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(FBE] By #7HNH IS & M7 P miR-504-3p. miR-151a-5p 5 Il & W B2 A K P F (vascular
endothelial growth factor, VEGF) i) 22485 T =AY | TP 35 X T 000 16 38 I /0N 200 Y i 9 ( non—small cell lung cancer,
NSCLC) 355 SR A A7 3 S B RS (g oM A (. il SRATRIBUPE BASUBIFSY, $EHL 2016 4F 1 7 & 2019 4F 12
H AR B2 B 264 I NSCLC #3, Y5 5 AR B EERETT, AR HFEAE (n=58) 53T H(n =
206). RAZEE Cox [MIHGHLER MM NSCLC B3 5 AFAAEIY Bl I 3R I T B PE TS 151 (prognostic index,
PR s 223 ik [a) 45 5 52 38 3 T AEERAF it 2k (receiver operating characteristic curve, ROC) &k, 8 < N
(area under the curve, AUC) PEAEAAY X 40 BF ; @i Bootstrap B (500 ) HEFT INEREGTIE,  LIAK i pl 2R B A 1
R . RPRIEAGRIRUHER ;. RIHR M2k 04T (decision curve analysis, DCA)PEASIERIAYIG R GHIRES . 450 miR-
151a-5p. VEGF. Il R4 HIIVHE B H] NSCLC 835 5 AE A A IS fa e I R (P < 0.05), miR-504-3p & {47 A
F(P<0.05), BFEMKHE ROC MZB/R, BIRIFMAET- XA AUC B 1 4519 0.703(95%CI: 0.637 ~ 0.769) $& T 2
54E 0.859(95%CL: 0.814 ~ 0.904), T EEH KBS AUC 1 1 4E0 0.694(95%CIL: 0.624 ~ 0.764) $£ T+ Z5 4E 1)
0.847(95%CIL: 0.802 ~ 0.892), X4rfig i Flilt Al HERS st am . ReHEZR SoimfbiRdn o, BERIXS 3. 4. 54E3E
T B H JRBG: 0 T A o B R 4 (RS MR B30, AMERI R 1), H 1. 2R K. DCA R ER,
FETM 3 4F . 4 4FEH 5 ARFET-REL RS KU B, PLASSRLAE |32 (9 BUE A SRVa Bl N B Re e it i F “ & T M

CETART I RIS, RIE PT A ALEUR 264 61 5 & 20 5 KUK 41 (n = 175) T KU 41 (n = 89).
Kaplan-Meier AE 73 7 s, ARSI ZH BT 1Y 5 AR AR 5 TR B R B B0 TR XK 4H (P < 0.05), &5 Il
1% miR-504-3p. miR-151a-5p. VEGF S8l NSCLC & KA AF LR UM C . A =#F L IR 01
B Z P AR TR A, e NSCLC B3 3 4F K LA L MR WA 7 S5 5638 KU HA R AP i o e s e, A B F1ifs
PRIFUN i 52 R 5 7% XU 1Y) S8 3
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A Multi-index Model Based on Serum miR-504-3p,
miR-151a-5p, and VEGF for Predicting Long-term
Survival and Metastatic Risk in Patients with
Advanced Non-small Cell Lung Cancer
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[Abstract] Objective To establish and internally validate a multi—indicator predictive model incorporating
serum miR-504-3p, miR-151a-5p, and vascular endothelial growth factor ( VEGF) to evaluate its predictive
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value for the 5—year survival rate and metastasis risk in patients with advanced non—small cell lung cancer (NSCLC).
Methods A retrospective cohort study was conducted on 264 advanced NSCLC patients diagnosed between January
2016 and December 2019 at our institution, all of whom completed a 5—year follow—up. Patients were stratified into
survival (n = 58) and mortality (n = 206) groups based on survival status. Multivariate Cox regression analysis was
used to identify key factors affecting 5—year survival in advanced NSCLC patients, and a linear prognostic index (PI)
model was constructed. Time—dependent receiver operating characteristic (ROC) curves were generated, and the
area under the curve (AUC) was calculated to evaluate model discrimination. Internal validation was performed using
the Bootstrap method (500 iterations), with calibration curves, intercepts, and slopes used to assess model cali—
bration. Decision curve analysis (DCA ) was employed to evaluate the clinical net benefit of the model. Results miR-
151a-5p, VEGF, and clinical stage IV were independent risk factors for 5—year survival in patients with advanced
NSCLC ( P < 0.05), while miR-504-3p was a protective factor ( P < 0.05) . Time—dependent ROC curves
demonstrated that the model's AUC for predicting mortality risk increased from 0.703 (95%CI: 0.637 ~0.769) at 1
year to 0.859 (95%CI: 0.814 ~0.904) at 5 years, and for predicting metastasis risk increased from 0.694 (95%CI:
0.624 ~0.764) at 1 year to 0.847 (95%CI: 0.802 ~0.892) at 5 years, with discriminatory ability progressively
strengthening over time. Calibration curves and quantitative metrics demonstrated good calibration of the model for
predicting 3—, 4—, and 5-year mortality and metastasis risk (calibration intercept approaching 0, calibration slope
approaching 1), but suboptimal calibration at 1 and 2 years. DCA results demonstrated that for predicting 3—, 4-,
and 5—year mortality and metastasis risk, the PI model provided net benefit superior to both "intervene all" and
“intervene none” strategies across a wide range of threshold probabilities. Using the PI median, 264 patients were
stratified into high-risk (7 = 175) and low-risk (7 = 89) groups. Kaplan—Meier survival analysis showed that 5—year
survival and metastasis—free rates in the low—risk group were significantly superior to the high—risk group (P < 0.05).
Conclusion Serum miR-504-3p, miR-151a-5p, and VEGF are closely associated with long—term survival and
metastasis in advanced NSCLC patients. A multi—indicator model integrating these three markers and clinical staging
demonstrates good predictive accuracy for long—term survival and metastasis risk at 3 years and beyond in advanced

NSCLC patients and may facilitate clinical identification of patients at high risk for recurrence and metastasis.
[ Key words] Non—small cell lung cancer; microRNA; Vascular endothelial growth factor; Predictive
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1.1 HRJF

AHEFE R Il JEpE BB 5, SR Sk AL
Jrik, BEEL 2016 4F 1 H 2 2019 45 12 H T IR
=% B JE 28 M 2R N REE BE 5t 12 1) NSCLC /8 3%
264 5], 381 2= BE HL 90 T 3R S84 B () I 32 461
e, MAFRUEDT, (1) 250 B LA K A i 12
SANSCLC™ 5 () IR A B ~ VI (3)4F 1%
18 ~ 80 % ; (4) WIS I RA%Z AR HT I IR YT 5
(5) FE2R 11t PR B ERE RN Bl U5 B8R 52 2 . HEBRBR
HEDS (1) A I FLA A MR 5 (2) ™AL 28 D fig
BEfig; (3)™ R, A SRR E; (4K
i A R U7 sl R R IR A G B R BT 5 (5) MM
FEARAS A6 SR I A R B . T BB 2 e 1
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RPIF R DA B RIECAIRIT, IR T R Z
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VE AL IEAS N A Z N ZE Cox MIHRIAL, IR
TV A (R B T R 2 o ASBIF Y 2845 M R 2 B T 28 M
5N RBE BE R B ZE 51 S it il i (202503196)

HEARANE . APFRMKYEZ H R Cox MIIH5
Mry BB R e HEA i, DL EESS R (BT
RY s o MRAESCHR RE Y R IR 5, W12 i
A BB A BRI NSCLC BB KA TS (4 A7 o
ALFEAEIE L M IR s L IR L R RIRYT
ECOG P43 . miR-504-3p. miR-15la-5p. VEGF
S 3L 10 TP A S AR i . #% EPV RS IR bR e,
R RBERIRR E , RS TAR D 10 ~ 20 4
Fff . BT R OSSR, BN ZE TR A Ny
5%, R RZHERSITER, BEEDHE
100 SFHEE, W BEEA R n = FH5y B

KA H=100/0.75~ 133 i . 25 &2 Fifi 5 1 2 rhoa]
REAEAE (KD R (T <5%), AR INA
264 il i, SRRV IR K AESE T3 206
], S2BRas R AR (206) 5 e 498 AR 8
B(4)Z L A51.5 1, mi T2mbnfEml TR
(10 : 1), Bfd TG iR 5685 BE
1.2 HARAE
121 IGERFRCE R B FLIG R S
B, IR PR . BMIL W B AR
g K/ L RS L ECOG 43455
1.2.2 MBEHERGESHREEYRN  (DFEARE
SR A BB TERIRAS W B R 32 AT Al i
JEIGITHT, TIHRZ MRS T RE SN A # ki 5
mL, 7E% I FREEE 30 min J5, LA 3000 r/min f¥)
BB 15 min, 0 ESHIATE, /0340 E T-80°C
AR VKA K BE A7 45 1

(2) I3 miR-504-3p . miR-151a-5p & ik/KF
Kl . i FH 32 [ Invitrogen 23 F] A9 Trizol 1257 2 HL
I % &2 RNA, 3 E Thermo Fisher Scientific 2
F] i) Nanodrop 2000 8 3 & 53 6 G BE 1K I RNA
4l (A260/A280 HL{EAL T 1.8 ~ 2.0 JulH) SHEE
#% H A TaKaRa 75 A PrimeScript RT Reagent Kit U4
W-BE T s%, A cDNA, F HZK TaKaRa 2>
A X &, DL U6 snRNA W IN S5, il it
qRT-PCR K il miR-504-3p. miR-151a—5p & i&
Ko Bl LA TAY TREBROGARA RS
W, BT 5152 NCBI BLAST T EL i 56
WE, WESEEA SRS, TAERE RS A
Mo qRT-PCR WA Z : 2 x SYBR Premix Ex Taq I
10pul, LU#E514 0.4 ul, Ti#514 0.4 pl, c¢DNA
FEHL 2 pL, RNase—Free H,0 7.2 uL, SRR AR FR
20 pLo SR 2. 95°C WiZetE 30 s; 95°C A8tk
5s, 60°C iEk30s, 40 MERF; HF95C 155,
60°C 1 min, 95°C 15 s il ffihdk . RAH 2-44¢
B L miR-504-3p ., miR-151a-5p X} ik
K, BARFFE) By A5 L6 1.

% 1 qRT-PCR 3| #1 5 % J= iz 5 14

Tab.1 qRT-PCR primer sequence and reaction conditions

L AR 5|2 FIF 5 (5'-3") T (bp) AR (C)

miR-504-3p i1 CGG CGG TGA GAG AGT AGT GAT 72 60
T AGT GCA GGG TCC GAG GTA TT

miR-151a-5p i) CGG CGG ACT GAG GCT ACA ACT 70 60
TG AGT GCA GGG TCC GAG GTA TT

U6 T CTC GCT TCG GCA GCA CA 94 60
TG AAC GCT TCA CGA ATT TGC GT
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AR, 37°C #OEIEF 15 min; F S5 AL IR
WL RO, FBifi B 32 [ Bio—Rad 2 Al B9 iMark
RIFGHR G E 450 nm KA RO . ARAEIRIE
RT3 M3 VEGF e .
123 FEEERSA  AUIEIA N AT
SR s E A . BIEE T M 5 4
Ak, FEDIAUE H B 2024 4512 H 31 H. Pl
Vil 508 AR IR 14 24F . 34F ., 44F,
SHEC1MH). EEL R B4, X
S NHRIZ H 3 2 AT A s R T s vk B 1 H U
HR YR R U745 T A A AEIRAS, B R o e TG 4
(n=58)FIZET-4 (n = 206)., RELEJRFE IR Ny TokE
B LA, SO MHGIZ H I 2 5 Uk B AR 2
WESE A b 5 B8 (AT AT 057 ) A s (), 4 R
MRS TTFE T A Ry 55 4 KRS 51 . A9 b 3t
190 {5 s 5 76 BE D7 91 T] 0 BT A b 5% 7%

25 [R] 05,45 JRy s AR B X F AR TR 1
BFEI (L, 20 3. 4, 54F), ics% B 78 bt )
A AEIRES (FFTEET) MR m e kB R . AR
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o AT AL B B s R b 1 a0 AT/
R, TCu R
1.3 SiESH

K SPSS 26.0 Rt 3 F1 R 4.2.1 B AF AT
G AR TR RIS, I+ bR
HE2Z (x+s) Fon, HARBIXTHA 5%; JEESS
TR TR, AP B (U5 50 M(Pys, Pss)
RN, A % Mann—Whitney U £ 5, 1%
PRI CE 4 E) [n(%)] Fak, RN HERA x2
Rrgs . AR B R E Cox [IIH 40T
WIS 5 AR A DC T AL TS [ 2 (9 A B
#fE P<0.05), fEHATZIHNER Cox MIHSHTHT, B
Je Xt S A [ AR 5 R AR B2 R 2t o6 R EAT
Kol RHHSZBR kS (restricted cubic spline, RCS)
ITEVEAL SR AR LRt B, W 341

MLFH10, 50, 90 FMED. R ZRKN
T~ (variance inflation factor, VIF)XJ4§ A £ R & A
MR A TR M2 W, VIF<10 7R 28 5t A7
TENE W) 2 H LR, WRIEF A8 AZ I E Cox
MRS FEAT 0BT o BB R r B eh P < 0.05 1)
RN AZHER Cox MIHBIAY, RHE TR L
R 8 A0 Bl H A T AR s 0, AW ARRIER P<
0.05, HERFRAER P>0.10, MEHAT 7 R bt fa]
AL AT RET I AR R AR, # “IRITAEDY 7 ($&2016—
2019 SE3EOVE N IEAS N A Z I RBA, FET
Z A Z Cox [543 #4521 1 25 b 7 52w PR 3R S H:
X ENH R (B, M LM S 54X (prognostic
index, PDBIAL: PI= 3 (Bi x Xi)o BAIIEA
iz JT I [R] AR P 52 120 38 T AR R AiE i 26 (receiver
operating characteristic curve, ROC) 1 2 P Al 45 754
TN TR EF [] R B8 T A B XU ) B RE T, 3
A B A A5 AUC K H: 95%CI, 2R F Bootstrap T
fEETE (L2500 YO TFRE N TR, 22 il A [a]
] RAE T 5 e B RO AL et 2, JF TT A i A R
(calibration intercept) FIHE 431K (calibration slope ),
AL IPAG A SO A R 5 S BR ERHER B W) 5 JE
TR A o R AR M i (BRAR(E 0D, A HERL R
S W TR JRURS: F v A P (BRAB(E A1), SR FH 3R
2843 #1 (decision curve analysis, DCA) P-4l #7Y f)
I R 25 o AU . AR PL 00K 264
191] 55 35 53 by v XU 2RI XU 2H . >R ] Kaplan—
Meier {22 il A= A7 M1 4%, FH Log—rank K 55 FL
HBH DS BT R US rbr, T2
R sa e A 4, R Fine-Gray 3 4 KUK
BERIAGIE, FETALIE S 45 R4 il e dh ¥ 3 A A7
fhgk, IR Gray K H 2 P4 5 19 Jo it b &%
BAEER, L P<0.05 HESEAGHFE XL,

2 #R

2.1 HFiEAMETAHIGKER L
FET-HAFEWS . Wems . IVIH S s TAATE A
(P<0.05), #RY7 5 AR FAEE 41 (P < 0.05),
3k 2,
2.2 Im & miR-504-3p. miR-151a-5p, VEGF
25
A B FH miR-504-3p XIXKFREST
T4 (P<0.05), miR-151a-5p FiA7KF K VEGF
K EMCTAET- 4 (P<0.05), W3 3,
23 H7HERZEZE Cox MEASHRERME
T ZHE Cox MIHHTRT, X iELER A
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2 GEAMTTAGRABLE (= 5)/n(%)M(Py;, Py

Tab.2 Comparison of clinical characteristics between two groups[ (X +5)/n(%)/M(P,5, P,s)]

BIRE| TENE (n=58) FET 2 (n=206) Iz P
AEIE (%) 63.42 +8.17 67.83+9.24 3.290 <0.001"
P 0.067 0.796
5 36(62.07) 124(60.19)
5’8 22(37.93) 82(39.81)
BMI(kg/m?) 22.86 +2.94 22.41+3.17 0.970 0.333
fihed B2 (cm) 43(3.2, 5.8) 47(3.6, 6.1) -1.320 0.186
W AR S 5.469 0.019"
H 27(46.55) 131(63.59)
Jo 31(53.45) 75(36.41)
g 0.044 0.834
H 16(27.59) 54(26.21)
Jc 42(72.41) 152(73.79)
GRS A 0.606 0.436
95 19(32.76) 79(38.35)
P 39(67.24) 127(61.65)
I AR 533 4364 0.037"
IB-IICHA 25(43.10) 59(28.64)
Vit 33(56.90) 147(71.36)
B AAYT 4.025 0.045"
H 39(67.24) 108(52.43)
¥ 19(32.76) 98(47.57)
ECOGH-4y 2.201 0.333
0 18(31.03) 45(21.84)
1 32(55.17) 125(60.68)
2 8(13.79) 36(17.48)
BITAEAY 1.284 0.733
20164E 13(22.41) 54(26.21)
20174E 15(25.86) 52(25.24)
20184F 16(27.59) 48(23.30)
20194 14(24.14) 52(25.24)
"P<0.05,

% 3 FIEAMIETAIE miR-504-3p.miR-151a-5p VEGF LB (X +s5)
Tab.3 Comparison of serum miR-504-3p, miR-151a-5p and VEGF levels between two groups (X =+ s)

=] A (n=58) HET 2 (n=206) t P

miR-504-3p 1.24+0.35 0.93 £0.21 8.433 <0.001"

miR-151a-5p 1.02+0.26 1.56 +0.42 9.296 <0.001"

VEGF (pg/mL) 375.68 + 86.32 526.45 + 124.56 8.646 <0.001"
*P<0.05,

2% 4 (miR-504-3p. miR-151a-5p. VEGF., 4Ei%)
5 AR i (log SAFR XU BREL) 22 (A1 2 1 ¢ R kAT
Krg . R RCS JrikvPAh & i 2o i A E etk ita
o, 4ER R, miR-504-3p, miR-151a-5p, VEGF

JAEWE 5 log SRR pRIER A S e ¢ R (FRE Lt
K5 PAE 2y %M 0324, 0416, 0278, 0.562),
T FE Cox [R1 52 1Y iy L 48] JXURS: S Ze e i, ik A
JRbREL A I AR . R VIF XA Z
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[N 270 B AR e R AT SRR PRI W, A5 OR BOR
miR-504-3p. miR-151a-5p. VEGF. Ifi & /31 |
BIT D B VIFE 235 1.342, 1.418, 1.527,
1.216, 1.093, ¥EALT 45 H(E 10, #nERE
[ R A7 A 35 1 22 AR PR ), W] [RIAFg A 22
&K Cox [FIEBRIHETT /0BT o

PVEHE SEAFRE NHEAZ R (T =1, 17
W=0), WRFEE Cox HIHMHTH P< 0.05 B7E &=
(CAFHS . TR . IR . #EI9ARYT . miR-504-
3p. miR-151a~5p. VEGF) 44 A £ [H 2 Cox [H] )55
R, R A T AW BE R ) AR fE PT RES A B w7

B RITAEL 7 (2016 4FE=1, 2017 4E=2, 2018
4E=3, 2019 4F=4)fE R IEAS Ay AR . SR A
LT RUSR LA 9 7% 4 18] 96 1 A5 A8 B i e, 40
ABREHR P<0.05, HIBRARHESR P>0.10. Cox [H]
443 #1 7%, miR-151a=5p. VEGF. Ifi K5IV
B MG 1) NSCLC R 3% 5 4R A A2 It ST R R 22 (P
< 0.05), miR-504-3p ZRPHE(P<0.05), A
JPAEMIEZ W R h 25 Bait %= (P>
0.05), AFEAFATMABAL, i, WS, 1
MYRITIEZ A R o h 22 5 B %2 (¥ P>
0.05), W34,

R4 PMBEHNSCLC BE 5 F4EFHZEE Cox MFSH (MMUER T EIFIE)

Tab.4 Multivariable Cox regression analysis of factors associated with 5-year survival in patients with advanced NSCLC

(variable selection for predictive model)

A i TAF B SE. Wald HR 95%CI P

RS LRSS 0215 0.187 1324 1240 0.859~1.789 0250
W AR Ji=0, =1 0.486 0232 4388 1.625 0.753~2.532 0.145
e R 53-8 1B ~ TMICH=0, V=1 0.682 0301 5134 1978 1.097~3.566 0.024"
B IAIRYT =0, Jo=1 0.451 0256 3.104 1570 0.951~2592 0.078
miR-504-3p LA I -0.394 0.185 4.534 0.674 0.469~0.969 0.033"
miR-151a-5p  EZVEE 0.527 0238 4904 1.694 1.063~2.701 0.027°
VEGF 27t (53100 pg/mL) 0.718 0322 4970 2050 1.090~3.857  0.026"
BITAY 20164F=1, 20174F=2, 20184F=3, 20194F=4  0.096 0.112 0.735 1.101 0.884~1371  0.391

P < 0.05; ZF Z Cox M A4 77, miR-504-3p. miR-15 la-5p L5 G446 I 29 A2, VEGF B AG I/ 905 1 e K
(200 ~ 800 pg/mL), J9{H Tl KA B, LL4F100 pg/mLJy i AR, Wald{l i3 A0 (B/SE)2, SR A i BE R 1K 7
I3 o A PIESAEE T2 A0S 1, BB TCIR; Cox HU XU AR TR R FHER B R AG 1, ARAb T B0 (B ), Lk X

%; PRI &Y FH Breslow 7 iAo

FHFZHE Cox |43 i 1L A 4 45200
% (miR-504-3p. miR-151a-5p, VEGF. If&&K%>
WV 1), A 2 e bn AR R AR ) 2 5K
: P1=0.682 x lIfi K4 (TNB-11IC =0, ViI=1)
-0.394 x miR-504-3p+0.527 x miR—151a-5p+
0.718 x (VEGF/100), % PI H&ktb# &, H
THaALEALBF LS KK, R 2
b 3ETZ PLIESEA T .
24 EBWINZEE M
241 #MEFETXEMNEX S EIEME  BFEK
# ROC MZ /A s, AT SR B8 T IXURS: % it (1]
WA AUC Fifi B 7 B[] 98 < 52 B #8 14F
24F | 34F | 44F | 54FE 9 AUC(95%CD 53 5 h
0.703(0.637 ~ 0.769). 0.724(0.661 ~0.787). 0.752
(0.693 ~0.811) ., 0.826( 0.775 ~0.877) . 0.859
(0.814 ~0.904), 7= 151 %F K HH B8 T JRURS: 1) 93

MgReE T4, WAl 1.

242 EEWHEBXEHXSEEMG  BIAH N
R XU P IS PRI ST A UG 1 Bt i Sk 1] 22 < 1 4
Wi LA, 24F | 34F. 44 5S4 AUC(95%CI)
491°0.694(0.624 ~ 0.764), 0.718(0.652 ~ 0.784).,
0.767(0.708 ~ 0.826). 0.835(0.786 ~ 0.884). 0.847
(0.802 ~0.892), #5741 Xt HA 55 o JURS: i) 35 0 %4
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