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Abstract

Cuproptosis is a recently identified controlled process of cell death that functions in tumor development and treatment. L@
non-coding RNAs (IncRNAs) are RNA molecules longer than 200 nucleotides that bind to transcription factors and regulate tumor
invasion, penetration, metastasis, and prognosis. However, there are limited data on the function of cuproptosis-associated
InNcBRNAs in pancreatic adenocarcinoma. Utilizing data retrieved from the cancer genome atlas database, we devised a risk
prediction model of cuproptosis-associated INCRNAs in pancreatic adenocarcinoma, determined their prognostic significance and
relationship with tumor immunity, and screened potential therapeutic drugs. Overall, 178 patients were randomized to a training
or test group. We then obtained 6 characteristic cuproptosis-associated INcCRNAs from the training group, based on which we
constructed the risk prediction model, calculated the risk score, and verified the test group results. Subsequently, we performed
differential gene analysis, tumor immunoassays, functional enrichment analysis, and potential drug screening. Finally, we found
that the prediction model was highly reliable for the prognostic assessment of pancreatic adenocarcinoma patients. Generally,
low risk patients had better outcomes than high risk patients. A tumor immunoassay showed that immunotherapy may benefit
high risk patients more as there is a greater likelihood that the tumors could escape the immune system in low-risk patients.
Through drug screening, we identified ten drugs that may have therapeutic effects on patients with pancreatic adenocarcinoma.
In conclusion, this study constructed a risk prediction model of cuproptosis-associated INCRNAs, which can reliably predict the
prognosis of pancreatic adenocarcinoma patients, provided a clinical reference for determining treatment approach, and provided
some insights into the associations between INCRNAs and cuproptosis. This provides useful insight to aid in the development of
therapeutic drugs for pancreatic adenocarcinoma.

Abbreviations: C-index = consistency index, DEGs = differentially expressed genes, FDX1 = Ferredoxin 1, ICls = immune
checkpoint inhibitors, LASSO = least absolute shrinkage and selection operator, LncRNA = long non-coding RNA, OS = overall
survival, PFS = progression free survival, ROC = receiver operating characteristic, ssGSEA = single sample gene set enrichment
analysis, TCGA = the cancer genome atlas, TIDE = tumor immune dysfunction and exclusion, TMB = tumor mutation burden.
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1. Introduction

Pancreatic adenocarcinoma is a malignant, invasive gastro-
intestinal cancer with a 5-year survival rate of under 8%.%
According to a report published by the National Cancer Center
of China in 2016, there is an increasing incidence of pancre-
atic adenocarcinoma in China and the mortality rate is ranked
7th.1® The early clinical symptoms of the disease are occult, and
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it progresses rapidly. Most patients show local progression or
distal metastasis upon diagnosis. Even with surgical resection,
the vast majority of patients will relapse. Therefore, there is a
need for new prognostic indicators and a reliable and effective
prediction system in order to improve the clinical prognosis of
pancreatic adenocarcinoma.

Long non-coding RNA (IncRNA) molecules are comprised of
over 200 ribonucleotides, and they were originally considered a
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byproduct of RNA polymerase II transcription. They are import-
ant regulators of tumorigenesis and associated with neoplasm
invasion, metastasis, and prognosis. An ever-increasing number
of IncRNA elements have been discovered, a process which has
benefited from the advancement of high-throughput sequenc-
ing technologies. Cai et al* found that hox transcript antisense
RNA limits insulin-like growth factor 2 inhibition via the miR-
663b promoter, promoting proliferation and inhibiting apop-
tosis in pancreatic cancer cells. In addition, IncRNAs, such as
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noncoding RNA activated by DNA damage and X-inactive spe-
cific transcript, promote the critical metastatic mechanism epi-
thelial-mesenchymal transition in pancreatic adenocarcinoma
cells.’7l However, a small number of IncRNAs can inhibit the
occurrence and development of pancreatic adenocarcinomas; in
2013, Lu et al® confirmed that there was reduced expression
of a IncRNA called growth arrest specific 5 in pancreatic ade-
nocarcinoma tissue and growth arrest specific 5 overexpression
inhibited pancreatic adenocarcinoma cell proliferation.

RNA-seq and clinical data
of 185 patients from
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Figure 1. Flowchart of the study.
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Tumor development, invasion, and drug resistance occur
largely due to defects of cell death pathways in cancer cells. The
categories of cell death were previously known to include apopto-
sis, necroptosis, pyroptosis, and ferroptosis”’; however, Tsvetkov
et al'” proposed another mechanism of cell death in 2019: cupro-
ptosis. In 2022, their research showed!"! that its mechanism dif-
fers from those of the other 4 forms. The process of cuproptosis
depends on cellular copper aggregation,!'!! which leads to the
accumulation of lipoylated proteins from the tricarboxylic acid
(TCA) cycle. This inhibits the TCA cycle, leading to proteotoxic
stress and inducing cell death. They also revealed that ferredoxin
1 (FDX1) regulates cuproptosis and protein lipoacylation.!'"

Data analysis demonstrated that cuproptosis-associated
IncRNA signatures could well predict the prognosis of many
kinds of cancer.'>"5] Despite these studies, the function of
cuproptosis-associated IncRNAs in pancreatic adenocarcinoma
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has not been fully established. To address this gap, we identi-
fied cuproptosis-associated IncRNAs in pancreatic adenocarci-
noma using the cancer genome atlas (TCGA) database. We built
a cuproptosis-associated IncRNA risk prediction model, ana-
lyzed its functional enrichment and immune-related functions,
explored its possible mechanism, and provided insight for the
development of new pharmacological approaches for pancreatic
adenocarcinoma.

2. Materials and methods

2.1. Data & identification of cuproptosis-associated
IncRNAs

Clinical, tumor mutation burden, and transcriptomic data
for 185 pancreatic adenocarcinoma patients were retrieved
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Baseline clinical characteristic.

Type Total Test Train Pvalue
Age <65 94 (52.81%) 50 (56.18%) 44 (49.44%) 4528
>65 84 (47.19%) 39 (43.82%) 45 (50.56%)
Gender Female 80 (44.94%) 44 (49.44%) 36 (40.45%) 2915
Male 98 (55.06%) 45 (50.56%) 53 (59.55%)
Grade G1 31 (17.42%) 17 (19.1%) 14 (15.73%) 9435
G2 95 (53.37%) 47 (52.81%) 48 (53.93%)
a3 48 (26.97%) 23 (25.84%) 25 (28.09%)
G4 2 (1.12%) 1(1.12%) 1(1.12%)
Unknow 2 (1.12%) 1(1.12%) 1(1.12%)
Stage Stage | 21 (11.8%) 10 (11.24%) 11 (12.36%) 697
Stage Il 147 (82.58%) 72 (80.9%) 75 (84.27%)
Stage Il 3(1.69%) 2 (2.25%) 1(1.12%)
Stage IV 4 (2.25%) 3 (3.37%) 1 (1.12%)
Unknow 3 (1.69%) 2 (2.25%) 1(1.12%)
T T1 7 (3.93%) 4 (4.49%) 3(3.37%) 7722
T2 24 (13.48%) 10 (11.24%) 14 (15.73%)
T3 142 (79.78%) 71 (79.78%) 71 (79.78%)
T4 3 (1.69%) 2 (2.25%) 1(1.12%)
Unknow 2 (1.12%) 2 (2.25%) 0(0%)
M MO 80 (44.94%) 44 (49.44%) 36 (40.45%) 7869
M1 4(2.25%) 3(3.37%) 1 (1.12%)
Unknow 94 (52.81%) 42 (47.19%) 52 (58.43%)
N NO 49 (27.53%) 26 (29.21%) 23 (25.84%) 6306
N1 124 (69.66%) 59 (66.29%) 65 (73.03%)
Unknow 5 (2.81%) 4 (4.49%) 1(1.12%)
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Figure 3. The univariate Cox regression analysis between cuproptosis asso-
ciated LncRNAs and OS of pancreatic cancer,which was shown in the forest
plot. The P-values and Hazard Ratios were obtained by univariate Cox regres-
sion. LncRNA = long non-coding RNA, OS = overall survival.

from the TCGA database (https://portal.gdc.cancer.gov/
repository); details are provided in Supplementary Digital
Content 1, Supplemental Digital Content, http://links.lww.
com/MD/I413. Seven patients were withdrawn due to miss-
ing values. Through a literature search, we identified cupro-
ptosis-associated genes. Pearson correlation was used to
evaluate the relationship between IncRNAs and cupropto-
sis-associated genes, after which the cuproptosis-associated
IncRNAs were screened for a coefficient > 0.1 (R > 0.1),
P < .0S.

2.2. Construction & verification of a risk prediction model

The 178 enrolled patients were randomly assigned to either
a training or test group. The research process is illustrated in
Figure 1.
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For the training group, univariate Cox and least absolute
shrinkage and selection operator (Lasso) regressions were used
to obtain characteristic cuproptosis-associated IncRNAs. Next,
we used multivariate Cox regression to construct a cupropto-
sis-associated IncRNA risk prediction model for pancreatic
adenocarcinoma. We calculated risk scores as: risk score =2
characteristic cuproptosis-associated IncRNA expression x cor-
relation coefficient (we kept 4 decimal places).

Training and test groups were categorized as high risk or
low risk with the median risk score as a threshold. We com-
pared overall survival (OS) and progression-free survival (PFS)
rates between high- and low risk training and test groups using
Kaplan—Meier analysis; this was used to investigate whether
risk score was predictive of prognosis. The model performance
was assessed using consistency index (C-index) and receiver
operating characteristic (ROC) curve.

2.3. Differential gene analysis & function enrichment
analysis

The differential expression analyses of cuproptosis-associated
genes were performed using the R limma package with the
screening conditions of a False Detection Rate (FDR) < .05 and
llog,FCl>1. We used clusterprofile*® in R to perform gene ontol-
ogy enrichment analysis of cuproptosis-associated differentially
expressed genes (DEGs) between risk groups; this included eval-
uating biological process, cellular component, and molecular
function. with screening conditions of a FDR < .05. We also
used Kyoto encyclopedia of genes and genomes pathway enrich-
ment analysis, with an FDR < .05.

2.4. Tumor Immunoassay

Based on single-sample gene set enrichment analysis (ssGSEA),
we assessed the association between the 6 characteristic cupro-
ptosis-associated IncRNAs and immune function by the gene set
variation analysis and GSEABase packages in R.

After obtaining mutation data of the 178 pancreatic adenocar-
cinoma patients from the TCGA database, we used the maftools
package in R for integration with clinical data. Then we used
the survminer and ggpubr packages to analyze the differences in

A 15 15 12 10 10

20

Coefficients

Log Lambda

B 15 15 15 15 14 13 13 12 10 10 10 9 10 7 2
| i
=3
a4
8
c
=
ses
g -.--..'.‘
° te,
g
= .
3 o T+
X o *e
=i *. IITTTY
[::] . .
E '-. .
a ... ..0
THeedliesst
i
o
2 4
T T T T T
-6 -5 -4 -3 -2
Log(n)

Figure 4. (a) In least absolute shrinkage and selection operator (Lasso) regression, the coefficients of cuproptosis associated LncRNAs were calculated. (b)
According to minimum criteria, 10 cuproptosis associated LncRNAs were selected by the Lasso regression. LASSO = least absolute shrinkage and selection

operator, LncRNA = long non-coding RNA.
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Figure 5. The correlations between cuproptosis associated genes and the 6 prognostic cuproptosis associated LncRNAs in the prognostic model.

LncRNA = long non-coding RNA.

tumor mutation burden (TMB) and survival between high-risk
and low-risk groups.

The tumor immune dysfunction and exclusion (TIDE) score
of enrolled patients was retrieved from the TIDE website (http://
tide.dfci.harvard.edu) by uploading transcriptomic data of the
178 pancreatic adenocarcinoma patients to the website. Then
we assessed potential differences in immunotherapy responses
between the low- and high-risk groups using the ggpubr package.

2.5. Potential drug screening

We used the pRRophetic,!'” cgp2016 database and ggplot2 pack-
ages in R to determine each sample half-inhibitory concentration
(IC50) to compare drug sensitivity between risk groups and evalu-
ate the effects of drug treatment using Wilcoxon signed-rank test.

2.6. Statistical analysis

Data analysis and graphic visualization were performed using
R8I version 4.1.3 (https://www.r-project.org/). Results were
considered significant at P < .05.

3. Results

3.1. Identification of cuproptosis-associated IncRNAs

19 cuproptosis-associated genes were identified through a lit-
erature search: ATP7B, ATP7A, CDKN2A, DBT, DLD, DLAT,
DLST15-19 FDX1, GCSH, GLS, LIAS, LIPT1, LIPT2, MTF1,
NFE2L2, NLRP3, PDHA1, PDHB, and SLC31A1.0tL1-22
Through Pearson correlation analysis, we found that these genes
were associated with 205 IncRNAs (Fig. 2).

3.2. Construction & verification of a risk prediction model

The 178 enrolled patients with pancreatic adenocarcinoma
were randomized to a training or test group (n = 89 each). The

clinical characteristics were not different (P > .05) between
groups (Table 1). Clinical data are shown in Supplementary
Digital Content 2, Supplemental Digital Content, http:/links.
lww.com/MD/1414.

For the training group, 205 cuproptosis-associated IncRNAs
were first analyzed using univariate Cox regression, leading to the
identification of 15 cuproptosis-associated IncRNAs that were
significantly associated with prognosis (Fig. 3). Lasso regression
was conducted to reduce multicollinearity, leaving ten cupropto-
sis-associated IncRNAs (Fig. 4). Finally, multivariate Cox analysis
was performed and identified 6 characteristic cuproptosis-associ-
ated IncRNAs that were independent prognostic factors (Fig. 5).

Risk score = AL121772.1 x 0.3493 + CASC19 x 0.4448 + A
—0.8422 + AC109322.2 x 0.5305 + AC017048.3 x 0.9961 +

45 patients were enrolled in the training group and 44 were
enrolled in the low-risk group. Figure 6b, d, and f show the risk
status, survival status, and characteristic cuproptosis-associated
IncRNA expression of each individual in the training group. The
high-risk group had lower OS and PFS than the low-risk group
(Figs. 7, 8).

To assess the accuracy of this model, we calculated risk
scores for the test group. 27 test group patients and 62 low risk
patients were enrolled. Risk status, survival status, and charac-
teristic cuproptosis-associated IncRNA expression levels of each
patient in the test group are shown in Figure 6a, 6¢, and 6e. The
risk groups differed significantly with lower OS and PFS rates
for the high-risk group (Figs. 7, 8). The ROC curve produced
Area Under the Curve (AUC) values of 0.723 at 1 year, 0.729 at
3 years, and 0.755 at 5 years (Fig. 9a). The clinical ROC curve
(Fig. 9b) and C-index curve (Fig. 10) indicated that the predic-
tion model was more successful at evaluating risk prediction
than other clinical methods.
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Figure 6. (a)(c)(e) The distribution of the risk scores, survival scatter diagram and expression heatmap of 6 cuproptosis associated LncRNAs in the test group.
(b)(d)(f) The distribution of the risk scores, survival scatter diagram and expression heatmap of 6 cuproptosis associated LncRNAs in the train group. LncRNA

= long non-coding RNA.

Subsequently, stratified analysis was performed. When strati-
fied by age (> 60 and < 60 years), there were lower survival rates
for the high-risk patients than the low-risk patients (Fig. 11a,
b) in both age groups. When stratified by sex, high risk males
had lower survival rates than low risk males, but there were no
significant differences between risk groups for female patients
(Fig. 11c, d). When stratified by tumor malignancy, survival
rates were lower for high-risk patients with Grade 1 to 2 and 3
to 4 tumors than in low-risk patients (Fig. 11e, f).

Through principal component analysis, we compared the
expression of19 cuproptosis-associated genes, 205 cupropto-
sis-associated IncRNAs, and 6 characteristic cuproptosis-as-
sociated IncRNAs between risk groups. Figure 12 shows wide
variation in gene expression between the risk groups.

3.3. Functional enrichment analysis

The gene ontology enrichment analyses determined that
cuproptosis-associated DEGs were primarily involved in
immune-related biological processes; the cellular compo-
nentes they were associated with were primarily the outer
plasma membrane, plasma membrane signaling receptor
complex, and T cell receptor complex; their molecular func-
tion was related to antigen binding and ion channel activity
(Fig. 13). Kyoto encyclopedia of genes and genomes path-
way enrichment analyses revealed that DEGs were primarily
involved in neuroactive ligand-receptor interactions, cyto-
kine-cytokine receptor interactions, and the cAMP signaling
pathway (Fig. 14).
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Figure 7. The Kaplan—-Meier curves depicting the OS between high-risk and low-risk groups in the test group, train group and all patients. OS = overall survival.

3.4. Tumor immunoassay

Based on ssGSEA, we assessed the association between the 6
characteristic cuproptosis-associated IncRNAs and immune
function; the following immune functions showed a consider-
ably greater abundance in the low risk group: chemokine recep-
tor (CCR), type_ II_ IFN_ Response, human leukocyte antigen,
cytolytic activity, T_ cell_ Co_invitation, check_point, and T_
cell_Co_stimulation (Fig. 15a).

TMB is a potential predictor of immune checkpoint block-
ade therapy outcomes. Analysis of mutational data from all
patients revealed higher TMB in high risk than low risk patients
(Fig. 16c¢), which suggests that this immunotherapy may be
more beneficial for high-risk individuals. In general, survival
rates were lower in patients with high TMB (Fig. 16a). The
probability of survival was highest in low-risk patients with low
TMB, followed by all patients with high TMB; meanwhile, the

probability of survival was lowest in in high risk patients with
low TMB (Fig. 16b).

The TIDE web platform can use pretreatment tumor expres-
sion as a computational framework to estimate multiple pub-
lished transcriptomic biomarkers to predict patient responses to
immunotherapy. Using the TIDE model for our data, we deter-
mined that TIDE and risk score were not correlated (Fig. 15b),
and immune evasion was more likely in low-risk patients.

3.5. Potential drug screening

There was a worse prognosis for high-risk patients. To com-
pare drug sensitivity between the risk groups and evaluate the
effects of drug treatment, we calculated the IC50 for each indi-
vidual with the pRRophetic package and cgp2016 database
in R.
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Figure 8. The Kaplan-Meier curves depicting the progress free survival (PFS) between high-risk and low-risk groups in all patients. PFS = progression free

survival.

Of 251 compounds, 10 had different IC50 values different
between the risk groups. Among these, GSK-650394 and pyri-
methamine had greater efficacy in high-risk patients (Fig. 17)
and Amuvatinib, EHT1864, KIN001-135, tamoxifen, TL-1-85,
TL-2-105, YM201636, and quizartinib (AC220) had greater
efficacy in low-risk patients (Fig. 18).

4. Discussion

Pancreatic adenocarcinoma is a type of digestive tract tumor that
is prone to invasion and metastasis in the early stages and has a
high degree of malignancy. Although there has been progress in
the development of treatments for pancreatic adenocarcinoma,
there has yet to be a breakthrough treatment, and the options
remain unsatisfactory. The tumor node metastasis staging sys-
tem is useful for assessment of tumor prognosis. However, there
may be different responses to treatment and prognoses between

patients despite being classified the same.?>?* It is therefore
important to study the biological behavior of pancreatic adeno-
carcinomas and identify tumor prognostic markers and targets.
IncRNAs are advantageous because of their increased accuracy
in predicting risk. In 2022, Tsvetkov et al!'®!!! identified a cop-
per-dependent mechanism of controlled cell death associated
with mitochondrial respiration, which they named cuproptosis.
Excessive intracellular copper is transported via ionophores to
the mitochondria and binds to the lipoacylated proteins of the
TCA cycle. This results in aggregation of lipoacylated proteins
and loss of iron-sulfur cluster proteins, inducing proteotoxic
stress and leading to cell death. In addition, FDX1 has been
identified as an important gene in cuproptosis. This study also
determined which cells are more susceptible to cuproptosis and
found that these cells have dual functions in the development
and treatment of tumors. Thus, elucidating the mechanism of
cuproptosis may aid in developing new therapeutic strategies.
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clinical characters. C-index = consistency index.

Currently, there is a limited number of studies on cupropto-
sis-associated IncRNAs; thus, in this study we examine the
relationship between cuproptosis-associated IncRNAs and pan-
creatic adenocarcinoma.

Through Pearson correlation, Lasso regression, and univari-
ate and multivariate COX regression analyses, 6 characteristic
cuproptosis-associated IncRNAs were obtained: AL121772.1,
CASC19, AC005332.6, AC109322.2, AC017048.3, and
7.97832.2. We used these IncRNAs to construct a pancreatic ade-
nocarcinoma risk prediction model. Among them, AC005332.6,
7.97832.2 were protective factors, while AL121772.1, CASC19,
AC109322.2, and AC017048.3 were risk factors. Prior research
has shown that AL121772.1 promotes the formation of the
plasma membrane, which may promote pancreatic adenocar-
cinoma cell growth and metastasis.”>?! Studies have shown
that CASC19 can promote pancreatic adenocarcinoma pro-
gression by upregulating E2F7 expression.?”7 AC005332.6 is
involved in pyroptosis and ferroptosis in pancreatic adenocar-
cinoma cells.?$?°! According to the available literature, no study

has shown that AC109322.2, AC017048.3, and Z97832.2 are
associated with pancreatic cancer development; this study pro-
vides the first evidence that these 3 IncRNAs are involved in the
cuproptosis pathway in pancreatic adenocarcinoma.

In this study, the model ROC curve and C-index demonstrate
that the risk score successfully predicted the pancreatic adeno-
carcinoma patients prognoses at 1, 3, and 5 years, and was con-
sistent. Kaplan—-Meier analysis revealed higher OS and PFS in
low risk than high risk patients. Moreover, the model showed
reliable prognosis predictions across different clinical groups,
indicating its potential for widespread use. More importantly,
the clinical ROC curve demonstrates that the risk prediction
model had higher accuracy and clinical value than other tumor
node metastasis staging systems. In conclusion, this risk-predic-
tion model is a sensitive and specific prognostic indicator for
pancreatic adenocarcinoma.

Functional enrichment analysis revealed enriched DEGs per-
taining to immune-related functions that were involved in the
composition of immunoglobulin complexes and T-cell recep-
tor complexes, amongst others. At the molecular level, DEGs
is related to antigen-binding. It is well known that IncRNAs
are critical players in various types of cancer and the tumor
immune microenvironment.®%32 The correlation between the
proposed 6 characteristic cuproptosis-associated IncRNAs and
immune function was investigated using ssGSEA. The categories
of T_cell_co - inhibition, checkpoint, and T_cell_co - stimula-
tion had greater abundance among the low-risk group. Immune
checkpoint inhibitors (ICIs) have increasingly been used in can-
cer treatment with the advent of immunotherapy; these are dif-
ferent from other therapeutic methods and mainly activate T
cells, blocking the pathway of immune suppression, so that T
cells can function effectively. T-cell memory can allow T cells to
continuously recognize and attack tumors, thus greatly reducing
the rate of tumor recurrence. This suggests that utilizing T-cell
memory may be a strategy for achieving long-term control of
the disease.l®’!

TMB quantifies the somatic mutations in the whole genome
after accounting for germline DNA variants; it specifically is
the amount of insertion-deletion mutations and substitutions
per million bases in the exon coding region in tumor tissue.
Mutations in somatic cells can lead to the production of neoan-
tigens, which the immune system recognize as non-self-antigens,
activating T cells and eliciting an immune response. Melanoma
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Figure 11. Stratified survival analysis. (a—b) Stratified by age. (c—d) Stratified by Gender. (e—f) Stratified by Grade.

and lung cancer patients who respond well to ICIs tend to
have a higher TMB.** The effect of ICIs on the TMB has been
demonstrated in clinical studies.s! In addition, a growing body
of literature has utilized a TIDE model, which is a validated
computational framework used for immunotherapy prediction.
This study determined that high risk patients have higher TMB
than low risk patients, and TIDE scores were inversely related to
risk scores, suggesting that high risk patients responded better
to ICIs while the low risk group was more prone to immune
evasion.

We also determined that patients with high TMB had lower
survival rates. The probability of survival was highest in low-
risk patients with low TMB, followed by all patients with high
TMB, while the probability of survival was lowest in high risk
patients with low TMB. This may because pancreatic adenocar-
cinoma patients with high TMB, despite their response to IClIs
monotherapy, represent < 1% of all pancreatic adenocarcinoma
patients.*®! Pancreatic adenocarcinoma is an immunoquiescent
tumor with a lack of effector T-cell infiltration; it is therefore
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unable to exploit the anti-tumor response of ICIs.’” This prop-
erty of pancreatic adenocarcinoma is due in part to the fact that
the tumor has low mutational load or neoantigen expression,
with very weak immunogenicity and inability to induce activa-
tion of effector T cells.’8! Because of its rich connective tissue
stroma, pancreatic adenocarcinoma can impede T cell entry into
the tumor and limit drug delivery.?” In addition, the pancre-
atic adenocarcinoma microenvironment is immunosuppressive;
a large number of immunosuppressive cells infiltrate, making
T-cell activation difficult, which is also an important reason for
the inefficacy of ICIs against this type of cancer.*”! Current evi-
dence suggests that combination therapy with ICIs is the most
promising to compensate for the deficiencies of ICIs and have
anti-tumor effects.

Therefore, we calculated the IC50 of each sample and com-
pared drug sensitivities of the risk groups to identify poten-
tial drugs for treating pancreatic adenocarcinoma patients
and evaluate the effect of drug treatment. GSK-650394 and
pyrimethamine had greater efficacy in the high-risk group.
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Amuvatinib, EHT1864, KIN001-135, tamoxifen, TL-1-85,
TL-2-105, YM201636, and quizartinib had greater efficacy in
the low-risk group. GSK - 650394 is a type of SGK1 inhib-
itor, and research has shown that GSK-650394 can inhibit
SGK1 kinase activity, thereby activating N-myc downstream
regulatory gene 1 (NDRG1), which suppresses metastasis
and contributes to the inhibition of various oncogenic sig-
naling pathways.*!l Pyrimethamine is a classic anti-parasitic
drug. Many studies have shown that pyrimethamine also
has anti-cancer activity in ovarian cancer, breast cancer, and
chronic myelogenous leukemia, but there are no such reports
in pancreatic adenocarcinoma.*>*! Amuvatinib is a tyrosine
kinase inhibitor that suppresses mutant c-Kit, c-Met, c-RET,
Flt3, and PDGFRa. It is also a DNA repair inhibitor that tar-
gets the RADS1-mediated DNA double-stranded break repair.
Thus, the repair of DNA damage is disrupted, and anti-tumor
activity is exerted.**! Mita et al showed that amuvatinib was
well-tolerated adjuvant to carboplatin, carboplatin/etoposide,
and paclitaxel and it exhibited anti-tumor activity in small and
non-small cell lung cancer (SCLC and NSCLC)."”l Tamoxifen
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is a selective agonist of estrogen used for ER-positive breast
cancer with estrogen-like effects and it can prevent chromo-
somal gene activation inhibit tumor cell growth. Xie et al®!
determined that tamoxifen had cytotoxic effects on pancre-
atic adenocarcinoma cells regardless of hormone receptor
status. Noriko et al*! showed that tamoxifen combined with
romildesine could induce senescence in pancreatic adeno-
carcinoma cells by downregulating FOXM1 expression and
inducing reactive and lipid peroxidation. Quezatinib, an inhib-
itor of FMS-like tyrosine kinase 3 (FLT3), selectively targets
FLT3, which is mainly used for relapsed or refractory FLT3-
ITD acute myeloid leukemia (AML).5% All-trans retinoic acid
(ATRA) can induce apoptosis in various cells including epithe-
lial cells, lymphocytes, and a variety of tumor cells.*52 The
clinical efficacy of the above 5 drugs in conjunction with ICIs
for treating patients with pancreatic adenocarcinoma must be
explored further in prospective experiments. The remaining 5
drugs are still in in vitro studies or early clinical trials, and
their therapeutic effects on pancreatic adenocarcinoma require
further investigation.
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Figure 13. Analysis of GO enrichment. GO = gene ontology.
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5. Conclusion

This study presents a risk prediction model of cuproptosis-associ-
ated IncRNAs, which can stably and effectively predict the prog-
nosis pancreatic adenocarcinoma patients, provides a reference
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for clinicians to aid in formulating treatment approaches, and
may provide some insights for future research on the relationship
between IncRNAs and cuproptosis. Furthermore, these results
may aid in the development of therapeutic drugs for pancreatic
adenocarcinoma.
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