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Abstract

Objective: To investigate the clinical value of combined detection of serum tumor markers and lung
cancer-associated autoantibodies in differentiating benign and malignant pulmonary nodules. Meth-
ods: A total of 200 patients who underwent surgery for pulmonary nodules and received a definitive
pathological diagnosis between February 2023 and October 2025 were retrospectively included,
comprising 160 patients with lung cancer and 40 with benign pulmonary diseases. The results of nine
serum tumor markers and seven lung cancer-associated autoantibodies were compared between the
two groups. The diagnostic performance of individual indicators and combined models was evalu-
ated, and their associations with clinicopathological characteristics in patients with lung cancer were
explored. Receiver operating characteristic curves were used to assess individual indicators and
combined models, DeLong’s test was applied to compare AUCs, and decision curve analysis was per-
formed to evaluate clinical net benefit. Results: There were no significant differences in the individ-
ual positivity rates of the nine tumor markers between the lung cancer and benign pulmonary dis-
ease groups (all P > 0.05). Only the positivity rate of GAGE7 differed significantly between the two
groups (P = 0.016). The seven-autoantibody panel showed a sensitivity of 32.50%, specificity of 95.00%,
and diagnostic accuracy of 45.00%. Combining tumor markers with autoantibodies increased the
sensitivity and diagnostic accuracy to 81.88% and 71.00%, respectively, but reduced the specificity
to 27.50%. The positivity rate of the seven-autoantibody panel differed significantly according to tu-
mor diameter, lymph node metastasis status, and TNM stage (all P < 0.05). The cross-validated AUCs
of the nine-tumor-marker model, seven-autoantibody model, and 16-indicator model were 0.497,
0.657, and 0.660, respectively. The latter two models had higher AUCs than the nine-tumor-marker
model (P = 0.044 and 0.002, respectively), whereas no significant difference was observed between
them (P = 0.934). DCA did not demonstrate a stable clinical net benefit for any model across a broad
range of threshold probabilities. Conclusion: Combined detection of seven lung cancer-related auto-
antibodies has high specificity for differentiating benign from malignant pulmonary nodules; how-
ever, its sensitivity and overall discriminatory performance are limited. Its auxiliary value in the dif-
ferential diagnosis of pulmonary nodules requires further validation. Combining tumor markers with
autoantibodies may improve diagnostic sensitivity, but has not yet demonstrated a stable clinical net
benefit.

Keywords

Pulmonary Nodules, Lung Cancer, Serum Tumor Markers, Autoantibodies, Differential Diagnosis

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 53|
it 2 4 T B P 2 90 SRR B T 2R 1 B M gt 2 — [1] [2]0 B2 W 0 R BN 397 % 403 8 2 T

DOI: 10.12677/acm.2026.1682889 1143 Il PR 155 2 33k Jé


https://doi.org/10.12677/acm.2026.1682889
http://creativecommons.org/licenses/by/4.0/

Rit, &M

HAEEE S JTFR, BRI IRNE CT 78 ff B A & i i 2 p ()i N i 45 454 H 5088 T
e [3] [41 0 ST, AN AR EE S AR S Rp AL e LAAE DA W 285 5 1R o, 8 R 47 7 e 3 2 i 1 B 1oL 27 i A
FARIRHEIRAG WIS W Rk, RREE. L0 ARG HME RIS 238 bR, gy Sk
T EAT H PR

137 R An S A AR BT e TR e I A Bl S SR A B e L L 55 )32 L T s Ay B 12
WA 1 PP A, R AR S e v (0 R Ry S BT A PR o i AT 5% B B A mT S RATL A0 R 1 5%
PURBIGRBENE , BA —E TS Wik 1[5]-[8]. AHE LB B 2 B il 4515 T AR B F MR TR, L 9
LTS R AR S5 WA 7 MR A O B B BUARAE e 55 i 3 (R A S8 ep ARSI 46 3R, PR L PR DTS TR
G DN i 251 B R AP 36 ) A S P A

2. W&EE5H*
2.1. ARR

AW — TR PR T, B FEA Gk E 2023 4F 2 H~2025 4F 10 A RS 12 T 1L AR5 — =R
K8 B BB AMRI AT AN R R BB 2, JEit 200 . ARSE BSR4 R4 160 1A
Jiti 0 R 2. 40 191

INFRAE: (1) BT B ANBERIAT IS CT ZBUIEE ST, 17 LM, M SRiE, RRMER, K
ROLFARIOL IR (2) FrE BT IThRE . NS O SR, YR ZTFAR, TFARZER: (3)
BTl BB EFARSFERTIARATHACIT s (8) BT BFE WHR ISl HEBRbriE: (1) OMiThae R
HAEHEMFREESEES; (2) GI™HE SR Esomst & e (3) MiHmANFF & briE
e .

2.2. BEAFRYE

WCAE BB AT e R, LR R . R WO S . S5 RN R BESSAY, DL R B Rk R S R AR
M TNM 208, TNM 23 14K 48 AICC 45 JUR TNM 45 bR 30 5E .
2.3. FRAHIRE

THRRAE TR 12 /N (B I KL, 20590 T R bR S A e A 5% B S oAl - 5 mL,
TIOR8 51 5 RO ZIE A IR -

2.4, MEAREYIRESE

JiRE b 2 () 1E 3 S BBl 4 R : CEA <5 ng/mL, CA50 <20 U/mL, CA125 <25 U/mL, CA242 <20 U/mL,
CA724 <7 U/mL, CYFRA21-1<6ng/mL, NSE <16 ng/mL, Pro-GRP <65 pg/mL, SCC<25ng/mL, 4
£ I AR A FR AT AT — AN R b S Y I TE R VO I, AR ARG I 25 A P A .

2.5. A ERE

it B AR () 1E 5 VE B (U/mL) 20 R : P53<13.1. PGP9.5<11.1. SOX2<10.3. GAGE7 <14.4, GBU4-
5<7.0. MAGEA1<11.9. CAGE<7.2, 43 MG bR A FAT A0 — ANt Bl i 1E 3 YE I, A A A
W55 5y B o

26. GtFERE
R SPSS27.00 R4.4.2 Gl S ik RAEMBHRHEAT ST 00T o THABORILBIER 7 43 2R, 2
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[ FEPEZR LUK 2 RS PRk < 5 i, RH Fisher #VIME3%E . KA ROC 41T F 10 A Bk
EREMPsWRLEE, I AUC B 95%Cl. #E8UE] AUC SR H Delong F56 ELAE, I PR 3K 2 SR FH vk 5
M 2R I . FTE R I AU S, DL P < 0.05 NZERA ST %E L. BT AR NRZ ST,

AT % RS IF
3. &R

31— RIS FRAFIE
ABTFILIIN 200 IR FAEE, ARAEA G2 4

B, WL 1.

Table 1. Clinical characteristics of the patients

F 1 BEIRKREFHE

Sy NI 160 AN ER B MR 4L 40

e PRARF A5 fifif&E 26 (n = 160), 1l(%) Fili i B M 4. (n = 40), 45il(%)
PE5
5 89 (55.62) 19 (47.50)
ks 71 (44.38) 21 (52.50)
R
>60 89 (55.62) 10 (25.00)
<60 71 (44.38) 30 (75.00)
HL 51
JikseE 130 (81.25)
JER A R g 24 (15.00)
IR T B 33 (20.63)
R Mg 64 (40.00)
R e 9 (5.62)
fif e 27 (16.87)
FoAth 2 AL 3(1.88)
S5 HAR(cm)
d<3 134 (83.75) 40 (100.00)
3<d<5 17 (10.62) 0
D>5 9 (5.63) 0
N 2
I 4 130 (81.25)
FH 4 30 (18.75)
TNM 75348
0 24 (15.00)
I 98 (61.25)
1831 16 (10.00)
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e 22 (13.75)
A s
<) 66 (41.25) 15 (37.50)
¥ 94 (58.75) 25 (62.50)

3.2. MMERREM B S ERE DR

PRAL LA, 9 iR b 25 BRI BH P 2 22 e ) e g v (¥4 P> 0.05) . H S itfA i GAGE7
BH 1 2 75 fil e 4045 151 (12.50% vs 0, P = 0.016) . 7 Fft [ B HAA I A 4500 BH 14 2643 71 A 32.50% (52/160) 1 5.00%
(2/140), ZEFA G FE (P < 0.001); MRbrED S B G HUARDEE R FH 4 2 [F R 2 R o gt (P
=0.185). W% 2,

Table 2. Comparison of the positive rates of tumor markers and autoantibodies between the two groups

2. MEBEPBEIRSMNE SRR

iz fitieE 41.(n = 160) it B B 14 9 2H (n = 40) P
CEA 22 (13.75) 6 (15.00) 0.839
CA50 1(0.63) 1 (2.50) 0.361
CA125 10 (6.25) 2 (5.00) 1.000
CA242 7 (4.38) 4 (10.00) 0.235
CAT724 23 (14.38) 4 (10.00) 0.469
CYFRA21-1 10 (6.25) 0(0) 0.217
NSE 87 (54.38) 16 (40.00) 0.104
Pro-GRP 18 (11.25) 5 (12.50) 0.786
scc 7 (4.38) 0(0) 0.349
P53 7 (4.38) 0(0) 0.349
PGP9.5 8 (5.00) 0(0) 0.361
SOX2 12 (7.50) 1 (2.50) 0.472
GAGE7 20 (12.50) 0(0) 0.016
GBUA4-5 15 (9.38) 1 (2.50) 0.203
MAGEA1 7 (4.38) 0(0) 0.349
CAGE 12 (7.50) 0(0) 0.129
MR bR BV E 119 (74.38) 29 (72.50) 0.809
7 PhPURE A 52 (32.50) 2 (5.00) <0.001
PR ED+FURR A 131 (81.88) 29 (72.50) 0.185

3.3. MEIREMM B SRS B RSENE

IR bR B AR DU R AR, NSE R £(54.38%), CYFRA21-1. SCC K Z I H & Hiikshs
AR, HRBUZAR.
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BEAREIE H, O FPR bR £ 7 Fh B B Pk S 4 5B 4a b i) R 8% 70 3108 74.38%- 32.50%7F1 81.88%,
e R EE 4y A 27.50%. 95.00%F 27.50%. i L7 3.

Table 3. Diagnostic performance of individual and combined detection of tumor markers and autoantibodies

3. WERR SIS B BiF BURE S NS E N E

izt REUZ e R MERES BN IS 2 T £ EWirrE R
CEA 13.75 85.00 78.57 19.76 28.00
CA50 0.63 97.50 50.00 19.70 20.00
CA125 6.25 95.00 83.33 20.21 24.00
CA242 438 90.00 63.64 19.05 21.50
CAT724 14.38 90.00 85.19 20.81 29.50
CYFRA21-1 6.25 100.00 100.00 21.05 25.00
NSE 54.38 60.00 84.47 24.74 55.50
Pro-GRP 11.25 87.50 78.26 19.77 26.50
scc 438 100.00 100.00 20.73 23.50
P53 438 100.00 100.00 20.73 23.50
PGP9.5 5.00 100.00 100.00 20.83 24.00
SOX2 7.50 97.50 92.31 20.86 25.50
GAGE7 12.50 100.00 100.00 2222 30.00
GBUA4-5 9.38 97.50 93.75 21.20 27.00
MAGEA1 4.38 100.00 100.00 20.73 23.50
CAGE 7.50 100.00 100.00 21.28 26.00
bR SIS 74.38 27.50 80.41 21.15 65.00
[RLEAREN ey 32.50 95.00 96.30 26.03 45.00
WEY + b BE 81.88 27.50 81.88 27.50 71.00

3.3.1. ROC BhZ& 57 #i & AUC LEER

FIGRFR AUC A 0.456~0.622, GAGE7 #ix1=(0.622, 95% C10.535~0.710). 9 FfifRitrEd. 7 fE &
Pk J 16 T AR SRR ) AUC 435124 0.497. 0.657 H10.660. J& P& ¥ T 9 FhHuRibx SRR (P =
0.044, 0.002), ifi 7 F [ SPUARSEAL 5 16 Tifabr &8 2 M2 RGP = 0.934; £ 4. %5
K& 1~3),

Table 4. ROC analysis results for individual indicators and combined models

4. BUUERRREXSREHE) ROC SH4S

(=g AUC 95%Cl
CEA 0.468 0.369~0.567
CA50 0.523 0.417~0.630
CA125 0.499 0.393~0.606
CA242 0.456 0.349~0.564
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CAT724 0.505 0.413~0.598
CYFRA21-1 0.578 0.482~0.674

NSE 0.583 0.484~0.683
Pro-GRP 0.569 0.463~0.676

scc 0.474 0.376~0.571

P53 0.492 0.395~0.589

PGP9.5 0.557 0.474~0.641
SOX2 0.486 0.394~0.578

GAGE7 0.622 0.535~0.710
GBU4-5 0.524 0.425~0.623
MAGEA1 0.603 0.519~0.688
CAGE 0.591 0.521~0.661

9 Foli e b S A B A B 0.497 0.399~0.596
7 T B B BRI R 0.657 0.571~0.742
16 TRk S AR 0.660 0.571~0.749

Table 5. Comparison of the AUCs of the main combined models using DeLong’s test

5. TEBEAER! AUC [ DeLong 1 I ELER

A 1 R 2 P&

9 B b AR BB A AR 7 R E BRI A 0.044
9 Tl i RT bR SR S AR Y 16 TR BRI A 1 0.002
7 i E B PRI A 16 TR ARk A B 0.934

3.3.2. RIRML D

BRI SR 2B B AR AL . 7 AP S PRI 16 TS AR A B AR 3545 BIE X ) SR TB R 3R 23S, A
FREAR T “AETT7 8 “HIATTY RIE . BT A0 70 i b & i F AR5, DCA NAERZR M
ik, LI 4.
3.4. MEBHFREYE B SHEEREMEERE PRI ZREL B

5<3 em ML, >3 cm 41 CA125. CYFRA21-1. SCC 1 CAGE FH £ %45 % (P =0.011. 0.001. 0.001.
0.027), 7 Ff B G PiikBe A B R IR 5=(57.69% vs 27.61%, P = 0.003). L5 6

35. MERREME B SFER LR BEEBEP MRS

W25 A PE4H CEA. CA125. CYFRA21-1. SCC. SOX2. GAGE7 1l CAGE [l % %5 &1 (34 P < 0.05);
7 i E S HUARCS FHE#Ey 60.00% (18/30), i bk R AS B4 26.15% (34/130, P < 0.001). W% 7.

3.6. FRIGKSF AR B E T 9 MMEIREIMEMERER

9 FhM R bR B IR A P R AUAEF R I A AFAEZE 5, 260 % 4 T-<60 % 41(83.15% vs 63.38%, P =
0.004); HAImRAFIEZ B LG 2R W& 8.
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Figure 1. ROC curves of the nine serum tumor markers
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Figure 2. ROC curves of the seven lung cancer-related autoantibodies
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Figure 3. ROC curves of different combined detection models
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Figure 4. Decision curve analysis of different combined detection models
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Table 6. Comparison of the positive rates of tumor markers and autoantibodies among patients with lung cancer of different
tumor diameters

7 6. EETEAREEE T ERSYR B SR RER

il <3 cm (n=134) >3 cm (n = 26)
FH 4 % FH L (%) PR3 FH 2 (%)

CEA 16 11.94 6 23.08 0.208
CA50 1 0.75 0 0 1.000
CA125 5 3.73 5 19.23 0.011
CA242 5 3.73 2 7.69 0.318
CAT724 21 15.67 2 7.69 0.374
CYFRA21-1 4 2.99 6 23.08 0.001
NSE 71 52.99 16 61.54 0.423
Pro-GRP 16 11.94 2 7.69 0.740
scc 2 1.49 5 19.23 0.001
Ji IR B R A e 96 71.64 23 88.46 0.072
P53 4 2.99 3 11.54 0.086
PGP9.5 7 5.22 1 3.85 1.000
SOX2 8 5.97 4 15.38 0.108
GAGE7 15 11.19 5 19.23 0.327
GBUA4-5 11 8.21 4 15.38 0.270
MAGEA1 5 3.73 2 7.69 0.318
CAGE 7 5.22 5 19.23 0.027
SEEEREN Ty tall] 37 27.61 15 57.69 0.003

Table 7. Comparison of the positive rates of tumor markers and autoantibodies in patients with lung cancer with and without
lymph node metastasis

7. BLHBEEBIMESREDIBEIRSY R B SRR

150 IRELES B4 (n = 130) WRELES B (n = 30)

FH P43 FHE 2 (%) FH P43 FHE 2 (%)

CEA 10 7.69 12 40.00 <0.001
CA50 0 0.00 1 3.33 0.188
CA125 5 3.85 5 16.67 0.021
CA242 6 4.62 1 3.33 1.000
CAT724 21 16.15 2 6.67 0.253
CYFRA21-1 5 3.85 5 16.67 0.021
NSE 66 50.77 21 70.00 0.057
Pro-GRP 13 10.00 5 16.67 0.336

scc 2 1.54 5 16.67 0.003

i Je A S A R 93 71.54 26 86.67 0.087
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P53 6 4.62 1 3.33 1.000
PGP9.5 5 3.85 3 10.00 0.172
SOX2 6 4.62 6 20.00 0.011
GAGE7 12 9.23 8 26.67 0.027
GBU4-5 10 7.69 5 16.67 0.161
MAGEA1 4 3.08 3 10.00 0.123
CAGE 6 4.62 6 20.00 0.011
SEEEREN Ty tall] 34 26.15 18 60.00 <0.001

Table 8. Comparison of tumor marker positivity rates among patients with lung cancer with different clinical characteristics

% 8. TRElImARYS =R R E h A EIRSHIPRME REEE

e PRARF 5 SEISE () FRPEAN % (n) P
P51 0.080
5 89 71 (79.78%)
7 71 48 (67.61%)
e 0.004
>60 89 74 (83.15%)
<60 71 45 (63.38%)
PR 0.163
Jige 130 93 (71.54%)
JR AT Rt 24 15 (62.50%)
RO T e 33 24 (72.73%)
IR M 64 48 (75.00%)
R R 9 6 (66.67%)
i e 27 24 (88.89%)
Ho AR 3 2 (66.67%)
457 EAR(cm) 0.072
d<3 134 96 (71.64%)
d>3 26 23 (88.46%)
MR 0.087
[5R 130 93 (71.54%)
PR 30 26 (86.67%)
TNM 453 0.244
01 + 1 122 88 (72.13%)
I+ 1 # 38 31 (81.58%)
WRCHR s 0.737
H 66 50 (75.76%)
7 94 69 (73.40%)

T AU BRI N . Bl SO0 R =4, B AR MR R, RN P EIT B
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3.7. FRIGKFHERMEEE S 7 HESRERSKRNHAEREER

7R A S HURERS I RAEANF ST B SRR 2 TNM 73 13 (W) 4745 % 57 (P = 0.003.

<0.001. 0.001), 7EMEHI. Fhe. HIESETRH s> b Z 7 gt 7w = L. Wk 9.

Table 9. Comparison of the positive rates of combined detection of seven autoantibodies among patients with lung cancer with

different clinical characteristics

9. NEIRKRFHEMESRE S 7 #BE SHIFHKERMPAM R

e PR A5 eSS (1)) FRAEN % (n) P
51 0.085
5 89 34 (38.22%)
o 71 18 (25.35%)
R 0.085
>60 89 34 (38.22%)
<60 71 18 (25.35%)
HER 0.161
Ji e 130 38 (29.23%)
JEE A Jides 24 4 (16.67%)
ORI M B e 33 5 (15.15%)
IR M 64 26 (40.63%)
o 9 3 (33.33%)
i o 27 13 (48.15%)
HoAth A5 3 1 (33.33%)
4571 H A2 (cm) 0.003
d<3 134 37 (27.61%)
d>3 26 15 (57.69%)
LR <0.001
1 130 34 (26.15%)
BH 4 30 18 (60.00%)
TNM 43 0.001
0 + 1 122 31 (25.41%)
A+ 111 41 38 21 (55.26%)
WRCHR s 0.224
H 66 25 (37.88%)
¥ 94 27 (28.72%)

4. &g

AW FEas KGR, i L5 s R AR 4L 2 R R R SR Ve R 2 R e gi it 2 e Rtk
SR AR SR RO I 45 1 RS BE A B o SR DR AT R 5 S s R A A TR AR ST R
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