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Abstract 

Background: The prognosis of pancreatic ductal adenocarcinoma (PDAC) remains poor and the 
models for survival prediction in PDAC patients after curative resection are still limited. 
Preoperative alkaline phosphatase-to-albumin ratio (APAR), an original inflammation-based score, 
has been established to analyze the prognostic significance in PDAC. Therefore, in this study, we 
aim to formulate a valuable prognostic nomogram for PDAC following curative resection. 
Methods: A total of 354 patients with PDAC undergoing curative resection were retrospectively 
enrolled in this study. The prognostic value of APAR was analyzed in primary cohort containing 
220 randomly selected PDAC patients with curative resection and prognostic nomogram 
incorporating APAR into the American Joint Commission on Cancer (AJCC) 8th edition was 
established to obtain superior discriminatory abilities. The predictive performance of APAR was 
further validated in another independent cohort of 134 PDAC patients. 
Results: Patients with higher serum APAR level were probable to sustain poorer overall survival 
(OS). Significant positive correlations were found between APAR and tumor site, and several 
serum biochemical indexes, such as aspartate aminotransferase (AST), alanine aminotransferase 
(ALT), etc. The results of multivariate analysis showed, APAR was also identified as an independent 
prognostic indicator for OS in both primary and validation cohorts (P=0.004, P=0.038, 
respectively). Compared with the AJCC 8th edition, the nomogram consisting of APAR, 
pathological differentiation and the TNM staging system of AJCC 8th edition showed superior 
predictive accuracy for OS. All these results were further verified in the validation cohort.  
Conclusions: APAR can be considered as a novel independent prognostic biomarker for PDAC 
following curative resection. One more accurate and advanced predictive model will be achieved 
via the incorporation of APAR into nomogram. 

Key words: pancreatic ductal adenocarcinoma, alkaline phosphatase-to-albumin ratio, prognosis, nomogram, 
decision curve analysis. 
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Introduction 
As prognosis of many cancers has improved a lot 

during the past two decades, pancreatic ductal 
adenocarcinoma (PDAC), a quite aggressive cancer, 
has changed slightly. In the United States, it is the 
fourth leading cause of cancer-related deaths and is 
still dismally poor at less than 8% in the 5-year overall 
survival (OS) 1, 2. The morbidity and mortality of 
PDAC has been graded as the seventh most familiar 
cancer and further the ninth leading cause of 
cancer-related mortalities in China3, 4. Surgical 
resection is the only way potential for a curative 
treatment, however it remains to limit the survival of 
PDAC patients5, 6. Therefore, it is required urgently to 
develop new biomarkers that are technically feasible 
and clinically easy-accessible to stratify the prognosis 
of PDAC patients after curative resection.  

The TNM staging system of the American Joint 
Commission on Cancer (AJCC) eighth edition was 
commonly used for the classification and prognostic 
predictor of PDAC7. In the TNM staging system, 
tumor size and lymph node metastasis were 
considered as independent indicators for prognosis6, 8, 
however, issues on whether other non-TNM 
indicators should be joined in risk stratification stayed 
controversial. In addition, the AJCC 8th edition was 
still cumbersome and deficiently formulated for the 
prognosis prediction following operative resection.  

It had been confirmed that Inflammation played 
a vital role in the carcinogenesis and prognosis of 
many tumors with malignance9. Due to the tumor was 
adjacent to or invaded the biliary ducts, which may 
easily cause chronic cholangitis or hepatitis. This 
indicated inflammation was obviously related to the 
tumorgenesis of PDAC10, 11. Furthermore, many 
studies had identified inflammation-based scores as 
prognostic indicators of PDAC, such as neutrophil- 
lymphocyte ratio (NLR), C-reactive protein/albumin 
(CRP/Alb) ratio, platelet-to-albumin ratio (PAR) and 
lymphocyte-to-monocyte ratio (LMR) 4, 12-14. 
Therefore, it is quite reasonable to further excavate 
inflammation-based score for prognostic prediction of 
PDAC patients. 

Liver function test, a common routine blood test 
to assess liver function, is one of the routine 
examinations before surgery. Alkaline phosphatase 
(ALP) is a kind of the hydrolase, which is 
concentrated on liver, bile duct and kidney15. 
Clinically serum ALP level is associated with 
obstructive jaundice, primary hepatic carcinoma, 
cholangiolitic hepatitis and so on16, 17. Additionally, it 
was confirmed that elevated serum ALP level 
predicted poor prognosis in various cancers, such as 
liver cancer and prostate cancer18-20. In accordance to 
those studies, recent study proved that elevated 

serum ALP level served as an independent predictor 
of PDAC with poor prognosis21. Albumin (ALB) is 
synthesized by hepatocytes that manifests the 
condition of nutrition and maintains the plasma 
colloid osmotic pressure and substantial 
transportation22. With the systemic inflammation, 
ALB eliminates the nitrogen species and active 
oxygen, while it reduces in itself23, 24. Many studies 
affirmed that ALB alone or based markers were 
correlated with survival in various cancers23, 25-27. 
Similarly, ALB alone or based markers were 
confirmed as independent predictors of PDAC with 
poor survival14, 28, 29. ALP associated with ALB as a 
predictor had been applied into several other 
cancers19, 30, however, the value of prediction in PDAC 
was still not identified. 

Taken together, we logically derived a novel 
inflammatory marker, alkaline phosphatase-to- 
albumin (APAR), and further dug into the 
correlations of clinicopathological characteristics and 
prognostic value of APAR in training and validation 
cohort of PDAC undergoing curative resection. 
Additionally, we managed to refine a novel 
prognostic model through developing a nomogram 
incorporating APAR into the newly TNM staging 
system of AJCC 8th edition. 

Materials and Methods 
Patient selection 

Two independent cohorts containing a total 354 
patients with PDAC who underwent curative 
resection in Zhongshan Hospital, Fudan University 
from January 2007 to May 2016 were enrolled and 
analyzed retrospectively in this study. All the patients 
were divided into two subgroups through digital 
random table: the first 220 patients were termed as 
training cohort and the remaining 134 as validation 
cohort. All enrolled patients met the inclusion and 
exclusion criteria as follows: (1) exact diagnosis of 
histologically proven PDAC and no preoperative 
anticancer treatments resulting in any bias; (2) no 
history or concurrence of other malignant cancers; (3) 
complete removal with no macroscopic tumors and 
free of cancer in the resection margin via pathological 
examination; (4) with complete clinicopathological 
and follow-up data; (5) no infectious evidence or 
history of hematological diseases and inflammatory 
diseases except for viral hepatitis; (6) no distant 
metastasis or uncertain origins.  

Conventional clinicopathologic variables 
containing gender, age, tumor size, site, pathological 
differentiation, vascular invasion and laboratory tests 
including cancer antigen(CA)19-9, carcino embryonie 
antigen (CEA), blood routine, total bilirubin (TBIL), 
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ALB, aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), gamma-glutamyltransferase 
(GGT), ALP, lactate dehydrogenase (LDH) and 
glucose were routinely examined within 5 days before 
the surgery. All these information was collected from 
record system by one surgeon, and checked by 
another. Histopathological and clinical staging was 
evaluated by TNM staging system of AJCC 8th edition 
via postoperative histopathological examination and 
clinical assessment. APAR was calculated with the 
equation: APAR= serum alkaline phosphatase level/ 
serum albumin level ratio. 

Follow-up 
Postoperative follow-up in regular style was 

carried out with all patients, including physical and 
laboratory examinations - blood routines, biochemical 
items and serological tumor biomarkers were 
evaluated every 3 months for the first 2 years, every 6 
months for next 3 years, and once a year afterwards. 
Magnetic resonance imaging (MRI) or enhanced 
abdominal computed tomography (CT) scans were 
routinely performed for every 6 months. The OS was 
calculated from the date of surgery to the time of 
death or July 2016. Informed consents were obtained 
from all patients and this study was approved by the 
Clinical Research Ethic Committee of Zhongshan 
Hospital, Fudan University. 

Statistical analysis 
Statistical analyses were performed by SPSS 21.0 

(SPSS Inc., Chicago, IL, USA) and R project version 
3.3.3 (http://www.r-project.org/). The optimal 
cut-off values for the APAR were determined through 
receiver operating characteristic curve (ROC) 
analysis. The association between APAR and 
clinicopathologic variables was analyzed using 
Pearson Chisquared test, Fisher’s exact test or 
Mann–Whitney U test as appropriate. The survival 
curve was studied in Kaplan–Meier analyses by using 
the log-rank test. The Cox proportional hazards 
regression model was used for univariate and 
multivariate analyses, and P <0.05 was considered 
statistically significant. 

Prognostic nomograms based on AJCC 8th 
edition, pathological differentiation and the APAR 
were performed by the rms package in R project. The 
performance of the nomogram was evaluated by 
concordance index(C-index), calibration curve and 
the decision curve analysis (DCA) as previously 
described31. 

Results 
Clinicopathological characteristics 

The detailed clinicopathological characteristics 

in training and validation groups were showed in 
Table 1. For the whole study population, there were 
224 males and 130 females, with an average age of 
62.2± 9.4 years and the median follow-up time was 15 
months ranging from 1 to 105 months. The OS rates at 
1, 2 and 3 years were 61.4%, 31.2% and 18.6% 
respectively. In the training set, 141 patients were 
diagnosed with PDAC located at pancreatic head, 
while 102 patients in the validation set. 5 patients 
suffered from well differentiation based on 
pathological analysis, whereas 83 patients were 
observed in moderate differentiation and 133 patients 
in poor differentiation in the training set. For the 
validation set, 4, 53 and 77 patients represented well, 
moderate and poor differentiation respectively. 
According to the AJCC 8th edition, 79 patients were 
diagnosed with stage I tumor, 111 with stage II tumor 
and 30 with stage III tumor in the training set, while 
the number of patients in the validation set classified 
into I, II, III stage were 50, 53 and 31 respectively. 

Relationship between APAR and 
clinicopathologic characteristics in PDAC 
patients 

The median APAR of all enrolled patients was 
3.2 (range: 0.4-50). With the receiver operating 
characteristic curve (ROC) analysis, the optimal 
cut-off value for APAR was 2.16 for OS prediction, so 
did the other inflammation-based score in Table 1. 
The area below the curve was 0.662 for OS (Fig. 1a).  

The low-risk cohort (APAR≤ 2.16) and high-risk 
cohort (APAR> 2.16) were determined within all 
enrolled patients. As shown in Table 1, high-risk 
APAR cohort was 55.5% (112 out of 220) and 73.9% (99 
out of 134) in the training set and validation set 
respectively. Intriguingly, significant positive 
associations were found in primary group and further 
affirmed in validation group between the high-risk 
cohort and tumor sites (both P<0.001), TBIL (both 
P<0.001), elevated ALB (P=0.003 and P<0.001 
respectively), GGT (both P<0.001), AST (both 
P<0.001), ALT (both P<0.001), ALP (both P<0.001), 
LDH (both P<0.001). Furthermore, the high-risk 
cohort was related to larger tumor size (P=0.012) and 
increased CA19-9 (P=0.019) in the training set. 

Prognostic significance of APAR for PDAC 
APAR larger than 2.16 was correlated with poor 

prognosis significantly in terms of OS than low-risk 
cohort in both independent cohorts (Table 2 and Fig. 
2). In the training set, the 1-, 2- and 3-year OS rates in 
high-risk APAR cohort and low-risk APAR cohort 
were 50.6%, 19.1%, 10.6% and 68.9%, 42%, 32.7%, 
respectively, while 55.7%, 25.3%, 12% and 85.3%, 
58.8%, 25.6%, respectively in the validation set.  
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Table 1. Correlation between APAR and clinicopathological characteristics of patients with PDAC. 

Variables Training cohort Validation cohort 
APAR≤ 2.16 (n=98) APAR> 2.16 (n=122) P-value APAR≤ 2.16 (n=35) APAR> 2.16 (n=99) P-value 

Gender, male/female 57 / 41 75 / 47 0.618 23 / 12 69 / 30 0.662 
Age, < 60/ ≥ 60 41 / 57 42 / 80 0.260 9 / 26 39 / 60 0.147 
Tumor site, head/ body or tail 39 / 59 102 / 20 <0.001 11 / 24 91 / 8 <0.001 
Tumor differentiation, well/moderate/poor 2 / 40 / 56 3 / 43 / 76 0.694 0 / 13 / 22 4 / 40 / 55 0.422 
Vascular invasion, yes/ no 87 / 11 111 / 11 0.587 29 / 6 85 / 14 0.668 
Tumor size, ≤4/>4 cm 64 / 34 98 / 24 0.012 24 / 11 68 / 31 0.990 
TNM stage, I/ II/ III 32 / 51 / 15 47 / 60 / 15 0.615 13 / 13 / 9 37 / 40 / 22 0.902 
CA19-9, <37/≥37 U/L 30 / 68 21 / 101 0.019 10 / 25 16 / 83 0.111 
CEA, < 5/ ≥ 5 ng/mL 77 / 21 82 / 40 0.061 26 / 9 68 / 31 0.534 
TBIL,≤20.4/>20.4µmol/L 96 / 2 40 / 82 <0.001 34 / 1 22 / 77 <0.001 
ALB, <35/≥35 g/L 8 / 80 28 / 94 0.003 2 / 33 38 / 61 <0.001 
GGT, ≤60/>60 U/L 84 / 14 20 / 102 <0.001 29 / 6 16 / 83 <0.001 
AST, ≤40/>40 U/L 93 / 5 32 / 90 <0.001 32 / 3 18 / 81 <0.001 
ALT, ≤35/>35 U/L 93 / 5 35 / 87 <0.001 33 / 2 25 / 74 <0.001 
ALP, ≤125/>125 U/L 97 / 1 24 / 98 <0.001 35 / 0 20 / 79 <0.001 
LDH, ≤245/>245 U/L 95 / 3 86 / 36 <0.001 33 / 2 56 / 43 <0.001 
Glucose,≤5.6/>5.6mmol/L 50 / 48 48 / 74 0.083 14 / 21 44 / 55 0.648 
CA19-9, cancer antigen 19-9; CEA, carcino embryonie antigen; TBIL, total bilirubin; ALB, albumin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, 
gamma-glutamyl transpeptidase; ALP, alkaline phosphatase; LDH, lactate dehydrogenase; APAR, alkaline phosphatase-to-albumin ratio; P-value < 0.05 marked in bold font 
shows statistical significant. 

 

 
Figure 1. ROC curves for OS. The area under the curve for APAR was 0.662 in the training cohort (a) and 0.609 in the validation cohort (b). ROC, 
receiver-operator characteristic; OS, overall survival; APAR, alkaline phosphatase-to-albumin ratio. 

 

 
Figure 2. Kaplan-Meier survival curves for OS of patients with PDAC according to the serum APAR levels. Patients of PDAC with a preoperative 
APAR less than 2.16 were inclined to significantly poorer OS in the training cohort (a) and validation cohort (b). The P-values were determined by the log-rank test. 
OS, overall survival; PDAC, pancreatic ductal adenocarcinoma; APAR, alkaline phosphatase-to-albumin ratio. 
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Table 2. Univariate analysis of prognostic factors associated with overall survival. 

Variables Overall survival 
Training cohort Validation cohort 
Patients (n=220 ) P-value HR (95% CI) Patients (n= 134) P-value HR (95% CI) 

Gender, male/female 132/88 0.547 1.098 (0.810-1.489) 92/42 0.577 0.887 (0.583-1.350) 
Age, years (median, range) 61.61, 35-80 0.471 0.995 (0.980-1.009) 63.16,41-84 0.452 0.992 (0.971-1.013) 
Tumor site, head/body or tail 141/79 0.329 0.854 (0.623-1.172) 102/32 0.179 0.724 (0.451-1.160) 
Tumor differentiation, well/moderate/poor 5/83/132 0.007 1.467 (1.108-1.943) 4/53/77 0.001 1.792 (1.254-2.559) 
Vascular invasion, yes/ no 198/22 0.307 1.282 (0.796-2.066) 114/20 0.576 1.170 (0.675-2.029) 
Tumor size, ≤ 4/ > 4 cm 162/58 0.922 1.017 (0.725-1.428) 92/42 0.070 1.448 (0.970-2.161) 
TNM stage, I/ II/ III 79/111/30 <0.001 1.466 (1.188-1.810) 50/53/31 0.009 1.389 (1.084-1.780) 
CA19-9, < 37/ ≥ 37 U/L 51/169 0.181 1.273 (0.894-1.814) 26/108 0.009 2.084 (1.197-3.628) 
CEA, < 5/ ≥ 5 ng/mL 159/61 0.036 1.420 (1.023-1.971) 94/40 0.002 1.939 (1.283-2.929) 
TBIL, ≤ 20.4/ > 20.4 µmol/L 136/84 0.157 1.242 (0.920-1.677) 56/78 0.021 1.597 (1.074-2.374) 
ALB, < 35/ ≥ 35 g/L 36/184 0.150 0.757 (0.518-1.106) 40/94 0.007 0.565 (0.372-0.858) 
GGT, ≤ 60/ > 60 U/L 104/116 0.016 1.443 (1.072-1.942) 45/89 0.012 1.704 (1.123-2.587) 
AST, ≤ 40/ > 40 U/L 125/95 0.101 1.281 (0.953-1.722) 50/84 0.061 1.479 (0.983-2.226) 
ALT, ≤ 35/ > 35 U/L 128/92 0.065 1.322 (0.983-1.778) 58/76 0.080 1.419 (0.959-2.099) 
ALP, ≤ 125/ > 125 U/L 121/99 0.002 1.592 (1.184-2.141) 55/79 0.003 1.835 (1.233-2.730) 
LDH, ≤245/ >245 U/L 181/39 0.564 1.118 (0.766-1.633) 89/45 0.423 1.180 (0.787-1.768) 
Glucose, ≤ 5.6/ >5.6 mmol/L 98/122 0.523 1.102 (0.818-1.483) 58/76 0.002 1.902 (1.278-2.829) 
GAR, ≤ 0.63/ > 0.63   62/158 0.113 1.321 (0.936-1.866) 28/106 0.020 1.853 (1.101-3.120) 
APAR, ≤ 2.16/ > 2.16  98/122 <0.001 1.815 (1.337-2.465) 35/99 0.001 2.155 (1.353-3.433) 
NLR, ≤ 0.39/ >0.39 118/102 0.372 1.144 (0.851-1.538) 60/74 <0.001 2.080 (1.393-3.105) 
CA19-9, cancer antigen 19-9; CEA, carcino embryonie antigen; TBIL, total bilirubin; ALB, albumin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, 
gamma-glutamyl transpeptidase; ALP, alkaline phosphatase; LDH, lactate dehydrogenase; GAR, gamma-glutamyl transpeptidase-to-albumin ratio; APAR, alkaline 
phosphatase-to-albumin ratio; NLR, neutrophil-to-lymphocyte ratio; HR, hazard ratio; P-value < 0.05 marked in bold font shows statistical significant. 

 

Table 3. Multivariate analysis of prognostic factors associated with overall survival. 

Variables Overall survival 
Training cohort Validation cohort 
Patients (n=220 ) P-value HR (95% CI) Patients (n=134 ) P-value HR (95% CI) 

Tumor differentiation, well/moderate/poor 5/83/132 0.039 1.346 (1.016-1.783) 4/53/77 0.007 1.735 (1.160-2.595) 
TNM stage, I/ II/ III 79/111/30 <0.001 1.508 (1.208-1.888) 50/53/31 0.005 1.459 (1.118-1.906) 
CA19-9, < 37/ ≥ 37 U/L  NA  26/108 0.416 1.281 (0.705-2.327) 
CEA, < 5/ ≥ 5 ng/mL 159/61 0.414 1.155 (0.818-1.630) 94/40 0.079 1.491 (0.955-2.328) 
TBIL, ≤ 20.4/ > 20.4 µmol/L  NA  56/78 0.602 0.812 (0.372-1.774) 
ALB, < 35/ ≥ 35 g/L  NA  40/94 0.176 0.724 (0.453-1.156) 
GGT, ≤ 60/ > 60 U/L 104/116 0.683 1.108 (0.676-1.817) 45/89 0.988 1.006 (0.490-2.064) 
ALP, ≤ 125/ > 125 U/L 121/99 0.488 0.814 (0.454-1.457) 55/79 0.355 1.434 (0.668-3.075) 
Glucose, ≤ 5.6/ >5.6 mmol/L  NA  58/76 0.033 1.619 (1.041-2.519) 
GAR, ≤ 0.63/ > 0.63  NA  28/106 0.941 0.970 (0.436-2.156) 
APAR, ≤ 2.16/ > 2.16 98/122 0.004 2.086 (1.272-3.423) 35/99 0.038 2.175 (1.044-4.533) 
NLR, ≤ 0.39/ >0.39  NA  60/74 0.280 1.287 (0.814-2.034) 
CA19-9, cancer antigen 19-9; CEA, carcino embryonie antigen; TBIL, total bilirubin; ALB, albumin; GGT, gamma-glutamyl transpeptidase; ALP, alkaline phosphatase; GAR, 
gamma-glutamyl transpeptidase-to-albumin ratio; APAR, alkaline phosphatase-to-albumin ratio; NLR, neutrophil-to-lymphocyte ratio; HR, hazard ratio; P-value < 0.05 
marked in bold font shows statistical significant. 

 
 
In univariate analysis, poorer tumor 

differentiation (P=0.007 and P=0.001, respectively), 
advanced TNM stage (P<0.001 and P=0.009, 
respectively), elevated serum CEA (P=0.036 and 
P=0.002, respectively), GGT (P=0.016 and 0.012, 
respectively), ALP (P=0.002 and 0.003, respectively) 
and higher APAR (P<0.001 and P=0.001, respectively) 
were considered as significant risk factors in both 
training and validation sets (Table 2). In addition, in 
the validation set, CA19-9 (P=0.009), TBIL (P=0.021), 
ALB (P=0.007), glucose (P=0.002), gamma- 
glutamyltransferase-to-albumin ratio (GAR; P=0.020) 
and NLR (P<0.001) were also identified as significant 
predictors (Table 2). In multivariate analysis of 

training or validation set for OS, poorer 
differentiation of tumor (P=0.039, hazard ratio 
[HR]=1.346; 95% confidential interval [CI] 1.016-1.783 
and P=0.007, HR=1.735; CI 1.160-2.595, respectively), 
advanced TNM stage (P<0.001, HR=1.508; CI 
1.208-1.888 and P=0.005, HR=1.459; CI 1.118-1.906, 
respectively) and elevated APAR level (P=0.004, 
HR=2.086; CI 1.272-3.423 and P=0.038, HR=2.175; CI 
1.044-4.533) remained as independent indicators. 
Furthermore, elevated serum glucose (P=0.033, 
HR=1.619; CI 1.041-2.519) was also verified as an 
independent predictor in the validation set (Table 3).  
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Prognostic nomograms incorporating APAR, 
pathological differentiation and the AJCC 8th 
edition 

In order to create one more accurate predictive 
model, we tried to integrate three independent 
prognostic indicators, APAR, pathological 
differentiation and the AJCC 8th edition, in both 
training and validation sets to generate a new 

prognostic nomogram (Fig. 3a). In the training group, 
the C-index for OS prediction with the formulated 
nomogram in training group was 0.673 (95% CI, 
0.667-0.679) and the C-index for other variables were 
shown in Table 4. The calibration curves exhibited 
optimal consistency between the actual observation of 
OS and nomogram-predicted OS at 1, 2, 3 years after 
surgery (Fig. 3b, 3c and 3d). 

 

 
Figure 3. Prognostic nomogram, calibration curves and decision curve analysis for PDAC. The nomogram predicts OS (a) in patients with PDAC (to use 
the nomogram, an individual patient’s value is located on each variable axis, and a line is drawn upwards to determine the number of points received for each variable 
value. The sum of these number is located on the total points axis, and a line is drawn downwards to the survival axes to determine the likelihood of 1-, 2-, 3-year OS). 
The calibration curves predict OS at 1 years (b), 2 years (c) and 3 years (d) in the training cohorts and at 1 years (e), 2 years (f), 3 years (g) in the validation cohort. 
Nomogram-predicted probability of OS is plotted on the x axis and the observed OS is plotted on the y axis. Decision curve analyses depict the clinical net benefit 
in pairwise comparisons across the different models. Nomogram is compared with the AJCC 8th edition in terms of 1-(h,k), 2-(i,l), 3-year(j,m) OS in the training and 
validation cohorts. Dashed lines indicate the net benefit of the predictive models across a range of threshold probabilities (black: nomogram; red: TNM staging system 
of AJCC 8th edition; green: APAR). The horizontal solid black line represents the assumptions that no patient will experience the event, and the solid grey line 
represents the assumption that all patients will experience the event. On decision curve analysis, the nomograms showed superior net benefit compared with AJCC 
8th edition across a wider range of threshold probabilities. PDAC, pancreatic ductal adenocarcinoma; OS, overall survival; APAR, alkaline phosphatase-to-albumin 
ratio; TNM, tumor node metastasis; AJCC, American Joint Committee on Cancer. 
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Table 4. Discriminatory capabilities of nomogram and independent prognostic factors in patients with PDAC: C-indices in OS prediction. 

Variables 
 

Overall survival  
Training cohort  Validation cohort 
C-index 95% CI C-index 95% CI 

Nomogram (AJCC 8th edition +APAR+Pathological differentiation) 0.673 0.667-0.679  0.693 0.685-0.701 
Nomogram (AJCC 8th edition +Pathological differentiation) 0.641 0.635-0.647  0.620 0.610-0.630 
AJCC 8th edition 0.611 0.606-0.616  0.587 0.578-0.596 
APAR 0.582 0.576-0.588  0.608 0.601-0.615 
Pathological differentiation 0.571 0.566-0.576  0.584 0.575-0.593 
AJCC, American Joint Committee on Cancer; APAR, alkaline phosphatase-to-albumin ratio; C-index, concordance index. 

 
 
The predictive accuracy of created nomogram 

for OS was further affirmed in the validation set and 
the C-index for OS prediction was 0.693 (95% CI, 
0.685-0.701). The calibration plot in such group for OS 
prediction at 1, 2, 3 years after surgery also fitted very 
well between the observation and the prediction of 
nomogram in the probability (Fig. 3e, 3f and 3g). 

On DCA, a novel evaluation method to be 
performed to highlight prediction models with the 
clinical net benefit32, the nomogram showed superior 
net benefit with a wider range of threshold 
probability, compared with the AJCC 8th edition, 
which indicated improved performance for predicting 
1-, 2-, 3-year OS in both training and validation set in 
terms of C-index (Table 4; Fig. 3h-3m). Higher 
threshold probability levels represented superior 
estimation of decision outcomes. 

Discussion 
In this study, two random cohorts of patients 

operated with curative surgical resection of PDAC 
were analyzed. We set up APAR, an original and 
easily available inflammation-based score comprised 
of serum ALB and ALP level, as a survival predictor 
in PDAC patients undergoing curative resection. 
According to analyzed results of the 
clinicopathological characteristics, it showed APAR 
was associated closely with the tumor site and liver 
function in both cohorts. Next, in univariate and 
multivariate analysis, a significant association was 
found between serum APAR level and OS. We also 
found the APAR was superior to GAR or NLR as a 
predictor of OS in the validation cohort. Furthermore, 
nomograms incorporating APAR, pathological 
differentiation and AJCC 8th edition manifested 
advanced predictive value compared to the TNM 
staging system of AJCC 8th edition alone. 

Recent studies showed that oxidative stress, one 
of the major product of inflammation, could produce 
reactive oxygen species that damage DNA, lipids, and 
proteins and promote high mutagenic metabolites, 
which was considered as an important role in 
tumorgenesis of PDAC33, 34. Elevated ALP could be a 
powerful predictor of death and a potential indicator 
of oxidative stress21, 35. It is well-known that once the 

pancreatic cancer invades the adjacent biliopancreatic 
ducts, the bile will be obstructed and stimulate the 
biliary epithelial cells or hepatocytes, which also 
contributes to the elevated ALP level and the 
impaired liver function. Particularly, elevated ALP 
level is constantly reported in several malignancies18, 

36. On the contrary, ALB as a protective component 
synthesized abundant anti-oxidative products23. 
Therefore, APAR was not only an association of liver 
function values as previously considered, but also a 
probable complexus of anti-oxidant balance and a 
potential indicator for prognosis. The potential 
molecular mechanisms may contain the imbalanced 
inflammatory and immune microenvironment, 
malnutrition and local infiltration or metastasis. 
Tumor necrosis factor (TNF) and interleukin 6 (IL-6)37, 

38 secreted by pancreatic cancer can influence the ALB 
production and increase the infiltration of 
microvasculature30. The cytokines or chemokines 
excreted by the potential pancreatic cancer and 
jaundice caused by oppression can both change the 
ALP, ALB level and tumor microenvironment, so a 
high APAR may reflect the disorder of immunity, 
oxidative stress, liver damage and poorer prognosis. 

Although quantities of inflammation-base scores 
turned up as prognostic indicators in various 
malignant tumors4, 39, 40, the AJCC 8th edition and 
other predictive models in PDAC were lack for the 
evaluation of liver function or inflammation factors to 
provide additional messages about the evaluation of 
prognosis. The previous study confirmed that the 
inflammation-based scores enlightened the predictive 
value of the conventional TNM staging systems in 
intrahepatic cholangiocarcinoma23. Intriguingly, the 
incorporation of APAR logically improved the 
predictive performance and refined the accuracy of 
prediction of the AJCC 8th edition of PDAC in terms of 
corresponding C-index. 

Several limitations to this study should be 
considered as follows. Firstly, this study was 
retrospective essentially and all data were collected 
from a single center in China. A large-scale and 
multicenter prospective study should be preferred to 
verify our results and eliminate the selective bias. 
Secondly, this study only included the patients who 
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received curative resection, however, patients with 
different stage undergoing different postoperative 
treatment, such as chemotherapy and radiotherapy. 
Thirdly, the cut-off value of APAR used in this study 
may not be appropriate to other studies and a 
meta-analysis containing various APAR validation 
studies may be needed to confirm the most suitable 
cut-off value for APAR. 

In conclusion, APAR, as one inexpensive and 
easy-accessible biomarker, could be a robust 
prognostic predictor of PDAC with curative resection. 
In addition, the proposed nomogram containing 
APAR, pathological differentiation and the TNM 
staging system of AJCC 8th edition reveals a superior 
prognostic model. 
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