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[ Abstract] Objective Using the NGS sequencing data to analyze the molecular genetic characteristics and correlation of
elderly lung adenocarcinoma patients, to provide clinical evidence for targeted therapy. Methods 333 elderly (> 65-years-old ) lung
adenocarcinoma patients who were treated at Shandong Provincial Hospital Affiliated to Shandong First Medical University from January
2021 to December 2023 were selected as the study subjects. All patients were confirmed by surgical pathology, and the data were
obtained from tissue specimen tissue testing results before initial treatment. Using the NGS platform for multi-gene mutation detection,
including the nine driving genes recommended for detection in the “Chinese Medical Association Guideline Clinical Diagnosis and
Treatment of Lung Cancer ( 2023 edition )”. Specifically EGFR, ALK, ROS1, KRAS, BRAF, ERBB2, RET, MET and NTRK,
which analyzed the retrospective analysis of patient demographics, clinical pathology, and driving gene mutation status. Results  The
total positive rate of 9 driving genes was 41.14% ( 137 cases ), among which EGFR was the main driving gene with a mutation

frequency of 36.04% ( 120 cases ), other mutation frequency genes: KRAS 15.92% ( 53 cases ), ERBB2 (HER2 ) 2.10% ( 7 cases ),
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EMILA4-ALK 1.80% ( 6 cases ), BRAF 1.50% (5 cases ), MET 1.20% ( 4 cases ), and RET 0.30% ( 1 case ) . The results showed
that 13 rare types of co-mutations with driver genes were concentrated in three co-mutation forms such as EGFR, KRAS, and TP53.
PIK3CA, U2AF1, and BRCA1 only appeared in co-mutation form, PTEN only showed EGRF co-mutation form, and BRCA1, STK11,
ARIDIA, and NRAS only showed KARS co-mutation form. Through bioinformatics statistical analysis of lung adenocarcinoma data
in the TCGA database, it was found that 13 rare mutated genes had high NES scores in tumor related signaling pathways, indicating
their involvement in the occurrence and development of tumors. Conclusions By analyzing the molecular genetic characteristics and
mutation gene correlation of elderly lung adenocarcinoma patients, the molecular genetic data of 9 recommended driving genes could

reflect the distribution and correlation of driving genes in lung adenocarcinoma. Especially, further understanding of the distribution of

rare genes will be more conducive to guiding clinical treatment.
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Figure 1 Distribution of driver genes in 333 elderly

patients with lung adenocarcinoma
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Table 1 Clinical characteristics of 333 elderly patients with lung adenocarcinoma

YRS FAF /n (%)
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Figure 2 Distribution of rare mutated genes in 333 elderly patients with lung adenocarcinoma
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Table 2 Co-mutation analysis of rare mutated genes in elderly patients with lung adenocarcinoma
5 . . E+GFR ii%% P K+RAS #%,ﬁ P T+P53 ;i?vé% P i
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- 0 0 0 0 0 0 0
CTNNB1 + 11 7 4 0.192 2 9 1.000 2 9 1.000
- 2 0 2 0 2 0 2
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- 3 0 3 0 3 0 3
CDKN2A + 3 1 2 1.000 2 1 0.400 0 3
- 2 0 2 0 2 0 2
SMAD4 + 5 3 2 0.167 2 3 0.444 0 5
- 4 0 4 0 4 0 4
APC + 6 3 3 0.182 3 3 0.182 0 6
- 6 0 6 0 6 0 6
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- 1 0 1 0 1 0 1
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- 2 0 2 0 2 0 2
NF1 + 2 1 0 0.167 1 0 0.167 0 1
- 5 0 5 0 5 0 5
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- 3 0 3 0 3 0 3
PTEN + 1 1 0 0.143 0 1 0 1
- 6 0 6 0 6 0 6
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Figure 3 Expression analysis of 13 rare mutated genes in the TCGA database of lung adenocarcinoma

3 13 F O REEREMBRE TCGA BIRERRIESH

KEGG_WNT_SIGNALING_PATHWAY

KEGG DORSO VENTRAL, . _AXIS_FORMATION
KEGG_TGF_BETA_SIGNALING_PATHWAY
KEGG GNRH SlGNALING PATHWAY
KEGG_LONG_TERM_POTENTIATION
KEGG_DNA_REPLICATION
KEGG_MISMATCH_REPAIR

KEGG_NUCLEOTIDE_EXCISION_REPAIR
KEGG_RNA_DEGRADATION
KEGG_FC_EPSILON_RI_SIGNALING_PATHWAY
KEGG_MAPK_SIGNALING_PATHWAY
KEGG_AXON_GUIDANCE

KEGG_PATHWAYS_IN_CANCER
KEGG_APOPTOSIS
KEGG_REGULATION_OF_ACTIN_CYTOSKELETON
KEGG_LEISHMANIA_INFECTION
KEGG_CHEMOKINE_SIGNALING_PATHWAY

| KEGG_GAP_JUNCTION
KEGG_SMALL_CELL_LUNG_CANCER
KEGG_T_CELL_RECEPTOR_SIGNALING_PATHWAY
KEGG_GLIOMA
KEGG_B_CELL_RECEPTOR_SIGNALING_PATHWAY
KEGG_FC_GAMMA_R_MEDIATED_PHAGOCYTOSIS
KEGG_TOLL_LIKE_RECEPTOR_SIGNALING_PATHWAY
KEGG_RIG_I_LIKE_RECEPTOR_SIGNALING_PATHWAY
KEGG_UBIQUITIN_MEDIATED_PROTEOLYSIS -1
KEGG_PANCREATIC_CANCER

KEGG_CHRONIC_MYELOID_LEUKEMIA
KEGG_LYSINE_DEGRADATION
KEGG_PROGESTERONE_MEDIATED_OOCYTE_MATURATION
KEGG_BASAL_TRANSCRIPTION_FACTORS
KEGG_OOCYTE_MEIOSIS
KEGG_NOTCH_SIGNALING_PATHWAY
KEGG_INOSITOL_PHOSPHATE_METABOLISM
KEGG_PHOSPHATIDYLINOSITOL_SIGNALING_SYSTEM

KEGG_INSULIN_SIGNALING_PATHWAY
KEGG_COLORECTAL_CANCER
KEGG_PROSTATE_CANCER

| KEGG_MTOR_SIGNALING_PATHWAY
KEGG_NON_SMALL_CELL_LUNG_CANCER
KEGG_ACUTE_MYELOID_LEUKEMIA

KEGG_NEUROTROPHIN_SIGNALING_PATHWAY

FEESESITE I, &,w

HE: NES WhriEft s 51557

B4 13 #DRREEFEZE TCGA BIEEFH GSEA R
Figure 4 GSEA of 13 rare mutated genes in the TCGA database

KEGG_FOCAL_ADHESION PR, i



876 HEE

2024 11 BB 5585 118

7% 0] 1 i EGFR- 1 24 2 3 1 310 61 550 ( tyrosine
kinase inhibitors, TKI) Byt 24 & A=, B A4H BB
FHORK HH ROST FII NTRK 1y =782, AT RE N
G R A P S ] 3 ORI &5 SR AP — B I 25 5%,
T Bt — 2 KA N DIESE . 5 B EAN R
DX R ] 1) 28 AR 0K 25 S W 3, ARBFSE ALY
333 5] 4 AT il it s 6 ARG 0 1) 3K g L PR B 1k R
g 44.14% , KT BRAEHEE (0B AR TRl i s AR
(R ) O R Bh I R 28 AR % (64% ) 1y XN T
AR R SRR R B L A R 1 4
FRAES B T BEHA R IR AY RE & AP, R
SRt g TR 2 Pia T B, H 2247 i Bt A
HHRNEBRAGHFFEERA LR, 5N
RAR I BRI 259, IGITRCRIAAE,
XoF T 2 AT il B R R A A D AT 2 DR DL P i R 5
AR ARG F2 o AT kg 2 4 il i s 0 4 4t
T WA N R A5 IR AR K YE, 52
o FEAT I PR 58 A8 R Y KR T B AT, B4
Jiti i 8 RS B SRS HE A S 2 K BARYT
AT AR AR 25

i A= ad R R — N BT R PR P 5 AR 1
T, BRSP4 M 8 A RR 35 B ) 9 97 I 28 SR R
TG B Wiz B EA T AT R I D L5 A
FL A W PIK3CA . U2AF1 DA f BRCA1 X L) A58 A8
B, Hrp PTEN (LR A XA 5 EGRF
e BRCAL, STK11., ARIDIA UL Az NRAS ()
e A AN 5 KARS 258725, ST FT 45
R STKIT WK IG K AETE =432 — 1) KRAS &
7 il g b 45 R — 20, KRAS R 5 TPS3 .
SKT11 25 [ Jag 41 i 56 M & A dh oAy 5 H iy e
fE A2 AT A R, Bk i oy B X s /b
WRAFENS G T AWM MEEL . K&
BB, ASBIFSE 8 AE I i g AR A 1Y GESA 25 L 10
7, PIK3CA. U2AF1. BRCA1., MLH1. SMAD4,
APC, NF1 %5 PG i 20 D 2 25 35 DR 7 Jirb 9 7 5%
K L5 X A A B B 25 5, UE I HLAE b
A R S AR YRR L BT I A R
T, SR R LG AR S AN ] S I IR T
RARZGIT P AR RO, H A B R AR
TP53 L5845 £ Bk Uk S22 il ¥ ) 3R 7 RIOR 22 1
BLPR ZE 0 AR R BB s B TPS3 ks AR
XFH0 VAT A U AE A, TPS3 5 EGFR 5 KRAS
(1 FL 5487 NSCLC Hr] B -5 58 ) 245 ) it 24 11 2B 7
WA 2, EGRF 5 TPS3 JLae ARt R H#0 a]

RITEE AR RBUCR B4 AREgeh,
WHRAZFEN Z DB A B, H 2 GESA &I
FLTREAE 20 B ) B R 45 B T s B iR AR
PE— 2RI T 328 A AT B8 38 1 40 At ) RE AN
R L S it Bt 6 T A /N 200 i s 2 e DA %o A
] 25 7 A DR R M sk R M 2, TR LI A AR)T
P A A= BIRTT W] BB DR Sl 3 PR I g AR A Hh
I s RE AT I R T R

LA B TR AR ES . &I
FERbgE, 2R 32 AT O S Az B R,
R AT LA 35 45 A% S 08 X8R T I 9 R A A i
() NGS F A Bk e )1z v TG IR R, A
DR RAT 1 3% 2 /0 D, iy M 5845 B 1 28 A8 FE R 1Y
L E R, HAERHT LS H05E., B
% BLFFH NGS 2 AR A M 1384 A8 TH i) ctDNA X
NSCLC A J& i Bhiip I de 81— 2 148 AEH, ARG
B BIIAYT AT LB ctDNA B B 3% 1Y Je i SR A AE
W1, R NGS $ AR X NSCLC R J5 &2 % . i Bh
7. B R T R PEIR T S B Y ctDNA 1Y
SHASWEI , AT LA L 525 5 RS0 e g 52 %
18 FAR G BIA T TR, A RE R U)W IR m IR
(T S i 2 AR A7, 3o T4 52 B 1) YA T R 2
EREERE TR AR, 7E H AT EEE R LR
WA F 22 AF i Bt B o4 — A HETR T I SR AT
PR, R AE EE B BE B ctDNA I3 ARSI 2
PR Sl R I B ER T 25 5848, W VP4 i 96 B o st
(i) A 48 L S AT REAE N R % RS A e AR i sl A e
RESEAL, ik —2P IR YT R PR AL B A s
R

ZE LRIk, SRR R AR W R R %
EHBIRTT FB, 2 RE SEREH TKIRIT
BOR R A AR AR 1 FEASAH A, (HOR R R A%
RN ANl R AR Y 2 AR A R,
SIERBE A —EER, #Hid NCS B AU
BRI SN FE R AR, RS Rz 48 TR IIVRIT Y
NHBE, TEAFHD T AR IR YT I 25 PR R AILE], il
RIGIF BB R T s

Z & X W

[1] XIA C, DONG X, LI H, et al. Cancer statistics in China and
United States, 2022 : profiles, trends, and determinants[ J |.
Chin Med J, 2022, 135 (5): 584-590. DOI: 10.1097/CM9.
0000000000002108.



2024 4E 11 A48 55 %45 118

B

877

(2]

[4]

(5]

(6]

[7]

(8]

[9]

[13]

ALLEMANI C, MATSUDA T, DI CARLO V, et al. Global
surveillance of trends in cancer survival 2000-14 ( CONCORD-3 ):
analysis of individual records for 37 513 025 patients diagnosed
with one of 18 cancers from 322 population-based registries in 71
countries [ J . Lancet, 2018, 391 (10125): 1023-1075. DOI:
10.1016/S0140-6736 (17) 33326-3.

SIEGEL R L, MILLER K D, FUCHS H E, et al. Cancer
Statistics, 2021[J | CA Cancer J Clin, 2021, 71 (1): 7-33.
DOL: 10.3322/caac.21654.

GAJRA A, AKBAR S A, DIN N U. Management of lung cancer
in the elderly[ J . Clin Geriatr Med, 2016, 32 (1) : 81-95.
DOI: 10.1016/j.cger.2015.08.008.

ZHONG W Z, YAN H H, CHEN K N, et al. Erlotinib versus
gemcitabine plus cisplatin as neoadjuvant treatment of stage
[ITA-N2 EGFR-mutant non-small-cell lung cancer: final overall
survival analysis of the EMERGING-CTONG 1103 randomised
phase II trial [ J | Signal Transduct Target Ther, 2023, 8 (1) :
76. DOI: 10.1038/s41392-022-01286-3.

AR B MR g 22, PARBE Rt R
Jiti g I R 1297 He (2023 ji2) (1) PRSI IR, 2023,
39 (6): 401-423. DOI: 10.3760/cma.j.cn112152-20230510-
00200-1.

Oncology Society of Chinese Medical Association, Chinese
Medical Association Publishing House. Chinese Medical
Association Guideline for Clinical Diagnosis and Treatment of
Lung Cancer (2023 edition )[ J ]. Clin Med China, 2023, 39(6):
401-423. DOI: 10.3760/cma.j.cn112152-20230510-00200-1.
CHAN B A, HUGHES B G. Targeted therapy for non-small cell
lung cancer: current standards and the promise of the future[ J |
Transl Lung Cancer Res, 2015, 4 (1) : 36-54. DOI: 10.3978/
J.1ssn.2218-6751.2014.05.01.

ZHENG R, ZHANG S, ZENG H, et al. Cancer incidence and
mortality in China, 2016[ J ]. ] Natl Cancer Cent, 2022, 2 (1):
1-9. DOI: 10.1016/}.jncc.2022.02.002.

CAIL, CHEN 'Y, TONG X, et al. The genomic landscape of young
and old lung cancer patients highlights age-dependent mutation
frequencies and clinical actionability in young patients[ ] ].
Int J Cancer, 2021, 19 (4 ) : 883-892. DOI: 10.1002/ijc.33583.
ALLEN T C, XIAO Y, YANG B, et al. Anaplastic lymphoma
kinase rearrangement prevalence in patients with advanced non-
small cell lung cancer in the United States: retrospective real
world data[ J ]. Oncotarget, 2021, 12 (23): 2308-2315. DOI:
10.18632/oncotarget.28114.

YANG S, SONG Z, CHENG G. Genomic alterations and survival
in young patients aged under 40 years with completely resected
non-small cell lung cancer| J |. Ann Transl Med, 2019, 7 (7):
140. DOI: 10.21037/atm.2019.03.39.

HU M, TAN J, LIU Z, et al. Comprehensive comparative
molecular characterization of young and old lung cancer
patients[]]. Front Oncol, 2022, 11 : 806845. DOI: 10.3389/
fonc.2021.806845.

ZHUANG X, ZHAO C, LI J, et al. Clinical features and

therapeutic options in non-small cell lung cancer patients with

[21]

(23]

concomitant mutations of EGFR, ALK, ROS1, KRAS or
BRAF[]J . Cancer Med, 2019, 8 (6): 2858-2866. DOI:
10.1002/cam4.2183.

KRIS M G, JOHNSON B E, BERRY L D, et al. Using
multiplexed assays of oncogenic drivers in lung cancers to select
targeted drugs[ J | JAMA, 2014, 311 (19) : 1998-2006. DOI:
10.1001/jama.2014.3741.

RIBEPE, RBOK . ARSI EGFR. KRAS 3K 2845 5 i
RS R RIUR R IC RS [ )] BTBE%, 2017, 48 (7) : 495-
498. DOI: 10.3969/).issn.0253-9802.2017.07.014.

ZHU X D, CHEN C S. Correlation between EGFR, KRAS
gene mutations, clinical characteristics and prognosis of lung
adenocarcinoma patients [J ] JNew Med, 2017, 48 (7): 495-
498. DOI: 10.3969/j.issn.0253-9802.2017.07.014.

PNELER, T, BRAR . 55 4F 28 il JI 988 ek PR A5 ik % 3K ) i K]
FARI LI [) ] BURRPRS:, 2024, 32 (7) : 1340-
1343. DOI: 10.3969/j.issn.1672-4992.2024.07.028.

SUN Z C, TIAN F, WEI J. Advances in clinical features and driver
gene mutation of young patients with lung adenocarcinomal J |.
J Mod Oncol, 2024, 32 (7): 1340-1343. DOI: 10.3969/j.issn.
1672-4992.2024.07.028.

ROEPER J, CHRISTOPOULOS P, FALK M, et al. TP53 co-
mutations as an independent prognostic factor in 2nd and further
line therapy-EGFR mutated non-small cell lung cancer IV
patients treated with osimertinib [J ] Transl Lung Cancer Res,
2022, 11 (1): 4-13.DOI: 10.21037/tlcr-21-754.

KOYAMA S, AKBAY E A, LI Y Y, et al. STK11/LKBI
deficiency promotes neutrophil recruitment and proinflammatory
cytokine production to suppress T-cell activity in the lung tumor
microenvironment | J |. Cancer Res, 2016, 76 (5): 999-1008.
DOI: 10.1158/0008-5472.CAN-15-1439.

ARBOUR K C, JORDAN E, KIM H R, et al. Effects of co-
occurring genomic alterations on outcomes in patients with KRAS-
mutant non-small cell lung cancer[ J |. Clin Cancer Res, 2018,
24 (2): 334-340. DOI: 10.1158/1078-0432.CCR-17-1841.
CHMIELECKI J, GRAY J E, CHENG Y, et al. Candidate
mechanisms of acquired resistance to first-line osimertinib in
EGFR-mutated advanced non-small cell lung cancer| J |. Nat
Commun, 2023, 14 (1): 1070. DOI: 10.1038/s41467-023-
35961-y.

YANG Y, HUANG J, WANG T, et al. Decoding the
evolutionary response to ensartinib in patients with ALK-positive
NSCLC by dynamic circulating tumor DNA sequencing[ J .
J Thorac Oncol, 2021, 16 (5): 827-839. DOI: 10.1016/
jjtho.2021.01.1615.

FANG W, ZHAO S, LIANG Y, et al. Mutation variants and co-
mutations as genomic modifiers of response to afatinib in HER2-
mutant lung adenocarcinoma| J ] Oncologist, 2020, 25 (3):
e545-e554. DOI: 10.1634/theoncologist.2019-0547.

LOU X, NING J, LIU W, et al. Ythdfl promotes cyclin Bl
translation through m6A modulation and contributes to the
poor prognosis of lung adenocarcinoma with KRAS/TP53
co-mutation [ J |. Cells, 2021, 10 (7): 1669. DOI: 10.3390/



878

HES

2024 11 BB 5585 118

[26]

[27]

(28]

cells10071669.

TOMASINI P, MASCAUX C, JAO K, et al. Effect of coexisting
KRAS and TP53 mutations in patients treated with chemotherapy
for non-small-cell lung cancer[ J ]. Clin Lung Cancer, 2019,
20 (3): e338-e345. DOI: 10.1016/j.cllc.2018.12.009.

GO, SN, BUREAE L BLIE + ALJTIR YT EGFRATPS3 JE4%
18 AR I MR R AN PR 7k S22 A [0 ) PRI A2 e
7, 2022, 42 (8): 1830-1832. DOI: 10.3969/j.issn.1005-9202.
2022.08.012.

ZHANG C, SHI Q M, GU K S. Clinical efficacy and safety
of targeted chemotherapy in elderly patients with lung
adenocarcinoma with EGFR+TP53 covariant [ J |. Chin J Gerontol ,
2022, 42 (8): 1830-1832. DOI: 10.3969/j.issn.1005-9202.
2022.08.012.

ZHANG]JT, LIUSY, GAO W, et al. Longitudinal undetectable
molecular residual disease defines potentially cured population in
localized non-small cell lung cancer[ J |. Cancer Discov, 2022,
12 (7): 1690-1701. DOI: 10.1158/2159-8290.CD-21-1486.
TiFl, E4eak, i, & EFNIEE DNA 7EM LG
PR RO E L)L s RS, 2021, 34 (12) @ 1610-
1613. DOI: 10.13429/j.cnki.cjer.2021.12.003.

WAN L, WANG J Y, XU H F, et al. Circulating cell-free DNA
in advanced malignant tumor[ J |. Chin J Clin Res, 2021, 34
(12):1610-1613. DOI: 10.13429/j.cnki.cjer.2021.12.003.
AN AT PRI RE DNA FEIE/N g A Ak iR

[30]

SPHIPERT [T ) EIGRITE, 2024, 37 (1)« 12-14, 19.
DOI: 10.13429/j.cnki.cjer.2024.01.003.

CAI R X, ZHOU G R. Effect of circulating tumor DNA on
individualized treatment of non-small cell lung cancer[ J |. Chin
J Clin Res, 2024, 37 (1): 12-14, 19. DOI: 10.13429/j.cnki.
¢jer.2024.01.003.

DIAO Z, HAN Y, ZHANG R, et al. Circulating tumour DNA :
a new biomarker to monitor resistance in NSCLC patients treated
with EGFR-TKIs [ J |. Biochim Biophys Acta Rev Cancer, 2020,
1873 (2) : 188363. DOI: 10.1016/j.bbcan.2020.188363.
B, BB, ALMERE . B AR IR mA YT AT RS %
Atk (1] BEEZ SR, 2023, 29 (3): 447-452. DOI:
10.3969/j.issn.1008-8296.2023.03.004.

LUO L B, QIU T'Y, REN S X. Efficacy and safety of targeted
therapy for lung cancer in elderly patients[ ] |. Geriatr
Health Care, 2023, 29 (3): 447-452. DOI: 10.3969/
J-1ssn.1008-8296.2023.03.004.

VG, £, KT GRS R E T2 2 BEAR/
[ IR 2SRRI S BE R [ ] PTG, 2024,
33 (9): 895-903.DOI: 10.3969/j.issn.1003-3734.2024.09.008.
LI XY, WANG X, ZHU X. Progress in clinical research of
targeted drugs for HER2 positive non-small cell lung cancer[ J |
Chin J New Drugs, 2024, 33(9): 895-903.. DOI: 10.3969/j.issn.
1003-3734.2024.09.008.

( TTAE . AR )



