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Pancreatic cancer (PCa) is one of the most fatal 
types of cancer and is the fourth leading cause of can-
cer-related deaths in both males and females.1 PCa is 
diagnosed mostly in the advanced stages. Although 
new treatment combinations are available, such as 
[FOLFIRINOX (FFX)] combination chemotherapy 
with fluorouracil, leucovorin, irinotecan, and oxali-
platin or gemcitabine and nab-paclitaxel (GNP), for 
metastasis in the clinical setting, the prognosis of PCa 
is not as high as desired.2 Evidence for the benefit of 
targeted therapy is promising, although PCa has con-
siderable tumor heterogeneity that restricts targeted 
therapies.3 Prognostic indicators aid in classifying the 
disease and in subsequently selecting appropriate 
treatment options.  

Metastasis is associated with poor prognosis; 
particularly, liver metastasis is associated with a low 

survival rate and poor quality of life. It is well known 
that liver function is critically important for treatment 
tolerance. Hence, determining prognostic indicators, 
especially indicators for liver functional capacity, has 
become vital. In advanced stages of PCa, clinical 
symptoms can affect decision making regarding treat-
ment. Jaundice, cachexia, and fatigue are common 
symptoms in PCa, and their occurrence depends on 
the patient’s hepatic function, which suggests that 
liver function may play a role in PCa prognosis.4 The 
hepatic synthesis ability in chronic liver diseases can 
be assessed by measuring bilirubin and albumin lev-
els. The level of bilirubin might affect the treatment 
strategy for PCa; for this reason, identification of 
jaundice is critically important, and its presence and 
severity should be followed up closely. Cachexy is 
associated with high morbidity and mortality in all 
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cancers, including PCa. Albumin is one of the main 
indicators of cachexy. Both albumin and bilirubin lev-
els can be affected by other clinical conditions such as 
ascites and encephalopathy. Therefore, an objective 
measurement model for liver dysfunction is needed. 

Albumin-bilirubin (ALBI) grade, calculated 
using the logarithmic formula (log10 biliru-
bin×0.66)+(albumin×-0.085), is indicative of the hep-
atic function. The ALBI grade is considered the most 
effective tool for assessing liver function in hepato-
cellular carcinoma (HCC). Unlike the Child-Pugh 
score, the ALBI grade uses only objective parame-
ters, namely, albumin and total bilirubin, and enables 
a better assessment. The Child-Pugh classification is 
widely used to assess hepatic function, but compli-
cations of hepatic disorders might affect the objec-
tive results. An alternative measurement tool such as 
ALBI grade has shown more objective results in 
HCC. ALBI grade has also shown predictive value 
for survival. Thus, the ALBI grade may be used as 
an alternative to the Child-Pugh score for assessing 
hepatic function.5-7 

Because of the complications arising in cancers, 
serum bilirubin and albumin levels may be insuffi-
cient to evaluate liver function. The ALBI grade was 
first used to stratify HCC and showed better results 
than the Child-Pugh score. Next to HCC, the use of 
ALBI grade has been investigated in different can-
cers and hepatic disorders such as gastric cancer, col-
orectal cancer with liver metastasis, high-grade 
glioma, and PCa.8-11 Currently, there is an urgent need 
for prognostic indicators that can aid in disease clas-
sification and the subsequent selection of appropri-
ate treatment options.  

The present study aimed to evaluate the perfor-
mance of the initial ALBI grade as a prognostic index 
for metastatic PCa in patients receiving first-line 
chemotherapy. 

 MATERIAL AND METHODS 

STuDY POPuLATION 
This study was a retrospective analysis of the medi-
cal records of PCa patients treated in the medical on-
cology departments of Medeniyet University, 

Marmara University, and Prof. Dr. Cemil Taşcıoğlu 
City Hospital from January 2010 to December 2020. 
Of the 285 patients diagnosed with pancreatic ade-
nocarcinoma, 114 had de novo liver metastatic PCa 
and unresectable liver metastasis. Patients who had a 
diagnosis of adenocarcinoma histology and received 
first-line chemotherapy were included in the study. 
However, patients aged <18 years with a nonadeno-
carcinoma histology; with nonmetastatic or resectable 
tumors; who had received two or more lines of 
chemotherapy for metastatic disease; and who had a 
chronic hepatic disease such as autoimmune hepati-
tis or viral hepatitis, obstructive jaundice, or sec-
ondary malignancies were excluded from the study. 

DATA COLLECTION 
Data of age, sex, Eastern Performance Oncology 
Group Performance Score (ECOG PS), body mass 
index (BMI), and chemotherapeutic regimens were 
collected from the medical records of patients. Addi-
tionally, information on the levels of initial serum total 
bilirubin (µmol/L), albumin (g/L), C-reactive protein 
(mg/L), carbohydrate antigen (CA) 19-9 (U/mL) and 
carcinoembryonic antigen (CEA; ng/mL) was collected. 

In line with previous studies, the ALBI grade 
was calculated using the formula (log10 bilirubin × 
0.66)+(albumin×-0.085). According to the original 
study, patients were divided into 3 groups on the 
basis of the ALBI grade, wherein ALBI Grade 1 was 
defined as ≤-2.60, ALBI Grade 2 was between -2.60 
and -1.39, and ALBI Grade 3 was ≥-1.39.5 

The study protocol was approved by the İstan-
bul Medeniyet University Göztepe Training and Re-
search Hospital Clinical Researchs Ethics Committee 
(date: March 10, 2021; no: 2021/0195), and the study 
was conducted in accordance with the Declaration of 
Helsinki. 

STATISTICAL ANALYSIS 
Quantitative variables were assessed using the Mann-
Whitney U test, whereas qualitative variables were 
evaluated using the chi-square analysis. Survival 
analysis was conducted using the Kaplan-Meier 
method and compared using the log-rank test. Pro-
gression-free survival (PFS) was defined as the time 
between the start of first-line treatment and disease 
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recurrence. Overall survival (OS) was defined as the 
time from diagnosis until the date of death from PCa 
or the last follow-up, whichever occurred first. Uni-
variate and multivariate Cox regression models were 
used to determine independent prognostic factors for 
both PFS and OS. For each prognostic factors, we cal-
culated the hazard ratios (HRs) and corresponding 95% 
CIs. The confidence interval (CI) was accepted as 95% 
and statistical significance was indicated at a p value of 
≤0.05. All statistical analyses were performed using 
IBM SPSS Statistics (version 24.0, Armonk, NY: IBM 
Corp.). 

 RESuLTS 
The data of 114 patients who had a PCa diagnosis of 
liver metastasis between January 2010 and Decem-
ber 2020 were reviewed retrospectively. Among all 
patients, 63 (55.3%) were male, and 51 (44.7%) were 
female, with a median age of 60 years (35-79) and a 
median BMI of 23.6 kg/m2 (14.5-40.4). As for the 
ECOG PS, 101 (88.6%) patients had ECOG PS 0, 
and 13 (11.4%) had ECOG PS 1. All patients had de 
novo liver metastatic PCa: 64 were treated with 
FOLFIRINOX, and 50 with GNP. The CEA and CA 
19-9 levels assessed at the time of diagnosis were 
12.6 ng/mL (1.1-1995) and 352.5 U/mL (0.8-24728), 
respectively. Based on the ALBI grades, 35 (30.7%), 
49 (43%), and 30 (26.3%) patients were assigned to 
the Grade 1, 2, and 3 groups, respectively. The base-
line clinicopathological characteristics of the patients 
are summarized in Table 1.  

The results of the univariate analysis revealed 
that first-line treatment option, initial CA 19-9 lev-
els, and initial ALBI grade were significant prognos-
tic factors for PFS, and the results of the multivariate 
analysis revealed that only the initial ALBI grade was 
an independent risk factor for PFS (Table 2, Table 3). 
The median PFS of all patients was 13 months (95% 
CI, 7.3-18.6). The estimated PFS was 16 months for 
ALBI Grade 1 (95% CI, 13.0-20.4), 8 months for 
ALBI Grade 2 (95% CI, 7.5-9.9), and 5 months for 
ALBI Grade 3 (95% CI, 4.3-5.6). The Kaplan-Meier 
curves showed that ALBI Grade 1 demonstrated a bet-
ter PFS than ALBI Grades 2 and 3, and the difference 
was significant with a p value of <0.001 (Figure 1). 

The univariate analysis also showed that first-
line treatment regimen and ALBI grade were prog-
nostic factors for OS, and multivariate analysis 
identified both these parameters as independent risk 
factors with significant differences (Table 2, Table 
3). The median OS of all patients was 11 months 
(95% CI, 9.0-12.9). Patients treated with FOLFIRI-
NOX had a better OS than those treated with GNP. The 
choice of first-line treatment regimen seem to be effec-
tive in PCa (HR: 0.274, 95% CI, 0.142-0.527; p<0.001). 
The estimated OS was 18 months for ALBI Grade 1 
(95% CI, 14.4-21.5), 9 months for ALBI Grade 2 (95% 
CI, 7.8-10.1), and 6 months for ALBI Grade 3 (95% CI, 
4.1-7.8). The Kaplan-Meier curves revealed that the OS 
differed based on the ALBI grade, and this difference 
was significant (p<0.001; Figure 2). 

 DISCuSSION 
The liver is the most frequent site of metastasis in 
PCa, and the hepatic function determines patient sur-
vival and quality of life.12 As PCa is associated with 
a high mortality rate, and so the definition of prog-
nostic biomarkers for PCa should be considered very 
important. In the present study, we stratified patients 
according to their ALBI grade and identified signifi-
cant differences in survival rates. 

Male 63 (55.3%) 
Female 51 (44.7%) 
Median age 60 (35-79) 
BMI 23.6 (14.5-40.4) 
ECOG 

0 101 (88.6%) 
1 13 (11.4%) 

First-line regimen 
FOLFIRINOX 64 (56.1%) 
GNP 50 (43.9%) 
Cycles of treatment (n) 6 (2-12) 
CEA, ng/mL 12.6 (1.1-1995) 
CA19-9, u/mL 352.5 (0.8-24728) 
ALBI Grade 1 n:35 (30.7%) 

Grade 2 n:49 (43%)  
Grade 3 n:30 (26.3%)

TABLE 1:  Patients’ baseline clinicopathological  
characteristics.

BMI: Body mass index; ECOG: Eastern Performance Oncology Group;  
GNP: Gemcitabine and nab-paclitaxel; CEA: Carcinoembryonic antigen; 
CA: Carbohydrate antigen; ALBI: Albumin-bilirubin;
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Albumin is synthesized in the liver, and a de-
crease in serum albumin levels leads to hepatic dys-
function or protein malnutrition.13,14 In PCa, hepatic 
metastases cause a decrease in liver function, result-
ing in a fall in serum albumin levels. Bilirubin is pro-
duced in hepatocytes and modified by cholangiocytes 
before entering circulation. Hepatic diseases increase 
the production and secretion of bilirubin, thus, re-
sulting in increased levels of bilirubin.15,16 The ALBI 
grade, calculated based on the albumin and bilirubin 
levels, has been assessed in many cancers including 

HCC. The ALBI grade was first assessed by Johnson 
et al. in 1,313 patients with HCC who were stratified 
according to their ALBI grade, and the authors sug-
gested that ALBI grade may be a promising prog-
nostic marker and a simple, effective tool for the 
assessment of hepatic function in HCC.5 The need for 
the application of ALBI grading in HCC is because 
complications result from liver diseases (such as as-
cites, encephalopathy, or variceal bleeding that result 
in hypotension and hypoalbuminemia) prevent access 
to objective parameters such as serum bilirubin and 

PFS OS 
HR 95% Cl p value HR 95% Cl p value 

Sex 
Male

1.425 0.672-3.018 0.337 1.911 1.010-3.617 0.253
  

Female 
Age at diagnosis 0.055 0.050-0.076 0.048 0.973 0.935-1.013 0.882 
BMI 0.980 0.092-1.077 0.502  0.992 0.929-1.058 0.429 
ECOG 

0
0.396 0.075-2.102 0.138 0.098 0.077-0104 0.064

 
1  

First-line regimen 
FOLFIRINOX

0.009 0.002-0.045 <0.001 0.072 0.022-0.43 <0.001
 

GNP 
CEA (ng/mL) 0.999 0.997-1.002 0.149 0.711 0.634-1.002 0.308 
CA19-9 u/mL 0.041 0.037-0.075 0.034 0.975 0.886-1.056 0.577 
ALBI GRADE 

Grade 1
0.009 0.002-0.045 0.019 0.010 0.002-0.040. 0.050 Grade 2 

Grade 3 

TABLE 2:  Results of the univariate analysis for PFS and OS.

PFS: Progression-free survival; OS: Overall survival; HR: Hazard ratio; CI: Confidence interval; BMI: Body mass index; ECOG: Eastern Performance Oncology Group;  
GNP: Gemcitabine and nab-paclitaxel; CEA: Carcinoembryonic antigen; CA: Carbohydrate antigen; ALBI: Albumin-bilirubin.

PFS OS 
HR 95% Cl p value HR 95% Cl p value 

Age at diagnosis 0.980 0.947-1.013 0.229  
First-Line regimen 

FOLFIRINOX 2.149 0.857-5.390 0.103 0.274 0.142-0.527 <0.001 
GNP  

CA19-9 u/mL 1.000 1.000-1.000  0.761 
ALBI GRADE 

Grade 1 0.012 0.003-0.055 <0.001 0.016 0.004-0.059 <0.001 
Grade 2 0.086 0.054-0.237 <0.001 0.086 0.028-0.270 <0.001 
Grade 3 0.192 0.082-0.450 <0.001 0.055 0.017-0.114 <0.001

TABLE 3:  Results of multivariate analysis of PFS ann OS.

PFS: Progression-free survival; OS: Overall survival; HR: Hazard ratio; CI: Confidence interval; GNP: Gemcitabine and nab-paclitaxel; CA: Carbohydrate antigen;  
ALBI: Albumin-bilirubin.
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albumin levels and prevent them from being evalu-
ated clearly. Hiraoka et al. assessed the clinical value 
of ALBI grade for staging and predicting prognosis in 
a study of 46,681 HCC patients, wherein they com-
pared ALBI grade with the Japan Integrated Staging 
approach, which combines the Child-Pugh classifi-
cation and tumor, node, metastasis staging.17 The au-
thors found ALBI grade to be a useful prognostic 
marker, particularly in patients planned for curative 
treatments such as ablative therapy or resection. They 
also identified ALBI grade as a valuable parameter 
in revealing hepatic function. The inadequate use of 
the Child-Pugh classification in HCC classification 
is that it involves direct calculations based on the 
serum bilirubin and albumin levels; the ALBI loga-
rithmic measurement parameter was tried as an alter-
native and showed better results. In the present study, 
we evaluated the initial ALBI grade, calculated using 
a logarithmic formula based on total bilirubin and al-
bumin levels in liver metastatic PCa patients, and this 
grade could be used to stratify patients into 3 differ-
ent risk categories in PCa. Among the 3 groups, a sig-
nificant difference was observed in both PFS and OS. 
Additionally, in the present study, the increase in 
liver failure and the decrease in the survival rate of 
patients were parallel to each other. ALBI grading 
may help clinicians to stratify patients into different 
risk groups and choose appropriate treatment options. 

Inflammation is an important event in every 
stage of tumor development, that is, from transfor-

mation of malignant cells to metastatic cells.18,19 Al-
bumin is a negative inflammatory parameter; hence, 
cancer patients are expected to have decreased albu-
min levels. Particularly in PCa, the coexistence of 
malnutrition is often both the cause and the conse-
quence of symptoms. Tumor progression induces 
malnutrition and further decreases albumin levels, 
thus coinciding with a decrease in the ALBI grade. 
However, an objective observation of a decrease in 
the ALBI grade may preclude a prognostic assess-
ment of the disease. For this reason, a more objective 
evaluation can be made using methods such as ALBI 
grading. The results of the present study confirm that 
both PFS and OS were decreased in patients with 
ALBI Grade 3.  

After HCC, many trials have assessed the rela-
tionship between ALBI grade and patient survival in 
various cancers. Zhu et al. investigated the potentially 
predictive value of ALBI grade for postoperative 
complications and OS in curative gastric cancer pa-
tients and found better survival rates and less com-
plication risks in the low-grade ALBI group.20 
Furthermore, Küçükarda et al. reported that the ALBI 
grade was a prognostic marker in gastric cancer pa-
tients involving liver metastases, wherein 203 pa-
tients were assigned into 3 groups based on the ALBI 
grade.21 The authors found that ALBI Grade 1 pa-
tients had better survival than patients in the other 
groups, and the present study obtained similar results, 
that is, increased PFS and OS in ALBI Grade 1 pa-

FIGURE 1: Kaplan-Meier curve of progression-free survival based on the initial 
ALBI grade.   
ALBI: Albumin-bilirubin. 

FIGURE 2: Kaplan-Meier curve of overall survival based on the initial ALBI grade.   
ALBI: Albumin-bilirubin; OS: Overall survival. 
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tients. Confirming patient grouping using a more ob-
jective algorithm may yield more reliable results. 

Zhang et al. assessed ALBI grade in 149 patients 
with PCa and assigned them into 2 groups based on 
high- and low-grade ALBI, different from that in orig-
inal HCC studies.22 ALBI grade was found to be a use-
ful prognostic marker for PCa with liver metastasis. 
Additionally, ALBI grade had predictive value in the 
selection of treatment options, especially for combina-
tion therapies. Patients with an ALBI grade of <2.6 had 
better survival results when they received combination 
therapies than those in the other groups. This result sug-
gests that patients with ALBI Grade 1 could tolerate 
more intensive treatment and side effects and could 
benefit from combination therapies. In the present 
study, patients who received FFX recorded longer OS, 
whereas no such result could be seen for PFS. Combi-
nation therapies seemed to be more effective in PCa. 

ALBI grade was also studied as a prognostic 
marker in curative options. Imamura et al., investi-
gated the initial ALBI grade in patients with PCa who 
underwent operation.23 Overall, 1,006 patients were 
included, but 877 were eligible for resection. The pa-
tients were divided into 2 groups, namely, low ALBI 
grade (ALBI Grade 1) and high ALBI grade (ALBI 
Grades 2 and 3). After the operation, patients with 
low ALBI grade had better OS than those with high 
ALBI grade. Yagyu et al. evaluated pretreatment 
prognostic markers in 100 patients who were diag-
nosed with PCa and underwent pancreatectomy.11 
The patients were divided into groups based on high 
and low CA 19-9 levels (cutoff ≥35 U/mL) and ALBI 
grade (2 and 3 vs. 1). The authors found better 5-year 
OS rates in patients with low CA 19-9 levels and 
ALBI Grade 1. The combination of CA 19-9 levels 
and ALBI grade was an independent prognostic 
marker in PCa patients who underwent resection. 

Sakin et al. evaluated ALBI grade in 273 PCa 
patients with liver metastasis, in line with the present 
study.24 The authors stratified patients according to 
pretreatment ALBI grades and investigated the po-
tential of the prognostic indicator. Initial ALBI grade 
was an important prognostic indicator. Patients with 
ALBI Grade 1 had better survival rates, whereas 
those with ALBI Grade 3 had worse PFS and OS. 

The present study demonstrated similar results in 
terms of the difference in both PFS and OS according 
to the 3 ALBI grades. The initial ALBI grade was 
found to be a useful prognostic marker in PCa with 
liver metastasis, and patients with ALBI Grade 1 
recorded increased survival parameters in both PFS 
and OS when compared with those with ALBI 
Grades 2 and 3. 

Contrary to the findings of many studies, only 
one study has shown that albumin and bilirubin val-
ues are not related to patient survival. A retrospective 
study of 201 patients with advanced PCa performed 
in China showed that baseline bilirubin and serum 
protein levels were not associated with prognosis.25 

However, as a limitation of that study, the authors 
highlighted that all the enrolled patients in their hos-
pital had PCa and received minimally invasive treat-
ment combined with systemic therapy. Thus, all 
patients had normal levels of nutritional status, which 
might have introduced a bias. Albumin, in particular, 
is one of the main nutritional parameters. 

The present study has a few limitations. The num-
ber of liver metastatic sites differed among the patients; 
the medical records were analyzed only for the pres-
ence of liver metastasis. Future studies should distin-
guish patients based on the number of liver metastatic 
sites. Next, this study had a retrospective design, with 
a small sample size; further prospective studies involv-
ing a larger number of patients are needed to verify the 
importance of ALBI grade in PCa with liver metastasis. 

 CONCLuSION 
The initial ALBI grade was confirmed to be an inde-
pendent prognostic factor in PCa patients with liver 
metastasis. Serum albumin and bilirubin levels are 
easily accessible and measurable parameters. The 
ALBI grade, calculated using the logarithmic formula 
of these parameters, may be used to identify de novo 
PCa involving liver metastasis at the time of initial 
diagnosis and stratify patients objectively for select-
ing treatment strategies. 
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