
C-Reactive Protein to Albumin Ratio is an Indicator of Poor
Prognosis for Patients with Biliary Tract Cancer

Biliary tract cancers (BTCs) are a heterogeneous group
of epithelial cell malignancies arising from distinct an-

atomical locations of the biliary tree.[1] BTCs are generally 
divided into intrahepatic cholangiocarcinoma (iCCA), ex-
trahepatic cholangiocarcinoma (eCCA), gallbladder cancer 
(GBCA) and periampullary cancer.[2]

Though rare, the incidence and mortality of BTC are in-
creasing worldwide.[3] Survival outcomes of BTC remain 
dismal, with a 5-year overall survival (OS) rate of 30% for 
localized disease and 10% for patients with unresectable 
or metastatic disease.[3] Most BTC cases are not accom-
panied by clinical symptoms until the disease reaches an 
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advanced stage.[4] A minority of BTC patients present with 
surgically resectable disease; however, the relapse rate is 
high.[4] Therefore, a reliable predictor of survival is needed 
to allow for optimal treatment choices to be made and so 
improve patient outcomes.

Cancer treatment response not only depends on the tu-
mor's characteristics, but also the patient's inflammatory 
response.[5] Inflammation occurs during cancer pathogen-
esis in many adult patients and is an indicator of tumor de-
velopment and progression.[6] There is increasing data that 
a systemic inflammatory response is associated with poor 
outcomes in patients suffering from various types of can-
cers.[6] Several common inflammation-based prognostic 
scores, including neutrophil to lymphocyte ratio (NLR) and 
platelet to lymphocyte ratio (PLR), have been reported to 
have prognostic value in patients with many types of ma-
lignant solid tumors.[8–11]

The C-reactive protein (CRP) to albumin (Alb) ratio (CAR) 
has also been reported as a novel inflammation-based 
prognostic marker in multiple types of tumors, including 
hepatocellular carcinoma, colorectal cancer, esophageal 
cancer, renal cancer, pancreatic cancer, non-small cell lung 
cancer, esophagogastric junction and gastric cancer.[9,13–20] 
However, it was not evaluated in biliary tract cancers.

In the present study, we investigated the prognostic value 
of CAR in patients with BTC. We also evaluated NLR and PLR 
in these patients and compared them with the CAR.

Methods

Patients
One hundred seventy-eight patients with newly diag-
nosed biliary tract cancer, who were treated in the De-
partment of Medical Oncology at the Bezmialem Vakif 
University Hospital, Afyon Kocatepe University School of 
Medicine Hospital, Trakya University School of Medicine 
Hospital, and Istanbul Okmeydanı Training and Research 
Hospital, between January 2013 and July 2018 were en-
rolled in the study. Eight patients were lost to follow-
up. Forty-nine patients who showed clinical evidence of 
cholangitis were excluded. Patients who showed other 
inflammatory conditions were also excluded. In total, 
121 patients with BTC met the conditions for inclusion 
and were evaluated. The diagnosis of BTC was confirmed 
either pathologically or by using images obtained from 
ultrasound, computed tomography (CT), magnetic reso-
nance imaging (MRI) or endoscopic retrograde cholangio-
pancreatography (ERCP). Tumor-related variables, such as 
the primary tumor site (intrahepatic bile duct, extrahe-
patic bile duct, gallbladder), and the extent of the disease 

(locally advanced or metastatic) were also evaluated by 
these imaging techniques. 

The study was conducted retrospectively by searching 
medical records of patients with the approval of the insti-
tutional review board of the hospital. As the data were ret-
rospective in nature and analyzed anonymously, informed 
consent was not obtained from the patients.

Inflammation-Based Prognostic Scores and Other 
Variables
Values for NLR, PLR and CAR were calculated. Blood 
samples were obtained before the initial treatment to 
measure levels of CRP, albumin, total bilirubin, alkaline 
phosphatase (ALP), hemoglobin (Hb), carcinoembryonic 
antigen (CEA) and carbohydrate antigen 19-9 (CA19-9). In 
addition, white blood cell (WBC), neutrophil, lymphocyte 
and platelet (Plt) counts were determined. NLR and PLR 
were defined as absolute neutrophil count and platelet 
counts, respectively, divided by the absolute lymphocyte 
count. 

Treatment and Follow-Up of Patients
Patients were treated and followed-up according to 
guidelines of the National Comprehensive Cancer Net-
work (NCCN). The patients were treated with gemcitabine 
alone, gemcitabine and cisplatin, 5-flourouracil and irino-
tecan (FOLFIRI), 5-flourouracile/capesitabine and oxali-
platin (FOLFOX/XELOX) or best supportive care (BSC). The 
patients with obstructive jaundice underwent endoscopic 
retrograde biliary drainage or percutaneous transhepatic 
biliary drainage before the initial treatment. The patients 
were followed after the initial treatment with imaging 
techniques and analysis of tumor marker levels. For pa-
tients who showed tumor progression, palliative chemo-
therapy or best supportive care was provided. The end of 
the follow-up was the time of the last examination (July 
2018) or death.

Statistical Analysis
Data were presented as median and interquartile ranges. 
Categorical variables were reported as frequencies and 
group percentages. Survival curves were plotted according 
to the Kaplan–Meier method, and any differences were an-
alyzed using the log-rank test. Univariate and multivariate 
analyses were performed with a Cox proportional hazard 
model to identify the independent prognostic factors. All p 
values were two-sided, and a p value of <0.05 was consid-
ered statistically significant. ROC curve analysis was used 
to determine the predictive value of parameters, such as 
NLR, PLR, and CAR. A p value <0.05 was considered to be 
significant. 
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Results

Patient Characteristics
The clinicopathological characteristics of the patients are 
shown in Table 1. A total of 121 patients with BTC were 
identified on our institutional database. Fifty-eight (47.9%) 
patients were male and 63 (52.1%) patients were female. 
The median age of the patients was 65 (range 57–71) years. 
The primary tumor sites were the intrahepatic bile duct (43 
patients; 35.5%), the extrahepatic bile duct (44 patients; 
36.4%) and the gallbladder (34 patients; 28.1%). Fifty-one 
(42.1%) patients with obstructive jaundice underwent en-
doscopic retrograde or percutaneous transhepatic biliary 

drainage. Palliative chemotherapy was administered in 61 
(50.4%) patients: gemcitabine monotherapy, 22 (18.2%) 
patients; gemcitabine plus cisplatin, 32 (26.4%) patients; 
FOLFOX/XELOX regimen, 5 (4.1%) patients; FOLFIRI regi-
men, 1 (0.8%) patient. The remaining 60 (49.6%) patients 
received BSC. Eighty-seven (71.9%) patients had de novo 
metastases. The metastatic sites were liver (70 patients; 
57.8%), lung (1 patient; 0.8%), lymph node (50 patients; 
41.3%) and bone (4 patients; 3.3%). At the time of diagnosis 
most of the patients were stage 4 (90; 74.4%), while the re-
maining patients were stage 1-2 (11; 91%) and stage 3 (20; 
16.5%). Median tumor size was 5.0cm in diameter (range 
1.0-17.0 cm).

Comparison of the prognostic value of parameters 
for identifying extended OS
The median follow-up was 8.8 months (range 3.1–16.6). At 
the end of the follow-up peri-od, 18 (14.9%) patients were 
alive and 103 (85.1%) patients had died. The 1-, 3- and 5- 
year OS rates were 16.5, 14.1 and 7.1%, respectively. The 
comparison of OS with CAR, PLR and NLR va-lues is shown 
in Table 2. A significant difference in OS was only found 
with CAR (p<0.01); NLR (p=0.12) and PLR (p=0.85) showed 
no correlation with OS. 

Prognostic factors
In the univariate analysis, metastatic status (p<0.001), adju-
vant chemotherapy (p<0.01) and CAR (p<0.001) correlated 
with OS (Table 3). Multivariate analysis with these param-
eters showed that only CAR (HR 3.44, 95% CI: 2.05-5.79, 
p>0.001) was independently associated with OS (Table 3).

Based on the optimal cutoff value of CAR (0.66), patients 
were divided into a CAR-Low group (n=60) and a CAR-High 
group (n=61). The clinical features of the 2 groups were 
compared by chi-square test. The 2 groups did not differ 
significantly in age, staging or tumor site. However, the 

Table 1. Demographic and clinical characteristics of the subjects

  All (n=121)

Age, year Median (Interquartile range) 65 (57-71)
Gender, F/M 63/58
Tumor localization, n (%)
 Intrahepatic 43 (35.5)
 Extrahepatic 44 (36.4)
 Gallbladder 34 (28.1)
De novo metastatic, n (%) 87 (71.9)
Metastatic site, n (%)
 Liver 70 (57.8)
 Lung 1 (0.8)
 Lymph node 50 (41.3)
 Bone 4 (3.3)
Biliary drainage, n (%)  51 (42.1)
Percutaneous transhepatic cholangiography, n (%) 6 (5.0)
Stage, n (%)
 Stage 1 or 2 11 (9.1)
 Stage 3 20 (16.5)
 Stage 4 90 (74.4)
Tumor size, cm
 Median (minimum-maximum) 5.0 (1.0-17.0)
Grade, n (%)
 Grade 2 27 (22.3)
 Grade 3 14 (11.6)
 Unknown 80 (66.1)
Best supportive care, n(%) 60 (49.6)
First line chemotherapy regimens, n(%)
 Gemcitabine 22 (18.2)
 Cisplatin+gemcitabine 32 (26.4)
 FOLFOX/XELOX 5 (4.1)
 FOLFIRI 1 (0.8)
Second line chemotherapy regimens, n (%)
 Gemcitabine 2 (1.7)
 Cisplatin+gemcitabine 2 (1.7)
 FOLFOX/XELOX 17 (14.0)
 FOLFIRI 7 (5.8)

Table 2. The comparison of the overall survival according to the 
CAR, PLR, and NLR

  Median OS SE 95% CI P
  (months) 

CRP/Albumin ratio
 ≤0.66 20.0 3.7 12.6-27.3 <0.001
 >0.66 6.0 1.2 3.4-8.5
NLR
 ≤2.9 12.0 1.3 9.3-14.6 0.12
 >2.9 7.0 2.6 1.7-12.2 
PLR
 ≤155 11.0 1.9 7.2-14.7 0.85
 >155 9.0 1.7 5.6-12.3
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CAR-High group had a higher percentage of men com-
pared to the CAR-Low group, while the CAR-Low group 
had a lower treatment rate and percentage of BTC. Among 
clinical factors, median lymphocyte, Hb, CRP and Alb lev-
els were higher in the CAR-Low group, whereas neutrophil, 
platelet, and globulin levels were higher in the CAR-High 
group. 

Kaplan–Meier analyses and log-rank tests showed median 
OS in the CAR-High group (6 months) was significantly 
shorter than in the CAR-Low group (22 months; p<0.001). 
Univariate COX regression analyses of age, sex, stage, treat-
ment status, NLR, PLR, and CAR, showed that high CAR, 
adjuvant chemotherapy and metastatic status were sig-
nificant adverse risk factors for OS in BTC patients (Table 3). 
Multivariate analysis showed that no adjuvant treatment 
(HR 0.61, 95% CI: 0.34-1.08, p=0.09) affected OS. By con-
trast, CAR-High was independently associated with mortal-
ity (HR  3.44, 95% CI: 2.05-5.79, p<0.001; Fig. 1).

Discussion
CAR was shown to be a prognostic index for patients with 
BTC, compared with several other inflammation-based 
scores, including NLR and PLR. While CAR was an inde-
pendent risk factor for OS, NLR and PLR were not reliable 
prognostic factors for patients with BTC. As the first study 
to show a relationship between CAR and prognosis in pa-
tients with BTC, our results suggest that this new param-
eter could help in selecting optimal treatment regimens for 
patients with poor prognoses, who may need more sup-
portive therapy and palliative care.

Accumulating evidence has indicated that cancer and in-
flammation are linked in patients suffering from various 
types of cancers.[5–7] Specifically, inflammatory cytokines 
and chemokines are believed to facilitate cancer growth, 
invasion, metastasis and angiogenesis, subversion of the 
host immune response, and resistance to cytotoxic drugs.
[21,22] Moreover, the presence of a systemic inflammatory 
response, evidenced by an elevation of CRP levels, accom-
panies a decrease in the serum albumin concentration and 
a progressive loss of weight and lean tissue, resulting in a 
poor performance status and increasing mortality in can-
cer patients.[23–25]

Several common inflammation-based parameters have 
been reported to have prognostic value in patients with 
many types of malignant solid tumors.[9–11] Proctor et al.[26] 
demonstrated that the prognostic scores based on CRP 
levels for a variety of tumor sites were superior to other 
inflammation-based prognostic scores. Since the CAR is 
based on only 2 standard laboratory measurements, it is a 
simple, readily available, and inexpensive prognostic mark-
er for patients with cancer. 

CAR has been reported as a novel inflammation-based 
prognostic marker for multiple types of cancer, including 
hepatocellular, colorectal, esophageal, renal, pancreatic, 
non-small cell lung, esophagogastric junction and gastric.
[9,13-20]

Initially, CAR was reported as a novel inflammation-based 
prognostic score to predict survi-val in patients with hepa-
tocellular carcinoma.[13] Its prognostic ability was found to 
be comparable with that of the modified Glasgow Prognos-
tic Score (mGPS) and better than that of NLR. Since then, 
there has been an increasing number of studies describing 
the relationship between CAR and prognosis of malignant 
diseases (Table 4). These studies suggest that the prognos-
tic ability of CAR could be superior to that of other inflam-
mation-based prognostic scores.

The cut-off value of CAR is not yet clear. Various studies 
have utilized different cut-off values. For instance, CAR cut-

Table 3. Univariate and multivariate analyses for overall survival

  Univariate  Multivariate
  analysis  analysis

  p  HR 95% CI p

Age, ≥65 years 0.51   
Gender, Male 0.81   
Metastatic status <0.001   
Surgery 0.02   
Adjuvant chemotherapy <0.01 0.61 0.34-1.08 0.09
Palliative chemotherapy 0.30   
PLR, >155 0.85   
NLR, >2.9 0.12   
CRP/Albumin ratio, >0.66 <0.001 3.44 2.05-5.79 <0.001

Figure 1. Prognostic significance of CRP/Alb ratio in BTC.
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off value was 0.2357 in Ni X-F et al.'s study of Non-Small Cell 
Lung Cancer patients,[20] while it was 0.023 in Yu X et al.'s 
study of pT1pN0 Esophageal Squamous Cell Carcinoma pa-
tients.[9] We estimate that the calculation of different CAR 
cut-off values is expected in different types of cancer stud-
ies. However, in the same group of cancer patients, more 
work must be done to determine the value of a CAR cut-off.

In most of the studies reported, CAR was compared with 
the values such as NLR, PLR and mGPS/GPS, and it was 
stated that CAR could be a better prognostic factor than 
the other inflamma-tion parameter.[9,13-16] Cho KM et al.[8] 
demonstrated that NLR and PLR to predict survival in BTC. 
However, in our study, the prognostic significance of NLR 
and PLR could not be demonstrated. Additionally, unlike 
other studies, the fact that mGPS/GPS is not considered as 
inflammation para-meter may be considered as the miss-
ing aspect of our study

Our results were generally consistent with these previous 
studies and suggested that CAR was also superior to other 
inflammation-based parameters in predicting prognosis 
for patients with BTC.

Potential limitations of the current study were that it was 
retrospective, contained relatively few patients, and the 
cancers were heterogeneous in type. The predictive value 
of CAR should be verified in multicenter prospective stud-
ies, with more patients and longer follow-up times.

Conclusion
We have demonstrated that CAR is an independent prog-
nostic marker for patients with BTC, and shown that it was 

superior to other established inflammation-based param-
eters in terms of its prognostic ability. The prognostic value 
of this novel inflammation-based parameter needs to be 
verified in patients with other types of cancer. In addition, 
the usefulness of a combination of a CRP-based prognostic 
parameter and white cell-based prognostic score in pre-
dicting outcomes in cancer patients should be validated in 
future trials.
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