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a b s t r a c t 

Circulating cancer cells (CTCs) can serve as a non-invasive liquid biopsy and provide opportunities for early cancer 

diagnosis and evaluation. However, the value of CTCs for diagnosis or prognosis of small pulmonary nodules 

(SPNs) is unclear. Fifty-three patients diagnosed with SPNs with a diameter less than 30 mm by CT examination 

were enrolled in the study. The CTC numbers, CT examination features, serum tumor marker concentrations, 

and histopathological characteristics were analyzed. Centromere probe 8 (CEP8) was used as a marker for CTC 

identification. The CTC numbers were significantly different in patients with malignant and benign SPNs and with 

early (0/ Ⅰ a) and advanced ( Ⅰ b/ Ⅱ / Ⅲ ) lung cancer stages. ROC analysis showed that the CTC numbers was effective 

on malignant SNP diagnosis. The combined use of CTCs and the density features of the nodules determined by 

CT further improved the overall screening, the diagnostic effectiveness for malignant SNPs, and determination of 

the pTNM ( ≤ Ia vs. > Ia) stage. The CT morphology revealed that large, single, and solid SPNs were associated with 

significant CTC numbers and the CTC numbers were correlated with malignant histopathology. Using CEP8 as a 

marker resulted in detection of more CTC numbers in 22 patient samples triple stained for CEP8, EpCAM, and 

CKs. The CTCs determined by CEP8-positive staining could serve as potential screening and diagnostic markers 

for malignant SPNs. 
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Lung cancer is the leading cause of cancer related deaths worldwide

1] , and non-small cell lung carcinoma (NSCLC) is the dominant lung

ancer type. Pathologically, NSCLC takes the form of adenocarcinomas

nd squamous cell carcinomas. The 5-year survival rate for NSCLC is

nly about 19% because most patients are not diagnosed until at an ad-

anced stage [1] . This is unfortunate because early diagnosis and treat-

ent of NSCLC can significantly increase patient survival, for example,

an increase the 5-year survival rate to 70% for patients with stage Ⅰ

isease [2] . For patients in stage Ⅳ at the time of diagnosis, the 1-year

urvival rate is just 15–19%, according to the 2014 report of the UK

ffice for National Statistics [2] . 

Recently, chest computed tomography (CT) examinations have un-

overed millions of patients with small pulmonary nodules (SPNs),
Abbreviations: CTCs, circulating tumor cells; SPNs, small pulmonary nodules; CT, 

odal metastasis; EpCAM, epithelial cancer-associated marker; CKs, cytokeratins; F

arcinoma in situ; MIA, minimally invasive adenocarcinoma; IA, invasive adenocarc

haracteristic analysis; AUC, the area under the curve; CEA, carcinoembryonic antige
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hich are smaller than 30 mm (the largest diameter) and consist of sin-

le or multiple ground-glass or partial-solid nodules [3 , 4] . However, a

hinese population study has indicated that only about 30% of these

PNs are malignant [5] . Most SPNs are benign growths arising from

onditions like typical interstitial pneumonia, idiopathic pulmonary fi-

rosis, and tuberculosis [6] . Several guidelines are available for SPN

anagement, such as optimized surgical resection and CT surveillance,

nd these can significantly increase the patient survival rate. However,

epeated CT exams (even low-dose CTs) increase the patient’s radiation

xposure and can, in turn, increase the cancer risk, as well as impose

ental stress and financial burdens [7] . 

Acceptable forms of management for patients with SPNs include

ub-lobar resection, typically used for noninvasive adenocarcinomas,

ike adenocarcinoma in situ (AIS) and minimally invasive adenocarci-

oma (MIA) that are considered indolent. Segmentectomy is considered
computed tomography; CEP8, centromere probe 8; pTNM, pathological tumor 

ISH, fluorescence in situ; NSCLC, non-small cell lung carcinoma; AIS, adeno- 

inoma; FDA, Food and Drug Administration; ROC analysis, receiver operating 

n; AFP, alpha-fetoprotein; FR, folate receptor; MTD, maximum tumor diameter. 
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ppropriate for invasive adenocarcinoma (IA) and stage Ⅰ a NSCLC. The

se of limited resection based on precise diagnosis greatly preserves

ung functions without increasing the risk of cancer recurrence [8 , 9] .

herefore, precisely identifying the malignant SPNs in the lungs and

urther determining the progression stage and invasiveness could

trongly favor patient survival. 

Metastasis and cancer-related death are strongly influenced by cir-

ulating cancer cells (CTCs), which are detached invasive cancer cells

hat float freely through the vascular system [10] . These CTCs are also

ecognized as an acceptable non-invasive tool for early cancer diagno-

is, evaluation, and progression. The study of CTCs began more than a

undred year ago; however, advancements in the development and use

f CTCs for diagnosis or prognosis have only emerged in recent years

11 , 12] . Currently, CellSearch R ○ is the only method approved by the US

ood and Drug Administration (FDA) for clinical determination of CTCs,

lthough various methods and technologies are used in academic stud-

es and clinical diagnosis [13] . Most of these methods involve collection

f CTCs from peripheral blood cells. The first step in CTC collection is to

eplete the blood of lymphocytes, which are CD45 positive cells and the

ost abundant cell types in the blood. Different cell membrane proteins

hat are expressed at high levels in cancer cells are then used as markers

o identify and enrich the CTCs. For example, cells positive for epithelial

arkers like epithelial cancer associated marker (EpCAM + ) and cytok-

ratins (CKs + ) are identified as CTCs from epithelial-originating cancers,

ncluding lung and breast cancer [14 , 15] . Another well studied marker

or the CTCs of lung cancer is the folate receptor [16 , 17] . Recently, Zhou

t al. reported a correlation between folate receptor-positive CTCs and

ndeterminate lung nodules, and they also suggested that these CTCs

ad prognostic value [4] . 

Other methods used to identify CTCs have included epithelial

ell molecule-independent strategies, such as chromosome centromere

robe 8 (CEP8) and CEP10, for the diagnosis of early and advanced lung

ancer [18 , 19] . However, none of the current methods for CTC enrich-

ent are fully satisfactory for cancer diagnosis and prognosis, and new

pecific markers are urgently needed for identification of CTCs that orig-

nate from different types of cancers. To date, numerous studies have

hown correlations between CTCs and cancer stages, invasiveness, and

etastasis in several cancers, including lung cancer [20 , 21] . However,

atients with NSCLC have only very limited numbers of CTCs in their

eripheral blood (a median of 2 cells in a 3.2 mL blood sample; range: 0–

2 cells/sample in 174 patients); therefore, the likelihood of detecting

TCs in the peripheral blood of patients with SPNs remains question-

ble [22] . Nevertheless, collecting CTCs from these patients and analyz-

ng the cell characteristics would be expected to significantly improve

he sensitivity and specificity of the diagnosis of lung cancer, as well as

dentifying appropriate therapeutic strategies. 

The present study examined patients who were diagnosed with SPNs

y CT scans and who subsequently underwent surgery. The histopatho-

ogical diagnoses of the patients were also available for statistical anal-

sis. Peripheral blood was collected before lung resection (pre-surgery

lood) and subjected to CTC detection using CEP8 as a marker. Correla-

ions between CTC numbers and the results from CT scans, serum marker

nalysis, and histopathological examinations were then statistically an-

lyzed. We also compared the positive rate of different CTC markers, in-

luding CEP8, EpCAM, and pan-CKs. Our findings suggested that CTCs

ould be enriched from 3.2 mL peripheral blood samples from SPNs pa-

ients, and that the CTC number correlated with the SPN histopatholog-

cal characters. We conclude that CTCs could serve as potential markers

hat can assist in the diagnosis of SPNs. 

aterials and methods 

atients 

This study included 53 patients who had been diagnosed with SPNs

y CT examination at Nanjing First Hospital from May to November
2 
n 2019. In detail, single or multiple lung nodules with the diameter

 30 mm detected by CT were defined as SPNs. Tissue sections of the

odules from lung surgery underwent histopathological diagnosis by

wo pathologists. The histological types of NSCLC and the invasiveness

f lung adenocarcinoma, including AIS, MIA, and IA, were determined

ccording to World Health Organization (WHO) classification of tumors

f the lung. The stages of lung cancer (pTNM stage) were determined ac-

ording to the American Joint Committee on Cancer (AJCC) stage man-

al (8th . Version). Among the 53 patients, 41 patients (41/53) were di-

gnosed with malignant SPNs (lung cancer); most of these (38/41) were

ung adenocarcinoma. In total, 12 of the 53 patients (12/53) had benign

PNs that included fibrosis, hyperplasia, and tuberculosis (Supplemen-

ary Table S1). Patients with or without clinical pulmonary symptoms,

uch as cough and chest pain, were included, whereas patients with his-

ories of chemotherapy, radiotherapy, or lung cancer-related disease or

urgery were excluded. The Ethics Committee of Nanjing Medical Uni-

ersity approved the study. Informed consent was obtained from all the

articipants. 

TC isolation and identification 

Before each patient’s lung surgery, we collected peripheral venous

lood (3.2 mL) into customized acid citrate dextrose (ACD) anticoagu-

ant tubes (Becton Dickinson, NJ, USA). The CTCs were enriched and

etermined by the Cyttel method (Cyttel, Jiangsu, China), as previously

eported [21] . Briefly, a red blood cell (RBC) lysis buffer was used to

eplete the RBCs from the whole blood, and the leukocytes were pulled

own by anti-CD45 antibody-conjugated immunomagnetic beads, fol-

owed by centrifugation. The supernatant containing CTCs was smeared

nto slides for subsequent analysis. 

We used a fluorescence in situ hybridization (FISH) method to detect

entromere probe 8 (CEP8), as previously reported [23] . CEP8 staining

ndicated the copy number of chromosome 8 in the cells. We then used

lexa Fluor 594 conjugated anti-human CD45 antibody (Cyttel, Jiangsu,

hina) and DAPI (Vector Laboratories, Burlingame, CA, USA) to stain

eukocytes and nuclei, respectively. Most of the cancer cells were mul-

iploid; therefore, cells with more than one CEP8 copy number (CEP8

 2) were defined as cancer cells (CEP8 + cells). In this study, cells with

EP8 + /CD45-/DAPI + staining were considered CTCs. The CTC identi-

cation was conducted blindly [20] . 

Several slides (22/53) were subjected to immunofluorescence analy-

is against an additional two tumor markers, EpCAM and pan-CKs. Cells

mears were incubated with primary anti-EpCAM (BAF960, R&D sys-

em) or anti-pan-cytokeratin (anti-pan-CKs) (ab7753, Abcam) antibod-

es, followed by incubation with secondary antibody Alexa Fluor 488 or

lexa Fluor 555 (ab150129 and ab105106, Abcam). Imaging and data

nalysis were done using an Olympus BX63 microscope equipped with

MSTAR high content screening device (IMSTARSA, France). 

PN identification by CT 

We classified SPNs according to their CT characteristics as small

 < 15 mm) or large ( ≥ 15 mm, ≤ 30 mm) SPNs based on the nodule size;

s single ( n = 1) or multiple ( n > 1) SPNs based on the nodule number;

nd as solid (high density, cord-like appearance, or with globular mass)

r non-solid (low density, or ground glass-like appearance) SPNs based

n the nodule density. Two independent radiologists interpreted the CT

mages. 

umor marker analysis in serum from patients with SPNs 

We separated the serum from peripheral venous blood in

nticoagulant-free blood collection tubes. The tumor markers CEA,

YFRA 21–1, and AFP were detected by chemiluminescence micropar-

icle immunoassays (CMIAs) (Reagent kit #7K68, 2P55, 3P36) using

RCHITECT-i2000sr (Abbott Laboratories, USA). CA 19–9 was detected
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ith an automatic electrochemiluminescence immunoassay (Reagent kit

11,776,193) using Cobas e602 (Roche Ltd, Germen) [16 , 21] . 

tatistical analysis 

The Mann-Whitney U test and the Student’s t -test were used to com-

are the different groups. The chi-square tests or Fisher’s exact tests were

sed to compare the categorical variables. Receiver operating character-

stic (ROC) analysis was performed, and the area under the curve (AUC)

as calculated to assess the histopathology of SPNs. A value of p < 0.05

as considered statistically significant. The data were analyzed using

PSS 18.0 and Prism 6.0 software. 

esults 

TC numbers were correlated with SPN malignancy 

Several studies have reported the detection of CTCs in patients with

dvanced cancer, including lung cancer. However, whether CTCs could

e detected in the peripheral venous blood of patients with SPNs is un-

nown. We collected peripheral blood prior to surgery from patients

ho were diagnosed as having SPNs based on CT examinations. We then

nriched the CTCs, examined the serum tumor markers, and collected

he histopathological diagnosis reports of these patients. The subsequent

tatistical analysis was conducted on 53 patients who had data for CTCs,

T, serum markers, and histopathology. The demographic and clinic

athologic characteristics of those patients are displayed in Supplemen-

ary Table S1. 

We found that 41/53 patients had lung cancer, mostly (38/41) in the

orm of adenocarcinomas. Since adenocarcinoma invasiveness provides

ritical guidelines for the resection strategy and is correlated with its

rognosis; we divided the patients into AIS, MIA, and IA groups. We

lso divided the patients into two sub-groups ( ≤ Ⅰ a and > Ⅰ a) based on

he pTNM stage, as the ≤ Ⅰ a stage is recommended for limited surgical

esections, such as segmentectomy, sub-lobar or lobectomy resection,
Fig. 1. Representative histopathology of small pulmonary nodule (SPN) ti

3 
nd this would both increase the survival rate and maximally preserve

he lung function [24–27] . Benign pulmonary diseases, such as fibrosis,

yperplasia, and tuberculosis, were present in 12 of the 53 patients.

epresentative hematoxylin & eosin (H&E) staining of these tissues is

hown in Fig. 1 . 

We also analyzed the correlation between CTC level and SPN ma-

ignancy. The CEP8 + /CD45-/DAPI + samples were identified as CTCs.

epresentative staining is shown in Fig. 2 A. The numbers of CTCs were

ounted in each sample and were significantly higher in patients with

alignant SPNs than with benign SPNs according to the Mann-Whitney

 test ( p < 0.05) ( Fig. 2 B). Similarly, the average CTC number was sig-

ificantly higher in patients with malignant SPNs than with benign SPNs

ccording to Student’s t -test (Supplementary Figure S1A). The CTC num-

ers were significantly lower for the > Ⅰ a stages ( Ⅰ b/ Ⅱ / Ⅲ ) than for the

 Ⅰ a stage (0/ Ⅰ a) of lung cancer ( Fig. 2 C). In all, 38/41 of the malignant

PNs were adenocarcinomas (Supplementary Figure S1B); therefore, we

nalyzed the correlation between the CTC levels and cancer invasive-

ess. However, no significant difference was found in the CTC numbers

etween the AIS, MIA, and IA groups ( Fig. 2 D). Given our limited sam-

le size, we pooled the MIA and AIS patients to create a noninvasive

roup, since MIA is considered to have a noninvasive pathology. We did

ot observe any statistical difference in the CTC numbers between the

oninvasive and invasive groups (Supplementary Figure S1C). 

The ROC analysis showed a sensitivity and specificity for using CTCs

s a diagnostic marker to distinguish malignant SPNs from benign SPNs

f 92.7% and 50%, respectively ( Table 1 ). The area under the curve

AUC) was statistically significant ( p < 0.05), indicating that CTCs could

erve as a potential diagnostic marker for SPNs ( Fig. 2 E). Previous re-

orts have suggested that ≥ 2 CTCs/sample can be used in ROC analysis

or lung cancer diagnosis. We therefore redefined our samples as pos-

tive for ≥ 2 CTCs/sample and as negative for < 2 CTCs/sample, based

n the finding that the median CTC count in the malignant group

as 2 CTCs/sample compared to 0.5 CTCs/sample in the benign group

 Fig. 2 B). The specificity increased to 75%, but the sensitivity decreased

o 70.7% with a significant AUC of 0.729 ( p < 0.05) ( Table 1 ). However,
ssues stained with Hematoxylin–Eosin (H&E). Magnification, 200 × . 
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Fig. 2. Statistical analysis of the correlation between circulating cancer cells (CTCs) and the histopathological characteristics of small pulmonary nodules (SPNs). 

A, Representative images of circulating tumor cells. CEP8 FISH, EpCAM, pan-CKs, DAPI staining of cells enriched from 3.2 mL peripheral venous blood of patients 

with SPNs. Magnitude, 200 × . B-D, The Mann-Whitney U test of the CTCs level between different groups as indicated. E and F, The ROC curve of the CTC number 

to distinguish malignant from benign SPNs (E), or ≤ Ia from > Ia stages (F). 

Table 1 

results of ROC analysis (malignant versus benign). 

AUC (95% CI) p value Cut-off value Sensitivity (%) Specificity (%) 

CTCs 0.713 (0.525, 0.902) 0.026 0.5 92.7 50.0 

CTCs 0.729 (0.564, 0.893) 0.017 0.5 70.7 75.0 
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he CTC numbers showed no significant difference in distinguishing the

 ≤ Ⅰ a) from the ( > Ⅰ a) lung cancer stages ( Fig. 2 F), invasive from non-

nvasive SPNs (Supplementary figure S1D), and adenocarcinoma from

ther cancer types (Supplementary figure S1B and S1E). These findings

uggest that the numbers of CTCs might be higher in patients with ma-

ignant SPNs than with benign SPNs and that the number of CTCs can

erve as a potential screening and diagnosis marker for malignant SPNs.

he combined use of CTC numbers and density features in CT identified 

alignant SPNs 

Currently, the growing use of thin-section CT scans is allowing the

iagnosis of millions of patients annually with SPNs; however, only 30%

f these SPNs are identified as malignant. Thus, more methods are ur-
4 
ently needed to assist in diagnosis. We analyzed the correlation be-

ween the CT morphology and the SPN clinicopathological characteris-

ics, based on the three most frequently used criteria, namely the nodule

ize, number, and density. As shown in Table 2 , no significant correla-

ion was detected between the nodule size and malignancy or between

he nodule number and malignancy, whereas the nodule density had a

ignificant correlation with malignancy ( Table 2 ). No statistical corre-

ation was found between the nodule size, number, or density and the

ancer stage or type (Supplementary Table S2). 

The nodule number, but not the size, displayed a significant cor-

elation with adenocarcinoma invasiveness (Supplementary table S3),

ut no correlation was apparent between nodule density and invasive-

ess (Supplementary Table S3). One reason could be the limited sample

ize; therefore, we pooled the AIS and MIA samples and repeated the
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Table 2 

the correlation between CT morphology and histology of SPNs. 

CT parameters n Histology X 2 

value 

p 

value Total 53 Malignant Benign 

Size 

< 15 mm 34 27 7 0.018 0.892 

≥ 15 mm 19 14 5 

Number 

Single 30 23 7 0.019 0.891 

Multiple 23 18 5 

Density 

Solid 32 21 11 4.77 0.029 a 

Non-solid 21 20 1 

Note: a, adjust chi-square test, 1 < T < 5. 
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omparison. This resulted in a significant correlation between density

nd invasiveness (Supplementary Table S4), in agreement with other

eports showing that a high nodule density is an essential indicator of

alignancy. 

We also analyzed the correlation between the CTC numbers and CT

xaminations. We did not observe any significant difference in the CTC

umbers between the groups with small ( < 15 mm) and large ( ≥ 15 mm)

PNs based on the CT examinations ( Fig. 3 A). We also evaluated the

TC number and the nodule size determined by CT as predictors of SPN

alignancy. A shown in Fig. 3 B, the CTC level in the group with large

odules, but not with small size nodules, was significantly higher in

alignant than in benign SPNs. 

No significant difference was apparent in the CTC numbers between

he single and multiple nodule groups, but the numbers of CTCs were

ignificantly higher in the patients with malignant SPNs than with be-

ign SPNs ( Fig. 3 C and D). No difference was noted for the CTC numbers

etween the solid and non-solid nodule groups, but the CTC numbers

ere higher for patients with solid malignant SPNs than with benign

PNs ( Fig. 3 E and F). The limited number of benign SPN samples was

n obstacle in performing a comparison with the non-solid group. 

We also used ROC analysis to examine the sensitivity and specificity

f CTC numbers combined with CT characteristics to predict SPN malig-

ancy. The AUC of the density and the CTC number, but not the nodule

ize, showed a statistical significance in recognizing SPN malignancy

 Fig. 3 G). Moreover, the combined use of the CTC number and the den-

ity features had a higher AUC than was obtained using each indepen-

ently. As shown in Table 3 , the CTCs showed the highest sensitivity

92.7%), while the density showed the highest specificity (91.7%) when

hey were used alone to identify SPN malignancy. The combined use of

hese two features increased the sensitivity to 95% but did not increase

he specificity. 

We also analyzed the ability of CTC numbers, nodule size, and den-

ity features to differentiate lung cancers ≤ Ⅰ a stage from > Ⅰ a stage.

he ROC curve showed that the AUC of each feature did not display

ny statistical significance; however, the combined use of CTC numbers

nd density increased the AUC to 0.735 compared to each parameter

ssessed independently (0.61 for CTCs and 0.648 for density) ( Fig. 3 H).

able 4 shows that the combined CTC number and density was signif-

cantly correlated with the SPN stage ( p = 0.041). In addition, the sen-

itivity for density increased from 54.5 to 97%, and the specificity for

TC numbers increased from 25% to 50%. 

These findings suggest that the combined use of the density revealed

y CT examination and the number of CTCs can serve as a potent marker

or the screening and diagnosis of SPNs. 

erum tumor markers were not correlated with SPN malignancy, whereas 

he CEA tumor marker levels were correlated with CTC numbers 

Examination of the serum tumor markers in patients with SPNs re-

ealed, surprisingly, that most patients were negative based on the

tandard criteria ( < 5.0 ng/mL for CEA, < 7.0 ng/mL for CYFRA 21–1,
5 
 7.29 ng/mL for AFP, and < 27.0 Unit/mL for CA 19–9). This may pos-

ibly have reflected the fact that most of the participants in this study

ere at an early lung cancer stage or had benign tumors. The average

oncentrations of the markers did not show any significant difference

etween the malignant and benign SPN groups ( Fig. 4 A). Analysis of

hese markers between the two groups of CTC positive and negative pa-

ients, revealed that only the CEA concentrations showed a difference

etween the CTC + and CTC- groups ( Fig. 4 B), suggesting that the CEA

oncentrations differ in patients who possess CTCs. 

EP8, EpCAM, and pan-CKs markers aided CTC identification 

Currently, no CTC-specific markers have been conclusively identi-

ed, as the same populations have shown opposing results for CTC

umbers depending on the measurement technique used [28 , 29] . In

he present study, the CTCs were identified by a FISH assay using

EP8. We then compared commercially available markers, such as Ep-

AM and pan-CKs, for CTC detection using immunofluorescence stain-

ng ( Fig. 2 A). In total, 22 slides (1 slide for each patient) were tested for

ll three markers. The CTC levels determined by EpCAM + , pan-CKs + ,

r CEP + were 0, 0.5, 2 cells/sample, respectively. Several patients had

ells that showed dual-positive or triple-positive staining. The CTC num-

ers showed no significant differences between the pan-CKs-positive

nd EpCAM-positive samples. However, the CEP8-positive cell numbers

ere statistically higher than the numbers showing EpCAM or pan-CKs

ositivity (Supplementary figure S2). These findings indicated that dif-

erent markers could detect different subpopulations of CTCs, possibly

eflecting the heterogeneity of the cancer cells. 

iscussion 

Lung cancer is the most prevalent cancer-related cause of death

orldwide [30] . Early diagnosis and treatment can dramatically in-

rease the patient survival rate [4] ; therefore, early lung cancer diagno-

is has attracted significant research interest and has made significant

dvances in recent years. The ability to enrich CTCs from peripheral

lood means that they can serve as a kind of liquid biopsy that is both

on-invasive and patient friendly [31] . However, developing CTCs as a

iagnostic marker is challenging because of the scarce number of CTCs

n the peripheral blood. Studies using different detection methods have

eported different CTC numbers in different blood volumes [32] . For ex-

mple, Teixeira et al. used the CellSearch system to enrich and sequence

he CTCs collected from 7.5 mL of peripheral blood from patients with

re-invasive squamous cell lung cancer lesions [33] . 

Various studies have reported a correlation of CTCs with different

ypes of cancers or different clinicopathological characteristics of can-

er, but the enrichment of CTCs from SPNs at very early cancer stages

as not been reported. Recently FR + (folate receptor) CTCs were de-

ected and used to distinguish invasive and pre-invasive lung adenocar-

inomas [4] . The CEP8 + CTC count has also been reported to show a cor-

elation with lung cancer [19] . The present study is the first to report the

etection of CTCs from 3.2 mL of peripheral venous blood from patients

ith SPNs. We found that the number of CTCs was higher in group with

alignant SPNs than with benign SPNs. The ROC analysis also showed

hat the CTC number was able to distinguish malignant SPNs from be-

ign SPNs with high sensitivity and specificity using ≥ 2 CTCs/sample as

he definition of a positive CTC level. A previous study using the stan-

ard CellSearch method reported that CTC levels of ≥ 5 CTCs/7.5 ml of

lood in patients with metastatic breast cancer and prostate cancer and

 3 CTCs in patients with colorectal cancer were associated with poor

rognosis [34] . Our findings suggest that the CTC number could be de-

eloped as a potential marker to assist in the diagnosis of SPNs. 

Surprisingly, more CTCs were detected in a very early stage (0/ Ⅰ a)

f lung cancer than in the advanced stages ( Ⅰ b/ Ⅱ / Ⅲ ). The CTCs are

ancer cells that have detached from their tumors of origin and have
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Fig. 3. Statistical analysis of the correlation between the numbers of circulating cancer cells (CTCs), computed tomography (CT) morphology, and the histopatho- 

logical characteristics of small pulmonary nodules (SPNs). A-F, The Mann-Whitney U test of the CTC numbers between different groups as indicated. G and H, The 

ROC curve of the CTC number combined with density to distinguish malignant from benign SPNs (G), or ≤ Ia from > Ia stages (H). 

Table 3 

results of ROC analysis (malignant versus benign). 

AUC (95% CI) p value Cut-off value Sensitivity (%) Specificity (%) 

CTCs 0.713 (0.525, 0.902) 0.026 0.5 92.7 50.0 

Size 0.462 (0.274, 0.651) 0.694 0.5 34.1 58.3 

Density 0.702 (0.551, 0.853) 0.034 0.5 48.8 91.7 

CTCs + Density 0.726 (0.537, 0.914) 0.018 0.5 95.1 50.0 

6 
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Table 4 

results of ROC analysis ( ≤ Ⅰ a stages versus > Ⅰ a stages). 

AUC (95% CI) p value Cut-off value Sensitivity (%) Specificity (%) 

CTCs 0.610 (0.369, 0.851) 0.34 0.5 97.0 25.0 

Size 0.324 (0.128, 0.540) 0.126 0.5 27.3 37.5 

Density 0.648 (0.441, 0.855) 0.199 0.5 54.5 75.0 

CTCs + Density 0.735 (0.369, 0.851) 0.041 0.5 97.0 50.0 

Fig. 4. Statistical analysis of the correlations between the numbers of circulating cancer cells (CTCs), serum markers, and the histopathological characteristics of 

small pulmonary nodule (SPNs). A, The Student t -test of the serum markers between malignant and benign SPNs. B, The Student t -test of the serum markers between 

positive and negative CTCs. 
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nvaded the circulatory system. Therefore, higher CTC counts were ex-

ected with more advanced stages of lung cancer. However, possible

xplanations for the higher CTC counts at an early stage could be devel-

pmental changes, such as the formation of fibroblasts or inflammatory

ells at later stages, or abnormal tumor environments in some subtypes

f lung cancer. These differences in tumor composition could restrict the

scape of cancer cells from late-stage tumors into the circulation. This

ossibility is worth investigating in the future. However, in our work,

e considered this finding of early-stage CTC release to reflect a bias

aused by the sample sizes because most of the patients with SPNs were

n early stages and only 9 patients presented at the > Ⅰ a stage. 

Currently, most SPNs are first identified by CT examinations. The

revalence of chest CT, and especially thin-section CT, has significantly

ncreased the detection rate of SPNs ( ≤ 30 mm); however, most patients

re later diagnosed with non-cancer–related diseases, inflammation, hy-

erplasia, fibrosis, tuberculosis, or even stress reactions [35] . These pa-

ients undergo CT examinations for common clinical symptoms, such as

oughing, chest pain, minor discomfort, or as part of an annual physical

xamination. Thus, once diagnosed with SPNs, indicating a risk of lung

ancer, they can be offered several choices, ranging from CT surveillance

o CT-guided biopsy or direct surgery. 

Cancer diagnosis based on CT morphology has undergone some sig-

ificant recent advances. For example, radiomics nomograms have made

ignificant progress in distinguishing malignant from benign SPNs, in de-

ermining the invasiveness of lung adenocarcinomas, and even in distin-

uishing ground-glass nodules less than 10 mm [36 , 37] . This progress

as allowed the establishment of critical guidelines for appropriate treat-

ent and has led to a noticeable improvement in lung cancer prognosis

38] . In the current study, we also observed that the nodule density,

ut not the size, could distinguish malignant from benign SPNs when

sing the AUC in the ROS curve. The combined use of CTCs and density

ncreased the AUC significantly and was even capable of distinguish-

ng the 0/ Ⅰ a from the Ⅰ b/ Ⅱ / Ⅲ stages of lung cancer. However, we do

ot consider the latter finding correct at this point in time because of
7 
ur limited sample size. Further studies with larger patient numbers are

equired for revealing the truth. 

We observed a significant increase in the CTC level in patients with

 nodule size larger than 15 mm and in patients with solitary nodules.

hese findings indicate that when CT scans are used to diagnose patients

ith SPNs, an elevated CTC number can suggest malignancy if the nod-

les are larger than 15 mm or if they are solid nodules. Therefore, the

se of CTC numbers together with CT examinations might be more suc-

essful than either approach alone in predicting malignant SPNs. 

Another issue in this study is that the CT features, and especially

he density, displayed higher sensitivity and specificity than was ob-

erved for the numbers of CTCs. We suspect that the limitations of the

tudy design are a root cause of this finding. The patients included in

he study were required to have a histopathological diagnosis; therefore,

nly those with CT morphology, indicating a high risk of cancer, and

ho had been assigned for surgery could be recruited in the study. This

trategy significantly increased the specificity and diagnostic value of

he SPN morphology. In the CT diagnostic process for identifying malig-

ancy, the density feature typically received more attention than other

eatures, and this could have caused some bias in this study. This bias

ight also be the reason why the combined use of CTC numbers and den-

ity did not further increase the specificity of the malignancy diagnosis

n the ROC analysis, since the density exhibited the highest specificity

n its own. A multicenter and broad investigation reported by Lindsay

t al. indicated that the CTC number could be an independent prognos-

ic marker for advanced NSCLC [39] . Because of the limited sample size

nd the possible bias in our study, we are cautious in concluding that

he CTC number could also be a diagnostic marker that could assist in

he diagnosis of SPNs. Further studies are needed for verification. 

The use of specific serum tumor markers helped to increase the sensi-

ivity of malignancy diagnosis; however, the specificity was not satisfac-

ory. Some serum markers are indicative of cancer origins, such as CEA

or colon cancer, AFP for liver cancer, and CYFRA 21–1 for lung cancer

40] . In this study, we did not observe any significant alterations in the
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erum markers based on the criteria used for clinical diagnosis. We also

ound no difference in the average serum concentrations between the

alignant and benign groups. We identified an increased CEA concen-

ration in the group with SPNs who also had detectable CTCs, indicat-

ng that CEA concentration and CTCs may be correlated. Overall, these

ndings indicate that changes in the serum tumor markers might not be

ignificant in the very early stage of lung cancer. 

We also compared several CTC markers in this study. EpCAM posi-

ivity has been widely used to identify CTCs, and CellSearch is the only

ethod approved by the FDA; however, better methods for CTC detec-

ion are still under development [41] . Initially, the EpCAM marker is

ighly expressed in epithelial cells; this would cause a rise in EpCAM

ositive cells due to detachment of the epithelial and endothelial cells

nd their release into the bloodstream [42] . However, some cancer cells

o not express EpCAM due to heterogeneity or because they have under-

one the epithelial-mesenchymal transition (EMT), a process that causes

ancer cells to lose their epithelial features and increase their migratory

r invasive capacities [43] . The same issues arise when using CKs as a

TC marker [15] . In the present study, we used CEP8 as a CTC marker,

nd we subjected 22 samples to triple staining for CEP8, EpCAM, and

an-CKs. We observed higher numbers of CEP8 + CTCs than EpCAM +
r pan-CKs + CTCs, but this did not suggest that CEP8 + staining was

etter than the other two markers because more false-positive circulat-

ng cells were also detected. Some triple-positive or dual-positive CTCs

ere also detected, and this would strongly support cancer cell hetero-

eneity. These findings suggest that different subpopulations of CTCs

xpress different markers and further emphasize the urgent need for the

stablishment of new markers that can identify CTCs. 

onclusion 

We detected CTCs using CEP8 as a marker in 3.2 mL peripheral ve-

ous blood samples from patients with SPNs detected by CT scanning.

he CTC numbers were correlated with SPN malignancy. The combined

se of CTCs and CT morphological density features increased the sen-

itivity for discriminating malignant from benign SPNs. Our findings

uggest that the number of CEP8-positive CTCs could serve as a poten-

ial screening and diagnostic marker that can assist in the diagnosis of

alignant lung cancer in patients with SPNs. 
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