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ABSTRACT

Background: Cancer growth is significantly influenced by processes such as pyroptosis, apoptosis, and necroptosis
that underlie PANoptosis, a proinflammatory programmed cell death. Several studies have examined the long
non-coding RNAs (IncRNAs) associated with pancreatic adenocarcinoma (PAAD). However, the predictive value
of IncRNAs related to PANoptosis for PAAD has not been established.

Methods: The Clinical Genome Atlas database was used to obtain the transcriptome . clinical data and the
corresponding mutation data of the patients with PAAD in this study. The least absolute shrinkage and selection
operator regression analysis was employed to obtain prognosis-related IncRNAs for constructing a risk signature.
According to the median risk score of the signature, patients with PAAD were grouped into low- and high-risk
groups to further compare the survival prognosis of different risk groups. Time-dependent receiver operating
characteristic curves, c-index analysis, nomograms, principal component analysis and univariate Cox and
multivariate Cox regression were performed for the internal validation of the signature. In addition, enrichment
analysis of different genes was performed using gene ontology (GO) and Kyoto Encyclopedia of Genes and Ge-
nomes (KEGG) analysis. Lastly, differences in tumor mutation burden (TMB), immune function, tumor immune
dysfunction and rejection (TIDE), and drug response were determined for the two risk groups.

Results: The signature was constructed with six PANoptosis-related IncRNAs (AC067817.2, LINC02004.
AC243829.1, AC092171.5. AP005233.2, AC004687.1) that predicted the prognosis of the patients with
PAAD. Survival curves showed that patients in the two risk groups had statistically significant differences in
prognosis (P < 0.05), and multi-cox regression analysis identified risk score as an independent risk factor for
PAAD prognosis, and internal validation of nomograms showed high confidence in the signature. GO and KEGG
enrichment analysis showed functional and pathway differences between the high- and low-risk groups. TMB
evaluation demonstrated that patients in the high-risk group had a higher frequency of mutations. The TIDE
score indicated that the high-risk group had a lower risk of immunotherapy escape and better immunotherapy
outcomes. Additionally, the two risk groups revealed significantly different responses to 11 anticancer drugs.
Conclusion: We identified a novel risk signature for PANoptosis-related IncRNAs, which is a standalone prognostic
indicator for PAAD. The PANoptosis-related IncRNA risk signature may be relevant for immunotherapy and a
therapeutic target for PAAD.

1. Introduction

globally [1]. Approximately 85% in pancreatic cancers are pancreatic
adenocarcinomas (PAADs) [2]. The onset of PAAD is insidious and

Pancreatic cancer is one of the most common malignant tumors of mostly advanced when it is detected. The treatments for PAAD are
the gastrointestinal tract and it has the seventh-highest mortality rate usually surgery, chemotherapy, and targeted therapy. But the prognosis
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of PAAD is poor, almost 80% of patients suffer recurrence after resection
[3], and the 5-year survival rate is only 6% [4], with a median survival
duration as short as 4-5 months [5]. Therefore, biomarkers for pre-
dicting the prognosis and the survival of patients with PAAD are ur-
gently needed.

PANoptosis is a proinflammatory programmed cell death. The pro-
cesses underlying PANoptosis include pyroptosis, apoptosis, and nec-
roptosis. PANoptosis is regulated by the complex PANoptosome [6,7].
Several previous studies have recently reported that PANoptosis and
cancer progression are closely related [8-10]. PANoptosis affects the
function of tumor-associated factors and pathways and plays an essen-
tial role in immunotherapy [11]. There are several PANoptosis regula-
tors, including TNF-o [12], IFN-y [13], ADARI1 [14], and ZBP1 [15]. For
example, the combined effects of TNF-a and IFN-y can induce PAN-
optosis and cancer cell death, which highlights the targeted role of
PANoptosis in antitumor therapy [12]. Karki et al. reported that
Adar1?? LysM"® mice can inhibit the development of melanomas and
colon carcinogenesis [14]. However, tumorigenesis was restored when
the Za2 structural domain of ZBP1 was absent in these mice. Several
studies have reported that ADAR1 inhibits PANoptosis by interacting
with the Za2 structural domain of ZBP1, which is related with tumori-
genesis [14,15]. However, studies on the regulatory mechanism of
PANoptosis in PAAD are lacking. Therefore, identifying the mechanisms
underlying PANoptosis that are associated with PAAD is crucial for the
development of therapies.

Long non-coding RNAs (IncRNAs) are non-coding RNAs with more
than 200 nucleotides in length , and they are involved in many bio-
logical functions [16]. LncRNAs have different functions and levels of
expression in various tumors, and they are considered promising
biomarker candidates and may be targeted for tumor therapy [17-20].
Several PAAD-related IncRNAs influence tumorigenesis, tumor pro-
gression, and prognosis [21-23]. Additionally, current research has
revealed that the PANoptosis-related IncRNA SNHG?7 is associated with
colonic adenocarcinoma (COAD). The IncRNA SNHG7 may be crucial
for the apoptosis, metastasis, and treatment resistance of COAD cells and
is a potential therapeutic target for COAD [24]. The function of IncRNAs
associated with PANoptosis in PAAD has not been established. Further
research is required to determine how PANoptosis-related IncRNAs
affect PAAD treatment and prognosis.

Our study developed a predictive risk model based on PANoptosis-
related IncRNAs for predicting the prognosis and immunotherapeutic
landscapes of patients with PAAD. The risk signature was predictive of
the tumor mutation burden (TMB), tumor immune dysfunction and
exclusion score (TIDE), immune-related function, and drug response of
patients with PAAD. Our risk signature is a valid prognostic biomarker
that can guide the development of immunotherapy.

2. Methods
2.1. Obtain the PAAD-related data

The clinicopathological parameters associated with PAAD were
drafted from The Cancer Genome Atlas (TCGA) database (https://portal.
gdc.cancer.gov/repository). We removed samples with unknown sur-
vival status and duration. The mRNA and IncRNA expression data were
obtained from the transcriptomic data using Strawberry Perl.

2.2. Collation of PANoptosis gene-associated IncRNAs

We obtained 24 genes (Supplementary Table 1) associated with
PANoptosis based on several reports in the literature [7-10,13-15,
25-28]. The “limma” package was utilized to derive expression data
related with 24 PANoptosis genes. The data of IncRNAs associated with
PANoptosis genes were extracted by co-expression analysis (Pearson
correlation coefficient >0.4, P < 0.001). Subsequently, the correlation
data of PANoptosis-related genes with IncRNAs were analyzed with the
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“ggplot2” “ggalluvial” and “dplyr” package and plotted as Sankey plots.
2.3. Derivation of a prognostic risk signature

Patients were randomised into training and testing groups in a 1:1
ratio. The univariate Cox (uni-Cox) regression analysis was employed to
screen IncRNAs related to prognosis and a forest plot was established
according to the results (P < 0.05) [29]. The least absolute shrinkage
and selection operator (LASSO) regression analyses were performed to
screen PAAD-related IncRNAs for model building. Then, according to the
formula, the risk score was calculated for each PAAD patient: risk score
= (coefficient IncRNA1*IncRNA1 expression) + (coefficient
IncRNA2*IncRNA2 expression) + ... + (coefficient IncRNAn*IncRNAn
expression). The coefficients represent coefficients in a multifactorial
Cox analysis and the expressions represent IncRNA expression levels
[30]. Patients were divided into high- and low-risk groups based on the
median risk score of the training group. The correlation of model
IncRNAs with PANoptosis genes was analyzed using the “ggplot2”,
“tidyverse” and “ggExtra” packages in R language and plotted as a
correlation heat map.

2.4. Validation of the prognostic risk signature

The “survival”, “pheatmap” and “survminer” software packages were
applied to the training, testing and entire groups for survival analysis,
and risk heat map, risk curve, survival status map and survival curve
were constructed separately for each group. In addition, the “survival”,
“survminer” and “timeROC” packages were employed to construct
clinical- and time-dependent receiver operating characteristic (ROC)
curves to validate the accuracy and reliability of the signature. Uni-Cox
and multivariate Cox regression (multi-Cox) analyses were performed to
estimate the capability of the risk model in predicting patient prognosis.
Furthermore, “pec”, “survival” and “rms” were utilized to calculation
the consistency index (c-index) to evaluate the prognostic signature
accuracy. The “limma” and “scatterplot3d” packages were employed to
apply principal component analysis (PCA) to the model to visualize the
two risk populations’ distribution. Additionally, “survival” and “surv-
miner” packages were employed to structure survival curves for patients
with early- and late-stage PAAD to determine whether the model was
applied to different clinical subgroups of patients.

2.5. Nomogram construction

The “survival”, “regplot” and “rms” packages were utilized to
construct Nomograms that predict the prognosis of PAAD patients after
1, 3 and 5 years [31]. And Hosmer-Lemeshow test calibration curve
(method = "bootstrap”, B = 1000) was employed to assess the accuracy
and reliability of Nomogram.

2.6. Analysis of prognostic risk signature regarding functional and
pathways

The “limma” package was applied to identify genes differentially
expressed between different risk groups. The “enrichplot”, “clusterPro-
filer”, “ggplot2”, “GOplot” and “org.Hs.eg.db” were utilized for gene
ontology (GO) enrichment analysis to determine the functional enrich-
ment of differential genes [32]. Furthermore, the “enrichplot”, “clus-
terProfiler”,  “ggplot2”,  “circlize”, = “RColorBrewer”,  “dplyr”,
“ComplexHeatmap” and “org.Hs.eg.db” packages were employed for
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment

analysis.
2.7. Tumor mutation burden

From the TCGA database, the TMB data of the patients with PAAD
were downloaded and the TMB data were collated with Strawberry Perl.
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The “ggpubr” and “limma” packages were utilized to identify TMB dif-
ferences between the high- and low-risk groups, and to visualize the
TMB status of the two risk groups. Subsequently, the optimal threshold
of TMB was obtained by R software, and according to the threshold,
patients were categorized into high- and low-TMB groups. The “surv-
miner” and “survivor” were applied to build survival curves for the
patients in the high- and low-TMB groups, and Kaplan-Meier (KM)
survival curves for the patients in the high- and low-TMB groups com-
bined with the high- and low-risk groups. Moreover, “maftools” was
utilized to structure waterfall plots of gene mutation rates in different

A
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risk groups.

2.8. Immunity and drug sensitivity

R software was employed to analyze the differences in immune-
related functions between risk groups. The TIDE algorithm was uti-
lized to predict the efficacy of immunotherapy [33]. *P < 0.05, **P <
0.01, and ***P < 0.001. To identify effective therapeutic agents for
PAAD, the R packages “pRRophetic” and “ggpubr” were applied to
compute the half-maximal inhibitory concentration (ICsg) of each drug
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Fig. 1. PANoptosis-related IncRNAs in PAAD. (A) Co-expression network plot of PANoptosis -associated genes and IncRNAs. (B) The 49 PANoptosis-associated
IncRNAs extracted by univariate Cox regression analysis. (C-D) Least absolute shrinkage and selection operator coefficient and partial likelihood deviance of the
prognostic signature. (E) The correlation between the expression of six IncRNAs and PANoptosis-associated genes. *P < 0.05, **P < 0.01, ***P < 0.001.
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in both risk groups [34]. In two risk groups, drugs with different ICsos
were represented using box plots (P < 0.001).

3. Results
3.1. Acquisition of PAAD-related data

We retrieved the transcriptome data for four normal and 179 PAAD
samples from the TCGA database. Afterwards, IncRNAs were separated
from mRNAs in the sample data. By co-expression analysis of IncRNAs
and PANoptosis-related genes, we found PANoptosis was significantly
associated with 266 IncRNAs (|r| > 0.4, P < 0.001) (Fig. 1A).

3.2. Creation and validation of the PAAD prognostic risk signature

The data from TCGA downloads were randomly classified into
training and testing groups, with no significant clinical differences be-
tween them (Table 1). As shown in the forest plot (Fig. 1B), the results of
the uni-Cox regression analysis indicated that 49 PANoptosis-related
IncRNAs were associated with patients’ Overall Survival (OS) (P <
0.05). Subsequently, six PANoptosis-associated IncRNAs were selected
for signature construction by LASSO regression analysis (Table 2)
(Fig. 1C and D). Risk scores were calculated using screened IncRNAs by
LASSO regression analysis. Risk score = AC067817.2 x (—1.081) +
LINC02004 x (0.561) + AC243829.1 x (—0.803) + AC092171.5 x
(—0.986) + AP005233.2 x (0.457) + AC004687.1 x (—0.557). Ac-
cording to the median risk score, patients were further classified into
high- and low-risk groups. The relationship between the expression of
the six IncRNAs and PANoptosis-associated genes was significant (P <
0.05), in a heat map format (Fig. 1E). In addition, we found that in the
training group, the prognosis of the low-risk group was better than the
high-risk group, as shown on the expression heat map, risk score

Table 1
Comparison of clinicopathological features between the training and testing
sets.

Covariates  Type Total Testing set Training set p-
value
Age <65 94 46 48 (53.93%)  0.8807
(52.81%) (51.69%)
>65 84 43 41 (46.07%)
(47.19%) (48.31%)
Gender FEMALE 80 43 37 (41.57%)  0.4512
(44.94%) (48.31%)
MALE 98 46 52 (58.43%)
(55.06%) (51.69%)
Grade G1-2 126 70 56 (62.92%)  0.0739
(70.79%) (78.65%)
G3-4 50 19 31 (34.83%)
(28.09%) (21.35%)
unknown 2 (1.12%) 0 (0%) 2 (2.25%)
Stage Stage I-II 168 85 83(93.26%)  0.0897
(94.38%) (95.51%)
Stage III- 7 (3.94%) 3(3.37%) 4 (4.49%)
v
unknow 3 (1.69%) 1(1.12%) 2 (2.25%)
T T1-2 31 17 (19.1%) 14 0.2828
(17.41%) (15.73% )
T3-4 145 71 74 (83.15%)
(81.47%) (79.78%)
unknow 2 (1.12%) 1 (1.12%) 1 (1.12%)
M MO 80 41 39 (43.82%)  0.678
(44.94%) (46.07%)
M1 4 (2.25%) 3 (3.37%) 1(1.12%)
unknow 94 45 49 (55.06%)
(52.81%) (50.56%)
N NO 49 31 18 (20.22%)  0.0599
(27.53%) (34.83%)
N1 124 57 67 (75.28%)
(69.66%) (64.04%)
unknow 5 (2.81%) 1(1.12%) 4 (4.49%)
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Table 2

Long non-coding RNA signature models associated with PANoptosis.
PANoptosis LncSig Coef HR HR (95%CI) p-value
AC067817.2 —1.081486833 0.431 0.262-0.708 <0.001
LINC02004 0.561159984 1.700 1.071-2.697 0.024
AC243829.1 —0.803712507 0.394 0.169-0.920 0.031
AC092171.5 —0.98609502 0.628 0.419-0.942 0.024
AP005233.2 0.457954322 1.201 1.049-1.375 0.008
AC004687.1 —0.557257657 0.566 0.386-0.830 0.004

HR, hazard ratio; CI, confidence interval.

distribution, survival time and survival status maps (Fig. 2A-E). Ac-
cording to the expression heat map, we found LINC02004, AP005233.2
were high-risk IncRNAs with increased expression as the risk score
increased. And AC067817.2, AC243829.1, AC092171.5 and
AC004687.1 were low-risk IncRNAs (Fig. 2A). Survival time decreased
with increasing risk score (Fig. 2B and C). KM curves demonstrated (P <
0.001) that the high-risk group had poorer OS and Progression-Free-
Survival (PFS) than the low-risk group (Fig. 2D and E).

3.3. Internal validation of the PAAD prognostic signature

Subsequently, the model was evaluated with the testing and all sets,
and the developed expression heat map, risk score distribution, survival
curve, survival status and survival time were consistent with the training
set analysis (Fig. 3A-J).

Furthermore, we performed uni- and multi-Cox regression analyses
to determine whether the signature could be utilized as an independent
prognostic factor from other clinical characteristics. According to the
results of uni-Cox regression analysis, age, grade and risk score were
significantly correlated with the survival time of patients (P < 0.05); the
risk score could be an independent prognostic predictor for patients with
PAAD based on multi-Cox regression analysis (P < 0.001).The uni- and
multi-Cox regression analyses’ hazard ratios (HR) were 1.068 and 1.062,
and 95% confidence intervals (CI) of (1.035-1.103) (P < 0.001) and
(1.027-1.098) (P < 0.001) (Fig. 4A and B). The ROC curves for the entire
dataset at 1, 3, and 5 years were examined (Fig. 4C). The AUCs were
0.772, 0.805, and 0.885, respectively. Clinically relevant ROC curves
were developed using the risk, age, gender, grade, and stage as in-
dicators (Fig. 4D), and their AUCs were respectively 0.772, 0.544, 0.563,
0.599, and 0.483; the risk score had the most remarkable AUC and most
accurate prediction among these clinical factors.

The c-index analysis was further performed to assess the predictive
effect of the risk model. We found that the risk score had the highest c-
index (Fig. S1A). The PCA results showed that model IncRNAs
discriminated significantly the high- and low-risk groups in patients
with PAAD (Fig. S1B-D). Subsequently, we found a significant differ-
ence in survival time between the two risk groups, when the risk model
was applied to patients with early- and late-stage PAAD (P < 0.05)
(Figs. S1E and F).

3.4. Construction of nomogram

According to the clinicopathological parameters and risk scores of
patients with PAAD, a nomogram was constructed to forecast the
prognosis of patients. The corresponding scores for clinicopathological
data and risk scores of patients with PAAD were obtained from the
nomogram, while the total score was used as a tool to predict prognosis
(Fig. 4E). We have also built a calibration curve to further clarify the
consistency between expected and actual survival. Fig. 4F shows that the
model has a high accuracy in predicting patient survival.

3.5. Enrichment analysis of the PAAD prognostic signature for function
and pathways

GO analysis revealed that the biological functions of differentially
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Fig. 2. Derivation and selection of the PANoptosis-associated IncRNAs signature in the training set. (A) Heat map of expression of the six IncRNAs in the training set.
(B) Survival time and status in the training set. (C) Risk score distribution in the training set. (D) Kaplan-Meier curve for PFS in the training set. (E) Kaplan-Meier
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expressed genes (DEGs) differed significantly between risk groups
(Fig. 5A-D). DEGs were mainly enriched in the functions of positive
regulation of cell activation, plasma membrane signaling receptor
complexes and external side of plasma membrane. It suggests that DEGs
may regulate their proliferation by regulating cell function.

KEGG analysis displayed the DEGs enrichment in the pathway
(Fig. 6A—C). The outcomes indicated that DEGs were mainly enriched in
cytokine-cytokine receptor interactions, cell adhesion molecules, and

hematopoietic cell lineages. The findings may provide guidance in
developing targeted clinical therapies for patients with PAAD in
different risk populations.

3.6. TMB analysis

The violin plot illustrates that the TMB differences in patients with
PAAD among the different risk groups. The results revealed that TMB
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was more prevalent in the high-risk group than in the low-risk group
(Fig. 7A). According to TMB levels, patients were classified into high-
and low-TMB groups.

The low-TMB group had a better prognosis than the high-TMB group
(Fig. 7B). We combined risk scores and TMB in order to explore whether
risk model and TMB were correlated with prognosis, and divided into
high-risk/high-TMB group, high-risk/low-TMB group, low-risk/high-
TMB group, and low-risk/low-TMB group to investigate the prognostic

differences between the groups. Subsequently, KM survival curves
indicated significant differences in survival between the patient in the
different groups (P < 0.001). The low-risk/low-TMB group had the best
prognosis, and the high-risk/high-TMB group had the shortest durations
of survival (Fig. 7C). Waterfall plot results revealed a higher mutation
frequency in the high-risk group (93.67%) than in the low-risk group
(69.88%). KRAS, TP53 and SMAD4 had the highest mutation fre-
quencies, in the high-risk group for KRAS (81%), TP53 (65%) and
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SMAD4 (28%), while in the low-risk group for KRAS (42%), TP53 (48%)
and SMAD4 (16%) (Fig. 7D and E).

3.7. Correlation of the PAAD prognostic signature with immunotherapy

The heat map showed differences between eight immune-related
functions (HLA, CCR, Type II IFN response, cytolytic activity, inflam-
mation promotion, T cell co-inhibition, checkpoint, and T cell co-
stimulation) in the high- and low-risk groups (P < 0.05). These eight
functions were more prominent in the low-risk group (Fig. 8A). It has
been found that immune checkpoint inhibitor has a better therapeutic
effect in patients with PAAD [35]. TIDE scores revealed patients’
response to immunotherapy in both risk groups. The results revealed
that low-risk group patients had higher TIDE risk scores than the
high-risk group patients (P < 0.01). This indicates that the low-risk
group was more probable to avoid immunotherapy, and immuno-
therapy was more effective in the high-risk group (Fig. 8B).

3.8. Assessment of drug response

We evaluated the response to some drugs in different risk groups. The
two groups showed significantly different drug sensitivities (P < 0.001).
Drugs such as all-trans retinoic acid (ATRA), Rac family small GTPases
inhibitor EHT 1864 and Phenformin had lower ICsq values in the low-
than in the high-risk group (Fig. 9A-K). In the low-risk group, a posi-
tive correlation was found between the ICs( value of these drugs and the
risk score (Figs. S2A-K). In the high-risk group, the sensitivities of the
MEK inhibitors PD-0325901, Gefitinib, Paclitaxel, and Trametinib were

A Risk B8 low B8 high B

Risk B8 low Bl high
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higher (Fig. 9A-K), and they increased with increasing risk scores
(Figs. S2A-K). This suggested that the PAAD prognostic model helped
improve the effectiveness of the drugs for treatment.

4. Discussion

It was reported that the PAAD incidence has steadily increased from
1975 to 2018, with low survival rates [36]. The prognosis remains un-
favorable for patients with PAAD even after undergoing radical surgery,
which is considered the most efficacious treatment [37]. The immuno-
therapy has been shown to prolong the overall survival of tumor patients
[38]. However, not all patients are well-treated with immunotherapy.
Therefore, it is essential to develop a signature that predicts the prog-
nosis and efficacy of immunotherapy in patients with PAAD. A type of
inflammatory cell death known as PANoptosis can cause an immuno-
logical reaction [39], and recent research has revealed that it is crucial
for tumor immunity and growth. For instance, PANoptosis can reduce
tumor sizes in immunodeficient mice [13,40]. In addition, the inhibition
of PANoptosis promotes tumor progression [41,42]. Thus, PANoptosis
has excellent potential for antitumor immunotherapy. However,
research on PANoptosis and tumors is still at the primary stage; research
on PANoptosis associated with PAAD is lacking. Therefore, it is neces-
sary to develop PANoptosis-related investigations to identify critical
prognostic signature in PAAD.

Increasingly, studies have discovered that Panoptosis could be linked
to IncRNAs [43-45]. In our study, we identified a total of 266 IncRNAs
that exhibited significant associations with PANoptosis. Multiple studies
have also shown that IncRNAs can regulate several aspects of tumor
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development and progression, such as growth, metastasis, genetics, and
drug resistance [46-48]. Therefore, PANoptosis-associated IncRNAs
hold promising potential as novel prognostic biomarkers and thera-
peutic targets for neoplastic diseases. According to recent bioinformatics
research, the prognosis of patients with PAAD can be predicted by a risk
signature linked to IncRNAs [49]. However, the association between
PANoptosis-related IncRNAs and the prognosis of PAAD remains to be
established.

Our study developed a model for PANoptosis-related IncRNAs that
can predict the prognosis of patients with PAAD. To the best of our
knowledge, this is the first signature for PANoptosis-related IncRNAs in
patients with PAAD. With the model, we identified six PANoptosis-
related IncRNAs; two are associated with PAAD [49], and the other
four were reported for the first time as risk factors for PAAD. According
to the risk model, patients with PAAD were categorized into high- and
low-risk groups. The low-risk group demonstrated a more favorable
prognosis compared to the high-risk group. Our validation concentra-
tion confirmed the predictive stability of the signature. Furthermore, the
signature served as an independent prognostic factor for patients with
PAAD. The prognostic efficacy of the signature was further validated by
the AUC value and ROC curve. The above results collectively suggest
that the PANoptosis-related signature we constructed has better validity
and stability.

The immune system acts as an irreplaceable role in the anti-tumor
fight. Given its success against several tumor types, including liver,
kidney, and lung cancers, immunotherapy has become an essential op-
tion for PAAD. Currently, ICIs is a hot topic in immunotherapy [50-52].
TMB is a predictor of benefit in ICIs, and some studies have shown
[53-55] that high-TMB may respond better to ICIs than low-TMB. The
TMB levels were significantly higher in the high-risk group compared to
the low-risk group in our model, indicating a greater likelihood of
favorable response to ICIs treatment for the high-risk group. The find-
ings of a previous study align with this observation, and they also
demonstrated a significant correlation between KARS, one of the genes
exhibiting the highest mutation rate in PAAD, and an unfavorable
prognosis [56]. In our research, KARS demonstrated a higher mutation
rate, with 81% in the high-risk group and 42% in the low-risk group.
This might contribute to the worse prognosis in the high-risk group. In
addition, we utilized TIDE to prognosticate the response to ICIs in both
high- and low-risk cohorts, aiming to mitigate adverse events occurrence
and thereby enhance the efficacy of immunotherapy. The low-risk group
exhibited higher TIDE scores compared to the high-risk group, sug-
gesting a greater susceptibility to immune escape. Conversely, patients
with PAAD in the high-risk group demonstrated enhanced responsive-
ness to ICIs. Additionally, we analyzed the immune functions to explore
the association between the predictive model based on the
PANoptosis-related IncRNAs and immunity. Immune functions such as
type II IFN response, cytolytic activity, and T cell co-stimulation were
distinctly different in the risk groups. The prevalence of these functions
was higher in the low-risk group.

We also performed a drug screen for the risk model to seek thera-
peutic drugs that are effective in patients with PAAD. The findings
indicated that patients in the two risk categories exhibited distinct re-
sponses to 11 pharmaceutical agents. Paclitaxel, as a commonly used
chemotherapeutic agent for patients with PAAD, is mainly used to exert
anti-tumor efficacy by inducing cell cycle arrest and apoptosis [57]. The
ICso to paclitaxel was higher in the low-risk group in the signature,
suggesting that the low-risk group is resistant to paclitaxel, which was
more suitable for the high-risk group. ATRA, a natural derivative of
retinoic acid, can regulate cell proliferation, apoptosis, and metastasis,
and it has been found that the combination of ATRA with chemothera-
peutic agents can enhance the tolerability [58,59]. In the low-risk group,
patients responded better to ATRA. The purpose of gefitinib is to sup-
press tumor proliferation and angiogenesis through the inhibition of
epidermal growth factor receptor (EGFR) [60]. In tumor, EGFR mutation
is an important reason for the sensitivity to gefitinib. It was found that
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EGFR mutation existed in PAAD, suggesting that gefitinib may be
effective in the PAAD therapies [61]. Carneiro et al. reported with the
combination of gefitinib and gemcitabine, patients with PAAD respon-
ded well and had fewer adverse effects [62]. Trametinib exhibits se-
lective inhibition of MEK1 and MEK2, and a more pronounced response
to gefitinib and trametinib in the high-risk group [63].

In conclusion, we identified several biomarkers strongly associated
with the survival outcomes of patients with PAAD, and these were used
to develop a prognosis model. The signature accurately predicts the
prognosis and immune landscapes of patients with PAAD, thereby
enhancing treatment effectiveness and preventing drug resistance
development. However, this study had some limitations. First, the study
was internally validated for the dataset only and lacked external vali-
dation. Second, the datasets used for our model were obtained from
databases, therefore, the experiments were retrospective. We will
continually research to resolve these problems. Further studies should
also refine this prognostic model of PAAD to improve accuracy. The
findings of this study suggest that a prognostic signature consisting of
PANoptosis-related IncRNAs has the potential to accurately predict both
the prognosis and immune landscapes of patients with PAAD.
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