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Abstract
Background: Hypercoagulation and malnutrition are characteristic pathophysiological changes of PDAC,
which are intimately associated with cancer progression and prognosis. We aimed at integrating related
indicators to build a nomogram model for providing individualized overall survival predictions for
patients with PDAC who underwent radical pancreatoduodenectomy(R0)

Method: Clinicopathological and survival data of 138 patients who met the inclusion criteria were
retrospectively analyzed. A nomogram was built based on the regression formula of multivariate Cox
analysis. calibration curves and the areas under the ROC curves (AUCs) were utilized to evaluate the
predictive performance of the nomogram.

Result: High-grade (HR:3.70; 95%CI: 1.51-3.82; P<0.001), vessel carcinoma embolus(HR:2.69; 95%CI: 1.30-
5.31,P=0.007), N2(HR:2.90; 95%CI: 1.47-7.37; P=0.004), anemia(HR:1.98;95%CI:1.01-2.70; p=0.047),
PLR>244.8(HR:2.13; 95%CI:1.05-3.45; P=0.033), FBG>3.50g/L(HR:2.10;95%CI: 1.04-
3.09,P=0.008), DRR>1.1(HR:2.69; 95%CI:1.56-4.27 ;P<0.001) served as independent risk factors of poor
overall survival of PDAC patients who underwent radical pancreatoduodenectomy(R0) .A nomogram
model was constructed based on this result. The calibration curves �tted well to the ideal 45° line and
the AUCs at 1 ,2 and 3 years were 0.713 0.777, 0.845 respectively.

Conclusion: The nomogram established based on characteristic pathophysiological alterations of PDAC
for the prediction of overall survival of patients who underwent radical pancreatoduodenectomy(R0)
presented considerable predictive power and may facilitate prognostic risk strati�cation, optimizing
therapeutic decision-making.

Background
Pancreatic ductal adenocarcinoma(PDAC) is  highly aggressive with a 5-year overall survival rate of
merely about 9%, ranks the  fourth leading cause of cancer-related death worldwide[1, 2]. Only about 20%
of patients with PDAC have access to radical surgery because of its asymptomatic onset and high risk of
metastasis at early stage[3]. Pancreatoduodenectomy-oriented comprehensive treatment is currently the
most promising curative therapeutic strategy for patients with PDAC located at head/neck of pancreas.
Yet unfortunately, the 5-year overall survival rate remains no more than 20% for patients who underwent
radical resection[4]. Of note, patients at same pathological stage and treated with same procedure present
heterogenous survival outcomes, suggesting that TNM staging system has its limits in prognostic risk
strati�cation for this subset of patients. Consequently, it is of urgent need to develop a more robust
survival predicting system.

  PDAC is notorious for eliciting intense local/systemic in�ammation, facilitating its own progression and
resistant to treatment. This process involves the activation of multiple components including immune
system, the coagulation cascade etc, which crosstalk with each other in a coordinated manner[5].
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Hypercoagulation and malnutrition, as characteristic pathophysiological alterations of PDAC patients, are
major consequences of this in�ammatory response at systemic level, exerting great in�uence on patients’
survival. The incidence of cancer-associated venous thromboembolism (VTE) is as high as 36% in PDAC
patients[6], accounting for the second leading cause of death[7]. In addition, approximately 80% of
patients with PDAC suffer “cancer- cachexia syndrome” characterized as  weight loss, asthenia, and poor
survival[8]. In light of these �ndings, it’s reasonable to deduce that biomarkers indicating this network
effect have potential prognostic value.

Among others , �brinogen (FBG), prognostic nutritious index (PNI) have been revealed to have signi�cant
prognostic value for PDAC patients undergoing radical resection[9-11]. However, to our best knowledge
there have been few research assessing the synergistic value of these indicators in survival prediction.
Therefore, we aimed at integrating indicators in concern to build a nomogram model for the predicting
overall survival (OS) of PDAC patients who underwent radical (R0) pancreatoduodenectomy and assess
its predictive performance accordingly.

Methods

Patients
138 patients with PDAC who underwent radical pancreatoduodenectomy by open surgery in Chinese PLA
General Hospital from January 2015 to December 2020 were �nally included in our analysis. The
inclusion and exclusion criteria were as follows:(1) No evidence of distant metastasis or other
malignancies con�rmed by imaging examinations and/or intraoperative exploration; (2) Radical
pancreatoduodenectomy was carried out successfully with no macroscopic tumor residue; (3)
pathologically diagnosed as PDAC and R0 resection was con�rmed by the standard of  no cancer cells
residue within 1 mm from the resection margin[12] ;(4) complete clinicopathologic and follow-up data; (5)
no history of other malignancies, acute in�ammatory diseases, blood system diseases(other than
anemia) and chronic liver diseases (6) no recent history of blood transfusion or albumin infusion or
anticoagulant therapy;(7) no deaths caused by severe perioperative complications (wihin1 month after
surgery).

Our   study was conducted strictly in accordance with the ethical standards of the

Declaration of Helsinki of the World Medical Association. The study protocol was approved by the
Medical Ethics Committee of Chinese PLA general hospital (approval number: S2021-656-01).

Data collection:
(1) General information: Age, gender, cachexia(de�ned by involuntary weight loss greater than 5% of the
usual body weight or weight loss of more than 2% in those with a BMI at baseline minor than 20 kg/m2,
over six months[13]),  history of diabetes mellitus, preoperative biliary drainage;(2) Preoperative blood test:
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 Hemoglobin(<120 for male and <110 for female was de�ned as anemia),platelet count, albumin, alanine
aminotransferase(ALT),aspartate aminotransferase(AST), total bilirubin(TBIL), �brinogen(FBG) and
CA19-9 , all laboratory parameters were assayed during routine workups within 7 days before surgery(for
those who underwent PTBD, data were collected at least a week after).  (3) Derived indicators: platelet-to-
lymphocyte ratio (PLR), Prognostic nutritional index (PNI=10*serum albumin(gram per dl) + 0.005* total
lymphocyte count (per mm3)[14]). DRR( AST/ALT or De Ritis ratio[15]) ;(4) Pathological characteristics:
Tumor grade (poorly differentiated and undifferentiated tumors were de�ned as high-grade[16]), vessel
carcinoma embolus (VCE), and tumor stage. The pathological staging of PDAC was carried out according
to the TNM staging system published by the American Joint Commission on Cancer (AJCC8th version).

All patients were followed up postoperatively every 3 months within the �rst year and then every 6
months. The last follow-up date was December 1st,2021. Overall survival (OS) was de�ned as the period
from the date of surgery to death or the last follow-up.

Statistical analysis
R software v4.0.2 (R Foundation for Statistical Computing, Vienna, Austria) and SPSS software (version
23.0M Corp Armonk, NY, United States) were used for statistical analyses. Continuous variables with
normal distribution (shapiro-wilk test, P > 0.05) are shown as mean ± standard deviation, median
(Q1~Q3) was used to for the expression of those with nonnormal distribution. Frequencies and
percentages were used for the categorical variables. All continuous variables were dichotomized
according to the optimal cut off points determined by function surv_cutpoint of R language. Proportional
hazard test (PH test) was performed to evaluate the applicability of Cox proportional hazards regression
model for univariate and multivariate analysis(p>0.05). The Kaplan-Meier method was used to calculate
the cumulative survival rate, and the log-rank test was used for the comparison of survival curves. A
nomogram was constructed based on the result of multivariate analysis (stepwise; both sides).
Calibration curves (bootstrap method) and the area under the curve (AUC) of ROC (calculated by survival
ROC function of R language) were used to evaluate the predictive performance of the nomogram. The
results were calculated with 95% con�dence intervals (CIs), and a two-tailed P < 0.05 was considered
statistically signi�cant.

Results

Patients characteristics:
The median follow-up time was 17 months, 87 patients died during the period of follow-up, with an
estimated median overall survival of 21 months (range: 2 ~ 73months). The 1, 2, 3-year cumulative
survival rates were 69.6%, 39.2%, 26.8% respectively. The average age of included patients at surgery date
was (58 ± 10) years old ,97 (70.3%) of these patients were male. All patients presented with major vessel
invasion 25(18.1%) underwent vascular reconstruction. 71(51.5%), 58(42%) 9(6.5%) patients were



Page 5/16

respectively classi�ed as stage , , III according to the TNM staging criteria(AJCC8th). More details of the
patients' baseline characteristics were shown in Table 1 .

Survival analysis:
Univariate analysis (Table 1) showed that cachexia, preoperative biliary drainage, high-grade tumor,
vessel carcinoma embolus, N2, anemia, PLR > 244.8 DRR > 1.1, PNI < 40.5, TBIL > 258.5ummol/L and
CA19-9 > 387.8 U/ml (by log-rank test) were signi�cantly associated with poor survival of PDAC patients
undergoing radical pancreatoduodenectomy(p < 0.05).

Based on the result of univariate analysis and clinical relevance,11 variables were included in multivariate
stepwise regression analysis (Table 2). High-grade tumor (HR:3.70; 95%CI: 1.51–3.82; P < 0.001), vessel
carcinoma embolus(HR:2.69; 95%CI: 1.30–5.31,P = 0.007), N2(HR:2.90; 95%CI: 1.47–7.37; P = 
0.004),anemia(HR:1.98;95%CI:1.01–2.70; p = 0.047), PLR > 244.8(HR:2.13; 95%CI:1.05–3.45; P = 0.033),
FBG > 3.50g/L(HR:2.10;95%CI: 1.04–3.09,P = 0.008), DRR > 1.1(HR:2.69; 95%CI:1.56–4.27 ;P < 0.001)were
identi�ed as independent risk factors of poor overall survival of PDAC patients who underwent radical
pancreatoduodenectomy(R0) and formed the regression formula for prediction.

Nomogram construction and evaluation:
A nomogram (Fig. 1) was constructed based on the regression formula. The estimated survival
probability of individual patients at each time point (1, 2, 3 years) could be acquired by calculating the
total score. Only slight deviations from the ideal 45° line were seen in the 1-,2- and 3- year calibration
curves (bootstrap method) (Fig. 2), meaning this model performed well in present dataset. Time-
dependent ROCs(Fig. 3) were drawn by function “survival ROC“ of R language, areas under curves (AUCs)
were 0.713 ,0.777 and 0.845 at 1, 2, and 3-year respectively, indicating that this nomogram has
satisfactory accuracy and discrimination ability.

Discussion
Clinicopathological and survival data of 138 PDAC patients who underwent radical
pancreatoduodenectomy(R0) in our center from January 2015 to December 2020 was retrospectively
collected. We comprehensively evaluated the prognostic value of both tumor characteristics (e.g.
pathological stage) and indicators of pathophysiological changes of cancer-hosts (e.g. hypercoagulation,
cachexia),building an integrated nomogram model based on the results of multivariate analysis. This
model has considerable predictive performance (internally veri�ed) and is able to provide individualized
survival probability prediction at certain time points (1, 2, 3 years) according to the patient's
clinicopathological pro�le.

In PDAC, the lymphatic invasion is one of the hallmarks of tumor aggressiveness and has an adverse
prognostic signi�cance[17]. The number of regional lymph node metastasis comprises of a major part of
the latest TNM classi�cation (8th edition)[18].While tumor grade, or tumor cell differentiation, is another
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long-established prognostic indicator after resection of PDAC [19–21]. Wasif et.al [16] reported that adding
tumor grade(well-differentiated and moderately differentiated tumors were classi�ed as low-grade,poorly
differentiated and undifferentiated tumors as high-grade) to AJCC staging system resulted in a
signi�cantly improved prognostic strati�cation, which was further validated by Rochefort et al[22]. The
same tumor grading criteria were used in our study, and high-tumor grade were identi�ed as an
independent risk factor for poor prognosis along with N2 of AJCC8th staging and vessel carcinoma
embolus (VCE), another well-acknowledged sign of cancer aggressiveness.

Platelet and �brinogen are characteristic markers of PDAC-induced hypercoagulable state, which can
promote cancer progression and are associated with poor prognosis. For one thing, long duration of
thrombocytosis and high plasma �brinogen level were major risk factors for thrombosis[23, 24], and
symptomatic VTE was a major cause of cancer-related death[25]. More importantly, increasing evidence
have shown that the collaboration of platelet and �brinogen plays critical role in promoting cancer
hematogenous metastasis. Tight adherence to platelets can guard circulating tumor cells (CTCs) against
shear stresses in blood stream[26], making it easier to form thrombus and promote their arrest at the
vascular endothelium, while �brinogen acts as a “bridge” in this process, enhancing the sustained
adherence and survival of individual tumor cell emboli in the vasculature of target organs[27–29].
Meanwhile, tumor cell adhesion leads to platelet activation and the release of a soluble factors including
transforming growth factor-β (TGF-β), which could impair cytotoxicity and proliferation of natural killer
(NK) cell and T cells[30–32],thus further protecting CTCs from immune surveillance/elimination. In
addition, �brinogen also participates in tumor extracellular matrix (ECM) forming and angiogenesis[33],
promotes epithelial-mesenchymal transition (EMT) [29]and affects tumor in�ltration of immune cells[34].
The result of our study that high level of platelet-to-lymphocyte ratio and �brinogen are independent risk
factors for poor survival just provided another proof for their synergistic effect on cancer progression.

Cachexia caused by cancer-induced metabolic perturbation signi�cantly worsens the patients’ quality of
life (QoL), increases the risk of complications such as anemia and infection, and aggravates the body's
immunosuppression and chemotherapy resistance, which is closely associated with about 33% of PDAC
deaths[35]. In addition to the mechanical compression of the tumor and the loss of pancreatic exocrine
function, the tumor-induced systemic in�ammatory response and related cytokines such as TNF-α, IL-1
and IL-6 also plays key role by inducing excessive catabolism of fat and muscle[36]. A major de�nition of
cachexia is involuntary weight loss greater than 5% of the usual body weight or more than 2% in those
with a BMI at baseline minor than 20 kg/m2, over six months[13]) ,which is also the diagnostic criteria our
study took. PNI, an emerging prognostic biomarker for PDAC, generally re�ects nutrition status of patients
and is closely related with cachexia[37–39].The occurrence of cachexia and low PNI(<40.5) were
signi�cantly corelated with poorer survival in univariate analysis, but intriguingly they were not identi�ed
as independent risk factor in multivariate analysis, but anemia was. This �nding may suggest that
comparing to weight loss and hypoalbuminemia, anemia is the downstream factor of malnutrition
affecting patients’ survival.
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The ratio of the serum aspartate transaminase to alanine transaminase(AST/ALT) was �rst proposed by
De Ritis et.al[15] in 1957, since then it has been accepted as De Ritis ratio(DRR). In recent years, DRR has
received extensive attention as a potential biomarker for prognosis of malignancies, rising DRR was
proven to be associated with poor survival outcomes of a variety of cancers[40–42]. There have been
several hypotheses on the association of DRR with cancer. For one thing, AST plays a central role in
glycolysis, which is the main energy supply mode for most cancer cells[43]. For another, cancer-induced
oxidative stress and in�ammation could damage hepatocytes and intracellular mitochondria in particular,
thus resulting in a higher level of AST release relative to ALT. Therefore, higher levels of DRR may
generally re�ect higher tumor proliferative activity and malignant behavior. Ridel et.al[44] found that for
patients with pancreatic cancer treated with �rst-line nab-paclitaxel and gemcitabine, high AST/ALT ratio
was signi�cantly associated with low objective response rate and higher relative risk of
progression/death [HR:1.38, 95% CI: 1.06–1.80, p = 0.017]. However, the prognostic effect of DRR for
resectable PDAC has not previously been studied. In our study cohort, DRR > 1.1 has been proved to be an
independent risk factor of poor survival for PDAC patients undergoing radical pancreatoduodenectomy,
this ground-breaking discovery deserves further study by clinical and laboratory trials.

There are a few limitations attached to this study: For one thing, this was a retrospective study performed
in single center and the size of samples is relative limited therefore, veri�cations from multi-institution
cohorts are still necessary. The other is that some promising biomarkers such as cytokines and D-dimer
may not have been incorporated because of the absence of numbers or observations, which limits the
predicting performance in a way.

Conclusions
We preliminarily established a prognostic nomogram model for the overall survival (OS) of patients with
PDAC undergoing radical pancreatoduodenectomy(R0) with both tumor and host related
pathophysiological factors integrated. This model has considerable predictive power and may promote
the optimization of prognostic risk strati�cation and therapeutic decision-making in this subgroup of
patients.
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Tables
Table 1

Proportion hazard test and univariate analysis for overall survival
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Variables PH test   Univariate Analysis   

  p-value HR 95%CI p-value

Age        

>65(23.2%) 0.65 1.47 0.91-2.4 0.114

≤65(76.8%)        

Sex        

Male (70.3%) 0.50 0.95 0.60-1.5 0.833

Female (29.7%)        

Cachexia        

Yes (17.4%) 0.42 1.73 1.11-2.68 0.001

No (82.6%)        

Biliary Drainage        

Yes (17.4%) 0.56 1.89 1.13-3.17 0.016

No (82.6%)        

DM        

Yes (26.8%) 0.84 0.99 0.61-1.61 0.962

No (73.2%)        

Vascular invasion        

Yes (18.1%) 0.36 1.28 0.75-2.21 0.368

No (71.9%)        

Tumor Grade        

High (47.1%) 0.96 1.63 1.07-2.5 0.023

Low (52.9%)        

VCE        

Yes (12.3%) 0.22 2.42 1.29-4.50 0.006

No (87.7%)        

T stage        

T3+T4(18.1%) 0.58 0.92 0.53-1.58 0.763

T1+T2(81.9%)        
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N stage        

N2(6.5%) 0.26 2.76 1.33-5.76 0.007

N0+N1(93.5%)        

TNM         

6.5% 0.016     0.137

+ 93.5%        

Anemia        

Yes(20.3%) 0.86 1.81 1.12-2.93 0.015

No(79.7%)        

PLR        

>244.8 13% 0.58 2.0 1.14-3.50 0.016

≤244.8 87%        

PNI        

<40.5 10.1% 0.79 2.2 1.19-4.07 0.012

≥40.5 89.9%        

FBG(g/L)        

>3.50 71.7% 0.68 1.53 0.92-2.54 0.104

≤3.50 29.3%        

DRR        

>1.1(20.3%) 0.47 2.26 1.39-3.69 0.001

≤1.1 79.7%        

TBil umol/L        

>258.5 12.3% 0.65 2.14 1.18-3.88 0.012

≤258.5 87.7%        

CA19-9 U/ml        

>387.8 0.004     0.012

≤387.8        

Abbreviations DM: diabetes mellitus; PLR, platelet to lymphocyte ratio; PNI, prognostic
nutritional index; DRR, De Ritis ratio; TBIL, total bilirubin; CA19-9, carbohydrate
antigen 19-9; VCE: vessel carcinoma embolus; FBG: fibrinogen; HR, hazard ratio; CI,
confidence interval. 



Page 14/16

Table 2

 Multivariate regression analysis

Variables HR(95%CI) P value

Age>65    

Cachexia    

N2 2.90(1.47-7.37) 0.004

High grade tumor 3.70(1.51-3.82) <0.001

VCE 2.69(1.30-5.31) 0.007

Anemia 1.98(1.01-2.70) 0.047

PLR >244.8 2.13(1.05-3.45) 0.033

PNI<40.5    

DRR >1.1 2.69(1.56-4.27) <0.001

TBIL >258.5    

FBG>3.50 2.10(1.04-3.09) 0.008

Abbreviations  PLR, platelet to lymphocyte ratio; PNI, prognostic nutritional index; DRR, De Ritis ratio;
TBIL, total bilirubin; VCE: vessel carcinoma embolus; FBG: �brinogen; HR, hazard ratio; CI, con�dence
interval.

Figures
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Figure 1

Nomogram for predicting OS of PDAC patients who underwent radical pancreaticoduodenectomy

Abbrevations: PLR: platelet to lymphocyte ratio; DRR, De Ritis ratio; VCE: vessel carcinoma embolus;
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Figure 2

Calibration curves of the nomogram for predicting 1, 2, and 3-year overall survival 

Figure 3


