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Abstract: Lung cancer is the leading cause of cancer-related deaths globally. Early detection of lung cancer can lead 
to more effective treatment and improved survival. Circulatory abnormal cells (CACs) with specific chromosomal 
variation may be used to diagnose lung cancer and to differentiate benign from malignant nodules. The value of 
CAC in precancer diagnosis, however, remains controversial. In this study, a systematic review and meta-analysis 
are conducted to clarify the diagnostic value of CAC in early-stage lung cancer. A systematic literature search was 
conducted using the following medical topic title terms and text-free words: “circulating genetically abnormal cells”, 
“CACs”, “liquid biopsy”, “early lung cancer”, “non-small cell lung cancer”, “diagnostic accuracy”, “sensitivity” and 
“specificity” in Science Direct, CNKI and Wanfang databases, respectively. Sensitivity, specificity, positive likeli-
hood ratio, negative likelihood ratio, and area under the curve were analyzed by STATA15.0 (MP) software. Deek 
funnel plots were used to assess potential publication bias. Heterogeneity was tested using the I2 statistic and 
the Cochrane Q test. 7 major studies were included in this meta-analysis, and a total of 53728 participants were 
analyzed. In the diagnosis of early lung cancer, CAC had pooled sensitivity, specificity, and receiver operating char-
acteristics of 0.80 (95% CI: 0.73-0.86), 0.85 (95% CI: 0.69-0.94), and 0.87 (95% CI: 0.84-0.90). The combined 
positive likelihood ratio, negative likelihood ratio, diagnostic odds ratio, and diagnostic score were 23.36 (95% 
CI: 7.33-74.46), 5.42 (95% CI: 2.37-12.43), 0.23 (95% CI: 0.16-0.35) and 3.15 (95% CI: 1.99-4.31) respectively. 
Publication bias was not detected. The CAC is effective at detecting lung cancer in its early stages.

Keywords: Pulmonary nodules, circulating genetically abnormal cells (CAC), early diagnosis of lung cancer

Introduction

As one of the most common malignant tumors 
in the world, lung cancer poses a serious threat 
to human life and health [1]. Most of the 
patients were diagnosed with advanced lung 
cancer. A timely diagnosis of lung cancer can 
have a significant impact on the survival and 
quality of life of patients [2, 3]. 

At present, the early diagnosis of lung cancer, 
however, requires a sensitive and specific non-
invasive diagnostic method. A variety of clinical 
diagnosis methods are available for early lung 
cancer, including percutaneous biopsy, low-
dose computed tomography (LDCT), liquid biop-
sy, and positron emission tomography (PET) 
[4-6].

At present, the most commonly used methods 
for evaluating pulmonary nodules are phlegm 
shedding cytology, chest CT, bronchoscopy, and 
pulmonary biopsy [4]. Each of these methods 
has its disadvantages or benefits. For example, 
commonly used chest CT scans have the advan-
tage of being fast [5], however, for small, 
unclearly bounded nodules close to blood ves-
sels, it is easy to miss the diagnosis [1]. Low-
dose CT diagnosis of early lung cancer, howev-
er, has a high false positive rate [7], for pulmo-
nary nodules smaller than 10 mm and benign 
pulmonary nodules, it often leads to a higher 
false positive rate in the diagnosis of pulmonary 
nodules, which will not only increase the eco-
nomic burden of patients, but also cause 
unnecessary tension. Present invasive diagnos-
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tic methods for early lung cancer have their 
own obvious shortcomings [8-10]. 

Due to their low sensitivity in early diagnosis, 
traditional non-invasive methods such as 
serum tumor biomarkers, circulating tumor 
cells (CTCs), and circulating nucleic acids can-
not be used for large-scale screening [11-14]. 
Therefore, it is of great significance to develop 
a non-invasive detection method for early lung 
cancer with strong sensitivity and specificity. 

Recently, CACs with specific chromosomal  
variants have been identified in lung cancer 
patients. Mutations in chromosome 3 (3p22.1, 
3q29) and chromosome 10 (10q22.3, CEP10) 
lead to abnormal expression in peripheral 
blood mononuclear cells. We call these cells 
CACs. The CACs test overcomes the limitations 
of the CTC test because it does not rely on 
EpCAM [15]. Additionally, CAC is strongly asso-
ciated with the early onset of lung cancer [16, 
17]. 

We summarized the existing clinical data of 
CAC and found the following conclusions with 
clinical reference value. First, Mao-Song Ye et 
al. emphasized the diagnostic value of CAC in 
the diagnosis of pulmonary nodules smaller 
than 10 mm, and the diagnostic efficacy will be 
improved when CAC is combined with other risk 
factors [18, 22]. Xiao-Chang Qiu and Wei-Ran 
Liu found that CAC is more sensitive and spe-
cific than other single or combined tumor mark-
ers in diagnosing early-stage lung cancer [19, 
21]. Ming-Xiang Feng et al. found that the type 
of nodules (pure ground glass, solid and mixed 
nodules), nodule size, single or multiple nod-
ules had no effect on the diagnostic value of 
CAC [20]. Han Yang et al. found that the diag-
nostic efficacy of CAC combined with PANIDS 
was higher than that of CAC or PANIDS alone 
[23]. Ruth L. Katz et al. found that the number 
of CAC had no significant difference in the prog-
nosis of lung cancer [24].

These studies thus suggest that CACs may be 
an efficient and specific biomarker for lung can-
cer diagnosis. A reliable auxiliary method for 
judging lung nodules is to detect CAC levels. 
Despite this, CACs testing is still in its infancy 
when it comes to clinical applications, especial-
ly when it comes to diagnosis. The sensitivity 
and specificity of CAC in early lung cancer diag-
nosis have varied considerably across studies. 
A meta-analysis of diagnostic accuracy might 

lead to more robust conclusions. Based on 
these studies, we performed a comprehensive 
analysis of CAC within the diagnostic range of 
lung cancer values.

Methods

Retrieval strategy 

For this study, the results retrieved from the 
databases up to November 2022 were consid-
ered. The following medical subject headings 
and text terms included “circulating genetically 
abnormal cells”, “CAC”, “CACs”, “liquid biopsy”, 
“early lung cancer”, “non-small cell lung can-
cer”, “diagnostic accuracy”, “sensitivity and 
specificity” to conduct a systematic literature 
search in the Science Direct, CNKI and Wan 
fang databases, respectively. Even though all 
included papers were in English, there were no 
language restrictions for a more comprehen-
sive analysis.

Inclusion and exclusion criteria

The following criteria are required for further 
meta-analysis: (1) Peer-reviewed articles. (2) 
Patients with early-stage lung cancer (excluding 
those based on in vitro or animal models). As 
negative controls, we used patients with non-
malignant pulmonary nodules and healthy 
volunteers.

We incorporated the following exclusion crite-
ria: (1) One study had a sample size of less than 
20. (2) The data in this study were too small  
to calculate sensitivity and specificity. The  
following studies were excluded: conference 
abstracts, case reports, qualitative findings 
reports, systematic reviews, and letters to the 
editor.

Data extraction

Two investigators independently extracted the 
data from all eligible studies: author, publica-
tion time, cut-off, sample size, TP, FP, FN, TN, 
Specificity, and sensitivity. In case of disagree-
ment, seek the opinion of a third examiner  
and resolve the disagreement by consensus or 
discussion. We independently assessed the 
methodological quality and risk of bias of the 
included studies using the Diagnostic Accuracy 
Study Quality Assessment 2 (QUADAS-2) tool.

Statistical methods

All analyses were performed with Stata/MP 
software (version 15). The diagnostic accuracy 
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indicators included sensitivity, specificity, posi-
tive likelihood ratio, negative likelihood ratio, 
and diagnostic odds ratio (DOR). Using the  
summarized receiver operating characteristic 
(sROC) curve, the area under the curve (AUC) 
was calculated to visualize the diagnostic accu-
racy. To assess inter-study heterogeneity (other 
than threshold effects) and inter-study incon-
sistency, we calculated the Cochran Q statistic 
and the inconsistency index (I2), and set the  
significance level of the corresponding P value 
to P = 0.05. Due to the expected between-study 
heterogeneity, the DerSimonian and Laird 
methods were applied for random-effects anal-
ysis model (REM), as it provides a more conser-
vative estimate of pooled data. To identify pub-
lication bias, we assessed it by visual inspec-
tion of the funnel plots of Deek. All hypothesis 
tests were considered statistically significant if 
the P-value was < 0.05.

Results

Results of search and inclusion studies

In total, 18 related papers were found through 
a systematic search. A total of 7 eligible articles 

on CAC for the diagnosis of early lung cancer 
were included in this meta-analysis [18-24]. A 
description of the screening process for the 
studies included in this review can be found in 
Figure 1.

Features and quality assessment of the in-
cluded literature

The meta-analysis included seven related stud-
ies, and Table 1 shows the true positive, false 
positive, true negative, and false negative 
results of each study. Supplementary Table 1 
shows the specimen type, sex, nodule location 
and CAC quantitative information. Two of the 
clinical articles about CAC are related to patho-
logical indexes (Supplementary Table 2).

Meta-analysis of benign and malignant pulmo-
nary nodules diagnosed by CAC

Heterogeneity analysis: Using the random eff- 
ect model, the effect sizes were combined, and 
the results showed increased heterogeneity (Q 
= 58.92, I2 = 89.8%) (Figure 2A). All diagnostic 
odds ratios, sensitivity, specificity, positive like-

Figure 1. Illustrates the article screening 
process following PRISMA guidelines.
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lihood ratios, and negative likelihood ratios I2 
were above 50%.

Subgroup analysis: Our results suggest signifi-
cant heterogeneity of non-threshold effects in 
these seven studies. We used subgroup analy-
ses to try to identify sources of heterogeneity. 
The subgroup included “year of publication” 
and “country”, and the results of the subgroup 
analysis showed that the intra-group heteroge-
neity of the United States and China was not 
significant in the subgroup analysis by country 
group, and the heterogeneity was significant 
after combining, indicating that countries may 
be a potential source of heterogeneity (Figure 
2B and 2C).

Combination effect analysis: The combined 
sensitivity, specificity and AUC were 0.80 (95% 
CI: 0.73-0.86), 0.85 (95% CI: 0.69-0.94) and 
0.87 (95% CI: 0.84-0.90), respectively (Figure 
3 and Supplementary Figure 1). According to 
Supplementary Figures 2, 3, the pooled posi-
tive likelihood ratio, negative likelihood ratio, 
diagnostic odds ratio, and diagnostic score for 
CAC were 5.42 (95% CI: 2.37-12.43), 0.23 (95% 
CI: 0.16-0.35), 23.36 (95% CI: 7.33-74.46),  
and 3.15 (95% CI: 1.99-4.31). According to 
Supplementary Figure 4, the 95% confidence 
set is located in the lower left quadrant, sug-
gesting circulating abnormal cells are more 
accurate in diagnosing lung nodules.

Fagan nomogram analysis: Simulating the clini-
cal situation was predicted at 50%. Modeling 
the clinical situation used a 50% prediction 
probability. There was an 84% posterior proba-
bility of a positive test result, while the negative 
likelihood ratio was 0.23 and the negative pos-
terior probability was 19 (Figure 4).

Publication bias

The Deek funnel plot (Supplementary Figure 5) 
shows that the slope of the coefficient is 0.76, 

indicating that there is no publication bias in 
the included studies.

Discussion

As a noninvasive biomarker for disease moni-
toring, CAC has gained increasing importance 
as a means of diagnosis. Due to the large diff- 
erences between studies, the clinical signifi-
cance of CAC in patients with early lung cancer 
remains controversial. A meta-analysis of pub-
lished studies evaluated the clinical utility of 
CAC. CACs are highly sensitive and accurate in 
detecting lung lesions in the early stages of 
lung cancer. It has been shown that aggressive 
tumors have fewer cohesive cells, resulting in 
more CAC and possible spread and metastasis 
[25]. Considering the early onset of abnormal 
tumors [26], CACs can be seen in both precan-
cerous and malignant lesions, highlighting their 
value in lung cancer early detection.

Wei-Ran Liu et al. found that early NSCLC 
patients had a higher number of CACs than 
healthy people and considered CAC testing to 
be clinically meaningful for the therapeutic effi-
cacy of surgery in NSCLC patients [21]. Han 
Yang et al. have shown that CAC has a better 
diagnostic effect in combination with PANIDS 
[23]. Mao-Song Ye et al. proposed that CAC has 
a high diagnostic value in the diagnosis of pul-
monary nodules smaller than 10 mm, and when 
combined with other clinical risk factors, the 
predictive ability of CAC will be improved [22]. 
Ming-Xiang Feng et al. found that the number of 
CAC may increase with the development of the 
disease [20]. However, there are differences 
among studies on whether the diagnosis of pul-
monary nodules by CAC is affected by nodule 
type and age, which may be related to the clas-
sification criteria and statistical methods of 
nodule types. The results of Han Yang et al. 
showed that CAC had a weak correlation with 

Table 1. Analyze the characteristics of the file
Author Year n Cut off TP FP TN FN Sensitivity, % Specificity, %
Ruth L. Katz 2020 207 ≥ 3 95 0 100 12 88.8 100
Han Yang 2022 53 ≥ 3 45 12 22 14 76.3 64.7
Wei-Ran Liu 2020 310 > 1 156 15 63 76 67.2 80.8
Ming-Xiang Feng 2021 205 ≥ 3 145 8 29 23 86.3 78.4
Xiao-Chang Qiu 2021 63 ≥ 3 45 3 10 5 90 76.9
Mao-Song Ye 2022 728 ≥ 3 414 53 145 116 78.11 73.23
Mao-Song Ye 2021 125 > 2 57 6 38 24 70.4 86.4
TP, true positive; FP, false positive; TN, true negative; FN, false negative.
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age, and in Wei-Ran Liu’s study, the positive 
result of CAC was not correlated with age, which 

er than 10 mm in size, clinicians face the dilem-
ma of whether to perform additional imaging or 

Figure 2. Forest plot of Heterogeneity analysis and subgroup analysis. A. For-
est plot of Heterogeneity analysis CI = confidence interval, Point estimates 
are shown as brown squares and 95% CIs are shown as error bars. B. Forest 
plot of subgroup analysis (country) CI = confidence interval, Point estimates 
are shown as brown squares and 95% CIs are shown as error bars. C. Forest 
plot of subgroup analysis (year) CI = confidence interval, Point estimates are 
shown as brown squares and 95% CIs are shown as error bars.

may be due to Wei-Ran Liu et 
al.’s use of age as a dichoto-
mous variable, resulting in 
reduced detection efficiency 
[21, 23]. Therefore, whether 
CAC count is related to age 
and nodule type still needs 
further study.

In addition, each study has  
its limitations, such as small 
sample size and adenocarci-
noma bias in most studies. 
Therefore, whether CAC count 
is related to the pathological 
type, treatment factors and 
effect of its combined diagno-
sis model of lung nodules 
need to be further explored 
and supported by sufficient 
clinical sample size.

For pulmonary nodules small-
er than 10 mm, the diagnosis 
is more difficult. Mao-Song  
Ye mentioned that compared 
with traditional lung cancer 
markers, CACs has better 
diagnostic value in the diag- 
nosis of pulmonary nodules 
smaller than 10 mm. When 
the cut off value was > 2, the 
sensitivity and specificity of 
CAC were 70.5% and 86.4%, 
respectively. Diagnostic effi-
cacy of CAC (AUC = 0.824, 
95% CI = 0.746-0.886) signifi-
cantly higher than CEA (AUC = 
0.520, 95% CI = 0.429-0.610), 
SCC (AUC = 0.537, 95% CI = 
0.446-0.627), NSE (AUC = 
0.519, 95% CI = 0.428-0.609), 
Pro-GRP (AUC = 0.516, 95% CI 
= 0.425-0.606), CYFRA21-1 
(AUC = 0.511, 95% CI = 0.420-
0.602) and any other biomark-
ers (AUC = 0.512, 95% CI = 
0.421-0.602) [22].

So far, lung cancer testing in 
patients with lung cancer Pu- 
lmonary nodules ≤ 10 mm are 
still a diagnostic challenge. 
When lung nodules are small-
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even invasive surgery due to the low specificity 
of CT [27]. In the early stages of lung cancer, 
cells with genetic abnormalities in the blood 
stream and sputum can be detected. The 
abnormal cells detected show chromosomal 

and genetic abnormalities in the tumor sup-
pressor genes and proto-oncogenes common 
in lung cancer patients. In early lung cancer 
screening, specific detection of CACs may have 
higher auxiliary diagnostic value than circulat-
ing tumor cells (CTC) [28]. Because CTC is char-
acterized by surface markers, if the markers of 
CTC cannot be detected, the sensitivity will be 
greatly reduced.

There are several limitations to our meta-analy-
sis. Several studies have revealed marked het-
erogeneity in the collected data. There is poten-
tial for CAC to be used as a new biomarker for 
early detection, but many criteria have not yet 
been defined. Firstly, it is impossible to identify 
all the sources of heterogeneity. Secondly, this 
analysis may have been biased by including 
English-only studies. Since no publication bias 
was observed in this study, we believe that  
this bias should be relatively small. As a third 
factor, different cut-off values will likely result  
in heterogeneity between the studies. Further 
research is needed to assess the predictive 
value of CAC for some particular genetic vari-
ants or non-epithelial lung cancers. CAC could 
be used as a diagnostic biomarker for lung can-
cer in its early stages. This diagnostic tool can 
improve patient outcomes and quality of life by 
providing timely access to treatment.

Conclusion

Conclusion: CACs are more valuable than tradi-
tional tumor markers in the detection of early 
lung cancer, as well as in the detection of small 
nodular carcinomas on CT.

Figure 3. Combined sensitivity and specifity forest plot. Point estimates are shown as brown squares and 95% CIs 
are shown as error bars. A. Comprehensive sensitivity forest map; B. Compound specific forest map; CI = confidence 
interval.

Figure 4. Accuracy of Fagan nomogram CAC in the di-
agnosis of early cancer. Fagan drew an axis with the 
prior log ratio on the left, the middle axis represents 
the log-likelihood ratio, and the right axis represents 
the posterior log ratio.
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Supplementary Table 1. Specimen type, sex, nodule location, CAC quantitative information

Type of the liquid (specimen)
Characteristic of CAC Diagnostic efficacy of CAC in benign 

and malignant pulmonary nodules
REF

Gender  
(male/female)

Location of the nodules  
(Upper lobe/Non-Upper lobe) AUC 95% CI P

Peripheral venous blood 39/54 (P = 0.003) 59/34 (P = 0.848) 0.779 (0.587-0.806) < 0.001 [23]

Peripheral venous blood 133/177 (P = 0.969) / 0.769 (0.716-0.822) < 0.001 [21]

Peripheral venous blood 33/30 (P = 0.612) / 0.837 (0.810-0.864) < 0.001 [19]

Peripheral venous blood 363/365
(/)

404/324
/

0.765 (0.727-0.803) < 0.001 [22]

Peripheral venous blood 47/78
(/) 

69/56
/

0.824 (0.746-0.886) / [18]

Peripheral venous blood 97/108
(/)

/ 0.823 (0.741-0.906) < 0.001 [20]

Peripheral venous blood 94/113
(/)

/ 0.986 / / [24]

AUC, area under the curve; CI, confidence interval.

Supplementary Table 2. Pathological types of the files
Author Pathological types CACs positive CACs negative P-value REF
Wei-Ran Liu AIS and MIA 52 (71.2%) 21 (28.8%) 0.592 [21]

IAC 98 (65.8%) 51 (34.2%)
Nonadenocarcinoma 6 (60.0%) 4 (40.0%)

Xiao-Chang Qiu Adenocarcinomaa 41 (89.1%) 5 (10.9%) 1.0 [19]
Squamous cell carcinoma 2 (100%) 0 (0%)
SCLC 2 (100%) 0 (0%)

aPathological types included 5 cases of adenocarcinoma in situ, 8 cases of minimally invasive adenocarcinoma, and 33 cases 
of invasive adenocarcinoma. AIS, adenocarcinoma in situ; IAC, invasive adenocarcinoma; MIA, minimally invasive adenocarci-
noma. 

Supplementary Figure 1. Receiver operating characteristics and combined area under curve are summarized. The 
confidence ellipse indicates that the mean values of sensitivity and specificity are more likely to be in this region. 
The prediction ellipse indicates that individual values of sensitivity and specificity are more likely to be in that region. 
AUC = Area under the curve.
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Supplementary Figure 2. Combined likelihood ratio forest graph (LR+, LR-). Point estimates are shown in brown 
boxes and 95% CIs are shown in error bars. CI = confidence interval. LR+ = positive likelihood ratio, LR- = negative 
likelihood ratio, positive likelihood ratio is the ratio of true positive rate to false positive rate of screening results. 
Negative likelihood ratio is the ratio of false negative rate to true negative rate of screening results.

Supplementary Figure 3. Forest plot of combined diagnostic score and diagnostic odds ratio. Point estimates are 
shown as brown squares and 95% CIs are shown as error bars. CI = confidence interval. The diagnostic ratio was 
the ratio of PLR to NLR-, that is, the ratio of positive likelihood to negative likelihood.
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Supplementary Figure 4. Scatter plot of the distribution of likelihood ratios (LR+/LR-) and combined estimates for 
each study. LUQ = upper left quadrant, likelihood ratio positive > 10, likelihood ratio negative < 0.1: exclusion and 
confirmation; RUQ = upper right quadrant, likelihood ratio positive > 10, likelihood ratio negative > 0.1: confirmed 
only; LLQ = lower left quadrant, likelihood ratio positive < 10, likelihood ratio negative < 0.1: excluded.

Supplementary Figure 5. Deep funnel plots show publication bias. Each solid circle represents one study included 
in the meta-analysis. The middle line represents the pooled diagnostic odds ratio (DOR).


