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Abstract. Immune checkpoint inhibitors (ICIs) combined 
with platinum‑containing chemotherapy are recommended 
as the standard first‑line treatment for non‑small cell lung 
cancer (NSCLC). However, specific prognostic markers for 
this combination therapy are yet to be identified. Evaluation of 
circulating tumor cells (CTCs) and cell surface programmed 
death‑ligand 1 (PD‑L1) exhibits potential in predicting the 
efficacy of the aforementioned combination therapy. Thus, the 
present study aimed to evaluate the prognostic value of CTC 
PD‑L1 testing and other clinical characteristics in patients 
with NSCLC treated with combination therapy as first‑line 
treatment. In total, 40 patients with advanced NSCLC were 
included in the present study, and all patients underwent CTC 
PD‑L1 testing at initial diagnosis to determine the association 
between CTC PD‑L1 and tissue PD‑L1. The prognostic value 
of CTC PD‑L1 and the baseline characteristics of 26 patients 
with NSCLC were analyzed, and the prognostic values of 
changes in CTC PD‑L1 and baseline characteristics during 
6 months of treatment were further explored. Results of the 
present study demonstrated that there was no association 
between CTC PD‑L1 and tissue PD‑L1 levels. After 6 months 
of combination therapy, tumor shrinkage, CYFA19 levels and 
treatment maintenance were associated with progression‑free 
survival (PFS) of patients. Notably, CTC PD‑L1 and tissue 
PD‑L1 levels, TNM stage, nutritional score, inflammation 
score and other blood indicators were not associated with 
PFS. In conclusion, the evaluation of CTCs and CTC PD‑L1 

suggested that undetectable CTCs at 6 months of NSCLC 
treatment are associated with a good prognosis. In addition, 
negative CTC PD‑L1 expression may change to positive CTC 
PD‑L1 expression in line with disease progression, and this 
may be indicative of poor prognosis.

Introduction

Lung cancer remains the leading cause of cancer‑related 
death. In 2022, the number of patients with cancer in China 
and in the United States was 4,820,000 and 2,370,000, respec‑
tively, and the number of cancer‑related deaths was 3,210,000 
and 609,360 respectively (1). A survey conducted by The 
American Cancer Society revealed that the incidence of lung 
cancer decreased between 2009 and 2018, with 3 and 1% of 
males and females affected every year, respectively. Notably, 
the incidence of lung cancer is declining in females, and lung 
cancer occurs in the younger generation due to the increased 
incidence of smoking (2). In clinical practice, small molecule 
inhibitors, such as anaplastic lymphoma kinase tyrosine 
kinase inhibitors and immune checkpoint inhibitors (ICIs), 
such as anti‑programmed death‑1 (PD‑1)/PD‑ligand 1 (PD‑L1) 
antibodies are used in the treatment of lung cancer, with the 
median survival rate of patients with lung cancer increasing 
from 8.9 to 12.6 months (3). In addition, results of a previous 
study (4) demonstrated that ICIs in combination with plat‑
inum‑containing chemotherapy are effective in prolonging the 
overall survival (OS) of patients with advanced lung cancer, 
and are recommended by relevant guidelines (5) as a standard 
first‑line treatment option for non‑small cell lung cancer 
(NSCLC). However, monitoring the efficacy of treatment and 
prognosis during combination therapy remains challenging.

Circulating tumor cells (CTCs) derived from tumor in 
situ or metastatic lesions (6) are more representative of tumor 
heterogeneity than tissue biopsy, and these can be monitored 
at different stages of treatment. Notably, the value of CTCs 
in treatment monitoring is progressing. PD‑L1 levels may be 
monitored in the clinic to determine the efficacy of NSCLC 
treatment using ICIs (7). At present, PD‑L1 testing is performed 
using immunohistochemistry (IHC); however, results may be 
impacted by tumor heterogeneity. Thus, CTC PD‑L1 testing 
is increasingly considered to be more accurate in reflecting 
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real‑time cancer progression in patients. Chen et al (8) 
revealed a 57% concordance rate between the two methods by 
performing PD‑L1 tissue and CTC PD‑L1 testing separately 
in patients with NSCLC; however, positive PD‑L1 expression 
was detected using a CTC assay. In addition, Yue et al (9) 
used CTC PD‑L1 testing to assess the efficacy of IBI308, a 
PD‑1 inhibitor, for the treatment of gastric cancer. The results 
demonstrated that changes in CTC PD‑L1 levels, and the 
high/moderate expression of CTCs were notably associated 
with disease progression. In addition, CTC PD‑L1 levels at 
baseline exhibited potential in predicting the progression‑free 
survival (PFS) of patients.

The novel CTC detection device, CytoBot, uses a dual phys‑
ical and immunological capture mechanism (10). Notably, the 
efficacy of CytoBot is yet to be fully elucidated. In a previous 
study, CytoBot was used to detect CTCs in patients with 
advanced lung cancer, and the potential association between 
CTCs and other blood markers such as carcinoembryonic 
antigen (CEa) 211 and lymphocytes, was determined. Thus, 
the effectiveness of CytoBot has been initially validated (11). 
In the present study, the functionality of CytoBot was further 
determined through CTC PD‑L1 detection, and the results 
were compared with tissue biopsies. In addition, the prognostic 
value of CTCs, CTC PD‑L1, tissue PD‑L1 expression levels, 
TNM stage, prognostic nutritional index (PNI), systemic 
inflammatory score (SIS) and tumor shrinkage at 6 months of 
treatment with ICIs in combination with platinum‑containing 
chemotherapy were determined, and the prognostic values of 
changes in PNI and SIS were determined. The present study 
also aimed to determine the association between PFS and 
changes in CTC, CTC PD‑L1 and baseline characteristics 
during treatment, and to determine the feasibility of clinical 
applications.

Materials and methods

Patients. In total, 40 male patients diagnosed with advanced 
lung cancer at Army Medical Center of PLA (Chongqing 
Daping Hospital) from May 2021 to July 2022 were enrolled 
in the present study. Based on clinical guidelines, patients that 
are driver gene‑positive prefer targeted therapy (4); mutations 
in a panel of driver genes consisting of EgFR, ALK, ROS1, 
RET, KRAS, BRAF, HER2, NRAS and MET were investi‑
gated using aRMS/reverse transcription‑PCR (Human Lung 
Cancer Multi‑gene Assay Kit; Amoy Diagnostics Co., Ltd.) 
carried out in the Department of Pathology, Daping Hospital, 
Army Medical Center of PLA. Immunotherapy is not used 
as a first‑line treatment. Asian females notably exhibit more 
driver gene‑positive lung adenocarcinomas than males (12). 
In the present study, 16 adenocarcinomas and 24 squamous 
carcinomas were identified using histological analysis 
(Table I). The inclusion criteria were as follows: i) Confirmed 
advanced lung cancer; ii) no relevant treatment; iii) previous 
tissue PD‑L1 puncture test; iv) complete patient information, 
including computed tomography (CT) images; and v) patient 
consent to participate in the study. Patients were excluded 
from the present study for the following reasons: i) History 
of previous lung cancer or immunosuppression; ii) pres‑
ence of other cancers; iii) previous surgical resection; and 
iv) incomplete patient information.

In addition, the efficacy of ICIs with platinum‑containing 
chemotherapy during first‑line treatment for advanced squa‑
mous lung cancer or driver‑negative lung adenocarcinoma 
was assessed in 26 patients (Fig. S1). The potential associa‑
tion between PFS and baseline patient characteristics, blood 
markers [platelets (PTLs), SIS, red blood cell distribution width 
(RDW), neutrophils, hemoglobin (HB), neutrophil‑to‑lympho‑
cyte ratio (NLR), lymphocyte‑to‑mononuclear ratio (LMR), 
white blood cell (WBC), CEA, cytokeratin 19 (CTFRA‑19), 
PNI], CTCs, CTC PD‑L1 and tissue PD‑L1 expression levels, 
tumor shrinkage at 6 months and inflammatory changes and 
maintenance therapy were also determined.

The present study adhered to the Declaration of Helsinki 
and approval was obtained from the Ethics Committee of the 
Army Medical Center of PLA (Chongqing Daping Hospital, 
Chongqing, China; approval no. 2020209). All patients 
provided written informed consent. 

Mutation tests of driver genes. Mutant gene Detection Kits 
(fluorescent PCR method) were used (AmoyDx), and this 
detection is based on the aDx‑aRMS method. aDx‑aRMS 
aims to design specific mutation detection primers for these 
sites. 

For this test, formalin fixation and paraffin embedding 
(FFPE) samples were used (range, 5‑10 µm). FFPE samples 
were first deparaffinized: FFPE samples were taken into 15‑ml 
centrifuge tubes, 1 ml of xylene (cat. no. 534056, Sigma‑Aldrich; 
Merck KgaA) was added, the sample was mixed for 10 sec and 
then centrifuged for 2 min at room temperature at 13,000 x g, 
and the supernatant was removed. A total of 1 ml of anhydrous 
ethanol (cat. no. 362808; Sigma‑Aldrich; Merck KgaA) was 
added, the sample was mixed for 10 sec and then the super‑
natant was removed. The sample was left at room temperature 
for 10 min to allow the ethanol to fully evaporate. TRIzol® 
(cat. no. 15596026; Invitrogen; Thermo Fisher Scientific, Inc.) 
was added and mixed for 5 min, chloroform was then added 
and centrifuged at 4˚C and 12,000 x g for 15 min. Isopropanol 
(0.5 ml; cat. no. 563935; Sigma‑Aldrich; Merck KgaA) was 
added, mixed at room temperature for 10 min and centrifuged 
at 4˚C and 12,000 x g for 10 min; following centrifugation, 
the supernatant was discarded. A total of 1 ml of 75% ethanol 
(cat. no. 362808; Sigma‑Aldrich; Merck KgaA) was added, 
gently washing the precipitate at 4˚C and 7,500 x g for 5 min, 
followed by discarding the supernatant. A total of 45 µl RNA 
sample was used and 5 µl enzyme mixture (hot start enzyme, 
reverse transcriptase and uracil glycosylase, was added; the 
reaction was vortexed and mixed for 15 sec. A total of 10 µl 
mixture was added in the PCR system (primers, probes, 
magnesium ions, dNTPs), and rapidly mixed for 15 sec. PCR 
amplification was carried out using a Stratagene Mx3000PM 
(Agilent Technologies, Inc.): Stage 1: 42˚C for 5 min, 95˚C for 
5 min (one cycle); stage 2: 42˚C for 5 min, 95˚C for 5 min; 
stage 3: 42˚C for 5 min, 95˚C for 5 min; stage 4: 42˚C for 
5 min, 95˚C for 5 min. Stage 1: 42˚C for 5 min, 95˚C for 5 min 
(one cycle); stage 2: 95˚C for 25 sec, 64˚C for 20 sec, 72˚C for 
20 sec (10 cycles); stage 3: 93˚C for 25 sec, 60˚C for 35 sec, 
72˚C for 20 sec (36 cycles). If the 2‑ΔΔCq value of the carboxy‑
fluorescein signal was <35, the sample contained a gene fusion 
(i.e. mutation‑positive), and conversely, it did not contain a 
gene fusion (13).
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CTC and CTC PD‑L1 measurements. Prior to the CTC test, 
4 ml peripheral blood was obtained from patients using an 
EDTa blood collection tube with anticoagulants. The sample 
was stored at 4˚C for <8 h prior to the test.

The CTC test was performed using the CytoBot kit 
(cat. no. H1000; Holosensor Medical Ltd.), according to the manu‑
facturer's instructions. Briefly, blood samples were diluted 1:1 with 
PBS (pH 7.0). Subsequently, lymphocytes and tumor cells were 
separated from the blood using a density gradient separation solu‑
tion, and the obtained cell precipitate was resuspended in 300 µl 
PBS (pH 7.0). The final cell suspension was added to the cell sepa‑
rator, and the CTC assay program was selected on the CytoBot 
to initiate the test. The 30‑min procedure included CTC isolation, 
capture and immunofluorescent staining of the nuclei using DAPI 
(cat. no. D9542; Sigma‑Aldrich; Merck KgaA), staining of the 
lymphocyte marker CD45 (cat. no. 304001; BioLegend, Inc.) and 
staining of epithelial markers using panCK (cat. no. ab215838; 
Abcam). At the end of the procedure, the cell isolators were placed 
directly under a fluorescence microscope (RX50M; Sunny Optical 
Technology Co., Ltd.) for observation and counting.

The CTC PD‑L1 assay was also performed using the 
CytoBot, according to the manufacturer's instructions. 
Pre‑treatment and procedures were performed as previously 
described; however, the CTC PD‑L1 assay procedure was 
selected prior to the test initiation.

Tissue puncture PD‑L1 assay. Tissue PD‑L1 evaluation was 
performed using tissue puncture and IHC assays. Briefly, 
samples were obtained from the tumor using a tissue punc‑
ture needle. Fixation, dehydration and embedding: Tissue 
was placed in 4% paraformaldehyde (cat. no. 1004965000; 

Table I. Baseline and CTC, CTC PD‑L1 detection in the full 
patient population.

Clinical characteristics

Sex, n (%)
  Male 40 (100.0)
  Female 0 (0.0)
Age, years (range) 62.25 (47‑73)
Smoking, n (%)
  Yes 24 (60.0)
  No 16 (40.0)
Histology, n (%) 
  Adenocarcinoma 16 (40.0)
  Squamous 24 (60.0)
T, n (%) 
  T2‑T3 17 (42.5)
  T4 23 (57.5)
N, n (%) 
  0 10 (25.0)
  2 21 (52.5)
  3 9 (22.5)
M, n (%) 
  0 10 (25.0)
  1 30 (75.0)
CTC, n (%) 
  ≤3 25 (62.5)
  >3 15 (37.5)
CTC PD‑L1, n (%) 
  Negative 34 (85.0)
  Positive 6 (15.0)
Number of CTC, n (range) 3 (1‑7)

CTC, circulating tumor cell; PD‑L1, programmed cell death‑ligand 1.

Table II. Patient characteristics and CTC, CTC PD‑L1 after 
combination treatment.

Clinical characteristics n (%)

Sex 
  Male 26 (100.0)
 Female 0 (0.0)
Histology 
  adenocarcinoma 8 (30.8)
  Squamous 18 (69.2)
Smoking 
  No 2 (7.7)
  Yes 24 (92.3)
Maintenance ICB 
  No 10 (38.5)
  Yes 16 (61.5)
T 
  T2‑T3 11 (42.3)
  T4 15 (57.7)
N 
  0 6 (23.1)
  2 16 (61.5)
  3 4 (15.4)
M 
  0 10 (38.5)
  1 16 (61.5)
Line ICB 
  1 26 (100.0)
CTC 
  ≤3 17 (65.4)
  >3 9 (34.6)
CTC PD‑L1 
  Negative 23 (88.5)
  Positive 3 (11.5)
PFS 
  0 12 (46.2)
  1 14 (53.8)

CTC, circulating tumor cell; PD‑L1, programmed cell death‑ligand 
1; PFS, progression free survival; ICI, immune checkpoint inhibitor; 
ICB, immune checkpoint blockade.



SU et al:  PROgNOSIS ANALYSIS IN NSCLC PATIENTS vIA CTC PD‑L1 AND BASELINE FEATuRES4

Sigma‑Aldrich; Merck KgaA) for 3‑4 h. To dehydrate, tissue 
was placed in 75% alcohol (cat. no. 362808; Sigma‑Aldrich; 
Merck KgaA) for 1.5, 85% alcohol for 1.5 h, 95% alcohol for 1 h, 
anhydrous ethanol for 1.5 h, and then embedded with paraffin. 
The tissue masses were then cut into pieces of 5 µm as required. 
The paraffin sections were incubated at 60˚C for 30‑60 min, 
and then sequentially placed in xylene (cat. no. 534056; 
Sigma‑Aldrich; Merck KgaA) I, II, and III for 10 min each, 
an ethanol gradient (high to low: 100, 95, 80, and 70%) for 
2 min each, and washed three times with PBS. The sections 
were infiltrated with pre‑warmed containment permeabiliza‑
tion solution [40 ml PBS + 120 ul TritonX‑100 (cat. no. T8787; 
Sigma‑Aldrich; Merck KgaA) + 400 µl 30% H2O2 (1.08597; 
Sigma‑Aldrich; Merck KgaA) for 30 min (to prevent light). 
Sections were placed in a solution of antigen repair solu‑
tion (0.01 M sodium citrate; pH 6.0; cat. no. SAB5702489; 
Sigma‑Aldrich; Merck KgaA) and then incubated room 
temperature for 20 min. The endogenous enzyme activity was 
deactivated by incubation with 3% H2O2 for 10 min at room 
temperature. After washing, non‑specific loci were blocked 
by goat serum blocking solution (cat. no. WE0320; Beijing 
Baiolaibo Technology Co., Ltd.) for 30 min at 37˚C. Diluted 
anti‑PD‑L1 antibody (50 µl; 1:1,000; cat. no. 11146105; Dako) 
was added and incubated at 37˚C for 1‑2 h. A total of 20 µl 
diluted secondary antibody (HRP anti‑Rabbit IgG antibody; 
1:500; cat. no. ab288151; Abcam) was added after washing 
and incubated at 37˚C for 1‑2 h. Chromogenic Reaction: DAB 
(cat. no. D12384; Sigma‑Aldrich; Merck KgaA) was added 
for 10 min and the reaction was observed and confirmed 
by microscopy. For observation, the sample was re‑stained 
with hematoxylin (cat. no. H3136; Sigma‑Aldrich; Merck 
KgaA) for 30 sec, washed with water, differentiated with 1% 
hydrochloric acid alcohol (cat. no. 123864‑74‑4; Byxbio) for 
2 sec, and rinsed with tap water for 3 min. For dehydration, 
ethanol gradients (from low to high: 50, 70, 95, 100%) were 
used for 2 min each. Xylene was used for 5 min to make the 
sections transparent, and then neutral gum was added to seal 
the sections. Results were observed under a light microscope, 
x200 (RX50M; Sunny Optical Technology Co., Ltd.).

Statistical analysis. SPSS (version, 24.0; IBM Corp.) was used 
for statistical analysis. A χ2‑test and Kaplan‑Meier analyses 
were performed, and receiver operating characteristic (ROC) 
curves were used for determining the predictive value of CTC 
PD‑L1. Pearson's correlation coefficient was used for assessing 
the correlation between CTCs in the blood and the level of tissue 
PD‑L1 expression. The baseline data and clinical test indica‑
tors of the patients were included before and after treatment as 
variables in the analysis, and were then analyzed and explored 
separately under different subgroups. The impact of these blood 
biochemistry indexes on prognosis were evaluated using Cox 
regression analysis and visualized using a forest plot. The results 
are presented by subgroup hazard ratio (HR) and P‑value. P<0.05 
was considered to indicate a statistically significant difference.

Results

Baseline characteristics of patients with advanced NSCLC. 
A total number of 40 male patients with advanced NSCLC 
were enrolled in the present study, aged 47‑73 years. CTC 

detection was positive in all patients at initial diagnosis. In 
total, 26 patients received first‑line therapy with ICIs (tisleli‑
zumab or carrilizumab) plus platinum‑containing dual‑drug 
chemotherapy for a total of 4‑6 cycles. Thereafter, ICIs were 
maintained every 3 weeks, and clinical response and survival 
outcomes were assessed. In total, 21, two and three patients 
were evaluated as partial response (PR), stable disease (SD) 
and progressive disease (PD), respectively. Treatment was 
decreased or delayed in three cases due to the presence of 
adverse events (AEs), including two cases of grade 3 inter‑
stitial pneumonia and one case of myocarditis. Notably, all 
aEs were manageable. In addition, CTC and CTC PD‑L1 
evaluation was repeated at 6 months in 11 patients, and the 
potential association between changes in CTCs and CTC 
PD‑L1, and the efficacy of NSCLC immunotherapy was 
determined.

CTC and CTC PD‑L1 detection in patients with advanced 
NSCLC. CTC detection was performed in all 40 patients with 
advanced NSCLC, and all patients exhibited a CTC count of 
1‑7 CTCs/4 ml blood. Of these, 25 patients exhibited a CTC 
count of ≤3 (62.5% of patients; Table I). Tumor size was 
significantly associated with CTC number in all 40 patients 
(Fig. 1A), while lymph node invasiveness and tumor metas‑
tasis were not associated with tumor size (Fig. 1B and C). 
The number of CTCs in patients with positive tissue PD‑L1 
expression was significantly higher than that in patients with 
negative tissue PD‑L1 expression (Fig. 1D). The percentage 
of positive tissue PD‑L1 expression in patients with positive 
CTC PD‑L1 was significantly higher than that in patients with 
negative CTC PD‑L1 (Fig. 1E).

There was no correlation between CTC counts in the 
blood and tissue PD‑L1 expression in 40 patients with 
NSCLC [Fig. 2A; r=0.05010, 95% confidence interval 
(CI),‑0.2656‑0.3561]. However, these results may have been 
impacted by the small sample size included in the present 
study. The area under the ROC curve (AuC) was 0.9221 (95% 
CI, 0.8450‑0.9992), indicating that CTC number detection 
influenced the rate of positive CTC PD‑L1 detection, and CTC 
detection was most effective in identifying patients with nega‑
tive PD‑L1 expression when the cut‑off value was ≥3.5, with 
a sensitivity and specificity of 100 and 73.5%, respectively 
(Fig. 2B). 

Prognostic value of baseline characteristics and blood indi‑
cators in patients with NSCLC. The baseline characteristics of 
patients were collected, including age, histological classifica‑
tion, a history of smoking, TNM stage, maintenance treatment, 
tumor volume and shrinkage, blood panel including PTL, SIS, 
RDW, HB, NLR, LMR, CEA, PNI, neutrophils, lymphocytes, 
monocytes, CYFRA19, albumin, CTCs and CTC PD‑L1. A 
correlation analysis between patient characteristics and PFS of 
patients was performed. Our data shown that the expression of 
PD‑L1 in the tumor tissue prior to ICI treatment was signifi‑
cantly associated with PFS (Fig. 3A), and also the level of CEA 
(Fig. 3C). However, the rest of indicators were significantly 
associated with PFS (Fig. 3B and C).

Prognostic factors of NSCLC during treatment with ICIs 
plus platinum‑containing chemotherapy. To identify 
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accessible indicators of disease prognosis, 26 patients 
with advanced NSCLC were treated with a combination 
of ICIs, and platinum‑containing chemotherapy (Table II). 
In total, only 11/26 enrolled patients underwent re‑testing 
of CTC PD‑L1 after 6 months of treatment due to segrega‑
tion because of the COvID‑19 pandemic. We investigated 
whether the rate of decline in blood indicators was corre‑
lated with PFS during combination therapy. Data shown that 
SIS (Table SI), PNI (Table SII; Fig. 4A) and blood indicators 
(Fig. 4A) were not associated with PFS in treated patients. 
However, a decline in the rate of blood CYFRA19 (Table SII; 
Fig. 4A) was associated with PFS. Moreover, it was revealed 
that tumor shrinkage (Fig. 4B) was significantly associated 
with PFS, as the high decrease of tumor shrinkage was 
associated with better prognosis. Following the exclusion of 
three patients due to the presence of AEs, it was revealed 
that maintenance treatment [ICIs + platinum‑containing 
chemotherapy (200 mg tislelizumab or camrelizumab, 
carboplatin for AuC=5) administered intravenously every 
3 weeks] was significantly associated with PFS (Fig. 4C). 
Notably, maintenance treatment may exhibit potential in 
predicting treatment outcomes and the prognosis of patients 
in clinical practice. 

In addition, one patient with negative CTC PD‑L1 expres‑
sion prior to treatment exhibited positive PD‑L1 expression 
during ICI maintenance therapy (Fig. 4D). Notably, CT 
imaging revealed new intracranial lesions and tumor progres‑
sion (Fig. 4E). By the median follow‑up time of 13 months, the 
median PFS for patients with ≥1 CTC at 6 months of treatment 
was 8.2 months (95% CI, 7.5‑NA), while the median PFS for 
patients with no detectable CTCs was not reached (Fig. 5, 
n=11). These results highlighted that the patients with no 
detectable CTCs at 6 months of treatment had a longer PFS 
and an improved prognosis.

Discussion

ICIs combined with platinum‑containing drugs are the 
first‑line treatment option for patients with NSCLC and posi‑
tive PD‑L1 expression, and clinical trials have demonstrated 
that this treatment regimen is effective in prolonging patient 
OS (4,14). However, the roles of certain markers in predicting 
treatment outcomes are yet to be determined. a novel tumor 
marker is required to determine the effectiveness of ICIs in 
combination with platinum‑containing drugs for the treatment 
of advanced lung cancer. Results of the present study demon‑
strated that positive CTC PD‑L1 expression was detected 
during disease progression following treatment of NSCLC, 
and may be indicative of immune escape and drug resistance.

Results of previous studies highlighted the predictive role 
of CTCs and CTC PD‑L1 in tumor prognosis. Yue et al (9) 
revealed that CTC PD‑L1 levels at baseline were notably 
predictive of PFS. Moreover, Kong et al (15) systematically 
analyzed the association between CTC surface PD‑L1 expres‑
sion levels and patient prognosis, and the results demonstrated 
that CTC PD‑L1 expression was associated with shorter OS 
and PFS of patients. In total, 40 male patients with advanced 
lung cancer were included in the present study. The results 
revealed no significant association between CTC PD‑L1 
detection and IHC results, and the number of CTCs and CTC 
PD‑L1 in the peripheral blood of patients was not significantly 
associated with either advanced cancer progression or PFS. 
A newly developed CTC separation device, CytoBot, was 
used in the present study, which was validated for the diag‑
nosis of breast cancer (10) and lung cancer (11). However, the 
value of CytoBot in determining patient prognosis was not 
demonstrated in the present study. Results of the present study 
revealed that the number of CTCs significantly impacted the 
detection rate of CTC PD‑L1, perhaps due to tumor heteroge‑
neity. Notably, a previous study revealed that PD‑L1 positivity 
was notably higher on CTCs than on tissues (83 vs. 41%); 
however, there was no association between CTC PD‑L1 and 
tissue PD‑L1 expression (16). Janning et al (7) compared the 
efficiency of the EpCAM‑based CellSearch® detection system 
(Veridex, LLC) and the epitope‑independent Parsortix® system 
(aNGLE plc) in detecting CTC PD‑L1, and the results demon‑
strated that tumor heterogeneity notably affected CTC PD‑L1 
detection, and the concordance of CTC PD‑L1 detection with 
clinical puncture results. In addition, tumor heterogeneity also 
affects the results of tissue puncture analyses, and a small 
number of tissue samples obtained through puncture do not 
represent the entire tumor profile. However, the tissue punc‑
ture remains the gold standard of clinical testing. In addition, 

Figure 1. CTC and CTC PD‑L1 tests in patients with NSCLC. CTC counts in 
40 patients with NSCLC with different (A) T, (B) N and (C) M stages. (D) CTC 
number in 40 patients with positive or negative PD‑L1 expression in tissues. 
(E) PD‑L1 levels in 40 patients with positive or negative CTC PD‑L1 expres‑
sion. Data are expressed as the mean ± standard deviation. aNOVa or t tests 
were used for analysis. *P<0.05; ****P<0.0001. CTCs, circulating tumor cells; 
PD‑L1, programmed death‑ligand 1; NSCLC, non‑small cell lung cancer.
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Figure 2. Correlation between CTC PD‑L1 and tissue PD‑L1 expression. (A) Correlation analysis between CTC count and PD‑L1 expression in tissues. 
(B) Receiver operating characteristic analysis of CTC PD‑L1 and PD‑L1 expression in tissues. CTCs, circulating tumor cells; PD‑L1, programmed 
death‑ligand 1; AuC, area under curve; 95% CI, 95% confidence interval.

Figure 3. Prognostic value of baseline characteristics and CTCs in 26 patients with NSCLC. Association between PFS and (A) tissue PD‑L1 levels, (B) baseline 
characteristics, CTCs and CTC PD‑L1, and (C) other blood indicators. CTCs, circulating tumor cells; NSCLC, non‑small cell lung cancer; PFS, progression‑free 
survival; PD‑L1, programmed death‑ligand 1; SQC, squamous‑cell carcinoma; ADC, adenocarcinoma; PTL, platelet; SIS, systemic inflammatory score; RDW, 
red blood cell distribution width; WBC, white blood cell; HB, hemoglobin; NLR, neutrophil‑to‑lymphocyte ratio; LMR, lymphocyte‑to‑mononuclear ratio; 
CEA, carcinoembryonic antigen; CYFRA‑19, cytokeratin 19; PNI, prognostic nutritional index.
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results of a previous study demonstrated that acquired PD‑L1 
positivity (conversion to positive expression following initial 
negative expression during treatment) also occurs in the 
clinic (17). Notably, acquired PD‑L1expression was associated 
with enhanced metastasis and drug resistance. Peng et al (18) 
demonstrated that hepatocyte growth factor, MET amplifi‑
cation and EgFR‑T790M upregulate PD‑L1 expression in 
NSCLC, and enhance immune escape of tumor cells through 
various mechanisms. Further clinical trials are required to 
improve the accuracy of CTC detection tests. 

at present, markers and patient characteristics that 
may aid in predicting the efficacy of clinical treatment 

with ICIs in combination with platinum‑containing 
compounds are limited. Thus, novel methods for real‑time 
monitoring during treatment are required. In addition, 
these methods should be reproducible, less invasive and 
more cost‑effective. Routine blood tests are easily obtain‑
able. Results of a previous study revealed that SIS may 
exhibit potential in predicting patient prognosis, and a 
combination of SIS and NLR exhibits prognostic value in 
advanced pancreatic adenocarcinoma (19). Zaitsu et al (20) 
retrospectively analyzed the clinical characteristics of 73 
patients who received immunotherapy for lung cancer. The 
results demonstrated that ≥50% PD‑L1 expression, ≤1 SIS 

Figure 4. Prognostic value of blood indicators in 11 patients with NSCLC following treatment. (A) Association between PFS and blood indicators in 11 patients 
with NSCLC. Association between PFS and (B) treatment maintenance or (C) tumor shrinkage. (D) CTC PD‑L1 expression following treatment with ICIs 
in combination with platinum‑containing compounds. (E) Tumor metastasis. NSCLC, non‑small cell lung cancer; PFS, progression‑free survival; PD‑L1, 
programmed death‑ligand 1; CTCs, circulating tumor cells; ICIs, immune checkpoint inhibitors; PLT, platelet; HB, hemoglobin; NLR, neutrophil‑to‑lympho‑
cyte ratio; LMR, lymphocyte‑to‑mononuclear ratio; CEA, carcinoembryonic antigen; CYFRA‑19, cytokeratin 19; PNI, prognostic nutritional index; CK, 
cytokeratin. 
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and <5.6 NLR were notably associated with longer PFS 
in patients, indicating that SIS may exhibit potential as a 
prognostic marker for immunotherapy in lung cancer. A 
previous meta‑analysis demonstrated that patients with high 
PNI prior to treatment exhibited a longer OS, disease‑free 
survival/relapse‑free survival and PFS (21). In addition, 
a previous study revealed that PNI exhibited potential in 
predicting the OS of patients with extended‑stage SCLC 
following first‑line treatment (22). Tumor shrinkage is a 
relatively common prognostic indicator in chemotherapy, 
but it is not often used in the context of novel treatment 
options, such as immunotherapy. Notably, immunotherapy 
or other treatments may cause cancer tissue to enlarge for a 
short period prior to shrinkage (23). The potential associa‑
tion between PFS and the clinical characteristics of patients, 
maintenance treatment, NLR, LMR, CEA and CYFRA‑19 
was determined in the present study, before and after 6 
months of treatment. Results of the present study revealed 
that only tumor shrinkage and maintenance therapy were 
significantly associated with patient prognosis. Blood and 
tissue samples were collected a long time apart, some even 
for months, and it is hypothesized that this may lead to 
inaccurate analysis of tissue PD‑L1 and blood PD‑L1 asso‑
ciation. Blood samples were immediately taken from all 
patients, which was usually used for testing within 1 week. 
Meanwhile, it was anticipated that these patients would be 
undergoing long‑term treatment, so patients were screened 
for negative driver genes based on their clinical charac‑
teristics, including sex, no pleural effusion, type of tumor, 
molecular phenotype, which was at least 1 week earlier than 
waiting for the genetic testing results. One of the limitations 
of the present study was the in‑contain of female patients.

CTCs have previously been used as biomarkers for monitoring 
response to cancer treatment in numerous clinical trials (24,25), 
either alone, or in combination with imaging tests or serum 
biomarkers, like microRNa. In some cases, CTCs are more 

sensitive than imaging tests, and researchers may prefer to use 
CTCs in the evaluation of treatment efficacy (26). CTC detection 
is non‑invasive, and may aid in reducing the frequent radiation 
exposure during imaging. In addition, the potential association 
between PFS and the aforementioned factors before and after 
treatment was analyzed in the present study. The current study 
revealed that only changes in CYFRA‑19 before and after treat‑
ment were associated with PFS. This result may be due to the small 
sample size included in the present study, including 26/40 patients 
with advanced lung cancer who received conventional drug 
therapy and maintained their current treatment regimen. Thus, 
further clinical trials with larger sample sizes are required.

Novel therapeutic prognostic markers have been identified 
through the development of analytical techniques. CD8A is 
mainly expressed in cytotoxic T lymphocytes (CTLs) (27), and 
CD8a expression levels are closely associated with tumor stage, 
with a higher expression observed at early‑stage lung adenocar‑
cinoma than late‑stage disease (28). Ock et al (29) demonstrated 
that CD8A is a quantifiable indicator for assessment of CD8+ 
CTL recruitment or activity, and exhibits potential in predicting 
the response to anti‑PD‑1/PD‑L1 therapy. Moreover, CD8a 
exhibits a high predictive value for immunotherapy outcomes, 
with an AuC of >0.5 in 21/25 patients treated with ICIs (28). 
Thus, CD8A may exhibit potential as a biomarker of tumor 
microenvironment remodeling and as a promising predictor of 
immunotherapy efficacy. Carbohydrate Antigen 72‑4 (CA72‑4) 
is a routine serum tumor marker used in clinical practice (30). 
Results of a previous study (31) revealed that CA72‑4 may 
increase sensitivity and specificity when combined with other 
biomarkers, like CEa. Moreover, Su et al (32) demonstrated 
the superior predictive efficacy of CA72‑4 when combined 
with CA125 in 137 patients with SCLC treated with first‑line 
chemotherapy. There are other markers that have an impor‑
tant role in cancer development, such as RANKL and insulin 
receptor substrate‑4 (33). In cancer cells, RANKL expression 
is frequently increased, leading to increased bone resorption 
and development of bone metastases. The specific role of the 
RANK‑RANKL‑OPg system in cancer development is thor‑
oughly discussed by De Leon‑Oliva et al (34). However, the 
relationship between these markers and treatment with ICIs plus 
platinum‑containing drug treatment has not been reported.

Neoplastic transformation is caused by the accumulation of 
somatic mutations in the DNA of affected cells. There are notable 
differences in the frequency of genetic mutations between indi‑
vidual tumors and between different types of tumors. Notably, 
tumor mutation burden (TMB) may be used to predict ICI effi‑
cacy (35). Rizvi et al (36) performed whole‑exome sequencing 
in patients with NSCLC treated with pembrolizumab, and the 
results demonstrated that a higher burden of non‑synonymous 
mutations in tumors was associated with improved response, 
persistent clinical benefits and improved PFS. These results 
suggested that TMB exhibits potential as a biomarker for 
certain cancers, and in identifying patients who may benefit 
from immunotherapy. Alternate biomarkers for ICI treatment, 
such as tumor infiltrating lymphocytes (37), the gene expression 
profile of T cells (38), the immune gene expression profile (39) 
and microbiome characterization (40), exhibit potential in 
predicting therapeutic outcomes.

The present study retrospectively analyzed the expression 
of PD‑L1 on CTCs in the peripheral blood of 40 patients with 

Figure 5. Median PFS of patients with no detectable CTCs following 
treatment. PFS, progression‑free survival; CTCs, circulating tumor cells.
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advanced lung cancer, and compared the detection tests with IHC 
assays. Moreover, the association between PFS and CTCs, CTC 
PD‑L1 and other clinical features was evaluated before and after 
treatment with ICIs in combination with platinum‑containing 
compounds. The current standard treatment protocol for patients 
with driver‑negative advanced NSCLC involves ICIs combined 
with platinum‑containing chemotherapy. However, CTC counts 
and CTC PDL‑1 expression are not associated with PFS at initial 
diagnosis. undetectable CTC at 6 months of treatment may be 
indicative of good prognosis, whereas the transition of negative 
CTC PD‑L1 expression to positive may be indicative of poor 
prognosis. Notably, the nature of the present study was obser‑
vational, and there are numerous limitations. Thus, additional 
ROC analyses are required with increased sample sizes. The 
present study provided a novel theoretical basis for the detection 
of CTC PD‑L1 in predicting patient prognosis.
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