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Abstract
The early detection of non–small-cell lung cancer (NSCLC) remains a common con-
cern. The aim of our study was to validate the diagnostic value of a seven-autoanti-
body (7-AAB) panel compared with radiological diagnosis for NSCLC. We constructed 
a nomogram and a scoring table based on the 7-AAB panel’s result to predict the risk 
of NSCLC. We prospectively enrolled 268 patients who presented with radiological 
lesions and underwent both the 7-AAB panel test and pathological diagnosis by sur-
gical resection. A comparison between the 7-AAB panel and radiological diagnosis 
was performed. A nomogram and a scoring table based on the 7-AAB panel’s result 
to predict the risk of NSCLC were constructed and internally validated. The 7-AAB 
panel test had a specificity of 90.2% and a positive predictive value (PPV) of 92.7%, 
which were significantly higher than those of the radiological diagnosis. The 7-AAB 
panel also showed a preferable sensitivity in patients with early-stage disease. Seven 
factors, including the 7-AAB panel results, were integrated into the nomogram. For 
more convenient application, we formulated a scoring table based on the nomogram. 
The area under the receiver operating characteristic curve was 0.840 and 0.860 in 
the training group and validation group, respectively, which was higher than that 
using the 7-AAB panel or radiological diagnosis alone. This study reveals that our 
7-AAB panel has clinical value in the diagnosis of NSCLC. The utility of our nomo-
gram and the scoring table indicated that they have the potential to assist clinicians 
in avoiding unnecessary treatment or needless follow-up.

K E Y W O R D S

autoantibodies, CT scanning, early diagnosis, nomogram, non–small-cell lung cancer

www.wileyonlinelibrary.com/journal/cas
https://orcid.org/0000-0002-1168-8803
mailto:￼
https://orcid.org/0000-0002-9494-9828
http://creativecommons.org/licenses/by-nc/4.0/
mailto:hujian_zju@126.com


1700  |     WANG et Al.

1  | INTRODUC TION

According to the latest global cancer statistics, lung cancer is the 
malignant tumor with the highest morbidity and mortality world-
wide.1 Lung cancer is divided into small-cell lung cancer (SCLC) and 
non–small-cell lung cancer (NSCLC) for the purpose of treatment. 
The latter is the most common pathological pattern, accounting for 
over 80% of patient cases.2 For NSCLC, the 5-y survival rate differs 
dramatically from 92% for patients with stage IA disease to less than 
10% for patients with distant metastatic disease.3 Unfortunately, 
only approximately 20% of patients with NSCLC are diagnosed at 
an early stage (stages I and II), which causes the poor survival of 
patients with NSCLC worldwide. Therefore, it is urgent to detect, 
screen, and diagnose NSCLC at an early stage to improve the sur-
vival outcome of this malignancy.4

The National Lung Screening Trial Research Team reported 
that using low-dose computed tomography (LDCT) screening com-
pared with chest X-ray can reduce lung cancer mortality by 20%, 
so LDCT is recommended in many authoritative guidelines.5,6 
Another famous study, the NELSON study, also indicated that 
LDCT can improve the detection rate of lung cancer, especially 
in patients with stage I disease.7 However, the problem still re-
mains. Although the sensitivity of LDCT screening is over 90%, the 
specificity is not satisfied because that more than half of patients’ 
lesions are undetermined in preliminary radiological diagnosis, 
which leads to a high false-positive rate of 96.3% and unnecessary 
operation.8,9 Furthermore, the radiation exposure of repeated CT 
examination is also considered a carcinogenic factor. In addition, 
patients with adenocarcinoma in situ (AIS) or minimally invasive 
adenocarcinoma (MIA) only need sublobar resection, and the 5-y 
survival rate is approximately 100%; the imaging features are often 
nontypical and need follow-up. Repeated imaging can increase the 
psychological burden of patients and cause the disease to develop 
to an advanced stage with a worse prognosis. Therefore, a novel 
method should be developed to enhance the diagnostic value of 
CT screening to detect NSCLC at an early stage.

Serum autoantibodies (AABs), which are generated when over-
expressed, and aberrant or tumor-associated autologous antigens 
(TAAs), which are captured by immune cells, have been consid-
ered to be effective in the early detection of lung cancer.10,11 
Unexpectedly, some studies pointed out that positive results of 
AABs can be detected even before the formation of visible lesions 
on CT scans.12,13 A previous study on the diagnostic value of 10 
AABs (p53, NY-ESO-1, Survivin, c-myc, cyclin B1, GBU4-5, CAGE, 
P16, SOX2, and HuD) found that each AAB on its own showed 
excellent specificity but poor sensitivity.14 A test that detected the 
presence of seven AABs (p53, NY-ESO-1, GBU4-5, CAGE, SOX2, 
HuD, and MAGE A4) in a panel using an indirect enzyme-linked 
immunosorbent assay (ELISA) performed in approximately 1600 
European patients showed 87% specificity, 41% sensitivity and 
a 5.4-fold relative risk of lung cancer in patients with a positive 
test result.15 Detection using a panel of seven AABs (p53, GAGE7, 
PGP9.5, CAGE, MAGEA1, SOX2 and GBI4-5) selected specifically 

for the Chinese population was approved by the China Food 
and Drug Administration (CFDA) for assisting in diagnosing lung 
cancer.16 However, to our knowledge, there have been no stud-
ies comparing the diagnostic value of the 7-AAB panel with CT 
diagnosis in the same population, especially for patients whose 
preliminary radiological diagnosis is undetermined; in addition, no 
study has combined the 7-AAB result with radiologic and clinical 
characteristics to achieve a higher diagnostic accuracy.

In this study, we prospectively evaluated the diagnostic value 
of the 7-AAB panel and compared it with that of CT diagnosis 
in the same population with different stages, imaging features, 
pathological types, and diameters. In addition, we constructed a 
nomogram and formulated a scoring table including the 7-AAB 
panel results and radiologic and clinical characteristics to assist in 
distinguishing benign nodules from malignancy, which is useful in 
clinical application.

2  | MATERIAL S AND METHODS

2.1 | Patients and grouping

The study was approved by the Medical Ethics Committee and in-
stitutional review board of The First Affiliated Hospital, Zhejiang 
University.

This study initially included 365 patients who presented with ra-
diological ground-glass opacities (GGOs) and/or solid nodules and 
underwent both the 7-AAB panel test and pathological diagnosis at 
The First Affiliated Hospital, Zhejiang University between June 2018 
and August 2019. The diagnostic procedure is shown in Figure 1A. 
The CT diagnoses were reported by at least two experienced ra-
diologists. Patients whose preliminary radiological diagnosis was 
undetermined or recommended for follow-up were rediagnosed by 
another more experienced radiologist. The eligibility criteria were 
as follows: (a) patients were diagnosed with pulmonary GGOs and/
or nodules by CT; (b) patients were diagnosed with NSCLC or be-
nign disease pathologically after surgical resection according to the 
World Health Organization (WHO) classification;17 and (c) patients 
who were diagnosed with NSCLC could be staged according to the 
8th edition of the American Joint Committee on Cancer lung cancer 
staging classification.18 The exclusion criteria were as follows: (a) pa-
tients with a pathological diagnosis by bronchoscope biopsy or nee-
dle biopsy; (b) patients who suffered other malignancies; (c) patients 
with more than one lesion considered malignant by multi-disciplinary 
team, but not all lesions were resected, and the pathological result 
was benign; (d) patients with invalid 7-AAB test results; (e) patients 
who underwent antitumor therapy before; and (f) patients with in-
complete clinicopathological data (Figure 1B).

Finally, 268 patients were included for further investigation. All 
these patients were randomly assigned a number using a table of 
random numbers. The patients numbered 1 to 100 were allocated to 
the training group while the others were allocated to the validation 
group.
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2.2 | Quantitative and qualitative features of the 
autoantibodies

A detection kit of seven different AABs (Cancer Probe Biological 
Technology Co., Ltd., Hangzhou, China) was used according to the 
manufacturer's recommendations. In brief, 1 ng of anti-Myc IgG was 
added to 1 mL PBS as a standard control, and the optical density (OD) 
of the above-mentioned solution at 450 nm was read using a spectro-
photometer. This OD value was defined as 1 u/mL. Serum samples and 
detection kit components were equilibrated to room temperature and 
diluted based on the instructions. Antigen-coated wells were washed 
with 200-300 µL of 1× PBS for 1 min. Then, 50 μL of diluted serum 
samples, standards, and controls were added to the antigen-coated 
wells and wells were incubated at room temperature for 1 h. Plates 
were washed three times using a Microplate Washer and following 
the standard procedure, next 50 μL of diluted secondary antibod-
ies against human IgG HRP was added and the plates incubated for 
30 min. Thereafter, the plates were once again washed three times as 
above, and then 100 μL of substrate were added, followed by plate 
incubation for 15 min at room temperature. Subsequently, 50 μL of 
stop solution was added to each well and mixed thoroughly. The OD at 
450 nm was read within 30 min using a spectrophotometer.

The cutoffs for p53, PGP9.5, SOX2, GACE7, GBU4-5, MAGEA1, 
and CAGE were 13.1, 11.1, 10.3, 14.4, 7.0, 11.9, and 7.2 u/mL, re-
spectively.16 The result was considered positive if at least one AAB 
was elevated above the cutoff.

2.3 | Statistical analysis

Categorical variables were calculated using the chi-squared (χ2) test 
and Fisher exact test, while continuous variables were analyzed 
using t test. The sensitivity and specificity were compared by match-
ing χ2 tests. The area under the curve (AUC) and its standard error 
(SE) for the receiver operating characteristic (ROC) curves were 
used to evaluate the diagnostic value. Logistic regression was used 
to compare the respective AUCs and construct the nomogram. The 
performance of the nomogram was assessed by discrimination and 
calibration. For all the analyses, two-sided P-values of <.05 were 
considered statistically significant. All analyses were performed 
using SPSS 22.0 software (IBM, Armonk, NY), GraphPad Prism 7.0 
software (GraphPad software, La Jolla, CA), Med-Calc 19.1 (Med-
Calc software, Ostend, Belgium) and R 3.6.1 (The R Foundation 
for Statistical Computing, Vienna, Austria) with the rms statistical 
package.

3  | RESULTS

3.1 | Study population

To investigate the diagnostic efficiency of the 7-AAB panel, 268 
patients were enrolled in our study. The major clinicopathologi-
cal characteristics of the patients in this study are summarized 

F I G U R E  1   Flowchart of this study. A, Diagnostic procedure. B, Inclusion and exclusion criteria. AABs, autoantibodies; GGO, ground-glass 
opacity; HRCT, high-resolution computed tomography; PET-CT, positron emission tomography-computed tomography
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in Table 1. The study included 207 patients with NSCLC and 61 
patients with benign lung disease. Most of these patients had im-
aging features as pure GGO with a diameter less than or equal to 
2 cm. For those who had malignant disease, 92.3% were patients 
with stage I disease.

3.2 | The concentration and diagnostic 
efficiency of the 7-AAB panel compared with CT 
scanning in the full cohort

Our results showed that the serum concentrations of all seven AABs 
in patients with NSCLC were higher than those in patients with 
benign disease, and the differences in SOX2, GBU4-5, MAGEA1, 
and GAGE values were statistically significant (P < .001, P = .002, 
P = .007, and P = .003, respectively) (Table 2). Almost all seven AABs, 
except p53 and PGP9.5, presented a discrimination between malig-
nant and benign disease in qualitative diagnosis.

Combining all seven AABs, the reactivity of the AABs panel and 
CT diagnosis in patients with malignant disease or benign disease is 
shown in Table S1. The sensitivity, specificity, and positive predic-
tive values (PPV) compared with CT were 36.7% vs 57.5% (P < .001), 
90.2% vs 32.8% (P < .001), and 92.7% vs 74.4% (P = .001), respec-
tively (Figure 2A). We also conducted subgroup analyses to explore 
the diagnostic efficiency of the 7-AAB panel in patients with differ-
ent pathological types, imaging features, diameters, and stages com-
pared with CT diagnosis. Interestingly, for patients with pure GGOs, 
the specificity and PPV results from the 7-AAB panel were much 
higher than those found by CT scanning (90.9% vs 27.3% [P < .001]; 
and 93.2% vs 71.4% [P = .001], respectively). A similar trend was also 
observed in lesions with diameters <1 cm or between 1 and 2 cm 
(Table S2). When we compared the sensitivity in noninvasive ade-
nocarcinomas such as MIA or AIS for CT diagnosis, the 7-AAB panel 
demonstrated a higher sensitivity (41.5% vs 17.1% [P = .001]). The 
detailed results are shown in Figure 2B-J and Table S2.

3.3 | The concentration and diagnostic 
efficiency of the 7-AAB panel compared with 
CT in the preliminary undetermined radiological 
diagnosis group

Another experienced radiologist was asked to perform the rediagno-
sis for those patients whose preliminary radiological diagnoses were 
undetermined or recommended for follow-up. The baseline charac-
teristics are shown in Table 1. Compared with the full cohort, the di-
ameter of the nodules was smaller, and the proportion of GGOs and 
patients with early-stage disease (especially MIA or AIS) was higher 
in this group.

SOX2, MEGEA1 and GAGE concentrations were higher in pa-
tients with malignant disease (P = .020, P = .037, and P = .040, respec-
tively) (Table 2). A similar comparison was also conducted between 
the 7-AAB panel and CT diagnosis. The results demonstrated that the 

sensitivity, specificity, and PPV of the 7-AAB panel were higher than 
those of CT diagnosis (30.8% vs 19.2% [P = .038]; 87.5% vs 31.2% 
[P < .001]; and 80.0% vs 31.2% ]P = .001]), respectively (Figure 3A; 
Table S2). Moreover, in patients with noninvasive adenocarcinoma, 
a similar trend was also observed: the sensitivity and PPV of the 
7-AAB panel were higher than those of CT diagnosis (29.4% vs 11.8% 
[P = .006]; 100.0% vs 33.3% [P = .045]) (Figure 3B; Table S2).

3.4 | Predictive nomogram for the probability of 
malignant disease when combining the 7-AAB panel 
with other clinical characteristics

For further investigation, a nomogram was constructed that incor-
porated the 7-AAB panel and six other risk factors for predicting 
malignant disease (Figure 4A). A total score was calculated with the 
use of the 7-AAB panel, CT diagnosis, composition of nodules, di-
ameters of nodules, numbers of nodules, sex, and age. The score of 
each factor is shown on the point calibration axis. The total points 
were calculated by adding the scores of each factor to estimate the 
possibility of malignant disease. A calibration curve of the nomo-
gram is shown in Figure 4B, which demonstrates that the malignant 
disease probabilities predicted by the nomogram accorded well with 
the actual probability.

3.5 | A handy scoring table based on the 7-AAB 
panel combined with other clinical characteristics

For more convenient use in clinical diagnosis, we constructed a 
scoring table (Table 3) in the training group based on the nomogram 
that combined the 7-AAB panel and other clinical characteristics 
(including some factors not included in the nomogram but we be-
lieved were useful in clinical diagnosis), and then we evaluated its 
diagnostic efficiency in the validation group. The baseline of the 
two groups was similar except that there were more undetermined 
preliminary radiological diagnosis patients in the validation group 
(Table 4).

The score was significantly correlated with the diagnosis of ma-
lignant disease in the training group. The sensitivity and specificity 
using the cutoff value of 9.75 were 75.64% and 81.82%, respec-
tively. The AUC was 0.840 (95% confidence interval [CI], 0.753-
0.905) (Figure 5A), which was higher than the values found using 
the 7-AAB panel or CT alone (0.840 vs 0.589 [P < .001]; 0.840 vs 
0.578 [P = .003]); (Figure 5B). Similar to the training group, using the 
cutoff of 9.75 in the validation group and drawing a ROC curve, the 
sensitivity and specificity were 86.05% and 69.23%, respectively 
(Figure 5C). Compared with using the 7-AAB panel and CT alone, 
the AUC was also higher (0.860 vs 0.660 [P < .001]; 0.860 vs 0.531 
[P < .001]) (Figure 5D).

For patients whose preliminary radiological diagnosis was un-
determined, the score also showed a good diagnostic value. The 
AUC was 0.774 (95% CI, 0.670-0.858; P < .001) (Figure 5E). In 
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patients with AIS or MIA, the score can also provide an accurate 
prediction, and the AUC was 0.742 (95% CI, 0.646-0.823; P < .001) 
(Figure 5F).

Overall, 170 (91.4%) of 186 patients with high scores and 37 
(45.1%) of 82 patients with low scores suffered malignant disease, 
and the difference was statistically significant (P < .001). This trend 

TA B L E  1   Clinicopathologic characteristics of the study population

Characteristics

Full cohort (n = 268) Preliminary radiological diagnosis uncertain group (n = 84)

Patients with 
malignant disease 
(n = 207)

Patients with 
benign disease 
(n = 61) P-value

Patients with 
malignant disease 
(n = 52)

Patients with 
benign disease 
(n = 32) P-value

Age, y, mean (SD) 58.04 (11.50) 53.66 (10.42) .008 53.69 (13.21) 52.81 (11.47) .756

Gender, n (%)

Male 94 (35.1) 30 (11.2) .662 16 (19.0) 12 (14.3) .635

Female 113 (42.2) 31 (11.5) 36 (42.9) 20 (23.8)

Diameter, cm, 
mean (SD)

1.62 (1.08) 1.35 (1.62) .131 1.30 (0.85) 0.93 (0.47) .023

Group of diameters, n (%)

φ ≤ 1 cm 81 (30.2) 30 (11.2) .026 31 (36.9) 21 (25.0) .254

1 cm < φ ≤ 2 cm 78 (29.1) 25 (9.3) 12 (14.3) 10 (11.9)

2 cm < φ ≤ 3 cm 28 (10.4) 4 (1.5) 7 (8.3) 1 (1.2)

φ > 3 cm 20 (7.5) 2 (0.8) 2 (2.4) 0 (0.0)

Number of nodules, n (%)

Single 111 (41.4) 40 (14.9) .108 22 (26.2) 18 (21.4) .263

Multiple 96 (35.8) 21 (7.9) 30 (35.7) 14 (16.7)

Composition, n (%)

Pure GGO 162 (60.4) 44 (16.4) .169 44 (52.4) 27 (32.0) .163

Mix GGO 10 (3.7) 1 (0.4) 4 (4.8) 0 (0.0)

Solid nodule 35 (13.1) 16 (6.0) 4 (4.8) 5 (6.0)

Pathologic type, n (%)

Adenocarcinoma 152 (56.7) 0  34 (40.5) 0  

SCC 12 (4.5) 0  1 (1.2) 0  

AIS or MIA 41 (15.3) 0  17 (20.2) 0  

Neuroendocrine 
neoplasm

2 (0.7) 0  0 0  

Lung benign 
tumor

0 9 (3.4)  0 3 (3.6)  

Nontumor 
benign disease

0 41 (15.3)  0 22 (26.2)  

AAH 0 11 (4.1)  0 7 (8.3)  

Stage, n (%)

I 191 (92.3) 0  50 (96.2) 0  

II 5 (2.4) 0  1 (1.9) 0  

III 10 (4.8) 0  1 (1.9) 0  

IV 1 (0.5) 0  0 (0.0) 0  

Speculation sign, 
n (%)

150 (72.5) 28 (45.9) <.001 31 (59.6) 11 (34.4) .042

Pleural 
indentation, n (%)

45 (21.7) 5 (1.9) .015 9 (17.3) 2 (6.2) .193

Vessels sign, n (%) 80 (38.6) 9 (14.8) <.001 19 (36.5) 4 (12.5) .023

Air bronchogram, 
n (%)

34 (16.4) 4 (6.6) .035 9 (17.3) 1 (3.1) .081
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still existed for those whose preliminary radiological diagnosis was 
undetermined. We also analyzed the relationship between the score 
and other clinicopathological characteristics, and the results are 
summarized in Table 5.

4  | DISCUSSION

The clinical utility of the 7-AAB panel in the Chinese population has 
not been fully validated compared with CT diagnosis, and the combi-
nation of the 7-AAB panel with clinical-radiologic characteristics in 
the early detection of NSCLC remains challenging. In our study, we 
validated the diagnostic value of a panel of seven AABs in patients 

presenting with lesions on CT screening and then compared its diag-
nostic value with CT diagnosis. Our results indicated that the 7-AAB 
panel had significant value in diagnosing NSCLC. Subsequently, we 
developed a nomogram containing the 7-AAB panel test result and 
other clinical-radiologic characteristics that can predict the risk of 
malignancy for patients with a lesion on CT screening. For conveni-
ent clinical application, we additionally constructed a scoring table 
based on the nomogram, and validation by the ROC curves indicated 
that the scoring table has clinical utility even for patients with nonin-
vasive lung cancer or those whose preliminary radiological diagnosis 
was undetermined.

LDCT has been widely used in lung cancer screening, and an in-
creasing number of nodules, especially pure GGOs and mixed GGOs, 

TA B L E  2   Concentration and reactivity of each autoantibody (AAB)

 

Full cohort (n = 268)
Preliminary radiological diagnosis uncertain group 
(n = 84)

Patients with 
malignant 
disease 
(n = 207)

Patients 
with benign 
disease 
(n = 61) P-value

Patients with 
malignant 
disease (n = 52)

Patients with benign 
disease (n = 32) P-value

p53 concentration, u/mL, (SD) 3.67 (6.37) 3.11 (5.55) .535 5.00 (8.71) 3.13 (5.94) .287

p53 qualitative diagnosis, n (%)

Positive 17 (6.3) 4 (1.5) .672 5 (6.0) 3 (3.5) .971

Negative 190 (70.9) 57 (21.3) 47 (56.0) 29 (34.5)

PGP9.5 concentration, u/mL, (SD) 1.90 (7.68) 1.87 (7.86) .976 2.38 (11.05) 3.16 (10.73) .749

PGP9.5 qualitative diagnosis, n (%)

Positive 6 (2.2) 2 (0.8) .878 1 (1.2) 2 (2.4) .308

Negative 201 (75.0) 59 (22.0) 51 (60.7) 30 (35.7)

SOX2 concentration, u/mL, (SD) 4.45 (7.62) 2.11 (2.68) <.001 5.28 (8.95) 2.16 (2.41) .020

SOX2 qualitative diagnosis, n (%)

Positive 25 (9.3) 1 (0.4) .015 6 (7.1) 0 (0.0) .014

Negative 182 (67.9) 60 (22.4) 46 (54.8) 32 (38.1)

GACE7 concentration, u/mL, (SD) 4.55 (7.27) 3.43 (5.84) .215 4.87 (6.16) 3.86 (7.70) .511

GACE7 qualitative diagnosis, n (%)

Positive 16 (6.0) 1 (0.4) .051 4 (4.8) 1 (1.2) .369

Negative 191 (71.2) 60 (22.4) 48 (57.1) 31 (36.9)

GBU4-5 concentration, u/mL, (SD) 2.56 (3.67) 1.48 (1.79) .002 1.60 (2.27) 1.70 (2.13) .831

GBU4-5 qualitative diagnosis, n (%)

Positive 26 (9.7) 1 (0.4) .013 2 (2.4) 1 (1.2) .862

Negative 181 (67.5) 60 (22.4) 50 (59.5) 31 (36.9)

MAGEA1 concentration, u/mL, 
(SD)

1.55 (4.48) 0.50 (1.74) .007 3.02 (7.22) 0.70 (2.38) .037

MAGEA1 qualitative diagnosis, n (%)

Positive 8 (3.0) 0 (0.0) .040 5 (6.0) 0 (0.0) .026

Negative 199 (74.2) 61 (22.8) 47 (56.0) 32 (38.0)

GAGE concentration, u/mL, (SD) 1.39 (4.87) 0.32 (0.76) .003 2.48 (7.43) 0.30 (0.43) .040

GAGE qualitative diagnosis, n (%)

Positive 12 (4.5) 0 (0.0) .012 6 (7.1) 0 (0.0) .014

Negative 195 (72.8) 61 (22.7) 46 (54.8) 32 (38.1)
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have been detected. However, it is difficult for LDCT to distinguish 
early-stage lung cancer from benign disease, subsequently leading to 
a high false-positive rate that causes excessive medical intervention 
with unnecessary psychological burden to patients.19 In addition, 

the value of LDCT in reducing mortality has also been questioned.20 
Furthermore, for patients with pure GGOs less than 2 cm, the patho-
logical types are often AIS or MIA, which only need sublobar resec-
tion, and the 5-y survival rate is approximately 100%. As the imaging 

F I G U R E  2   Diagnostic performance of the 7-AAB panel compared with that of CT. A, Diagnostic value in the full cohort. B, Subanalysis of 
sensitivity according to pathological type. C, Subanalysis of sensitivity according to solid proportion. D, Subanalysis of sensitivity according 
to diameter. E, Subanalysis of sensitivity according to pathological stage. F, Subanalysis of specificity according to pathological type. G, 
Subanalysis of specificity according to solid proportion. H, Subanalysis of specificity according to diameter. I, Subanalysis of PPV according 
to solid proportion. J, Subanalysis of PPV according to diameter

F I G U R E  3   Diagnostic performance of the 7-AAB panel compared with that of CT in patients whose preliminary radiological diagnosis 
was undetermined. A, Sensitivity, specificity, and PPV of the 7-AAB panel in patients whose preliminary radiological diagnosis was 
undetermined. B, Specificity and PPV of the 7 AAB panel in patients with noninvasive pathological types whose preliminary radiological 
diagnosis was undetermined

F I G U R E  4   A nomogram predicting the risk of non–small-cell lung cancer. A, A nomogram predicting the probability of non–small-cell 
lung cancer. The value of each factor was given a score on the point scale axis. A total score could be calculated by adding every single score 
together and by projecting the total score to the total point scale so that clinicians can estimate the probability of NSCLC. B, The calibration 
curves for the nomogram. The x-axis represents the probability predicted by the nomogram, and the y-axis represents the actual probability 
of NSCLC
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features of these patients are often nontypical and need long-term 
follow-up, the disease can develop to a more advanced stage with a 
worse prognosis. Therefore, it is essential to formulate a novel test 
in the early diagnosis of lung cancer, especially for patients with non-
invasive disease that can assist in the evaluation of the malignancy 
of pulmonary nodules in the clinic. Liquid biopsy shows potential in 
this aspect for its superiorities such as being noninvasive, objectively 
accessible, and easily repeated. To date, various biomarkers such as 
TAAs, microRNAs, circulating tumor cells (CTCs), and tumor-associ-
ated autoantibody panels have been used to adjunctively diagnose 
lung cancer.21-25

Among these, studies have discovered AABs associated with 
lung cancer that have the potential to distinguish malignant dis-
ease from CT-positive benign nodules.26 In Europe, EarlyCDT-
Lung, which contains a panel of seven AABs (p53, NY-ESO-1, 
GBU4-5, CAGE, SOX2, HuD, and MAGE A4), was confirmed to 
have 87% specificity and 41% sensitivity.15,27 Additionally, a posi-
tive EarlyCDT-Lung panel result was associated with a 5.4-fold in-
crease in lung cancer incidence versus a negative result.28 Because 
of the large differences in the genetic makeup between European 
and Asian populations, a similar study was performed in Chinese 
patients using the 7-AAB panel, which was specially selected for 
the Chinese population. Under the optimal cutoff value for each 

AAB, the sensitivity and specificity were 61% and 90%, respec-
tively, which were higher than those of traditional biomarkers.16 
Another study also demonstrated that using a combination of 22 

TA B L E  3   Scoring table for predicting the risk of non–small-cell 
lung cancer

Index Status Score

7AABs Negative 0

Positive 5

Preliminary radiological 
diagnosis

Uncertain 0

Benign 2.5

Malignant 3

Diameter φ ≤ 1 cm 0

1 cm < φ ≤ 2 cm 1

2cm < φ ≤ 3 cm 3.5

φ > 3 cm 4.5

Number of nodules Single 0

Multiple 2

Gender Male 0

Female 1.5

Age <65 y 0

≥65 y 3.5

Speculation sign Negative 0

Positive 2

Pleural indentation Negative 0

Positive 1

Vessels sign Negative 0

Positive 2

Air bronchogram Negative 0

Positive 1

TA B L E  4   Demographics and clinicopathologic characteristics of 
the training group and validation group

 

Training 
group 
(n = 100)

Validation 
group 
(n = 168) P-value

Age, y, mean (SD) 55.55 (11.40) 57.93 (11.34) .099

Gender, n (%)

Male 43 (43.0) 81 (48.2) .448

Female 57 (57.0) 87 (51.8)

Diameter, cm, mean 
(SD)

1.37 (0.83) 1.67 (1.40) .055

Number of nodules, n (%)

Single 54 (54.0) 97 (57.7) .551

Multiple 46 (46.0) 71 (42.3)

Composition, n (%)

Pure GGO 74 (74.0) 132 (78.6) .439

Mix GGO 6 (6.0) 5 (3.0)

Solid nodule 20 (20.0) 31 (18.4)

Pathologic type, n (%)

Adenocarcinoma 59 (59.0) 93 (55.3) .447

SCC 2 (2.0) 10 (6.0)

AIS or MIA 17 (17.0) 24 (14.3)

Neuroendocrine 
neoplasm

0 (0.0) 2 (1.2)

Lung benign tumor 4 (4.0) 5 (3.0)

Nontumor benign 
disease

16 (16.0) 25 (14.9)

AAH 2 (2.0) 9 (5.3)

Stage, n (%)

I 73 (93.6) 118 (91.5) .743

II 2 (2.6) 3 (2.3)

III 3 (3.8) 7 (5.4)

IV 0 (0.0) 1 (0.8)

Speculation sign, 
n (%)

57 (57.0) 121 (72.0) .016

Pleural indentation, 
n (%)

19 (19.0) 31 (18.5) .911

Vessels sign, n (%) 39 (39.0) 50 (29.8) .120

Air bronchogram, 
n (%)

14 (14.0) 24 (14.3) .948

Preliminary radiological diagnosis

Benign 13 (13.0) 43 (25.6) .014

Malignant 47 (47.0) 81 (48.2)

Uncertain 40 (40.0) 44 (26.2)

7-AABs qualitative diagnosis

Positive 32 (32.0) 50 (29.8) .701

Negative 68 (68.0) 118 (70.2)
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autoantibody biomarkers could detect preneoplastic lung lesions.29 
Our data are consistent with these findings. In this study, our 7-AAB 
panel achieved a specificity of over 90% and a PPV of over 92%, 
which were significantly higher compared with those of CT diag-
nosis. Interestingly, for patients with noninvasive malignancy or 
whose preliminary radiological diagnosis was undetermined, the di-
agnostic value of the seven AABs showed greater superiority com-
pared with CT, even in sensitivity.

Unlike Ren et al’s study, the sensitivity observed in our study, 
which is similar to that of the EarlyCDT-Lung test, was not as high, 
even when we used the same panel of AABs. However, the PPV of 
our study was higher than that of the previous study. This result is 
probably due to the following reasons:

(a) First, the cutoff value of the 7-AAB panel we used was de-
termined by Ren et al’s study in 155 patients with lung cancer and 
in 145 healthy controls. Although this cutoff value was optimal 

for their study population, it may not be repeatable in other study 
populations with the same diagnostic value even though the ethnic 
groups were the same.

(b) Second, a previous study reported that the levels of autoan-
tibodies were increased in the advanced stage.30 In our study, more 
than 85% of our patients had stage IA disease, and among these, 
nearly one-quarter had noninvasive malignancies, such as AIS or MIA. 
Thus, the concentration of those patients’ AABs may not as high as 
that of advanced patients to reach the cutoff value and show a pos-
itive result.

(c) Third, most of the patients enrolled in our study had a radio-
graphic feature of GGOs with a diameter less than 2 cm, which are 
often noncalcified. These patients are recommended to receive an-
ti-inflammatory therapy and follow-up.

A recent study pointed out that antibiotic treatment is associ-
ated with a worse immune response,31 which may also be a potential 

F I G U R E  5   ROC curve using the 
scoring table to predict NSCLC. A, ROC 
curve using the scoring table to predict 
NSCLC in the training group. B, ROC 
curve using the scoring table to predict 
NSCLC in the training group compared 
with using the 7-AAB panel or CT alone. 
C, ROC curve using the scoring table to 
predict NSCLC in the validation group. 
D, ROC curve using the scoring table to 
predict NSCLC in the validation group 
compared with using the 7-AAB panel or 
CT alone. E, ROC curve using the scoring 
table to predict NSCLC in patients whose 
preliminary radiological diagnosis was 
undetermined. F, ROC curve using the 
scoring table to predict NSCLC in patients 
whose pathological type was AIS or MIA. 
In graph A, C, E, F respectively, the blue 
solid line is the exact ROC curve, and the 
blue dotted line is the 95% CI of this ROC 
curve. And the red dotted line is the line 
of refference whose AUC is 0.500



1708  |     WANG et Al.

reason for our study’s sensitivity. Even so, the sensitivity of our 
seven AAB panel was as high as that of the EarlyCDT-Lung test 
and significantly higher than that of traditional tumor markers.27,32 
Surprisingly, for patients with noninvasive NSCLC or those whose 
preliminary radiological diagnosis was undetermined, the sensitivity 
of our 7-AAB panel was much higher than that of CT diagnosis.

Because of the diagnostic value of our 7-AAB panel, we created 
a nomogram based on the 7-AAB test results to quantify the risk of 
NSCLC. In addition to the 7-AAB results, the predictive model also 
contained preliminary CT diagnosis, composition of nodules, diam-
eter of nodules, number of lesions, sex, and age. The previous study 
only combined the seven AABs with CT imaging using a simple 

TA B L E  5   Relationship between the score and clinicopathologic characteristics

Characteristics

Full cohort (n = 268)
Preliminary radiological diagnosis uncertain group 
(n = 84)

Low score group 
(n = 82)

High score group 
(n = 186) P-value

Low score group 
(n = 49)

High score group 
(n = 35) P-value

Pathological diagnosis

Benign 45 (54.9) 16 (8.6) <.001 28 (57.1) 4 (11.4) <.001

Malignant 37 (45.1) 170 (91.4) 21 (42.9) 31 (88.6)

Age, y, mean (SD) 50.98 (9.84) 59.72 (11.02) <.001 50.35 (9.47) 57.57 (14.98) .008

Gender, n (%)

Male 36 (43.9) 88 (47.3) .606 16 (32.7) 12 (34.3) .876

Female 46 (56.1) 98 (52.7) 33 (67.3) 23 (65.7)

Diameter, cm, mean (SD) 1.17 (1.40) 1.73 (1.11) .002 0.91 (0.43) 1.51 (0.94) <.001

Number of nodules, n (%)

Single 53 (64.6) 98 (52.7) .069 26 (53.1) 14 (40.0) .237

Multiple 29 (35.4) 88 (47.3) 23 (46.9) 21 (60.0)

Composition, n (%)

Pure GGO 63 (76.8) 143 (76.9) .232 43 (87.8) 28 (80.0) .025

Mix GGO 1 (1.2) 10 (5.4) 0 (0.0) 4 (11.4)

Solid nodule 18 (22.0) 33 (17.7) 6 (12.2) 3 (8.6)

Pathologic type, n (%)

Adenocarcinoma 21 (25.6) 131 (70.4) <.001 11 (22.4) 23 (65.7) <.001

SCC 1 (1.2) 11 (5.9) 0 (0.0) 1 (2.9)

AIS or MIA 15 (18.3) 26 (14.0) 10 (20.4) 7 (20.0)

Neuroendocrine 
neoplasm

0 (0.0) 2 (1.1) 0 (0.0) 0 (0.0)

Lung benign tumor 6 (7.3) 3 (1.6) 2 (4.1) 1 (2.9)

Nontumor benign 
disease

29 (35.4) 12 (6.5) 19 (38.8) 3 (8.5)

AAH 10 (12.2) 1 (0.5) 7 (14.3) 0 (0.0)

Stage, n (%)

I 37 (100.0) 154 (90.6) .066 21 (100.0) 29 (93.6) .346

II 0 (0.0) 5 (2.9) 0 (0.0) 1 (3.2)

III 0 (0.0) 10 (5.9) 0 (0.0) 1 (3.2)

IV 0 (0.0) 1 (0.6) 0 (0.0) 0 (0.0)

Preliminary radiological diagnosis, n (%)

Benign 19 (23.1) 37 (19.9) <.001 / / /

Malignant 14 (17.1) 114 (61.3) / /

Uncertain 49 (59.8) 35 (18.8) / /

7-AABs qualitative diagnosis, n (%)

Positive 3 (3.7) 79 (42.5) <.001 3 (6.1) 17 (48.6) <.001

Negative 79 (96.3) 107 (57.5) 46 (93.9) 18 (51.4)



     |  1709WANG et Al.

both-positive rule to increase the PPV, but the change was not vis-
ible compared with using the 7-AAB test alone, and it reduced the 
sensitivity at the same time.16 In spite of this 7-AAB panel being re-
ported previously, our study is the first prospective study conducted 
in Zhejiang province’s population, who have not been validated be-
fore, and after this 7-AAB panel was approved by CFDA. Although 
the sensitivity of our 7-AAB panel was not as high as CT diagnosis, 
our 7-AAB panel was of a very high PPV. Such a high PPV may in-
dicated that clinicians could perform surgical intervention more ac-
tively if the test showed a positive result and could avoid unnecessary 
follow-up. Contrary to the previous studies, for validation of the di-
agnostic value of this panel, we mainly focused on very early-stage 
disease, which present GGOs with diameters less than 2 cm on CT, 
especially those whose preliminary radiological diagnosis was unde-
termined or whose pathologic type was AIS or MIA. Moreover, the 
emphasis of our study was on combining the high specificity and PPV 
of 7-AAB panel and the high sensitivity of CT diagnosis to conduct a 
visual statistical model that could optimize the predictive accuracy 
of each individual. To our knowledge, our study was the first to con-
struct a quantitative nomogram that could predict the probability of 
NSCLC with optimal discrimination and excellent calibration. In our 
nomogram, the 7-AAB panel result contributes a great risk proportion 
of malignancy. In addition, we formulated a scoring table based on the 
nomogram for the purpose of more convenient application. This table 
can calculate the total points more easily and may support clinicians 
when making treatment decisions. In both the training group and val-
idation group, using the scoring table resulted in optimal diagnostic 
accuracy, which was significantly higher than using CT or the 7-AAB 
panel alone. The widespread use of LDCT has increased the detection 
of pure or mixed GGOs with diameters less than 2 cm, a size that is 
hard for radiologists to diagnose.33 Even for these patients, our scor-
ing table can significantly enhance the diagnostic accuracy. Because 
of its high accuracy, this scoring table could help clinicians make ap-
propriate therapeutic decisions, such as avoiding unnecessary opera-
tion or needless follow-up in patients with preneoplastic lung lesions.

Several limitations of this study should be addressed. First, we 
only enrolled patients who underwent surgical resection, and the 
sample size was not very large, especially for patients with benign 
disease; this choice may have caused selection bias. Second, al-
though our predictive model and scoring table had been validated 
internally and showed excellent diagnostic value, the generalizabil-
ity of the model and scoring table still needs external validation by 
an additional study population. The next step would be for us is to 
investigate the diagnostic value of the 7-AAB panel in a prospective 
study that is controlled by a formal protocol with a larger sample 
size from multiple centers. In addition to further validating the diag-
nostic value of the current 7-AAB panel, we should also investigate 
that if it is necessary to modify the current cutoff value for different 
stages disease, particularly for very early-stage disease, in our fu-
ture study. Furthermore, healthy donors who do not have any lung 
nodules should be included in the future study as a blank control. 
Wider geographic recruitment and additional data, such as CT value 
and positron emission tomography (PET) standardized uptake value 

(SUV), could also be included in the model and scoring table, to im-
prove the predictive accuracy for future applications.

In conclusion, we prospectively validated the diagnostic value of 
a 7-AAB panel in NSCLC that achieved a specificity of 90.2% and a 
PPV of 92.7%. In comparison with CT, it showed a higher diagnostic 
value, especially for patients with early-stage disease. In addition, 
our study was the first to develop and internally validate a novel no-
mogram based on the 7-AAB panel for predicting the risk of NSCLC. 
Moreover, based on the nomogram, we formulated a scoring table 
that is easy to use in the clinic and is highly accurate. This scoring 
table could help clinicians make individualized predictions of the 
probability of NSCLC and avoid over-management or reduce the 
period of needless follow-up. In summary, the 7-AAB panel test and 
our predictive model exhibited excellent potential for the diagnosis 
of NSCLC, and the scoring table could be of use to clinicians.
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