortality.

Albuminuria has been observed in patients with different 
types of cancer, such as lung, breast, renal cell, and colorec-
tal cancers and non-Hodgkin lymphoma.8-19 Some studies 
have indicated that the extent of albuminuria reflects disease 
severity, showing high levels in patients with metastatic dis-
ease and large tumor burden. Therefore, albuminuria has 
been suggested as a nonspecific malignancy marker, reflect-
ing microvascular responses and altered glomerular permea-
bility in response to malignant cell products such as cyto-
kines.8,20 However, studies assessing the relationship between 
proteinuria and all-cause mortality in patients with colorec-
tal cancer are scarce. Such clinical studies would enable 
proper allocation of medical resources and help develop 
better prevention guidelines. In addition, while colorectal 
cancer staging is an important predictor of mortality, the ef-
fect of proteinuria or renal insufficiency at various cancer 
stages has not been fully examined. 

This study aimed to investigate the impacts of proteinuria 
and renal insufficiency on colorectal cancer mortality, with 
special emphasis on cancer staging and cancer-related deaths. 

MATERIALS AND METHODS
　　　

Study population
This study comprised a retrospective cohort of patients who 
had been admitted to Chonnam National University Hospi-
tal and diagnosed with colorectal cancer. Patients were clas-
sified according to the diagnostic C-code in the Internation-
al Classification of Disease, Tenth Revision codes. In total, 
3381 patients presenting with colorectal cancer were en-
rolled from January 1, 1998 to December 31, 2009. Among 
these, patients who were receiving long-term dialysis were 
excluded, and the remaining 3379 patients were finally en-
rolled. The study was approved by the institutional review 
board of Chonnam National University Hospital.
 
Protocol 1: retrospective analysis for the association of 
proteinuria and cancer specific mortality 
Patients were divided into four groups based on the operabil-
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diabetes mellitus was observed in 558 patients (16.5%). In 
both early- and advanced-stage colorectal cancer groups, 
proteinuria was more prevalent among patients with hyper-
tension or diabetes than among those without.

Colorectal cancer mortality is associated with 
proteinuria 
Between 1998 and 2012, over an average follow-up period 
of 3342 days, 1142 (37.7%) cancer patients died. We ana-
lyzed cancer-related mortality rates between the two groups 
(proteinuria versus non-proteinuria). Kaplan-Meier survival 
curves (Fig. 1) showed that subjects with proteinuria had a 
higher mortality risk than do those without proteinuria (log 
rank test p<0.001). Similarly, multivariate Cox proportional 
hazard regression analysis showed that subjects with pro-
teinuria have a higher mortality risk due to colorectal cancer 
than do those without proteinuria. The hazard ratio (HR) of 
all-cause cancer deaths was higher in patients with protein-
uria than in those without proteinuria [HR, 1.46; 95% confi-
dence interval (CI), 1.26-1.69; p<0.001, data not shown].

Assessment of patients with colorectal cancer based on 
cancer staging and proteinuria status
Kaplan-Meier survival curves of the four groups showed 
significant differences in mortality among the four groups 
(log-rank test, p<0.001). Proteinuric patients with advanced-
stage cancer presented the lowest probability of event-free 
survival compared with all other groups. In addition, during 
the follow-up period, probability of death increased with 
advanced cancer staging and proteinuria. 

ed by review of the medical records. 

Statistical assessment
Continuous variables are demonstrated as either means (±SD) 
or medians, and categorical variables as numbers and percent-
ages. We compared baseline characteristics of the groups us-
ing analysis of variance for continuous variables and by the χ2 
statistic for categorical variables. Using Kaplan Meier meth-
od, event- free survival was estimated, and curves were com-
pared with log-rank test. Cox proportional hazards analyses 
were used to assess relationships among the four groups and 
cancer specific mortality after adjusting for variables. The 
time to event was defined as the time from the time of diagno-
sis until the end of follow-up (May 1, 2012) or date of death if 
earlier. p-values less than 0.05 were deemed significant. Sta-
tistical analysis was conducted with the Statistical Package for 
Social Sciences software (SPSS 18.0 for Windows, SPSS 
Inc., Chicago, IL, USA).

 

RESULTS
 

Baseline characteristics
The number of patients with proteinuria was 495 (14.6%). 
The prevalence of proteinuria was higher in advanced-stage 
cancer (n=151, 22.3%) than in early-stage cancer patients 
(n=344, 12.7%, p<0.001). Table 1 lists the baseline clinical 
characteristics of the patients, categorized according to can-
cer staging and proteinuria status.

Hypertension was observed in 1122 patients (33.2%) and 

Table 1. Baseline Clinical Characteristics 
Early colorectal cancer stage Advanced colorectal cancer stage

p value*No proteinuria 
(n=2359)

With proteinuria 
(n=344)

No proteinuria 
(n=525)

With proteinuria 
(n=151)

Age (yrs)‡   62±11a 65±11b 62±12a 61±13a  <0.001†

Male gender (%) 1448 (61.4) 240 (69.8) 316 (60.2) 105 (69.5)   0.004
Hypertension (%)   767 (32.5) 140 (40.7) 166 (31.6)   49 (32.5)   0.020
Diabetes (%)   357 (15.1)   87 (25.3)   72 (13.7)   42 (27.8) <0.001
Operation history (%) 1954 (82.8) 300 (87.2) 342 (65.1)   88 (58.3) <0.001
Chemotherapy history (%)   876 (37.1) 104 (30.2) 387 (73.7)   97 (64.2) <0.001
Serum Cr (mg/dL)‡   0.96±0.36a 1.28±1.31b  0.93±0.40a  1.2±1.2b  <0.001†

Estimated GFR§ (mL/min/m2)‡      77±22.3a 69.8±28.0b  81.8±24.0c     77.3±37.2a,b,c  <0.001†

Albumin (mg/dL)‡   3.77±0.60a 3.38±0.69b  3.72±0.67a  3.39±0.71b  <0.001†

Hgb (g/dL)‡ 12.3±2.0a 11.5±2.32b  11.9±2.14a  11.3±2.22b  <0.001†

GFR, glomerular filtration rate; Cr, creatinine; BMI, body mass index. 
*Statistical significances for linear-by-linear association between categorical variables were tested using chi-square test for trend.
†Statistical significances were tested by analysis of variance among groups.
‡The same letters indicate non-significant difference between groups based on multiple comparison test.
§On the basis of abbreviated IDMS-MDRD (Modification of Diet in Renal Disease) study equation.
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vanced cancer stage (Fig. 2). 
   

Association of colorectal cancer mortality with renal 
insufficiency 
To investigate the association between renal insufficiency and 
cancer-related mortality, patients were classified into 2 groups 
based on eGFR measurements. After adjusting covariates in 
the multivariate Cox’s proportional hazards regression analy-
sis, the mortality risk was not significantly different between 
patients with or without renal insufficiency (HR, 0.95; 95% 
CI, 0.84-1.10; p=0.449).

Assessing patients with colorectal cancer based on 
cancer staging and renal insufficiency
We divided the patients into 4 groups, based on their cancer 
staging and renal insufficiency, and compared the mortality 
among these groups. The results of Cox’s proportional haz-

The results of Cox proportional hazards model adjusted 
for other clinical variables of mortality are shown in Table 2. 
After adjusting for other risk variables, including age, gen-
der, hypoalbuminemia, anemia, history of hypertension and 
diabetes mellitus, and eGFR categories, early-stage cancer 
with proteinuria was shown to be associated with an adjust-
ed hazard ratio of 1.67, compared with early-stage cancer 
group without proteinuria (Table 2, upper panel). Patients 
with advanced cancer stage and proteinuria had the highest 
rate of all-cause mortality compared with other groups 
(HR, 7.19; 95% CI, 5.91-8.75, p<0.001). 

Stratified analysis of all-cause mortality due to 
colorectal cancer associated with proteinuria 
To exclude the influence of cancer staging, we compared 
the cancer mortality rates using a stratified analysis. We di-
vided into patients of early stage and late stage and com-
pared mortality in each stage separately (lower panel of Ta-
ble 2). After adjusting covariates in the multivariate Cox’s 
proportional hazards regression analysis, the HR of cancer 
deaths was higher in patients with proteinuria than in those 
without proteinuria in early-stage colorectal cancer (HR, 
1.69; 95% CI, 1.39-2.05; p<0.001) (lower panel of Table 
2). In contrast, in advanced-stage cancer, the mortality risk 
was the same between patients with and without proteinuria 
(lower panel of Table 2). Table 3 shows multivariate Cox’s 
proportional hazard regression analysis of subdivided 
groups considering colorectal cancer staging. From stage 1 
to 3, proteinuria was an independent risk factor in mortality. 
As shown in Kaplan-Meier survival curves, patients with 
proteinuria had a high mortality risk due to colorectal can-
cer than patients without proteinuria in both early and ad-

Table 2. Unadjusted and Adjusted Cox Proportional Hazards Model for Mortality According to Cancer Stage and Proteinuria* 
and Stratified Analysis of Cox Proportional Hazards Model

Unadjusted HR (95% CI) p value Adjusted HR (95% CI) p value
Early stage without proteinuria† 1.00 (reference) 1.00 (reference)
Early stage with proteinuria 1.87 (1.56-2.25) <0.001 1.67 (1.38-2.01) <0.001
Advanced stage without proteinuria 5.92 (5.17-6.77) <0.001 5.94 (5.22-6.75) <0.001
Advanced stage with proteinuria 7.31 (5.99-8.92) <0.001 7.19 (5.91-8.75) <0.001
Early stage without proteinuria‡ 1.00 (reference) 1.00 (reference)
Early stage with proteinuria‡ 1.98 (1.64-2.39) <0.001 1.69 (1.39-2.05) <0.001
Advanced stage without proteinuria§ 1.00 (reference) 1.00 (reference)
Advanced stage with proteinuria§ 1.27 (1.04-1.54)   0.017 1.22 (0.99-1.49)   0.063

CI, confidence interval; HR, hazard ratio; eGFR, estimated glomerular filtration rate.
*The final model adjusted for age, gender, history of hypertension, diabetes, anemia, hypoalbuminemia, and eGFR categories.
†Proteinuria was defined by a reading of 1+ or more. 
‡Stratified analysis of Unadjusted and adjusted Cox proportional hazards model for mortality in early cancer according to proteinuria.
§Stratified analysis of Unadjusted and adjusted Cox proportional hazards model for mortality in advanced cancer according to proteinuria.
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Fig. 1. Kaplan-Meier survival curves according to proteinuria. Patients with 
proteinuria showed increased mortality risk from colorectal cancer, as 
compared with those without proteinuria.
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DISCUSSION

Our study demonstrated that proteinuria is a strong, inde-
pendent prognostic factor for mortality in patients with 
colorectal cancer. Especially in the early-stage cancer pa-
tients, colorectal cancer mortality increased incrementally 
with comorbid proteinuria. 

Microalbuminuria was originally thought to be an early 
sign of nephropathy in patients with diabetes; however, nu-
merous other studies have found that microalbuminuria 
also predicts all-cause mortality in individuals not having 
diabetes.24 In this study, the prevalence of proteinuria was 
14.6% in patients with colorectal cancer, and a higher prev-
alence was found in advanced-stage cancer rather than ear-
ly-stage cancer (22.3% vs. 12.7%, p<0.001). In addition, 
all-cause mortality was higher in the proteinuria group than 
in the non-proteinuria group. These findings concur with 

ards model adjusted for other clinical variables of mortality 
are shown in Table 4. After adjusting for these other risk 
factors, there were no statistical differences between early-
stage cancer groups with or without renal insufficiency 
(HR, 0.88; 95% CI, 0.75-1.04, p=0.143).  

   
Stratified analysis of mortality associated with renal 
insufficiency in colorectal cancer 
The lower panel of Table 4 shows the results of the Cox’s 
proportional hazards model adjusted for other clinical risks 
of mortality due to renal insufficiency using a stratified anal-
ysis. After adjusting for other risk factors, there were no sig-
nificant differences between early-stage and advanced-stage 
cancer. According to Kaplan-Meier survival curves, there 
was no association between renal insufficiency and mortality 
in patients with colorectal cancer (early-stage with renal in-
sufficiency: log-rank test, p=0.455; advanced-stage with re-
nal insufficiency: log-rank test, p=0.174, data not shown).

Table 3. Stratified Analysis of Unadjusted and Adjusted Cox Proportional Hazards Model for Mortality According to Cancer 
Stage with Proteinuria*

Unadjusted HR 
(95% CI) p value Adjusted HR 

(95% CI) p value

Colorectal cancer stage‡ 1 without proteinuria† 1.00 (reference) 1.00 (reference)
Colorectal cancer stage 1 with proteinuria 2.55 (1.52-4.29) <0.001 2.05 (1.12-3.67)   0.015
Colorectal cancer stage 2 without proteinuria 1.00 (reference) 1.00 (reference)
Colorectal cancer stage 2 with proteinuria 1.731 (1.24-2.41)   0.001 1.58 (1.13-2.22)   0.008
Colorectal cancer stage 3 without proteinuria 1.00 (reference) 1.00 (reference)
Colorectal cancer stage 3 with proteinuria 1.85 (1.44-2.37) <0.001 1.70 (1.31-2.20) <0.001
Colorectal cancer stage 4 without proteinuria 1.00 (reference) 1.00 (reference)
Colorectal cancer stage 4 with proteinuria 1.27 (1.04-1.54)   0.017 1.22 (0.99-1.49)   0.063

CI, confidence interval; HR, hazard ratio; AJCC, American Joint Committee on Cancer; eGFR, estimated glomerular filtration rate.  
*The final model adjusted for age, gender, history of hypertension, diabetes, anemia, hypoalbuminemia, and eGFR categories.
†Proteinuria was defined by a reading of 1+ or more. 
‡Colorectal cancer stage was based on TNM AJCC classification.
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Fig. 2. Kaplan-Meier survival curves according to cancer stage and proteinuria. Mortality from colorectal cancer, in both early (A) and advanced (B) cancer 
stages, increased incrementally with proteinuria.
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discrepancies between previous studies and ours may be 
due to differences in study cases (e.g., combined different 
cancer types, including hepatic, renal, and urinary tract can-
cers versus single-entity colorectal cancer in this study). In 
addition, Weng, et al. did not include cancer staging as a 
risk variable while analyzing varied and multiple cancers. 
Cancer staging is a strong prognostic factor for cancer-spe-
cific mortality and should be included as a risk variable. 
These findings combined with our data suggest that renal 
insufficiency itself is not an independent risk factor for can-
cer mortality in colorectal cancer. 

Proteinuria is a strong marker of increased cardiovascular 
mortality as well as CKD progression.27 Previous research 
has shown that immunological changes are common in the 
kidneys of patients who have died of malignancy.28-30 Al-
though the underlying mechanisms are unknown, albumin-
uria has been regarded as a paraneoplastic phenomenon that 
is an outcome of inflammatory processes. Increased glomer-
ular permeability and, thus, albuminuria can be due to the 
presence of neoplastic cells, which secrete elevated cytokine 
levels. We found that the higher death rate in early-stage 
cancer patients may be associated with proteinuria. Protein-
uria was associated with an increase in overall cancer patient 
mortality rates, independent of other known risk factors 
(HR, 1.79; 95% CI, 1.476-2.171; p<0.001). This observa-
tion suggests that assessing, monitoring and managing pro-
teinuria in cancer patients are crucial because of its potential 
effect on survival, especially in early-stage colorectal cancer. 

Even though these factors may explain the relationship 
between proteinuria and cancer prognosis, few studies have 
assessed the incidence and clinical effects of proteinuria in 

those of other studies,25 and suggest proteinuria as a marker 
of generalized vascular dysfunction in malignancy besides 
glomerular dysfunction.26 

A previous study by Lin, et al.25 demonstrated that albu-
minuria is associated with an increased risk of mortality in 
cancers of different origins, including lung and prostate can-
cers in men. Although cancer staging is an important risk 
factor for cancer mortality, Lin, et al. did not consider cancer 
staging in their study. In this context, we took into account 
cancer staging as a mortality risk factor while classifying 
cancer patients into four groups according to early or ad-
vanced cancer staging with or without proteinuria. Ad-
vanced-stage cancer patients showed higher mortality and 
higher HR than did early-stage cancer patients (advanced-
stage cancer and proteinuria group: HR, 7.19; 95% CI, 5.91-
8.75; p<0.001) (Table 2). To further analyze the effect of 
proteinuria on cancer mortality, we conducted a stratified 
analysis considering proteinuria in the early or advanced 
cancer stage. Presence of proteinuria was associated with in-
creased cancer mortality in early-stage colorectal cancer, but 
not in advanced-stage cancer. These results suggest that pro-
teinuria increases the risk of cancer-related deaths, especial-
ly in early-stage cancer, but not in advanced cancer. There-
fore, cancer staging is concluded to be a powerful risk factor 
for colorectal cancer mortality.    

Weng, et al.6 reported that deaths due to hepatic, renal, 
and urinary tract cancers increase incrementally with the 
severity of renal impairment. We adjusted for cancer stag-
ing in the multivariable analysis, and demonstrated no sig-
nificant association between renal insufficiency (eGFR <60 
mL/min/m2) and colorectal cancer mortality. The reason for 

Table 4. Unadjusted and Adjusted Cox Proportional Hazards Model for Mortality According to Cancer Stage and Renal Insuf-
ficiency* and Stratified Analysis of Cox Proportional Hazards Model

Unadjusted HR 
(95% CI) p value Adjusted HR 

(95% CI) p value

Early stage without renal insufficiency† 1.00 (reference) 1.00 (reference)
Early stage with renal insufficiency 0.94 (0.80-1.11)   0.941 0.88 (0.75-1.04)   0.143
Advanced stage without renal insufficiency 5.24 (4.60-5.96) <0.001 5.29 (4.65-6.03) <0.001
Advanced stage with renal insufficiency 5.91 (4.88-7.15) <0.001 5.61 (4.62-6.81) <0.001
Early stage without renal insufficiency‡ 1.00 (reference) 1.00 (reference)
Early stage with renal insufficiency‡ 0.94 (0.79-1.11)   0.456 0.91 (0.77-1.08)   0.273
Advanced stage without renal insufficiency§ 1.00 (reference) 1.00 (reference)
Advanced stage with renal insufficiency§ 1.14 (0.94-1.39)   0.175 1.09 (0.89-1.34)   0.359

CI, confidence interval; HR, hazard ratio; eGFR, estimated glomerular filtration rate.
*The final model adjusted for age, gender, history of hypertension, diabetes, anemia, hypoalbuminemia, and eGFR categories.
†Renal insufficiency was defined as an eGFR <60 mL/min/1.73 m2.
‡Stratified analysis of Unadjusted and adjusted Cox proportional hazards model for mortality in early cancer according to renal insufficiency.
§Stratified analysis of Unadjusted and adjusted Cox proportional hazards model for mortality in advanced cancer according to renal insufficiency.
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gy: colon cancer. J Natl Compr Canc Netw 2009;7:778-831.
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glomerular filtration rate. Ann Intern Med 2006;145:247-54.
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risk. Am J Hypertens 2004;17:986-93.
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patients with colorectal cancer.25 Therefore, understanding 
the effect of proteinuria on cancer mortality due to colorectal 
cancer will assist with the development of guidelines and 
follow-up care protocols for patients with advanced colorec-
tal cancer. Furthermore, even with a relatively normal renal 
function, proteinuria can present at the early stages of renal 
impairment or GFR loss. We concluded that proteinuria is 
an important prognostic marker of mortality in patients 
with colorectal cancer.

Our study has several limitations. We used only a dip-
stick test to measure proteinuria. Twenty-four hour urine 
collections should be used to measure its constituents and 
albumin-to-creatinine ratios to quantify proteinuria better, 
confirm its prevalence,31 verify the prognostic importance 
and determine its incidence. 

In conclusion, the present study showed that proteinuria is 
an important risk factor for cancer specific mortality, espe-
cially in early stage colorectal cancer. In colorectal cancer pa-
tients, early diagnosis and appropriate management of pro-
teinuria may improve anticancer treatment and outcomes.
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