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[ Abstract ] Objective To develop an abdominal computed tomography (CT)-based adjunctive diagnostic tool for
small pancreatic cancer (maximal tumor diameter<<2 cm). Methods The imaging data of 206 patients with small pancreatic
cancer confirmed by pathology and 268 normal controls without known pancreatic diseases who were admitted to The First
Affiliated Hospital of Naval Medical University (Second Military Medical University) were retrospectively analyzed. The
patients were assigned to training set and validation set in chronological order: 143 patients with small pancreatic cancer
and 188 normal controls admitted from Jan. 2014 to Dec. 2019 were assigned to the training set; and 63 patients with small
pancreatic cancer and 80 normal controls admitted from Jan. 2020 to Dec. 2021 were assigned to the validation set. The whole
pancreas was automatically delineated on the abdominal CT images by 2 imaging physicians using the nnU-Net automatic
segmentation model to extract radiomics features. Variance analysis, Spearman correlation analysis and receiver operating
characteristic (ROC) curve were applied to select features. The diagnostic performance of extreme gradient boosting (XGBoost)
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prediction model was evaluated by ROC curve, and the clinical applicability of XGBoost prediction model was evaluated by

decision curve analysis (DCA). Results The tumor size of 206 patients with small pancreatic cancer was (1.69+0.77) cm.

The area under curve (AUC), sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV)
of the XGBoost prediction model in the training set were 0.99, 0.92, 0.97, 0.91 and 0.98, respectively. The AUC, sensitivity,
specificity, PPV and NPV of the XGBoost prediction model in the validation set were 0.99, 0.94, 0.96, 0.93 and 0.97,
respectively. DCA analysis showed that patients could benefit from this model. Conclusion The XGBoost prediction

model based on radiomics analysis of abdominal CT images can accurately differentiate small pancreatic cancer from normal

pancreas. It is expected to be an auxiliary tool for screening small pancreatic cancer.

[ Key words | pancreatic neoplasms; small pancreatic cancer; extreme gradient boosting; radiomics; computed

tomography; abdomen; self-configuring method

Jie Ji e A R R BE AR R, 5 AR BVAR AR A AR
10%" R BUR S RN EIHIE, /M
i (FRRAE<2 em W ) PURENLSF, i
KN 2 om I, BRI R R T O B AR 2
TE BT A K Y B g v /N B o B 3%~
18% 4 0 Jei | WEBGIZINTN R B I ARIATT Y
Plez, Al dEs BRIE B PR, (HifEs ., &
ApAGE /IR IR L IR E . 155, R B0 INERII R
SRR Z G RAEAR S A R . 1 T S AR S e
PR H R AR I L, K, AR A
32 PR CT R 5 A A JEAT BRI 0 A AN ISP, 2
RO BT IR S i, BRI TR
FECT Koy, /NP IS AR E, 2000 40%°,

AR AR . P TT EEA#3K
MR, ACER BB TIRER I A2 Wi
SRS W . WU BN TP SO B/ IR Y
#7 LB RGBT CT EUR 2 s IR . ik
SRR R AN R e B DR AN 2 Ak T
5k CT Kz AL A NRE, sIr g AR iR R R AN 2
Wiz, /NP A Im R EABR . PR, 2
SR BT ARSI T BOR B /NP A AR R o A
WFFEMRIT L T IR CT PR RAR 4 F T
HERARG H /MBI

1 FRFTTE

1.1 A% TEEEFEERY (B FEERY)
MR ERW S ILR G R. I 2014 4F
1 H %2021 4F 12 A 2T R0 FUESE Y /)8 e i 28
HRORE, 3297 ], HEBRARME: (1) ARHET 14
WARITIRIR Z 22 0E CTR AR R E (124]) ;
(2) JRE SIS LM ARG BHE (84]) ;
(3) ARHETH 32 2H i G yr & (20 41)

[ Acad J Naval Med Univ, 2022, 43(10): 1163-1169 ]

(4) FF g B 48 P9 3L 3K DR 266 W i e 1) i o
(24) 5 (5) BURH I E (49 ) o R
206 11l /N g 8 AN ABIFSR .

TR E R (B FERE) E—HEE
B SR 5 A% R G e R IR I 5 1Bk
R (1) KAEEfEh 2014 4F 1 H % 2021 4
12 75 (2) Wi H b LIEACTH . AR
CT -3+ 3 5 9 8 Fn g B 20y Bk CT 34 38 3 5
(3) MELLHARIHBSTH; (4) Fil>40 %,
KRS 2 194 45ic 5. 2 244 10 4E DL L E
T SIS W 2 56 ) 32 3 2 U BT DA R AL
et sk G, A R W e, HERR A
171 A R VAR VA 2 e AN Y e o s A A P B
B T (3 BE AT 1 B . B AN A TR AE
268 14,

VGBI TE T G 42 WsF [T o3 LI 2546 (2014 4F:
112 2019 4 12 A Wia B9 143 51 /0 15 g g i 3
A1 188 i AR 1E 5 & ) RN IESE (2020 4F 1 H &
2021 4 12 A UIA Y 63 1511/ R £ 5 Fn 80 il fik
BRIEH ) o

AW R R (5 B RS ) 5
— [ EE B (e B2 L AL
12 CT# & % & >k J] 640 JZ CT (Aquilion
ONE, fEfg BEJ7, &R ul, HA) FI256)2CT
[Brilliance iCT, [ CHNHEEST REE( 5eflFk=2)
OcE I ATIR RS, PSR 120 kv,
VT 150 mA, HEE 100X0.5 mm, i 350X 350,
WE 5 ] 0.5 5o S 41 45 o 5 dE 4T sh A B e
i, 3 52 R O B e T A (AR 4 2 370,
7 ] 5 - 5 R A 252 /] ) 90~95 mL (5 il
355 mg/mL) , HEHFEEF 5.5 mL/s. 3 4G 58 55 5
o sl Bk W1 (20~25s) . 1] #E Bk I (60~70s)



PR UE:! N QU A NV BE A e NS S NI

e 1165 -

FAFER B (110~130s) , HEHZEHA T 98 mL
AR K e, HHZIE N 0.8 mm, JZE A FE
1.0 mm, 45 B O AR T3 2R

1.3 #RUFHHRAR

13.1 JEBR B g%l BEHIEE CT s E1E
AT AR A . B LUZEIE R 3 mm #9741
PG AE R T e v, i 3D A8 e vk i v 14
BN BRI R AR TR . FOREE . M
B FAMES, ASHFSE R H] nnU-Net ' %o} [ g 4t
1A SharH], WP, AR YRR B R A K
G AT TR T R BUSR B K BE b i A T I — 5 R
R AR T B AT A, Al M F R A T
A, U2k ER R LA 10 207 (B BB R o, D]
Y5 3 TR R R 25 ] 3D U-Net #5150, 27 3] 46 80 i
FH Poly % > 25, 452Kk pRET F Dice F128 A,
DA (it A= 1 Bl E v AN BEAILRS B R Bk, R0
H9 2, I FEAEE 1000 MEFR, B EHR S
250 /L. BEALIESE 50 51 (25 /N AR
BF R 25 BRI IE R ) M 2 AR ESR ER
[ i ] A B v P50 TR AR iR A T - sh ) i, A2
I EE RAE R e bnifl . B AR 25 R 5 R i)
I (1) 25 S HEAT X, 154 Dice R4k, I i
R, (H AR F 3h - FIBLRLY) Dice RE(>0.8, Ja4k
TR O JERRR 3 B X5 A 2o BRI SE

132 #EGHFE Y B A FEHM  (# Python 3.8
SR BUCAR AL AE, SRBU SR AL 2 R E AL 4G
—Brgeita, JTBREHE . KB SEASERERAE . KBy
MAFAERERAE . T IFRERERERRIE . B R/ X I
JE B AR SR By 25 B RRAE 7 20, AR5
1R 2 AE 849 > B S HI T 220 #1. Spearman

1.3.3 T AL AY By A 2 A0 F il SRR v A R R
Ft (extreme gradient boosting, XGBoost ) 732E%%,
Il I R 3.3.3 2% {F 19 XGBoost fi, # 17 XGBoost il
BRI R . BAARSEREN T Sk
100, 22 2) 3%k 0.3, MY S ARSE o R I A
IR BRECT BRI 5, BRI B R TR E R 6.
XGBoost FEf K BRECE A T IE NI, E45 il il
() 52 2% BE () [ s 7 1k A A sk 4045 . 2237l XGBoost
T ALY () ROC #h £k, 115 AUC 18 L PE#
BRI 2 WcRE . SR TP 253 Hrik (decision
curve analysis, DCA ) P ffi 1 I 455 Y (1% 1if5 JK N
FHE

1.4 it N SPSS 22 AT 42
e SRIER AT R BOR DL X s £OoR, RH
(R HEAT FORS THECTE R LR A 73 BEROR,
K BT A . KK IE (a) A 0.05,

2 # R

2.1 FFRAFEGIE R ARSI ISR K IE
£E TR /IN IR AR 2 IR R IE R 3 N T 24 R AE AL
2 1o YIZREEFRIESE /MR £ 5 R A E &
H AR BMI 22 R E5 4 L(PH>0.05);
YIZRAE /IR AR FECE 1 5 M o b TR E o
(P=0.03) , YSiik4E /)N B i A8 5 R IR i 1
FYERNZE TG F L (P=0.44) . 206 i/
Wgss i KA R (1.6940.77 ) em, HhillZgE /N
[ IR ) e KAl (1.6140.34) em, BuFAE /N
NRIE R RN (1.8141.32) cm. AR SE FRAE
BX57Z: 514> ( American Joint Committee on Cancer,

AJCC) JH I 4> 1565 8 W™, 206 il /)N I Bt 34

R HEBR AL 22 S gt B XE S REIS P Tib 8] 5 49, Tic 8] 201 4, NO, N1, N2 1]
FHICHERYRHE, SRJG/r BIZEHI AN A FRE I ROC 43 5l A 1220 67 #1117 i, M1 3 2 #i); TA M
ik, LA AUC AR T A bR e, 2 AUC(E HE (TINOMO) 121 f4il,
TEHT 8 1 AZH 2R IE ST S AR
F 1 JIGEMBIEEBEENAOFHE
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D hic characteristi Training set Validation set
CMOBIAPHIC ChATACIETSUC  ""SpCN=143  NPN=188 _ Pvalue __ SPC N=63 NPN=80 P value
Agelyear, x s 61.23£9.80 59.45+8.23 0.52 63.601+8.28 61.41+7.51 0.64
Gender, 1 (%) 0.03 0.44
Male 80 (55.9) 83 (44.1) 34 (54.0) 38 (47.5)
Female 63 (44.1) 105 (55.9) 29 (46.0) 42 (52.5)
BMI/(kg*m °), x+s 19.544+3.41 21.2442.17 0.78 20.8242.63 21.3243.58 0.91

SPC: Small pancreatic cancer; NP: Normal pancreas; BMI: Body mass index.
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X+ s;z. NP: Normal pancreas; SPC: Small pancreatic cancer.
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Fig4 XGBoost prediction model accurately identifying small pancreatic cancer

Male, 45-year-old. A: Axial non-enhanced computed tomography (CT) image showed that no obvious abnormality was observed in the

head of pancreas; B: Axial contrast-enhanced CT arterial phase image demonstrated a hypoattenuation mass located at the pancreatic head;

C: The 3D volume of the whole pancreas was automatically segmented from the non-enhanced CT images by nnU-Net; D: According to

the XGBoost model, the patient had a 94.72% probability of small pancreatic cancer. XGBoost: Extreme gradient boosting.
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Fig5 Decision curve analysis for XGBoost prediction model
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