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[ Abstract ] Objective: To develop a cross-scale risk assessment framework for pancreatic adenosquamous carcinoma (PASC). At
the postoperative pathology level, a squamous phenotype pathology index (SPPI) was constructed from whole slide images (WSIs)
and its prognostic stratification value was evaluated. At the preoperative imaging level, the ability of contrast-enhanced computed
tomography (CT) to noninvasively predict SPPI-defined high versus low risk was investigated. Methods: A total of 158 patients
with surgically resected, pathologically confirmed PASC were retrospectively enrolled from The First Affiliated Hospital of Naval
Medical University between June 2014 and June 2024. The cohort was split chronologically into a training set (June 2014 to June
2021, n=102) and a validation set (July 2021 to June 2024, n=56). In the digital pathology stage, 100 representative WSIs were
randomly sampled from the training set; pathologists annotated squamous and adenocarcinoma regions pixel by pixel with
immunohistochemical guidance, yielding approximately 10 000 patches (256x256 pixels) that were used to train a DeepLab-v3+
segmentation model. Five patient-level histological phenotype categories—component proportion (C), dispersion/fragmentation (D),
boundary complexity (B), spatial interface relationship (S), and tumor burden (V)—were extracted from the segmentation output,
standardized, and fed into a Ridge-penalized Cox model to produce the continuous risk index SPPI; the training-set median served as
the stratification threshold. In the preoperative imaging stage, 129 of the 158 patients who had undergone contrast-enhanced CT
before surgery (training 85, validation 44) formed an imaging subcohort. Portal-phase images were segmented with nnMamba and
registered to the remaining phases; 213 candidate radiomic features were extracted from intratumoral and peritumoral regions of
interest, subjected to least absolute shrinkage and selection operator (LASSO) selection, and combined with maximum tumor
diameter in a logistic model targeting the frozen SPPI risk labels. Results: Each one-standard-deviation increase in SPPI was
associated with a 60.9% rise in the hazard of death in the training set (HR 1.609, 95% CI 1.294 - 2.002) and a 90.3% rise in the
validation set (HR 1.903, 95% CI 1.381 - 2.622), with corresponding C-indexes of 0.632 and 0.709. After threshold-based
stratification, median overall survival (OS) in the high-risk group was below 10 months in both cohorts (9.53 and 8.68 months),
whereas the low-risk group reached 18.77 and 34.21 months, respectively. On the imaging side, LASSO retained five features, and
the combined model achieved area under curves (AUCs) of 0.831 and 0.865 in the training and validation sets. The model-predicted
risk groups likewise showed significant survival separation (both P<0.01) and remained independently prognostic after multivariable
Cox adjustment. Conclusion: By integrating multidimensional spatial information on the squamous component, SPPI outperformed
the conventional single-proportion metric for prognostic stratification of PASC. The contrast-enhanced CT-based combined model
provided reasonably reliable preoperative discrimination of SPPI risk categories, offering preliminary support for a two-stage
"imaging-pathology-prognosis" risk assessment paradigm.

[ Key words | Pancreatic adenosquamous carcinoma; Digital pathology; Whole slide image; Computed tomography; Radiomics; Prognosis
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Fig.1 Flow diagram of patient inclusion and exclusion
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AR EE SAVRFIE . 1K) ResNet1 8 TR EEFFAE 1 301,
FEIR AL GE KA TR 2357, Bl Fik 30 A 4iE 3R 309 4%
VA SRRHE (22) . #24 H LASSO R2EUINACK
F1E[ A Rad-score,

F2 ARgGsE CTHREENIAFFE
Tab.2 Selected features of the preoperative contrast-enhanced CT model

75 FHEA TR A FEAE AR LASSO 2%
1 resnetl8 367 I Ik 2.5D ResNet18 VR4 -0.3743
2 big_model_feature816_ FEIR Y] 2.5D W KA REAIE -0.307 5
3 3cluster_original_firstorder Energy h2 Bk 3ABERIE 0.251 4
4 big_model_feature574 HEIR 2.5D L RAEAYRHAE -0.170 7
5 3cluster_original shape Elongation h3 FER I 3 A IR 0.166 6

FHONIE PR E MR, SPPI R KBS HE R R ; RBON T E/RHIR . Rad-score=Bo—0.374 3xresnet18_367 —0.307 5xbig_model feature816
+0.251 4x3cluster_original_firstorder Energy h2-0.170 7xbig_model feature574 +0.166 6x3cluster_original shape Elongation h3.

PR 2K logistic MIH /R, 12 MG IR 154
R B K AR SPPT i Ik XU i 2 O BBk
(OR 1.463, 95% CI 1.045~2.047, P=0.027, %
3), &% H 5 Rad-score Bk & ¥4 #Ht fr £ i
LRI

Rad-score 5 B JE I | R 41 BLLR TN GE ),

HAE Y SR AE R UELE ) AUC 4390 4 0.817 (95%
CI 0.724~0.897) #10.859 (95% CI 0.721~0.963)
M| AR KRG, A RIAE 2 4~ B i
O M RE A B T WS, AUC 4 B =
0.831 (95% CI 0.733~0.909) #10.865 (95% CI
0.735~0.959), HULFE4FE 2.
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Tab.3 Univariate logistic regression analysis based on the

training cohort

i OR (95% CI) P

AR 1.012 (0.964~1.061) 0.631
PRI (Lt vs ) 0.464 (0.192~1.124) 0.089
BMI 1.093 (0.954~1.252) 0.201
g s (K2 vs k) 0.789 (0.336~1.850) 0.585
i e e KAz 1.463 (1.045~2.047) 0.027
JE N5k 1.075 (0.065~17.768) 0.960
T N8 1.236 (0.496~3.085) 0.649
gL 1.846 (0.780~4.367) 0.163
[k 0.543 (0.227~1.301) 0.171
JIERSRES /A 1.100 (0.417~2.905) 0.847
N SELH PN 1.237 (0.511~2.997) 0.637
5 s e fl>180° 0.715 (0.304~1.680) 0.441

A BRI e KA P<0.05, AN ARSI,

2.4 BAEEBRMIFEMERIE

HEBR IR PRI 24 R 2 052, A58 R 25
£ IR AT TR R Z R Cox L
B [ A . TEZ R REARI, SRR R
B 4 A9 I PR TR 2% R 2R S B0 T 2 3 [] 494
ANGrHre G5REoR, BME7EIREE 1 i i KA
RN R ERILFERA GO E W
I PRI A 2R I, A0 73 20 7 3 8 g v
ﬂ%ﬁ%ﬁ%é’ﬁﬁ}:&*&ﬁ (K3).

o YINZRAE R AR ) v JXURS: 2L 1% HR Sy

1.676 (95% CI 1.003~2.799, P=0.048 5); HiF
FEHR }2.994 (95% CI 1.200~7.470, P=0.018 8).

GERPR, FET AR SRR Y
A5 A AR T - 2H AN B A BT 1 U 43 2 g
J3, T ELAEA [R1ECHE AR v X5 SR 30 H AR R 10l
SEPUSPERE B E . SRR BRI 4 5.

%4 Rad-Score =B 5ELSHEANSHTRLAEXTLE

Tab.4 Diagnostic performance comparison between the Rad-Score model and the combined model
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AUC (95% CI)
R

iS5
PHETONME
I3 Tt
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0.756 (31/41)
0.727 (32/44)
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0.812 (13/16)
0.720 (18/25)
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0.756 (31/41)
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Fig.2 ROC curves of the combined model
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Fig.3 Kaplan-Meier survival curves stratified by the combined model
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Fig.4 Representative preoperative contrast-enhanced CT and imaging habitat features of an SPPI low-risk case
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Fig.5 Representative preoperative contrast-enhanced CT and imaging habitat features of an SPPI high-risk case
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