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ABSTRACT 

Background: Cholangiocarcinoma (CCA) is the second most common primary hepatobiliary cancer. These 

patients have meager prognosis and short-term survival. Precise assessment of glomerular filtration rate is a 

fundamental aspect of clinical care in cancer patients. Cystatin C has been proposed to be superior to creatinine, 
a well-known marker of renal function. This study aimed to evaluate cystatin C as a marker of GFR calculation 
in CCA patients.  
Materials and Methods: One hundred thirty serum samples from CCA patients and 32 from controls were 
included in this study. Serum cystatin C was measured using immunoturbidity assay. Estimated glomerular 
filtration rate was calculated by three equations established by chronic kidney disease epidemiology 
collaboration (based on creatinine and/or cystatin C).  

Results: Serum cystatin C in CCA patients was higher than that of controls (p=0.0002). Cystatin C was 
positively correlated with BUN in CCA group (p=0.019). eGFR based on cystatin C and based on both cystatin C 
and creatinine in CCA was low with significantly different from those of control (p<0.001). Although there was 
no difference in eGFR using three equations in control, creatinine based eGFR was high with significantly different 
from eGFR based on cystatin C and on both creatinine and cystatin C in CCA (P=0.000).  Proportion in each 
eGFR stage by three equations showed a high sensitivity with significantly different in CCA (p<0.05).  
Conclusion: There was a high sensitivity of cys C with significant difference between creatinine and/or cystatin 

C based eGFR in CCA patients. It should be taken into consideration of mild changes in eGFR by cystatin C which 

is important in managing drug dosage for CCA patients. 
 
 
Keywords: Cystatin C; Chronic kidney disease epidemiology collaboration (CKD-EPI) equation; Glomerular 
filtration rate; Cholangiocarcinoma 
 

 

INTRODUCTION 
   Cholangiocarcinoma (CCA) is the second most 
common primary hepatobiliary cancer originating 

from epithelial cells lining the intra- and extrahepatic 
biliary tracts. It is more common in Southeast Asia, 
especially in the Greater Mekong Subregion (GMS), 
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than in Western countries. The most important risk 
factor for CCA in GMS is the infection with 
Opisthorchis viverrini (OV) and Clonorchis sinensis 
which are ingested by eating raw or undercooked 
fish1, 2.  Patients with CCA have a meager prognosis 
and short survival time. Most patients have 
unresectable diseases at the time of diagnosis and 
usually die within 6-12 months from the cancer 
cachexia, liver failure and biliary sepsis3.  
Renal impairment is a relatively common 
complication in cancer patients with therapeutic 
drugs, irrespective of the type of malignancy4. For 
this reason, monitoring renal function of cancer 
patients is essential for the safe administration and 
follow-up of therapeutic agents. The glomerular 
filtration rate (GFR) is regarded as the superlative 
parameter for estimating kidney function5 and an 
accurate GFR assessment is essential for the better 
clinical care for cancer patients. GFR 
underestimation might cause misidentification of 
some patients unsuitable for chemotherapy such as 
cisplatin therapy, or expose them to underdosing, 
influencing survival outcomes6,7.  
Serum creatinine has long been used for eGFR 
calculation because it is an easily measurable and 
widely available marker for renal function. However, 
serum creatinine level is influenced by various 
factors such as muscle mass, body weight, and 
gender, which can affect the utility of serum 
creatinine level in practice8. In bladder cancer 
patients, 40% of those having decreased GFR 
determined by inulin clearance showed normal 
serum creatinine level9. It remains unclear whether 
eGFR based on serum creatinine can accurately 
forecast GFR in cancer patients because cancer 
patients often suffer complications from emaciation 
and muscle loss associated with cachexia, anorexia 
and mal-function of the gastrointestinal tract that 
may cause noteworthy changes in creatinine 
production10.  
As an alternative of serum creatinine level, recently 
cystatin C (cys C) has been highlighted as a new 
marker for estimation of GFR 11,12. Cys C is a 
nonglycosylated low molecular weight protein (13 
kDa) and is produced at a constant rate by all 
nucleated cells. It is freely filtered by the glomerulus 
and completely reabsorbed by the proximal tubular 

cells13. Cys C has been proposed to be potentially 
superior to serum creatinine for estimating renal 
function14. Recent studies in gastric cancer, and head 
and neck cancer suggest that serum cys C may serve 
as a reliable alternative clinical marker of renal 
function15, 16. However, in some cancer patients, the 
serum cys C is considered not appropriate for 
assessing renal function because cancer cells 
themselves produce cys C17 and increase in serum 
cys C levels can affect the eGFR level resulting in 
underestimation of true GFR18. The present study is, 
therefore, aimed to evaluate cys C as a marker of GFR 
calculation in CCA patients for appropriate 
treatment.  
 
MATERIALS AND METHODS 
Sample collection 
A total of 130 CCA serum samples with clinical data 
(age, sex, creatinine, survival days, blood urea 
nitrogen (BUN), cholesterol, total and differential 
protein, liver function tests (LFT)) were obtained 
from the Cholangiocarcinoma Research Institute 
(CARI), Faculty of Medicine, Khon Kaen University, 
Thailand. As controls, 32 serum samples were 
obtained from the persons who went to check-up at 
the Office for Medical Technology and Physical 
Therapy Health Service, Faculty of Associated 
Medical Sciences, Khon Kaen University. The serum 
samples were kept at -20˚C until further use. This 
project was approved by the Khon Kaen University 
Ethics Committee for Human Research (HE611409). 
 
Cystatin C measurement 
Serum cys C level was measured using an 
immunoturbidity assay kit (Diazyme, California, 
USA). Cys C in the sample binds to latex particles 
coated with the specific anti-cystatin C antibody to 
cause agglutination. The degree of the turbidity 
caused by agglutination can be measured optically 
and is proportional to the amount of cys C in the 
sample. In this assay, 3 µl of serum was used and the 
absorbance was read at 540 nm wavelength. This 
was an end point assay, where 5 calibrators and 2 
levels of controls (High and Low internal controls) 
provided by the manufacturer were included. 
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eGFR calculation 
eGFR was calculated using three Chronic Kidney 
Disease Epidemiology Collaboration (CKD-EPI) 
equations based on the creatinine, cys C and both 
creatinine and cys C19.  
 
Statistical analyses 
Statistical analysis was performed using IBM SPSS 22 
Statistics (The International Business Machines 
Corporation, Charles Ranlett Flint, Armonk, New 
York, U.S.) and GraphPad Prism v.5 software 
(GraphPad Software Inc., La Jolla, CA, U.S.). The 
difference between two groups was estimated using 
the Mann-Whitney tests. Linear regression test was 
used to assess the correlation of cystatin C with other 
renal markers. Kruskal Wallis test was used to assess 
the comparison between creatinine and/or cys C in 
assessing GFR classification based on their stages. 
Blant-Altman analysis was used to determine the 
agreement between cystatin C and creatinine in 
assessing the eGFR. P value <0.05 was considered 
statistically significant. 
 
RESULTS 
Clinical characteristics of CCA patients and controls 
Clinical characteristics of the participants are shown 
in Table 1. Serum cys C level of CCA group (1.93±1.2 
mg/L) was significantly (p=0.0002) higher than that 
of control group (1.1±0.59 mg/L). The mean ALP, ALT 
and AST were higher in CCA than that of control 
group (p<0.05). CCA patients were older than control 
group (p<0.0001) but there was no correlation of 
serum cys C and age (p=0.749) (Figure 1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1: Clinical characteristics of healthy control and 
cholangiocarcinoma groups 

a: Value represents median ± Quartile deviation and (min-max). b: Value 
represents mean ± SD and (min-max). cysC, Cystatin C; BUN, Blood urea 

nitrogen; ALP, Alkaline phosphatase; ALT, Alanine aminotransferase; 
AST, Aspartate aminotransferase. The different values among two 

independent sample groups were estimated using Mann-Whitney test. 
*Significant difference between control and CCA. 

 
 

 
Figure 1. Relationship between age and serum level of cystatin C 
in CCA group by Pearson’s correlation. p<0.05 as significance. 

 
 

Correlation of cystatin C with BUN and creatinine 
In control group, there was no correlation of serum 
cys C with creatinine (Cr) and blood urea nitrogen 
(BUN) which are the well-known markers for renal 
function. In contrast, serum cys C level in CCA group 
was significantly correlated with BUN (p=0.019) but 
not with Cr.  Blood urea nitrogen to Cr ratio (BUN/Cr) 
has been reported as an independent factor 
reflecting dietary protein intake at each level of renal 
function. Therefore, the correlation of serum cys C 
with BUN/Cr was analyzed in this study and no 
correlation were observed in both control and CCA 
groups (Figure 2).  

Parameters Control group 
(n=32) 

CCA group 
(n=130) 

p-value 

Age 
 

44.3±18.7 
(19-85) 

61.1±8.6 
(31-80) 

<0.0001* 

Renal function 
tests 
BUN 
(5.8-19.1 
mg/dl) 
Creatinine 
(0.5-1.5 mg/dl) 
Cystatin C 
(0.5-1.03 mg/L) 

 
 

13±2 
(7-18) 

 
0.8±0.15 
(0.4-1.4) 
1.1±0.59 
(0.2-3.1) 

 
 

12.5±3.7 
(5.3-39) 

 
    0.85±0.15 

(0.4-3.8) 
1.93±1.2 
(0.35-8.1) 

 
 

0.743 
 
 

0.981 
 

0.0002* 

Liver function 
tests 
ALT 
(4-36 U/L) 
AST 
(12-32 U/L) 
ALP 
(42-121 U/L) 
 

 
 

21.6±9.0 
(8-43) 
27±6.5 
(19-85) 
51±7 

(37-87) 
 

 
 

37±21.5 
(9-611) 
42±16.3 

(14-1077) 
166.5±84.3 
(24-1005) 

 

 
 

<0.0001* 
 

0.0002* 
 

<0.0001* 
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Figure 2. Correlation between serum cys C and creatinine, cys C and BUN, and cys C and BUN/Cr by linear regression test. (A), (B) and (C) 

represent control group and (D), (E) and (F) were CCA group. p<0.05 considered as statistically significance. 

 
 
eGFR using three CKD-EPI equations  
The mean eGFR based on serum cys C and combined 
creatinine and cys C in CCA were high sensitivity with 
significantly different from those of control group 
(p<0.001) (Table 2). The correlation analysis among 
each equation was done in both control and CCA 

group by Spearman’s correlation. There was positive 
correlation among each equation in CCA group 
(p<0.05) but creatinine based eGFR did not correlate 
with cys C based eGFR in control group (p=0.092) 
(Figure 3). 

 
  Table 2. Comparing eGFR by three equations between control and CCA groups 

Parameters Control group 
(n=32) 

CCA group 
(n=130) 

p-value 

eGFRcr 
(≥90 ml/min/1.73m2) 

91.3±18.9b 

(62-131) 
86.2±21.1b 

(16-138) 
0.382 

eGFRcysC 
(≥90 ml/min/1.73m2) 

83.9±44.7b 

(19-183) 
36±21.5a 

(5-158) 
<0.001* 

eGFRcr/cysC 
(≥90 ml/min/1.73m2) 

86.4±30.9b 

(34-153) 
53±17.5a 

(17-148) 
<0.001* 

a: Value represents median ± Quartile deviation and (min-max). b: Value represents mean ± SD and (min-max). eGFRcysC: eGFR based on 
cys C, eGFRcr: eGFR based on serum creatinine, eGFRcr/cysC based on both creatinine and cys C. Man-Whitney test. *Significant difference 

between control and CCA. 
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Figure 3. The regression line by Spearman correlation analysis among eGFRs using three equations. (A), (B) and (C) represent control group 
and (D), (E) and (F) were CCA group. p<0.05 considered as statistically significance. eGFRcr: eGFR based on creatinine, eGFRcysC: eGFR 

based on cys C and eGFRcr/cysC: eGFR based on both creatinine and cys C. 
 
 
 

Agreement among eGFRs by equations based on 
creatinine and/or cys C 
The agreement between the eGFR based on 
creatinine and/or cys C was studied using Blant-
Altman analysis. eGFRs using creatinine and/or cys C 
was not significantly different in control group 
(p>0.05). However, eGFR based on creatinine and/or 
cys C was high sensitivity with significantly different 
in CCA group (P<0.0001) (Figure 4). 
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Figure 4. Agreement between eGFR based on Cys C and/or Creatinine using Blant-Altman analysis. (A), (B) and (C) represent control group 

(mean difference, p>0.05) and (D), (E) and (F) were CCA group (mean difference, p<0.0001). p<0.05 as significance. 
 
 
 

Classification of eGFR by three equations 
Table 3 indicated the difference in eGFR stages using 
CKD EPI equations based on creatinine and cystatin 
C. Based on KDIGO guidelines, we categorized 
patients into five groups for each of the three 
equations: eGFR ≥ 90 mL/min/1.73m2, eGFR = 60-89 
mL/min/1.73m2, eGFR = 30-59 mL/min/1.73m2, 
eGFR = 15-29 mL/min/1.73m2 and eGFR < 15 
mL/min/1.73m2 (Stage 1,2,3,4 &5).  
According to the National Kidney Foundation-Kidney 
Disease: Improving Global Outcomes (NKF-KDIGO) 
guidelines, the normal GFR range is ≥90 
ml/min/1.73m2 in adults20. In control group, normal 
eGFR level (≥90 ml/min/1.73m2) was estimated in 
46.9% by creatinine based equation and in 35% by 
equations based on cys C and both creatinine and cys 
C. The proportion difference among three equations 
was significant (p=0.003).  
Almost 50% of CCA patients showed normal eGFR 
level by creatinine-based equation while only 20% of 
CCA patients were estimated for normal eGFR level 
using the equations based on cys C and both 

creatinine and cys C (p<0.0001). Although 43.1% was 
classified as CCA patients with severe decreased 
eGFR level (stage 4 and 5) by cys C based equation, 
the proportion by creatinine and both creatinine and 
cys C based equations was less than 10%. Moreover, 
the proportion in each stage by three equations was 
significantly different (p<0.05).  
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Table 3. Difference in the stages of eGFR between creatinine and/or cys C 

Equations 

eGFR (ml/min/1.73m2) 

Stage 1  
(≥90) 

Stage 2  
(60-89) 

Stage 3  
(30-59) 

Stage 4  
(15-29) 

Stage 5 (<15) 

Control (n=32) 
CKD-EPIcr 
CKD-EPIcysC 
CKD-EPIcr/cysC 

 
15 (46.9%) 
11 (34.3%) 
12 (37.5%) 

 
17 (53.1%) 

8 (25%) 
14 (43.7%) 

 
- 

10 (31.3%) 
6 (18.8%) 

 
- 

3 (9.4%) 
- 

 
- 
- 
- 

p 0.003 0.607 0.744   

CCA (n=130) 
CKD-EPIcr 
CKD-EPIcysC 
CKD-EPIcr/cysC 

 
62 (47.7%) 
26 (20%) 

25 (19.2%) 

 
55 (42.3%) 
15 (11.5%) 
32 (24.6%) 

 
12 (9.2%) 
33 (25.4%) 
66 (50.8%) 

 
1 (0.8%) 

42 (32.3%) 
7 (5.4%) 

 
- 

14 (10.8%) 
- 

p <0.0001 0.0008 <0.0001 0.0013  

  The different values among three sample groups were estimated using Kruskal Wallis test. 
 

 
DISCUSSION 
   In the present study, we compared eGFRs 
calculated using three CKD-EPI equations in CCA and 
control groups. Serum creatinine and eGFR based on 
creatinine in CCA patients did not differ from those 
of control group in our study. In contrast, there were 
significant difference in mean eGFR based on cys C 
and both on creatinine and cys C since serum cys C 
level was significantly higher in CCA (1.93±1.2 mg/L) 
than that of control group (1.1±0.59 mg/L). Some 
studies reports that the serum level of cys C can 
increase earlier than some other materials such as 
serum creatinine and therefore may be more 
valuable than serum creatinine for early detection of 
renal dysfunction21, 22. A large scale meta-analysis 
conducted on report in 2002 demonstrated that 
serum cys C was superior to serum creatinine as a 
marker of GFR14. 
There was no correlation between serum creatinine 
and cys C in both CCA and control groups in our 
study. Although cys C level was higher than normal 
range in both groups, serum creatinine has not been 
noticeably increased. Serum creatinine levels are 
affected by both non-renal physiological factors such 
as muscle mass, body weight, gender  which can 
affect its utility in practice 9. Moreover, 
measurements of serum creatinine levels can be 
affected by the amount of total bilirubin co-existing 
in the serum23,24. In fact, when we have examined the 
correlation between serum creatinine or serum 
cystatin C levels with serum total bilirubin levels  
(Figure 5), negative correlation was observed 

between creatinine and bilirubin, but not between 
cystatin C and bilirubin levels. In cancer patients, 
especially of hepatobiliary malignancies, therefore, 
serum creatinine should not be a “standalone” 
marker of renal function because these patients 
often suffer complications from emaciation and 
muscle loss associated with cachexia, anorexia and 
mal-function of the gastrointestinal tract and 
hyperbillirubinaemia that may cause noteworthy 
changes in creatinine production or creatinine 
measurements. 
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Figure 5. Correlation between serum creatinine (using enzymatic 

method) (A) and serum cystatin C (B) levels with serum total 
bilirubin levels 

 
In this study, cys C showed a positive correlation with 
BUN in CCA group. Serum cys C is the product of a 
constitutive housekeeping gene, its synthesis 
occurring at a steady state, the serum levels mainly 
affected by renal function13. BUN has been known 
for a marker of renal function and elevations in urea 
level occur with high protein intake. The variation of 
BUN production rate was not or less influenced by 
muscle mass, body weight and age that are the 
commonly complications occurred in cancer 
patients. The correlation between cys C and BUN 
from our study proved that cys C was a marker of 
renal function that cannot be influenced by muscle 
mass, age and body weight.  
Our study showed a positive correlation among each 
eGFR by three equations in CCA group. However, in 
control group, eGFR based on creatinine and cys C 
alone did not correlate with each other. Moreover, 
mean eGFR difference among each equation was 
significant in CCA but not in control group. 
Furthermore, almost half of the population (50%) 
was estimated as normal eGFR level by CKD-EPI 
equation based on creatinine in both CCA and 
control group while cys C based equation and both 
combination of creatinine and cys C based equations 
estimated normal eGFR level in less than 40% in 
control and 20% in CCA group. Furthermore, 43.1% 
of CCA patients were classified as severe stage of 
declined eGFR by cys C based equations while the 
proportion of severe stage of eGFR was less than 
10% by other two equations. Our results suggested 

that creatinine could overestimate eGFR in CCA 
patients and cys C could estimate early changes of 
eGFR. Creatinine is considered as not a sensitive 
marker to detect mild and medium decrease of renal 
function, also known as ‘creatinine blind area’ so that 
the over estimation of GFR usually occurs and make 
lots of under diagnosed cases25. A study by Daniel 
Giglio in 2014 showed that CKD-EPIscr equation was 
precise in cancer patients with GFR ≥60 ml/min/1.73 
m2 26.   
Cys C is a reliable marker for monitoring kidney 
function in patients with normal kidney function 
receiving cisplatin-based chemotherapy27. New 
equations such as CKD-EPI equations based on cys C 
and/or serum creatinine have been proposed for 
clinical applications28. Several studies have shown 
that cys C is a more sensitive marker of decreased 
GFR than serum creatinine29-31. In addition, serum 
cys C was reported to have valuable potential for the 
monitoring of GFR in gastric cancer, and head and 
neck cancer32,33. However, in some cancer patients, 
the serum cystatin C is not appropriate for 
estimating GFR because of its production by cancer 
cells. Some studies have shown that cystatin C is not 
trustworthy for GFR marker in ovarian cancer 
because of its nature as a cysteine protease 
inhibitor34, and the concentration variations in 
serum cystatin C might underestimate eGFR in 
esophageal cancer35. Therefore, the role of cys C in 
CCA should be further investigated.  
Renal impairment is a relatively common 
complication occurring in cancer patients. Since 
1970s, renal failure has been increasingly assessed in 
patients with cancer36. A study in 2004 revealed that 
one-third of cancer patients presented renal 
insufficiency37. There is little information to help 
clinicians using the most appropriate equation for 
calculating eGFR in cancer patients although 
accurate estimation of GFR is important to 
determine the dosages of chemotherapeutic agents. 
A few previous studies have mainly focused on 
genitourinary or gynecological cancers, and the data 
were exclusively from Western patients38-40. This 
study is the first to estimate GFR in CCA patients in 
GMS. 
Our study has some limitations. The gold standard 
for GFR measurements such as inulin, 51Cr-EDTA, or 
iohexol clearance was lacked in this study. However, 
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cys C was compared with the bronze standard, 
creatinine. Moreover, cys C and creatinine based 
eGFRs were calculated by CKD-EPI equations 
recommended by KIDGO guidelines. It is not clear 
whether this finding would still be applicable for the 
patients under chemotherapy treatment because 
the information of treatment and type of drugs has 
not been provided. However, a study in 2015 
reported that cys C is still superior to creatinine in 
detection of early stages of renal dysfunction in 
cancer patients under treatment with cisplatin41. 
In conclusion, there is a high sensitivity of cys C with 
significant difference between creatinine and cys C 
based GFR in CCA patients. The proportion 
difference was also observed in classifying eGFR 
stages by three equations in CCA patients. This can 
probably become the consideration to do the 
examination on cys C in CCA patients to receive 
appropriate chemotherapeutic treatment.  
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