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Introduction. Contrast-enhanced computed tomography (CECT) imaging is commonly used to assess pancreatic adenocarcinoma
(PAC). However, the value of semiquantitative and quantitative assessments of CECTparameters used to predict survival in PAC
remains unknown. 0is study aims to investigate the prognostic role of pretreatment CECT imaging in patients with locally
advanced pancreatic adenocarcinoma (LAPAC).Materials andMethods. From June 2013 toMay 2017, eighty-six newly diagnosed
patients with pathologically and radiologically confirmed LAPAC were retrospectively recruited. All patients were evaluated by
CECT and experienced gemcitabine-based chemotherapy. 0e relationship between overall survival (OS) and clinical factors
including age, sex, serum carbohydrate antigen 19-9 value, and CECT findings (including tumour location, tumour volume,
peripancreatic involvement, blood vessel involvement, tumour enhanced rate, and distance liver metastasis) was determined using
Cox proportional hazard regression models, and a nomogram was constructed for the prediction of 1- and 1.5-year survival rates
of patients with LAPAC. Results. On univariate analysis, patients who had a tumour enhanced rate (TER) less than 80.465% and
those who had a TER≥ 80.465% are with a 3.587-fold increase in OS (p< 0.001). After multivariate Cox regression, a nomogram
was established based on a newmodel containing the predictive variables of high Ca19-9 level, higher clinical stages, larger tumour
volume, the presence of peripancreatic involvement, and liver metastases. 0e model displayed good accuracy in predicting OS
with a C-index of 0.614. 0e calibration plots also showed a good discrimination and calibration of the nomogram between the
predicted and observed survival probabilities. Conclusion. Our results showed that TER can be used to predict survival in LAPAC,
and we developed a nomogram for determining the prognosis of patients with LAPAC. However, the purposed nomogram still
requires external data verification in future applications.

1. Introduction

Pancreatic adenocarcinoma (PAC) is one of the most lethal
malignancies and is estimated to cause more than 45,750
deaths in the United States in 2019 [1]. Due to the lack of
particularly high-risk factors or early detection tests, more
than 40% of patients are diagnosed with locoregionally
advanced (stage III/IV) disease when present, resulting in a
median survival of 6 to 11months [2, 3]. As the survival rates
vary considerably among patients with LAPAC, there is an

urgent need to identify new markers that can help predict
patient survival to tailor future treatments and predict the
prognosis for LAPAC patients [4].

For malignant tumour, traditional prognostic factors are
mainly clinical-pathological features such as performance
status, histological grade, serum biomarkers, systemic in-
flammation and nutritional status, and TNM staging, which
are frequently evaluated by contrast-enhanced computed to-
mography (CECT) and/or magnetic resonance (MR) imaging
[5, 6]. In PAC, CECT and its imaging reconstruction are
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widely used in the diagnosis, treatment planning, and pre-
operative assessment of surgical resectability [7]. Tumour
hypoxia and inadequate vascularization are well-established
biological phenomena that are linked to poor patient out-
comes. Overexpression of hypoxia-inducible factor 1α (HIF-
1α), an endogenous marker of hypoxia, is significantly asso-
ciated with poor prognosis in PAC [8]. However, most
LAPAC patients have unresectable disease and have not
undergone surgical resection, making it difficult to obtain
histological specimen to assess HIF-1α expression. Although a
small amount of pathological tissue can be obtained by biopsy,
the expression of HIF-1α cannot accurately reflect the hypoxic
state of the tumour due to the heterogeneity of the tumour.
Studies have shown that HIF-1α is negatively correlated with
microvessel density (MVD) [9, 10]. In addition, the degree of
CECT contrast enhancement is related to the MVD count in
the PAC and the degree of tumour malignancy [9]. 0erefore,
we hypothesize that the degree of enhancement achieved by
CECTmay reflect the prognosis of advanced pancreatic cancer
to some extent. In accordance with the Reporting Recom-
mendations for Tumour Marker Prognostic Studies (RE-
MARK) [11], this present study aims to evaluate the utility of
CECT in predicting prognosis in LAPAC patients, to explore
whether CECT parameters can synergistically predict prog-
nosis with clinical indicators through the Cox proportional
hazard regression models and the nomogram model.

2. Materials and Methods

2.1. Patients. We retrospectively reviewed the medical
records of 907 patients with pancreatic lesion admitted in
our institute from 1 June 2013 to 31 May 2017. Among this
population, the selection criteria for data extraction were as
follows: (1) patients who had pathologically proven pan-
creatic adenocarcinoma; (2) adequate quality of the ab-
dominal contrast-enhanced computed tomography (CT)
scan; (3) no history of malignancies of other origin; (4) the
availability of laboratory examinations; (5) follow-up for
more than three months after the initial diagnosis. 0e
exclusion criteria included patients with neuroendocrine
carcinoma of the pancreas, ampulla Vater cancer, or distal

common bile duct cancer and patients with a previous
history of treatment for PAC. We identified a total of 188
patients and extracted related medical records and data. We
further excluded 102 patients among the identified patients
due to either the absence of pretreatment CECT scans
performed in our institute or absence of multiphase contrast
scan. Finally, 86 patients with LAPAC, who all experienced
gemcitabine-based chemotherapy, were screened out for
analysis. Inclusion details are shown in Figure 1.

2.2. Imaging Analysis. All CECT images were obtained with
multidetector CT scanners (Sensation 64, Siemens Medical
System), obtained at 120 kV and 200mA with collimation of
1mm and 3mm reconstruction thickness. Plain and mul-
tiphase contrast images were obtained following general
clinical settings. Contrast images were acquired in the ar-
terial phase and the venous phase. 0e delay time for the
contrast-enhanced CT images was 35–40 seconds for the
arterial phase and 65–70 seconds for the venous phase after
the intravenous injection of 80–100mL Iohexol (Omnipaque
300; General Electric) at a rate of 3mL/s. CECT parameters
including tumour location, tumour volume (TV), peri-
pancreatic involvement (PPI), blood vessel involvement
(BVI), tumour enhanced rate (TER), peritumoural pan-
creatic parenchyma enhanced rate (PER), and the presence
of liver metastasis were evaluated by two radiologists in-
dependently. 0e TV was calculated based on an imaging
reconstruction tool (GE AW SERVER 2.0). 0e contrast-
enhanced CT value of tumour and nontumoural pancreatic
tissue was measured at the venous phase. 0e region of
interest (ROI) was defined in the solid portion of the mass
and pancreatic parenchyma and bypassed peripheral fat,
artefacts, necrosis, cystic necrosis/cystic components, and
blood vessels and pancreatic ducts. ROI with an area of
approximately 50mm2 was delineated, respectively, in three
different solid slices for each tumour and peritumoural
pancreatic tissue, and then, three CTvalues were achieved to
compute the mean CTvalue. TER was computed as equation
(1). PER was computed as equation (2):

TER �
venous phase enhancedCT value of tumour − plainCT value of tumour

plainCT value of tumour
, (1)

PER �
venous phase enhancedCT value of pancreas − plainCT value of pancreas

plainCT value of pancreas
. (2)

Figures 2 and 3 illustrate the acquisition methods of ROI
and TV, respectively.

2.3. Statistical Analysis. Continuous variables were analysed
nonparametrically using the Mann–Whitney U test. 0e
categorical variables were analysed by the chi-squared test or
Student’s t-test, where appropriate. Based on the 75th

percentile of TER, patients with LAPAC were divided into a
relatively abundant blood supply group (TER≥ 80.465%)
and a relatively poor blood supply group (TER< 80.465%). A
receiver operating characteristic (ROC) curve was calculated
to determine the optimal cutoff value for the TV based on
the six-month survival rate. Univariate prognostic factor
analysis was performed using the Cox proportional hazard
model to estimate the hazard ratio (HR) and 95% confidence
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interval (CI). Factors associated with survival in the uni-
variate analysis entered into a final multivariate survival
analysis with a stepwise Cox regressionmodel for identifying
independent prognostic factors. Based on multivariate an-
alyses, nomograms were generated to provide visualized risk
prediction using the survival. Discrimination between sur-
vival probability and actual observations was evaluated using
the C-index. Statistical analyses were performed using SPSS
21.0 (SPSS, Chicago, IL, USA) or the package of rms in R

software version 2.15.2 (R Development Core Team; http://
www.r-project.org). Values of p less than 0.05 were con-
sidered statistically significant, and all tests were two-sided.

3. Results

3.1. Patient Characteristics. Patient baseline characteristics
and CT imaging parameters of the 86 treatment naı̈ve pa-
tients are shown in Table 1. 0e mean patient age was

Patients with suspected pancreatic lesion
(n = 907)

No evidence of malignancies (n = 41)
No pathological investigations (n = 91)

N/A
(n = 132)

Adenocarcinoma
(n = 609)

Pathological evidence

Others
(n = 166)

Treatment history

Treatment naive (n = 307)

Surgical resection
(n = 32)

Neuroendocrine(n = 24)
Squamous cell carcinoma (n = 5)

Unspecified “carcinoma” (n = 128)
Lymphoma (n = 2)

Ampulla of Vater cancer (n = 3)
Distant common bile duct cancer (n = 4)

Nonsurgical
resected

(n = 275)

Follow-ups

Data
accessibility

MDCT scan performed in our institute
(n = 86)

Absence of laboratory examinations (n = 3)
MDCT scan performed outside our institute (n = 99)

Nontreatment naive (n = 279)
History of other malignancies

(n = 23)

<3 months
(n = 87)

≤3 months
(n = 188)

Figure 1: Patient inclusion flow. Clinical data collected frommedical charts and follow-up records include age, gender, height, weight, body
mass index, tumour histology, baseline laboratory values (complete blood count, hepatic and renal function, and serum chemistry), serum
tumour marker carbohydrate antigen 19-9 (Ca19-9), and survival status. 0is study was carried out in accordance with the Helsinki
Declaration, and approvals were obtained from the ethics committee of our medical institution. Written informed consent was obtained
from every included patient or their guardians for the use of clinical data.

(a) (b)

(c) (d)

Figure 2: Illustration of the obtained methods of measuring the region of interest (ROI). A 69-year-old male patient with pancreatic
adenocarcinoma in uncinate process of pancreas. (a) ROI of tumour in plain CT. (b) ROI of tumour in venous phase enhancement CT. (c)
ROI of peritumour in plain CT. (d) ROI of peritumour in venous phase enhancement CT.
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Figure 3: Measure of tumour volume (TV) by the imaging reconstruction tool. An illustration of a 65-year-old male patient with pancreatic
adenocarcinoma in the pancreatic body.

Table 1: Clinical characteristics and CECT parameters.

Characteristic Total (n� 86)
High TER
≥80.465

n� 21 (24.4%)

Low TER
<80.465

n� 65 (75.6%)
P

Age (years)
Mean (SD) 60.17 (7.82) 63.67 (7.49) 59.05 (7.64) 0.017

Gender, n (%)
Men 59 (68.6%) 13 46 0.447
Women 27 (31.4%) 8 19

BMI (kg/m2)
Mean (SD) 22.83 (2.70) 22.35 (3.34) 22.99 (2.47) 0348

Family history, n (%) 18 (20.9%) 2 16 0.139
Clinical stages, n (%)
IIb 18 (20.9%) 12 6 <0.001
III 27 (31.4%) 5 22
IV 41 (47.7%) 4 37

Tumour location, n (%)
Head and neck 32 (37.2%) 9 23 0.538
Body and tail 54 (62.8%) 12 42

Ca19-9 (IU/mL)
Mean (SD) 665.3 (415.2) 659.4 (373.7) 667.2 (430.5) 0.959
<1000, n (%) 40 (46.5) 15 25
≥1000, n (%) 46 (53.5) 17 29

Overall survival (months)
Range 1.40–21.40 3.80–21.40 1.40–18.86
Median (SD) 6.05 (5.45) 13.80 (5.71) 5.60 (3.36) <0.001

Liver metastases, n (%)
Presence 38 (44.19%) 2 36 <0.001
Absence 48 (55.81%) 19 29

Tumour volume (mm3)
Range 3401–125187 3401–23186 3750–125187 0.011
Mean (SD) 26411 (26386) 13848 (6633) 30469 (29024)

PPI, n (%) 6 (7.0%) 0 6 0.149
BVI, n (%) 50 (58.1%) 13 37 0.687
PDD, n (%) 36 (41.9%) 10 26 0.538
BDD, n (%) 10 (11.6%) 2 8 0.729
PER (%)
Range 53.00–194.40 73.80–194.40 53.00–181.62 0.071
Median (SD) 132.30 (37.86) 157.39 (41.36) 123.51 (35.85)

TER (%)
Range 17.00–169.80 81.21–169.80 17.00–79.72
Median (SD) 53.21 (38.07) 105.76 (28.95) 42.34 (21.06)

Bolded text indicates a statistically significant difference with a p value less than 0.05. BMI, body mass index; family history, a family history of malignancies;
Ca19-9, carbohydrate antigen 19-9; PPI, peripancreatic involvement; BVI, blood vessel involvement; PDD, pancreatic duct dilation; BDD, bile duct dilation;
PER, peritumoural pancreatic parenchyma enhanced rate; TER, tumour enhanced rate; SD, standard deviation.
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60.17± 7.82 years. 0e mean patient body mass index (BMI)
was 22.83± 2.70.0e clinical stages classifications for IIb, III,
and IV were 18 (20.9%), 27 (31.4%), and 41 (47.7%) patients,
respectively. 0e median TV was 26,411mm3 (range,
3401–125,187mm3). Peripancreatic invasion (PPI) was
identified in 6 patients (7.0%). 0e median TER was 53.21%
(range, 17.00%–169.980%). 0e median PER was 132.30%
(range, 53.00%–194.40%). 0e median overall survival was
6.05 months (range, 1.40–21.40 months).

3.2. Correlation of Tumour Enhanced Rate with Clinical
Stages. We further evaluated the correlation between TER
and the clinical stages of pancreatic cancer. TER is different
among clinical stages, and Pearson correlation analysis
suggested that clinical stages were negatively correlated with
TER (r� − 0.470, p< 0.001). 0e chi-squared test showed a
statistically significant difference in staging of patients with
different TERs (p< 0.001). 0e more advanced tumour
clinical stage was mainly distributed in the TER< 80.465
group. 0ese results suggest that TER is associated with the
clinical stages in pancreatic cancer.

3.3. Risk Factor for Poor Prognosis. Data on sex, age, BMI, a
family history of malignancies, tumour location, clinical
stages, serum Ca19-9, the presence of pancreatic duct di-
lation (PDD), bile duct dilation (BDD), liver metastasis, TV,
and TER were collected. Univariate analysis indicates that
more advanced clinical stages (p< 0.001), presence of PPI
(p< 0.05), presence of liver metastases (p< 0.001), TER
lower than 80.465% (p< 0.001), TV higher than 24,062.25
(mm3) (p< 0.001), and Ca19-9 ≥1000 (IU/mL) (p< 0.001)
significantly predict a poor prognosis, as shown in Table 2.
Multivariable analysis indicates that more advanced clinical
stages and Ca19-9 ≥1000 (IU/mL) are significant factors for
poor prognosis (p value <0.001 and <0.005, respectively), as
shown in Table 3, while TER≥ 80.465% (p< 0.001) is a
significant factor for favourable prognoses. TER≥ 80.465%
group enjoys survival benefit (median OS� 13.80± 5.71
months) over TER< 80.465% group (median
OS� 5.60± 3.36 months) (p< 0.001). TER significantly
predicts OS in both univariate and multivariate analyses
(p< 0.001). 0e predicting model for poor prognosis in
patients with LAPAC is as follows:

Y �
h(t)

h t0( 
� exp(2.42∗Ca19 − 9

+ 2.375∗ clinical stages – 3.587∗TER).

(3)

3.4.DevelopmentofPrognosticNomogramforOverall Survival
and the Evaluation of the Calibration Curve. 0e univariate
and multivariate Cox regression models with a stepwise
selection procedure identified the following variables: Ca19-
9, the presence of PPI, TER, tumour volume, and the
presence of liver metastasis. 0e individual variable was
assigned a score, and the total score for all variables on the
total point scale, the 0.5-year, 1.0-year, and 1.5-year survival

probabilities, as well as median survival time, was de-
termined by drawing a vertical line from the total score
(Figures 4 and 5). 0e calibration curve and C-index were
used to assess the discrimination ability of the nomogram,
and the C-index for the overall survival prediction was 0.613
suggesting a good agreement between the nomogram pre-
dictions and actual 1.0- and 1.5-year survival rates
(Figure 6).

4. Discussion

PAC is the fourth leading cause of cancer-related death and
has an overall 5-year survival rate of <5% due to the high risk
of recurrence, metastasis, and the relative chemoresistance
[3]. Surgical resection is the only curative treatment option,
but >80% of patients are diagnosed at inoperable clinical
stages. Identifying patients at high risk of poor survival
would play an important role in making projects of palliative
therapy. For patients predicted with a poor prognosis,
providing more palliative care may provide survival benefits,
and for those predicted with better prognosis, appropriately
reduced palliative treatment may be considered to restrain
adverse reactions. In the present study, we developed a
semiquantitative assessment of CECTparameters combined
with some clinical features to predict survival in patients
with LAPAC. We found that TER, the presence of PPI, TV,
the presence of liver metastasis, and elevated Ca19-9 are
independent prognostic factors for OS in patients with
LAPAC.

In our study, a low TER was significantly associated with
short survival, which is consistent with the study of Wang
et al. [9]. Another previous study also assessed PAC by
contrast-enhanced ultrasonography and found that low
tumour vascularity predicts poor prognosis in treatment
naı̈ve LAPAC patients (p< 0.001) [12]. Low MVD and the
overexpression of the vascular endothelial growth factors
(VEGF) are associated with hypoxia, which can predict a
poor prognosis of PAC [8]. In addition, high blood perfusion
of PAC may be correlated with the well differentiation of
tumours [13, 14]. Wang et al. also found that the degree of
CT enhancement was negatively correlated with the path-
ological grade of PAC [9]. Furthermore, the initial treatment
of patients in our study was gemcitabine-based chemo-
therapy. High TER indicates a relatively higher vascularity
and abundant tumour blood supply, which may facilitate
drug delivery and distribution to the tumour tissue, resulting
in the better therapeutic outcomes of gemcitabine-based
chemotherapy. 0e above findings can be approached with
our cautious results.

Recent studies have also reported that hypoxic micro-
environment plays a critical role in the acquired chemo-
resistance of pancreatic cancer cells [15, 16]. Under the
hypoxic condition, PAC cells are more resistant to gemci-
tabine-induced apoptosis than under the normoxic condi-
tion [15], and silencing HIF-1α of the human pancreatic
cancer cell can reverse the chemotherapy drug resistance
[16]. Moreover, gemcitabine promoted pancreatic cancer
cell stemness, and the ubiquitous hypoxic niche accounted
for drug resistance and associated with malignant phenotypes
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Table 2: Univariate analysis of predicting factors for overall survival in patients with locally advanced pancreatic cancer.

Variables B SE Wald Sig. Exp(B)
95.0% CI for exp(B)
Lower Upper

Male gender − 0.187 0.306 0.374 0.541 0.829 0.455 1.511
Age ≥60 (years) 0.151 0.285 0.282 0.595 1.164 0.665 2.035
BMI <22.8 (kg/m2) 0.734 0.262 7.815 0.005 2.083 1.245 3.484
Family history of malignancies 0.072 0.348 0.042 0.837 1.074 0.543 2.126
Presence of PDD 0.34 0.308 1.215 0.27 1.405 0.768 2.57
Presence BDD − 0.072 0.481 0.022 0.881 0.93 0.362 2.39
Presence of BVI − 0.207 0.305 0.461 0.497 0.813 0.447 1.478
Tumour located at head and neck − 0.836 0.379 4.86 0.027 0.434 0.206 0.911
Presence of PPI − 0.004 0.663 0 0.012 0.996 0.271 3.655
Ca19-9 ≥1000 (IU/mL) 1.294 0.343 14.248 <0.001 3.649 1.863 7.145
TER ≥80.465 (%) − 1.706 0.452 14.256 <0.001 0.182 0.075 0.44
Tumour volume 0.531 0.395 1.812 <0.001 1.701 0.785 3.685
Clinical stages 0.485 0.321 2.292 <0.001 1.625 0.867 3.045
Presence of liver metastasis 1.209 0.474 6.517 <0.001 3.351 1.324 8.478
Bolded text indicates a statistically significant difference with a p value less than 0.05. BMI, body mass index; PPI, peripancreatic involvement; BVI, blood
vessel involvement; PDD, pancreatic duct dilation; BDD, bile duct dilation; TER, tumour enhanced rate; Ca19-9, carbohydrate antigen 19-9; CI, confidence
interval.

Table 3: Multivariate analysis of predicting factors for overall survival in patients.

Variables B SE Wald Sig. Exp(B)
95.0% CI for exp(B)
Lower Upper

TER ≥80.465 (%) − 1.72 0.377 20.773 <0.001 0.179 0.085 0.375
Ca19-9 ≥1000 (IU/mL) 0.884 0.284 9.67 0.002 2.42 1.386 4.224
Clinical stages 0.865 0.19 20.647 <0.001 2.375 1.636 3.45
Presence of PPI 0.791 0.528 2.242 0.134 2.206 0.783 6.216
Tumour volume 0.412 0.302 1.856 0.173 1.51 0.835 2.731
Presence of liver metastasis 0.452 0.402 1.264 0.261 1.572 0.714 3.459
Bolded text indicates a statistically significant difference with a p value less than 0.05. TER, tumour enhanced rate; Ca19-9, carbohydrate antigen 19-9; PPI,
peripancreatic invasion; CI: confidence interval.
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such as enhanced migration, invasion, and metastasis [17].
0erefore, it is possible that low TER, which may reflect low
microvascular supply and a more hypoxic tumour microen-
vironment, may result in chemoresistance and a poor prog-
nosis in patients with locally advanced pancreatic carcinoma
undergoing systemic chemotherapy. However, it is unclear of
concrete mechanism that low vascularity in tumours is as-
sociated with chemoresistance and poor prognosis. Further
experimental and clinical studies are needed to conclude the
significance of pretreatment tumour vascularity in patients
with pancreatic cancer.

In contrast, another study showed tumour vascularity
assessed by contrast-enhanced ultrasonography before treat-
ment did not correlate with progression-free survival nor with
overall survival [18]. 0e discrepancy may be due to the
method of assessment of whether the whole or partial tumour
was examined, as some studies have shown that the difference
among intratumour microvessel and peripheral microvessel
density may result in the vascular heterogeneity of pancreatic
cancer [19]. Further, the patients’ demography may also
contribute to the variance among the assessment of the
correlation between the tumour vascularity and the prognosis.

0 10 3020 40 50 60 70 80 90 100

<1000

≥1000

Presence

Absence

≥80.465

<80.465

≥24062

<24062 Presence

Absence

0 50 15010 200 250 300 350

–2.5 –2 –1–1.5 –0.5 0 0.5 1 1.5 2 2.5 3 3.5 4

50100150200250300400550

Points

Ca19-9

PPI

TER

TV

Liver metastases

Total points

Linear predictor

Median survival time (days)

Clinical stage

400 450

3

42

–3

Figure 5: Nomogram predicting factors for median survival in patients with locally advanced pancreatic adenocarcinoma. Nomograms
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variable identified on the scale. According to the total points projected on the bottom scales, the nomogram can provide the
probabilities of median survival time in days of an individual patient. PPI, peripancreatic involvement; TER, tumour enhanced rate;
TV, tumour volume.

0.4 0.5 0.60.30.1 0.20.0

0.0

0.2

0.4

0.6

0.8

1.0

Nomogram-predicted probability of 1-year survival

A
ct

ua
l 1

-y
ea

r s
ur

vi
va

l

(a)

0.0

0.0

0.2

0.4

0.6

0.8

0.1 0.2 0.3 0.4
Nomogram-predicted probability of 1.5-year survival

A
ct

ua
l 1

.5
-y

ea
r s

ur
vi

va
l

(b)

Figure 6: Calibration curves for predicting patient OS. Calibration curves for predicting 1-year survival (a) and 1.5-year survival (b).0e Y-
axis demonstrated the actual while the X-axis demonstrated the nomogram-predicted survival probabilities. A closer distance between two
curves in red indicates higher accuracy of prediction.

BioMed Research International 7



In our study, univariate Cox regression analysis found that
the presence of PPI, Ca19-9, TER, TV, clinical stages, and the
presence of liver metastasis are statistically significant prog-
nostic factors. However, TV and the presence of liver me-
tastasis did not retain prognostic roles in further multivariate
Cox regression. 0ese may result from our interpretation that
clinical staging is based on TNM staging, which is a combi-
nation of tumour size, the presence of local invasion, local
lymph node status, and distant metastasis. 0ere is a strong
correlation between TV and livermetastasis and clinical stages.
0erefore, TV and the presence of liver metastasis are not
independent prognostic factors. 0is may provide an expla-
nation to the difference in statistically significant prognostic
factors between univariate and multivariate analyses.

A nomogram can integrate several risk factors and provides
a more individualized prediction of prognosis and risk as-
sessment for each patient. Compared with the conventional
staging system, a nomogram model increased prediction ac-
curacy in some neoplasms such as urothelial carcinoma,
intrahepatic cholangiocarcinoma, and breast cancer [20–22].
Our final nomogram integrated five parameters, including se-
rumCa19-9, the presence of PPI, TER, tumour volume, and the
presence of liver metastasis, while among them, four of the five
parameters can be obtained from CECT findings. To some
degree, our results are similar to previous studies [23–25]. Our
model shows a high consistency with daily clinical practice
where serumCa19-9 is used for screening the disease andCECT
examination for the identification of the resectability of pan-
creatic cancer. Moreover, our nomogram demonstrated a high
discriminatory ability with a C-index of 0.763 with the actual
observation. In subsequent studies, it will be of value to assess
the clinical utility and the prediction precision of the nomogram.

However, in the present study, as withmost retrospective
studies, our study has a limitation. Further, the absolute
number of total subjects studied is relatively small in this
study, and the nomogram was constructed without a di-
vision for a validation cohort. We, therefore, analysed the
C-index of the constructed nomogram and the calibration
curve fit at the different time periods of prediction well
between nomogram prediction and the actual observation.
Moreover, our measurement of TER reflected a relative
change of CT value in plain CT and enhanced venous phase
instead of an absolute perfusion parameter. 0is problem
can be solved by drawing a time-contrast dose curve by
repeated sequential scans of each tumour slice followed by
calculating the area under the curve. However, further
studies on providing an absolute tumour perfusion pa-
rameter may be limited as obtaining this parameter will
require a high radiation dose by scanning each one of the CT
slices. Dynamic contrasted enhancement MR will address
this problem and can provide more perfusion parameters so
that further research studies can begin with this respect.
0us, the findings of this study must be interpreted with
caution.

5. Conclusions

Taken together, our results indicate that tumour enhanced
rate on CECT demonstrated prognostic significance in

univariate analysis and maintained its significant roles in
multivariable analysis. Our results suggest that pretreatment
CECT scans can be used to predict survival in advance
pancreatic cancer.
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