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[ Abstract ] Background and objective Epidermal growth factor receptor (EGFR) sensitive mutation is one of the
effective targets of targeted therapy for non-small cell lung cancer (NSCLC). However, due to the difficulty of obtaining some
primary tissues and the economic factors in some underdeveloped areas, some patients cannot undergo traditional genetic test-
ing. The aim of this study is to establish a machine learning (ML) model using non-invasive peripheral blood markers to explore
the biomarkers closely related to EGFR mutation status in NSCLC and evaluate their potential prognostic value. Methods
2642 lung cancer patients who visited Jiangsu Cancer Hospital from November 2016 to May 2023 were retrospectively enrolled
and finally 175 NSCLC patients with complete follow-up data were included in the study. The ML model was constructed
based on peripheral blood indicators and divided into training set and test set according to the ratio of 8:2. Unsupervised learn-
ing algorithms were used for clustering blood features and mutual information method for feature selection, and an ensemble
learning algorithm based on Shapley value was designed to calculate the contribution of each feature to the model prediction
result. The receiver operating characteristic (ROC) curve was used to evaluate the predictive ability of the model. Results
Through the feature extraction and contribution analysis of the predictive results of the interpretable ML model based on the
Shapley value, the top ten indicators with the highest contribution were: pathological type, phosphorus, eosinophils, monocyte
count, activated partial thromboplastin time, potassium, total bilirubin, sodium, eosinophil percentage, and total cholesterol.

The area under the curve (AUC) of the model was 0.80. In addition, patients with hyponatremia and squamous cell carcinoma
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group had a poor prognosis (P<0.05). Conclusion The interpretable model constructed in this study provides a new approach

for the prediction of EGFR mutation status in NSCLC patients, which provides a scientific basis for the diagnosis and treat-

ment of patients who cannot undergo genetic testing.
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Tab 1 Characteristics of NSCLC patients in different groups defined by EGFR mutated status

Variables Total (n=175) Non-mutated (n=92) Mutated (n=83) P
Age (yr) 64.00 (57.50-69.50) 64.50 (57.75-70.25) 63.00 (57.50-68.00) 0.13
Gender <0.01
Male 111 (63.43%) 73 (79.35%) 38 (45.78%)
Female 64 (36.57%) 19 (20.65%) 45 (54.22%)
Pathology <0.01
SCC 45 (25.71%) 45 (48.91%) 0(0.00%)
Adeno 130 (74.29%) 47 (51.09%) 83(100.00%)
TNM stage 0.27
-1l 35(20.00%) 15 (16.30%) 20 (24.10%)
1-1v 140 (80.00%) 77 (83.70%) 63 (75.90%)
Distant metastasis 0.03
Yes 91 (52.00%) 40 (43.48%) 51(61.45%)
No 84 (48.00%) 52 (56.52%) 32(38.55%)
Operation 0.02
Yes 33 (18.90%) 11 (11.96%) 22 (26.51%)
No 142 (81.10%) 81 (88.04%) 61 (73.49%)
Radiotherapy 0.67
Yes 5(2.90%) 2(2.17%) 3(3.61%)
No 170 (97.10%) 90 (97.82%) 80 (96.39%)
ECOG PS 0.04
0 76 (43.43%) 34 (36.96%) 42 (50.60%)
1 99 (56.57%) 58 (63.04%) 41 (49.40%)
Smoking <0.01
Yes 22 (12.57%) 20 (21.74%) 2(2.41%)
No 153 (87.43%) 72 (78.26%) 81(97.59%)

NSCLC: non-small cell lung cancer; EGFR: epidermal growth factor receptor; SCC: squamous carcinoma; Adeno: adenocarcinoma; TNM: tumor-node-

metastasis; ECOG PS: Eastern Cooperative Oncology Group performance status.
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2 BENBEZEIWMENTMES R0 MFEREAUCE
Tab 2 The top ten features with the highest contribution and their AUC

values determined by machine learning
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Fig 1 ROC curves for the top 10 features with the highest contributions. A: All characteristic; B: Pathology; C: Phosphorus; D: Eosinophils; E: Monocytes; F:

Activated partial thromboplastin time; G: Potassium; H: Total bilirubin; I: Sodium; J: Eosinophil percentage; K: Total cholesterol; L: All characteristic (a): ROC

curve after excluding pathological types. ROC: receiver operating characteristic.
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Fig 2 Survival curves for the top 10 features with the highest contributions and EGFR mutation status. A: Pathology; B: Phosphorus; C: Eosinophils; D: Monocytes;

E: Activated partial thromboplastin time; F: Potassium; G: Total bilirubin; H: Sodium; I: Eosinophil percentage; J: Total cholesterol; K: EGFR mutation status.

Shapley L AUE /3T, B2 DTIR S5 ms O AT L0 RRIE S HL A5 H
(TR A I 204 T 5 43 AT. fieJm, 383 28 LIS UERIROC
HHZR IR TR FUNPERE . AN, R Shapley (B X 557
(R TIUIN 285 S A T e, B AR Y mT R M AL A 3
— RGN A IRA 2 T ASE R ) T R 1, AR X
BRI 1 R B A

Yang 55 MVRAIF 5T f 50 %5 1A A8 b 000 il 988 28 1Y
EGFREARSIAT T30 Wl HEZ FMLA I, &
PR BEAL AR PR/ T EGFRZS S 7 R Z I e fd: . A5
MLAELHIAE SRl - UEAT Ak, B0, SR B # 2
PR M AEIE PN FER S, 7 B TAERRAE 23R
Z T g b P AR AR A A R, SIS A R IE e
FVRFESR IO V5, W EAR BAE AN E B o Hr, DA R Al

R TRLIIORG B2 RS E 1 o IEAb, ARHIFSE R I XGBoost 3.1 38
128 IS UERIL AL 25K, S8 TR A B v AL g
1o A, SR RIS R AL T Shapley (A, X A5l
R PTARE PR O T O R AR B . F i, 30 58 S TE AN
ROCHIZ A AIPEREIGTIE, 0 PR T AR A Ra e P A2 Wi i
B ARS8 BE, AA5 Im REE A i £
8, dE— DY TR N RE ) B, AR AT
VA T AP b s 5t B TS R B2, Rl R = A 4 it T
T AT PR SCHF

REAEAF 55 76 B EGFRZS AR 76 M Jia vh o L, JU 2
TE Y DA A 152 8 4 i it S5 355 T, EGFREEAE LU A ey
60%-70% . ARPEPIONEERWFFE!S), Y HL X HT132 ATIIB/TV
G R 8 v, EGFRIEZE LM =ik 519, H 41415240



o ] it g 4 52025 4F2 H o8 ko Chin ] Lung Cancer, February 2025, Vol.28, No.2 « 111«
A Pathology
1.00 -+ 5CC B Phosphc‘arus Eosinophils D Monocytes
> < Adeno 1.00 -~ High High 1.00 “High
= = Low 1.00 — Hig +g
3 075 - ~+ Low > Low
3 =075 2 0 2075
2 < =075
5030f 8 0.50] oo ﬂﬁ: 3 3
.g E_ ’ goso ,,,,,,,,,,,,,,,,,,,,,,, E‘ 0'50 . *
£ 02 So2s 5 g
a = P=0.39 2 2025
= > —|
000 @ 0.00 £05) po20 3 pP=041
a %]
L A 0 20 _ 40 60 80 gg0 0.00
) Time (mon) 0 20 20 60 80 0 20 40 60 80
Number at risk Number at risk Ti
ime (mon)
SCCy3t 16 2 ! 9 Highy48 n 2 0 - Number at risk
Adeno {71 50 18 5 2 Low154 32 12 4 2 ~ Number at risk High { 54 4 0
0 20 40 6 80 0 20 40 6 g Hom3z 30 12 2 9 tolas 34w 2 2
Time (mon) Time (mon) oW 0 70 20 30 0 20 40 60 80
Time (mon) Time (mon)
E Activated partial thromboplastin time
—High .
1.00 —Low F Potassium Total bilirubin H Sodium
. 1.00 “ High 1.00 - High 1.00 —High
075 > “Low . “ Low = ~Low
E Z075 £0.75 % 0.75
)
050 e %0,50 4 0,50 csmessman o X % 0,50 st T
E 0.25 % E‘ . | E’ .
2% o070 2025 Zoas 2025
a e s 2
0.00 A P=0.51 E P=0.71 5 P=0.13
0 20 40 60 R ‘ 0.00 0.00
Time (mon) 0 20 40 60 80 0 20 60 80 0 20 40 60 80
. Time (mon i Time (mon
Number at risk Number at risk (mon) . Time (mon) Number at risk (mon)
High 48 28 10 2 1 Highy 53 30 1 2 0 Number at risk High 1 30 21 1 5 2
low{s4 37 13 4 1 12 36 12 1 2 Highy48 31 1 3 1 5 12 3 0
Low lowlsa 35 12 3 1 tow
0 20 40 60 80 0 20 40 60 80 ow 0 20 40 60 80
Time (mon) Time (mon) 0 20 Tim:?mon) 60 80 Time (mon)
| Eosinophil percentage J K EGFR mutati Smoki
: Total cholesterol utation moking
1.00 = mtl 1.00 " High 1.00 —No 1.00 —No
- o~ -+ Low - -+ Yes > Yes
0. = = =075
3 075 3 0.75 3 075 3
e) o) o .g
2050 i . 2050 s 050 -roreeeeeeeeee § 0.507 --memmmmeanenoenees
2025 2025 2025 £025
; P=0.56 ; P=0.17 ; P=0.02 a P=0.10
0.00 0.00 0.00 0.00
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 20 e (Rn) 60 80
Time (mon) Time (mon) Time (mon)
Number at risk Number at risk Number at risk Number at risk
High 52 32 13 2 0 High 148 28 9 1 0 No 154 29 10 3 0 Noj 94 0 6 2
Low 1 50 34 10 4 2 Low 154 38 14 5 2 Yes 148 37 13 3 0 Ves18 1 0 0
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80 0 0 4‘(3 ) 80
Time (mon) Time (mon) Time (mon) ime {mon.

Bl 3 BEMESEP RSSO HEREGFREET IR, RBEMEFMKLE. A: fRIE; B: B C FEERIEHIZRAE, D: SAZMA; E: iBLERERILIEESATE); F:

$; G: BBLIE; H: #; I:

FERR TR AR E S EL; ) BREEER; K. EGFRREIRZ, L1 IRIBEIL.

Fig 3 Survival curves of the top 10 contributing features, EGFR mutation status and somking history in advanced lung cancer patients. A: Pathology; B:

Phosphorus; C: Eosinophils; D: Monocytes; E: Activated partial thromboplastin time; F: Potassium; G: Total bilirubin; H: Sodium; I: Eosinophil percentage; J:

Total cholesterol; K: EGFR mutation status; L: Smoking history.
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Tab 3 The hazard ratios of the top 10 contributing features and EGFR

mutation status in early-stage lung cancer patients

Characteristic HR (95%Cl) P
Pathology

SCCvs Adeno >0.99
Phosphorus (mmol/L)

>1.18 vs <1.18 3.99 (0.36-44.01) 0.20
Eosinophils (/L)

>0.12X10°vs <0.12X10° 1.26 (0.12-12.84) 0.85
Monocytes (/L)

>0.49%X10° vs <0.49%X10° 0.70 (0.05-9.27) 0.77
Activated partial thromboplastin time (s)

>26.50 vs <26.50 1.08 (0.09-12.33) 0.95
Potassium (mmol/L)

>4.20vs <4.20 0.43 (0.05-4.23) 0.48
Total bilirubin (umol/L)

>8.90 vs <8.90 2.77 (0.28-27.41) 0.38
Sodium (mmol/L)

=>142.70 vs <142.70 - 0.09
Eosinophil percentage

=>1.80% vs <1.80% 1.50 (0.15-14.78) 0.74

Total cholesterol (mmol/L)
>4.44vs <4.44 - 0.09
EGFR mutation status

Non-mutated vs Mutated 0.63 (0.06-6.16) 0.70

HR: hazard ratio.
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