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23 Abstract

24  Background: As the most aggressive tumor, the outcome of pancreatic cancer (PACA)
25  has not improved observably over the last decade. Anatomy-based TNM staging does
26  not exactly identify treatment-sensitive patients, and an ideal biomarker is urgently
27  needed for precision medicine.

28  Methods: A total of 1280 patients from 10 multi-center cohorts were enrolled. 10
29  machine-learning algorithms were transformed into 76 combinations, which were
30 performed to construct an artificial intelligence-derived prognostic signature (AIDPS).
31 The predictive performance, multi-omic alterations, immune landscape, and clinical
32 significance of AIDPS were further explored.

33  Results: Based on 10 independent cohorts, we screened 32 consensus prognostic
34  genes via univariate Cox regression. According to the criterion with the largest
35 average C-index in the nine validation sets, we selected the optimal algorithm to
36  construct the AIDPS. After incorporating several vital clinicopathological features and
37 86 published signatures, AIDPS exhibited robust and dramatically superior predictive
38  capability. Moreover, in other prevalent digestive system tumors, the 9-gene AIDPS
39  could still accurately stratify the prognosis. Of note, our AIDPS had important clinical
40 implications for PACA, and patients with low AIDPS owned a dismal prognosis,
41  relatively high frequency of mutations and copy number alterations, and denser
42 immune cell infiltrates as well as were more sensitive to immunotherapy.
43  Correspondingly, the high AIDPS group possessed dramatically prolonged survival,

44  and panobinostat might be a potential agent for patients with high AIDPS.
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45  Conclusions: The AIDPS could accurately predict the prognosis and immunotherapy
46  efficacy of PACA, which might become an attractive tool to further guide the
47  stratified management and individualized treatment.

48  Funding: This study was supported by the National Natural Science Foundation of
49  China (No. 81870457, 82172944).

50

51  Keywords: Pancreatic cancer; Machine learning; Biomarker; Multi-omic;
52  Immunotherapy

53

54  Introduction

55  As the most aggressive tumor, pancreatic cancer (PACA) has a 5-year survival rate of
56  only 11% and ranks fourth among tumor-related deaths in the United States (Siegel et
57 al., 2022). Due to its insidious clinical manifestations and lack of available early
58  detection and screening tools, 80-85% of PACA patients have progressed or
59  metastasized at the time of detection, and losing the opportunity for surgical resection
60 (Mizrahi et al., 2020). Over the past decade, immunotherapy, especially immune
61  checkpoint inhibitors (ICIs) has made encouraging progress in most solid tumors
62 (Billan et al., 2020). Unfortunately, ICIs have yielded disappointing clinical results in
63 PACA because of the complex composition and highly suppressive immune
64  microenvironment (Bear et al., 2020). In terms of molecularly targeted drugs, PARP
65 inhibitors once shed light on BRCA-mutated PACA patients. However, a recent study

66 confirmed that although the PARP inhibitor Olaparib extended progression-free
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67  survival of patients (3.8 months vs 7.4 months), the overall survival (OS) was not
68  significantly improved (Golan et al., 2019). Reassuringly, the result of a phase Ib
69 multi-center study showed that the CD40 monoclonal antibody APX005M in
70  combination with chemotherapy achieved a 58% response rate in advanced PACA
71 (O'Hara et al., 2021). Thus, in the era of precision medicine, it is very urgent to
72 explore novel individualized management and combination therapy strategies to
73 markedly improve the prognosis of PACA patients.

74 In clinical practice, the decision-making, therapeutic management, and follow-up
75  still rely on the traditional anatomy-based TNM staging system (Katz et al., 2008).
76  Although this provides a relatively trustworthy reference for determining whether
77  patients will undergo surgical resection, the high inter- and intra-tumoral
78  heterogeneity of PACA results in a wide range of outcomes even among patients at
79 the same stage (Liu et al., 2022). With the advancement of high throughput
80 sequencing and evidence-based medicine, molecular biomarkers such as BRCAL/2
81  mutations, NTRK fusion, DNA mismatch repair deficiency(dMMR), and
82  microsatellite instability-high (MSI-H) have been gradually brought into clinical
83  guideline (Wattenberg et al., 2020; Doebele et al., 2020; Le et al., 2017). However,
84  given the relatively low incidence but extremely high mortality of PACA, coupled
85  with the current lack of optimal biomarkers to guide treatment decisions, patients may
86  be over- or under-treated resulting in heavy socioeconomic burden, serious toxic side
87  effects, or rapid disease progression (De Dosso et al., 2021). In response to this

88  problem, numerous multigene panels have been developed to address the wide
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89  heterogeneity of PACA and achieve relatively good performance in certain cohorts
90 (Wang et al., 2022; Tan et al., 2020; Yuan et al., 2021). Considering that these
91  prognostic models were based on the expression files of mRNAs, miRNAs, or
92 IncRNAs in a specific pathway (e.g., immunity, metabolic reprogramming, m6A
93  methylation), data utilization is insufficient (Wang et al., 2022; Tan et al., 2020; Yuan
94 et al., 2021). In addition, due to uniqueness and inappropriateness of selected
95 modelling methods, and the lack of strict validation in large multi-center cohorts,
96  expression-based multigene signatures have great shortcomings thereby limiting their
97  wide application in clinical settings (Yokoyama et al., 2020).

98 To develop an ideal biomarker, based on 32 consensus prognosis genes, we
99  constructed and multi-center validated a 9-gene artificial intelligence-derived
100  prognostic signature (AIDPS) via 76 machine-learning algorithm-combinations. In 10
101  independent cohorts, AIDPS exhibited robust performance in predicting OS,
102  relapse-free survival (RFS), immunotherapy and drug treatment efficacy. After
103  incorporating several vital clinicopathological features and 86 published signatures of
104  PACA, our AIDPS also demonstrated stable and dramatically superior predictive
105  capability. In addition, in other common digestive system tumors such as liver
106  hepatocellular carcinoma (LIHC), stomach adenocarcinoma (STAD), colon
107  adenocarcinoma (COAD) and rectum adenocarcinoma (READ), the AIDPS could still
108  accurately stratify the prognosis. Overall, our study provides an important reference
109 for achieving early diagnosis, prognostic evaluation, stratified management,

110  individualized treatment, and follow-up of PACA in clinical practice.
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111

112 Materials and methods

113  Data acquisition and preprocessing

114 Our workflow is outlined in Figure 1. We collected datasets from The Cancer
115  Genome Atlas (TCGA, http://portal.gdc.cancer.gov/), International Cancer Genome
116  Consortium (ICGC, http://dcc.icge.org/), ArrayExpress
117 (https://www.ebi.ac.uk/arrayexpress/), and Gene Expression Omnibus (GEO,
118  https://www.ncbi.nlm.nih.gov/geo/) public databases according to the following
119  procedure: (1) more than 40 samples with survival information; (2) at least 15,000
120  clearly annotated genes; (3) patients with primary tumors and no other treatments
121 were given before resection. Finally, we enrolled 1280 samples from 10 cohorts,
122 TCGA-PAAD (n =176), ICGC-PACA-AU-Seq (PACA-AU-Seq, n =81),
123 ICGC-PACA-AU-Array  (PACA-AU-Array, n  =267), ICGC-PACA-CA
124  (PACA-CA-Seq, n =182), E-MTAB-6134 (n =288), GSE62452 (n =65), GSE28735 (n
125  =42), GSE78229 (n =49), GSE79668 (n =51), and GSE85916 (n =79). The FPKM
126 data in the TCGA-PAAD was downloaded from UCSC Xena database
127  (https://xenabrowser.net/datapages/) and further converted into log2 (TPM+1) format.
128  The RNA-Seq data of ICGC were downloaded from its portal and converted into log2
129  (TPM+1) format. The normalized exp-Array data from ICGC, ArrayExpress and GEO
130 were generated directly from their portal. Detailed clinical and pathological

131  information of these 10 cohorts is presented in Figure 1-source data 1.
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Figure 1. The workflow of our research.

Source data 1. Details of baseline information in 10 public datasets.
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136  Univariate Cox regression analysis

137  Based on intersection genes, we performed univariate Cox regression analysis in 10
138  cohorts. We selected consensus prognosis genes (CPGs) for the next study according
139  to the following criteria: P <0.05 and all hazard ratios (HRs) consistently >1 or <I in
140  more than 8/10 cohorts.

141

142  Artificial intelligence-derived prognostic signature

143 To construct a consensus prognosis model for PACA, we performed our previous
144  workflow (Liu et al., 2022; Liu et al., 2022). (1) First, we integrated 10 classical
145  combinations algorithms: random forest (RSF), least absolute shrinkage and selection
146  operator (LASSO), gradient boosting machine (GBM), survival support vector
147  machine (Survival-SVM), supervised principal components (SuperPC), ridge
148  regression, partial least squares regression for Cox (plsRcox), CoxBoost, Stepwise
149  Cox, and elastic network (Enet). Among them, RSF, LASSO, CoxBoost and Stepwise
150 Cox have the function of dimensionality reduction and variable screening, and we
151  combined them  with  other algorithms into 76  machine-learning
152  algorithm-combinations. (2) Next, we utilized the PACA-AU-Array with larger
153  sample size in ICGC as the training set, and used these 76 combinations to construct
154  signatures separately in the expression files with 32 CPGs. (3) Finally, in the nine
155  validation sets, we calculated the AIDPS score for each cohort using the signature
156  obtained in the training set. Based on the average C-index of the nine validation sets,

157  we finally picked the best consensus prognosis model for PACA.
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158  Validating the prognostic value of AIDPS in 11 datasets

159  Patients in 10 cohorts and Meta-Cohort were categorized into high and low AIDPS
160  groups according to the median value. The prognostic value of AIDPS was evaluated
161 by Kaplan-Meier curve and multivariate Cox regression analysis. The calibration
162  curve and receiver operator characteristic (ROC) curve were plotted to assess the
163  predictive accuracy of AIDPS.

164

165  Collection and calculation of PACA published signatures

166  With the attention paid to the stratified management and precise treatment of PACA,
167 many prognostic signatures have been constructed, including m6A-related IncRNA
168  signature, metabolic reprogramming-related signature, and SMAD4-driven immune
169  signature, etc. (Wang et al., 2022; Tan et al., 2020; Yuan et al., 2021). To compare
170  the predictive performance of AIDPS and these published signatures, we
171 systematically searched PubMed for published prognostic model articles up to
172 January 1, 2022. Afterwards, we calculated their AIDPS scores in the 11 cohorts
173  based on the genes and coefficients provided by the article, and comprehensively
174  evaluated their prognostic performance in PACA by univariate Cox analysis and
175  C-index.

176

177  Evaluating of clinical significance of AIDPS

178  We compared the differences in several pivotal clinical traits such as age, gender,

179  TNM stage, and grade between the high and low AIDPS groups. In addition, to

9
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180  explore the application value of AIDPS in other prevalent gastrointestinal tumors, we
181  acquired the mRNA expression and survival data of LIHC, STAD, COAD and READ
182  in the same way as TCGA-PAAD, and further performed Kaplan-Meier analysis.

183

184  Gene set enrichment analysis

185  Gene set enrichment analysis (GSEA) was applied to identify specific functional
186  pathways in the high and low AIDPS groups. After differential analysis using the
187 DESeg2 package, all genes were ranked in descending order according to
188  log2FoldChange (log2FC). Next, we identified GO and KEGG enriched pathways by
189  the clusterProfiler package, and further selected the top five pathways in normalized
190  enrichment score (NES) for visualization.

191

192  Genomic alteration landscape

193  To investigate the genomic alteration landscape in the high and low AIDPS groups,
194  we performed a comprehensive analysis of mutation and copy number alteration
195 (CNA) data in the TCGA-PAAD. (1) After obtaining the raw mutation file using the
196  TCGADbiolinks package, we calculated the tumor mutation burden (TMB) of each
197  sample and visualized the top 15 genes through the maftools package; (2) As
198  described in Lu X et al. (Lu et al., 2021), we applied the deconstructSgs package to
199  extract the mutational signatures for each PACA patients, and selected mutational
200 signature 1 (age-related), mutational signature 2 (APOBEC activity-related),

201  mutational signature 3 (BRCAL/2 mutations-related), and mutational signature 6
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202 (dMMR-related) with higher frequency of occurrence in PACA for visualization
203 (Alexandrov et al., 2013); (3) Recurrent amplified or deleted genome regions were
204 decoded and localized through GISTIC 2.0 module in Firebrowse tool
205  (http://firebrowse.org/). We finally selected regions with broad-level CNA
206  frequency >20% and several genes located within chromosomes 8q24.21, 9p21.3, and
207  18q21.2 for display.

208

209 Estimation of methylation-driven events

210  Following the pipeline developed in previous studies (Liu et al., 2021; Liu et al.,
211 2021), we identified methylation driver genes (MDGs) for TCGA-PAAD.
212 Furthermore, we compared the differences in the methylation levels and mRNA
213 expression levels of MDGs in the two groups, and further evaluated the effect of
214 MDGs methylation levels on the prognosis by Kaplan-Meier survival curve.

215

216 Immune molecule expression and tumor microenvironment evaluation

217  The single sample gene set enrichment analysis (ssGSEA) was utilized to
218  comprehensively infer the infiltration abundance of immune and stromal component
219  in the high and low AIDPS groups (Wang et al., 2022; Liu et al., 2021). In addition,
220 we recruited 27 immune checkpoint molecules (ICMs) from our previous study
221  including B7-CD28 family, TNF superfamily, etc., and measured their expression
222 levels between the two groups (Wang et al., 2022) .

223

11
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224  Response to immunotherapy

225  Tumour Immune Dysfunction and Exclusion (TIDE) web tool was used to predict
226  responsiveness to ICIs between the high and low AIDPS groups, and lower TIDE
227  scores suggested better immunotherapeutic efficacy (Jiang et al., 2018). Additionally,
228  we applied the Subclass Mapping (Submap) to calculate the expression similarity
229  between patients in the high and low AIDPS groups and patients who
230 responded/non-responded to ICIs , and then speculated immunotherapy efficacy
231  (Hoshida et al., 2007).

232

233  Development and validation of potential therapeutic agents

234  As shown in Figure 8D, we developed potential therapeutic agents for high AIDPS
235  group according to the protocol of Yang C et al (Yang et al., 2021). (1) First, we
236  acquired drug sensitivity data for cancer cell lines (CCLs) from the Cancer
237  Therapeutics Response Portal (CTRP) as well as PRISM repurposing datasets, and
238  expression data of CCLs from the Cancer Cell Line Encyclopedia (CCLE) database.
239  (2) The CTRP and PRISM datasets own AUC (area under the ROC curve) values, and
240 lower AUC values suggest increased sensitivity to this compound. Moreover, as a
241 first-line chemotherapeutic drug for PACA, we further selected gemcitabine to verify
242  the scientific and rigor of this approach. (3) Based on Wilcox rank sum test, we
243  performed a differential analysis of drug response between the high AIDPS (first 10%)
244  and low AIDPS (last 10%) groups, and the threshold log2FC >0.2 was set to identify

245  compounds with lower AUC values in the high AIDPS group. (4) Next, we applied

12
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246  Spearman correlation to further screen compounds with AUC values that had negative
247  correlation coefficients with AIDPS (setting threshold R <-0.4). (5) Finally, we
248  identified potential drugs for patients in the high AIDPS group by the intersection of
249  the compounds obtained from (3) and (4).

250 The Connectivity Map (CMap, https://clue.io/) is a publicly available web tool for
251  discovering candidate compounds that may target AIDPS related pathways based on
252  gene expression signature (Subramanian et al., 2017; Malta et al., 2018). Based on
253  differential expression analysis, we identified potential compounds in PACA using
254  CMap to further validate the results obtained from the CTRP and PRISM databases.
255

256  Statistical analysis

257  All data cleaning, analysis, and result visualization for this research was performed in
258 R 4.1.2. Continuous variables were analyzed by Wilcox rank sum test or Student’s
259  t-test. Categorical variables were statistically compared using Chi-square test or
260  Fisher’s exact test. The survival package was used for univariate, multivariate Cox as
261  well as Kaplan-Meier survival analysis. The timeROC package and rms package were
262  utilized to plot ROC curve and calibration curve, respectively. The MethylMix
263 package was applied to identify MDGs. P-value (two-sided) <0.05 was considered
264  statistically significant.

265

266  Results

267 Integrated development of a pancreatic cancer consensus signature

13
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268 Based on univariate Cox regression, we screened 32 CPGs from 15,288 intersection
269  genes in 10 cohorts (Figure 2B). Next, these 32 CPGs were further incorporated into
270 our integration program to develop an artificial intelligence-derived prognostic
271 signature (AIDPS). In the PACA-AU-Array training set, we applied 76
272 algorithm-combinations via 10-fold cross-validation to construct prediction models
273  and calculated the average C-index of each algorithm in the remaining nine validation
274  sets. As shown in Figure 2A, the combination of CoxBoost and Survival-SVM with
275  the highest average C-index (0.675) was selected as the final model. We further
276  calculated AIDPS scores of each sample in 10 cohorts according to the expression

277  files of nine genes included in the AIDPS (Figure 2-source data 1).
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278

279  Figure 2. Construction and validation of the artificial intelligence-derived prognostic
280  signature. (A) The C-indexes of 76 machine-learning algorithm-combinations in the
281 nine validation cohorts. (B) Discovery of 32 consensus prognosis genes from 10
282  independent multi-center cohorts. (C-J) The predictive performance of AIDPS was

283  compared with common clinical and molecular variables in the PACA-AU-Array (C),
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284 TCGA-PAAD (D), PACA-AU-Seq (E), PACA-CA-Seq (F), E-MTAB-6134 (G),
285  GSE62452 (H), GSE78229 (I), GSE79668 (J). Z-score test: *P <0.05, **P <0.01,
286  ***P <0.001, ****P <0.0001.

287  Source data 1. The 9 genes included in the AIDPS.

288

289  Consistent prognostic value of AIDPS

290 To evaluate the prognostic performance of AIDPS, we categorized PACA patients into
291  high and low AIDPS groups according to the median value. The Kaplan-Meier curve
292  for OS and RFS demonstrated the high AIDPS group possessed significantly longer
293  survival in the PACA-AU-Array training set (P <0.0001 in OS and P =0.012 in RFS,
294  Figure 3A and B). After removing batch effects, the Meta-Cohort combining all 10
295  cohorts also exhibited the same trend (all P <0.05, Figure 3C and D). In addition, we
296 further enrolled several important clinical traits for multivariate Cox analysis, and the
297  results indicated that AIDPS was an independent protective factor for OS and RFS in
298  the PACA-AU-Array cohort (HR: 0.593 [0.504-0.697] for OS and 0.762 [0.611-0.949]
299 for RFS, both P <0.05, Figure 3E and F). Similar results were also found in the
300 Meta-Cohort (HR: 0.603 [0.531-0.685] for OS and 0.667 [0.552-0.805] for RFS, both
301 P <0.05, Figure3G and H).

302 In the nine external validation sets, Kaplan-Meier curves consistently showed a
303 significantly prolonged OS in the high AIDPS group compared with the low AIDPS
304  group (all P <0.05, Figure 3-figure supplement 1A-1). Similarly, the comparison of

305 RFS also demonstrated that patients in the high AIDPS group possessed dramatically
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306 lower recurrence rate than low AIDPS group in the TCGA-PAAD (n =69, P =0.029),
307 PACA-CA-Seq (n =113, P =0.0023) and E-MTAB-6134 (n =288, P <0.0001) cohorts
308 (Figure 3-figure supplement 1J, L and M). It is worth mentioning that only 28
309 samples in the PACA-AU-Seq cohort owned complete RFS information. Although
310 Kaplan-Meier analysis showed a corresponding trend, the log-rank test did not reach
311 statistical significance (P =0.063, Figure 3-figure supplement 1K). After adjustment
312  for available clinicopathological features, such as age, gender, TNM stage, grade,
313  surgical margin, history of radiotherapy or alcohol consumption and KRAS TP53 or
314  CDKNZ2A mutations, multivariate Cox analysis results still indicated that AIDPS was
315  an independent prognostic factor for OS (all P <0.05, Figure 3-figure supplement 1N
316  and 2A-F). Consistently, the multivariate results of RFS also revealed that AIDPS
317 remained statistically significant in the TCGA-PAAD, PACA-CA-Seq, and
318 E-MTAB-6134 cohorts (all P <0.05, Figure 3-figure supplement 2G-1). However,
319  given the small sample size of PACA-AU-Seq cohort, the P value was not statistically

320 significant (P =0.338, Figure 3-figure supplement 2J).
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Figure 3. Survival analysis and predictive performance evaluation of AIDPS. (A and
B) Kaplan-Meier survival analysis for OS (A) and RFS (B) between the high and low
AIDPS groups in the PACA-AU-Array. (C and D) Kaplan-Meier survival analysis for
OS (C) and RFS (D) between the high and low AIDPS groups in the Meta-Cohort. (E

and F) Multivariate Cox regression analysis of OS (E) and RFS (F) in the
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327 PACA-AU-Array. (G and H) Multivariate Cox regression analysis of OS (G) and
328 RFS (H) in the Meta-Cohort. (I and J) Calibration curve for predicting 1-, 2-, and
329 3-years OS in the PACA-AU-Array (I), and Meta-Cohort (J). (K and L)
330 Time-dependent ROC analysis for predicting 1-, 2-, and 3-years OS in the
331  PACA-AU-Array (K), and Meta-Cohort (L). OS, overall survival; RFS, relapse-free
332  survival; ROC, receiver operator characteristic.

333  Figure supplement 1. Survival analysis of AIDPS in remaining nine validation
334  cohorts.

335 Figure supplement 2. Survival analysis of AIDPS in remaining nine validation
336  cohorts.

337  Figure supplement 3. Predictive performance evaluation of AIDPS.

338

339  Robust predictive performance of AIDPS

340 To measure the discrimination of AIDPS, we plotted calibration curves and ROC
341  curves. The calibration curves of both the PACA-AU-Array training set and
342  Meta-Cohort showed that AIDPS had good prediction performance (Figure 3l and J).
343 The AUCs of 1-, 2-, and 3-year OS were 0.715, 0.748, and 0.671 in the
344  PACA-AU-Array training set and 0.717, 0.719, and 0.719 in the Meta-Cohort (Figure
345 3K andL). Similarly excellent results were found in the nine external validation sets,
346  with 0.705, 0.711, and 0.797 in the TCGA-PAAD, 0.749, 0.808, and 0.827 in the
347 PACA-AU-Seq, 0.662, 0.683, and 0.691 in the PACA-CA-Seq, 0.773, 0.698, and

348  0.675 in the E-MTAB-6134, 0.676, 0.787 and 0.834 in the GSE62452, 0.734, 0.865,
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349  and 0.871 in the GSE28735, 0.669, 0.809, and 0.844 in the GSE78229, 0.791, 0.761,
350 and 0.786 in the GSE79668; and 0.748, 0.766, and 0.811 in the GSE85916,
351  respectively (Figure 3-figure supplement 3A-I). The results of AUCs greater than
352  0.65 in multiple independent cohorts indicated that our AIDPS could stably and
353  robustly predict the prognosis of PACA patients.

354 In clinical settings, certain clinicopathological features such as surgical margin,
355  stage, and grade are used for prognostic evaluation, clinical stratification management,
356 and treatment decision-making (Ferrone et al., 2005). Therefore, we contrasted the
357  predicted efficacy of AIDPS and these common clinical traits in the eight cohorts
358 containing clinical information. The results of C-index indicated that AIDPS had
359 significantly improved accuracy than these features, including age, gender, race,
360 diabetic history, TNM stage, grade, primary location, history of radiotherapy or
361 alcohol consumption, surgical margin, and KRAS TP53 or CDKNZ2A mutations
362 (Figure 2C-J). Overall, our AIDPS might become an attractive tool to further service
363  clinical practice.

364

365 Re-evaluation of previously 86 published signatures in PACA

366  The rapid development of high throughput sequencing has shed light on the stratified
367 management and precise treatment of tumors. In recent years, numerous prognostic
368  signatures of PACA have been constructed via machine-learning algorithms such as
369 LASSO and Stepwise Cox based on large amounts of high-quality data (Wang et al.,

370  2022; Tan et al., 2020; Yuan et al., 2021). Therefore, we additionally collected 86
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371 published mRNA/IncRNA prognostic signatures to compare the predictive accuracy
372 of AIDPS and these models (Figure 4-source data 1). Signatures containing miRNAs
373  were excluded due to the lack of necessary miRNA expression information. The
374  results of univariate Cox regression showed that only our AIDPS, the 36-gene
375  signature of Haider S, and 20-gene signature of Demirkol CS had consistent statistical
376  significance in all 10 independent cohorts and Meta-Cohort (Figure 4A).

377 We then compared the predictive power of AIDPS and these 86 signatures via
378  C-index across the 10 independent cohorts and Meta-Cohort (Figure 4B). Our AIDPS
379  exhibited distinctly superior accuracy than the other models in almost all cohorts
380 (ranked first in 4 cohorts, ranked second in 3 cohorts, and ranked third in 2 cohorts),
381  revealing the robustness of AIDPS. In addition, we noted that although the 36-gene
382  signature of Haider S was first in three cohorts, it performed very poorly in the other
383  cohorts, even lower than 0.6 in the TCGA-PAAD, GSE79668, GSE85916 and
384  Meta-Cohort. While, the 20-gene signature of Demirkol CS was unsatisfactory across
385  all cohorts (Figure 4B). Of note, various prognostic signatures owned higher C-index
386 in the TCGA-PAAD training sets (e.g., Zhang C, Xu Q, Li Z, etc.), but performed
387  poorly in other cohorts, which might be due to impaired generalization ability from
388  overfitting (Figure 4B). In conclusion, the above results suggested that the 9-gene
389  AIDPS could robustly predict the prognosis of PACA patients, and fewer genes might

390  make it more valuable for clinical promotion.
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391
392  Figure 4. Comparisons between AIDPS and 86 expression-based signatures. (A)

393  Univariate Cox regression analysis of AIDPS and 86 published signatures of PACA.
394 (B) C-indexes of AIDPS and 86 published signatures in the PACA-AU-Array,
395 TCGA-PAAD, PACA-AU-Seq, PACA-CA-Seq, E-MTAB-6134, GSE62452,
396  GSE28735, GSE78229, GSE79668, GSE85916, and Meta-Cohort. Z-score test: *P

397  <0.05, **P <0.01, ***P <0.001, ****P <0.0001.
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398  Source data 1. Details of 86 published mRNA/LncRNA signatures in PACA.

399

400  The clinical signature of AIDPS

401  We further compared several familiar clinical characteristics between the high and
402 low AIDPS groups, and the results indicated the absence of statistically difference in
403  age, gender, and TNM stage (Figure 5A-C and Figure 5-figure supplement 1A-L).
404  However, patients with low AIDPS possessed more advanced grades, which might
405 contribute to their worse prognosis (Figure 5D and Figure 5-figure supplement
406  1M-P).

407 In addition, given the excellent predictive power of AIDPS in PACA, we
408  additionally tested its performance in several other common digestive system tumors.
409  As shown in Figure 5E-H, the Kaplan-Meier survival curves exhibited significantly
410  dismal OS for patients in the low AIDPS group in four tumors, including LIHC (P
411 =0.016), STAD (P =0.037), COAD (P =0.032), and READ (P =0.026). These results
412  supported our hypothesis, suggesting that AIDPS constructed in PACA, as a

413  biomarker, has broad prospects for generalization to other tumors.
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Figure 5. The clinical signature and functional characteristics of the high and low
AIDPS groups. (A-D) Composition percentage of the two groups in clinical
characteristics such as age (A), gender (B), stage (C), grade (D) in the
PACA-AU-Array. (E-H) Kaplan-Meier survival analysis for OS in the TCGA-LIHC
(E), TCGA-STAD (F), TCGA-COAD (G), TCGA-READ (H). (I and J) The top five
GO enriched pathways (I) and KEGG enriched pathways (J) in the high AIDPS

groups. (K and L) The top five GO enriched pathways (K) and KEGG enriched
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422  pathways (L) in the low AIDPS groups. OS, overall survival; GO, Gene Ontology;
423  KEGG, Kyoto Encyclopedia of Genes and Genomes.

424  Figure supplement 1. The clinical characteristics of the high and low AIDPS groups.

425

426  The underlying biological mechanisms of AIDPS

427  GSEA analysis was applied to elucidate the potential functional pathways of AIDPS.
428  As illustrated in Figure 5I-J, the high AIDPS group was remarkably enriched for
429  digestive and metabolism-related pathways, such as insulin secretion and regulation,
430 peptide hormone secretion and regulation, fat digestion and absorption, pancreatic
431  secretion, maturity onset diabetes of the young, and type II diabetes mellitus. While,
432  the low AIDPS group was predominantly correlated with the regulation of T cell
433  proliferation, |L-17 signaling pathway, and other immune-related pathways, as well as
434  cell cycle, nuclear chromosome segregation, homologous recombination, and other
435  proliferation-related biological processes, which partly explained its more advanced
436  grades and worse prognosis (Figure 5K and L).

437

438  Genome alteration landscape of AIDPS

439  To investigate genomic heterogeneity between the high and low AIDPS groups, we
440  performed a comprehensive analysis of mutations and CNA (Figure 6A). As shown in
441  Figure 6C, the low AIDPS group possessed observably higher TMB. Combining the
442 10 oncogenic signaling pathways in TCGA (Sanchez-Vega et al., 2018), we found

443  that the classical tumor suppressor genes TP53, CDKNZ2A, and oncogene KRAS were
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444  more frequently mutated in the low AIDPS group than high AIDPS group, whereas
445  the opposite was true for SIAD4, TTN, and RNF43 (Figure 6A and B). Next, based
446  on the popular mutational signatures in PACA, we discovered that mutational
447  signature 3 (BRCAL/2 mutations-related) was enriched in the high AIDPS group,
448  while mutational signature 1 (age-related) was more dominant in low AIDPS group.

449 In addition, we further explored the CNA landscape of the two groups. Compared
450  to the high AIDPS group, the low AIDPS group owned evidently higher amplification
451  or deletion in the focal and chromosome arm levels, such as the amplification of
452  8q24.21, 19q13.2, and 8p11.22 as well as deletion of 9p21.3, 18q21.2, 6p22.2, and
453  22ql13.31 (Figure 6A and D). This result was again corroborated in gene level by the
454  obvious amplification of the oncogene MYC within 8q24.21, and the distinct deletion
455  of the tumor suppressor genes CDKN2A, CDKN2B and SMAD4 within 9p21.3 and
456  18q21.2 (Figure 6A). Overall, oncogenes amplification and tumor suppressor genes

457  deletion in the low AIDPS group might contribute to their poor prognosis.
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458

459  Figure 6. Multi-omics analysis based on mutation, copy number alteration (CNA) and
460 methylation. (A) Genomic alteration landscape according to AIDPS. Tumour mutation
461  burden (TMB), relative contribution of four mutational signatures, top 15 mutated
462  genes and broad-level copy number alterations (>20%), and selected genes located

463  within chromosomes 8q24.21, 9p21.3, and 18q21.2 are shown from the top to the

27


https://doi.org/10.1101/2022.05.15.492020
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.05.15.492020; this version posted May 16, 2022. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY 4.0 International license.

464  bottom panels. The proportion of the high and low AIDPS groups in each alteration is
465 presented in the right bar charts. (B) Comprehensive comparison of mutation
466 landscapes in 10 oncogenic signaling pathways across the high and low AIDPS
467  groups. Genes are mutated at different frequencies (color intensity indicates the
468 mutation frequency within the entire dataset) by oncogenic mutations (red) and tumor
469  suppressor mutations (blue). Each gene box includes two percentages representing the
470  mutation frequency in the high and low AIDPS groups, and another box representing
471  the statistical p value. Genes are grouped by signaling pathways, with edges showing
472  pairwise molecular interactions. (C) Comparison of the two groups in TMB. (D)
473  Comparison of the two groups in arm and focal CNA burden. (E and F) Boxplot of
474  DNA methylation level (E) and mRNA expression level (F) for methylation-driven
475  genes in the high and low groups. (G-J) Kaplan-Meier survival analysis between the
476  high and low methylation groups in the MAP3K8 (G), PCDH7 (H), PCDHBL (I), and
477  SPAGG6 (J). *P <0.05, **P <0.01, ***P <0.001.

478

479  Methylation-driven events of AIDPS

480  Referring to our previous process (Liu et al., 2021; Liu et al., 2021), we screened four
481  MDGs whose methylation levels were significantly inversely related to matched gene
482  expression levels in PACA. Compared to the low AIDPS group, the high AIDPS
483 group possessed higher MAP3K8 and PCDH7 methylation levels as well as
484  significantly lower mRNA expression levels, while the opposite was true for

485 PCDHBL1 and SPAG6 (Figure 6E and F). Furthermore, the Kaplan-Meier analysis
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486  showed that higher methylation levels of MAP3K8 and PCDH7 and lower
487  methylation level of SPAG6 brought significantly prolonged OS for high AIDPS
488  group (all P <0.05, Figure 6G, H and J). PCDHBL1 also exhibited a similar trend with
489  SPAGEH, although statistical significance was not reached (P =0.07, Figure 6l).

490

491  Immune landscape and molecular expression of AIDPS

492 The above GSEA revealed that several immune-related pathways were highly
493  enriched in the low AIDPS group, and we consequently investigated the immune
494  landscape and ICMs molecular expression between the two groups. According to
495  ssGSEA, we found that the low AIDPS group exhibited a relatively higher infiltration
496  abundance of immune cell types, including activated CD4+T cells, CD56dim natural
497  Kkiller cells, Central memory CD8+T cells, Gamma delta T cells, and Type 2 T helper
498  cells (all P <0.05, Figure 7A and B). In addition, among the 27 ICMs we included,
499  the low AIDPS group had dramatically increased relative expression level, such as
500 CD274, CD276, PDCD1LG2, CD40, CD70, TNFRSF18, TNFRSF4, TNFRSF9, and
501 NT5E (Figure 7C). Together, these results consistently indicated that PACA patients

502  with low AIDPS were more likely to respond to immunotherapy.
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503
504  Figure 7. The immune landscape in the high and low AIDPS groups. (A) The

505 heatmap of 28 immune cell types in the high and low AIDPS groups. (B) Boxplot of
506 relative infiltrate abundance of 28 immune cells in patients with high and low AIDPS
507  groups. (C) Boxplot of relative expression levels at 27 immune checkpoints profiles
508  between the high and low AIDPS patients. *P <0.05, **P <0.01, ***P <0.001.

509

510
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511  Predictive value of AIDPS for immunotherapy

512 Given that patients in the low AIDPS group possessed higher genomic variation
513 frequency and TMB, combined with their relatively activated tumor
514 microenvironment (TME) and increased ICMs expression, we speculated that PACA
515 patients with low AIDPS were more sensitive to immunotherapy. Based on the TIDE
516 web tool, the low AIDPS group resulted in significantly lower TIDE scores and
517 higher immunotherapy response rates (Figure 8A and B). The results of the Submap
518 also suggested that expression patterns of patients with low AIDPS was more similar
519 to those of melanoma patients who responded to ICIs (Figure 8C). Overall, these
520 results demonstrated that the low AIDPS group was more likely to benefit from

521 immunotherapy.
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Figure 8. Evaluating therapeutic drug benefits. (A) Boxplot of TIDE score between

the high and low AIDPS groups. (B) Percentage of immunotherapy responses at high

and low AIDPS groups. (C) Submap analysis of the two groups and 47 pretreated

patients with comprehensive immunotherapy annotations. For Submap analysis, a

smaller p-value implied a more similarity of paired expression profiles. (D) Barplot of

ouabain and panobinostat CMap scores in patients with high AIDPS. (E) Schematic

outlining the strategy to develop potential therapeutic agents with higher drug
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530  sensitivity in the high AIDPS group. (F) Comparison of estimated gemcitabine’s
531  sensitivity between high and low PAK1 expression groups. (G and H) The results of
532  Spearman’s correlation analysis of CTRP-derived compounds (G) and
533  PRISM-derived compounds (H). (I and J) The results of differential drug response
534  analysis of CTRP-derived compounds (I) and PRISM-derived compounds (J), the
535 lower values on the y-axis of boxplots imply greater drug sensitivity. TIDE, Tumour
536 Immune Dysfunction and Exclusion; CMap, Connectivity Map; CTRP, Cancer
537  Therapeutics Response Portal; PRISM, profiling relative inhibition simultaneously in
538  mixtures. *P <0.05, **P <0.01, ***P <0.001.

539

540  Searching for potential therapeutic agents for high AIDPS group

541  As illustrated in Figure 8E, we developed potential agents for PACA patients with
542  high AIDPS using sensitivity data from CTRP (includes 481 compounds over 835
543  CCLs) and PRISM (includes 1448 compounds over 482 CCLs) datasets (Yang et al.,
544  2021). To ensure the reliability of our protocol, gemcitabine, as a first-line treatment
545  for PACA, was employed to investigate whether the estimated sensitivity and clinical
546  practice were concordant. A laboratory study found that elevated PAK1 activity was
547  required for gemcitabine resistance in PACA, and that PAK1 inhibition enhanced the
548 efficacy of gemcitabine. Consistent with this study, our results revealed that patients
549  with low PAK1 expression possessed distinctly lower estimated AUC values,
550  suggesting greater sensitivity to gemcitabine (Figure 8F). Afterwards, we applied this

551  formula to identify potentially sensitive agents for high AIDPS group, and finally
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552  generated four CTRP-derived agents (brefeldin A, oligomycin A, ouabain, and
553  panobinostat) and nine PRISM-derived agents (aspirin, BAY-87-2243, EVP4593,
554  (GSK2656157, I-BET151, LY303511, OTXO015, oxaliplatin, and XL388). The
555  estimated AUC values of these agents were not only statistically negatively correlated
556  with AIDPS scores, but also significantly lower in the high AIDPS group (Figure
557 8G-J).

558 In addition, based on the differential expression profiles between PACA patients
559 and normal controls, we further applied the CMap tool to identify candidate
560 compounds for PACA. After taking the intersection with the results obtained by CTRP
561 and PRISM, we ended up with two candidate compounds: ATPase inhibitor ouabain
562  and Histone Deacetylase (HDAC) inhibitor panobinostat. Among them, panobinostat
563  with a -98.11 CMap score was highly sensitive in PACA patients, suggesting that it
564  could become a potential therapeutic agent for PACA patients in the high AIDPS
565  group (Figure 8D).

566

567  Discussion

568  Over the past 20 years, the incidence of PACA has increased by 0.5% to 1.0% per year,
569  but the 5-year survival rate only improved from 5.26% to 10%, without a significant
570  breakthrough (Park et al., 2021). The lack of available biomarkers for screening,
571  stratified management, and prognostic follow-up has been an urgent problem for
572  clinicians and researchers, which may lead to over- or under-treatment. To bridge

573  these gaps, we constructed and validated a 9-gene AIDPS via 76 machine-learning
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574  algorithm-combinations in 10 independent multi-center cohorts. Compared to several
575 common clinicopathological features and 86 published signatures of PACA, our
576  AIDPS demonstrated robust and superior predictive capacity. Moreover, we
577  substantiated that the low AIDPS group had a dismal prognosis, more advanced
578  grades, enrichment in immune and proliferation-related pathways, higher frequency
579  mutations and CNAs, relatively activated TME and increased ICMs expression, and
580  better immunotherapeutic efficacy. While the high AIDPS group owned remarkably
581  prolonged OS and RFS, a significant enrichment of metabolism-related pathways and
582  mutational signature 3 (BRCAL/2 mutations-related), was more sensitive to the
583  ATPase inhibitor ouabain and HDAC inhibitor panobinostat. Therefore, in clinical
584  settings, our AIDPS may become a reliable platform to further serve individualized
585  decision-making in PACA.

586 In the era of precision medicine, anatomy-based TNM staging is far from meeting
587 the needs of clinicians for ideal biomarkers that could accurately evaluate the
588  prognosis and predict the efficacy of PACA patients (Katz et al., 2008; Liu et al.,
589  2022). Recently, numerous prognostic signatures of PACA have been constructed, but
590  most of them are based on a specific biological pathway such as immunity, metabolic
591  reprogramming, and m6A methylation (Wang et al., 2022; Tan et al., 2020; Yuan et
592  al., 2021). This ignored information about other biological processes that played a
593  crucial role in the oncogenesis and progression of PACA. In this study, based on
594 15,288 intersection genes in 10 independent cohorts, we further obtained 32 CPGs via

595  univariate Cox regression analysis. In addition, in the existing studies, people mostly
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596 choose the modelling algorithms based on their knowledge limitations and
597  preferences (Liu et al., 2022; Liu et al., 2022). To remedy this shortcoming, we
598 collected 10 popular machine-learning algorithms that could be used to construct
599  biomedical prognostic signatures. Among them, RSF, LASSO, CoxBoost and
600 Stepwise Cox have the function of variable screening and data dimensionality
601  reduction, so we further combined them into 76 algorithm combinations. Ultimately,
602 the combination of CoxBoost and Survival-SVM with the largest average C-index
603  (0.675) in the remaining nine external validation sets was identified as the final
604  model.

605 Overfitting is one of the troublesome problems encountered by artificial
606 intelligence and machine learning in biomedical model development, with several
607  models fitting well in the training sets but poorly in other external validation cohorts
608 (Deo, 2015). After minimizing redundant information by CoxBoost, we finally
609 obtained a 9-gene signature termed AIDPS through Survival-SVM. The results of
610 Kaplan-Meier analysis, univariate Cox regression, ROC curve and calibration curve
611  all indicated that AIDPS had excellent predictive performance in the training set, nine
612  external validation sets and Meta-Cohort. Moreover, compared with 86 published
613  PACA signatures, AIDPS exhibited distinctly superior accuracy than the other models
614  in almost all cohorts, revealing the robustness of AIDPS. It should be mentioned that,
615  although the 36-gene signature of Haider S was superior to AIDPS in three cohorts, it
616  performed very poorly in the TCGA-PAAD, GSE79668, GSE85916 and Meta-Cohort,

617  with a C-index even lower than 0.6. While, the 21-gene signature of Zhang C, the
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618  20-gene signature of Demirkol CS, the 14-gene signature of Wei X were better than
619  AIDPS in a certain cohort, but they were unsatisfactory across almost all validation
620  cohorts, which might due to very poor generalization ability from overfitting. In
621 contrast, because contains fewer elements and thus AIDPS has a superior
622  extrapolation possibility, and the findings of 10 independent multi-center cohorts also
623  fully confirm this notion.

624 In addition, compared with several common clinical and molecular characteristics
625 such as TNM stage, grade, KRAS TP53 or CDKN2A mutations, our AIDPS showed
626  significantly improved accuracy. After stratifying PACA patients into the high and
627 low AIDPS groups, we demonstrated that there was no outstanding difference in age,
628 gender, and TNM stage, but the low AIDPS group had more advanced grades, which
629 also contributed to its worse prognosis to some extent. Furthermore, given the
630 excellent performance of AIDPS in PACA, we additionally measured its performance
631 in four common digestive system tumors: LIHC, STAD, COAD, and READ, and
632 found that AIDPS could accurately stratify patients. These findings indicated that
633  AIDPS constructed in PACA, as a biomarker, has broad prospects for generalization
634  to other tumors.

635 GSEA functional enrichment analysis was applied to elucidate the underlying
636  biological mechanisms of AIDPS. The low AIDPS group was mostly enriched in
637 immune and proliferation-related pathways (including regulation of T cell
638  proliferation, IL-17 signaling pathway, cell cycle, homologous recombination, etc.),

639  which partly explained its more advanced grades and worse prognosis. In addition,
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640 many recent studies have reported the emerging promise of epigenetic alterations
641  especially DNA methylation in the early diagnosis and prognostic follow-up of PACA
642 (Yokoyama et al., 2020; Grady et al., 2021). Therefore, we identified four MDGs in
643 PACA patients. Further investigations found that higher methylation levels of
644 MAP3K8 and PCDH7, and lower methylation levels of PCDHB1 and SPAGS6 in the
645  high AIDPS all corresponded to obviously prolonged OS, suggesting that methylation
646  modification might play an indispensable role in its better prognosis.

647 Based on multi-omics data of TCGA-PAAD, we further investigated the genomic
648  heterogeneity with regard to AIDPS. The results showed that the low AIDPS group
649 owned higher TMB and superior mutation frequencies in the classical tumor
650 suppressor genes TP53, CDKN2A, and oncogene KRAS Numerous studies have
651  revealed that TP53, CDKN2A and KRAS mutations promoted invasion, metastasis and
652 immune escape in PACA patients, resulting in worse prognosis (Hu et al., 2018;
653 Hashimoto et al., 2019). In addition, the results of CNA indicated that the low AIDPS
654  group had evidently increased amplification of 8q24.21, 19q13.2, and 8p11.22 as well
655 as deletion of 9p21.3, 18q21.2, 6p22.2, and 22q13.31 than those in the high AIDPS
656  group. A recent study has shown that amplification of 19q13.2 and consequent
657  overexpression of this loci was correlated with impaired survival in PACA (Sandhu et
658 al., 2016). Morikawa A et al. also found that amplification of 8p11.22 was associated
659  with chemotherapy resistance and shorter OS in ovarian clear cell carcinoma
660 (Morikawa et al., 2018). Baker MJ et al. reviewed that people with 9p21.3 deletion

661  were more susceptible to multiple types of tumors (Baker et al., 2016). Previous
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662  studies have demonstrated that deletion of 22q13.31 was an early genetic event in
663  insulinoma independent of other genomic variants and related to more advanced stage
664 and dismal prognosis (Jonkers et al., 2006). Overall, all this evidence consistently
665 supported our conclusion that genome-driven events might contribute to worse
666  prognosis of the low AIDPS group. On the other hand, relatively high frequency
667  genomic variants and higher TMB also provide more neoantigens, which might point
668  the way for immunotherapy in the low AIDPS group (Sha et al., 2020).

669 Next, we investigated the immune landscape between the high and low AIDPS
670 groups. The results of ssGSEA exhibited that the low AIDPS group possessed
671  superior abundance of immune cell types, including activated CD4+T cells, CD56dim
672  natural killer cells, Central memory CD8+T cells. As everyone knows, these increased
673  effector cells will enhance anti-tumor immunity and bring better immunotherapeutic
674  effects for the low AIDPS group (Borst et al., 2018; Wu et al., 2013). Over the past
675 decade, ICIs targeting ICMs have shed light on the treatment of solid tumors (Billan
676 et al., 2020). As expected, our findings showed that the expression of ICMs such as
677 CD274, CD276, PDCD1LG2 were dramatically elevated in patients with low AIDPS,
678  suggesting that they were more likely to benefit from ICIs treatment. TIDE and
679  Submap are two widely recognized tools for predicting tumor patient sensitivity to
680 ICIs based on expression profile (Jiang et al., 2018; Hoshida et al., 2007).
681  Consistently, the results confirmed our previous conclusion that patients with low
682  AIDPS group possessed a greater response rate to immunotherapy. Overall, these

683  findings indicated that our AIDPS might provide a reference for early identification of
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684  immunotherapy-sensitive PACA patients receiving first-line immunotherapy.

685 Precision medicine requires clinicians to identify patients who are sensitive to
686  various treatments as early as possible for further individualized treatment. Therefore,
687  considering the higher sensitivity of the low AIDPS group to immunotherapy, we
688 integrated CTRP, PRISM and CMap databases to develop specific drugs for patients
689  in the high AIDPS group (Yang et al., 2021; Subramanian et al., 2017; Malta et al.,
690 2018). Ultimately, an HDAC inhibitor, panobinostat attracted our attention as a
691  potential drug for patients in the high AIDPS group. The latest studies report that
692  panobinostat can synergistically enhance the antitumor effect of the selective Weel
693  kinase inhibitor MK-1775 or CAR-T cell therapy in PACA (Wang et al., 2015; Ali et
694 al., 2021). In the future, more clinical trials are required to confirm the broad
695  prospects of panobinostat in PACA, especially in patients with high AIDPS.

696 This study differed from previous studies in the following aspects. (1) We
697  systematically collected 10 large multi-center cohorts, and selected the algorithm with
698  the largest average C-index in the 9 validation sets to construct our AIDPS. (2) Unlike
699  current prognostic models for a certain pathway, our AIDPS was based on 15,288
700 intersection genes from 10 cohorts, which avoided the omission of other indispensable
701 biological process in the initiation and progression of PACA. (3) In order to prevent
702  the inappropriate modelling methods due to personal preference, we combined 10
703  recognized machine-learning algorithms into 76 combinations and selected the best
704  model based on their accuracy. While we have tried to be as rigorous and

705 comprehensive as possible in our research, some limitations should be noted. Firstly,
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706  although we collected 10 independent multi-center cohorts, further validation in
707  prospective study was warranted. Secondly, in spite of the nine genes included in
708  AIDPS have appeared in numerous prognostic signatures of PACA, which indicated
709 their consistent prognostic value. The roles of them in PACA remain to be elucidated,
710 more functional experimental validation is required in the future. Finally, further
711 clinical trials are necessary to affirm the therapeutic effect of panobinostat in PACA
712 patients with high AIDPS.

713

714 Conclusions

715 In conclusion, based on 32 consensus prognosis genes from 10 independent
716  multi-center cohorts, we constructed and validated a consensus prognostic signature
717  (termed AIDPS) via 76 machine-learning algorithm-combinations. After incorporating
718  several vital clinicopathological features and 86 published signatures, AIDPS also
719  exhibited robust and dramatically superior predictive capability. Of note, our AIDPS
720 has important clinical implications for the clinical management and individualized
721 treatment of PACA, and patients with low AIDPS are more sensitive to
722  immunotherapy, while panobinostat may be a potential agent for patients with high
723  AIDPS. In addition, in other prevalent digestive system tumors, the 9-gene AIDPS
724  could still accurately stratify the prognosis, suggesting a strong possibility of
725  extrapolation. Overall, our study provides an attractive tool for prognostic evaluation,
726  risk stratification, and individualized treatment of PACA patients in clinical practice.

727
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974  Figure 3-figure supplement 1. Survival analysis of AIDPS in remaining nine
975  validation cohorts. (A-I) Kaplan-Meier survival analysis for OS between the high and
976  low AIDPS groups in the TCGA-PAAD (A), PACA-AU-Seq (B), PACA-CA-Seq (C),
977 E-MTAB-6134 (D), GSE62452 (E), GSE28735 (F), GSE78229 (G), GSE79668 (H),

978  GSES&5916 (I). (J-M) Kaplan-Meier survival analysis for RFS between the high and
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979  low AIDPS groups in the TCGA-PAAD (J), PACA-AU-Seq (K), PACA-CA-Seq (L),
980 E-MTAB-6134 (M). (N) Multivariate Cox regression analysis of OS in the

981 TCGA-PAAD. OS, overall survival; RFS, relapse-free survival.

A PACA-A.:‘-SE‘?;?S B F’ACA—C::SEM(};?S

& : GSES?f.SZﬁ? ek - M;SE7;3290§:_ |
Sl g e e

G  TCGA-PAAD-RFS H  E-MTAB-6134-RFS

Fouane W g G s i g £

Age (783 583 0018 330H(IATHIBGH)  ——— i -

wiz -
Gander (Lkwe w5 Farmale) pha - g

e ——
Grade (034w G101 0381 o —_—
0 (a5 By o —_—

0862 —.
aciavion_Pacapy (Yen o

0248 —-—
- osu varr ——
oo 000 Y o 2 -

£ o5 o5 1o 15 25 215 30
Pavalie RSB G Poriie A )
(45 e 988 Py —
Agm 285 va ubS) Lo oS 8470 0y —— e et ikt
Goarekae (Make v Fmat) OATS  TOTSAM-LES) ol
Gurger (Maw vs Female] oa08 A8 (CAT1-1.0001 ——
s S0 4 o
Saaga (1014 v ) 03 ! 34017 S S—
o sl ol e e Grade {631 G1-) [
Noes G OO DATSOES - AP faM 0TI m
a8 0% 1% 23 2% o 2 4 B B8 M 12 M

982

983  Figure 3-figure supplement 2. Survival analysis of AIDPS in remaining nine
984  validation cohorts. (A-F) Multivariate Cox regression analysis of OS in the
985 PACA-AU-Seq (A), PACA-CA-Seq (B), E-MTAB-6134 (C), GSE79668 (D),
986 GSE62452 (E), GSE78229 (F). (G-J) Multivariate Cox regression analysis of RFS in
987 the TCGA-PAAD (G), E-MTAB-6134 (H), PACA-AU-Seq (I), PACA-CA-Seq (J).

988  OS, overall survival; RFS, relapse-free survival.
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989

990  Figure 3-figure supplement 3. Predictive performance evaluation of AIDPS.
991  Time-dependent ROC analysis for predicting 1-, 2-, and 3-years OS in the
992 TCGA-PAAD (A), PACA-AU-Seq (B), PACA-CA-Seq (C), E-MTAB-6134 (D),
993  GSE62452 (E), GSE28735 (F), GSE78229 (G), GSE79668 (H), GSE85916 (I). ROC,

994  receiver operator characteristic; OS, overall survival.
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996  Figure S-figure supplement 1. The clinical characteristics of the high and low
997  AIDPS groups. (A, E, I and M) Composition percentage of the two groups in clinical
998  characteristics such as age (A), gender (E), stage (I), grade (M) in the TCGA-PAAD
999  cohort. (B, F, J and N) Composition percentage of the two groups in clinical
1000  characteristics such as age (B), gender (F), stage (J), grade (N) in the PACA-AU-Seq
1001  cohort. (C, G, K and O) Composition percentage of the two subtypes in clinical

1002  characteristics such as age (C), gender (G), stage (K), grade (O) in the Meta-Cohort
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1006

cohort. (D, H and L) Composition percentage of the two groups in clinical

characteristics such as age (D), gender (H), stage (L) in the PACA-CA-Seq cohort. (P)

available under aCC-BY 4.0 International license.

Composition percentage of the two groups on grade in the E-MTAB-6134 cohort.

Source Data Files

Figure 1-source data 1. Details of baseline information in 10 public datasets

Accession TCGA-PAAD  PACA-AU-Seq PACA-AU-Array PACA-CA-Seq E-MTAB-6134  GSE62452 GSE28735 GSE78229 GSE79668 GSE85916
Number of Patients 176 (100%) 81 (100%) 267 (100%) 182 (100%) 288 (100%) 65 (100%) 42 (100%) 49 (100%) 51 (100%) 79 (100%)
Event

Alive 84 (47.7%) 32 (39.5%) 106 (39.7%) 34 (18.7%) 107 (37.2%) 16 (24.6%) 13 (31.0%) 14 (28.6%) 6 (11.8%) 22 (27.8%)
Dead 92 (52.3%) 49 (60.5%) 161 (60.3%) 148 (81.3%) 181 (62.8%) 49 (75.4%) 29 (69.0%) 35 (71.4%) 45 (88.2%) 57 (72.2%)
Age

<=65 93 (52.8%) 34 (42.0%) 116 (43.4%) 78 (42.9%) -- - -- - 25 (49.0%) -

>65 83 (47.2%) 46 (56.8%) 150 (56.2%) 86 (47.3%) -- - -- - 26 (51.0%) -

Not available - 1(1.2%) 1(0.4%) 18 (9.9%) - - . - - -

Gender

Female 80 (45.5%) 41 (50.6%) 125 (46.8%) 82 (45.1%) 122 (42.4%) - -- - 19 (37.3%) -

Male 96 (54.5%) 40 (49.4%) 142 (53.2%) 99 (54.4%) 166 (57.6%) - -- - 32 (62.7%) -

Not available -- -- -- 1(0.5%) - -- - -- -- --

Stage

I+0O 166(94.3%) 75 (92.6%) 251 (94.0%) 146 (80.2%) -- 49 (75.4%) -- 4(8.2%) - -

m+Iv 7 (4.0%) 5(6.2%) 122 (4.5%) 7 (3.8%) -- 16 (24.6%) -- 45 (91.8%) - -

Not available 3 (1.7%) 1(1.2%) 4 (1.5%) 29 (15.9%) -- - -- - - -

T stage

T1+T2 31 (17.6%) 9 (11.1%) 45 (16.8%) - 51 (17.7%) - -- - 15 (29.4%) -

T3+T4 143(81.2%) 70 (86.4%) 218 (81.6) - 237 (82.3%) - -- - 36 (70.6%) -

Not available 2 (1.1%) 2(2.5%) 4 (1.5%) - -- - -- - - -

N stage

NO 49 (27.8%) 26 (32.1%) 63 (23.6%) - 72(25.0%) - - - 14 (27.5%) -

NI+N2 122(69.3%) 53 (65.4%) 199 (74.5%) - 216 (75.0%) - -- - 37 (72.5%) -

Not available 5(2.8%) 2 (2.5%) 5(1.9%) -- - - -- - - -

Grade

Gl-2 124(70.5%) 49 (60.5%) 22 (8.2%) -- 240 (83.3%) 34 (52.3%) -- 26 (53.1%) - -

G3-4 50 (28.4%) 29 (35.8%) 241 (90.3%) - 48 (16.7%) 30 (46.2%) -- 22 (44.9%) - -

Not available 2 (1.1%) 3 (3.7%) 4 (1.5%) - -- 1(1.5%) -- 1 (2.0%) - -
Relapse status

No 46 (26.1%) 40 (49.4%) 120 (44.9%) 85 (46.7%) 73 (25.3%) - -- - - -

Yes 23 (13.1%) 41 (50.6%) 147 (55.1%) 97 (53.3%) 215 (74.7%) - -- - - -

Not available

107(60.8%)

Radiation_therapy
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No 100(56.8%)
Yes 37 (21.0%)

Not available 39 (22.2%)

Alcohol
No 64 (36.4%)
Yes 100(56.8%)

Not available 12 (6.8%)

Margin
RO - - - - 235 (81.6%)
Rl - - - - 49 (17.0%)

Not available -- - - - 4(1.4%)

Site
Body&Tail 29 (16.5%)
Head 128(72.7%)

Not available 19 (10.8%)

Diabetes
No - - - - - - -- - 29 (56.9%)

Yes - - - - - - - - 22 (43.1%)

KRAS Status
Wwild -- -- -- -- 31(10.8%) -- -
Mutation - - - - 230 (79.9%) - - - - -

Not available - - - - 27 (9.4%) - - - -

TPS3 Status

Wild - - - - 80 (27.8%) - -
Mutation - - - - 181 (62.8%) - - - - -
Not available - - - - 27 (9.4%) - - - -
CDKN2A Status
wild - - - - 220 (76.4%)
Mutation - - - - 41 (14.2%) - -
Not available - - - - 27 (9.4%) - - - -
1007
Figure 2-source data 1. The 9 genes included in the AIDPS
ENSEMBL SYMBOL
ENSG00000143416 SELENBPI
ENSG00000057019 DCBLD2
ENSG00000124882 EREG
ENSG00000148926 ADM
ENSG00000170779 CDCA4
ENSG00000068489 PRR11
ENSG00000092929 UNC13D
ENSG00000101333 PLCB4
ENSG00000198959 TGM2
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Figure 4-source data 1. Details of 86 published mRNA/LncRNA signatures in PACA.

Model PMID Type Author Year Coef Gene ENSEMBL

Model-1 34930261 mRNA  CaiW 2021 0912 CAI2 ENSG00000074410
Model-1 34930261 mRNA  CaiW 2021 09 CDA ENSG00000158825
Model-1 34930261 mRNA CaiW 2021 -3.3881 DGKZ ENSG00000149091
Model-1 34930261 mRNA CaiW 2021 6.769 GMPS ENSG00000163655
Model-1 34930261 mRNA CaiW 2021 -6.0982 PI4KB ENSG00000143393
Model-2 33465729 mRNA  Chen B 2021 -0.1661 AGT ENSG00000135744
Model-2 33465729 mRNA  Chen B 2021 0.1638 CXCL9 ENSG00000138755
Model-2 33465729 mRNA  ChenB 2021 0.2654 EGF ENSG00000138798
Model-2 33465729 mRNA  ChenB 2021 0.5676 MET ENSG00000105976
Model-2 33465729 mRNA  ChenB 2021 0.1655 RARRES3 ENSG00000133321
Model-2 33465729 mRNA  Chen B 2021 0.1964 S100A14 ENSG00000189334
Model-2 33465729 mRNA  Chen B 2021 0.0953 SPP1 ENSG00000118785
Model-3 34691034 mRNA  ChenD 2021 -0.45 GDF11 ENSG00000135414
Model-3 34691034 mRNA  ChenD 2021 0.025 1IL18 ENSG00000150782
Model-3 34691034 mRNA  ChenD 2021 0.18 PLAU ENSG00000122861
Model-3 34691034 mRNA  ChenD 2021 0.03 S100A16 ENSG00000188643
Model-3 34691034 mRNA  ChenD 2021 -0.02 NROBI ENSG00000169297
Model-3 34691034 mRNA  ChenD 2021 0.17 SEMA3C ENSG00000075223
Model-3 34691034 mRNA  ChenD 2021 0.01 PPP3CA ENSG00000138814
Model-4 26247463 mRNA  Chen DT 2015 0.157 Coorfl5 ENSG00000204542
Model-4 26247463 mRNA  Chen DT 2015 0.178 CAPNS ENSG00000203697
Model-4 26247463 mRNA  Chen DT 2015 0.22 HISTIH3H ENSG00000278828
Model-4 26247463 mRNA  Chen DT 2015 0.234 1GF2BP3 ENSG00000136231
Model-4 26247463 mRNA  Chen DT 2015 0.243 SCEL ENSG00000136155
Model-4 26247463 mRNA  Chen DT 2015 0.261 KIF14 ENSG00000118193
Model-4 26247463 mRNA  Chen DT 2015 0.247 KRT6A ENSG00000205420
Model-4 26247463 mRNA  Chen DT 2015 0.281 SLC2A1 ENSG00000117394
Model-4 26247463 mRNA  Chen DT 2015 0.247 PMAIPI ENSG00000141682
Model-4 26247463 mRNA  Chen DT 2015 0.157 PPBP ENSG00000163736
Model-4 26247463 mRNA  Chen DT 2015 0.17 UCAl ENSG00000214049
Model-4 26247463 mRNA  Chen DT 2015 0.256 RTKN2 ENSG00000182010
Model-4 26247463 mRNA  Chen DT 2015 0.271 SLC45A3 ENSG00000158715
Model-4 26247463 mRNA  Chen DT 2015 0.271 SERPINBS ENSG00000206075
Model-4 26247463 mRNA  Chen DT 2015 0.208 TMPRSS3 ENSG00000160183
Model-5 30710069 mRNA  Chen H 2019 0.65 MAP4K4 ENSG00000071054
Model-5 30710069 mRNA  Chen H 2019 0.129 1GF2BP3 ENSG00000136231
Model-5 30710069 mRNA  Chen H 2019 0.195 SULTIEL ENSG00000109193
Model-6 31102348 mRNA  Chen K 2019 0.4099 HSBPIL1 ENSG00000226742
Model-6 31102348 mRNA  Chen K 2019 -0.3448 D--H10 ENSG00000197653
Model-6 31102348 mRNA  ChenK 2019 -0.3725 KIAAO0513 ENSG00000135709
Model-6 31102348 mRNA  Chen K 2019 1.3175 MRPL3 ENSG00000114686
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Model-7 34632851 mRNA  ChenQ 2021 0.2805 B3GNT3 ENSG00000179913
Model-7 34632851 mRNA  ChenQ 2021 0.3705 BCATI ENSG00000060982
Model-7 34632851 mRNA  Chen Q 2021 0.4273 KYNU ENSG00000115919
Model-7 34632851 mRNA  Chen Q 2021 0.3774 LDHA ENSG00000134333
Model-7 34632851 mRNA  Chen Q 2021 0.549 TYMS ENSG00000176890
Model-8 34276760 mRNA  Chen S 2021 -0.3281 COL2Al ENSG00000139219
Model-8 34276760 mRNA  Chen S 2021 -0.3961 CUX2 ENSG00000111249
Model-8 34276760 mRNA  Chen S 2021 0.2074 CXCL10 ENSG00000169245
Model-8 34276760 mRNA  Chen S 2021 -0.1998 TRPC7 ENSG00000069018
Model-9 34094925 mRNA  ChenS 2 2021 -0.329 COLI11Al ENSG00000060718
Model-9 34094925 mRNA  ChenS 2 2021 -1.358 COL12A1 ENSG00000111799
Model-9 34094925 mRNA  ChenS_ 2 2021 3.811 COL1A1 ENSG00000108821
Model-9 34094925 mRNA  ChenS_ 2 2021 -12.93 COL3Al ENSG00000168542
Model-9 34094925 mRNA  ChenS 2 2021 3.86 COL5A2 ENSG00000204262
Model-9 34094925 mRNA  ChenS 2 2021 10.44 COL6A3 ENSG00000163359
Model-9 34094925 mRNA  ChenS 2 2021 -0.2232 ITGA2 ENSG00000164171
Model-9 34094925 mRNA  ChenS 2 2021 4.88 MMP14 ENSG00000157227
Model-9 34094925 mRNA  ChenS 2 2021 -4.655 THBS2 ENSG00000186340
Model-10 34090418 mRNA  ChenY 2021 -0.5399 CBXS8 ENSG00000141570
Model-10 34090418 mRNA  ChenY 2021 -0.5193 CENPT ENSG00000102901
Model-10 34090418 mRNA  ChenY 2021 0.7465 DPY30 ENSG00000162961
Model-10 34090418 mRNA  ChenY 2021 0.1046 PADI1 ENSG00000142623
Model-11 32310997 mRNA  Demirkol CS 2020 1 ARNTL2 ENSG00000029153
Model-11 32310997 mRNA  Demirkol CS 2020 -1 C2orf42 ENSG00000115998
Model-11 32310997 mRNA  Demirkol CS 2020 -1 CADPS2 ENSG00000081803
Model-11 32310997 mRNA  Demirkol CS 2020 -1 CBX7 ENSG00000100307
Model-11 32310997 mRNA  Demirkol CS 2020 1 EPS8 ENSG00000151491
Model-11 32310997 mRNA  Demirkol CS 2020 1 ERRFII ENSG00000116285
Model-11 32310997 mRNA  Demirkol CS 2020 -1 KANKI ENSG00000107104
Model-11 32310997 mRNA  Demirkol CS 2020 1 GSK3B ENSG00000082701
Model-11 32310997 mRNA  Demirkol CS 2020 -1 PITP-- ENSG00000174238
Model-11 32310997 mRNA  Demirkol CS 2020 1 LDHA ENSG00000134333
Model-11 32310997 mRNA  Demirkol CS 2020 1 MAP4K4 ENSG00000071054
Model-11 32310997 mRNA  Demirkol CS 2020 -1 MIA3 ENSG00000154305
Model-11 32310997 mRNA  Demirkol CS 2020 1 TRIO ENSG00000038382
Model-11 32310997 mRNA  Demirkol CS 2020 -1 NDUFB2 ENSG00000090266
Model-11 32310997 mRNA  Demirkol CS 2020 1 SLC20A1 ENSG00000144136
Model-11 32310997 mRNA  Demirkol CS 2020 -1 POLR3H ENSG00000100413
Model-11 32310997 mRNA  Demirkol CS 2020 1 RAB7A ENSG00000075785
Model-11 32310997 mRNA  Demirkol CS 2020 1 STX16 ENSG00000124222
Model-11 32310997 mRNA  Demirkol CS 2020 1 TFG ENSG00000114354
Model-11 32310997 mRNA  Demirkol CS 2020 -1 ZNF557 ENSG00000130544
Model-12 33865399 mRNA  DingJ 2021 -0.799 ENO3 ENSG00000108515
Model-12 33865399 mRNA  DingJ 2021 1.026 LDHA ENSG00000134333
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Model-12 33865399 mRNA  DingJ 2021 -0.484 PGKlI ENSG00000102144
Model-12 33865399 mRNA  DingJ 2021 0.415 PGMI1 ENSG00000079739
Model-13 34290570 mRNA  DongY 2021 032 ANOl ENSG00000131620
Model-13 34290570 mRNA  DongY 2021 0.135 FAMS3A ENSG00000147689
Model-13 34290570 mRNA  DongY 2021 0.003 GPR&7 ENSG00000138271
Model-13 34290570 mRNA  DongY 2021 2.00E-04 ITGB6 ENSG00000115221
Model-13 34290570 mRNA DongY 2021 0.15 KLKI0 ENSG00000129451
Model-13 34290570 mRNA DongY 2021 0.03 SERPINEI ENSG00000106366
Model-13 34290570 mRNA  DongY 2021 -0.18 SMIM32 ENSG00000271824
Model-14 34095229 mRNA  FengZ 2021 0.2342 ASPH ENSG00000198363
Model-14 34095229 mRNA  FengZ 2021 -0.6197 BLOCIS3 ENSG00000189114
Model-14 34095229 mRNA  FengZ 2021 0.162 FAMBS3A ENSG00000147689
Model-14 34095229 mRNA  FengZ 2021 0.2842 DDX10 ENSG00000178105
Model-14 34095229 mRNA  FengZ 2021 -0.2568 PPMIH ENSG00000111110
Model-14 34095229 mRNA  FengZ 2021 -0.2905 NROB2 ENSG00000131910
Model-14 34095229 mRNA  FengZ 2021 -0.4056 SLAMF6 ENSG00000162739
Model-15 32958051 mRNA  FengZ 2 2020 0.3111 DCBLD2 ENSG00000057019
Model-15 32958051 mRNA  FengZ 2 2020 0.2939 GSDMD ENSG00000104518
Model-15 32958051 mRNA  FengZ 2 2020 0.5141 PLOD2 ENSG00000152952
Model-15 32958051 mRNA  FengZ 2 2020 0.1919 PMAIP1 ENSG00000141682
Model-16 33748108 mRNA  FengZ 3 2021 0.42 EREG ENSG00000124882
Model-16 33748108 mRNA  FengZ 3 2021 -0.61 MCM3AP ENSG00000160294
Model-16 33748108 mRNA  FengZ 3 2021 033 MCM7 ENSG00000166508
Model-16 33748108 mRNA  FengZ 3 2021 -0.441 KCTDI3 ENSG00000174943
Model-16 33748108 mRNA  FengZ 3 2021 0.328 POLG2 ENSG00000256525
Model-16 33748108 mRNA  FengZ 3 2021 0.263 TP73 ENSG00000078900
Model-16 33748108 mRNA  FengZ 3 2021 -0.542 TERF2 ENSG00000132604
Model-17 33996821 mRNA  FengZ 4 2021 03041 DLX2 ENSG00000115844
Model-17 33996821 mRNA  FengZ 4 2021 0.2146 ITGB6 ENSG00000115221
Model-17 33996821 mRNA  FengZ 4 2021 -0.2424  FGF9 ENSG00000102678
Model-17 33996821 mRNA  FengZ 4 2021 -0.1568 LGRS ENSG00000139292
Model-17 33996821 mRNA  FengZ 4 2021 0.6384 MYC ENSG00000136997
Model-17 33996821 mRNA  FengZ 4 2021 -0.4059 IL6R ENSG00000160712
Model-17 33996821 mRNA  FengZ 4 2021 -0.4479 TNFSF12 ENSG00000239697
Model-17 33996821 mRNA  FengZ 4 2021 -0.1231 S100A2 ENSG00000196754
Model-18 34631790 mRNA  FengZ 5 2021 0.2247 CAVl1 ENSG00000105974
Model-18 34631790 mRNA  FengZ 5 2021 0.265 DDIT4 ENSG00000168209
Model-18 34631790 mRNA  FengZ 5 2021 -0.24 SLCA40Al ENSG00000138449
Model-18 34631790 mRNA  FengZ 5 2021 0.9346 SRXNI1 ENSG00000271303
Model-18 34631790 mRNA  FengZ 5 2021 0.1441 TFAP2C ENSG00000087510
Model-19 33550277 mRNA GuM 2021 -0.884 CCNTI ENSG00000129315
Model-19 33550277 mRNA GuM 2021 -2.446 HMOX2 ENSG00000103415
Model-19 33550277 mRNA GuM 2021 -1.934 ITGB3 ENSG00000259207
Model-19 33550277 mRNA GuM 2021 -3.871 SDS ENSG00000135094
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Model-20 33845841 mRNA GuX 2021 0.3784 FCGR2B ENSG00000072694
Model-20 33845841 mRNA GuX 2021 0.4762 HLA-DRA ENSG00000204287
Model-20 33845841 mRNA GuX 2021 -1.0217 IL10RA ENSG00000110324
Model-21 25587357 mRNA  Haider S 2014 0.1231 ADAMTSI14  ENSG00000138316
Model-21 25587357 mRNA  Haider S 2014 0.2345 ADM ENSG00000148926
Model-21 25587357 mRNA  Haider S 2014 -0.2444 ARRBI ENSG00000137486
Model-21 25587357 mRNA  Haider S 2014 -0.4377 B3GNTI ENSG00000170340
Model-21 25587357 mRNA  Haider S 2014 0.0751 BLM ENSG00000197299
Model-21 25587357 mRNA  Haider S 2014 -0.3389 CADPS ENSG00000163618
Model-21 25587357 mRNA  Haider S 2014 0.3667 CDC45 ENSG00000093009
Model-21 25587357 mRNA  Haider S 2014 0.1296 CDK2AP1 ENSG00000111328
Model-21 25587357 mRNA  Haider S 2014 -0.0317 CIT ENSG00000122966
Model-21 25587357 mRNA  Haider S 2014 0.1527 CKAP2L ENSG00000169607
Model-21 25587357 mRNA  Haider S 2014 -0.1648 CNNM3 ENSG00000168763
Model-21 25587357 mRNA  Haider S 2014 -0.2899  EIF4E3 ENSG00000163412
Model-21 25587357 mRNA  Haider S 2014 0.184 KIF14 ENSG00000118193
Model-21 25587357 mRNA  Haider S 2014 0.1349 GRPEL2 ENSG00000164284
Model-21 25587357 mRNA  Haider S 2014 -0.3216 GTF2IRD2 ENSG00000196275
Model-21 25587357 mRNA  Haider S 2014 -0.1804 GTF2IRD2B  ENSG00000174428
Model-21 25587357 mRNA  Haider S 2014 -0.1242 ICOSLG ENSG00000277117
Model-21 25587357 mRNA  Haider S 2014 0.2668 IGF2BP2 ENSG00000073792
Model-21 25587357 mRNA  Haider S 2014 0.4462 IL20RB ENSG00000174564
Model-21 25587357 mRNA  Haider S 2014 0.1777 NPLOC4 ENSG00000182446
Model-21 25587357 mRNA  Haider S 2014 0.5888 ITGAS ENSG00000161638
Model-21 25587357 mRNA  Haider S 2014 -0.0662 ITGBLI ENSG00000198542
Model-21 25587357 mRNA  Haider S 2014 0.5459 KIF4A ENSG00000090889
Model-21 25587357 mRNA  Haider S 2014 -0.366 NOSTRIN ENSG00000163072
Model-21 25587357 mRNA  Haider S 2014 0.5742 SEMA3A ENSG00000075213
Model-21 25587357 mRNA  Haider S 2014 -0.1145 SKA3 ENSG00000165480
Model-21 25587357 mRNA  Haider S 2014 0.2209 PHLDAI ENSG00000139289
Model-21 25587357 mRNA  Haider S 2014 0.3898 SLC20Al ENSG00000144136
Model-21 25587357 mRNA  Haider S 2014 0.3201 PXN ENSG00000089159
Model-21 25587357 mRNA  Haider S 2014 -0.1181 QDPR ENSG00000151552
Model-21 25587357 mRNA  Haider S 2014 03173 TMEM26 ENSG00000196932
Model-21 25587357 mRNA  Haider S 2014 0.1134 RFX8 ENSG00000196460
Model-21 25587357 mRNA  Haider S 2014 0.1698 RPL39L ENSG00000163923
Model-21 25587357 mRNA  Haider S 2014 -0.2347 RPSAPS8 ENSG00000225178
Model-21 25587357 mRNA  Haider S 2014 -0.1939 ZNF471 ENSG00000196263
Model-21 25587357 mRNA  Haider S 2014 03158 SSX3 ENSG00000165584
Model-22 32702921 mRNA HeQL 2020 0.02 BICClI ENSG00000122870
Model-22 32702921 mRNA He QL 2020 0.052 CYSLTRI ENSG00000173198
Model-22 32702921 mRNA  He QL 2020 0.031 GBP5 ENSG00000154451
Model-22 32702921 mRNA He QL 2020 0.078 P2RY6 ENSG00000171631
Model-22 32702921 mRNA  He QL 2020 -0.322 RAB39B ENSG00000155961
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Model-22 32702921 mRNA HeQL 2020 -0.449 VENTX ENSG00000151650
Model-22 32702921 mRNA HeQL 2020 0.121 SLC7A14 ENSG00000013293
Model-23 32754191 mRNA  Houl 2020 0.34 HNRNPC ENSG00000092199
Model-23 32754191 mRNA  Houl 2020 -0.11 METTL3 ENSG00000165819
Model-23 32754191 mRNA  Houl 2020 0.28 1GF2BP2 ENSG00000073792
Model-23 32754191 mRNA  Houl 2020 0.04 IGF2BP3 ENSG00000136231
Model-23 32754191 mRNA  Houl 2020 0.28 KIAA1429 ENSG00000164944
Model-23 32754191 mRNA  Houl 2020 -0.37 YTHDF1 ENSG00000149658
Model-24 34671679 mRNA  Huang XY 2021 -1.1241 BIRCS ENSG00000089685
Model-24 34671679 mRNA  Huang XY 2021 -2.5941 BUBI ENSG00000169679
Model-24 34671679 mRNA  Huang XY 2021 3.3769 CCNB2 ENSG00000157456
Model-24 34671679 mRNA  Huang XY 2021 3.7166 CDKl1 ENSG00000170312
Model-24 34671679 mRNA  Huang XY 2021 5.0568 TPX2 ENSG00000088325
Model-24 34671679 mRNA  Huang XY 2021 -3.0209 UBE2C ENSG00000175063
Model-24 34671679 mRNA  Huang XY 2021 -4.0606 ZWINT ENSG00000122952
Model-25 34122496 mRNA  HuolJ 2021 -0.0995 ABCAS ENSG00000154265
Model-25 34122496 mRNA  HuolJ 2021 0.0562 CAC--2D4 ENSG00000151062
Model-25 34122496 mRNA  HuolJ 2021 0.004 GALNTI10 ENSG00000164574
Model-25 34122496 mRNA  HuoJ 2021 0.0064 DPYD ENSG00000188641
Model-25 34122496 mRNA  HuoJ 2021 0.0059 GART ENSG00000159131
Model-25 34122496 mRNA  HuoJ 2021 0.0016 GPD2 ENSG00000115159
Model-25 34122496 mRNA  Huol 2021 0.0194 MTAP ENSG00000099810
Model-25 34122496 mRNA  HuolJ 2021 0.0083 INPP4B ENSG00000109452
Model-25 34122496 mRNA  HuolJ 2021 -0.0174 1P6K1 ENSG00000176095
Model-25 34122496 mRNA  HuoJ 2021 0.0062 OAS2 ENSG00000111335
Model-25 34122496 mRNA  HuoJ 2021 0.002 MTHFDI ENSG00000100714
Model-25 34122496 mRNA  HuoJ 2021 -0.0197 SLC25A27 ENSG00000153291
Model-25 34122496 mRNA  HuoJ 2021 0.0065 STS ENSG00000101846
Model-25 34122496 mRNA  HuolJ 2021 0.0021 SULF2 ENSG00000196562
Model-25 34122496 mRNA  HuolJ 2021 -0.0126 SLC2AS8 ENSG00000136856
Model-26 33819918 mRNA  Jiang P 2021 -0.2256 ATG4D ENSG00000130734
Model-26 33819918 mRNA  Jiang P 2021 0.2279 AURKA ENSG00000087586
Model-26 33819918 mRNA  Jiang P 2021 -1.3943 BAPI1 ENSG00000163930
Model-26 33819918 mRNA  Jiang P 2021 0.2577 CAPG ENSG00000042493
Model-26 33819918 mRNA  Jiang P 2021 0.27 CAV1 ENSG00000105974
Model-26 33819918 mRNA  Jiang P 2021 0.1823 DDIT4 ENSG00000168209
Model-26 33819918 mRNA  Jiang P 2021 0.0971 PTGS2 ENSG00000073756
Model-26 33819918 mRNA  Jiang P 2021 0.4656 MAP3KS5 ENSG00000197442
Model-26 33819918 mRNA  Jiang P 2021 0.1731 MTI1G ENSG00000125144
Model-26 33819918 mRNA  Jiang P 2021 0.0247 RRM2 ENSG00000171848
Model-26 33819918 mRNA  Jiang P 2021 -0.3538 SLC1A4 ENSG00000115902
Model-26 33819918 mRNA  Jiang P 2021 -0.3383 ZNF419 ENSG00000105136
Model-26 33819918 mRNA  Jiang P 2021 0.2476 STEAP3 ENSG00000115107
Model-26 33819918 mRNA  Jiang P 2021 -0.2033 TUBEI1 ENSG00000074935
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Model-27 34313248 mRNA  Jiang PC 2021 -0.5699 ATG4B ENSG00000168397
Model-27 34313248 mRNA  Jiang PC 2021 0.191 BIRCS ENSG00000089685
Model-27 34313248 mRNA  Jiang PC 2021 1.0582 BNIPI ENSG00000113734
Model-27 34313248 mRNA  Jiang PC 2021 1.2169 CASP4 ENSG00000196954
Model-27 34313248 mRNA  Jiang PC 2021 -0.5859 EEF2 ENSG00000167658
Model-27 34313248 mRNA  Jiang PC 2021 09612 EEF2K ENSG00000103319
Model-27 34313248 mRNA  Jiang PC 2021 0.4921 ITGA3 ENSG00000005884
Model-27 34313248 mRNA  Jiang PC 2021 -0.6779 RAB24 ENSG00000169228
Model-27 34313248 mRNA  Jiang PC 2021 0.6804 ULK1 ENSG00000177169
Model-27 34313248 mRNA  Jiang PC 2021 -0.7288 TSC1 ENSG00000165699
Model-28 34659888 mRNA  Katsuta E 2021 -0.242 HOXA4 ENSG00000197576
Model-28 34659888 mRNA  Katsuta E 2021 -0.101 DMRT3 ENSG00000064218
Model-28 34659888 mRNA  Katsuta E 2021 -0.094 ISL2 ENSG00000159556
Model-28 34659888 mRNA  Katsuta E 2021 -0.098 PHKGI1 ENSG00000164776
Model-28 34659888 mRNA  Katsuta E 2021 -0.19 TRA2A ENSG00000164548
Model-29 31703415 mRNA Kim]J 2019 0.5086 E2F7 ENSG00000165891
Model-29 31703415 mRNA Kim]J 2019 0.4543 IF144 ENSG00000137965
Model-29 31703415 mRNA Kim]J 2019 0.4618 LAMA3 ENSG00000053747
Model-29 31703415 mRNA  Kim]J 2019 -0.4652 LRIG1 ENSG00000144749
Model-29 31703415 mRNA Kim]J 2019 -0.4201 SLCI12A2 ENSG00000064651
Model-30 33775699 mRNA LiA 2021 -0.14 CHST2 ENSG00000175040
Model-30 33775699 mRNA LiA 2021 0.1755 KIF20A ENSG00000112984
Model-30 33775699 mRNA LiA 2021 0.0214 MET ENSG00000105976
Model-31 32522048 IncRNA LiM 2020 -0.0066 AC009014.3  ENSG00000271824
Model-31 32522048 IncRNA LiM 2020 0.0093 RP11-48020.4 ENSG00000224259
Model-31 32522048 IncRNA LiM 2020 0.0732 UCAl ENSG00000214049
Model-32 33747931 mRNA  LiMX 2021 -0.082 ATP8B2 ENSG00000143515
Model-32 33747931 mRNA  LiMX 2021 -0.098 BINI1 ENSG00000136717
Model-32 33747931 mRNA LiMX 2021 -0.112 ELOM1 ENSG00000155849
Model-32 33747931 mRNA LiMX 2021 0.051 ERAP2 ENSG00000164308
Model-32 33747931 mRNA LiMX 2021 -0.081 FAMI18A ENSG00000100376
Model-32 33747931 mRNA  LiMX 2021 0.017 RAPGEFLI ENSG00000108352
Model-32 33747931 mRNA  LiMX 2021 0.394 KIF23 ENSG00000137807
Model-32 33747931 mRNA  LiMX 2021 0.005 LAPTM4A ENSG00000068697
Model-32 33747931 mRNA LiMX 2021 0.014 RGSI16 ENSG00000143333
Model-33 34394706 mRNA LiZ 2021 0.2339 ANLN ENSG00000011426
Model-33 34394706 mRNA LiZ 2021 0.1041 LY6D ENSG00000167656
Model-33 34394706 mRNA LiZ 2021 0.126 MYEOV ENSG00000172927
Model-33 34394706 mRNA LiZ 2021 -0.2197 SCN11A ENSG00000168356
Model-33 34394706 mRNA LiZ 2021 0.1388 ZNF488 ENSG00000265763
Model-34 28979141 mRNA  Liao X 2017 0372 ARHGAP15  ENSG00000075884
Model-34 28979141 mRNA  Liao X 2017 -0.446 ARHGAP30  ENSGO00000186517
Model-34 28979141 mRNA  Liao X 2017 0.267 CD247 ENSG00000198821
Model-34 28979141 mRNA  Liao X 2017 -0.376  CD96 ENSG00000153283
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Model-42 34335699 mRNA MaoM 2021 -0.1301 WFIKKNI1 ENSG00000127578
Model-43 32181755 mRNA  MengZ 2020 -0.0158 ADHIB ENSG00000196616
Model-43 32181755 mRNA  MengZ 2020 0.0784 CA9 ENSG00000107159
Model-43 32181755 mRNA MengZ 2020 -0.7636  CDHR3 ENSG00000128536
Model-43 32181755 mRNA MengZ 2020 -0.7038 ICAM3 ENSG00000076662
Model-43 32181755 mRNA  MengZ 2020 03381 CXCL9 ENSG00000138755
Model-43 32181755 mRNA  MengZ 2020 -0.0661 GIMAP7 ENSG00000179144
Model-43 32181755 mRNA  MengZ 2020 -0.2418 P2RY8 ENSG00000182162
Model-43 32181755 mRNA  MengZ 2020 -0.1146 LDLRADI ENSG00000203985
Model-44 32490170 mRNA MengZ 2 2020 -0.0744 CDHR3 ENSG00000128536
Model-44 32490170 mRNA MengZ 2 2020 -0.0994 CELSR3 ENSG00000008300
Model-44 32490170 mRNA  MengZ 2 2020 0.2942 EGF ENSG00000138798
Model-44 32490170 mRNA  MengZ 2 2020 0.2902 FGF10 ENSG00000070193
Model-44 32490170 mRNA  MengZ 2 2020 -0.6095 GADI ENSG00000128683
Model-44 32490170 mRNA  MengZ 2 2020 0.0881 MTI1H ENSG00000205358
Model-44 32490170 mRNA  MengZ 2 2020 -0.4845 PAH ENSG00000171759
Model-44 32490170 mRNA MengZ 2 2020 0.0536 PGC ENSG00000096088
Model-44 32490170 mRNA  MengZ 2 2020 0.0928 NMUR2 ENSG00000132911
Model-44 32490170 mRNA  MengZ 2 2020 -0.2357 PGMS ENSG00000154330
Model-44 32490170 mRNA  MengZ 2 2020 -0.334 POPDC2 ENSG00000121577
Model-44 32490170 mRNA  MengZ 2 2020 0.065 PPFIA3 ENSG00000177380
Model-44 32490170 mRNA  MengZ 2 2020 -0.3769 TMEM145 ENSG00000167619
Model-44 32490170 mRNA  MengZ 2 2020 0.2099 TNNTI ENSG00000105048
Model-44 32490170 mRNA MengZ 2 2020 0.3893 ZPLD1 ENSG00000170044
Model-44 32490170 mRNA  MengZ 2 2020 0.0593 SERPINA4 ENSG00000100665
Model-45 32895958 mRNA  NishiwadaS 2021 -0.0077 AR ENSG00000169083
Model-45 32895958 mRNA  NishiwadaS 2021 -0.0199 cABL ENSG00000097007
Model-45 32895958 mRNA  Nishiwada S 2021 0.0137 cJUN ENSG00000177606
Model-45 32895958 mRNA  NishiwadaS 2021 0.1063 HDACI1 ENSG00000116478
Model-45 32895958 mRNA  NishiwadaS 2021 -0.0371 1RFI ENSG00000125347
Model-45 32895958 mRNA  NishiwadaS 2021 -0.0663 PKC-beta ENSG00000166501
Model-45 32895958 mRNA  NishiwadaS 2021 -0.0202 PAK2 ENSG00000180370
Model-45 32895958 mRNA  Nishiwada S 2021 -0.058 RelA ENSG00000173039
Model-45 32895958 mRNA  Nishiwada S 2021 -0.0102 STATI1 ENSG00000115415
Model-45 32895958 mRNA  NishiwadaS 2021 0.0659 SUMOL1 ENSG00000116030
Model-46 34249934 mRNA  Qian H 2021 03119 BIRCS ENSG00000089685
Model-46 34249934 mRNA  Qian H 2021 0.2271 CKLF ENSG00000217555
Model-46 34249934 mRNA  Qian H 2021 0.2728 GBP2 ENSG00000162645
Model-46 34249934 mRNA  Qian H 2021 0.1752 CRABP2 ENSG00000143320
Model-46 34249934 mRNA  Qian H 2021 03574 CXCLL11 ENSG00000169248
Model-46 34249934 mRNA  Qian H 2021 0.0155 DKKI1 ENSG00000107984
Model-46 34249934 mRNA  Qian H 2021 0.1067 EREG ENSG00000124882
Model-46 34249934 mRNA  Qian H 2021 0.3033 FAM3C ENSG00000196937
Model-46 34249934 mRNA  Qian H 2021 0.0672 FGFRL1 ENSG00000127418
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Model-46 34249934 mRNA  Qian H 2021 -0.8333 FIGNL2 ENSG00000261308
Model-46 34249934 mRNA  Qian H 2021 -0.0764 GDF9 ENSG00000164404
Model-46 34249934 mRNA  Qian H 2021 -0.4339 RFXAP ENSG00000133111
Model-46 34249934 mRNA  Qian H 2021 -0.067 1IL32 ENSG00000008517
Model-46 34249934 mRNA  Qian H 2021 -0.1976  S100A11 ENSG00000163191
Model-46 34249934 mRNA  Qian H 2021 -0.0123  SLC22A17 ENSG00000092096
Model-46 34249934 mRNA  Qian H 2021 -0.1279 PSMBS8 ENSG00000204264
Model-46 34249934 mRNA  Qian H 2021 -0.4381 PSPN ENSG00000125650
Model-46 34249934 mRNA  Qian H 2021 -0.3633 SDC4 ENSG00000124145
Model-47 32195182 mRNA  Sahni S 2020 0.856 AGR2 ENSG00000106541
Model-47 32195182 mRNA  Sahni S 2020 0.699 CADMI1 ENSG00000182985
Model-47 32195182 mRNA  Sahni S 2020 0.759 JTB ENSG00000143543
Model-47 32195182 mRNA  Sahni S 2020 0.908 TMED2 ENSG00000086598
Model-48 29340021 mRNA  ShiG 2017 -0.3775 ACSLS ENSG00000197142
Model-48 29340021 mRNA  ShiG 2017 03075 AMIGO2 ENSG00000139211
Model-48 29340021 mRNA  ShiG 2017 0.4454 ARNTL2 ENSG00000029153
Model-48 29340021 mRNA  ShiG 2017 0.6208 ASPM ENSG00000066279
Model-48 29340021 mRNA  ShiG 2017 0.4087 BIK ENSG00000100290
Model-48 29340021 mRNA  ShiG 2017 -0.0156 CA4 ENSG00000167434
Model-48 29340021 mRNA  ShiG 2017 0.2423 COLI17Al ENSG00000065618
Model-48 29340021 mRNA  ShiG 2017 0.2441 DKKIl1 ENSG00000107984
Model-48 29340021 mRNA  ShiG 2017 0.7712 ERP27 ENSG00000139055
Model-48 29340021 mRNA  ShiG 2017 -0.1605 Fl11 ENSG00000088926
Model-48 29340021 mRNA  ShiG 2017 -0.0249 FAM3B ENSG00000183844
Model-48 29340021 mRNA  ShiG 2017 -0.1537 MBOAT?2 ENSG00000143797
Model-48 29340021 mRNA  ShiG 2017 0.2407 MTIM ENSG00000205364
Model-48 29340021 mRNA  ShiG 2017 0.223 SERPINBS ENSG00000206075
Model-48 29340021 mRNA  ShiG 2017 -0.4084 SLC4A4 ENSG00000080493
Model-48 29340021 mRNA  ShiG 2017 0.2769 SPOCKI1 ENSG00000152377
Model-49 29239017 IncRNA Song]J 2018 -0.4645 C9orf139 ENSG00000180539
Model-49 29239017 IncRNA Song]J 2018 0.2446 CTC-327F10.4 ENSG00000251320
Model-49 29239017 IncRNA SongJ 2018 -0.7083 MIR600HG ENSG00000236901
Model-49 29239017 IncRNA SongJ 2018 0.2256 RP5-965G21.4  ENSG00000274414
Model-49 29239017 IncRNA SongJ 2018 -0.3029 RP11-436K8.1 ENSG00000231252
Model-50 34249078 mRNA  Song W 2021 0.0361 ABCB6 ENSG00000115657
Model-50 34249078 mRNA  Song W 2021 0.0056 ALDH3B1 ENSG00000006534
Model-50 34249078 mRNA  Song W 2021 3.00E-04 B3GNT3 ENSG00000179913
Model-50 34249078 mRNA  Song W 2021 0.0155 CACNAIH ENSG00000196557
Model-50 34249078 mRNA  Song W 2021 0.0364 CDKl1 ENSG00000170312
Model-50 34249078 mRNA  Song W 2021 0.513 CHSTI2 ENSG00000136213
Model-50 34249078 mRNA  Song W 2021 0.0126 NTSE ENSG00000135318
Model-50 34249078 mRNA  Song W 2021 0.0494 KIF20A ENSG00000112984
Model-50 34249078 mRNA  Song W 2021 0.0015 GPR&7 ENSG00000138271
Model-50 34249078 mRNA  Song W 2021 0.0246 MET ENSG00000105976
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Model-50 34249078 mRNA  Song W 2021 0.0214 PGM1 ENSG00000079739
Model-51 20644708 mRNA  Stratford JK 2010 -1.214 CDX2 ENSG00000165556
Model-51 20644708 mRNA  Stratford JK 2010 3.641 FTSJ3 ENSG00000108592
Model-51 20644708 mRNA  Stratford JK 2010 -2.342 MACF1 ENSG00000127603
Model-51 20644708 mRNA  Stratford JK 2010 -1.381 RASSF4 ENSG00000107551
Model-51 20644708 mRNA  Stratford JK 2010 2.293 STATI ENSG00000115415
Model-51 20644708 mRNA  Stratford JK 2010 1.9 STX2 ENSG00000111450
Model-52 33226369 mRNA TanZ 2020 -0.1765 CD36 ENSG00000135218
Model-52 33226369 mRNA TanZ 2020 -0.4314 ENO3 ENSG00000108515
Model-52 33226369 mRNA TanZ 2020 1.0167 MET ENSG00000105976
Model-53 34367961 mRNA TanZ 2 2021 0.3261 CXCL9 ENSG00000138755
Model-53 34367961 mRNA TanZ 2 2021 -0.071 PYHINI1 ENSG00000163564
Model-53 34367961 mRNA TanZ 2 2021 -0.0366 NAPSB ENSG00000131401
Model-53 34367961 mRNA TanZ 2 2021 -0.2465 ZNF831 ENSG00000124203
Model-54 33827590 mRNA  TangR 2021 -0.0088 ARRB2 ENSG00000141480
Model-54 33827590 mRNA  TangR 2021 -0.0073 CCDC69 ENSG00000198624
Model-54 33827590 mRNA  TangR 2021 -0.0013 CD81 ENSG00000110651
Model-54 33827590 mRNA  TangR 2021 -0.0423 HHEX ENSG00000152804
Model-54 33827590 mRNA  TangR 2021 0.0284 EIF2A ENSG00000144895
Model-54 33827590 mRNA  TangR 2021 -0.0104 FILIPI1L ENSG00000168386
Model-54 33827590 mRNA  TangR 2021 0.0457 GBP1 ENSG00000117228
Model-54 33827590 mRNA  TangR 2021 0.0017 HISTIHIC ENSG00000187837
Model-54 33827590 mRNA  TangR 2021 -0.0046 LCP1 ENSG00000136167
Model-54 33827590 mRNA  TangR 2021 1.00E-04 REG3A ENSG00000172016
Model-54 33827590 mRNA  TangR 2021 0.011 MMP28 ENSG00000271447
Model-54 33827590 mRNA  TangR 2021 -0.0094 SDC3 ENSG00000162512
Model-54 33827590 mRNA  TangR 2021 -0.0054 PDX1 ENSG00000139515
Model-54 33827590 mRNA  TangR 2021 0.0023 SPRR1B ENSG00000169469
Model-54 33827590 mRNA  TangR 2021 2.00E-04 PPPIRISA ENSG00000087074
Model-54 33827590 mRNA  TangR 2021 -0.001 TUBAIA ENSG00000167552
Model-55 33062408 mRNA  TangR 2 2020 0.0168 HNRNPC ENSG00000092199
Model-55 33062408 mRNA  TangR 2 2020 0.2623 RBMIS5 ENSG00000162775
Model-55 33062408 mRNA  TangR 2 2020 0.0367 IGF2BP2 ENSG00000073792
Model-56 34511988 mRNA  Tang S 2024 -0.309 MZB1 ENSG00000170476
Model-56 34511988 mRNA  Tang S 2021 -0.502 ARIDSA ENSG00000196843
Model-56 34511988 mRNA  Tang S 2022 1226 CLEC2B ENSG00000110852
Model-56 34511988 mRNA  Tang S 2021 -0.757 RAPGEF1 ENSG00000107263
Model-56 34511988 mRNA  Tang S 2023 -0.419 MICALI1 ENSG00000135596
Model-57 31968179 mRNA  Tian G 2020 0.683 B3GNT3 ENSG00000179913
Model-57 31968179 mRNA  Tian G 2020 0.7 MET ENSG00000105976
Model-57 31968179 mRNA  Tian G 2020 0.662 SPAG4 ENSG00000061656
Model-58 33718118 mRNA  Wang W 2021 -0.298 ESR2 ENSG00000140009
Model-58 33718118 mRNA  Wang W 2021 0.259 IDO1 ENSG00000131203
Model-58 33718118 mRNA  Wang W 2021 0.298 1L20RB ENSG00000174564
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Model-58 33718118 mRNA  Wang W 2021 0.172 PPP3CA ENSG00000138814
Model-58 33718118 mRNA  Wang W 2021 0.184 PLAU ENSG00000122861
Model-59 33546693 mRNA  Wang W_2 2021 0.1587 COL7Al1 ENSG00000114270
Model-59 33546693 mRNA  Wang W_2 2021 -0.6539 DENND4B ENSG00000198837
Model-59 33546693 mRNA  Wang W_2 2021 -0.1696 1TGA7 ENSG00000135424
Model-59 33546693 mRNA  Wang W_2 2021 0.7816 NCBP2 ENSG00000114503
Model-59 33546693 mRNA  Wang W_2 2021 -0.1696 LQKI ENSG00000198468
Model-59 33546693 mRNA  Wang W_2 2021 -0.9365 RBM14 ENSG00000239306
Model-59 33546693 mRNA  Wang W_2 2021 -0.312  ZNF709 ENSG00000242852
Model-59 33546693 mRNA  Wang W_2 2021 0.5165 SP1 ENSG00000185591
Model-60 34898275 mRNA  Wei W 2021 -0.8874 ALOX15 ENSG00000161905
Model-60 34898275 mRNA  Wei W 2021 -0.2495 MAPILC3A  ENSG00000101460
Model-60 34898275 mRNA  Wei W 2021 0.144 PROM2 ENSG00000155066
Model-60 34898275 mRNA  Wei W 2021 0.1044 SATI1 ENSG00000130066
Model-60 34898275 mRNA  Wei W 2021 -0.4772  SAT2 ENSG00000141504
Model-60 34898275 mRNA  Wei W 2021 0.0629 TFRC ENSG00000072274
Model-60 34898275 mRNA  Wei W 2021 0.2362 SLC39A8 ENSG00000138821
Model-61 33731794 mRNA  Wei X 2021 0.0238 ANOl1 ENSG00000131620
Model-61 33731794 mRNA  Wei X 2021 -0.0244 AP1M2 ENSG00000129354
Model-61 33731794 mRNA  Wei X 2021 03211 BVES ENSG00000112276
Model-61 33731794 mRNA  Wei X 2021 -0.0105 C4orfl19 ENSG00000154274
Model-61 33731794 mRNA  Wei X 2021 -0.1332 CAC--1D ENSG00000157388
Model-61 33731794 mRNA  Wei X 2021 -0.275 CCDC148 ENSG00000153237
Model-61 33731794 mRNA  Wei X 2021 0.1158 INPP4B ENSG00000109452
Model-61 33731794 mRNA  Wei X 2021 0.1943 NETI1 ENSG00000173848
Model-61 33731794 mRNA  Wei X 2021 0.2316 INSIG2 ENSG00000125629
Model-61 33731794 mRNA  Wei X 2021 0.11 SCEL ENSG00000136155
Model-61 33731794 mRNA  Wei X 2021 -0.0932 PARPI1 ENSG00000143799
Model-61 33731794 mRNA  WeiX 2021 -0.125 POLD3 ENSG00000077514
Model-61 33731794 mRNA  Wei X 2021 -0.1514 SH3RF2 ENSG00000156463
Model-61 33731794 mRNA  Wei X 2021 0.0387 VGLL1 ENSG00000102243
Model-62 32943033 mRNA WuC 2020 0.022 AADAC ENSG00000114771
Model-62 32943033 mRNA WuC 2020 -0.989 CHFR ENSG00000072609
Model-62 32943033 mRNA WuC 2020 0.007 HISTIHIC ENSG00000187837
Model-62 32943033 mRNA WuC 2020 -0.32 DEF8 ENSG00000140995
Model-62 32943033 mRNA WuC 2020 0.041 MET ENSG00000105976
Model-63 32596278 mRNA WuG 2020 0.9452 CKLF ENSG00000217555
Model-63 32596278 mRNA WuG 2020 0.2968 ERAP2 ENSG00000164308
Model-63 32596278 mRNA WuG 2020 0.3896 EREG ENSG00000124882
Model-64 31612115 mRNA WuM 2019 0.0041 ANKRD22 ENSG00000152766
Model-64 31612115 mRNA WuM 2019 0.0066 COL17Al ENSG00000065618
Model-64 31612115 mRNA WuM 2019 0.0991 ARNTL2 ENSG00000029153
Model-64 31612115 mRNA WuM 2019 0.1188 CEP55 ENSG00000138180
Model-64 31612115 mRNA WuM 2019 -0.0076 MCOLN3 ENSG00000055732
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Model-64 31612115 mRNA WuM 2019 0.126 MET ENSG00000105976
Model-64 31612115 mRNA WuM 2019 0.0479 ITGB6 ENSG00000115221
Model-64 31612115 mRNA WuM 2019 0.0276 KLK10 ENSG00000129451
Model-64 31612115 mRNA WuM 2019 -0.0397 SLC25A45 ENSG00000162241
Model-65 33033514 mRNA WuM_ 2 2020 0.0921 KIF14 ENSG00000118193
Model-65 33033514 mRNA WuM_2 2020 0.0097 GPR87 ENSG00000138271
Model-65 33033514 mRNA WuM_ 2 2020 0.0024 RACGAPI1 ENSG00000161800
Model-65 33033514 mRNA WuM_2 2020 0.1136 TPX2 ENSG00000088325
Model-65 33033514 mRNA WuM 2 2020 0.0797 MMP28 ENSG00000271447
Model-65 33033514 mRNA WuM 2 2020 0.1156 RARRES3 ENSG00000133321
Model-65 33033514 mRNA WuM 2 2020 -0.0711 TSPAN?7 ENSG00000156298
Model-66 33316381 mRNA  XuD 2021 0.6265 AIMI1 ENSG00000112297
Model-66 33316381 mRNA  XuD 2021 0.6251 ARHGAPI8  ENSG00000146376
Model-66 33316381 mRNA XuD 2021 0.5097 CAC--2D4 ENSG00000151062
Model-66 33316381 mRNA XuD 2021 -1.0684 MICALLI ENSG00000135596
Model-66 33316381 mRNA XuD 2021 0.6057 DCBLD1 ENSG00000164465
Model-66 33316381 mRNA XuD 2021 0.1313 KLHDC7B ENSG00000130487
Model-66 33316381 mRNA XuD 2021 -0.4401 KLHL32 ENSG00000186231
Model-66 33316381 mRNA  XuD 2021 -0.4933 UNCI3B ENSG00000198722
Model-66 33316381 mRNA  XuD 2021 -1.1333 TSPYL4 ENSG00000187189
Model-67 33176521 mRNA  XuF 2021 -0.0286 ALKBHS ENSG00000091542
Model-67 33176521 mRNA  XuF 2021 -0.132 METTL14 ENSG00000145388
Model-67 33176521 mRNA  XuF 2021 -0.087 METTL3 ENSG00000165819
Model-67 33176521 mRNA XuF 2021 0.233 KIAA1429 ENSG00000164944
Model-67 33176521 mRNA  XuF 2021 -0.035 YTHDF1 ENSG00000149658
Model-68 34717651 mRNA  XuQ 2021 -0.5483 ABCB4 ENSG00000005471
Model-68 34717651 mRNA  XuQ 2021 -7.7451 GHI1 ENSG00000259384
Model-68 34717651 mRNA  XuQ 2021 -0.0924 FAMS3B ENSG00000189319
Model-68 34717651 mRNA XuQ 2021 -0.5285 INTU ENSG00000164066
Model-68 34717651 mRNA XuQ 2021 -0.432 SPINK2 ENSG00000128040
Model-69 30643453 mRNA  YanX 2018 0.4623 CDC6 ENSG00000094804
Model-69 30643453 mRNA  Yan X 2018 0.4106 IGF2BP2 ENSG00000073792
Model-69 30643453 mRNA  Yan X 2018 0.3707 KNTCI1 ENSG00000184445
Model-69 30643453 mRNA  Yan X 2018 -0.4705 LYRMI1 ENSG00000102897
Model-70 33968691 mRNA  YangB 2021 2.8607 CHSTI11 ENSG00000171310
Model-70 33968691 mRNA  YangB 2021 -0.5144 CRHBP ENSG00000145708
Model-70 33968691 mRNA  YangB 2021 0.7636 CXCLS5 ENSG00000163735
Model-70 33968691 mRNA  YangB 2021 -1.1445 GALNTI16 ENSG00000100626
Model-70 33968691 mRNA  YangB 2021 0.4442 MUCI16 ENSG00000181143
Model-70 33968691 mRNA  YangB 2021 -2.1059 NOD2 ENSG00000167207
Model-70 33968691 mRNA  YangB 2021 1.0661 ZNF683 ENSG00000176083
Model-71 33386701 mRNA YeY 2020 -0.0666 CAS8 ENSG00000178538
Model-71 33386701 mRNA YeY 2020 0.0413 CEP55 ENSG00000138180
Model-71 33386701 mRNA YeY 2020 -0.2189 GNB3 ENSG00000111664
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Model-71 33386701 mRNA YeY 2020 -0.0339 SGSM2 ENSG00000141258
Model-72 34262410 mRNA  Yu] 2021 1.3721 APOLI ENSG00000100342
Model-72 34262410 mRNA  Yul 2021 0.769 PTK6 ENSG00000101213
Model-72 34262410 mRNA  Yul 2021 -0.863 RAB24 ENSG00000169228
Model-72 34262410 mRNA  Yul 2021 0.442 TP63 ENSG00000073282
Model-73 34820374 mRNA YuX 2 2021 034 CD44 ENSG00000026508
Model-73 34820374 mRNA YuX 2 2021 0216 MTIG ENSG00000125144
Model-73 34820374 mRNA YuX 2 2021 0.225 SATI1 ENSG00000130066
Model-73 34820374 mRNA YuX 2 2021 0.05 PTGS2 ENSG00000073756
Model-73 34820374 mRNA YuX 2 2021 0.186 TFRC ENSG00000072274
Model-73 34820374 mRNA YuX 2 2021 0.207 STEAP3 ENSG00000115107
Model-74 34233576 IncRNA  Yuan Q 2021 0.3069 AC099850.3  ENSG00000265415
Model-74 34233576 IncRNA  Yuan Q 2021 -0.7104 ALS513165.1 ENSG00000256966
Model-74 34233576 IncRNA Yuan Q 2021 0.2433  AP005233.2  ENST00000561588
Model-74 34233576 IncRNA Yuan Q 2021 -0.6473 PTOV1-AS2  ENSG00000269352
Model-74 34233576 IncRNA Yuan Q 2021 0.1555 UCALl ENSG00000214049
Model-75 34490033 mRNA  YuanQ 2 2021 0.5671 SP1 ENSG00000185591
Model-75 34490033 mRNA  YuanQ 2 2021 -1.147 SAFB ENSG00000160633
Model-75 34490033 mRNA  Yuan Q 2 2021 0.4489 SERTAD3 ENSG00000167565
Model-76 32203889 mRNA  YueP 2020 0.1063 CASP4 ENSG00000196954
Model-76 32203889 mRNA  YueP 2020 0.0297 EIF4Gl1 ENSG00000114867
Model-76 32203889 mRNA  YueP 2020 0.0416 CHMP2B ENSG00000083937
Model-76 32203889 mRNA  YueP 2020 -0.0498 GABARAP ENSG00000170296
Model-76 32203889 mRNA  YueP 2020 -0.1453 RAB24 ENSG00000169228
Model-76 32203889 mRNA  YueP 2020 -0.3239 RPTOR ENSG00000141564
Model-76 32203889 mRNA  YueP 2020 0.0983 NCKAPI1 ENSG00000061676
Model-76 32203889 mRNA  YueP 2020 -0.2125 PELP1 ENSG00000141456
Model-76 32203889 mRNA  YueP 2020 0.0078 TNFSF10 ENSG00000121858
Model-76 32203889 mRNA  YueP 2020 -0.1622  WIPI2 ENSG00000157954
Model-77 33869254 mRNA  Zhang C 2021 -0.3606 AGT ENSG00000135744
Model-77 33869254 mRNA  Zhang C 2021 -0.6498 CMTM6 ENSG00000091317
Model-77 33869254 mRNA  Zhang C 2021 0.3408 AREG ENSG00000109321
Model-77 33869254 mRNA  Zhang C 2021 -0.8476 B2M ENSG00000166710
Model-77 33869254 mRNA  Zhang C 2021 0.4845 CXCL9 ENSG00000138755
Model-77 33869254 mRNA  Zhang C 2021 0.5668 LTBP1 ENSG00000049323
Model-77 33869254 mRNA  Zhang C 2021 0.5127 HBEGF ENSG00000113070
Model-77 33869254 mRNA  Zhang C 2021 0.8248 MET ENSG00000105976
Model-77 33869254 mRNA  Zhang C 2021 0.1701 IL22RAl ENSG00000142677
Model-77 33869254 mRNA  Zhang C 2021 0.4116 OASI1 ENSG00000089127
Model-77 33869254 mRNA  Zhang C 2021 0.127 PI3 ENSG00000124102
Model-77 33869254 mRNA  Zhang C 2021 0.1783 LCN2 ENSG00000148346
Model-77 33869254 mRNA  Zhang C 2021 -0.5991 NRP2 ENSG00000118257
Model-77 33869254 mRNA  Zhang C 2021 0.512 OASL ENSG00000135114
Model-77 33869254 mRNA  Zhang C 2021 0.67 PAK3 ENSG00000077264
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Model-77 33869254 mRNA  Zhang C 2021 -1.284 PLAUR ENSG00000011422
Model-77 33869254 mRNA  Zhang C 2021 0.2425 PTGS2 ENSG00000073756
Model-77 33869254 mRNA  Zhang C 2021 0.3596 TMSBI10 ENSG00000034510
Model-77 33869254 mRNA  Zhang C 2021 0.2132 SPP1 ENSG00000118785
Model-77 33869254 mRNA  Zhang C 2021 0.8734 S100A16 ENSG00000188643
Model-77 33869254 mRNA  Zhang C 2021 -0.6231 SDC4 ENSG00000124145
Model-78 34124046 mRNA  Zhang F 2021 -0.269 ARNT2 ENSG00000172379
Model-78 34124046 mRNA  Zhang F 2021 0.387 LINCO01559 ENSG00000180861
Model-78 34124046 mRNA  Zhang F 2021 -0.395 SLC26Al11 ENSG00000181045
Model-78 34124046 mRNA  Zhang F 2021 -0.374 TRIM67 ENSG00000119283
Model-78 34124046 mRNA  ZhangF 2021 0.314 UCAI ENSG00000214049
Model-79 31031865 IncRNA Zhang H 2019 0.028 ABHDI1-AS1  ENSG00000225969
Model-79 31031865 IncRNA Zhang H 2019 -0.453  AP000254.8 ENSG00000273271
Model-79 31031865 IncRNA Zhang H 2019 0.198 CASCS8 ENSG00000246228
Model-79 31031865 IncRNA Zhang H 2019 -0.353 CTC-429P9.3 ENSG00000269044
Model-79 31031865 IncRNA Zhang H 2019 -0.534 CTD-2186M15.3  ENSG00000272086
Model-79 31031865 IncRNA Zhang H 2019 0.149 CYTOR ENSG00000222041
Model-79 31031865 IncRNA Zhang H 2019 0.108 LINC00941 ENSG00000235884
Model-79 31031865 IncRNA Zhang H 2019 -0.335 LINC01089 ENSG00000212694
Model-79 31031865 IncRNA Zhang H 2019 0.332 MIR4435-2HG  ENSG00000172965
Model-79 31031865 IncRNA Zhang H 2019 -0.26 RP5-1085F17.3 ENSG00000260257
Model-79 31031865 IncRNA ZhangH 2019 -0.197 RP5-89003.9 ENSG00000240731
Model-79 31031865 IncRNA Zhang H 2019 0.009 UCAl ENSG00000214049
Model-80 33691542 mRNA  Zhang LL 2021 0.3543 ARNTL ENSG00000133794
Model-80 33691542 mRNA  Zhang LL 2021 -0.2464 CRY1 ENSG00000008405
Model-80 33691542 mRNA  Zhang LL 2021 -0.4626 CRY2 ENSG00000121671
Model-80 33691542 mRNA  Zhang LL 2021 -0.2177 CSNKI1D ENSG00000141551
Model-80 33691542 mRNA  Zhang LL 2021 0.1566 CSNKIE ENSG00000213923
Model-80 33691542 mRNA  Zhang LL 2021 -0.1878 CULL1 ENSG00000055130
Model-80 33691542 mRNA  Zhang LL 2021 -0.2242 DBP ENSG00000105516
Model-80 33691542 mRNA  Zhang LL 2021 0.1836 NRI1DI1 ENSG00000126368
Model-80 33691542 mRNA  Zhang LL 2021 0.0974 RORA ENSG00000069667
Model-80 33691542 mRNA  Zhang LL 2021 0.6332 RORB ENSG00000198963
Model-81 33748143 mRNA  Zhang X 2021 0.0183 CDKl1 ENSG00000170312
Model-81 33748143 mRNA  Zhang X 2021 0.079 CRABP2 ENSG00000143320
Model-81 33748143 mRNA  Zhang X 2021 03113 NUSAPI1 ENSG00000137804
Model-81 33748143 mRNA  Zhang X 2021 0.2482 PERP ENSG00000112378
Model-81 33748143 mRNA  Zhang X 2021 0.1529 TOP2A ENSG00000131747
Model-82 33015155 mRNA  ZhangZ 2020 -0.0481 CHGA ENSG00000100604
Model-82 33015155 mRNA  ZhangZ 2020 0.0402 COL17Al ENSG00000065618
Model-82 33015155 mRNA  ZhangZ 2020 0.0021 LAMC2 ENSG00000058085
Model-82 33015155 mRNA  ZhangZ 2020 0.0697 ITGB6 ENSG00000115221
Model-82 33015155 mRNA  ZhangZ 2020 0.0063 S100P ENSG00000163993
Model-83 31595147 mRNA  ZhouC 2019 0.012 ANKRD22 ENSG00000152766
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Model-83 31595147 mRNA  ZhouC 2019 0.332 MET ENSG00000105976
Model-83 31595147 mRNA  ZhouC 2019 0.0034 IGF2BP3 ENSG00000136231
Model-83 31595147 mRNA  ZhouC 2019 0.0126 INPP4B ENSG00000109452
Model-83 31595147 mRNA  ZhouC 2019 0.0677 KYNU ENSG00000115919
Model-83 31595147 mRNA  ZhouC 2019 0.0413 TOP2A ENSG00000131747
Model-84 34587439 mRNA  Zhou Q 2021 0.8544 APOLI ENSG00000100342
Model-84 34587439 mRNA  Zhou Q 2021 -0.8465 ATGI16L2 ENSG00000168010
Model-84 34587439 mRNA  Zhou Q 2021 2.0055 G--I3 ENSG00000065135
Model-84 34587439 mRNA  Zhou Q 2021 0.7124 PTK®6 ENSG00000101213
Model-85 31706267 mRNA  ZhouYY 2019 -14 CEL ENSG00000170835
Model-85 31706267 mRNA  ZhouYY 2019 1.321 CPAl ENSG00000091704
Model-85 31706267 mRNA  ZhouYY 2019 0.454 POSTN ENSG00000133110
Model-85 31706267 mRNA  Zhou YY 2019 1.011 PM20DlI ENSG00000162877
Model-86 33073486 mRNA  Zhuang H 2020 0.0036 ITGBI1 ENSG00000150093
Model-86 33073486 mRNA  Zhuang H 2020 0.0013 ITGB4 ENSG00000132470
Model-86 33073486 mRNA  Zhuang H 2020 0.0032 ITGBS ENSG00000082781
Model-86 33073486 mRNA  Zhuang H 2020 0.0055 ITGB6 ENSG00000115221
1008
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Figure 3-figure supplement 1. Survival analysis of AIDPS in remaining nine
validation cohorts. (A-I) Kaplan-Meier survival analysis for OS between the high and
low AIDPS groups in the TCGA-PAAD (A), PACA-AU-Seq (B), PACA-CA-Seq (C),
E-MTAB-6134 (D), GSE62452 (E), GSE28735 (F), GSE78229 (G), GSE79668 (H),
GSES85916 (I). (J-M) Kaplan-Meier survival analysis for RFS between the high and
low AIDPS groups in the TCGA-PAAD (J), PACA-AU-Seq (K), PACA-CA-Seq (L),
E-MTAB-6134 (M). (N) Multivariate Cox regression analysis of OS in the
TCGA-PAAD. OS, overall survival; RFS, relapse-free survival.
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Figure 3-figure supplement 2. Survival analysis of AIDPS in remaining nine

validation cohorts. (A-F) Multivariate Cox regression analysis of OS in the

PACA-AU-Seq (A), PACA-CA-Seq (B), E-MTAB-6134 (C), GSE79668 (D),

GSE62452 (E), GSE78229 (F). (G-J) Multivariate Cox regression analysis of RFS in

the TCGA-PAAD (G), E-MTAB-6134 (H), PACA-AU-Seq (I), PACA-CA-Seq (J).

OS, overall survival; RFS, relapse-free survival.
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Figure 3-figure supplement 3. Predictive performance evaluation of AIDPS.
Time-dependent ROC analysis for predicting 1-, 2-, and 3-years OS in the
TCGA-PAAD (A), PACA-AU-Seq (B), PACA-CA-Seq (C), E-MTAB-6134 (D),
GSE62452 (E), GSE28735 (F), GSE78229 (G), GSE79668 (H), GSE85916 (I). ROC,

receiver operator characteristic; OS, overall survival.
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Figure 5-figure supplement 1. The clinical characteristics of the high and low
AIDPS groups. (A, E, I and M) Composition percentage of the two groups in clinical
characteristics such as age (A), gender (E), stage (I), grade (M) in the TCGA-PAAD
cohort. (B, F, J and N) Composition percentage of the two groups in clinical
characteristics such as age (B), gender (F), stage (J), grade (N) in the PACA-AU-Seq
cohort. (C, G, K and O) Composition percentage of the two subtypes in clinical
characteristics such as age (C), gender (G), stage (K), grade (O) in the Meta-Cohort
cohort. (D, H and L) Composition percentage of the two groups in clinical
characteristics such as age (D), gender (H), stage (L) in the PACA-CA-Seq cohort. (P)

Composition percentage of the two groups on grade in the E-MTAB-6134 cohort.
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