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Background: Patients with chronic pancreatitis (CP) have an increased risk of developing pancreatic
cancer (PC). The purpose of this study was to identify predictors of PC in CP patients.

Methods: Electronic medical records (EMRs) of CP patients from two cohorts were collected, and a
logistic regression analysis was performed to investigate the risk factors for PC. Subsequently, we validated
the value of the risk prediction model with the EMRs of a third cohort.

Results: The derivation cohort consisted of 2,545 CP patients, and among them, 14 patents developed PC
7 years after CP diagnosis. Cyst of the pancreas [COP; odds ratio (OR): 4.37, 95% confidence interval (CI):
1.11 to 18.40, P=0.033], loss of weight (LW; OR: 3.21, 95% CI: 0.76 to 12.91, P=0.096) and high platelet
(PLT) count (OR: 1.01 per 1 increment, 95% CI: 1.00 to 1.01, P=0.042) were independent risk factors for
PC among CP patients. A risk prediction equation was constructed as follows: In[p/(1-p)] = -6.68 + 1.55COP
+ 1.23LW + 0.0046PLT. The areas under the receiver operating characteristic (ROC) curve of our risk score
were 0.83 and 0.72 in the derivation and validation cohorts, respectively. A score >0.0128 and >0.0122 had
the best balance between sensitivity and specificity in the derivation and validation cohorts, respectively.
Conclusions: In CP patients, LW, COP and high PLT count were identified as novel predictors of PC. A

risk prediction model based on these factors exhibited moderate predictive value for CP patients.
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Introduction symptoms, most patients are diagnosed in the advanced

. . . stage and cannot be treated with surgery. Therefore
Pancreatic cancer (PC) is the fourth most fatal malignant & gery ’

tumor, and due to the rising obesity rate, aging population identifying the patients in the early stage of tumorigenesis

and other unknown factors, the mortality associated with contributes to improving the dismal outcome of PC

PC has increased in men and has maintained stable in
women (1,2). Although some therapeutic strategies were
developed in the past decades, the overall 5-year survival
rate of PC is less than 5% (3). Due to a lack of early specific
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patients.
Chronic and progressive inflammation and fibrillation
of the pancreas, termed chronic pancreatitis (CP), may

lead to the damage of exocrine and endocrine function of
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CP records identified with EMRs
datasets in WFBMC and MHH
(n,=642 and n,=2,568)
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A

CP cases enrolled in this study in
WFBMC and MHH
(n;=623 and n,=2,440)

Records excluded
® PC diagnosed within 2 years after the CP
diagnosis in WFBMC and in MHH
(n;=19 and n,=65)
* PC diagnosed in children in MHH (n,=63)

A

Patients excluded
* Patients with less than 2-year follow-up
period (n;=9, n,=509)

CP cases enrolled in this study in
WFBMC and MHH
(n,;=614 and n,=1,931)
— Univariate factor analysis
— Multivariate analysis with logistic
regression

y

Validation with cohort of BJCYH
(n=415)

Figure 1 Flowchart of patient enrolment and the study design. ;, WFUBMC; ,, MHH. CP, chronic pancreatitis; EMRs, electronic medical
records; WFUBMC, Wake Forest University Baptist Medical Center; MHH, Memorial Hermann Hospital; PC, pancreatic cancer; BJCYH,

Beijing Chaoyang Hospital.

the pancreas (4). Compared with the normal population,
the incidence of PC among CP patients was several- to
dozens-fold higher if the patients also had diabetes (5).
In epidemiological studies, CP and PC have been shown
to share several typical risk factors, such as cigarette
smoking and alcohol consumption (6,7). Theoretically,
prolonged chronic inflammation was one of the primary
carcinogenetic factors; thus, CP has been regarded as a
risk factor for PC (8,9). However, very little research has
focused on the predictors of PC development among CP
patients. Recently, electronic medical records (EMRs) have
provided a method to explore the alterations of clinical
factors in a long-term period; thus, this dataset made it
possible to analyze the associations between specific diseases
and clinical characteristics (10). The purpose of the current
study was to identify the risk factors for PC in CP patients
based on EMRs.

Methods
Study design and patient population

In the derivation datasets, two EMRs cohorts from Wake
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Forest University Baptist Medical Center (WFUBMC)
and Memorial Hermann Hospital (MHH) were utilized.
Univariate and multivariate analyses were performed
to identify the predictors of PC in CP patients, and a
logistic regression equation was constructed based on the
two datasets. Then, we validated the predictive value of
the prediction model with the cohort from the Beijing
Chaoyang Hospital (BJCYH) (Figure I).

The data source from WFUBMC was the i2b2
framework-based treatment delivery workflow (TDW),
and we were supported by the study of “Linking Electronic
Medical Records to Medicare Claims Data” (IRB00030804)
for the access to these data. During the process of data
acquisition, due to a limitation from the institutional review
board (IRB), we accessed the data of only patients more
than 60 years of age in WFUBMC. The EMRs dataset of
MHH was organized by the PostgreSQL Server database
11.0.6251. The clinical data of BJCYH were collected from
the computer-based patient record systems, and this study
was permitted by the research ethics committee (2019-243).

The following clinical data were extracted and stratified
in detail: demographic data including age, sex, race etc.;
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history of alcohol consumption and smoking; family
history of malignancy; accompanying disease including
hypertension, type II diabetes mellitus (DM), coronary heart
disease etc.; symptoms such as abdominal pain, diarrhea,
loss of weight (LW) etc.; laboratory findings including
routine blood examinations; and serum biochemical indexes.
These data were examined and presented in Table 1.

Patients diagnosed with CP were enrolled in the study.
The follow-up period was from the first date of CP diagnosis
to the last date included in the database or the date of death.
The exclusion criteria were as follows: groove pancreatitis,
autoimmune pancreatitis, cases of PC diagnosed within
2 years after the diagnosis of CP and a follow-up period
less than 2 years (6). Since the onset of CP in children was
strongly associated with gene mutations (11,12), we excluded
patients <19 years old from the data of MHH.

Definitions

On the basis of the International Classification of Disease
codes (9™ and 10" revision), we reviewed the patients with
CP (577.1, 577.8, K86.0 and K86.1) and PC (157.0, 157.1,
157.2, 157.3, 157.4, 157.8, 157.9, C25.0, C25.1, C25.2,
C25.3, C25.4, C25.7, C25.8, C25.9) based on the EMRs
data of the above three cohorts (http://www.icd9data.
com/ and http://www.icd10data.com). The diagnosis of
accompanying diseases and symptoms were identified
as follows: hypertension (401.9 and I10), coronary heart
disease (414.01 and 125.10), hyperlipidemia (272.4 and
E78.5), obstruction of bile duct (576.2), cyst of the
pancreas (COP; 577.2 and K86.2), acute pancreatitis (AP)
(577.0), type II DM (250.0 and E11.9), long-term or
current use of insulin (Z279.4 and V58.67), hypothyroidism
(244.9), abdominal pain (789.0), diarrhea (787.91), and LW
(783.21).

Statistical analysis

The continuous variables are summarized as the mean
(standard derivation) and were compared with an unpaired,
1-tailed #-test. The categorical variables are described
using proportions and were compared with the chi-square
test. P<0.05 was set as the level of statistical significance.
According to the results of univariate analysis, the significant
variables were assessed using a multivariable logistic
regression model to identify the independent risk factors
with entry and stay criteria of 0.05 and 0.1, respectively. All
analyses were performed using R (version 3.3.1).
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Results
General characteristics of datasets

From January 13, 2000 to October 12, 2015, a cohort of 642
CP patients was entered into the WFBMC cohort. There
were 19 patients who were excluded because they were
diagnosed with PC within 2 years after CP confirmation, and
9 patients were excluded due to a follow-up period of less
than 2 years. Thus, 614 patients were finally enrolled in our
study. The average follow-up duration was 8 [2-18] years,
and 6 cases (0.98%) were diagnosed with PC after CP.
Between July 19, 2000 and August 24, 2015, 2,568 patients
with CP were recorded in the MHH database. Sixty-three
children with CP were excluded. Among the other 65
patients who were excluded, PC was confirmed either at
the same time or less than 2 years after CP diagnosis. After
the exclusion of 509 patients with a follow-up period of less
than 2 years, 1,931 patients were enrolled in this cohort.
The median follow-up period in the MHH dataset was
7 years, ranging from 3 to 12 years, and PC was diagnosed
in 8 patients (0.414%). A total of 2,545 patients with CP
entered the derivation cohorts. Similarly, 415 CP patients
entered into the validation cohort between February 2010
and October 2015, and among them, 7 patients developed
PC. The clinical characteristics were compared between
the derivation and validation cohorts, showing that there
were differences in history of alcoholism, hypertension,
LW, glucose level, total bilirubin, white blood cell count,
albumin, platelet (PLT) count, and alanine transaminase

(1uble 2).

Predictors of PC development in CP patients

The clinical and laboratory parameters of the derivation
datasets were shown in 7able 1. There were no significant
differences between the PC and CP groups with respect
to epidemiological distribution, such as age, sex, race,
and body mass index (BMI). The prevalence of smoking
and alcohol abuse were also comparable between the two
groups. Patients who developed PC were more likely to
have hyperlipidemia (57.1% vs. 31.9%, P=0.04), COP
(57.1% vs. 16.9%, P<0.01), and DM (78.6% uvs. 38.5%,
P<0.01). There were no differences between the two
groups in regard to other accompanying diseases, such as
AP, long-term or current use of insulin, hypothyroidism,
hypertension, and atherosclerotic heart disease. The
incidence of symptomatic diagnosis, including diarrhea
(57.1% vs. 22.0%, P<0.01) and LW (35.7% vs. 11.5%,
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Table 1 Overall clinical characteristics of 2,545 patients with CP in MHH and WFUBMC

Zhao et al. Exploring risk factors for PC in CP patients

Clinical parameters PC group (n=14) CP group (n=2,531) P value
Demographics
Age at diagnosis of CP, mean (+ SD) years 59 (x16) 56 (x18) 0.26
Male sex, n (%) 11 (78.6) 1,657 (65.5) 0.39
Family history of malignancy®, n (%) 1(7.1) 59 (2.3) 0.22
African-American race, n (%) 7 (50.0) 737 (29.1) 0.13
BMI, mean (+ SD) 26.4 (+6.0) 28.3 (+10.5) 0.30
Personal history, n (%)
Smoking (35.7) 408 (16.1) 0.06
Alcoholism 0 36 (1.4) 1.00
Past history, n (%)
Hypertension 11 (78.6) 1,400 (55.3) 0.11
Coronary heart disease 3(21.4) 242 (9.6) 0.14
Hyperlipidemia 8 (57.1) 808 (31.9) 0.04
Obstruction of bile duct 2 (14.3) 176 (7.0) 0.24
Diarrhea 8 (57.1) 558 (22.0) <0.01
LW 5 (35.7) 290 (11.5) 0.02
Abdominal pain 11 (78.6) 1,665 (65.8) 0.39
COP 8 (57.1) 427 (16.9) <0.01
Acute pancreatitis 12 (85.7) 1,534 (60.6) 0.08
DM 11 (78.6) 974 (38.5) <0.01
Long-term or current use of insulin 5(35.7) 252 (10.0) <0.01
Hypothyroidism 3(21.4) 241 (9.5) 0.14
Laboratory examinations, mean (+ SD)
Glucose, mg/dL 166.83 (+87.66) 130.11 (+68.05) <0.01
White blood cell count, x10%L 7.87 (£4.49) 8.57 (+4.93) 0.37
Total cholesterol” 168 (x77.92) 184.39 (£50.99) 0.39
Creatinine®, mg/dL 0.96 (+0.51) 1.24 (+0.63) 0.34
Alkaline phosphatase, units/L 108.32 (+60.00) 106.54 (+69.65) 0.49
Calcium, mg/dL 8.93 (+4.47) 8.99 (+4.28) 0.40
Total bilirubin, mg/dL 0.73 (+0.43) 0.85 (+0.55) 0.33
Albumin, g/dL 3.67 (+1.87) 3.61 (£1.75) 0.42
Hemoglobin, g/dL 11.87 (+6.18) 12.04 (x5.45) 0.39
PLT count, x10%L 289.10 (+173.96) 232.78 (+120.60) 0.03
Aspartate transaminase, units/L 34.26 (£22.75) 33.87 (x24.21) 0.49
Alanine transaminase, units/L 31.85 (£21.55) 30.04 (+24.64) 0.45
Amylase, units/mL 71.94 (£45.72) 230.81 (+486.97) 0.37

* The data were only from MHH. PC, pancreatic cancer; CP, chronic pancreatitis; MHH, Memorial Hermann Hospital; WFUBMC, Wake
Forest University Baptist Medical Center; SD, standard deviation; BMI, body mass index; LW, loss of weight; COP, cyst of the pancreas;
DM, diabetes mellitus; PLT, platelet.
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Table 2 Comparison of the clinical data between the derivation and validation cohorts

Clinical parameters Derivation cohort (n=2,545) Validation cohort (n=415) P value

PC, n (%) 14 (0.55) 7 (1.68) 0.02
Demographics
Age at diagnosis of CP, mean (+ SD) years 56 (x18) 57 (x16) 0.34
Male sex, n (%) 1,668 (65.5) 284 (68.4) 0.28
Personal history (no/yes), n (%)
Smoking 413 (16.2) 71(17.1) 0.44
Alcoholism 36 (1.4) 19 (4.6) <0.01
Past history, n (%)

Hypertension 1,411 (55.4) 162 (39.0) <0.01
Coronary heart disease 245 (9.6) 37 (8.9) 0.69
Hyperlipidemia 816 (32.1) 151 (36.4) 0.08
Obstruction of bile duct 178 (7.0) 37 (8.9) 0.18
Diarrhea 566 (22.2) 88 (21.2) 0.66
LW 295 (11.6) 84 (20.2) <0.01
Abdominal pain 1,676 (65.9) 253 (61.0) 0.07
COP 435 (17.1) 74 (17.8) 0.73
Acute pancreatitis 1,546 (60.7) 233 (56.1) 0.08
DM 985 (38.7) 155 (37.3) 0.63
Long-term or current use of insulin 257 (10.1) 43 (10.4) 0.93

Laboratory examinations, mean (+ SD)

Glucose, mg/dL 130.52 (+48.53) 141.75 (+100.93) <0.01
White blood cell count, x10%L 8.56 (+5.76) 7.93 (+4.46) 0.04
Alkaline phosphatase, units/L 106.29 (+83.36) 106.56 (£95.24) 0.96
Total bilirubin, mg/dL 0.85 (+0.74) 1.07 (+0.77) <0.01
Albumin, g/dL 3.61 (x0.77) 3.94 (+3.10) 0.04
Hemoglobin, g/dL 12.04 (+1.78) 12.29 (+4.00) 0.22
PLT count, x10%/L 233.38 (+90.12) 183.87 (£75.19) <0.01
Aspartate transaminase, units/L 33.88 (+46.00) 32.79 (x22.80) 0.61
Alanine transaminase, units/L 30.07 (+41.94) 48.90 (+84.30) <0.01
Amylase, units/mL 229.26 (+1,064.99) 307.72 (+603.35) 0.19

PC, pancreatic cancer; CP, chronic pancreatitis; SD, standard deviation; LW, loss of weight; COP, cyst of the pancreas; DM, diabetes
mellitus; PLT, platelet.

P<0.01), was higher in the PC group than in the CP group. The white blood cell count, total cholesterol (recorded only
Based on laboratory examinations, the PC group also had in MHH), creatinine (recorded only in MHH), alkaline
a higher glucose level (166.83 vs. 130.11 mg/dL, P<0.01) phosphatase, calcium, total bilirubin, albumin, hemoglobin,
and PLT count (289.10 x10°/L vs. 232.78 x10°/L, P=0.03). aspartate transaminase, alanine transaminase, and amylase
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Table 3 The results of multivariate analysis using a logistic regression model

Zhao et al. Exploring risk factors for PC in CP patients

Clinical parameters Estimate Standard error z value OR 95% ClI P value
DM 0.79 1.04 0.76 2.20 0.28 20.71 0.449
COP 1.48 0.69 2.13 4.37 1.11 18.40 0.033
Hyperlipidemia 0.09 0.76 0.12 1.10 0.26 5.62 0.901
LW 1.17 0.70 1.66 3.21 0.76 12.91 0.096
Insulin use 0.37 0.81 0.45 1.44 0.29 7.87 0.651
Diarrhea -0.01 0.72 -0.01 0.99 0.23 4.09 0.992
Glucose value 0.01 0.01 0.78 1.01 0.99 1.02 0.436
PLT value 0.01 0.00 2.04 1.01 1.00 1.01 0.042

OR, odds ratio; Cl, confidence interval; DM, diabetes mellitus; COP, cyst of the pancreas; LW, loss of weight; PLT, platelet.

were not different between the two groups. Next, we
accounted for the candidate variables in the multivariable
logistic regression model and found that the independent
predictors of PC included COP [odds ratio (OR): 4.37, 95%
confidence interval (CI): 1.11 to 18.40, P=0.033] and PLT
count (OR: 1.01 per 1 increment, 95% CI: 1.00 to 1.01,
P=0.042) (1able 3). In addition, LW as a general predictor
for tumors, exhibited a certain influence on PC (OR: 3.21,
95% CI: 0.76 to 12.91, P=0.096); therefore, we included
these three factors to construct a logistic regressive model to
predict the likelihood of PC progression in CP patients. An
equation was used to assess the probability of PC (Figure 2).
Based on this equation, a diagnostic receiver operating
characteristic (ROC) curve was plotted in Figure 34 with
a cut-off point of 0.0128, a sensitivity of 0.78 (CI: 0.67 to
1.00), a specificity of 0.76 (CI: 0.44 to 0.93), and an area
under the curve (AUC) of 0.82 (CI: 0.71 to 0.93).

Validation of the logistic risk assessment model

To validate the value of the prediction model for predicting
the probability of PC development, we applied a third
cohort from BJCYH that included 415 CP patients.
Youden’s J statistic was adopted as a cut-off point value for
predicting PC among CP patients. The ROC curve was
constructed showing a sensitivity of 0.71 (CI: 0.43 to 1.00),
a specificity of 0.85 (CI: 0.45 to 0.94), and AUC of 0.73 (CL:
0.48 to 0.97) (Figure 3B).

Discussion

Patients with CP tend to have a high risk of PC

© Translational Cancer Research. All rights reserved.

L |- _6.68+1.55COP + 1.23LW + 0.0046PLT

1-p
probability of developing pancreatic cancer =

In

—6.68+1.56COP+1.23LW+0.0046PLT

1 +e—6.68+1 .55COP+1.23LW+0.0046PLT

COP =1 if cyst of the pancreas were diagnosed

COP =0 if cyst of the pancreas were not diagnosed

LW =1 if loss of weight was diagnosed

LW =0 if loss of weight was not diagnosed

PLT was the abbreviation of platelet count value (x10%/L)
Figure 2 A logistic equation for predicting PC in CP with a cut-
off point value of 0.0128. CP, chronic pancreatitis; PC, pancreatic
cancer; COP, cyst of the pancreas; LW, loss of weight; PLT,
platelet.

development (13). In this retrospective cohort study, we
followed up the EMRs of 2,545 CP patients in two cohorts
and found that 14 (0.55%) patients developed PC (average
7 years after CP diagnosis). To our knowledge, this study is
the first to include comprehensive clinical factors, including
alterations in demographics, comorbidities, and laboratory
parameters of CP patients for risk assessment. Our results
demonstrated that CP patients with COP, LW, and high
PLT counts had a higher probability of PC progression than
the general CP population. Then, we constructed a logistic
regression predictive equation based on these three risk
factors and validated its value with a third cohort showing
moderate predictive efficiency.

In this study, we found that cystic lesions of the pancreas
were associated with a risk of pancreatic malignancy. In the
multiple logistic regression model, the morbidity of PC
in CP patients with pancreatic cyst lesions was 4.4-times
greater than that in those without this disease. Cystic
alterations of the pancreas commonly occurred in individuals
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Figure 3 Evaluation for the logistic regressive model in predicting PC. (A) A ROC curve was constructed, showing a sensitivity of 0.78 (CI:
0.67 to 1.00%), a specificity of 0.76 (CI: 0.44 to 0.93), and an AUC of 0.82 (CI: 0.71 to 0.93) in the derivation cohort; (B) in the validation
cohort, the sensitivity and specificity of the prediction model were 0.71 (CI: 0.43 to 1.00) and 0.85 (CIL: 0.45 to 0.94), respectively. The AUC
was 0.73 (CL: 0.48 to 0.97). PC, pancreatic cancer; ROC, receiver operating characteristic; CI, confidence interval; AUC, area under the

curve.

with mucinous cystic neoplasia (MCN) and intraductal
papillary mucinous neoplasia (IPMN). The frequency of
adenocarcinoma or high-grade dysplasia in MCN patients
was 14.9%, and the malignant rate was 5.5% in individuals
with branch duct IPMN (14,15). In a recent veteran cohort
that included 520,970 individuals, the hazard ratio (HR)
of PC in patients with pancreatic cysts was 19.64-times
higher than that of those without cysts (P<0.0001) (16).
Among the 17 PC patients, twelve had a history of AP or
CP combined with cyst lesions (16). Another study revealed
that the 3-year risk of developing PC was 1.2% in patients
with pancreatic cyst lesions, with an HR of 10.0 (17). The
results of our analyses showed that the incidence rate of cyst
lesions in individuals with CP was approximately 17.0%
in the derivation cohorts. It seemed that the ratio of cysts
in the older population (WFBMC) was higher than that in
the young group (MHH) (21.7% vs. 15.6%, P=0.002). The
results of the derivation and validation cohorts strongly
indicated that the presence of pancreatic cyst lesions was a
high-risk factor predicting PC development in CP patients.
Our findings suggested that CP patients with pancreatic
cyst lesions should be closely monitored, especially in
old populations. At the genome level, it was revealed
that individuals with MCNs more frequently had KRAS
mutations and a higher risk of malignant progression (18).
KRAS/GNAS mutations were also identified in the fluid
of pancreatic cysts in 3 (30%) patients with MCNs and 56
(100%) patients with IPMN (19). These findings revealed
a potential link between the phenotype of cystic lesions

© Translational Cancer Research. All rights reserved.

and the development of PC. Unfortunately, in the EMRs
datasets, we were not able to access the genomic data or
the diameter of the cyst lesions, which were also reported
to be related to malignancy (14). Thus, more imaging
characteristics of the pancreas combined with genetic
mutation data have greater potential for PC prediction.

In the derivation cohorts, the PLT value was another
significant variable associated with PC development in the
multiple logistic regression model (P=0.042). The PLT level
in the PC group increased significantly compared with that
in the CP group (289.10 x10°/L vs. 232.78 x10°/L, P=0.03).
An increasing number of studies have shown that elevated
PLT levels are associated with tumor cell growth and
angiogenesis (20). For example, it was reported that the PLT
count in pancreatic ductal adenocarcinoma (PDAC) patients
was higher than that in CP patients with an inflammatory
mass of the pancreatic head (21). Similarly, the level of PLT
in PC patients in an early tumor-node-metastasis (TNM)
stage (I, II) was significantly higher than that in healthy
controls (22). In addition, a previous study verified that
the PLT-lymphocyte ratio was an independent predictor
of PC survival (23). This study showed that in the PC
group, the PLT level was higher than that in the CP group
before PC diagnosis. During tumor progression, some
cytokines, such as thrombopoietin, collagen and proteins,
are secreted and promoted the production of PLT (24).
Additionally, angiogenic factors such as vascular endothelial
growth factor, PLT-derived growth factor and angiostatic
PLT factor 4 have been reported to be highly expressed
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in PLT, which facilitates tumor neovascularity (25).
Apart from PLT count, previous studies also found that
the mean PLT volume was elevated in the context of
cancer (26). Overall, these results indicated that changes in
PLT characteristics were associated with PC progression.
Therefore, periodic monitoring of the PLT count is
recommended for CP patients. As a common symptom of
CP, 39-56% of patients presented LW (27). The incidence
of LW was significantly different between the PC and CP
groups in the univariate analysis. The overall incidence of
LW in the derivation cohorts was 11.6%, and it seemed
that in the aged population (WFUBMC), the occurrence
rate of LW was higher than that in the young population
(MHH) (22.1% wvs. 8.2%, P<0.01). BMI, another clinical
factor reflecting individual nutritional status, appeared
to be lower in the PC groups; however, this difference
was not statistically significant. The dysfunction of
pancreatic exocrine cells is aggravated by the progression
of inflammation of the pancreas, which mainly reduces
digestive function and leads to malnutrition. It was reported
that substantial (>5%) LW was present in 71.5% of patients
with PDAC, and when the threshold was raised to greater
than 10%, LW was associated with worse survival (28).
Consequently, the results of our study suggested that we
should pay close attention to CP patients with LW.

The age at the onset of CP and smoking history were
reported as risk factors for PC in a previous study (6).
However, there was no significant difference between the
CP and PC groups in the current study. It seemed that in
the older population (WFUBMC), the incidence of PC
progression was higher than that in the young group (MHH),
but the difference was not significant (0.98% vs. 0.41%,
P=0.1). Smoking and heavy alcohol consumption are also
general risk factors for most cancers, including PC (29).
However, we did not find an obvious influence on PC
development mainly because of the limitation of sample
size. In the univariate analysis of the MHH data, 87.5%
(7/8) of PC patients were African-American, indicating
racial PC susceptibility. The results of the univariate analysis
demonstrated that the incidence of type II DM and the
level of glucose were higher in the PC group than in the CP
group. This result was in agreement with a previous study
that revealed that DM was associated with an elevated risk of
new-onset cancer, especially PC (30). In addition, the levels
of glucose, insulin, and insulin resistance were correlated
with PDAC (31). Insulin and/or high levels of insulin-like
growth factor-1 may activate the PI3K signaling cascade,
which plays an important role in PDAC development (32).
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Carbohydrate antigen (CA) 19-9, as a diagnostic and
prognostic biomarker of PC, was extensively used in clinical
practice (33); therefore, we investigated the value of CA19-
9 in the derivation cohorts. In the WFUBMC dataset, a
significant increase of CA19-9 was found in the PC group
compared with CP group (397.0 vs. 326.9 U/mL, P<0.01).
However, the number of cases with CA19-9 values was very
limited, and the results of CA19-9 were recorded shortly
before the PC diagnosis, which meant that the high level of
CA19-9 reflected the phenotype of PC. In the remaining
two datasets, the number of patients with CA19-9 data was
too small to perform statistical calculations. Therefore,
it was difficult to include this variable in the multivariate
logistic regression analysis.

A limitation of this study is that some factors, such as
genomic mutation data, features of pancreatic image and
tumor biomarkers, were not available in the datasets for
risk assessments. Another limitation is that the PC patients
diagnosed within 2 years after CP diagnosis were excluded
according to the previously established criteria to avoid
initial misclassification. In this sense, some true positive
cases were omitted, which might have caused enrollment
bias. Finally, the derivation data were from the United
States population, and the validation data were from the
Chinese population. Consequently, the predictive efficiency
was subject to ethnic differences.

Conclusions

In conclusion, our study revealed that COP, LW, and elevated
levels of PLT were risk factors for PC development in CP
patients. Therefore, closer monitoring should be performed
for CP patients with these accompanied diagnoses.
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