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Construction of preoperative predictive model for occult abdominal metastatic disease of pancreatic ductal
adenocarcinoma
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Military Medical University), Shanghai 200433, China

[ Abstract | Objective To establish a preoperative prediction model which can effectively predict the risk of
occult abdominal metastatic disease of pancreatic ductal adenocarcinoma. Methods The clinical data of 986 patients
with pancreatic ductal adenocarcinoma who underwent surgery in our department from Sep. 2018 to Dec. 2020 were
retrospectively analyzed. The variables with P<<0.2 in univariate analysis were included in binary logistic regression
model, and independent predictors of occult abdominal metastatic disease were screened out; finally a nomogram prediction
model was established. Then receiver operating characteristic (ROC) curve was used to evaluate the prediction efficiency.
Results The incidence of occult abdominal metastatic disease was 8.42% (83/986) in the pancreatic ductal adenocarcinoma
patients (593 [ 60.14% ] males and 393 [39.86% ] females). The average age of the patients was (62.40%9.43) years old. The
results of univariate analysis showed that occult abdominal metastatic disease was associated with abdominal pain, duration of
abdominal pain, total bilirubin, prealbumin, alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase, lactate
dehydrogenase, carcinoembryonic antigen, a-fetoprotein, carbohydrate antigen (CA)125, CA19-9, CA724, ascites, tumor
size, tumor site, breakthrough of capsule, the invasion of surrounding organs, the degree of invasion of celiac trunk, superior
mesenteric artery, splenic artery and splenic vein, suspected metastasis in the No. 9, No. 13, No. 14 and No. 17 lymph nodes,
suspected metastasis of retroperitoneal lymph nodes, suspected metastatic tumor and the sites in the liver, abdominal lesions

of unknown nature, and history of abdominal surgery (all #<<0.05). Multivariate analysis showed that age, ascites, short
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cross-sectional diameter of tumor, the invasion of surrounding organs, the degree of invasion of superior mesenteric artery,

suspected metastasis in the No. 13 lymph nodes, suspected liver metastases, uncertain lesions in abdominal cavity and history

of abdominal surgery were independent predictors of occult abdominal metastatic disease. Based on the above independent

predictors, a nomogram prediction model has been constructed, and the area under the ROC curve was 0.783 (P=0.001).

The optimal risk score, sensitivity and specificity of the model were 77.68, 0.650 and 0.787, respectively. Conclusion The

nomogram prediction model can help to improve the preoperative diagnosis rate of occult abdominal metastatic disease of

pancreatic ductal adenocarcinoma.

[ Key words | pancreatic neoplasms; pancreatic ductal adenocarcinoma; occult metastasis; abdominal metastasis;

nomogram,; prediction model
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Tab 1 Univariate analysis of baseline data of pancreatic ductal adenocarcinoma patients in occult abdominal

metastatic and non-metastatic groups

All patients Non-metastatic group Metastatic group

Index N=0924 N—g44 N=80 P value
Agelyear, M (Q,, Op) 63.00 (56.00, 70.00) 63.00 (55.00, 69.00) 64.50 (57.50, 70.00) 0.097
Male, n (%) 556 (60.17) 502 (59.48) 54 (67.50) 0.161
BMI/(kg*m ), M (Q;, Q) 22.72 (20.76, 24.57) 22.72 (20.82, 24.57) 22.68 (20.52, 24.62) 0.558
AP, n (%) 507 (54.87) 452 (53.55) 55 (68.75) 0.008
Duration of AP/month, M (Q;, Q) 0.50 (0.00, 2.00) 0.40 (0.00, 2.00) 1.00 (0.00, 3.00) 0.005
Duration of LBS/month, M (Q,, Q) 0.00 (0.00, 0.23) 0.00 (0.00, 0.00) 0.00 (0.00, 1.15) 0.058
DM, n (%) 263 (28.46) 241 (28.55) 22 (27.50) 0.842
New DM within 2 years or blood glucose 115 (12.45) 103 (12.20) 12 (15.00) 0.469
instability, 7 (%)
Smoking index", M (Q,, Oy) 0.00 (0.00, 300.00) 0.00 (0.00, 300.00) 0.00 (0.00, 130.00) 0.514
Drinking, 7 (%) 129 (13.96) 118 (13.98) 11 (13.75) 0.955
Alcohol consumption®/g, M (O, Q) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.915
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All patients Non-metastatic group Metastatic group
Index N=924 N=844 N=80 P value

Weight loss‘/kg, M (O,, Oy) 0.00 (0.00, 5.00) 0.00 (0.00, 5.00) 0.50 (0.00, 5.00) 0.857
Monthly weight loss/(kgemonth ™ '), M (Q,, Q,)  0.00 (0.00, 2.84) 0.00 (0.00, 3.00) 0.17 (0.00, 1.83) 0.348
White blood cell/(L™", X 10%), M (Q,, Q) 5.55(4.49, 6.75) 5.57 (4.49, 6.76) 5.28 (4.49, 6.66) 0.621
Lymphocyte/(L ™", X 10%), M (Q,, Oy) 1.34 (1.01, 1.70) 1.35(1.01, 1.72) 1.24 (0.96, 1.54) 0.125
Neutrophil (L', X 10%), M (Q,, Q) 3.47 (2.68, 4.43) 3.47 (2.68, 4.42) 3.49 (2.69, 4.45) 0.953
Red blood cell/(L™", X10"%), M (Q,, Q) 4.20 (3.83, 4.58) 4.20 (3.83,4.58) 4.26 (3.86, 4.69) 0.435
Hemoglobin/(geL "), M (Q,, Ov) 129.00 (119.00, 141.00) 129.00 (119.00, 141.00) 130.00 (118.00, 142.00)  0.814
Platelet/(L ™", X 10%), M (Q,, Ov) 193.00 (148.00, 240.00) 195.00 (150.00, 240.00) 178.50 (136.50,236.50)  0.118
TBil/(umolsL "), M (Q,, Q) 15.25 (10.60, 89.60) 15.40 (10.65, 97.30) 14.25(9.75, 20.65) 0.048
Albumin/(geL "), M (O, Op) 41.00 (38.00, 44.00) 41.00 (38.00, 44.00) 40.00 (38.00, 43.00) 0.067
Prealbumin/(mgeL "), M (Q,, O,) 201.00 (163.50,239.00) 202.50 (165.00,240.00) 192.50 (147.50, 227.50)  0.035
ALT/(UsL ™", M (Q,, Ov) 28.00 (16.00, 112.50) 29.00 (17.00, 120.00)  22.00 (15.00, 58.50) 0.015
AST/(UL™"), M (O, Op) 23.00 (16.00, 73.00) 23.00 (16.00, 75.50) 19.00 (15.00, 42.00) 0.006
ALP/(UsL™"), M (O,, Oy) 126.00 (89.00, 375.50)  130.00 (89.00, 390.50) 105.00 (77.00, 156.00) 0.011
GGT/(UsL™ "), M (O, Oy) 42.00 (20.00, 455.00)  43.00 (20.00, 470.50)  33.50(19.50, 132.50) 0.085
LDH/(U-L™ "), M (Q,, Qv) 180.00 (160.00, 213.00) 181.00 (161.00, 215.00) 173.50 (150.00,202.00)  0.016
CEA/(ngsL™ "), M (Q,, Q) 3.40 (2.33, 5.60) 3.39(2.29, 5.41) 3.71 (2.43,7.57) 0.043
a-fetoprotein/(ngemL "), M (Q,, Q) 2.64 (1.94, 3.58) 2.61(1.91, 3.57) 2.91(2.32,3.85) 0.043
CA125/(UsmL" "), M (Q,, O,) 16.30 (10.70, 27.60) 15.90 (10.40, 26.35) 23.80 (14.60, 68.40)  <<0.001
CA19-9/(UsL™ "), M (Q,, Q) 198.64 (38.76, 1 125.46) 184.85 (37.56, 1 052.04) 413.97 (89.17, 1 200.00)  0.016
CAT24/(UsL™ "), M (Q,, Ov) 1.91 (1.23,4.25) 1.80 (1.21,4.12) 3.26 (1.67,5.63) 0.001
Ascites, 1 (%) 19 (2.06) 11 (1.30) 8 (10.00) <0.001
Maximum diameter/cm, M (Q;, Oy) 2.70 (2.10, 3.40) 2.60 (2.00, 3.30) 3.30 (2.65, 4.40) <0.001
Minimum diameter/cm, M (O, Op) 2.10 (1.60, 2.60) 2.10 (1.60, 2.60) 2.50 (2.15, 3.35) <<0.001
Product of diameters*/cm’, M (Q,, Q) 5.71 (3.59, 8.94) 5.46 (3.42, 8.61) 8.16 (5.85, 14.61) <0.001
Location of tumor on pancreas, 7 (%) 0.004

Uncinate process 133 (14.39) 124 (14.69) 9(11.25)

Head 409 (44.26) 383 (45.38) 26 (32.50)

Neck 27 (2.92) 26 (3.08) 1(1.25)

Body/tail 355 (38.42) 311 (36.85) 44 (55.00)
Breakthrough of pancreatic capsule, 7 (%) 402 (43.51) 347 (41.11) 55 (68.75) <<0.001
Common bile duct dilatation, n (%) 373 (40.37) 348 (41.23) 25 (31.25) 0.082
Invasion of surrounding organs, 7 (%) 77 (8.33) 58 (6.87) 19 (23.75) <<0.001
Number of major vessels invaded, 7 (%) 0.003

0 345 (37.34) 328 (38.86) 17 (21.25)

1 227 (24.57) 211 (25.00) 16 (20.00)

2 225 (24.35) 200 (23.70) 25 (31.25)

3 60 (6.49) 50 (5.92) 10 (12.50)

4 27 (2.92) 23 (2.73) 4 (5.00)

5 27(2.92) 22 (2.61) 5(6.25)

6 9(0.97) 7(0.83) 2 (2.50)

7 4(0.43) 3(0.36) 1(1.25)
Number of major arteries invaded, 7 (%) <<0.001

0 571 (61.80) 545 (64.57) 26 (32.50)

1 243 (26.30) 208 (24.64) 35 (43.75)

2 56 (6.06) 47 (5.57) 9(11.25)

3 36 (3.90) 30 (3.55) 6 (7.50)

4 17 (1.84) 13 (1.54) 4 (5.00)

5 1(0.11) 1(0.12) 0
Number of major veins invaded, 7 (%) 0.170

0 406 (43.94) 379 (44.91) 27 (33.75)

1 419 (45.35) 379 (44.91) 40 (50.00)

2 78 (8.44) 68 (8.06) 10 (12.50)

3 21 (2.27) 18 (2.13) 3 (3.75)
Degree of invasion of celiac trunk, 7 (%) 0.013

>180° 72 (7.79) 60 (7.11) 12 (15.00)

<180° 16 (1.73) 13 (1.54) 3(3.75)

Not invaded 836 (90.48) 771 (91.35) 65 (81.25)
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All patients Non-metastatic group Metastatic group
Index N=924 N=844 N=80 P value

Degree of invasion of CHA, n (%) 0.069

>180° 68 (7.36) 57 (6.75) 11 (13.75)

<180° 17 (1.84) 16 (1.90) 1(1.25)

Not invaded 839 (90.80) 771 (91.35) 68 (85.00)
Degree of invasion of SMA, n (%) <<0.001

>180° 57 (6.17) 43 (5.09) 14 (17.50)

<180° 38 (4.11) 33 (3.91) 5(6.25)

Not invaded 829 (89.72) 768 (91.00) 61 (76.25)
Degree of invasion of SPA, n (%) <<0.001

>180° 195 (21.10) 161 (19.08) 34 (42.50)

<180° 50 (5.41) 46 (5.45) 4 (5.00)

Not invaded 679 (73.48) 637 (75.47) 42 (52.50)
Degree of invasion of PDA, n (%) 0.490

>180° 5(0.54) 5(0.59) 0

<180° 0 0 0

Not invaded 919 (99.46) 839 (99.41) 80 (100.00)
Degree of invasion of SMV, n (%) 0.418

>180° 109 (11.80) 96 (11.37) 13 (16.25)

<180° 119 (12.88) 110 (13.03) 9 (11.25)

Not invaded 696 (75.32) 638 (75.59) 58 (72.50)
Degree of invasion of portal vein, 7 (%) 0.583

>180° 80 (8.66) 73 (8.65) 7 (8.75)

<180° 74 (8.01) 70 (8.29) 4 (5.00)

Not invaded 770 (83.33) 701 (83.06) 69 (86.25)
Degree of invasion of SPV, n (%) <0.001

>180° 208 (22.51) 173 (20.50) 35(43.75)

<180° 55(5.95) 53 (6.28) 2 (2.50)

Not invaded 661 (71.54) 618 (73.22) 43 (53.75)
Degree of invasion of GDA, n (%) 0.401

>180° 10 (1.08) 8 (0.95) 2 (2.50)

<180° 2(0.22) 2(0.24) 0

Not invaded 912 (98.70) 834 (98.82) 78 (97.50)
SM in No. 8 lymph nodes, 7 (%) 82 (8.87) 74 (8.77) 8 (10.00) 0.711
SM in No. 9 lymph nodes, 7 (%) 86 (9.31) 70 (8.29) 16 (20.00) 0.001
SM in No. 13 lymph nodes, 1 (%) 163 (17.64) 136 (16.11) 27 (33.75) <0.001
SM in No. 14 lymph nodes, 1 (%) 59 (6.39) 47 (5.57) 12 (15.00) 0.001
SM in No. 16 lymph nodes, 7 (%) 253 (27.38) 230 (27.25) 23 (28.75) 0.774
SM in No. 17 lymph nodes, 7 (%) 218 (23.59) 188 (22.27) 30 (37.50) 0.002
SM in lesser omentum lymph nodes, 7 (%) 17 (1.84) 13 (1.54) 4 (5.00) 0.078
SM in retroperitoneal lymph nodes, 7 (%) 29 (3.14) 22 (2.61) 7 (8.75) 0.007
SM in liver, n (%) 31(3.35) 21(2.49) 10 (12.50) <0.001
Location of SM in liver, 7 (%) 0.001

Right lobe 16 (1.73) 12 (1.42) 4 (5.00)

Left lobe 11 (1.19) 7 (0.83) 4 (5.00)

Multiple 4(0.43) 2 (0.24) 2 (2.50)

No SM 893 (96.65) 823 (97.51) 70 (87.50)
Abdominal lesions of unknown nature, n (%) 37 (4.00) 22 (2.61) 15 (18.75) <<0.001
History of pancreatitis, 7 (%) 72 (7.79) 69 (8.18) 3(3.75) 0.158
History of abdominal surgery, 7 (%) 264 (28.57) 250 (29.62) 14 (17.50) 0.022
History of systemic diseases, 7 (%) 96 (10.39) 88 (10.43) 8 (10.00) 0.905
History of neoadjuvant chemotherapy, 7 (%) 105 (11.36) 96 (11.37) 9 (11.25) 0.973
History of radiochemotherapy, 7 (%) 12 (1.30) 10 (1.18) 2 (2.50) 0.634

* The average number of cigarettes smoked per day multiplied by years smoked; *: The grams of alcohol consumed per day

multiplied by years consumed; : The weight loss from onset to admission; % The value was calculated as the maximum diameter

multiplied by the minimum diameter. BMI: Body mass index; AP: Abdominal pain; LBS: Low back soreness; DM: Diabetes mellitus;

TBil: Total bilirubin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; GGT: y-glutamyl

transpeptidase; LDH: Lactate dehydrogenase; CEA: Carcinoembryonic antigen; CA: Carbohydrate antigen; CHA: Common hepatic

artery; SMA: Superior mesenteric artery; SPA: Splenic artery; PDA: Pancreaticoduodenal artery; SMV: Superior mesenteric vein;

SPV: Splenic vein; GDA: Gastroduodenal artery; SM: Suspected metastasis; M (Q,, O,): Median (lower quartile, upper quartile).
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Tab 2 Multivariate binary logistic regression analysis of influencing factors of occult abdominal metastasis of

pancreatic ductal adenocarcinoma patients

Variable b OR (95% CI) P value C index

Age 0.029 6 1.030 (1.001, 1.060) 0.046 0.783
Ascites 2.0639 7.876 (2.727, 22.750) <0.001
Minimum diameter of tumor 0.5375 1.712 (1.295,2.263) <<0.001
Invasion of surrounding organs 1.150 2 3.159 (1.604, 6.221) <<0.001
Degree of invasion of SMA

Not invaded Reference

>180° 1.029 8 2.800 (1.301, 6.027) 0.009

<180° 0.579 0 1.784 (0.589, 5.404) 0.306
SM in No. 13 lymph nodes 0.8713 2.390 (1.360, 4.202) 0.003
SM in liver 1.2357 3.441 (1.163, 10.183) 0.023
Abdominal lesions of unknown nature 1.673 0 5.328 (2.211, 12.836) <<0.001
History of abdominal surgery —0.680 6 0.506 (0.262, 0.977) 0.043

SMA: Superior mesenteric artery; SM: Suspected metastasis; b: Regression coefficient; OR: Odds ratio; CI: Confidence interval;

C index: Concordance index.
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Fig1 Nomogram prediction model for occult abdominal metastasis of pancreatic ductal adenocarcinoma

SMA: Superior mesenteric artery; SM: Suspected metastasis.
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Fig2 Calibration curve of nomogram prediction model
for occult abdominal metastasis of pancreatic ductal

adenocarcinoma

—— Nomogram prediction model (AUC=0.783, 95% CI 0.726-0.840, P<<0.001)

—— Abdominal lesions of unknown nature (AUC=0.581, 95% CI 0.537-0.624, P<<0.001)

—— SMin liver (AUC=0.550, 95% C70.513-0.587, P<<0.001)

—— SM in No. 13 lymph nodes (AUC=0.588, 95% C7 0.535-0.642, P<<0.001)

—— Degree of invasion of SMA (not invaded) (AUC=0.574, 95% CI 0.526-0.622, P<<0.001)
Degree of invasion of SMA (<180°) (AUC=0.512, 95% CI 0.484-0.539, P=0.157)

—— Degree of invasion of SMA (>180°) (AUC=0.562, 95% CI 0.519-0.605, P<<0.001)

—— Invasion of surrounding organs (AUC=0.584, 95% CI 0.537-0.632, P<<0.001)

—— Ascites (AUC=0.543, 95% C70.510-0.577, P<<0.001)

— Age (AUC=0.556, 95% CI 0.495-0.617, P=0.048)

— History of abdominal surgery (AUC=0.561, 95% CI 0.516-0.605, P=0.011)

~—— Minimum diameter of tumor (AUC=0.679, 95% CI 0.617-0.741, P<<0.001)

B3 FRZMNERSERERRREREBE ROC ML

Fig3 ROC curves of various factors for prediction of occult abdominal metastasis of pancreatic ductal adenocarcinoma

ROC: Receiver operating characteristic; SM: Suspected metastasis; SMA: Superior mesenteric artery; AUC: Area under curve; CI:

Confidence interval.
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