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Serum microRNA-24-based
nomogram predicts prognosis for
patients with resected pancreatic
cancer
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Pancreatic cancer (PCa) is one of the malignant tumors with an extremely poor prognosis. Rare
biomarkers exist for predicting the outcomes of PCa patients. This study aimed to develop a
nomogram model based on serum microRNA-24 (miR-24) and clinicopathological factors to predict
overall survival (OS) and treatment response to conventional adjuvant chemotherapy (ACT) in
patients with PCa. This retrospective study included 296 patients with PCa who underwent radical
resection and were followed up every three months. The serum levels of miR-24 were analyzed with
real- time polymerase chain reaction, and the clinicopathological information relevant to the patients
was extracted from the medical center. By combining miR-24 with some clinicopathological factors
associated with prognosis, a nomogram model was developed to predict the OS of patients with PCa.
Patients with elevated miR-24 levels exhibited significantly poorer OS compared to those at low risk
(P<0.0001). miR-24 was an independent predictor of OS regardless to the patients’ age, gender, and
clinical pathological characteristics. It demonstrated remarkable predictive power, with an AUC of
0.82, surpassing CA19-9 (AUC: 0.61), CA125 (AUC: 0.59), CA50 (AUC: 0.51) and CEA (0.56). When miR-
24 was integrated with TNM stage, CA19-9 and CA125 in a nomogram, the prognostic accuracy was
notably enhanced compared to individual factors. Furthermore, patients classified into the high-risk
group who received post-operative ACT showed superior outcomes in both OS and two-year survival
compared to those who did not receive ACT (P <0.0001). A serum miR-24-based nomogram may serve
as a powerful tool for predicting risk and prognosis in patients with resected pancreatic cancer, thus
facilitating personalized clinical decision-making.
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Pancreatic cancer (PCa) is a highly malignant tumor characterized by a dismal prognosis. The pancreatic
ductal adenocarcinoma (PDAC) subtype constitutes more than 90% of all pancreatic malignancies. Due to a
lack of early diagnosis and effective therapeutic intervention, PCa ranks as the fourth leading cause of cancer-
related mortality, accompanied by a strikingly low 5-year relative survival rate of just 12%'. While surgical

INational Key Laboratory of Fine Chemical Engineering and Department of Pharmacology in School of Chemical
Engineering, Dalian University of Technology, Dalian 116024, China. 2School of Basic Medical Sciences, Xiangnan
University, Chenzhou 423000, China. 3Department of Food Safety and Toxicology, Shanghai Jiao Tong University
School of Medicine, Shanghai 200240, China. “Department of Biliary-Pancreatic Surgery, Ren Ji Hospital, School
of Medicine, Shanghai Jiao Tong University, Shanghai 200127, China. *David Geffen School of Medicine at UCLA,
The UCLA Agi Hirshberg Center for Pancreatic Diseases, Los Angeles, CA 90095, USA. ®State Key Laboratory of
Oncogenes and Related Genes, School of Medicine, Ren Ji Hospital, Shanghai Cancer Institute, Shanghai Jiao Tong
University, Shanghai 200025, China. “Department of General Surgery, State Key Laboratory of Complex Severe
and Rare Diseases, Peking Union Medical College Hospital, Chinese Academy of Medical Sciences and Peking
Union Medical College, Beijing 100730, China. 8Functional Genomics and Proteomics Laboratories, Osteoporosis
Research Center, Creighton University Medical Center, Omaha, NE 68124, USA. °National Key Laboratory of Fine
Chemical Engineering, and Center for Molecular Pharmacology and Department of Pharmacology in School of
Chemical Engineering at, Dalian University of Technology, Dalian, China. 1%Jing Huang and Qian Zhang contributed
equally to this work. “‘email: gxiao@dlut.edu.cn

Scientific Reports|  (2025) 15:8159 | https://doi.org/10.1038/s41598-024-82369-9 nature portfolio


http://www.nature.com/scientificreports
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-024-82369-9&domain=pdf&date_stamp=2025-3-9

www.nature.com/scientificreports/

resection remains the sole treatment with curative potential, approximately 80%-85% of PCa cases are deemed
unresectable, as patients are often diagnosed with local infiltration or metastasis®®. The conventional adjuvant
chemotherapy (ACT), the primary treatment for PCa, faces significant challenges due to drug resistance. Even
immunotherapy, which has shown promise in various cancer types, has yet to succeed in PCa, largely attributing
to its immunosuppressive tumor microenvironment’. Alarmingly, individuals may obtain different benefits
from a same treatment regimen, influenced by their unique genetic background and biological characteristics®.
Therefore, identifying effective prognostic markers to predict patients’ response to treatment is of utmost
importance.

Some molecular alterations were reported to be promising biomarkers. Traditionally, serum levels of
carbohydrate antigens (CA)19-9, CA125, CA50, and carcinoembryonic antigen (CEA) are commonly used
for diagnosis, metastasis assessment and prognosis in PCa with low efficacy®-8. CA19-9 is the only Food and
Drug Administration- approved biomarker for diagnosis and prognosis of PCa’. However, baseline CA19-9
level was not an independent predictor of survival in a randomized phase 3 trial'®. Furthermore, several studies
reported the correlation between systemic inflammatory markers—specifically, neutrophil-lymphocyte ratio
(NLR), platelet- lymphocyte ratio (PLR), monocyte-lymphocyte ratio (MLR), and neutrophil- monocyte ratio
(NMR)— and the overall survival (OS) of patients with PDAC!!"!4. Nonetheless, a consensus regarding their
prognostic value remains elusive.

Recent studies have concentrated on microRNAs (miRNAs) as predictive and prognostic biomarkers, or
potential therapeutic targets, given their pivotal role in the pathogenic mechanisms underlying carcinogenesis
and metastasis'>!®>. MiRNAs are a group of non-coding, single-stranded RNAs with around 22 nucleotides,
which are considered as promising biomarkers with high stability in human fluids, ease of non-invasive detection
in circulation, and a convenient screening method!’. For example, miR-21, miR-155, miR-203, miR-210, miR-
222, and miR-629 were identified to be potential biomarkers for prognosis in PCa'8-%0. Regrettably, most of these
signatures were hampered by constrained performance, lacking the efficacy to predict the response to ACT.

In our preceding research, we developed a panel of four serum miRNAs as a novel, noninvasive biomarker for
the early detection of pancreatic ductal adenocarcinoma (PDAC)?!. As a member of this panel, miRNA-24 was
speculated by a meta-analysis as a promising prognostic marker in different cancers??. However, the prognostic
performance of miR-24 in PCa requires further validation. Consequently, the purpose of this study was to
investigate whether serum levels of miR-24 are associated with overall survival (OS) and the response of patients
with PDAC to ACT. Building upon this foundation, we endeavored to establish a nomogram model to predict
the OS of patients undergoing surgical treatment.

Results

Prognostic value of miR-24 in patients with PDAC

To explore the prognostic value of miR-24 in patients with PDAC, we initially compared the expression levels
of miR-24 between 194 death and 102 survival patients. As illustrated in Fig. 1A, the delta Ct value of miR-24 in
death patients was significantly lower than that in survivors, indicating an elevated expression of miR-24 among
those who passed away (P <0.0001). Next, ROC analysis evaluated the prognostic performance of miR-24 in
predicting OS with an AUC of 0.82 (95% CI, 0.78-0.88; Fig. 1B). Based on the ROC analysis, the optimal cut-off
values of miR-24 was derived as—1.905, and patients were classified into high-risk (delta Ct<-1.905) and low-
risk (delta Ct>-1.905) groups. High-risk patients had a significantly poorer OS than low-risk ones (P <0.0001;
Fig. 1C). According to the waterfall plot analysis, the proportion of dead patients with elevated miR-24 levels
was significantly greater than that of those with diminished miR-24 (Fig. 1D,E). The median survival time for
patients with elevated miR-24 was 14.5 months, significantly shorter than that of patients with low miR-24 levels
(P<0.001; Fig. 1F). The data presented suggest a promising prognostic value of miR-24 in patients with PDAC.

Comparison of prognostic efficiencies between miR-24 and common biomarkers

Through time-dependent ROC analysis, miR-24 displayed a more robust predictive capability, as evidenced
by significantly larger AUC compared to conventional markers. Compared to serum protein markers such as
CA19-9, CA125, CA50 and CEA, miR-24 predicted OS and 2 year survival with elevated AUCs of 0.82 and 0.73,
respectively (Fig. 1G). Given that some studies have reported the prognostic potential of systemic inflammatory
markers determined by complete blood count, we also examined the prognostic ability of NLR, PLR, MLR
and NMR. The findings revealed that these inflammatory markers failed to predicted OS or 2-year survival
of patients with PDAC (Fig. 1H). These comparative results further illuminate the potential of miR-24 as a
prognostic biomarker of PDAC.

The value of miR-24 in distinguishing patients who benefit from ACT in PDAC

More importantly, to develop an effective biomarker for clinical use, it is essential that we explore the response of
miR-24 to ACT. In the overall patient cohort, we observed that their OS did not improve with post-operative ACT,
although the 2 year survival rate did show enhancement due to ACT (Fig. 2A,B). This result may be elucidated by
the notion that patients derive benefits from short-term chemotherapy while simultaneously developing long-
term drug resistance. Intriguingly, the high-risk group defined by miR-24 demonstrated improved outcome
for both OS and 2-year survival when treated with ACT (P <0.0001; Fig. 2C,D). Conversely, in the low-risk
group, neither OS nor 2-year survival benefitted from ACT (P> 0.05; Fig. 2E,F). These findings underscore the
potential for tailoring personalized predictions of a patient’s survival cycle based on miR-24. Such an approach
may effectively mitigate unnecessary medical interventions and alleviate the economic burden on patients.
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Fig. 1. Prognostic value of miR-24 in patients with PDAC. (A) Expression levels of miR-24 in the serums of
survival or death patients with PDAC. (B) ROC analysis of miR-24 in survival or death patients with PDAC.
(C) Kaplan-Meier survival curves of high- and low-risk groups in patients with PDAC. (D) Survival status

in high- and low-risk groups of patients with PDAC. (E) The proportion of survival or death among patients
exhibiting low or high levels of miR-24. (F) The mean survival time of PDAC patients with a low or high
miR-24 level. Data were shown as mean + SEM. (G) The OS and 2 year-dependent ROC curves of miR-24 and
serum protein markers. (H) The OS and 2 year-dependent ROC curves of miR-24 and systemic inflammatory
markers. NLR, neutrophil-lymphocyte ratio. PLR, platelet- lymphocyte ratio. MLR, monocyte-lymphocyte
ratio. NMR, neutrophil-monocyte ratio.
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Fig. 2. The value of miR-24 in distinguishing patients who benefit from adjuvant chemotherapy (ACT) in
PDAC. Kaplan-Meier curves of OS and 2-year survival in all patients (A, B), miR-24 defined high-risk group
(C, D), and miR-24 defined low-risk group (E, F).

miR-24 was an independent prognostic factor of PDAC

Furthermore, we identified independent prognostic factors of PDAC through univariate and multivariate
Cox regression analyses on demographic and clinicopathological parameters. Results from the univariate Cox
regression analysis indicated that TNM stage, CA19-9, CA125 and miR-24 were promising factors for PDAC
(Table 1). However, the data from the multivariate Cox regression analysis confirmed that only miR-24 and
TNM stage IV were independent prognostic factors for PDAC (P <0.0001 and P=0.016, respectively). As far
as we know, TNM stage IV refers to cases with distant metastasis, whose survival status is notoriously grim.
Therefore, it is widely acknowledged that stage IV is an independent factor influencing the prognosis of patients
with PCa. Moreover, miR-24 proved effective in predicting OS across most subgroups stratified by demographic
and clinicopathological parameters, including gender, age, BMI, smoking, drinking, hypertension, diabetes,
tumor site, T stage, N stage and histological grade (Fig. 3). These exciting findings were further substantiated
by Kaplan-Meier analysis conducted on subgroups based on T stage, N stage, histological grade and tumor site
(Supplementary Fig. S1). Collectively, these results suggest that miR-24 may serve as an independent prognostic
index for patients with PDAC.

Nomogram based on miR-24 and clinicopathological factors

Given the significant prognostic values of miR-24 and the factors selected through univariate Cox regression
analysis, we constructed a nomogram model that integrated the impact of various variables on the 1 year, 2 year
and 5 year survival of patients with PDAC (Fig. 4A). Based on this model, we can make personalized predictions
of patient’s survival cycle through the information regarding the patient’s TNM staging and serum levels of CA19-
9, CA125 and miR-24. The concordance index and calibration curves were employed to validate the prediction
power of the model. The nomogram’s concordance index was significantly higher than its constituents, including
miR-24 (Fig. 4B). Observing the calibration curve at one year, we noted a substantial correlation between the
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Multivariate cox
Univariate cox regression | regression
Variables HR | (95%CD) |Pvalue |HR [(95%CD) |Pvalue
Gender
Female Ref
Male 1.27 | 0.94-1.69 0.114
Age, years 1 0.99-1.01 0.930
BMI, Kg/m2 1.01 | 0.96-1.07 0.682
Smoking 0.92 | 0.63-1.33 0.653
Drinking 0.85 | 0.52-1.38 0.505
Family history of cancer | 0.57 | 0.21-1.53 0.264
Hypertension 0.99 |0.74-1.32 0.950
Diabetes 0.83 | 0.59-1.17 0.282
Tumor_site
Body/Tail Ref
Head/Neck 1.09 | 0.82-1.45 0.561
TNM stage
1A Ref
1B 1.13 | 0.64-2.01 0.677 1.06 | 0.57-1.97 0.853
ITA 1.53 | 0.76-3.1 0.237 1.39 | 0.66-2.92 0.381
1IB 1.25 | 0.69-2.26 0.459 1.12 | 0.59-2.11 0.730
1 1.87 1 0.99-3.54 0.054 | 1.42 |0.71-2.85 0.327
v 2.47 | 1.21-5.01 0.013 | 2.54 | 1.19-5.42 0.016
Chemotherapy 1.00 | 0.75-1.34 0.981
CA50 (ug/L) 1.00 | 1.00-1.00 0.699
CA19-9 (U/ml) 1.00 | 1.00-1.00 | <0.0001 | 1.00 | 1.00-1.00 0.053
CA125(U/ml) 1.00 | 1.00-1.01 0.009 1.00 | 1.00-1.01 0.523
CEA (ng/ml) 1.00 | 1.00-1.00 0.763
miR24 0.81 | 0.76-0.86 | <0.0001 | 0.80 | 0.74-0.86 | <0.0001

Table 1. Independent prognostic factors of PC. Significance of P-values less than 0.05 are marked in bold.

actual data and the model’s predictions, though this consistency deteriorated as survival time increased (Fig. 4C-
E). These findings demonstrate the promising efficacy of this model in predicting patient prognosis, although
further validation of these results is warranted.

Discussion

At present, surgery remains the first-line treatment for patients with PCa. Consequently, there is no doubt
concerning the significance of evaluating the postoperative prognosis of these patients. In this study, we found
that serum levels of miR-24 may serve as an independent prognostic factor for OS in patients with resected
PDAC. To the best of our knowledge, this is the first study to elucidate the relationship between serum levels of
miR-24 and survival outcomes in patients with PCa.

We chose to focus on this molecule because the dysregulation of miR-24 has been implicated in various human
cancers, where it can function either as a tumor suppressor or an oncogene. For instance, circulating miR-24 has
been shown to be upregulated in patients with advanced non-small cell lung cancer, serving as one of the novel
predictive biomarkers for pemetrexed-based chemotherapy?’. Serum miR-24 levels were investigated in hepatitis
B viral-related hepatocellular carcinoma (HCC), revealing significantly elevated expressions in HCC patients
compared to healthy controls?!. Fang et al. discovered that plasma levels of miR-24, miR-320a, and miR-423-5p
were all decreased in patients with colorectal cancer (CRC) and benign lesions relative to healthy controls, thus
establishing them as novel biomarkers for CRC detection?. Furthermore, miR-24 has been reported to regulate
cell growth and chemosensitivity in CRC by targeting the RNA-binding protein DND1%. In the context of PCa,
miR-24-3p may influence epithelial-mesenchymal transition and negatively regulate ASF1B expression, thereby
modulating the malignant phenotype of PDAC cells?’. Additionally, a study indicated that miR-24 promotes
tumor growth and angiogenesis by suppressing Bim expression in vivo, a factor involved in numerous crucial
biological behaviors associated with cancer?. Thus, the prognostic significance of this pathway-representative
molecule in PDAC may be readily comprehended.

Nevertheless, the prognostic role of miR-24 in PCa has rarely been studied. Our previous work identified
a panel of serum miRNAs including miR-24 whose diagnostic efficacy was fully assessed with the AUCs of
0.971 and 0.924, respectively, in discriminating patients with early-stage PCa from healthy controls or chronic
pancreatitis as well as pancreatic cystic neoplasms?!. Subsequently, the present study broadens the clinical
application of miR-24 for patients with PDAC in predicting survival regardless of their chemotherapy regimens.
It is indubitable that ACT can significantly enhance the survival of PDAC patients following radical resection,
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Variables miR24-low  miR24-high Total HR(95%CI) P value miR-24 high
Gender

Female 64(21.6%)  55(18.6%) 119(40.2%)  5.439(3.153-9.383) <0.0001 .
Male 98(33.1%)  79(26.7%) 177(59.8%)  2.831(1.941-4.128) <0.0001

Age, years

<65 60(20.3%)  67(22.6%) 127(42.9%)  2.071 (1.611-2.663) <0.0001 e
>65 102(34.5%) 67(22.6%) 169(57.1%)  1.771(1.449-2.165) <0.0001 s
BML Kg/m2

<24 104(35.2%) 67(22.6%) 171(57.8%)  1.536(1.273-1.853) <0.0001 s

>24 58(19.6%)  67(22.6%) 125(42.2%)  2.883(2.140-3.882) <0.0001

Smoking

No 132(44.6%) 109(36.8%) 241(81.4%)  3.244(2.320-4.536) <0.0001 .
Yes 30(10.1%)  25(8.5%)  55(18.6%) 2.398 (1.595-3.605) <0.0001

Drinking

No 144(48.6%) 121(40.9%) 265(89.5%)  1.894(1.611-2.228) <0.0001 .

Yes 18(6.1%) 13(4.4%)  31(10.5%) 1.877 (1.117-3.153) 0.017 AP
Family history of cancer

No 156(52.7%) 132(44.6%) 288(97.3%)  1.9(1.624-2.223)  <0.0001 (-

Yes 6(2.0%) 2(0.7%) 8(2.7%) 1.435(0.535-3.851) 0.474 —f e
Hypertension

No 99(33.5%)  83(28.0%) 182(61.5%)  1.928(1.582-2.350) <0.0001 —.—i
Yes 63(21.3%)  51(17.2%) 114(38.5%)  1.824(1.424-2.336) <0.0001 —e—i
Diabetes

No 126(42.6%) 103(34.8%) 229(77.4%)  1.863 (1.566-2.215) <0.0001 o

Yes 36(12.2%)  31(10.4%) 67(22.6%) 2.061 (1.455-2.919) <0.0001 —e—i
Tumor site

Body/Tail  76(25.7%)  56(18.9%) 132(44.6%)  2.058(1.619-2.617) <0.0001 ——i
Head/Neck 86(29.1%)  78(26.3%) 164(55.4%)  1.769 (1.445-2.165) <0.0001 —e—i

T stage

T1/2 98(37.1%)  81(30.7%) 179(67.8%)  2.042(1.655-2.519) <0.0001 —e—i
T3/4 51(19.3%)  34(12.9%) 85(32.2%) 1.713 (1.298-2.260) <0.0001 ——i

N stage

NO 97(36.8%)  74(28.0%) 171(64.8%)  1.950 (1.584-2.400) <0.0001 e
N1/2 52(19.7%)  41(15.5%) 93(35.2%) 1.794 (1.363-2.362) <0.0001 ==
Metastasis

Yes 14(4.7%) 11(3.7%)  25(8.4%) 1.297 (0.824-2.042) 0.262 i

No 148(50.0%) 123(41.6%) 271(91.6%)  1.992 (1.667-2.380) <0.0001 ==
Histological grade

I-II 88(34.6%)  65(25.6%) 153(60.2%)  1.979(1.589-2.465) <0.0001 ==

111 51(20.1%)  50(19.7%) 101(39.8%)  1.647(1.269-2.138) <0.0001 e

4 7 10
Hazard ratio (95% CI)
Fig. 3. Prognostic value of miR-24 in subgroups of patients with PDAC. The impact of miR-24 on OS across

different subgroups of PDAC patients. Findings were examined by Cox proportional hazards regression
analysis.

as evidenced by a well-designed randomized controlled trial?®. However, the implications may differ, given that
ACT has not demonstrated a survival benefit in certain retrospective studies®®>!. In this study, although ACT did
not improve OS in the entire cohort, it significantly enhanced survival among high-risk patients, suggesting that
these individuals are more responsive to ACT. The high-risk patients exhibited exceedingly poor survival rates,
thereby likely necessitating a more urgent intensification of ACT.

In addition, this marker showed superiority over conventional protein markers (CA19-9, CA125, CA50 and
CEA), as well as systemic inflammatory markers (NLR, PLR, MLR and NMR). Although numerous studies have
indicated their prognostic value, debate persists regarding their efficacy as prognostic markers. The synthesis of
CA19-9 is influenced by common variants in the fucosyltransferase (FUT) enzymes®2. A recent study found that
higher preoperative CA19-9 levels were associated with recurrence and mortality for patients with PCa within
the higher-FUT groups, yet not in their lower-FUT counterparts®®. Elevations in CA125 levels beyond three
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Fig. 4. Predictive Nomogram for predicting the OS in patients with PC. (A) Predictive nomogram model for
predicting the OS in patients with PC. The top scale corresponds to the variable axis. The sum of these point
scores lies on the total point axis, and the overall probability of patient survival at 1, 2, and 5 years can be
predicted by drawing a vertical line from total point axis downward on the survival axis. (B) Comparison of
concordance index between nomogram model and its individual factors. Time-dependent calibration curves
for the prognostic nomogram for predicting the 1-year (C), 2-year (D) and 5-year (E) survival, respectively.
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Variables Number (%) | Variables Number (%)
Age, years TNM stage
<65 127 (42.9) 1A 25(8.4)
>65 169(57.1) |IB 87 (29.4)
Gender 1A 26 (8.8)
Male 177 (59.8) 1IB 67 (22.6)
Female 119 (40.2) jinl 37 (12.5)
BMI, Kg/m? I\% 22 (7.4)
<24 214 (72.3) Unknown 32(10.8)
>24 82(27.7) CA50, ug/L
Smoking >20 192 (64.9)
Yes 55 (18.6) <20 57 (19.3)
No 241 (81.4) Unknown 47 (15.9)
Drinking CA19-9, U/ml
Yes 31 (10.5) >37 240 (81.1)
No 265 (89.5) <37 56 (18.9)
Family history of cancer CA125,U/ml
Yes 8(2.7) >35 54 (18.2)
No 288 (97.3) <35 215 (72.6)
Hypertension Unknown 27 (9.1)
Yes 114 (38.5) CEA, ng/ml
No 182 (61.5) >5 86 (29.1)
Diabetes <5 184 (62.2)
Yes 67 (22.6) Unknown 26 (8.8)
No 229 (77.4) Chemotherapy
Tumor site Yes 149 (50.3)
Head/Neck 147 (49.7) No 147 (49.7)
Body/Tail 118 (39.9)
Unknown 31(10.5)

Table 2. Baseline characteristics of patients.

months postoperatively, rather than early postoperative elevations, emerged as predictors of poor prognosis.
Our findings in this study illuminated the prognostic significance of CA19-9 and CA125, while CA50 and CEA
revealed no prognostic significance for OS in patients with PDAC. Nonetheless, CEA demonstrated prognostic
significance for 2-year survival (P=0.011). In addition, systemic inflammatory markers such as NLR, PLR,
MLR and NMR exhibited no significant differences between the dead and survival patients, as per our findings.
This result outcome stands in contrast to several studies, although validation through the expansion of cohorts
remains imperative! "33, Given that some literature also proposed the contradictory results, this finding should
not be deemed disappointing®’.

More importantly, our study effectively created nomogram model by the combination of miR-24 and
individual clinicopathological factors by nomogram model could markedly enhance their predictive powers.
Studies demonstrating constructed nomograms, created from baseline clinical factors readily available before
chemotherapy, have exhibited commendable performance and provide convenience in aiding clinicians with
individualized patient management®®3°. Therefore, the miRNA, especially the combination, provided a potential
as the supplemental prognostic tool for precision medicine of PDAC in the clinic.

In conclusion, we elucidated the prognostic significance of miR-24, and based on this marker, we developed
a nomogram model to predict the OS of patients with resected PCa. Our findings suggest that serum miR-24
is associated with OS, and may serve as an independent prognostic factor for patients with resected PDAC.
Moreover, those patients classified as high-risk by miR-24 may derive greater benefit from ACT. This marker
warrants further validation in larger cohorts and prospective studies.

Methods

Patient selection

We conducted a retrospective analysis of 296 patients with stage I-IV PDAC who underwent radical resection
at the Renji Hospital affiliated with Shanghai Jiaotong University, between October, 2012 and July, 2019. The
patient characteristics are detailed in Table 2. This study comprised 177 men (59.8%) and 119 women (40.2%).
The median age of the patients was 66 years (range, 24-89 years). Patients were selected according to the
following exclusion criteria: 1) patients with concurrent primary tumors; 2) those who received pre-surgical
therapies; 3) those lacking baseline or follow-up data; 4) patients who died from causes unrelated to PCa, such
as complications, other malignant diseases or accidents. The patients were followed up every three months until
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death or the end of follow-up. OS (in months) was defined as the duration from the date of surgical operation to
the date of death or the last follow-up.

This work was approved by the local ethics committees of Dalian University of Technology (reference
number: 2020-075), and informed consent was acquired from all the patients. PDAC staging was carried out
according to the TNM classification (AJCC eighth edition). The study was conducted according to the principles
of the Declaration of Helsinki regarding studies involving human participants. All experiments were performed
in accordance with Reporting Recommendations for Tumor Marker Prognostic Studies.

Serum levels of miR-24 detected by real time polymerase chain reaction (RT-PCR)

The serum levels of miR-24 were measured by RT-PCR with TagMan probes, conducted as previously detailed?!.
Briefly, total RNA was extracted from 0.25 mL serum samples using RNAiso Blood (Takara, Japan) according
to the manufacturer’s instruction. Then RNA was transcribed into ¢cDNA in a scaled-down (10 uL) reverse
transcription reaction. Next, RT-PCR was performed on the LightCycler 480 II System (Roche, Switzerland)
through 45-cycle amplification. As an internal control, serum levels of small nuclear RNA U6 were measured
simultaneously. Each sample was tested in triplicate, and the Ct value of miRNA or U6 was calculated as the
mean of the three repeated values. Endogenous level of miRNA in serum was calculated using delta Ct value,
representing the relative Ct value of miR-24 normalized to that of U6.

Statistical analysis

Continuous variables were compared with the student’s t-test or one-way ANOVA, while categorical variables
were tested by the Chi-square test. The prognostic utility of variables was assessed using receiver operating
characteristic (ROC) curve analysis. Endogenous level of miRNA expression was calculated as delta Ct method
(ACtsample: Ct_irna—Ct () Patients were split into high- and low-risk groups due to miR-24 levels, and the
potential differences in OS were analyzed using Kaplan-Meier curves and compared using the Log rank test. We
conducted a univariate Cox proportional hazards regression analysis on all variables and incorporated those with
a P <0.05 into a multivariate Cox proportional hazards regression analysis to ascertain independent prognostic
factors. In addition, we established a nomogram based on risk factors to predict the risk and OS of PDAC
patients at 1, 2, and 5 years. The accuracy of nomogram was evaluated using C-index, and the discrimination of
nomogram was verified using calibration plots. Statistical analyses were conducted using R Studio (version 4.3.1)
or GraphPad Prism 9 software. P <0.05 was considered statistically significant.

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable
request.
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