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Background: High Ki-67 expression is associated with poor prognosis in early-stage lung adenocarcinoma
(LUAD). However, there are few studies on the associations between clinicopathological features and Ki-
67 proliferation index (PI). The study aimed to explore the clinicopathological characteristics of peripheral
clinical stage IA LUAD with high Ki-67 expression.

Methods: A case-control study was carried out in China-Japan Friendship Hospital from January 2017 to
December 2018. The clinicopathological features of patients were reviewed. Univariate and multivariate
analyses were used to analyze the association between clinicopathological characteristics and high Ki-67
expression.

Results: Three hundred and seventy-six patients were finally enrolled in the study. Univariate and
multivariate analyses showed that males sex (OR =2.23, 95% CI: 1.30-3.83, P=0.004), carcinoembryonic
antigen (CEA) positivity (OR =3.25, 95% CI: 1.44-7.33, P=0.005), several imaging features such as notch
positivity (OR =2.55, 95% CI: 1.18-5.51, P=0.017), vascular convergence (OR =3.04, 95% CI: 1.03-8.95,
P=0.044), and consolidation/tumor ratio (CTR) (OR =1.03, 95% CI: 1.02-1.04, P<0.001) were significantly
associated with high Ki-67 expression. The area under curve of receiver operating characteristic (ROC)
curve for CTR was 0.813 (95% CI: 0.768-0.858, P<0.001). When cutoff value was 72.5%, the sensitivity and
specificity were 80.5% and 76.3 %, respectively.

Conclusions: Male sex, CEA positivity, notch positivity, vascular convergence, and CTR were significantly
associated with high Ki-67 expression in patients with peripheral clinical stage IA LUAD. These findings

could be used to assist clinical decision-making and prognostic evaluation.
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Introduction

Ki-67 is a kind of DNA-binding nuclear protein expressed
throughout the proliferative phases of the cell cycle, but not
in the quiescent phase (1). Therefore, it has become a well-
known biomarker to evaluate the proportion of proliferating
cells in a specific cell population (2). In clinical studies, it
has been confirmed that high Ki-67 expression is closely
related to a poor prognosis in a variety of tumors, such as
breast cancer, gastrointestinal stromal tumor, pancreatic
cancer, prostate cancer, and bladder cancer (3-7).

Lung cancer is the most common malignant tumor
worldwide and one of the main causes of cancer-related
death at present (8). In recent years, lung adenocarcinoma
(LUAD) has been the most common pathological type of
lung cancer, and its incidence has grown rapidly (9). High
expression of Ki-67 is significantly associated with a poor
prognosis in patients with LUAD, including even early-
stage LUAD (10-13). In addition, Ki-67 proliferation
index (PI) is an independent risk factor for recurrence in
patients with early-stage LUAD after segmentectomy (14).
However, Ki-67 PI has not yet become a routine parameter
evaluated by pathological detection in lung cancer patients.
At present, there are few studies on the associations between
clinicopathological features and Ki-67 PI.

Therefore, the study aimed to explore the
clinicopathological characteristics of peripheral clinical
stage IA LUAD with high Ki-67 expression. We present the
following article in accordance with the STROBE reporting
checklist (available at http://dx.doi.org/10.21037/tcr-20-
2608).

Methods
Study population

A retrospective case-control study was carried out in
China-Japan Friendship Hospital from January 2017 to
December 2018. The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013). The
study was approved by the institutional ethics committee of
China-Japan Friendship Hospital (No. 2018-13-K08). The
institutional ethics committee waived the need for informed
consent because of its retrospective design and the use of
anonymized data.

Clinical, pathological, and radiological features of
patients who underwent curative operations for LUAD with
clinical tumor size <3 cm were reviewed. Inclusion criteria:
(I) according to the tumor-node-metastasis (TINM) stage
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in the 8th edition of lung cancer (15), the preoperative
stage was clA; (II) operations were performed, including
lobectomy, segmentectomy and wedge resection of the lung,
with mediastinal lymph nodes sampling or dissection; (III)
LUAD was confirmed by pathological examination which
was performed within 1 week after the operation. Exclusion
criteria: (I) history of previous lung operation; (II) multiple
pulmonary nodules on chest computed tomography (CT);
(IIT) without mediastinal lymph node sampling or dissection;
(IV) metastatic LUAD; (V) without definite pathological
subtype or specific variants of invasive LUAD such as
fetal or enteric LUAD; (VI) Ki-67 immunohistochemical
staining was not performed after the operation.

Clinical features

The electronic medical records of all patients were
reviewed, and the relevant clinical features were collected
such as sex, age, smoking status, carcinoembryonic antigen
(CEA) level, and operation procedures. The normal upper
limit of CEA was 5 ng/mL.

Pathological features

All patients’ postoperative pathology reports were reviewed.
The pathological features included pathological type, tumor
tissue size, lymph node metastasis, pathological TNM stage,
visceral pleura invasion (VPI), lymphovascular invasion
(LVI), epidermal growth factor receptor (EGFR) gene
mutation status, spread through air spaces (STAS), and Ki-
67 P1.

According to the classification method of the
International Lung Cancer Research Association/American
Thoracic Society/European Respiratory Society, invasive
adenocarcinoma (IAD) was further classified (16). The
pathological TNM stage was based on the eighth edition
of TNM classification proposed by the International
Association for the Study of Lung Cancer (IASLC) Lung
Cancer Staging Project (15). According to the 2015 World
Health Organization (WHO) classification of lung cancer,
STAS was defined as pathological micropapillary clusters,
solid nests or single cells beyond the edge of the tumor, and
are separated from the main tumor (17).

The mouse anti-human Ki-67 monoclonal antibody
(Zhongbin Jingiao Biotechnology Co., Ltd., Beijing,
China) was used for immunohistochemical staining in strict
accordance with the instructions. Five high-power fields
were randomly selected from each staining section. The
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average percentage of positive cells in the total number of
cells was quantitatively analyzed as the Ki-67 PI. PI >14%
was defined as high Ki-67 expression and PI<14% was
defined as low Ki-67 expression.

Radiological features

All enrolled patients underwent high-resolution CT
(HRCT) within 2 weeks preoperatively. HRCT was
performed with the patient in the supine position during
inspiratory breath-hold using various multidetector row
scanners: Aqui-lion 4 (TOSHIBA Corporation, Tokyo,
Japan), SOMA-TOM Plus4 Volume Zoom (SIEMENS,
Munich, Germany), Brilliance CT (Philips, Amsterdam,
the Netherlands). The imaging parameters were as
follows: tube voltage, 120 kVp; tube current, 100-
150 mA; detector collimation, 0.625-1.5 mm; beam pitch,
1.375-1.5. Two experienced radiologists re-evaluated
the chest CT images independently, without informing
the relevant clinicopathological features, and reached a
consensus through discussion in case of disagreement.
The measurement data were all measured on the cross-
sectional images of the chest CT in picture archiving and
communication systems (PACS) (lung window setting
width, 1,500 HU and level, -600 HU) for three times, and
the average value was taken.

Evaluation contents included the maximum nodule
diameter, the maximum consolidation diameter,
consolidation/tumor ratio (CTR), and the common CT
features of peripheral lung cancer, such as cavitation,
notch, spiculation, pleural indentation, air bronchogram,
and vascular convergence. Ground-glass opacity (GGO)
referred to the increased density of lung tissues without
covering the original vascular and bronchial shadow
that foils the region (18). The CTR was defined as (the
maximum consolidation diameter/the maximum tumor
diameter) x100%.

Statistical analysis

Statistical analyses were performed using IBM SPSS
Statistics 22.0 (IBM, Chicago, IL, USA). Continuous
variables with a normal distribution are presented as the
mean = standard deviation (SD), nonnormally distributed
variables are reported as the median (interquartile range).
Categorical variables were represented by the number and
percentage of cases. Clinicopathological feature differences
between groups were compared by using the Student’s
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t-test or Mann-Whitney U test for continuous variables,
and %’ test, continuous calibration %’ test, or Fisher exact
test for categorical variables. The variables with P<0.05 in
the univariate analysis were carried into binary Logistic
regression analysis (forward stepwise regression manner).
A receiver operating characteristic (ROC) curve was used
to determine the optimal cutoff values for continuous
variables. The area under the curve (AUC) was adopted to
measure the diagnostic power. The Youden index was used
to select the optimal sensitivity and specificity from the
ROC curves. P<0.05 was considered to indicate statistical
significance (double-tailed).

Results
Patient characteristics

From January 2017 to December 2018, 807 patients who
underwent curative operations for peripheral clinical
stage IA LUAD were enrolled. Four hundred and thirty-
one patients were excluded from the study cohort because
of a history of previous lung operation (n=12), multiple
pulmonary nodules (n=40), without mediastinal lymph
node sampling or dissection (n=98), metastatic LUAD
(n=7), specific variants of adenocarcinoma such as fetal or
enteric adenocarcinoma (n=4), without definite pathological
subtype (n=32), or without Ki-67 PI (n=238). After
exclusion, 376 patients (123 high Ki-67 expression patients
and 253 low Ki-67 expression patients) were finally enrolled
in this study (Figure I).

The patients’ baseline characteristics are summarized
in Table 1. There were 137 males (36.4%) and 239 females
(63.6%) with an average age of (58+10) years old in
the present study. Seventy-seven patients (20.5%) had
a smoking history, and 45 patients (12.0%) were CEA
positive. Three hundred and twenty-eight patients (87.2%)
underwent lobectomy, 23 patients (6.2%) underwent
segmentectomy, and 25 patients (6.6%) underwent wedge
resection.

Postoperative pathological reports showed that Ki-
67 expression was high in 123 patients (32.7%) and
low in 253 patients (67.3%). There were 1 patient with
(0.2%) adenocarcinoma in situ (AIS), 45 patients (12.0%)
with microinvasive adenocarcinoma (MIA), and 330
patients (87.8%) with IAD. For invasive LUAD, the most
prevalent subtype was acinar predominant (58, 15.4%),
followed by lepidic predominant (189, 50.3%), papillary
predominant (41, 10.9%), solid predominant (25, 6.6%),
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Figure 1 Flow chart for the study population. LUAD, lung adenocarcinoma.

Table 1 Association between Ki-67 PI and clinical features

Ki-67 PI
Characteristics Total (n=376) P value
High (n=123) Low (n=253)
Sex, n (%) <0.001
Male 137 (36.4) 66 (53.7) 71 (28.1)
Female 239 (63.6) 57 (46.3) 182 (71.9)
Age (years), n (%) 58+10 5919 58+10 0.514
>65 102 (27.1) 32 (26.0) 70 (27.7) 0.735
Smoking history, n (%) 77 (20.5) 38 (30.9) 39 (15.4) <0.001
CEA positive, n (%) 45 (12.0) 32 (26.0) 13 (5.1) <0.001
Operation, n (%) 0.424
Lobectomy 328 (87.2) 111 (90.2) 217 (85.8)
Segmentectomy 23 (6.2) 5(4.1) 18 (7.1)
Wedge resection 25 (6.6) 7 (5.7) 18 (7.1)

PI, proliferation index; CEA, carcinoembryonic antigen.

mucinous adenocarcinoma (10, 2.7%), and micropapillary
predominant (7, 1.9%). There were 90 patients (23.9%)
with VPI positive, 15 patients (4.0%) with LVI positive, and
54 patients (14.4%) with STAS positive in the cohort. N1
and N2 lymph node involvement occurred in 17 (4.5%) and
33 cases (8.8%), respectively. Pathological stage I, II, and
III tumors were found in 325 (86.4%), 18 (4.8%), and 33
(8.8%) patients, separately. Three hundred and ten patients
received EGFR gene molecular test, among which 174
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patients (56.1%) harbored EGFR gene mutations (1able 2).

In terms of radiological features, the maximum diameter
of nodules was 16 [8, 16] mm, the maximum consolidation
diameter was 8 [0, 17] mm, and the CTR was 54% [0,
97%]. Among the common CT features, cavitation, notch,
spiculation, pleural indentation, air bronchogram, and
vascular convergence were found in 39 (10.4%), 27 (73.9%),
241 (64.1%), 183 (65.0%), 47 (12.5%), and 335 (89.1%)
cases, respectively (Table 3).
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Table 2 Association between Ki-67 PI and pathological features

Ki-67 PI
Characteristics Total (n=376) P value
High (n=123) Low (n=253)
Pathological type, n (%)
AIS + MIA 46 (12.2) 2(1.6) 44 (17.4) <0.001
IAD 330 (87.8) 121 (98.4) 209 (82.6)
Lepidic 58 (15.4) 6 (4.9) 52 (20.6) <0.001
Acinar 189 (50.3) 69 (56.1) 120 (47.4) 0.115
Papillary 41 (10.9) 17 (13.8) 24 (9.5) 0.206
Micropapillary 7(1.9 5(4.1) 2 (0.9 0.040
Solid 25 (6.6) 20 (16.3) 5(2.0) <0.001
Mucinous 10 (2.7) 4 (3.3 6 (2.4) 0.876
VPI, n (%) 90 (23.9) 54 (43.9) 36 (14.2) <0.001
LVI, n (%) 15 (4.0) 12 (9.9) 3(1.2) <0.001
STAS, n (%) 54 (14.4) 27 (22.0) 27 (10.7) 0.003
EGFR mutation 174 (56.1) 49 (50.5) 125 (58.7) 0.179
pT stage, n (%) <0.001
T 283 (75.3) 68 (55.3) 215 (85.0)
T2 93 (24.7) 55 (44.7) 38 (15.0)
pN stage, n (%) <0.001
NO 326 (86.7) 85 (69.1) 241 (95.3)
N1 17 (4.5) 14 (11.4) 3(1.2)
N2 33(8.8) 24 (19.5) 9 (3.6)
pTNM stage, n (%) <0.001
I 325 (86.4) 85 (69.1) 240 (94.9)
Il 18 (4.8) 14 (11.4) 4(1.6)
1] 33 (8.8) 24 (19.5) 9 (3.6)

Pl, proliferation index; AlS, adenocarcinoma in situ; MIA, microinvasive adenocarcinoma; IAD, invasive adenocarcinoma; VPI, visceral
pleura invasion; LVI, lymphovascular invasion; STAS, spread through air spaces; EGFR, epidermal growth factor receptor; TNM, tumor-

node-metastasis.

Univariate analysis for the association between
clinicopathological characteristics and bigh Ki-67
expression

The results of univariate analysis showed that patients
with high Ki-67 expression were mostly males (P<0.001),
who had a smoking history (P<0.001), and a higher CEA
level (P<0.001) (Zizble 1). In terms of pathological features,
high Ki-67expression was correlated with invasive LUAD
(P<0.001), especially micropapillary predominant (P=0.040)
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and solid predominant (P 0.001) LUAD. However,
low expression of Ki-67 was more common in lepidic
predominant (P<0.001) LUAD. In addition, high Ki-
67 expression was significantly associated with a larger
pathological T stage (P<0.001), VPI positivity (P<0.001),
LVI positivity (P<0.001), STAS positivity (P=0.003),
lymph node metastasis (P<0.001) and a higher pathological
TNM stage (P<0.001) (7able 2). In patients with high Ki-

67 expression, the maximum nodule diameter (P<0.001),
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Ki-67 PI
Characteristics Total (n=376) P value
High (n=123) Low (n=253)
CT feature, n (%)
Cavitation 39 (10.4) 16 (13.0) 23 (9.1) 0.242
Notch 278 (73.9) 109 (88.6) 169 (66.8) <0.001
Spiculation 241 (64.1) 99 (80.5) 142 (56.1) <0.001
Pleural indentation 183 (65.0) 80 (65.0) 103 (40.7) <0.001
Air bronchogram 47 (12.5) 21 (17.1) 26 (10.3) 0.062
Vascular convergence 335 (89.1) 117 (95.1) 218 (86.2) 0.009
Maximum tumor diameter (mm)* 16 [8, 16] 19 [15, 24] 14 [10, 20] <0.001
Maximum consolidation diameter (mm)* 80, 17] 17 [11, 22] 30, 11] <0.001
CTR (%) 54 [0, 97] 98 [77, 100] 290, 72] <0.001

*, non-normal continuous variables, the data were reported as median [interquartile range]. Pl, proliferation index; CT, computed

tomography; CTR, consolidation/tumor ratio.

Table 4 Multivariate analysis for the association between Ki-67 PI
and clinicopathological features

Characteristics OR (95% Cl) P value
Sex 0.004
Female 1.00
Male 2.23 (1.30-3.83)
CEA positive 3.25 (1.44-7.33) 0.005
Notch 2.55 (1.18-5.51) 0.017
Vascular convergence 3.04 (1.03-8.95) 0.044
CTR 1.03 (1.02-1.04) <0.001

PI, proliferation index; CEA, carcinoembryonic antigen; CTR,
consolidation/tumor ratio.

consolidation diameter (P<0.001), and CTR (P<0.001) were
larger than patients with low Ki-67 expression, and several
imaging features such as notch (P<0.001), spiculation
(P<0.001), pleural indentation (P<0.001), and vascular
convergence (P=0.009) were more common on chest CT

imagines (Zable 3).

Multivariate analysis for the association between
clinicopathological characteristics and bigh Ki-67

expression

Variables with significant differences in univariate analysis
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were included in multivariate analysis. The results showed
that males sex (OR =2.23, 95% CI: 1.30-3.83, P=0.004),
CEA positivity (OR =3.25, 95% CI: 1.44-7.33, P=0.005),
and several imaging features such as notch positivity (OR
=2.55,95% CI: 1.18-5.51, P=0.017), vascular convergence
(OR =3.04, 95% CI: 1.03-8.95, P=0.044), and CTR (OR
=1.03, 95% CI: 1.02-1.04, P<0.001) were significantly
associated with high Ki-67 expression (1able 4). The ROC
curve showed that the AUC for CTR was 0.813 (95% CI:
0.768-0.858, P<0.001). When cutoff value was 72.5%,
the sensitivity and specificity were 80.5% and 76.3%,
respectively (Figure 2).

Discussion

Several clinical studies have confirmed that high Ki-67
expression is significantly related to a poor prognosis in a
variety of tumors, such as breast cancer, gastrointestinal
stromal tumor, pancreatic tumor, prostate cancer, and
bladder cancer (3-7). Moreover, Ki-67 is also an important
reference in clinical decision-making for patients with breast
cancer or gastrointestinal neuroendocrine tumors (19,20).
However, given the limit related to the heterogeneity of
the Ki-67 PI cutoff value, Ki-67 has not become a routine
pathological detection parameter for lung cancer in clinical
work.

A meta-analysis including 108 studies showed that the
cutoff value of Ki-67 PI was between 3% and 75% and that
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Figure 2 ROC curve of CTR. The ROC curve showed that the
AUC for CTR was 0.813 (95% CI: 0.768-0.858, P<0.001). When
cutoff value was 72.5%, the sensitivity and specificity were 80.5%
and 76.3%, respectively. ROC, receiver operating characteristic;

CTR, consolidation/tumor ratio; AUC, area under the curve.

Figure 3 Representative CT images of the patient with high Ki-
67 expression. A 56-year-old male patient with pathologically
confirmed LUAD with high Ki-67 expression. The Ki-67 PI was
60%. Chest CT showed a pure solid nodule (CTR was 1.00) with
notch, vascular convergence, and air bronchogram in the upper
lobe of the right lung. CT, computed tomography; LUAD, lung
adenocarcinoma; PI, proliferation index; CTR, consolidation/

tumor ratio.

the cutoff value of Ki-67 PI was one of the main sources
of heterogeneity (10). A study by Warth showed that in
patients with NSCLC, high Ki-67 expression with a lower
cutoff level indicated a poor prognosis, while opposing
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results were found with a higher cutoff level. Furthermore,
high expression of Ki-67 has different prognostic
significance in different pathological types of NSCLC. In
LUAD patients, high expression of Ki-67 indicates a poor
prognosis, while, in contrast, it is related to a relatively good
prognosis in lung squamous cell carcinoma patients (21).
Therefore, independent evaluation of the expression of
Ki-67 in different pathological types of lung cancer and
establishment of a unified Ki-67 PI cutoff value based on
prognosis are urgently needed.

Our study found that the high expression of Ki-67
was more common in males (P=0.004) and CEA-positive
patients (P=0.005), which was consistent with previous
reports (10,22,23). Interestingly, some studies have shown
that testosterone can promote the growth of cancer cells
expressing androgen receptor (AR), while AR negatively
regulates the Ki-67 level in lung cancer patients (24,25).
However, the current relevant mechanism is not clear at
present, and further research is needed.

In the present study, high Ki-67 expression is significantly
related to notch (P=0.017), vascular convergence (P=0.044),
and CTR (P<0.001) (Figure 3). Yan et al. (26) described the
associations between Ki-67 PI and radiological features in
patients with LUAD and found that Ki-67 was correlated
with notch and nodal density (Spearman correlation
coefficient was 0.554 and 0.436, respectively). This was
consistent with the results of our study, but there was no
correlation analysis for vascular convergence. In addition,
Zhou et al. (27) found that radiologic characteristics of
enhanced CT images, including inverse variance, short
axis, and extension, could be used as noninvasive predictors
of the Ki-67 PI status in lung cancer patients. Therefore,
according to the correlations between radiological
features and Ki-67 PI, we could establish a radiological
predictive model for Ki-67, which is of great significance
for prognostic stratification and clinical decision-making
in LUAD. However, there are few related studies on the
correlations between radiological features and Ki-67 PI at
present. Therefore, further research is needed to provide a
more sufficient reference for the establishment of the Ki-67
predictive model.

In terms of pathological features, we found that the
patients with high Ki-67 expression were mostly invasive
LUAD (P<0.001), with a larger tumor tissue size (P<0.001),
more VPI (P<0.001), LVI (P<0.001), lymph node metastasis
(P<0.001), and a higher pathological TNM stage (P<0.001),
which was consistent with previous reports (10,28).
Furthermore, we first analyzed the correlation between the
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STAS and Ki-67 PI and found that high expression of Ki-
67 was significantly related to the STAS (P=0.003). The
WHO classification of lung cancer proposed the concept of
STAS as a new pattern of invasion in LUAD in 2015 (17),
and many studies have shown that the STAS is negatively
correlated with the prognosis of LUAD (29,30). These
findings suggested that high Ki-67 expression could be
associated with poor prognosis in patients with peripheral
clinical stage IA LUAD.

In addition, there has been no definite research on
the correlations between Ki-67 PI and the pathological
subtypes of invasive LUAD. Only the study by Warth
et al. (21) described that the average PI of Ki-67 was highest
(39.4%) in solid predominant LUAD, but there were no
further statistical analyses. In the present study, we found
that high Ki-67 expression was significantly associated
with micropapillary predominant (P=0.040) and solid
predominant LUAD (P<0.001). Low Ki-67 expression was
more common in lepidic predominant LUAD (P<0.001).
Previous studies have shown that lepidic predominant
LUAD mostly manifests as GGO on CT imagines (31),
while micropapillary and solid predominant LUAD is
associated with solid nodules (32). Furthermore, we found
that Ki-67 PI was significantly associated with CTR in the
present study. Therefore, Ki-67 PI was consistent with
the pathological subtype and radiological manifestation in
patients with peripheral clinical stage IA LUAD.

However, when the pathological features were included
in a multivariate analysis, we found that no relevant
pathological feature was significantly associated with
high expression of Ki-67. As this study is a single-center
retrospective study, further studies are needed to confirm
the correlation between Ki-67 and pathological features.
This study has several limitations. First, this study is a
single-center retrospective study, and selection bias is
inevitable. Second, Ki-67 immunohistochemical staining
has not become a routine pathological detection procedure
in LUAD patients, and many patients were excluded
(n=238), which might have led to selection bias. Third, the
cutoff value of Ki-67 PI based on patient prognosis was not
determined. Therefore, we used the median value (14%) as
the cutoff value, similar to most previous studies. Fourth,
the pathological data were based on review of postoperative
reports, the parameters especially the Ki-67 PI could be
influenced by subjectivity. While two separate pathologists
were required to re-evaluated, the postoperative specimens
could eliminate some of the subjectivity. Furthermore,
assessing morphological features of pulmonary nodules is
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prone to inter and intra-observer variability. In addition,
there was bias regarding the assessment knowing that these
were proven tumors and the features mentioned are those
that are relatively typical for malignant nodules.

Conclusions

Overall, we found that male sex, CEA positivity, notch
positivity, vascular convergence, and CTR were significantly
associated with high Ki-67 expression in peripheral clinical
stage IA LUAD. These findings could be used to assist
clinical decision-making and prognostic evaluation.
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