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Abstract

Background: Circulating genetically abnormal cells (CACs) with specific chro-
mosome variations have been confirmed to be present in non-small cell lung
cancer (NSCLC). However, the diagnostic performance of CAC detection
remains unclear. This study aimed to evaluate the potential clinical application of
the CAC test for the early diagnosis of NSCLC.

Methods: In this prospective study, a total of 339 participants (261 lung cancer
patients and 78 healthy volunteers) were enrolled. An antigen-independent fluo-
rescence in situ hybridization was used to enumerate the number of CACs in
peripheral blood.

Results: Patients with early-stage NSCLC were found to have a significantly
higher number of CACs than those of healthy participants (1.34 vs. 0.19;
P < 0.001). The CAC test displayed an area under the receiver operating charac-
teristic (ROC) curve of 0.76139 for discriminating stage I NSCLC from healthy
participants with 67.2% sensitivity and 80.8% specificity, respectively. Compared
with serum tumor markers, the sensitivity of CAC assays for distinguishing
early-stage NSCLC was higher (67.2% vs. 48.7%, P < 0.001), especially in NSCLC
patients with small nodules (65.4% vs. 36.5%, P = 0.003) and ground-glass nod-
ules (pure GGNs: 66.7% vs. 40.9%, P = 0.003; mixed GGNs: 73.0% vs. 43.2%,
P < 0.001).

Conclusions: CAC detection in early stage NSCLC was feasible. Our study
showed that CACs could be used as a promising noninvasive biomarker for the
early diagnosis of NSCLC.

Key points: What this study adds: This study aimed to evaluate the potential
clinical application of the CAC test for the early diagnosis of NSCLC.

Significant findings of the study: CAC detection in early stage NSCLC was feasi-
ble. Our study showed that CACs could be used as a promising noninvasive bio-
marker for the early diagnosis of NSCLC.
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Introduction

NSCLC is the major pathological subtype of lung cancer
and the leading cause of cancer death. At present, the
five-year survival rate of lung cancer is only 16.6%, and
more than 70% of patients are diagnosed at advanced
stages due to the lack of early clinical symptoms.” Early-
stage diagnosis of lung cancer contributes to effective can-
cer therapy, which could significantly increase the five-year
survival rate after lung cancer resection.* Thus, early detec-
tion of lung cancer is crucial to reducing mortality.

Various diagnostic methods for early-stage lung cancer
are available in clinics, such as low-dose computed tomog-
raphy (LDCT) screening, percutaneous biopsy, positron
emission tomography (PET) and liquid biopsy.”® How-
ever, LDCT has a high false positive rate.'” For invasive
methods (such as percutaneous biopsy) or imaging exami-
nation, there are also disadvantages such as insufficient dis-
crimination of malignant and benign nodules in small
nodules and ground-glass nodules (GGNs).!'™** Addition-
ally, noninvasive methods including testing for traditional
serum tumor biomarkers, circulating genetically abnormal
cells (CTCs), and circulating nucleic acids have insufficient
sensitivity in early diagnosis, which limits their utility in
large screening programs.'*™'® Thus, an effective, noninva-
sive method that is sufficiently sensitive and specific for
use in the early diagnosis of lung cancer is urgently
needed.

It is well known that CTCs are of great interest in trans-
lational oncology. CTCs generally refer to cancer cells in
the peripheral blood that have disseminated from the pri-
mary tumor or metastatic sites.'” However, because the
detection of CTCs relies upon expression of epithelial
markers, the diagnostic sensitivity of CTC detection may
be drastically reduced if the epithelial markers are
absent.'®'” Interestingly, in recent years, CACs with spe-
cific chromosome variations have been detected in lung
cancer patients.'® It is reported that CACs contain simi-
lar genetic abnormalities to the primary tumor in patients,
and have a strong correlation with early tumorigenesis of
NSCLC, suggesting that CACs may be an effective and spe-
cific biomarker for cancer diagnosis.'® In particular, CACs
assays may be used as adjuncts to the diagnosis of indeter-
minate lung nodules.

To date, an assay for CAC enrichment and detection has
been established but only validated with a small patient set
(n = 59). The value of CAC detection for the early diagno-
sis of NSCLC remains unknown. Here, we conducted a
prospective study to evaluate the diagnostic value of CACs
at early-stage NSCLC using blood samples from lung can-
cer patients and healthy controls. We also compared the
sensitivity of CACs and traditional serum tumor bio-
markers, including carcinoembryonic antigen (CEA),
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neuron-specific enolase (NSE), total prostate specific anti-
gen (TPSA), squamous cell carcinoma antigen (SCC-Ag),
progastrin-releasing peptide (ProGRP), carbohydrate anti-
gen 19-9 (CAI19-9), and cytokeratin 19 fragment 21-1
(CYFRA21-1), to further validate its performance.

Methods

Study design and patients

This was a prospective clinical trial (NCT03790735) con-
ducted at Tianjin Medical University Cancer Institute and
Hospital between May 2018 and December 2018. Patients
of either gender, no less than 18 years of age, with a pul-
monary nodule diameter less than 30 mm (as measured via
computed tomography [CT] scan) and with suspected lung
cancer who underwent resection were eligible to enter the
study. Patients who received any prior treatments or had a
history of malignancy were excluded. All blood samples
were obtained just prior to surgery. In total, 261 patients
were enrolled. In addition to diseased patients, 78 healthy
controls were also recruited for this study. Healthy partici-
pants were eligible for enrollment if there were no nodules
or masses on the lungs (as determined via CT scan) and
they had no other pulmonary diseases.

The blood samples of enrolled patients were processed
to enumerate CACs before identification of tumor stage by
paraffin pathology. All patients were diagnosed by histo-
pathological examination after surgery and NSCLC staging
was performed according to the eighth edition of the
tumor, node, metastasis (INM) classification.?’ This clini-
cal trial was conducted in accordance with the Declaration
of Helsinki, and the ethical Good Clinical Practice Guide-
lines. The study was approved by the Ethics Committee of
Tianjin Medical University Cancer Institute and Hospital.
Written informed consent was obtained from all patients.

Measurement of CACs

A total of 10 mL peripheral blood was collected using
K,EDTA vacuum tubes (BD, USA). All specimens were
immediately stabilized after collection with a blood collec-
tion kit following the manufacturer’s guidelines (Sanmed
Biotech Ltd., China). The stabilized sample could be stored
or transferred at room temperature for up to 96 hours
prior to cell processing. The peripheral blood mononuclear
cells (PBMCs) were enriched by Ficoll (GE Healthcare, US)
density gradient centrifugation using 5 mL of stabilized
sample (equal to 2.5 mL full blood). The collected PBMCs
were then applied onto glass slides by Cytospin (Thermo
Fisher, US). Subsequent to PBMC isolation and slide mak-
ing, Multicolor fluorescence in situ hybridization (FISH)
was performed using a mononuclear cell chromosomal
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abnormality detection kit (Sanmed Biotech Ltd., China) to
visualize chromosomal changes in the locus of 3p22.1,
CEP3, 10g22.3 and CEP10. Samples were washed with
sodium citrate acid (SCC) buffer to reduce nonspecific
probe binding followed by nuclei labeling using 4’-6-dia-
midino-2-phenylindole (DAPI). Imaging of cell fluores-
cence signals were conducted with the Duet microscope
system (BioView, Israel). The overall sample processing
procedure is shown in Figure 1.

Tumor biomarker measurement

A 3 mL anticoagulant peripheral blood sample was col-
lected from each patient to measure the tumor biomarkers
(CEA, NSE, TPSA, SCC-Ag, ProGRP, CA19-9, and
CYFRA21-1). The serum levels of tumor biomarkers were
detected with an electrochemiluminescence immunoassay
(ECLI) using the Roche Elecsys E170 analyzer (Roche
Diagnostics, Switzerland) on the day of sample collection.

Statistical analysis

Statistical analysis was performed using SPSS 22.0 software
(SPSS Inc., Chicago, IL). Quantitative data were described
by means and range. Qualitative data were described by
number or rate and ratio. The normality of the data was
tested with the Kolmogorov-Smirnov test. For the continu-
ous variable, if the data distribution was normal, Student’s
t-test was used for comparison between the two groups. If
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the data distribution was asymmetrical, the Mann-Whitney
U test was used. For the discontinuous variable, the > test
was used for analysis. Diagnostic performance of the CAC
test was assessed by constructing a receiver operating char-
acteristic (ROC) curve and evaluated by calculating the
area under the curve (AUC).% All statistical tests were
two-sided, with the significance set at P < 0.05 along with
95% confidence intervals (CI).

Results

Patient characteristics

A total of 339 participants (261 patients and 78 healthy
volunteers) were enrolled into this single-center, prospec-
tive clinical trial (Fig 2). Among the 261 patients, 248 had
NSCLC (232 stage I, 10 stage II, and six stage IITa), three
had small cell carcinoma, and 10 patients were diagnosed
with benign lung disease. Stage I NSCLC patients were
analyzed in the study. Most stage I NSCLC patients were
women (61.2%), with a mean age of 56.0 years. A total of
449% of the healthy participants were women, and the
mean age of all healthy participants was 45.0 years; and
74 (31.9%) NSCLC patients and 21 (26.9%) healthy partici-
pants were either current smokers or had a history of
smoking. The demographics and characteristics of stage I
NSCLC patients and healthy participants are shown in
Table 1.

Figure 1 The workflow of CAC enu-
meration. () Collection of 10mL
peripheral blood. () PBMCs enrich-
ment. (lll) Hybridization of FISH probes.
(IV) Fluorescence image acquisition
and analysis.
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339 participants were enrolled
* Suspected NSCLC patients received curative-intent resection (n=261)
* Healthy volunteers (n=78)

29 patients were excluded
from analysis due to:

(1) Small cell carcinoma (n=3)
(2) Non-stage | NSCLC (n=16)
(3) Benign nodules (n=10)

|310 participants were finally analyzed|

l
| |

stage | NSCLC group (n=232)| |Healthy control group (n=78)|

Figure 2 Flowchart of patients enrolled in the study. NSCLC, non-small
cell lung cancer.

Table 1 Demographics and characteristics of stage | NSCLC patients
and healthy participants

NSCLC
patients (n = 232)

Healthy

Characteristics participants (n = 78)

Age, years (mean, 56.0 years (28-79) 45.0 years (21-72)

range)
Sex, n (%)

Male 90 (38.8%) 43 (55.1%)

Female 142 (61.2%) 35 (44.9%)
Smoking history, n (%)

No 158 (68.1%) 72 (73.1%)

Yes 74 (31.9%) 21(26.9%)
Pathological types

AIS and MIA 73 (31.5%) —

IAC 149 (64.2%) —

Others 10 (4.3%) —
Nodule size on CT,

n (%)

<10 mm 52 (22.4%) —

10-20 mm 122 (52.6%) —

>20 mm 58 (25.0%) —
Nodule type

classification on CT

Solid nodule 92 (39.7%) —

pGGNs 66 (28.4%) —_

mGGNs 74 (31.9%) —

AlS, adenocarcinoma in situ; CT, computed tomography; IAC, invasive
adenocarcinoma; mGGNs, mixed ground-glass nodules; MIA, minimally
invasive adenocarcinoma; NSCLC, non-small cell lung cancer; pGGNSs,
pure ground-glass nodules.

CAC counts in patients

The CACs isolated from NSCLC patients were identified
using a four color FISH assay. CACs were defined as cells
with gains of at least two probes targeting chromosome
loci 3p22.1, CEP3, 10q22.3 and CEP10 (Fig 3a), while nor-
mal PBMCs were diploid cells without gains (Fig 3b).
Distributions of CAC counts in stage I NSCLC patients
and healthy participants are shown in Figure 3c. The CAC
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counts were significantly higher in stage I NSCLC patients
(1.34, range 0-24) than in healthy participants (0.19, range
0-1) (P < 0.001). CACs were detected in 15 of 78 (19.2%)
healthy participants, with a CAC count of 1. CACs were
detected in 156 of 232 (67.2%) NSCLC patients, with CAC
counts of 1-24. The AUC for CAC counts in discrimina-
tion between stage I NSCLC patients and healthy partici-
pants was 0.769 (95% CI, 0.716-0.822; P < 0.001; Fig 3d).
According to the ROC analysis, the cutoff point of CAC
counts was estimated to be 1 with sensitivity and specificity
of 67.2% and 80.8%, respectively (NSCLC patients, CAC
counts >1; healthy participants, CAC counts = 0). Overall,
these results indicated that CACs would be clinically useful
in the diagnosis of early-stage NSCLC.

Relationship between CAC counts and
patient demographics

Next, we analyzed the relationship between CAC counts
and patient demographics (Table 2). There was no rela-
tionship between CAC status and patient demographics,
including age (P = 0.969), gender (P = 0.890) and smoking
history (P = 0.942). Adenocarcinoma in situ (AIS) and
minimally invasive adenocarcinoma (MIA) lesions may be
small and asymptomatic, which greatly hinders their early
detection. We evaluated the diagnostic performance of
CAC counts in these patients, and they were found in
52 (71.2%) patients with AIS and MIA, compared with
invasive adenocarcinoma (IAC), in which 98 (65.8%)
patients were CAC positive, and no significant difference
was found among different pathological types (P = 0.592,
Table 2). With regard to tumor size, CACs were found in
34 (65.4%) patients with a tumor diameter < 10 mm,
83 (68.0%) patients with a tumor diameter of 10-20 mm,
and 39 (67.2%) patients with a tumor diameter > 20 mm,
without a significant difference (P = 0.944, Table 2). Fur-
thermore, we also compared the CAC counts in different
subtypes of malignant pulmonary ground-glass nodules
(GGNs), which were difficult to discriminate using only
CT. A total of 44 NSCLC patients with pGGNs were CAC
positive (66.7%), 54 with mGGNs were CAC positive
(73.0%), and 58 with solid nodules were CAC positive
(63.0%). There was no difference in CAC detection
between GGN and solid nodules (pP = 0.397, Table 2).

Sensitivity comparison between the CAC
test and tumor biomarkers

We next examined the diagnostic performance of selected
blood tumor biomarkers, including CEA, NSE, TPSA,
SCC, PROGRP, CA19-9 and CYFRA21-1, and compared
their lung cancer malignancy detection sensitivities with
that of CACs (Table 3). CAC counts outperformed

© 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd 3237
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Figure 3 Diagnostic value of CAC
test in patients with stage | NSCLC.
(a) Exemplary image of an isolated
CAC from a NSCLC patient. 3p22.1:
red, CEP3: green, 10g22.3: gold,
CEP10: aqua, DAPI: blue. In contrast,
(b) normal leukocytes with no signifi-

cant increase in diploid cells. CACs,
circulating genetically abnormal cells;
PBMCs, peripheral blood mononu-
clear cells; FISH, fluorescence in situ
hybridization; NSCLC, non-small cell
lung cancer. (c) Distribution of CAC
counts in stage | NSCLC patients and

healthy participants. (d) ROC curves

C 304 d 100 for CAC counts to discriminate stage
25 . I NSCLC patients from healthy partici-
g fg: 80 pants. CACs, circulating genetically
S abnormal cells; ROC, receiver operat-
‘g_ 8- §. 604 ing characteristicc AUC, area under
:é‘ o Z curve; NSCLC, non-small cell lung
5 p<0.001 2 ol p<0.001 cancer. (——) Sensitivity % and
:"’: 4 3 (Aggij:ol?:gm-o.szz) (—) identity %.
S 2 204
(1} PP (range.l ST (rangle, oy . I I I I
NSCLC patients Healthy participants (1] 20 40 60 80 100
100% - Specificity%
Table 2 Association between CAC counts and patient characteristics
Characteristics CACs positive (n = 156) CACs negative (n = 76) P-value
Age
<60 years 94 (67.1%) 46 (32.9%) 0.969
>60 years 62 (67.4%) 30 (32.6%)
Gender
Male 61 (67.8%) 29 (32.2%) 0.890
Female 95 (66.9%) 47 (33.1%)
Smoking history
No 106 (67.1%) 52 (32.9%) 0.942
Yes 50 (67.6%) 24 (32.4%)
Pathological types
MIA and AIS 52 (71.2%) 21 (28.8%) 0.592
IAC 98 (65.8%) 51 (34.2%)
Nonadenocarcinoma 6 (60.0%) 4 (40.0%)
Nodule size
<10 mm 34 (65.4%) 18 (34.6%) 0.944
10-20 mm 83 (68.0%) 39 (32.0%)
>20 mm 39 (67.2%) 19 (32.8%)
Nodule type
Solid nodules 58 (63.0%) 34 (37.0%) 0.397
pGGNs 44 (66.7%) 22 (33.3%)
mGGNs 54 (73.0%) 20 (27.0%)

AlS, adenocarcinoma in situ; CACs, circulating genetically abnormal cells; IAC, invasive adenocarcinoma; mGGNSs, mixed ground-glass nodules; MIA,
minimally invasive adenocarcinoma; pGGNs, pure ground-glass nodules.
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Table 3 AUC comparison of CAC counts with established tumor
biomarkers

NSCLC versus healthy participants AUC (95% Cl)

CAC counts 0.769 (0.716-0.822)
CEA 0.528 (0.456-0.600)
NSE 0.511 (0.438-0.585)
TPSA 0.520 (0.447-0.593)
SCC 0.528 (0.456-0.600)
ProGRP 0.502 (0.428-0.576)
CA19-9 0.520 (0.447-0.592)
CYFRA21-1 0.516 (0.442-0.589)
All tumor biomarkers® 0.558 (0.485-0.631)

TAIl tumor biomarkers: CEA + NSE + TPSA + SCC + ProGRP + CA19-9
+ CYFRA21-1. AUC, area under curve; CA19-9, carbohydrate antigen
19-9; CACs, circulating genetically abnormal  cells;  CEA,
carcinoembryonic antigen; CYFRA21-1, cytokeratin 19 fragment 21-1;
NSCLC, non-small cell lung cancer; NSE, neuron-specific enolase;
ProGRP, progastrin-releasing peptide; SCC-Ag, squamous cell carci-
noma antigen; TPSA, total prostate specific antigen.

individual or combined tumor biomarkers with the highest
AUC (0.769, 95 CI: 0.716-0.822) (Table 3, Fig 4). The
results indicated that in all NSCLC patients, the CAC test
showed significantly higher sensitivity than the combina-
tion of tumor biomarker (67.2% vs. 48.7%, P < 0.001,
Table 4). Similarly, the CAC test showed significantly
higher sensitivity in patients with MIA and AIS (71.2%
vs. 35.6%, P <0.001), IAC (65.8% vs. 53.7%, P = 0.033),
small tumor size (<10 mm: 65.4% vs. 36.5%, P = 0.003;
10-20 mm: 68.0% vs. 50.0%, P = 0.004) and GGNs (pure
GGNs: 66.7% vs. 40.9%, P = 0.003; mixed GGNs: 73.0% vs.
43.2%, P <0.001). There was no significant difference
between the sensitivity of the CAC test and the combina-
tion of tumor biomarkers (any tumor biomarkers positive)
in patients with nodule size of >20 mm (P = 0.251) and
solid nodule (P = 0.546).

Discussion

Recently, CACs have been indicated to be related to can-
cers, and they contain genetic abnormalities similar to the
primary tumor.'®** However, it is only in recent years that
reliable and effective methods in detecting CACs have been
developed. An antigen-independent FISH-based assay has
been used to detect CACs in all stages of lung cancer and
indicate correlation between the numbers of CACs and
cancer, meaning that CAC detection for early diagnosis
has become increasingly feasible.'® However, the clinical
significance and diagnostic performance of CAC detection
remains unclear.

Here, this prospective clinical trial was performed to
evaluate the diagnostic performance of the CAC test in
Chinese patients with NSCLC. We confirmed that the
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CAC test had a significant diagnostic performance in dis-
crimination between NSCLC patients and healthy partici-
pants, with an AUC of 0.769, sensitivity of 67.2%, and
specificity of 80.8%. The discriminatory capability of this
test is acceptable for clinical research. Furthermore, ROC
curve analysis showed that the optimal cutoff point for
diagnosing stage I NSCLC was 1, which indicated that
patients with one or more CACs are diagnosed as CAC
positive. Additionally, we found that the CAC positive rate
had no relationship with patients’ demographics (age, gen-
der and smoking history) or pathological type. These find-
ings indicated that the CAC test has good stability and
adaptability for different patient populations.

We evaluated the performance of the CAC test for
patients with early-stage NSCLC. As the diagnostic perfor-
mance of most biomarkers gradually decreases as the
tumor stage decreases, diagnosis of early-stage cancer is
particularly difficult.** Katz et al. evaluated the levels of
CAGs in stage I to IV NSCLC patients without reporting
the detection rate of the CACs.'®> Among the 16 stage II
and stage III patients who were excluded from our study,
13 patients (81.3%) were found to be CAC-positive
(Table S1). The detection rate of CACs was higher in
patients with stage II-III NSCLC than in those with stage I
disease, which might support the hypothesis that CAC
enumeration is correlated to clinical stage. In the present
study, we only enrolled patients with stage I disease and
achieved a satisfactory diagnostic performance with an
AUC of 0.769. Recently, several other cancer biomarkers
have been used in liquid biopsy. However, most bio-
markers only showed favorable diagnostic performance in
patients with advanced lung cancer. To date, the diagnostic
performance in early-stage NSCLC has been unsatisfactory.
For example, Chen et al. found that the sensitivity and
specificity of circulating tumor DNA (ctDNA) were only
53.8% and 47.3%, respectively, in early-stage NSCLC
patients.”® Furthermore, Tanaka et al. observed that CTCs
were only detected in 17 of 88 stage I patients with a sensi-
tivity of 19.3%.>° In contrast, our study showed a sensitiv-
ity of 67.2% and specificity of 80.8% for CACs in
diagnosing patients with stage I disease. These results sug-
gest that CACs may be a potential marker for the early
diagnosis of NSCLC, even in early stage disease.

In addition, in this study we compared the discrimina-
tory capability between CACs and traditional tumor bio-
markers. Tumor biomarkers such as CEA, TPSA, NSE,
CA19-9 and CYFRA2I1-1 are usually used for diagnosis,
progression and prognosis assessment of lung cancer.”’
However, due to the insufficient sensitivity and specificity
of these tumor biomarkers as well as a lack of reproducibil-
ity, routine use of tumor biomarkers is not recommended
in clinical practice, particularly for the diagnosis of early-
stage cancer.”®*® Notably, we found that the CAC test had

© 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd 3239
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Figure 4 ROC curves for various tumor biomarkers to discriminate stage | NSCLC patients from healthy participants. (a) CEA; (b) NSE; (c) TPSA; (d)
SCC; (e) ProGRP; (f) CA19-9; (g) CYFRA21-1; and (h) all tumor biomarkers (including CEA, NSE, TPSA, SCC, ProGRP, CA19-9 and CYFRA21-1).
ROC, receiver operating characteristic; AUC, area under curve; CEA, carcinoembryonic antigen; NSE, neuron-specific enolase; TPSA, total prostate
specific antigen; SCC-Ag, squamous cell carcinoma antigen; ProGRP, progastrin-releasing peptide; CA19-9, carbohydrate antigen 19-9; CYFRA21-1,
cytokeratin 19 fragment 21-1. (a) (——) Sensitivity % and (——) identity %. (b) (——) Sensitivity % and (——) identity %. (c) (——) Sensitivity %
and (——) identity %. (d) (——) Sensitivity % and (——) identity %. (e) (——) Sensitivity % and (——) identity %. (f) (——) Sensitivity % and (——)

identity %. (g) (——) Sensitivity % and (——) identity %. (h) (——) Sensitivity % and (——) identity %.

the higher AUC when compared with the traditional
tumor biomarkers, indicating that CACs may be a more
effective method for clinical early stage NSCLC diagnosis.
Furthermore, sensitivity of the CAC test and tumor bio-
markers in different patient populations was compared to
further verify the diagnostic strength of the CAC test. In
all patients, the sensitivity of the CAC test was significantly
higher than that of traditional tumor biomarkers. Addi-
tionally, nine patients with stage I NSCLC who underwent
surgery were recruited to investigate the change in CACs
before and after treatment for the dynamic surveillance
study (Fig S1). Our data from the dynamic surveillance

3240  Thoracic Cancer 11 (2020) 3234-3242

study found a significant decrease in the number of post-
operative CACs, demonstrating the clinical significance of
the CAC test for surveillance of treatment efficiency in
patients with NSCLC treated with surgery. These results
indicate that CACs may be useful in the treatment
response assessment. Overall, these findings suggest that
CACs may be a more effective method and provide further
evidence for the good discriminatory capability of CACs.
Traditional early diagnostic methods have limited ability
to identify small tumors and malignant GGNs, while
the evaluation and management of those patients is

becoming of increasing importance in clinical practice.*

© 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd
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15(12.3%)**
10 (17.2%)**

1(0.8%)** 21 (17.21%)** 8 (6.6%)** 13 (10.7%)**
12 (20.69%)**

0 (0)**

12(9.8%)**

23(18.9%)**
12 (20.7%)**

61(50.0%)*
33 (56.9%)

83 (68.0%)
39 (67.2%)

10-20 mm

>20 mm
Nodule type

8(13.8%)**

5 (8.6%)**

6(10.3%)**

13 (14.1%)**

9 (9.8%)** 18 (19.6%)**

13 (14.13%)**
10 (15.15%)**
15 (20.27%)**

1(1.1%)**

0 (0)**

(13.0%)**
8 (12.1%)**
2 (2.7%)**

12

17 (18.5%)**
12 (18.2%)**
16 (21.6%)**

54 (58.7%)

(63.0%)

44 (66.7%)
54 (73.0%)

58

Solid nodules

pGGNs

8 (12.1%)**
10 (13.5%)**

2 (3.0%)**

1(1.5%)**
5 (6.8%)**

27 (40.9%)*

2 (2.7%)**

0(0)**

32(43.2%)**

mGGNs

*P < 0.05 compared with CACs; **P < 0.001 compared with CACs. "Any tumor biomarkers positive: CEA + NSE + TPSA + SCC + ProGRP + CA19-9 + CYFRA21-1. AlIS, adenocarcinoma in situ;

CA19-9, carbohydrate antigen 19-9; CACs, circulating genetically abnormal cells; CEA, carcinoembryonic antigen; CYFRA21-1, cytokeratin 19 fragment 21-1; IAC, invasive adenocarcinoma; mGGNs,

mixed ground-glass nodules; MIA, minimally invasive adenocarcinoma; NSE, neuron-specific enolase; pGGNSs, pure ground-glass nodules; ProGRP, progastrin-releasing peptide; SCC-Ag, squamous

cell carcinoma antigen; TPSA, total prostate specific antigen.

CACs for early diagnosis of NSCLC

Interestingly, according to the stratification analysis results,
the detection rate of CACs has not been found to be corre-
lated to tumor size or nodule type. However, CACs showed
significantly higher sensitivity than tumor biomarkers in
NSCLC patients with small nodules (<20 mm) and GGNs.
The CAC test presented a better diagnostic performance of
NSCLC patients with small nodules and GGNs. Thus, it
may provide a new perspective in the evaluation and man-
agement of small nodules and GGNs.

Although this study reported important findings, the
small sample size and the adenocarcinoma-biased popula-
tion are open to potential criticism. This study predomi-
nantly included adenocarcinoma patients, which may not
reflect the general population of early stage NSCLC. Thus,
a larger-scale study including a general population with
NSCLC should be performed to verify the findings
reported here.

In conclusion, the findings of this study indicated that
the CAC test exhibited high sensitivity and specificity and
thus may be useful in early stage lung cancer clinical diag-
nosis. Further investigations on the clinical and prognostic
value of the CAC test are warranted.
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