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[Abstract] Objective:To establish a multifactorial discriminative model for predicting the degree of infiltration in patients with
non-small cell lung adenocarcinoma based on clinically accessible laboratory indicators, such as tumor markers, coagulation
function indicators, routine blood count indicators, and biochemical indicators. Methods* A retrospective study was conducted on
202 patients with lung adenocarcinoma admitted to Shanghai Chest Hospital in 2022. Multifactorial Logistic regression analysis was
applied to screen independent factors that influenced the predictive infiltration degree of lung adenocarcinoma and to establish a
regression model. In addition, machine learning was used to construct a discriminative model, and the area under the receiver
operating characteristic curve (AUC) was used to evaluate the discriminative ability of the model to discriminate the degree of
infiltration in lung adenocarcinoma patients. Results- A total of 202 patients with lung adenocarcinoma were included in the study,
and divided into pre-invasive lesion group (n=59) and invasive lesion group (n=143). Multifactorial Logistic regression analysis
revealed that urea, percentage of basophilic granulocytes, and albumin were independent factors for predicting the degree of
infiltration of lung adenocarcinoma (all P<0.05). The predictive model expression was P = ¢*/ (1 + ¢*), where X = (0.534xurea) +
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(1.527xpercentage of basophilic granulocytes) — (1.916xalbumin) + 6.373. Machine learning results showed that the model
performed best when urea, fibrinogen, albumin, percentage of basophilic granulocytes, prealbumin and carcino embryonic
antigen (CEA) were included. After comparing the performance of 8§ machine learning algorithms (based on ridge regression,
least absolute shrinkage and selection operator, neural network, random forest, k-nearest neighbors, support vector machine,
decision tree, and adaptive boosting algorithms) using the DeLong test, the ridge regression algorithm with the highest AUC was
selected. The AUC of the predictive model was calculated to be 0.744 (95% CI 0.656-0.832), with a sensitivity of 70.8% and a
specificity of 70.2%. Conclusion*A comprehensive differentiation model constructed by urea, fibrinogen, albumin, percentage
of basophilic granulocytes, prealbumin and CEA can effectively predict the infiltration degree of the enrolled lung
adenocarcinoma patients, holding the potential to provide more precise guidance for the clinical grading and adjunctive
treatment of lung adenocarcinoma.
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discriminative model

Jiti 98 e 4 TRV Rl A BE T 3 B s (R RE o 42 sk ia
SESEHEE 1 W, 2020 4F 4 T L R il R ik
220 750 AR, R Y A RN TR AL AE
AT R . TR 2025 4F, FRE AR A 10077
01 £ BTt 2o IR 2 i v SR L G
PRI, (5 A T 9 19 1) 40%~45% o i B 11
KT Gy R A B B, A4 IR i A R P 1 A
(atypical adenomatous hyperplasia, AAH) . JR{7 AR
(adenocarcinoma in situ, AIS) . #HiEE 7 (minimally
MIA) F 2 i P R %
(invasive adenocarcinoma, TAC) ' M4 HETHILT7
SEGRUTT AL Lo I R 4 R RO A (LA
AAH A AIS) HMEREMERZ (fL1E MIA FIAC) P
KA, BRgE 7 T, R A AR B4 A R —
K B DI BR AR B e ) PRl BE VIR A, T3 T M
L8 )i s S ) 2 SR P s LT B A AR L 250
o PEATITHOIBRARAEAE 231 B AR5 5 1A i B
B, FEGRFESFSHME . 2R AR
il e R B R R R B E TR 50, R — P4 T
AR, BEAREFE B T, e bR B B R
R, LRI RIRA SIS o R, AR B
i S5 R R PR R R A s e A DG B8 T 3 1 B i PR
PR HA R L

VR, A g 952 T e P s PR T 1) < s VAR T
RIS TR AL, AL EARAE, TAR
P HAERC | B IO 2 5 i T B
O ML W 2 3 W (high resolution computed
tomography, HRCT) #{ik b2 H 87 %5 Wr i iF Je
RIAFERNIEZ —, ERA AR AR 8 H o
AIRPE A O R I, HRCT A7 e LK 25 b
R ARSI AE XU, A Ay S U i g 2 T R 8 114

invasive adenocarcinoma,

http://xuebao.shsmu.edu.cn

PR AR A 1

SR EE R AR L, TR A FEAS (A0 i
PRI M5 BIPRIMS IR A 24 T RS #0051
iIT AR £ WA g8 U moR 8 IR TR (carcino
embryonic antigen, CEA) . 40l H 19 i B oL
(cytokeratin 19 fragment antigen, CYFRA21-1). IR
i g AH P JE (squamous cell carcinoma antigen,
SCC) . #lt £ JC ¢ 5 1k 5 B AL 8  (neuron specific
nolase, NSE) . J# #it J& 125 (cancer antigen 125,
CA125) . H W R B AR AT /A (progastrin releasing
peptide, proGRP) &5 Ifil i 84 A s 4 X Bl 96 (1) 12 7
MG BA —E M. tesh, JRASCHk ' iRiE £ 4
AR REfe b S s VAR OC ., BT, &
A REGE DT SR A 2 R b A A H A 2
R, I IRIX e S W) TE AN [ 2H 22 S AU (14 kg vh
MIZWIRREAFAE 22 5 RN, BB BL M Bk = 2R 5 % 8
bR . BEMTIRETE bR . I AR 5 A AR bR
SElm K 2y ks o da b, A T A i es s 2 R AR
RAY

it B8 5 B2 Z2 R IR R 2 5 B L 5 2% A s Lok
B, BT AR TO R TR SRS T . 4T
ik, BETEBFIEIESS , Z5-5 75 IR R A 561 bn 72 5P 5
Fi . A EE . IR AT 20U 2 KA T
A FAE 2 Bl ST S — R A B K R
BRI, BB I o AT s Rk 2 [A] B A OC
TERISRZ, BB AR W AT . A5l
A H H RS P 3RAS 0 Z2 AR e e s vh A2 0 5 il i e
A BOR ARG SR R 2, I e 22 DR 3R A58 LA
Jii g AR IR AR B L DA S i g i PR T SR 4 1
S FE

LSRR (B0, 2004, 44(1) (@)



100 | bssmkssm ()

1 ¥ME5hE

1.1 WFZERTS . RS Sk

111 W4 BEPLBEE 2022 4F 1 H—2 A LifgTi
Wt = B B SRHISCIA 0 1 R g S5 295 161 Ak 1 A 7 [ Jt
PEOHT . ABRITBANII ANFERI N AR . D L5 1RF
2 R HS WA Ol il R . @ AFi=18 4,
A EITRER R DR, B WER CT K x5 4 J8 Py ik
PR, IR R . @ WRir S E s .
BEMDIRETEAR . MHRAEFR . IRIRAEfLE bR . 2EH M
Fa bR AR B HLAR AR G LR E R MR AR e . & 17H
P CT AR BEZ B IG YT o HEBRbRIE N . O HEBR
il B 96 25 JFL Ao B 24 AR R L ) A AE LA b
o M 2 SRR M R . B IER CT K A )5 4 R R
HATHEUR BRI R . @ IR BR824
P S ZE A I b B Bl 2k w3 AR G B A A R
Ho OIS CT AT Ee3Z i f2fiRyy . H0 ) . Sgis
S B R T R . © B E NS B
PEPESIR I R

112 FZEAUE 50 B 5 Tesmi F4000 4= F 2l i
AR IE WA B E TN & (LS5
AP IR AR AT, A AR HE CAT000 4 H 3l
BT R BB bR . RS (ARERE, H
%), 0% BC-6800Plus 4= [ 2 ifil i 41 At 73 Bt A3 S i
BRI & (RINE A BT i T e A IRA
Fl), DLSE S IR AUSS00 4 [ 8l LA 23 A K i
BB & (M & RRRE, 92H), % [Ccobasu
601 IR /A A M B il & (PG, E£RD),
2 J AVE-562 4> [ B 25 73 A A3 K L e 25 i e i)
CERPHEL R AR AT o

1.2 BRI Ko R A Iy ik

1.2 BERE BRI 1 4 BE I A Il % 8
TS L R AR . PR R AR IR TR, 244
= AR 5T AR S B I AR AR ) . BRI REFE AR . ILH
FUARPR . I RAfbdE s . PR AR PR ANZE B M5
1.2.2 MEFREY) AT S R AR S
f1 % . CEA. CYFRA21-1, SCC. NSE, CAI2S5,
proGRP,

1.2.3 BEMDIAESE R AHESE 6 SEE L DI nedE A5 &
TALEE . BEIEGEES R (prothrombin time, PT) .
PRbrUEL EL{E  (international normalized ratio, INR) .

@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

2024, 44(1)

T AL B4 B L35 RS 6] (activated partial thromboplastin
time, APTT) . #& Il /A [A] (thrombin time, TT) .
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F1 2HBENRKTEILER
Tab 1 Comparison of clinical data between the two groups
Item Pre-invasive lesion (n=59) Invasive lesion (n=143) Z I/ t value P value
Agelyear 50 (41, 61) 58 (48, 67) -2.901 0.004
Gender/[n(%)] 1.376 0.241
Male 16 (27.1) 51 (35.7) N/A N/A
Female 43 (72.9) 92 (64.3) N/A N/A
TNM stage/[n(%)] N/A N/A
0 59 (100.0) N/A N/A
I 130 (90.9) N/A N/A
I 12 (8.4) N/A N/A
1 1(0.7) N/A N/A
Note: N/A—not applicable.
R2 2HABENKRBIEREERSN
Tab 2 Single factor analysis of test indicators between the two groups
Item Pre-invasive lesion Invasive lesion Z I’/ t value P value
Tumor marker
Count/n 59 143 N/A N/A
CEA/(ng-mL"™") 1.45 (1.11, 1.86) 2.32(1.78, 3.34) -3.09 0.002
CYFRA21-1/(ng-mL™") 2.01 (1.56, 2.58) 2.09 (1.62, 2.87) -1.027 0.304
SCC/(ng-mL™") 0.41 (0.29, 0.52) 0.43 (0.32, 0.62) ~1.344 0.179
NSE/(ng-mL™) 16.32+4.43 15.8445.15 0.626 0.532
CA125/(U-mL™) 10.9 (7.09, 13.07) 10.66 (7.36, 15.4) -0.754 0.451
proGRP/(pg-mL™") 47.52 (37.93) 47.52 (38.71, 55.85) -0.046 0.963
Coagulation function indicator
Count/n 49 119 N/A N/A
FBG/(g-L™") 2.58 (2.35,3.14) 2.98 (2.58, 3.53) -2.725 0.006
Blood routine indicator
Count/n 58 138 N/A N/A
MCV/fL 90.05 (87, 92.38) 91.35 (89.2, 93.83) -2.108 0.035
MCH/(g-L™") 30.55 (29.35, 31.33) 31.1 (30, 31.8) -2.218 0.027
BASO%/% 0.25 (0.1, 0.43) 0.3(0.2,0.5) -2.12 0.034
EO%/% 0.7 (0.1, 1.43) 1.2 (0.48, 2.03) -2.256 0.024
EO#/(10°-L™") 0(0,0.1) 0.1 (0, 0.1) -2.047 0.041
Biochemical indicator
Count/n 58 142 N/A N/A
Urea/(mmol-L™") 4.6 (4.18,5.93) 5.2(4.3,6.3) -2.242 0.025
PAB/(g-L™) 0.28 (0.24, 0.31) 0.26 (0.24, 0.29) -2.415 0.016
RBP/(mg-L™") 445 (39.75, 51.25) 42 (38, 46) -2.274 0.023
ALB/(g-dL™) 4.62 (4.36, 4.82) 4.48 (4.32, 4.68) -2316 0.021
TBA/(umol-L™") 3.5(2,5) 4(2,6) -2.061 0.039

Note: N/A—not applicable.

& Logistic M A 7387, &R W/, IREFRIE (P=
0.002) . &l MR 40 B b R (P=0.045) |
ALBREEMRFIE (P=0.003) 2 T fiti Jig 987 2 25 9=
FEEE A Ih 7 52 I R (P<0.05), TEWLFE 3, BIREK

D
R
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RIS, X=0.534X,+1.527X,-1.916X,+6.373.
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1.033-20.506

1.219-2.386

0.041-0.527

IHE,F
R 3 IGARE BN LEHE BRI AR B R 7R B89 £ [E 3R Logistic B35 47
Tab 3 Multivariate Logistic regression analysis of test indicators and clinical data predicting infiltration degree in patients with lung
adenocarcinoma
Item B P
BASO%/% 1.527 0.045
Urea/(mmol-L™) 0.534 0.002
ALB/(g-dL™) -1.916 0.003
Constant 6.373 0.032 58

Note: N/A—not applicable.

WE 1R, K BASO% . JRZE FIALB ik ECA
TR AR AL 22 ROC 12k, i i3 Logistic [0 U744 7
[ T AR A AUC 4 0.689 (95%CT 0.601~0.777, P=
0.000), FAEMIBIE } 0.46, APBHEE N 0.32, HUK
JEN 70.8%, FESEE R 61.7%. SBEA 6 Rl ARk
¥ CEA. CYFRA, SCC, NSE. CA125 il proGRP 4
A AL R [AUC M 0.624 (95%CT 0.523~0.725,
P=0.009) | PEATXFEL, A4S R HLAT B 4E ()2 W
PEfE.

1L.or
0.8 |-
206
=
z
S 04t
—— Prediction model
0.2 Combined tumor markers
0 0.2 0.4 0.6 0.8 1.0
1—Specificity
B 1 1&id Logistic BT ZE A FMEE A ROC Lk
Fig 1 ROC curve of prediction model constructed by Logistic
regression

Ak, T Logistic BIEAF 5 A 22 ik 4 T =
Sy RS2 N BRI . 7E = /3 FEBEA b, il
o B PR R I I AT AS . MIA FTTAC 3 41084 22 57
A ¥8 bR J5 90 A 2 K 28 Logistic [0l P AR Y | 5000 455 744
AUC H0.604 (95%CI 0.513~0.696) . 7£ P4 73 25 #5514
W, G R R E AAH, AIS. MIA FITAC 4 41 H]
A EFHFEIR G A Z R & Logistic [al ITFE 8, i
BRI AUC 4 0.611 (95%CI0.523~0.699) . #HHLZ T,
Ty SR A T A R 2 R A

2.3 LA I SEIEUEA TS W Y
N BE— S ERTIETIVERE , SR il A AN ] 4
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5.568

N/A

M EZSAGIEE W 1348, SR SHac X
YO TIE Dy I3 T 8 FhHILAR 2% >0 Bk o i G e PRl T AR
Riorers (33T RR. LASSO, NN, RF., kNN,
SVM. #eiER Il AdaBoost B ) K HMERE, FILF%E
4, HLEsp IR YR, AR E . FBG, ALB,
BASO% . PAB. CEA 6 > 45 #r5 B 455 20 5] 51 1 6k
26

x4 ETARNBZZEIEEZNSERESLER

Tab 4 Classification results of diagnostic models based on

different machine learning algorithms

Algorithm AUC Sensitivity Specificity L —
RR 0.744 0.708 0.702 N/A
LASSO 0.723 0.796 0.574 0.196
NN 0.679 0.558 0.830 0.008
RF 0.663 0.717 0.638 0.030
kNN 0.644 0.363 0.851 0.002
SVM 0.629 0.531 0.723 0.004
Decision Tree 0.552 0.664 0.468 0.000
AdaBoost 0.532 0.681 0.383 0.000

Note: N/A—not applicable.
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