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Objectives: Programmed death-ligand 1 (PD-L1) is the only Food and Drug
Administration-approved biomarker for monitoring response to immune
checkpoint inhibitor (ICl) therapy in patients with lung adenocarcinoma.
Understanding the nuances of molecular phenotypes, clinical attributes, and
PD-L1 expression levels in primary and metastatic lung adenocarcinoma may
help predict response to therapy and assist in the clinical management of
lung adenocarcinoma.

Methods: A total of 235 primary and metastatic lesion specimens from patients
with non-small cell lung cancer (NSCLC) an institution in Shandong, China were
analyzed. PD-L1 expression was assessed by immunohistochemistry using the
22C3 antibody, and the molecular phenotype was determined by next-
generation sequencing of 450 genes. The molecular phenotypes of the
primary and metastatic lesions were compared.

Results: Elevated PD-L1 expression was significantly associated with advanced
and metastatic disease (P = 0.001). The distribution of PD-L1 expression varied
based on the anatomical location, showing a higher frequency of elevated PD-L1
expression in distal metastases than in the primary tumor. Metastatic lesions
exhibited a higher proportion of carcinogenic pathway gene alterations and a
greater number of DNA damage-repair pathway gene alterations than the
primary lesions. Notably, CDKN2A copy number deletions were more prevalent
in metastatic lesions than in primary lesions. Clinical data stemming from
research conducted at the Memorial Sloan Kettering Cancer Center revealed
an association between the absence of CDKNZ2A expression and a poorer
prognosis in stage | lung adenocarcinoma.
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Conclusion: Samples of metastatic tumors exhibited a higher proportion of
elevated PD-L1 expression, a greater number of pathway alterations, and a
higher occurrence of CDKNZ2A copy number deletions than primary samples.
This highlights the importance of reinforcing the clinical management and
follow-up of patients with CDKN2A deficiency, particularly within the subset of
stage | lung adenocarcinoma.
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1 Introduction

China accounts for one-fifth of the global population. Lung
cancer was ranked as the fourth leading cause of death in China
between 1990 and 2017, with more than 20% increase in the lung
cancer death rate during this period (1). Shandong Province,
representing approximately 14% of China’s population with
approximately 100 million inhabitants, exhibited an improved 5-
year survival rate among patients with lung cancer based on cancer
registration data from 2012 to 2018 (2). This progress can be
partially attributed to widespread gene identification efforts and
active engagement in targeted therapy and immunotherapy.
Notably, the 5-year lung cancer survival rate in Shandong
Province was only 24.4% during this period, indicating the need
for ongoing efforts to improve lung cancer survival (2).

The advancement of large-scale gene sequencing technology has
led to an increasing availability of molecular-targeted therapies for
lung cancer. This technology, along with extensive array detection,
has significantly enhanced the understanding of the mechanisms
underlying lung cancer metastasis and recurrence. Previous studies
have shown a correlation between the metastatic load of lung cancer
and chromosomal instability (3), particularly increased copy number
instability in patients with brain metastases from lung cancer (4).
Moreover, studies have shown higher expression levels of
programmed death-ligand 1 (PD-L1), an immunotherapy marker
for lung cancer, in distant metastatic lesions than in primary lung
lesions (5). These findings prompted us to investigate the differences
between primary and metastatic lung cancer lesions.

This study aimed to perform a comparative analysis of DNA-level
mutations and PD-L1 expression levels in primary and metastatic
lesions derived from a single-center lung cancer cohort in Shandong,
China. Additionally, this study aimed to identify key genes associated
with survival to advance the clinical management of lung cancer.

2 Materials and methods

2.1 Patients

Following approval from the Ethics Committee of Shandong
Provincial Hospital, targeted sequencing and PD-L1 immunohistochemistry
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(THC) testing were conducted on surgical tissue samples obtained
from patients diagnosed with lung adenocarcinoma. The
requirement for informed consent was waived because the study
was a retrospective study that used leftover surgical specimens.
These tests were performed (6). Tumor tissue samples obtained
between April 2018 and February 2022 were selected for analysis,
and the medical and pathological records of patients were
thoroughly reviewed and the relevant data were extracted.

2.2 Targeted sequencing

Targeted sequencing was performed using to analyze all encoded
exons encompassing 450 genes, along with the TERT promoter and
introns of 39 genes, as described previously (6). The somatic changes
identified included mutations and copy number alterations.
Specifically, MuTect, Pindel, and EXCAVATOR were used to
determine single nucleotide variations (SNVs), insertions and
deletions (InDels), and copy number variations (CNVs),
respectively. In addition, internally developed algorithms were used
to screen for gene rearrangements. To ensure accuracy, all identified
variations underwent manual examination using the Integrative
Genomics Viewer to minimize potential errors.

2.3 PD-L1 test

PD-L1 expression scores were determined by thoracic
pathologists and reported as the percentage of tumor cells
exhibiting membranous staining. In this study, PD-L1 subgroups
were categorized as negative (PD-L1 tumor proportion score [TPS]
< 1%), moderate (1% < PD-L1 TPS < 49%), and high (PD-L1 TPS =
50%). PD-L1 immunohistochemistry (IHC) was performed using
28-2 or 22C3 antibodies.

2.4 Gene and pathway analysis
The analysis focused on assessing the distribution and

enrichment of individual genes within distinct subgroups by
investigating previously identified carcinogenic or potentially
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carcinogenic mutations. A gene pathway list was developed by
cross-referencing gene lists from the literature (5) with the
overlapping genes identified through the meta-tracking products.

2.5 Statistics

Comparisons between proportions were performed using
Fisher’s exact test or Pearson’s chi-squared test. Correlation
analysis was performed using the Spearman rho correlation
coefficient. Survival analysis was performed using Kaplan-Meier
curves, and the survival of different groups was compared using the
log-rank test. Two-sided P-values were reported. Statistical analysis
was performed using R version 3.3.3 (The R Foundation for
Statistical Computing, Vienna, Austria).

3 Results
3.1 Clinical features and PD-L1 expression

A total of 235 samples from 233 patients and corresponding
information on mutations and PD-L1 expression levels were
included. Two patients provided two samples, including one
patient with two primary foci with different EGFR mutations,
and one patient with concurrent primary and metastatic lesions.
Overall, 36% (84/235) of the samples exhibited PD-L1 expression
in tumor cells, including high PD-L1 expression (PD-L1 TPS >
50%) in 12.4% of samples and moderate expression (1% < PD-L1
TPS < 49%) in 23.3% of samples (Table 1). Stratification based on
PD-L1 expression did not differ significantly according to the age
of the patient (Table 1). However, higher PD-L1 expression was
more common in samples from male patients (18%) compared
with samples from female patients (8%). Furthermore, patients in
advanced and metastatic stages (stages III and IV) exhibited
significantly higher PD-L1 expression levels than those in early
stages (stages I and II) (P = 0.001, Table 1). The proportion of PD-

TABLE 1 clinical characteristics and PD-L1 expression statistics of patients.

PD-L1 expression

High (N = 29)

Intermediate (N = 54)

10.3389/fonc.2024.1393686

L1 positive expression in stage III patients was notably higher
(20.4%) than in patients with stage I (2.9%) and stage II (17.4%)
disease. In primary foci, samples with EGFR mutations had a
higher proportion of negative PD-L1 expression (43.7% vs. 19.8%)
and a lower proportion of high PD-L1 expression (5.6% vs. 8.1%)
than wild-type EGFR samples (P = 0.018). However, these
differences were not significant for metastatic lesions (P
0.054; Figure 1).

3.2 Comparison of high-
frequency mutations

In the primary lesions in this cohort, the five most frequent
mutations were in EGFR (62.2%), TP53 (50%), CDKN2A (12.2%),
ALK (10.2%), and KRAS (10.2%). Conversely, in metastatic lesions,
the five most frequent mutations were in TP53 (59%), EGFR
(53.8%), CDKN2A (20.5%), CDKN2B (15.4%), and ALK (12.8%).
Notably, except for the CDKN2B mutation, which was significantly
more prevalent in metastatic lesions (P < 0.001), the other mutation
frequencies did not differ significantly between primary and
metastatic lesions (Figure 2, Table 2).

3.3 Variations in carcinogenic pathways

Alterations in 12 gene pathways were compared in primary and
metastatic tumors (Figure 3, Table 3) revealed distinct variations.
Differences in specific carcinogenic pathways between primary and
metastatic tumors are shown in Figures 3A, B. Notably, the DNA
damage repair (DDR) pathway exhibited significantly greater

mutation frequency in metastatic lesions (79% vs. 63%, P
0.021). Compared with primary lesions, metastatic lesions
displayed a higher proportion of altered carcinogenic pathways
(Figure 3C, Table 3), particularly with NPA =3 (30.8%) and NPA >
4 (56.1%). Co-occurrence and mutual exclusivity analyses revealed
frequent associations of metastatic lesions with the HRR pathway

Negative (N = 150) P-value

Total 233 patients, 235 lesions No. (12.4%)

No. (23.2%)

No. (64.4%)

Age (median, range) 62 (26-76) 57 (32-79) 60 (24-81) 0.13
Gender
Female 10 29 90
Male 19 25 60 0.039
Stage
I (n=70) 2 11 57
I (n=23) 4 9 10
II (n=49) 10 15 24
IV (n=91) 13 19 59 0.001
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FIGURE 1
Distribution of PD-L1 expression in primary or metastatic foci, in EGFR mutation or wild-type background. In primary foci, EGFR mutant samples
expressed lower levels of PD-L1 compared to wild-type samples, but there was no significant difference in metastases.
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FIGURE 2
Profiling of Primary and Metastatic Lesions.
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TABLE 2 Comparison of mutation frequency differences of high-frequency mutation genes.

Mutation in Primary Mutation in Metastasis Wild-type in Primary Wild-type in Metastasis P value
EGFR 122 21 74 18 0.42
TP53 98 23 98 16 0.40
CDKN2A 24 8 172 31 026
ALK 20 5 176 34 0.84
KRAS 20 4 176 35 1
CDKN2B 4 6 192 33 <0.001

combined with the cell cycle pathway or mixed with the Notch or
Wnt pathways (Figure 3D).

3.4 Association between lesion subgroup
and tumor mutational burden

Although the median tumor mutational burden (TMB) of the
original lesion subgroup was slightly greater than that of the
metastatic lesion (4.5 mutations/Mb vs. 3.3 mutations/Mb),
(P = 0.429).this difference was not statistically significant.

3.5 Comparison of variation types

Although the number of tumors with SNVs was similar in
primary and metastatic lesions (98.5% vs. 100%, P > 0.99),

Primary

significant differences were noted in the prevalences of CNVs
(51% vs. 61.5%, P = 0.304) and fusion (23.5% vs. 33.3%, P
0.27); however, these differences were not statistically significant

(Figure 4A, Table 4). Specifically, significant differences were found
in CNVs of four genes: CDKN2A (homozygous deletion, 2.5% vs.
15.4%, P = 0.004), CDKN2B (homozygous deletion, 2% vs. 15.4%, P
= 0.008), FUS (amplification, 1% vs. 12.8%, P = 0.002), and PTK2
(amplification, 0.5% vs. 8.3%, P = 0.015) (Figure 4B, Table 5).

3.6 Public data analysis of lung cancer

Previous research has shown that metastatic lung cancer
frequently involves the homozygous deletion of CDKN2A. Using
The Cancer Proteome Atlas (TCPA) database, decreased CDKN2A
protein levels in lung adenocarcinoma were significantly associated
with survival survival (log-rank P = 0.036, not shown). To further
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Alterations in Carcinogenic Pathways. (A) Oncoprint displaying changes in oncogenic pathways based on lesion subtype, showcasing the progression
of pathway alterations by the number of pathways affected (NPA). (B) Frequency plot illustrating oncogenic pathway alterations concerning lesion
subtypes. (C) Frequency of NPA across lesion subtypes, darker tones indicating higher alteration frequencies. (D) Co-occurrence and mutual
exclusivity between oncogenic pathways, presented for all tumors and by lesion subtype.
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TABLE 3 Number of pathways altered (NPA) of different subgroups.

Subgroup NPA (number of pathways altered)

1 2 3 >=4
Primary 1% 17.8% 13.8% 17.9% | 49.5%
Metastasis 0 2.6% 10.3% 30.8% 56.4%

analyze the effects of CDKN2A, homozygous deletion changes in
lung cancer cells were analyzed. This study examined lung cancer
studies at the Memorial Sloan Kettering Cancer Center (MSKCC)
using TCGA database (5, 7-13); thoracic PDX (MSK, Professional;
https://www.cbioportal.org/study?id=lung_msk_pdx); and Lung
Adenocarcinoma (MSKCC, Science 2015; https://www.cbioportal.
org/study?id=luad_mskcc_2015).

Data were analyzed on 2532 cases of lung adenocarcinoma with
information on CDKN2A expression, staging, and survival. Survival
analysis revealed that in patients with stage I lung adenocarcinoma,
those who lacked CDKN2A expression had worse overall survival
compared with those with normal CDKN2A expression (median
86.63 months vs. not reached, P = 0.008; Figure 5A). However, this
difference was not statistically significant in patients with stage II
(median not reached vs. 106.4 months, P = 0.37; Figure 5B) or stage
III (median not reached vs. 39.45 months, P = 0.464; Figure 5C)
lung adenocarcinoma. In patients with stage IV lung
adenocarcinoma, those who lacked CDKN2A expression in the
primary tumor had longer overall survival than patients with
normal CDKN2A expression (median 37.35 months vs. 23.61
months), but the difference was not significant (P = 0.119;
Figure 5D). In patients with stage IV lung adenocarcinoma
metastases, those with CDKN2A deletions had a poor prognosis
(median 45.67 months vs. not reached), but the difference was not
significant (P = 0.12; Figure 5E). Lastly, in patients with stage IV
lung adenocarcinoma, those with CDKN2A deletions in the
primary focus had shorter overall survival than those with
CDKN2A deletions in the metastatic focus (median 37.35 months
vs. 45.67), but the difference was not statistically significant (P =
0.838; Figure 5F).

10.3389/fonc.2024.1393686

3.7 Tumor sampling characteristics and
PD-L1 expression

The distribution of PD-L1 expression varied according to the
anatomical location (Figure 6). Samples from the chest wall and
pleura showed no notable increase in PD-L1 expression compared
with lung samples. Samples from lymph nodes were more likely to
have high PD-L1 expression (17.5% vs. 11%). Notably, the liver,
brain, bone, and other metastatic locations displayed the highest
percentage (33.3%) of PD-L1 positive expression in this study.

3.8 Correlation between tumor mutational
burden and PD-L1 expression

The continuous variables TMB and PD-L1 expression were
moderately correlated. When categorized, PD-L1 high was more
prevalent in TMB intermediate and TMB high samples than in
TMB low samples (Figure 7).

4 Discussion

Highly prevalent mutations in genes such as EGFR, KRAS, and
ALK contribute substantially to lung adenocarcinoma and are
pivotal for recommending targeted therapies (14, 15). PD-L1
expression is a crucial marker for lung cancer immunotherapy
(16, 17). Notably, although KRAS mutations often indicate a
heightened response to immunotherapy, this advantage is
commonly counterbalanced by additional TP53 mutations (18).
Notably, patients with wild-type KRAS and TP53 who received
adjuvant chemotherapy at any stage demonstrated prolonged
overall survival (OS) compared with those with single or double
TP53 or KRAS mutations (19). These intricate mutation factors
profoundly affect survival, necessitating personalized selection of
therapy to optimize prognosis. In this extensive study, we
performed a comparison of gene mutations and PD-LI
expression levels in samples from patients with primary and
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TABLE 4 Comparison of variation types of different subgroups.

subgroup Variant Sum Freq p-value
number number

Primary CNV 100 196 51 0.304

Metastasis CNV 24 39 61.5 0.304

Primary SNV 193 196 98.5 1

Metastasis SNV 39 39 100 1

Primary FUS 46 196 235 0.27

Metastasis FUS 13 39 333 0.27

TABLE 5 Key CNV genes of primary and metastatic subgroups.

CDKN2A CDKN2B FUS PTK2

Primary ‘ 2.5% ‘ 2% 1% 0.5%
Metastasis ‘ 15.4% ‘ 15.4% 12.8% 8.3%
P-value ‘ 0.0036 ‘ 0.008 0.0016 0.0151

metastatic lung adenocarcinoma treated at Shandong Provincial
Hospital in China.

Currently, PD-L1-based immunotherapy has evolved from
being the primary treatment for metastatic disease to being used
as a neoadjuvant therapy for patients with early-stage disease (20).

10.3389/fonc.2024.1393686

Notably, among patients with stage III disease in our cohort, a
higher proportion exhibited elevated PD-L1 expression, suggesting
the potential for adopting neoadjuvant immunotherapy strategies to
achieve tumor regression and enable subsequent surgical
eradication. Moreover, leveraging genetic mutation data from the
primary lesion can mitigate risk factors and augment the
effectiveness of neoadjuvant immunotherapy. These patients
might benefit from CDK4 inhibitors because of lowered
CDKN2A/CDKN2B levels, which enhance CDK4/cyclin D activity.

In this cohort, metastatic lesions exhibited a higher prevalence
of changes within the carcinogenic pathways compared with
primary lesions. Specifically, the frequency of mutations in the
DDR pathway within the metastatic lesions was notably elevated.
Previous studies have shown that increased alterations in the DDR
pathway augment the effectiveness of immunotherapy, often
resulting in increased TMB and extended OS (21). Consequently,
concurrent alteration of the DDR pathway, along with a higher PD-
L1 expression rate, holds promise for enhancing the effectiveness of
immunotherapy in patients with metastatic lesions. Moreover, in
metastatic lesions, the HRR gene pathway frequently occurs with
the cell cycle pathway or with alterations in the Notch or Wnt
pathways. This suggests that metastatic sites tend to rely more on
changes in the DDR or HRR pathways to induce genomic
instability. Notably, metastatic lung cancer lesions have a higher
degree of genomic instability than the primary lung lesion,
consistent with the findings of a previous study (3).
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FIGURE 5

Survival analysis of lung cancer based on different stage and CDKN2A expression. (A) Survival analysis of stage | lung adenocarcinoma based on
CDKN2A expression. (B) Survival analysis of stage Il lung adenocarcinoma based on CDKN2A expression. (C) Survival analysis of stage Il lung
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adenocarcinoma based on the site of CDKN2A deletions.
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Previous research has highlighted that lung cancer metastasis is
not strongly linked to SNV, but is more strongly associated with
chromosome instability (3). This instability results from a
deficiency in DNA repair enzymes, often leading to chromosome
breakage, deletion, or rearrangement (22). In our study, we found a
significantly higher incidence of CNV and fusion in metastatic
lesions, in contrast with the lower CNV levels observed in primary
lesions. Lower CNV levels have previously been shown to be
associated with extended progression-free survival in patients
with lung adenocarcinoma undergoing radiotherapy (23).
Similarly, among patients with advanced non-small cell lung
cancer (NSCLC) treated with anti-PD-L1 therapy, those with
sustained clinical benefits have lower CNV levels than those
without persistent benefits (24). Hence, patients with primary
lung cancer with low CNV levels may benefit from chemotherapy
and immunotherapy.

This study revealed a substantial increase in the number of copy
number deletions of CDKN2A and CDKN2B in metastatic lesions.
These genes are located adjacently on chromosome 9. Specifically,
compared with primary tumors, metastatic lung cancer displayed a
higher absence of CDKN2A. CDKN2A inactivation is common in
lung cancer, caused by homozygous deletion, promoter region
methylation, or point mutations (25). The homozygous deletion
form of CDKN2A is common in patients with lung
adenocarcinoma, with a prevalence of 22% in Chinese population;

10.3389/fonc.2024.1393686

TCGA data of people of European descent shows a mutation
frequency of 15%; whereas Korean data shows only a 4%
prevalence of CDKN2A mutations (26). In patients with stage I-
III lung cancer, CDKN2A deletion has been linked to poorer
disease-free survival (27). Additionally, a significant loss of
CDKN2A copy number, ranging from 27% to 28%, has been
observed in patients with lung cancer with brain metastasis (4, 28).

The lung cancer data retrieved from the TCPA database showed
that lower expression levels of p16/CDKN2A protein was associated
with poorer OS. Additionally, insights gleaned from MSK data
within the TCGA database revealed that in patients with stage I lung
cancer, the loss of CDKN2A copy numbers was associated with
poor OS. Genomic changes in CDKNZ2A in early NSCLC are
associated with recurrence. Previous studies have also shown that
the co-occurrence of p16/CDKN2A homozygous deletion and
activated EGFR mutation in patients with lung adenocarcinoma
results in decreased responsiveness to EGFR-TKIs (29, 30). Hence,
it is important to diagnose and treat lung cancer early in individuals
with homozygous deletion of CDKN2A.

This study showed a moderate positive correlation between
TMB and the level of PD-L1 expression. Previous studies have
shown that higher TMB levels are correlated with increased
immune cell infiltration and a robust T-cell-mediated
inflammatory response, thereby enhancing the sensitivity of the
PD-L1 expression subgroup to PD-L1/PD-1 immune blockade.
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Comparison of Tumor Mutational Burden (TMB) and PD-L1 Expression. Comparison of TMB and PD-L1 expression represented as both continuous
variables (above; dots representing individual tumor samples; Spearman rho=0.18, p=0.0063) and categorical variables (below; donut plots showing
the proportion of patients with PD-L1 high [green] within TMB subgroups [TMB low < 10 muts/mb, TMB intermediate > 10 muts/mb and < 20 muts/

mb, TMB high > 20 muts/mbl).

Consequently, for patients with metastases, positive PD-L1
expression coupled with higher TMB levels suggests a potentially
more favorable response to PD-L1 blocking immunotherapy.

This study revealed elevated PD-L1 expression in patients with
lymph node metastases, which is consistent with the findings of
previous studies and has been shown to be associated with poorer
prognosis (5). Consequently, increased attention to the clinical
follow-up of patients with lymph node metastases is warranted,
and further evaluation of the effect of targeted treatment in patients
with lymph node metastases is required.

This study contributes to documenting the differences in gene
mutations between primary and metastatic lung adenocarcinoma in
Shandong Province, China. Building on this foundation, we
propose enhancing the clinical management and post-treatment
monitoring of patients with CDKN2A homozygous deletions,

Frontiers in Oncology

particularly those with metastases. However, our findings are
constrained by the limited sample size. Further studies of larger
clinical cohorts are needed to provide a more comprehensive
analysis, deepening our understanding of molecular prognostic
markers in patients with lung cancer with distant metastases. The
findings of this study are consistent with those of previous studies
on NSCLC, and provide additional insights.

5 Conclusion

This study investigated the PD-L1 expression levels and gene
variants in patients with primary and metastatic lung adenocarcinoma
in Shandong Province, China. These results provide valuable insights
into real-world clinical data on lung cancer.

frontiersin.org


https://doi.org/10.3389/fonc.2024.1393686
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Chen et al.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethics
Committee of Provincial Hospital Affiliated to Shandong First
Medical University (SWYX : NO.2023-411). The studies were
conducted in accordance with the local legislation and
institutional requirements. The ethics committee/institutional
review board waived the requirement of written informed consent
for participation from the participants or the participants’ legal
guardians/next of kin because The data of this study are based on
pathological specimens.

Author contributions

GC: Conceptualization, Investigation, Methodology, Project
administration, Resources, Writing — original draft, Writing -
review & editing. YY: Investigation, Methodology, Project
administration, Writing - original draft, Writing - review &
editing. YQ: Formal Analysis, Methodology, Software, Writing -
original draft, Writing - review & editing. GL: Conceptualization,
Formal Analysis, Investigation, Methodology, Project administration,
Software, Writing - original draft, Writing - review & editing. NL:
Data curation, Formal Analysis, Investigation, Methodology, Writing
- original draft, Writing - review & editing. FM: Conceptualization,
Investigation, Methodology, Project administration, Writing -

References

1. Zhou M, Wang H, Zeng X, Yin P, Zhu J, Chen W, et al. Mortality, morbidity, and
risk factors in China and its provinces, 1990-2017: a systematic analysis for the Global
Burden of Disease Study 2017. Lancet (London England). (2019) 394:1145-58.
doi: 10.1016/S0140-6736(19)30427-1

2. Jiang F, Fu ZT, Lu ZL, Chu J, Guo XL, Xu A. Cancer survival during 2012-2018 in
cancer registries of Shandong Province. Zhonghua yu fang yi xue za zhi. (2022) 56:806-14.
doi: 10.3760/cma.j.cn112150-20210910-00882

3. Nguyen B, Fong C, Luthra A, Smith SA, DiNatale RG, Nandakumar S, et al.
Genomic characterization of metastatic patterns from prospective clinical sequencing
of 25,000 patients. Cell. (2022) 185:563-75.e11. doi: 10.1016/j.cell.2022.01.003

4. Shih DJH, Nayyar N, Bihun I, Dagogo-Jack I, Gill CM, Aquilanti E, et al. Genomic
characterization of human brain metastases identifies drivers of metastatic lung
adenocarcinoma. Nat Genet. (2020) 52:371-7. doi: 10.1038/s41588-020-0592-7

5. Schoenfeld AJ, Rizvi H, Bandlamudi C, Sauter JL, Travis WD, Rekhtman N, et al.
Clinical and molecular correlates of PD-L1 expression in patients with lung
adenocarcinomas. Ann oncology: Off J Eur Soc Med Oncol. (2020) 31:599-608.
doi: 10.1016/j.annonc.2020.01.065

6. Wu L, Yao H, Chen H, Wang A, Guo K, Gou W, et al. Landscape of somatic
alterations in large-scale solid tumors from an Asian population. Nat Commun. (2022)
13:4264. doi: 10.1038/s41467-022-31780-9

7. Hellmann MD, Nathanson T, Rizvi H, Creelan BC, Sanchez-Vega F, Ahuja A,
et al. Genomic features of response to combination immunotherapy in patients with
advanced non-small-cell lung cancer. Cancer Cell. (2018) 33:843-52.e4. doi: 10.1016/
j.ccell2018.03.018

8. Rizvi NA, Hellmann MD, Snyder A, Kvistborg P, Makarov V, Havel J], et al.
Cancer immunology. Mutational landscape determines sensitivity to PD-1 blockade in

Frontiers in Oncology

10

10.3389/fonc.2024.1393686

original draft, Writing - review & editing. RS: Conceptualization,
Funding acquisition, Investigation, Methodology, Supervision,
Writing - original draft, Writing - review & editing. WW:
Conceptualization, Data curation, Investigation, Methodology,
Visualization, Writing - original draft, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work is
supported by the Cross-cultivation Project of the Second Hospital
of Shandong University (grant number 2023]X14). This work is also
supported by the Natural Science Foundation of Shandong Province
ZR2020MH275 and ZR2020MH091.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

non-small cell lung cancer. Sci (New York NY). (2015) 348:124-8. doi: 10.1126/
science.aaal348

9. Rizvi H, Sanchez-Vega F, La K, Chatila W, Jonsson P, Halpenny D, et al.
Molecular determinants of response to anti-programmed cell death (PD)-1 and anti-
programmed death-ligand 1 (PD-L1) blockade in patients with non-small-cell lung
cancer profiled with targeted next-generation sequencing. J Clin oncology: Off ] Am Soc
Clin Oncol. (2018) 36:633-41. doi: 10.1200/JCO.2017.75.3384

10. Caso R, Sanchez-Vega F, Tan KS, Mastrogiacomo B, Zhou J, Jones GD, et al. The
underlying tumor genomics of predominant histologic subtypes in lung
adenocarcinoma. | Thorac oncology: Off Publ Int Assoc Study Lung Cancer. (2020)
15:1844-56. doi: 10.1016/j.jtho.2020.08.005

11. Caso R, Connolly JG, Zhou J, Tan KS, Choi JJ, Jones GD, et al. Preoperative
clinical and tumor genomic features associated with pathologic lymph node metastasis
in clinical stage I and II lung adenocarcinoma. NPJ Precis Oncol. (2021) 5:70.
doi: 10.1038/s41698-021-00210-2

12. Jordan EJ, Kim HR, Arcila ME, Barron D, Chakravarty D, Gao J, et al.
Prospective comprehensive molecular characterization of lung adenocarcinomas for
efficient patient matching to approved and emerging therapies. Cancer discovery.
(2017) 7:596-609. doi: 10.1158/2159-8290.CD-16-1337

13. Lengel HB, Mastrogiacomo B, Connolly JG, Tan KS, Liu Y, Fick CN, et al.
Genomic mapping of metastatic organotropism in lung adenocarcinoma. Cancer Cell.
(2023) 41:970-985.€3. doi: 10.1016/j.ccell.2023.03.018

14. Jiang H, Li Y, Wang Y, Zou B, Chen Y, Zhang Y, et al. Efficacy of immune
checkpoint inhibitors in advanced non-small cell lung cancer patients with rare KRAS
mutations: a real-world retrospective study. Transl Lung Cancer Res. (2024) 13:1672-
84. doi: 10.21037/tlcr

frontiersin.org


https://doi.org/10.1016/S0140-6736(19)30427-1
https://doi.org/10.3760/cma.j.cn112150-20210910-00882
https://doi.org/10.1016/j.cell.2022.01.003
https://doi.org/10.1038/s41588-020-0592-7
https://doi.org/10.1016/j.annonc.2020.01.065
https://doi.org/10.1038/s41467-022-31780-9
https://doi.org/10.1016/j.ccell.2018.03.018
https://doi.org/10.1016/j.ccell.2018.03.018
https://doi.org/10.1126/science.aaa1348
https://doi.org/10.1126/science.aaa1348
https://doi.org/10.1200/JCO.2017.75.3384
https://doi.org/10.1016/j.jtho.2020.08.005
https://doi.org/10.1038/s41698-021-00210-2
https://doi.org/10.1158/2159-8290.CD-16-1337
https://doi.org/10.1016/j.ccell.2023.03.018
https://doi.org/10.21037/tlcr
https://doi.org/10.3389/fonc.2024.1393686
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Chen et al.

15. Wang X, Meng X, Cai G, Jin P, Bai M, Fu Y, et al. Survival outcomes of targeted
and immune consolidation therapies in locally advanced unresectable lung
adenocarcinoma. Int Immunopharmacol. (2024) 129:111684. doi: 10.1016/
jintimp.2024.111684

16. Paz-Ares L, Garassino MC, Chen Y, Reinmuth N, Hotta K, Poltoratskiy A, et al.
Durvalumab + Tremelimumab + Platinum-etoposide in extensive-stage small cell lung
cancer (CASPIAN): outcomes by PD-L1 expression and tissue tumor mutational
burden. Clin Cancer Res. (2024) 30:824-35. doi: 10.1158/1078-0432.CCR-23-1689

17. Ricciuti B, Lamberti G, Puchala SR, Mahadevan NR, Lin JR, Alessi JV, et al.
Genomic and immunophenotypic landscape of acquired resistance to PD-(L)1
blockade in non-small-cell lung cancer. J Clin Oncol. (2024) 42:1311-21.
doi: 10.1200/JC0O.23.00580

18. Torralvo J, Friedlaender A, Achard V, Addeo A. The activity of immune
checkpoint inhibition in KRAS mutated non-small cell lung cancer: A single centre
experience. Cancer Genomics proteomics. (2019) 16:577-82. doi: 10.21873/
cgp.20160

19. Tomasini P, Mascaux C, Jao K, Labbe C, Kamel-Reid S, Stockley T, et al. Effect of
coexisting KRAS and TP53 mutations in patients treated with chemotherapy for non-
small-cell lung cancer. Clin Lung cancer. (2019) 20:e338-e45. doi: 10.1016/
j.cllc.2018.12.009

20. Forde PM, Chaft JE, Smith KN, Anagnostou V, Cottrell TR, Hellmann MD, et al.
Neoadjuvant PD-1 blockade in resectable lung cancer. New Engl ] Med. (2018)
378:1976-86. doi: 10.1056/NEJMoal716078

21. Zhang H, Deng YM, Chen ZC, Tang YC, Yang S, Zhang SD, et al. Clinical
significance of tumor mutation burden and DNA damage repair in advanced stage
non-small cell lung cancer patients. Eur Rev Med Pharmacol Sci. (2020) 24:7664-72.
doi: 10.26355/eurrev_202007_22267

22. Kou F, Wu L, Ren X, Yang L. Chromosome abnormalities: new insights into
their clinical significance in cancer. Mol Ther oncolytics. (2020) 17:562-70.
doi: 10.1016/j.0mt0.2020.05.010

Frontiers in Oncology

11

10.3389/fonc.2024.1393686

23. Kou F, Wu L, Guo Y, Zhang B, Li B, Huang Z, et al. Somatic copy number
alterations are predictive of progression-free survival in patients with lung
adenocarcinoma undergoing radiotherapy. Cancer Biol Med. (2021) 19:685-95.
doi: 10.20892/j.issn.2095-3941.2020.0728

24. Kim HS, Cha H, Kim J, Park WY, Choi YL, Sun JM, et al. Genomic scoring to
determine clinical benefit of immunotherapy by targeted sequencing. Eur | Cancer
(Oxford England: 1990). (2019) 120:65-74. doi: 10.1016/j.ejca.2019.08.001

25. Tam KW, Zhang W, Soh J, Stastny V, Chen M, Sun H, et al. CDKN2A/pl6
inactivation mechanisms and their relationship to smoke exposure and molecular
features in non-small-cell lung cancer. J Thorac oncology: Off Publ Int Assoc Study Lung
Cancer. (2013) 8:1378-88. doi: 10.1097/JTO.0b013e3182a46c0c

26. Shen H, Zhu M, Wang C. Precision oncology of lung cancer: genetic and
genomic differences in Chinese population. NPJ Precis Oncol. (2019) 3:14. doi: 10.1038/
541698-019-0086-1

27. Rotolo F, Zhu CQ, Brambilla E, Graziano SL, Olaussen K, Le-Chevalier T, et al.
Genome-wide copy number analyses of samples from LACE-Bio project identify novel
prognostic and predictive markers in early stage non-small cell lung cancer. Trans Lung
Cancer Res. (2018) 7:416-27. doi: 10.21037/tlcr

28. Deng Z, Cui L, Li P, Ren N, Zhong Z, Tang Z, et al. Genomic comparison
between cerebrospinal fluid and primary tumor revealed the genetic events associated
with brain metastasis in lung adenocarcinoma. Cell Death disease. (2021) 12:935.
doi: 10.1038/s41419-021-04223-4

29. Jiang J, Gu Y, Liu J, Wu R, Fu L, Zhao J, et al. Coexistence of p16/CDKN2A
homozygous deletions and activating EGFR mutations in lung adenocarcinoma
patients signifies a poor response to EGFR-TKIs. Lung Cancer (Amsterdam
Netherlands). (2016) 102:101-7. doi: 10.1016/j.lungcan.2016.10.015

30. Chang SC, Lai YC, Chang CY, Huang LK, Chen SJ, Tan KT, et al. Concomitant
genetic alterations are associated with worse clinical outcome in EGFR mutant NSCLC
patients treated with tyrosine kinase inhibitors. Trans Oncol. (2019) 12:1425-31.
doi: 10.1016/j.tranon.2019.07.008

frontiersin.org


https://doi.org/10.1016/j.intimp.2024.111684
https://doi.org/10.1016/j.intimp.2024.111684
https://doi.org/10.1158/1078-0432.CCR-23-1689
https://doi.org/10.1200/JCO.23.00580
https://doi.org/10.21873/cgp.20160
https://doi.org/10.21873/cgp.20160
https://doi.org/10.1016/j.cllc.2018.12.009
https://doi.org/10.1016/j.cllc.2018.12.009
https://doi.org/10.1056/NEJMoa1716078
https://doi.org/10.26355/eurrev_202007_22267
https://doi.org/10.1016/j.omto.2020.05.010
https://doi.org/10.20892/j.issn.2095-3941.2020.0728
https://doi.org/10.1016/j.ejca.2019.08.001
https://doi.org/10.1097/JTO.0b013e3182a46c0c
https://doi.org/10.1038/s41698-019-0086-1
https://doi.org/10.1038/s41698-019-0086-1
https://doi.org/10.21037/tlcr
https://doi.org/10.1038/s41419-021-04223-4
https://doi.org/10.1016/j.lungcan.2016.10.015
https://doi.org/10.1016/j.tranon.2019.07.008
https://doi.org/10.3389/fonc.2024.1393686
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Comparative analysis of PD-L1 expression and molecular alterations in primary versus metastatic lung adenocarcinoma: a real-world study in China
	1 Introduction
	2 Materials and methods
	2.1 Patients
	2.2 Targeted sequencing
	2.3 PD-L1 test
	2.4 Gene and pathway analysis
	2.5 Statistics

	3 Results
	3.1 Clinical features and PD-L1 expression
	3.2 Comparison of high-frequency mutations
	3.3 Variations in carcinogenic pathways
	3.4 Association between lesion subgroup and tumor mutational burden
	3.5 Comparison of variation types
	3.6 Public data analysis of lung cancer
	3.7 Tumor sampling characteristics and PD-L1 expression
	3.8 Correlation between tumor mutational burden and PD-L1 expression

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


