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[ Abstract ] Background and purpose: High-throughput detection of plasma cell-free DNA (cfDNA) is widely used for multi-
cancer targeted therapy drug screening, and this study investigated the relationship between the type and number of plasma cfDNA
class 1 and II targeted therapy-related gene variants and cancer survival in patients with non-small cell lung cancer (NSCLC).
Methods: The sequencing results and clinical data of NSCLC patients who underwent tumor plasma cfDNA high-throughput
sequencing projects in Sun Yat-sen University Cancer Center from 2021 to 2023 were collected. The survival follow-up of enrolled
patients was carried out from the day of plasma collection on June 1, 2021 to May 27, 2024, and GraphPad Prism 8.0 and SPSS
Statistics 25.0 were used. Univariate and multivariate statistical analyses were conducted on the types and numbers of class | and
class Il targeted therapy-related genes in the survival and clinical data of patients and sequencing results (Ethical approval: B2024-
359-01). Results: A total of 313 patients included in this study with NSCLC were categorized into stage [ 25 patients (7.98%), stage
Il 20 patients (6.39%), stage Il 38patients (12.14%), and stage IV 230 patients (73.48%). Pathological diagnosis results showed that
adenocarcinoma accounted for 90.10%, squamous cell carcinoma accounted for 5.11%, large cell carcinoma accounted for 2.87% and
other classifications accounted for 1.92%. The number and the percentage of class 1 and class I targeted therapy drug-related genes
in the plasma cfDNA NSCLC patients were 0 (25.24%), 1 (17.57%), 2 (19.17%), 3 (14.38%), 4 (8.31%), and 5 or more (15.34%).
The results of statistical analysis showed that 3 genes with the highest mutation frequencies were EGFR, TP53 and ERBB2, and
the mutation frequency of EGFR gene was 36.04%. The mutation frequency of 7P53 gene was 30.63%. The mutation frequency of
ERBB?2 gene was 4.95%. The survival time of patients is related to not only the expression of hotspot targeted genes, but also the
number of class | and Il target-related gene variants detected by plasma cfDNA high-throughput sequencing. The survival time of
the patients with no targeted therapy-related locus variants after treatment was longer compares with targeted therapy-related locus
variants, which can reduce the risk of death by 63.2%. However, patients with a single gene locus variant had longer survival time
and lower risk of death than those with multiple driver locus variants, and the measured class 1 and II targeted therapy drugs were
within 3 genes. Overall, the smaller the number of genes, the longer the survival. Conclusions: The number of class 1 and class I
targeted therapy-related gene variants in plasma cfDNA high-throughput sequencing also has an effect on the survival of patients after
treatment. Plasma cfDNA level detected by high-throughput sequencing could be a prognostic factor for the NSCLC patients.

[ Key words | Non-small cell lung cancer; Plasma cell-free DNA; High-throughput sequencing; Gene mutation sites; Targeted

therapy drug selection; Survival analysis
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Tab.1 Somatic variant classification explained

Somatic variant classification ~ Level of evidence Explained
Class | variants (strong clinical A FDA/NMPA approved for use as a biomarker that is responsive or resistant to cancer
significance) treatment in patients
A Professional guidelines (NCCN) identify biomarkers that are responsive to or resistant to

cancer treatment in patients

A professional guideline (NCCN) clarifies biomarkers that have diagnostic or prognostic
significance for the patient's tumor

B Expert consensus studies identify biomarkers that are responsive to or resistant to cancer
treatment in patients

B Expert consensus studies identify biomarkers that have diagnostic or prognostic significance
for the patient's tumor

C FDA/NMPA approved biomarkers for other tumor treatments that are responsive or resistant
Class Il variant (potential C Professional guidelines (NCCN) recommend biomarkers that are responsive to or resistant to
clinical significance) other oncology treatments
C Has been used as a biomarker for clinical trial screening and enrolment criteria
C The results of several small studies have shown biomarkers of significance for the diagnosis

or prognosis of cancer in patients

D The results of the study indicate biomarkers of significance for the diagnosis, treatment, or
prognosis of other tumors

D Biomarkers with potential therapeutic significance in preclinical studies

D There are a few studies and case reports or conclusions that do not reach a consensus to
assess the diagnostic or prognostic significance of the disease with other biomarkers
Class Il variants

Category Il variants (variants of - Not detected in population databases, specific subpopulation databases, pan-cancer
unknown clinical significance) databases, tumor-specific databases

- There is no conclusive evidence of a cancer type

Class IV variants - No evidence of cancer associated with the population database, specific subpopulation
(benign polymorphisms and database.
suspected benign variants)

This study analyzed the genes associated with class | and class Il variant targeted therapy drugs. FDA: Food and Drug Administration of US;
NMPA: National Medical Products Administration of The People’s Republic of China; NCCN: National Comprehensive Cancer Network.

From June 2021 to June 2023, lung cancer patients with tumor plasma
cell-free DNA (cfDNA) high-through put sequencing project were
tested at Sun Yat-sen University Cancer Center

Exclusion criteria:

D Age<18 years;

(2 Pathology does not clearly diagnose
non-small cell lung cancer (NSCLC); Inclusion criteria:

(3 Those with other serious systemic (D Age 18 years old;
diseases; (2 Pathologically clear diagnosis of NSCLC;

@ No follow-up or lost to follow-up for 6 (3 Those who do not have other serious diseases
months or more;

(3 Combined with other cancer types;

©® Other circumstances that are not
suitable for this study

A

Y

Finally, 313 patients with pathologically confirmed NSCLC were
included, and the follow-up time was May 27, 2024

E1 BEMNFHRITEREZE

Fig. 1 Flowchart of patient inclusion and exclusion criteria
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Tab. 2 Clinicopathological characteristics of enrolled patients

pTNM (n)
Type Total (n=313)
I I ] v

Age/year

<50 54 0 4 1 49

50-69 203 20 16 25 142

>170 56 5 0 12 39
Gender

Male 170 13 10 27 120

Female 143 12 10 11 110

Treatment options

Radiotherapy 94 7 6 20 51
Chemotherapy 214 12 14 26 162
Targeted therapy 265 18 16 29 202
Immunotherapy 90 6 4 12 68
No treatment 8 5 1 1 1
Surgery 69 19 10 10 30

First-line medication

Chemotherapy alone 67 4 9 14 40

Pure targeting 150 11 7 13 119

Immunisation alone 6 1 0 1 4

Concomitant 90 4 1 9 76
medications

Number of months of

survival > 60 36 12 10 6 28
History of smoking

Yes 92 10 3 15 64

No 221 15 17 23 166

Target drug locus variation map
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== 2.48% BRCA2

== 2.48% ATM

== 2.48% KRAS
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= (.23% NRAS

== 0.23% RET

== 0.23% FGFR2

== 2.03% FGFR3

== 1.58% RBI

== 0.45% NOTCH

== 0.23% NTRKI

== 0.90% CDKI2
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Fig.2 Target drug locus variation map
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Fig.3 Locus abundance map

Targeted therapy-related gene loci only included class I and class Il
targeted therapy-related gene loci.
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Fig. 4 Survival curves of targeted therapy-related gene mutation
locus

Targeted therapy-related gene loci only included class 1 and class Il
targeted therapy-related gene loci. OS: Overall survival.
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Fig. 5 Effect of hotspot target gene expression on patient survival

A: Difference in survival of EGFR gene expression or not; B: Differences in survival of 7P53 gene expression and non-expression; C: Differences
in survival of EGFR gene expression combined with 7P53 gene; D: There was no difference in survival between the expression of gene associated
with targeted therapy drugs and those associated with targeted therapy drugs. Targeted therapy-related gene loci only included class 1 and class Il

targeted therapy-related gene loci.

25 NHABEEGFHEREAZENW: HiSH
pTNM4E3 ) % 4 72 B O 52 0

AHFFE LUK B2 A 25 532 I NSCLC i ]
SRR AL, WX A T ST A (T
HIVIINSCLCE #2681, 15 T HINSCLC
wastl) o R ER, THATH (P=0.003,
HR=0.411, 95% CI: 0.255~0.663 ) ‘5 I 51V
( P=0.003, HR=0.366, 95% CI: 0.234~0.570)
NSCLCH i A AF 3 73 5 125.7564.8 10 H (&
6A)

T 5 IV INSCLC & 9 9 ] 2 % A T
RSP AT AT, b FARL436 (P
<0.001, HR=0.414, 95% CI: 0.253~0.679 ) ,
FTeTF AR 22564 (P<0.001, HR=0.321, 95% CI:
0.198~0.519) . Z5R R, LFRELESHEFRE

BE LA 0 53.47F188.50 1, 2%
SAGOTEE L X TS T HINSCLCE i B 1H]
AT AR LT ERS, SR RERTS
THEE S (E6B) .
2.6 ARIEMEZRBERLT, LEEFTFHEXERA
EEESW

AHFFE 43 M AE268 4 T ~IVIINSCLC % 4H
RV NGIE CY i M=bag EP VA= Y SRR g o O 0 i
B, RN, F A E 3 R
ARSI 0~54 T LB 1 BB B A AR A7 30 4
Bh141.1, 107.3, 53.5, 33.4., 44.2F150.97H
(E7) .

WS 53T AE22 15 TC AR EENSCLC 4 41
o, SRR TR YT R DA e SE DR AR SN BOnt
AAFI R . 5 R BN, $E A e T FE R AR



(e @BER L) 20254355443

361

SENECN0~54 B LA 1 1 BB 18 A 7 A= A7 30 433
F141.1, R, 71.6, 34.9. 61.0f163.21H
(P<<0.001) . fEHN15001HE32 —k 255 %
g B Al ] P25 NSCLC R g b, BB A AH G o7
FIERAR A BN 0~54 K U Y B3 i R A
W IR . R, 71.6. 41.2. 61.0
18171 H (P=0.008 ) . ARWF5EILSHT T FELL N
244 B TEF AR INSCLCEE A, AS[w] T 1) 415
7 U R AR S B0 B AR AR I s A5 R4
7, ) A AV R AR SN B 0~5 4 I DL 1

A
— TII-1V
— I-10
X
%)
o

[ P=0.0003
- HR(A/B)=2.432
1

| | 1 |
0 50 100 150 200 250

t/month

MR E A AE A R 141,01 63.2, 44.7,
32.8, 61.0f1149.31~H (P<<0.001) .
2.7 CoxBlHAEZEELEEFSH

XIS 61T 2 R Cox M 73 #T, 45
R, FEFEAA S EC 0 B3 A AR U
BT RS AL, HREF >1, HAERERENAL S
BB VAN S IEE KL B0k D, HRIEHOKR
FET RS B A 1B 10 o AT 3 ] 437 o5 728 S i 42
T, RS AR D FET RS R (E
8HIFR3)

B
—— Never
—+ Ever
S
9]
o

[ P=0.0012
[ HR(A/B)=0.419

t/month

Ele ZEFHERHEZRST

Fig. 6 Factor analysis of survival differences

A: Survival differences in pTNM stage at the time of diagnosis; B: Whether there is a history of surgery during the middle and advanced stage of

cancer, and the difference in survival time.
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Fig. 7 Survival analysis of different mutations at targeted therapy-related gene loci under different influencing factors

A: Differences in the survival of different mutations in stages lll-IV; B: Differences in survival of different mutations in patients without smoking
history; C: First-line treatment is the difference in survival of patients with different mutations on targeted therapy alone; D: There was no difference
in the survival of different mutations without relevant surgical history. Targeted therapy-related gene loci only included class | and class I targeted

therapy-related gene loci.
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Fig. 8 Cox regression multivariate survival analysis

A: Survival analysis of the number of positive sites of different targeted therapy drugs; B: Risk estimation model diagram of the number of positive
sites of different targeted therapy drugs. Targeted therapy-related gene loci only include class I and class Il targeted therapy-related gene loci.
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Tab.3 COX regression multivariate survival analysis information table

Item P value HR(A/B) 95% CI

The number of loci is 0 0.001 -

The number of loci is 1 0.142 2.016 1.984-5.062
The number of loci is 2 0.002 3.848 1.645-8.824
The number of loci is 3 0 5.006 2.334-12.440
The number of loci is 4 0.005 4.530 1.445-11.734
The number of loci is 5 0 4.629 2.047-10.606
History of surgery 0.001 1.752 1.244-2.467
Clinical staging 0.002 0.509 0.336-0.773
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