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Background: The diagnosis of solid pancreatic lesions is still a thorny problem for clinicians, even
endoscopic ultrasound-guided fine-needle aspiration biopsy (EUS-FNA) still face problems like false
negative. The present study aimed to first establish a model to predict the malignancy in solid pancreatic
lesions and then explored its validity with atypical diagnostic category diagnosed by cytologists after
EUS-FNA.

Methods: Clinical information of 360 cases diagnosed with solid pancreatic lesions between June 2013
and July 2019, and another 20 cases with atypical diagnostic category were collected retrospectively. These
cases were divided into group A and group B according to the order of admission. Using the data of group
A, multivariate logistic regression analysis was performed to construct a malignancy prediction model which
was then verified using group B. Furthermore, the characteristics of the malignancy between the group with
atypical diagnostic category and group A were compared in order to evaluate the rationality of the model
used in the atypical diagnostic category group, and its predictive ability in these lesions.

Results: Multivariate logistic regression analysis revealed that age, density, CA19-9 and carcinoembryonic
antigen (CEA) grade, pancreatic duct, swollen lymph nodes, pancreas calcification, and weight loss were
independent factors in predicting malignancy (P<0.05). The verification results showed that the area under
the receiver operating characteristic (ROC) curve was 0.854+0.042; 95% CI: 0.771-0.936. Univariate analysis
showed no significant difference between the malignancy in atypical diagnostic category group and that in
group A. For the atypical diagnostic category group, the sensitivity of this model was 83.33%, specificity
100%, positive predictive value (PPV) 100%, negative predictive value (NPV) 40%.

Conclusions: Advanced age, low density of lesions, high CA19-9 and CEA grade, dilatation of pancreatic
duct, swollen lymph nodes and weight loss were risk factors for malignancy, while calcification was a
protective factor. The model had a relatively high predictive ability on malignancy in both solid pancreatic

lesions and atypical diagnostic category group.
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Introduction

According to the imaging features, the pancreatic mass can
be divided into solid and cystic lesions (1). During the solid
lesions, malignant are more common (67.3%) (2). And many
patients with non-malignant lesions such as autoimmune
pancreatitis share characteristics, such as jaundice, new-
onset diabetes, and elevated serum tumor markers, with
patients with pancreatic cancer (3), which makes the
identification of nature of pancreatic lesions difficult. For
the solid occupancy, the use of endoscopic ultrasound-
guided fine-needle aspiration biopsy (EUS-FNA) is
recommended. However, due to technical and cost, its
current implementation rate in China is still low (4). Even
among patients undergone EUS-FNA, 8% to 10% of them
still present with atypical diagnosis due to manipulation
and cytologists’ factors, etc. (5-7). Mathematical models
have the advantages of accurate, replicable, less subjective,
and results being easily exchanged. The existing prediction
models only focus on atypical diagnostic category (ADC)
after EUS-FNA. And, sample used for modeling and
validation were cases diagnosed as ADC by cytology
and might result in small sample size, less risk factors
included into model (2), or lack of subgroup analysis of
solid occupancy (8). In light of these issues, our goal was
to establish and validate a mathematical model to predict
malignancy in solid pancreatic lesions and to explore its
rationality and predictive ability when applied in solid ADC
lesions.

We presented the following article in accordance with
the TRIPOD reporting checklist (available at http://dx.doi.
org/10.21037/tcr-20-2208).

Methods
Clinical data

During a third-class hospital, clinical data of hospitalized
cases from June 2013 to July 2019 whose computed
tomography (CT) scan of the abdomen showed solid
pancreatic mass was reviewed. Clinical cases were excluded
if: (I) cystic lesions of the pancreas; (II) relevant clinical
data of the 16 indicators (showed below) were incomplete;
(III) the nature of the lesion could not be defined finally
due to reasons such as missing follow-up. Complete-case
analysis was used. Sample size: a total of 16 independent
variables were included in the analysis, of which sample
size should be 10-20 times, therefore there should be at
least 160 cases. From June 2013 to April 2018, a total of
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266 cases (group A) were included for the establishment
of a malignancy prediction model. Clinical data included
a total of 16 indicators: gender, age, abdominal CT scan
results, dilatation of common bile duct (diameter >1 cm),
low lesion density (CT value <40 Hu), dilatation of main
pancreatic duct (diameter >3 mm), pancreas atrophy,
pancreatic calcification, lesion site, boundary of lesion,
swollen lymph nodes around the pancreas/retroperitoneum;
serum tumor markers CA19-9 value (cut-off: 6.74 U/mL),
carcinoembryonic antigen (CEA) value (cut-off: 5 ng/mL);
jaundice, abdominal pain, weight loss (loss more than 5% of
original weight within the last 6 months; not intended) and
diabetes history (diagnosed in the past or during this time
of hospitalization, regardless of the type and management).
All these factors were measured before relevant treatment
being applied, and all tests were performed by blind
method. The same 16 indicators for the 94 patients in
the validation group (group B) from April 2018 to July
2019 were also collected. An additional 20 cases with
solid pancreatic lesions whose cytological diagnosis were
ADC after EUS-FNA were also reviewed to validate. The
study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013) and the Harmonized
Tripartite Guideline for Good Clinical Practice from the
International Conference on Harmonization. Because this
was a retrospective study and did not interfere with clinical
treatment, ethical approval was not required in our center.
And individual consent for this retrospective analysis was

waived.

The gold standard for final diagnosis

The following conditions were considered to be malignant:
(D) the pathological diagnosis of the disease was confirmed
by surgery or EUS-FNA. (II) Imaging examination showed
extensive metastasis, or the imaging of the pancreatic
lesions was found to be worse than previous local invasion.
(III) Death caused by pancreatic lesions. These following
conditions were considered to be non-malignant: (I) the
pathology was clearly diagnosed as a non-malignant lesion.
(II) The imaging features were stable at least for twelve
months or regressed and patients were in good condition.
The results of each imaging diagnosis were confirmed by
at least two experienced imaging physicians. Pathology: all
pathology/cytology diagnoses were confirmed by at least
two experienced pathologists/cytologists. The classification
of pathological results referred to WHO classification of
tumors of the digestive system published in 2010 (9). The
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following cytology diagnostic categories: tumor positive,
suspected positive, atypical, benign and unsatisfactory
sample were used in our hospital. Pathologists and followers
were both blind to the predicted results.

Statistical method

Statistical analysis was performed using SPSS 18.0
software (IBM, USA). The main aim of this study was to
development a clinical prediction model for predicting
malignancy in the pancreatic solid mass. In the single factor
analysis, the #-test and chi-square test were used to analyze
the date of group A to study potential factors predicting
the nature of pancreatic solid mass. Variables whose P value
<0.10 during the univariate analysis were included in the
multivariate logistic regression. Enter method was used and
those variables P<0.05 were included in the mathematical
prediction model. To enhance the feasibility of the model
in other units, the CA19-9 and CEA values are stratified by
the multiples of the upper limit of normal value (ULNV).
The normal range was level 0, one to two times of ULNV
was Level 1, and so on. Based on the multivariate logistic
regression results of group A, a mathematical prediction
model for malignant lesions was established and tested by
Group B. The receiver operating characteristic (ROC)
curve was established and the area under the curve was
calculated. Univariate analysis was also performed on the
characteristics of the malignant cases of the ADC group
and those of group A. The differences between them were
explored to explain the rationality of our model using for
ADC group. For the prediction of malignant lesions in the
ADC group, the sensitivity, specificity, positive predictive
value and negative predictive value of our model were
calculated and compared with other predictive model (2).
Study flow diagram was shown in Figure 1.

Results

During group A and B, the most common malignant lesion
was pancreatic cancer. There were 76 cases (53.9%) in
group A and 32 cases (64.0%) in group B. Pancreatitis was
the most common disease during non-malignant lesions,
with 58 cases in group A (46.4%) and 20 cases (45.5%) in
group B (Table 1).

As shown in Table 2, there were statistically significant
differences (P<0.10) in age, density of lesions, CA19-9 and
CEA grade, dilatation of pancreatic duct, swollen lymph
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nodes around the pancreas/retroperitoneum, pancreas
calcification, weight loss, Jaundice, dilation of common bile
duct and pancreatic atrophy between the malignant and
non-malignant solid mass of pancreas. Consequently, these
factors were included in multivariate analysis which revealed
that age, density of lesions, CA19-9 grade, CEA grade,
dilatation of pancreatic duct, swollen lymph nodes around
the pancreas/retroperitoneum, pancreas calcification, and

weight loss were all independent predictors for malignancy
(P<0.05) (Table 3).

Establishing mathematical model

Based on the results in Table 3, a prediction model of
malignant solid lesion in pancreas was established : P=e"/
(1+€%; X = -3.569 + 0.038 x age + 0.116 x CA19-9 grade
+ 0.148 x CEA grade + 1.415 x low density of lesions +
1.954 x swollen lymph node + 2.274 x weight loss + 1.453
x dilatation of pancreatic duct - 2.86 x calcification; “e” is
the natural logarithm, 0 for yes and 1 for no in low density
of lesion, while 1 for yes and 0 for no in the last four
elements (i.e., swollen lymph nodes around the pancreas/
retroperitoneum, weight loss, dilatation of pancreatic
duct, calcification of the pancreas). The area under the
ROC curve of the model was 0.942+0.014; 95% CI:
0.915-0.969, and the cut-off point value was P=0.4127852,
P>0.4127852 should be considered to be malignant disease,
and P<0.4127852 should be considered non-malignant
disease. The sensitivity of the model was 89.4% and the
specificity was 84.8%. The data of group B were used to
validate the model and the ROC curve was established
based on the model’s outcomes. The AUC of ROC curve
was 0.854+0.042; 95% CI: 0.771-0.936 (Figure 2).

With regard to the twenty cases of ADC group: 2 cases
were pancreatitis (pathology and imaging), 4 cases of
pancreatic cancer (pathology), 1 case of lymphoma
(pathology) and thirteen were malignant cases (imaging 9
and 4 deaths). Univariate analysis of characteristics of solid
pancreatic masses showed that there was no statistically
significant difference between the ADC group and group A
(1able 4). It could be concluded that they came from the
same “population”, which suggested that it was reasonable
to predict the malignant nature of ADC lesions with this
model. The study of Yang et /. (2) showed that the risk
factor for malignancy of 81 ADC lesions was only high
values of CA19-9 in serum. According to the ROC curve,
their cut-off of CA19-9 for pancreatic cancer was 39 U/mL,
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Figure 1 Flow diagram of this study. ADC, atypical diagnostic category.

and based on this value, the malignancy of ADC group was
predicted. The sensitivity, specificity, NPV and PPV are
calculated and compared with our model (7able 5).

Discussion

The present study aimed to establish a mathematical model
able to predict malignancy in solid pancreatic lesions. The
difference between the characteristics of malignant lesions
in ADC and group A was also analyzed in order to explore
the rationality and ability for our model to predict the
nature of lesions in ADC group.

Previous studies (10-12) had shown that the proportion
of malignant lesions is rather high in lesions diagnosed as
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ADC by cytologists after EUS-FNA. In line with previous
studies, the results of the present study showed that most
lesions in the ADC group were malignant [18/20].

The incidence of malignant lesions such as pancreatic
cancer increases with age. In China, the incidence of
pancreatic cancer has a significant upward trend after
the age of forty (13,14). Malignant tumors are often
accompanied by necrosis, which is accompanied by relative
lower density compared to normal pancreatic tissue.

CA19-9: multivariate logistic regression analysis revealed
that each grade of CA19-9 had an odds ratio (OR) value
of 1.123 compared to its lower level. Previous studies
have reported that CA19-9 not only was associated with
pancreatic cancer, but its high value was strongly associated
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Group A (n=266)

Group B (n=94)

Nature of lesions

N (%) Gold standard N (%) Gold standard
Malignancy
Pancreatic cancer 76 (53.9) Pathology 32 (64.0) Pathology
Metastatic cancer 8(5.7) Pathology 2 (4.0 Pathology
Cholangiocarcinoma 4(2.8) Pathology - -
Lymphoma 5(3.5) Pathology - -
Neuroendocrine tumor 5(3.5) Pathology 1(2.0 Pathology
Other malignant tumors 43 (30.5) 29 cases of imaging & 14 cases of death 15 (30.0) 9 cases of imaging & 6 cases of death
Total 141 (100.0) - 50 (100.0) -
Non-malignancy
Pancreatitis 58 (46.4) Pathology & imaging 20 (45.5) Pathology & imaging
Castleman’s disease - - 1(2.3) Pathology
Other non-malignant 67 (53.6) Pathology & imaging 23 (52.3) Pathology & imaging
Total 125 (100.0) - 44 (100.0) -

with malignant tumors in the pancreas (OR =9.8; 95%
CI: 1.2-83.1) (2). Pancreatitis and pancreatic cancer can
both cause abnormal elevation of CA19-9; therefore, it is
mainly used for the monitoring of progression of pancreatic
cancer (15), rather than for the judgment of the nature of
lesions. The latest research reports that CA19-9 may not
only act as a “bystander/marker” for pancreatic cancer,
but also plays an important role in its development (16).
So high-levels of CA19-9 in serum should be given more
attention.

Weight loss: when controlling for other factors, the risk
of malignancy for patients with weight loss was about 8.715
times higher than that of patients without weight loss. The
growth of a malignant tumor in the pancreas triggers the
consumption of energy, resulting in insufficient nutrition
and weight loss. In addition, the exocrine function of
nutrient absorption of the pancreas is also affected leading
to further weight loss.

Dilatation of main pancreatic duct: evidence suggests
that even in absence of obvious pancreatic space-occupying
lesion in CT and other imaging, an indirect sign such as
dilatation of main pancreatic duct might suggests that
the possibility of pancreatic cancer is still high (17-19).
A consequence of pancreatic lesions in the head of the
pancreas is the obstruction of both the pancreatic duct and
common bile duct, which would result in a phenomenon
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called “double tube sign” referring to the simultaneous
expansion of the pancreatic duct and the common bile duct
and being considered a characteristic sign of pancreatic
cancer. However, double tube signs can also occur in
metastatic tumors, chronic pancreatitis and other diseases.
Our study suggested that the presence of dilatation of the
main pancreatic duct was more predictive in malignancy (OR
=4.277;95% CI: 1.717-10.655).

Peri-pancreatic or retroperitoneal swollen lymph nodes:
lymphatic metastasis is the main way of metastasis in
early malignancy such as pancreatic cancer. Although the
presence of inflammation in the pancreas could also lead
to a responsive swelling of the lymph nodes around the
pancreas, the risk of malignancy rose about 6.054 times
when swollen lymph nodes occurred around the pancreas/
retroperitoneum.

CEA level: the elevation of CEA is common in colorectal
cancer, pancreatic cancer, stomach cancer and so on.
Although other factors that can cause rising of CEA such as
smoking, cardiovascular disease, diabetes, rectal polyps and
colitis our results suggest that high-level of CEA was a risk
factor for malignant solid pancreas lesions.

Calcification: the present study identified calcification
as the only protective factor representing a special sign in
benign lesions such as chronic pancreatitis (20).

However, some malignant lesions are also accompanied
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Table 2 Univariate analysis results of potential factors predicting

the malignancy of pancreatic solid mass in group A

Variable M?r:ifrj:)cy Non-(:}njigg)ancy P value
Gender, n (%) 0.927
Male 82 (58.2) 72 (57.6)
Female 59 (41.8) 53 (42.4)
Average age (SD) 67.5(11.8) 55.2 (16.7) <0.001
Dilation of common bile duct, n (%) 0.003
Yes 42 (29.8) 18 (14.4)
No 29 (20.6) 107 (85.6)
Low density of lesions, n (%) <0.001
Yes 112 (79.4) 43 (34.4)
No 29 (20.6) 82 (65.6)
Pancreatic atrophy, n (%) <0.001
Yes 41 (29.1) 11(8.8)
No 100 (70.9) 114 (91.2)
Dilatation of main pancreatic duct, n (%) <0.001
Yes 76 (53.9) 19 (15.2)
No 65 (46.1) 106 (84.8)
Swollen lymph node, n (%) <0.001
Yes 60 (42.6) 12 (9.6)
No 81 (57.4) 113 (90.4)
Clear boundary, n (%) 0.343
Yes 11(7.8) 14 (11.2)
No 130 (92.2) 111 (88.8)
Calcification, n (%) 0.002
Yes 5 (3.5) 18 (14.4)
No 136 (96.5) 107 (85.6)
Location, n (%) 0.426
Head 69 (48.9) 66 (52.8)
Neck 15 (10.6) 7 (5.6)
Body 42 (29.8) 35 (28.0)
Tail 15 (10.6) 17 (13.6)
Average of CA19-9 11.8 (0-25.0) 1.1 (0-25.0) <0.001
level (range)
Average of CEA 7.1 (0-200.0) 0.3 (0-22.0) 0.001

level (range)

Table 2 (continued)
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Table 2 (continued)

Variabe Malgnancy . Nom-malgnany b vae
Jaundice, n (%) <0.001
Yes 31 (22.0) 5 (4.0)
No 110 (78.0) 120 (96.0)
Stomach ache, n (%) 0.136
Yes 87 (61.7) 88 (70.4)
No 54 (38.3) 37 (29.6)
Weight loss, n (%) <0.001
Yes 50 (35.5) 7 (5.6)
No 91 (64.5) 118 (94.4)
Diabetes, n (%) 0.814
Yes 41 (29.1) 38 (30.4)
No 100 (70.9) 87 (69.6)

SD, standard deviation; CEA, carcinoembryonic antigen.

by inflammation or calcification, therefore only calcification
is not sufficient to determine the nature.

ADC: the cytological diagnosis of ADC after EUS-
FNA leaves clinicians in an uncertain situation despite
studies have shown that most lesions in the ADC are
finally confirmed to be malignant (2,5,8). Previous
studies had demonstrated that amongst possible factors
affecting the diagnosis of EUS-FNA there might be EUS-
FNA operation related factors, cytologists’ factors, and
pathological interferences such as inflammation in the
lesion (5). In this study, the univariate analysis yielded no
significant differences in characteristics of the malignant
lesions between the ADC group and group A among the 16
indexes taken into consideration (P>0.05). This supports
the argument that that the ambiguity of the cytological
diagnosis of the ADC group might be related to other
variables such as: the number of punctures, physician
experience and other factors, rather than the lesion.
However, we had only discussed the difference of malignant
lesions, and factors leading to ADC need to be further
explored. Nevertheless, undergoing EUS-FNA and ADC
won’t change the fact that solid lesions of ADC are solid
pancreatic lesions in the first place. From the perspective of
predictors in our model, they seem to come from the same
“population”. It therefore follows that the prediction of this
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Table 3 Results of multivariate logistic regression analysis of predicting factors for malignant solid pancreatic lesions in patients of group A

Factors Regression coefficient P value OR 95% Cl
CA19-9 grade 0.116 <0.001 1.123 1.059-1.191
CEA grade 0.148 0.047 1.160 1.002-1.343
Age 0.038 0.017 1.038 1.007-1.071
Pancreatic duct* 1.453 0.002 4.277 1.717-10.655
Swollen lymph node 1.954 0.535 7.054 2.471-20.140
Calcification -2.860 0.001 0.057 0.011-0.291
Weight loss 2.274 <0.001 9.715 2.947-32.031
Low density of lesions -1.415 0.002 0.243 0.100-0.592
Constant -3.569 0.001 0.028 -

*, dilatation of main pancreatic duct. CEA, carcinoembryonic antigen; OR, odds ratio; Cl, confidence interval.

ROC curve
1.0
0.8 -
> 0.6 -
=
:‘5‘)
c
&
0.4 -
0.2 -
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure 2 ROC curve of clinical data of the patients in group B

generated using our model. ROC, receiver operating characteristic.

model for ADC was reasonable to a certain degree. Perhaps
including more predictors to increase the prediction ability
and increasing the sample size of model may allow us to
focus on “solid pancreatic lesions” rather than only “ADC”
as cases in the modeling group. Alston ez /. (8) discussed the
ADC diagnosis results and potential influencing factors, and
established a prediction model. The cases in their modeling
group are a more heterogeneous ADC group including
cystic pancreas lesions. Their main result was the prediction
of tumors rather than malignancy in pancreas. The focus
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of our study was the solid pancreatic lesion, which reduced
the heterogeneity of the modeling group and the main
prediction outcome was the malignant lesions, which
were clinically useful. For the prediction of malignancy
in ADC, our model showed better prediction ability than
that established by Yang ez 4l. (2) which contained only one
prediction factor, the CA19-9 value.

For patients with solid pancreatic lesions, the decision
to proceed with further treatment or management depends
on the suspicion of the malignancy. Although the prognosis
of pancreatic cancer is poor, surgical treatment or adjuvant
therapy can still significantly prolong the survival time of
patients (21-23). New treatment methods are also rapidly
emerging; for example, a recent study from Columbia
University found that PTC596 can be well delivered
to pancreatic tissue and is well tolerated, especially
when combined with some first-line therapies such as
paclitaxel (24). After the diagnosis of pancreatic cancer in
China less than 40% of cases would undergo histological
examination, most of which are diagnosed by surgical
pathology (4), and the final cytological diagnosis in 8-10%
of patients undergone EUS-FNA operation won’t be clear
(5-7). A number of patients are overly treated with active
surgery or adjuvant therapy, while others are not adequately
treated (13). Therefore, it is of great clinical significance
to judge the nature of the solid occupancy in pancreas
comprehensively through various clinical features.

To our knowledge, this is the first study that established
a model combining the imaging, serum tumor markers,
and clinical features of solid pancreatic lesions in order
to predict the malignancy and tested its application in
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Table 4 Univariate analysis of clinical features of malignant

pancreatic solid lesions between group A and ADC group

Malignancy in Malignancy in

Variable group A (n=141) ADC group (n=18) P value
Gender, n (%) 0.811
Male 82 (58.2) 11(61.1)
Female 59 (41.8) 7 (38.9)
Average age (SD) 67.5(11.8) 62.4 (5.4) 0.095
Dilation of common bile duct, n (%) 0.058
Yes 42 (29.8) 1(5.6)
No 99 (70.2) 17 (94.4)
Low density of lesions, n (%) 0.225
Yes 112 (79.4) 17 (94.4)
No 29 (20.6) 1(5.6)
Pancreatic atrophy, n (%) 0.182
Yes 41 (29.1) 2(11.1)
No 100 (70.9) 16 (88.9)
Dilatation of main pancreatic duct, n (%) 0.230
Yes 76 (53.9) 7 (38.9)
No 65 (46.1) 11(61.1)
Swollen lymph node, n (%) 0.136
Yes 60 (42.6) 11 (61.1)
No 81 (57.4) 7 (38.9)
Clear boundary, n (%) 0.462
Yes 11(7.8) 0(0)
No 130 (92.2) 18 (100.0)
Calcification, n (%) 0.925
Yes 5 (3.5) 0(0)
No 136 (96.5) 18 (100.0)
Location, n (%) 0.085
Head 69 (48.9) 5(27.8)
Neck 15 (10.6) 1(5.6)
Body 42 (29.8) 11(61.1)
Tail 15 (10.6) 1(5.6)
Average of CA19- 11.8 (0-25.0) 10.0 (0-25.0) 0.507
9 level (range)
Average of CEA 7.1 (0-200.0) 15.2 (0-161.0) 0.235

level (range)

Table 4 (continued)
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Table 4 (continued)

Variable group A (1-141) ADG growp (rtg) P YA

Jaundice, n (%) 0.057
Yes 31 (22.0) 0 (0)
No 110 (78.0) 18 (100.0)

Stomach ache, n (%) 0.072
Yes 87 (61.7) 15 (83.3)
No 54 (38.3) 3(16.7)

Weight loss, n (%) 0.859
Yes 50 (35.5) 6 (33.3)
No 91 (64.5) 12 (66.7)

Diabetes, n (%) 0.407
Yes 41 (29.1) 3(16.7)
No 100 (70.9) 15 (83.3)

CEA, carcinoembryonic antigen; SD, standard deviation; ADC,
atypical diagnostic category.

ADC lesions. Its application in ADC lesions was relative
reasonable, and demonstrated even higher sensitivity than
previous prediction models. However, the present study
also has some limitations. Firstly, the gold standard was
not completely pathology. The patients who did not have
pathological results were followed up. Specifically, patients’
health condition and evaluation of the imaging of the
lesions were considered to determine the final diagnoses.
Secondly, this study did not include ultrasound endoscopic
features of the pancreatic mass. Endoscopic ultrasound is
an invasive diagnostic method that requires special training
and can only be performed in specialized medical centers.
Clinically, it is usually used as a second-line diagnostic
method. However, CT has become the preferred method
for scanning pancreas due to its high popularity rate and
relatively low cost (1). Therefore, the choice of CT rather
than EUS features made the model more convenient
and practical during clinical work especially for primary
health care institutions without the technology of EUS-
FNA. A third limitation consisted in the small sample size
of the ADC cases used as a subgroup for the validation of
the model’s predictive ability. This could have led to the
commission of type II error in statistics. In light of that
further research should increase the sample size to confirm
the model’s predictive power for ADC.
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Table 5 Comparison of predictive power between our model and Dennis Yang’s (serum CA19-9 classification) for malignancy of solid pancreatic

lesions in ADC group (95% CI)

Sensitivity

Our model 83.33% (64.30-100.00%)

Dennis Yang et al.* 77.78% (56.50-99.10%)

Specificity PPV NPV
100.00% (-) 100.00% (-) 40.00% (-)
100.00% (-) 100.00% (-) 33.33% (-)

*, the cut-off of serum CA19-9 in our institution was 40 U/mL. PPV, positive predictive value; NPV, negative predictive value; ADC, atypical

diagnostic category; Cl, confidence interval.

This study established a comprehensive model
predicting the nature of solid pancreatic lesions with clinical
performances, serum tumor markers, and CT features
and tested its ability in ADC lesions. According to the
multivariate logistic regression analysis, old age, low density
of lesions, high CA19-9 and CEA grade, dilatation of
pancreatic duct, swollen lymph nodes around the pancreas/
retroperitoneum and weight loss were risk factors for
malignancy. The presence of calcification in the pancreas
was a protective factor. This model not only showed high
efficacy in the prediction of malignancy in solid pancreas
lesions, but also had a relative high prediction power on the
nature of ADC diagnosed by cytologists after EUS-FNA.
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