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Abstract
Objective This study developed and validated a nomogram utilizing clinical and multi-slice spiral computed 
tomography (MSCT) features for the preoperative prediction of Ki-67 expression in stage IA lung adenocarcinoma. 
Additionally, we assessed the predictive accuracy of Ki-67 expression levels, as determined by our model, in 
estimating the prognosis of stage IA lung adenocarcinoma.

Materials and methods We retrospectively analyzed data from 395 patients with pathologically confirmed stage IA 
lung adenocarcinoma. A total of 322 patients were divided into training and internal validation groups at a 6:4 ratio, 
whereas the remaining 73 patients composed the external validation group. According to the pathological results, 
the patients were classified into high and low Ki-67 labeling index (LI) groups. Clinical and CT features were subjected 
to statistical analysis. The training group was used to construct a predictive model through logistic regression and to 
formulate a nomogram. The nomogram’s predictive ability and goodness-of-fit were assessed. Internal and external 
validations were performed, and clinical utility was evaluated. Finally, the recurrence-free survival (RFS) rates were 
compared.

Results In the training group, sex, age, tumor density type, tumor-lung interface, lobulation, spiculation, pleural 
indentation, and maximum nodule diameter differed significantly between patients with high and low Ki-67 LI. 
Multivariate logistic regression analysis revealed that sex, tumor density, and maximum nodule diameter were 
significantly associated with high Ki-67 expression in stage IA lung adenocarcinoma. The calibration curves closely 
resembled the standard curves, indicating the excellent discrimination and accuracy of the model. Decision curve 
analysis revealed favorable clinical utility. Patients with a nomogram-predicted high Ki-67 LI exhibited worse RFS.
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Introduction
Lung cancer is the leading cause of cancer-related deaths 
globally. Despite the widespread use of low-dose com-
puted tomography (CT) for lung cancer screening in 
recent years, the 5-year survival rate for patients with 
early-stage lung cancer remains at only 59% [1]. Non-
small cell lung cancer (NSCLC) accounts for > 85% of all 
lung cancer cases, with lung adenocarcinoma (LUAD) 
being the most common histological subtype. Surgi-
cal resection is the most effective treatment for stage IA 
NSCLC; however, the choice of specific surgical proce-
dure is debated [2].

The Ki-67 nuclear protein is a key marker used to 
assess cell proliferation and tumor heterogeneity. Its 
expression levels rapidly increase from the G1 phase to 
the mitotic phase and are crucial indicators for assess-
ing tumor malignancy and patient disease-free survival, 
recurrence-free survival, and overall survival [3–6]. Ki-67 
expression is widely used in the diagnosis and treat-
ment of malignant tumors to select surgical approaches, 
design targeted therapies, and evaluate prognosis [7]. A 
recent study demonstrated that rapid Ki-67 immunohis-
tochemistry during surgery can be used to identify stage 
IA NSCLC patients with a greater risk of recurrence to 
aid in the selection of appropriate surgical strategies [8]. 
Additionally, this study suggested that segmentectomy 
may be a more reasonable choice than lobectomy for 
early-stage, low-grade NSCLC.

However, traditional Ki-67 testing requires invasive 
methods such as biopsy or surgery to obtain specimens. 
Moreover, due to tumor heterogeneity, biopsies may lead 
to sampling errors, resulting in an underestimation of 
the disease. Furthermore, this method may increase the 
incidence of pneumothorax by approximately 15% [9]. 
High expression of Ki-67 is an unfavorable factor affect-
ing progression-free survival (PFS) [10]. Therefore, devel-
oping a noninvasive method to accurately predict Ki-67 
expression in stage IA LUAD preoperatively is highly 
important.

Currently, multi-slice spiral computed tomography 
(MSCT) is the primary method for diagnosing and moni-
toring lung cancer. Some MSCT features of LUAD are 
closely related to Ki-67 and can be used to predict tumor 
differentiation and the Ki-67 expression level [11–13]. In 
addition, the Ki-67 proliferation index (PI) is an indepen-
dent risk factor for recurrence in patients with early-stage 
LUAD after segmentectomy [14]. However, no study has 

investigated the suitability of a nomogram based on CT 
features for predicting the Ki-67 status of stage IA LUAD 
[15–17], although previous studies have demonstrated 
the association of the Ki-67 expression level with the 
malignant potential and prognosis of stage IA LUAD, 
and relevant studies have proven that thin-section CT 
findings of peripheral lung adenocarcinomas correlate 
well with histologic prognostic factors [18]. Nomograms 
visualize regression equations by integrating multiple 
predictive indicators through multiple-factor regression 
analysis, providing personalized and highly accurate risk 
assessments [19].

In the present study, we developed and validated a 
nomogram based on clinical and MSCT features for 
the preoperative prediction of Ki-67 expression in stage 
IA LUAD. The nomogram was internally and externally 
validated and is intended to create a more practical and 
widely applicable predictive model to assist in the clinical 
diagnosis and treatment of stage IA LUAD.

Materials and methods
Patient characteristics
Data were collected retrospectively from patients diag-
nosed with stage IA LUAD who underwent surgical 
procedures between January 2016 and February 2023 at 
Jining No.1 People’s Hospital and Yantai Yeda Hospital. 
The data included clinical, pathological, and radiologi-
cal information. The inclusion criteria were patients (i) 
who underwent complete surgical resection with post-
operative pathological confirmation of LUAD and com-
plete medical records; (ii) who underwent thin-slice CT 
scanning with an imaging-to-surgery time interval not 
exceeding 2 weeks; and (iii) who had not received any 
prior diagnostic or therapeutic interventions such as 
biopsies, radiation therapy, or chemotherapy before sur-
gery. The exclusion criteria were patients who (I) had 
concurrent or previous malignancies at other anatomical 
sites (7 patients); (II) had multiple synchronous LUADs 
(15 patients); or (III) for whom CT imaging could not 
clearly visualize the lesion or showed suboptimal image 
quality that prevented analysis (8 patients).

The inclusion and exclusion criteria were applied at 
the two centers, and 395 patients out of the 428 patients 
were ultimately enrolled. The 322 patients treated at Jin-
ing No.1 Patients at People’s Hospital between January 
2018 and February 2023 were divided into training and 
internal validation cohorts at a 6:4 ratio. Additionally, 73 

Conclusion The nomogram utilizing clinical and CT features for the preoperative prediction of Ki-67 expression 
in stage IA lung adenocarcinoma demonstrated excellent performance, clinical utility, and prognostic significance, 
suggesting that this nomogram is a noninvasive personalized approach for the preoperative prediction of Ki-67 
expression.
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patients treated at Yantai Yeda Hospital between May 
2019 and February 2022 were assigned to the external 
validation cohort (Fig. 1).

This study was approved by the Ethics Committees of 
Jining No.1 People’s Hospital and Yantai Yeda Hospital.

CT scans
Chest CT images were obtained using multirow spiral 
CT scanners (Somatom Definition Flash CT or Somatom 
Definition AS CT; Siemens Healthineers, Erlangen, Ger-
many) using the following scan parameters: 100–120 
Kv tube voltage, automatic tube current modulation, 
512 × 512 matrix, 500 mm field of view, and 1–2 mm slice 
thickness. All CT data were obtained with full inspiration 
in the supine position. Digital Imaging and Communica-
tions in Medicine images were transferred to a picture 
archiving and communication system.

Clinical data and CT scan analysis
The general clinical data typically included sex, age, 
symptoms, and smoking history.

Two radiologists (Li and Chen, with 12 and 10 years 
of experience in chest radiology, respectively) indepen-
dently evaluated the following CT features: lobe location, 
tumor density type (solid, mixed ground-glass opacities 
[mGGO], and pure GGO [pGGO]), shape, tumor-lung 
interface (distinct, indistinct), lobulation, spiculation, 
vacuole, pleural indentation, bronchovascular bundle 
sign, air bronchogram, and maximum nodule diameter 

(largest section on the axial position). Discrepancies 
between the two radiologists were resolved by consult-
ing a third radiologist (Wang, with 15 years of experience 
in chest radiology). Although all three radiologists knew 
that the patients had stage IA LUAD, they were blinded 
to the pathological results. To determine the interob-
server reproducibility of CT feature extraction, Cohen’s 
kappa coefficient and the intraclass correlation coeffi-
cient (ICC) were calculated. Features with poor consis-
tency (Cohen’s kappa or ICC < 0.8) were excluded.

Pathology
All specimens were surgically resected to ensure that 
Ki-67 PI represented the whole tumor, and a mouse anti-
human Ki-67 monoclonal antibody (Zhongbin Jinqiao 
Biotechnology Co., Ltd., Beijing, China) was used for 
immunohistochemical staining in strict accordance with 
the manufacturer’s instructions. Two to three tumor sec-
tions with the hottest spots were selected, and at least 
five high-power fields were randomly selected from each 
stained section. The average percentage of positive cells 
among the total number of cells was quantitatively ana-
lyzed using the Ki-67 PI. The patients were categorized 
according to the Ki-67 labeling index (LI), with high and 
low Ki-67 LI defined as Ki-67 PI ≥ 15% and < 15%, respec-
tively [20]. All pathological diagnoses were independently 
made by two pathologists. In cases of disagreement, a 
consensus was reached through discussion.

Fig. 1 Study flow diagram
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Follow-up
We conducted long-term follow-up telephone calls and 
medical records until November 1, 2023, for patients who 
underwent radical surgery. Patients underwent chest CT 
scans every 6 months after surgery and then annually if 
no tumor progression was observed for 2 years. Recur-
rence-free survival (RFS) was defined as the time from 
surgery to recurrence.

Statistical analysis
IBM SPSS Statistics for Windows, version 26.0, and R 
software, version 3.6.3 (http://www.R-project.org), were 
used to process the data. The Kolmogorov–Smirnov test 
was used to test the normality of continuous variables. 
Normally distributed measurement data are expressed 
as the means ± standard deviations (‾x ± s). Data without 
a normal distribution are presented as medians (P25, 
P75). Categorical variables are expressed as values and 
percentages (%). When appropriate, the independent-
sample t test or Mann‒Whitney U test was used to com-
pare continuous variables, while the chi‒square test was 
used to compare categorical variables. To screen clinical 
data, qualitative imaging characteristics, and quantitative 
parameters with statistical significance in predicting high 
Ki-67 expression in stage IA LUAD, the independent 
risk factors were determined using a stepwise method, a 
logistic regression model was established, and a nomo-
gram was drawn. Internal and external validation groups 
were used to validate the model, and calibration and 
receiver operating characteristic (ROC) curves were used 
to assess the predictive capability and discriminative per-
formance of the nomogram model. The goodness-of-fit of 
the model was determined using the Hosmer–Lemeshow 
test. Decision curve analysis was performed to determine 
the clinical net benefit threshold. Survival analysis was 
performed using R software with data from the training 
cohort (n = 193), and Kaplan–Meier survival curves were 
generated. Statistical significance was set at P < 0.05.

Results
Interobserver agreement
The interobserver Cohen’s kappa values ranged from 
0.821 to 0.947, and the ICC was 0.852. The results 
showed favorable interobserver reproducibility for fea-
ture extraction.

Patient characteristics and CT morphological 
characteristics
In the training group, a significantly greater proportion 
of patients with high Ki-67 expression were male, were 
older, had lesions with solid components, had clearer 
tumor–lung interfaces, had signs of lobulation and spic-
ulation, had pleural indentation, and had a significantly 

larger maximum nodule diameter than patients with low 
Ki-67 expression (P < 0.05).

In the internal validation group, sex, lesion nature, 
tumor-lung interface, lobulation, and maximum nod-
ule diameter differed significantly between patients with 
high and low Ki-67 expression (P < 0.05).

In the external validation group, age, lesion nature, 
tumor-lung interface, lobulation, spiculation, pleural 
indentation, and maximum nodule diameter differed 
significantly between patients with high and low Ki-67 
expression (Tables 1 and 2; Figs. 2 and 3).

Establishment of the binary logistic regression model and 
nomogram
The best predictive model was obtained using forward 
stepwise logistic regression. The results showed that the 
independent preoperative predictive factors for high 
Ki-67 expression in stage IA LUAD included sex (odds 
ratio [OR] 0.342; 95% confidence interval [CI] 0.165–
0.710), lobulation (OR 0.443; 95% CI 0.213–0.992), tumor 
density (OR 0.205; 95% CI 0.102–0.414), and maxi-
mum nodule diameter (OR 3.303; 95% CI 1.659–6.576) 
(Table 3).

A predictive model for high Ki-67 expression in LUAD 
was constructed based on clinical and MSCT features, 
with an area under the ROC curve of 0.853 (95% CI 
0.799–0.907), a sensitivity of 85.7%, and a specificity of 
72.5% (P < 0.001). The ROC analysis results for each inde-
pendent predictive factor showed areas under the curve 
of 0.647 for sex, 0.752 for tumor density type, 0.666 for 
lobulation, and 0.739 for maximum nodule diameter, 
indicating that the predictive model had greater diagnos-
tic efficiency (P < 0.001) (Fig. 4; Table 4).

A nomogram for predicting Ki-67 expression in stage 
IA LUAD was successfully established using R software 
(Fig. 5). After internal validation, a high-quality calibra-
tion curve was obtained (Fig.  6A), indicating good con-
sistency between the predictive model and the actual 
observations. The area under the ROC curve was 0.853, 
indicating good discrimination. The results of the Hos-
mer–Lemeshow test indicated a good fit for the model 
(P = 0.653).

The results of the external validation showed a well-
calibrated curve between the predictive model and the 
actual observations (Fig.  6B). The areas under the ROC 
curve for internal and external validation were 0.833 and 
0.886, respectively (Fig.  6C and D), indicating the high 
discrimination and accuracy of the model.

The decision curve for the nomogram is shown in 
Fig.  6E. The net benefit of the decision curve for the 
predictive nomogram was greater than that for assum-
ing that all patients had high Ki-67 expression when the 
threshold probability was in the range of 0.04–0.84. This 

http://www.R-project.org
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suggests that a therapeutic strategy based on our nomo-
gram will improve clinical outcomes.

Ki-67 LI and RFS
The RFS curves scaled by pathological and predicted 
Ki-67 LI based on our nomogram using Kaplan–Meier 
analysis are shown in Fig.  7A. Pathologically, patients 
with a high Ki-67 LI had poorer RFS than patients with 
a low Ki-67 LI (P < 0.001). The 1- and 2-year RFS rates 
were 82.7% and 73%, respectively, in the high-Ki-67 LI 
group and 92.6% and 91.2%, respectively, in the low-
Ki-67 LI group. Similar results were obtained using the 
nomogram. The application of the nomogram is shown 
in Fig. 7B.

Discussion
Currently, the Ki-67 index is commonly regarded as a 
useful biomarker in clinical practice for predicting tumor 
cell proliferation, invasiveness, and prognosis and pro-
vides significant value in early lung cancer diagnosis and 
treatment assessment [21, 22]. Recent research find-
ings indicate that a Ki-67 index of 0.10–0.15 is a pivotal 
threshold for the proliferative activity of lung adenocar-
cinoma [20], suggesting a turning point toward higher 
tumor grades. Therefore, in this study, the Ki-67 thresh-
old was set to 0.15 to categorize high and low expression 
levels.

Analysis of clinical data and MSCT features of Ki-67 
expression in stage IA lung adenocarcinoma
In this study, individuals with high Ki-67 expression in 
stage IA lung adenocarcinoma were significantly more 
often male and older and had a larger maximum nodule 
diameter (> 1.33 cm). Ma et al. [23] evaluated CT features 
and Ki-67 expression in stage IA lung adenocarcinoma 
using a threshold of 0.1 and reported strong correlations 
between patient sex, tumor length and width, and Ki-67 
expression. They also observed significantly higher Ki-67 
expression in male patients with stage IA lung adenocar-
cinoma [24], consistent with the results of the present 
study.

Individuals with high Ki-67 expression in stage IA 
lung adenocarcinoma in this study were more likely to 
exhibit mGGOs or solid nodules. According to the natu-
ral growth pattern of lung adenocarcinoma, early-stage 
tumors are typically characterized by ground-glass-
density nodules that gradually increase in size, fol-
lowed by the emergence of solid components within the 
lesions. A greater proportion of solid components within 
ground-glass opacities is associated with greater inva-
siveness and poorer prognosis [25]. Lesions with clear 
tumor-lung interfaces, as well as the presence of lobula-
tion, spiculation, and pleural indentation signs, are more 
likely to exhibit high Ki-67 expression. Zhang et al. [26] Ta
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demonstrated that a clear tumor-lung interface is a risk 
factor for invasive pGGO lung adenocarcinoma. Tumors 
with high Ki-67 expression often exhibit irregular mor-
phology owing to inconsistent cell growth rates and dif-
ferentiation levels at different locations along the tumor 
periphery. This irregular growth may result in lobulated 
shapes, and differences in fibrous tissue contraction 
within the tumor may increase the likelihood of spicula-
tion and pleural indentation. Ma et al. [23] reported cor-
relations between lobulation, spiculation, lesion nature, 
air bronchogram signs, vessel convergence signs, pleural 
indentation signs, lung tissue fibrosis, and Ki-67 expres-
sion. Huang et al. [27] reported associations between 
Ki-67 expression and tumor diameter, tumor density, 
spiculation, lobulation, and bronchial inflation. Yanagawa 
et al. [28] discovered that malignant ground-glass opaci-
ties often exhibit lobulated growth and that the presence 
of lobulation signifies poor patient prognosis.

Analysis of the logistic regression results and predictive 
performance and application of the prediction model
Research on preoperative models for predicting Ki-67 
expression in stage IA lung adenocarcinoma is lim-
ited. Liu et al. [15] analyzed the clinical and CT features 
of 376 patients with early-stage lung adenocarcinoma 
and reported that male sex, carcinoembryonic antigen 

positivity, spiculation, vessel convergence, and the pro-
portion of solid tumor components were associated 
with high Ki-67 expression. Fu et al. [29] used radiomics 
to construct a nomogram and confirmed that smok-
ing history and neuron-specific enolase combined with 
radiomic scores could predict Ki-67 expression. The pres-
ent study identified male sex (OR 0.343; 95% CI 0.165–
0.71), lobulation (OR 0.443; 95% CI 0.213–0.992), tumor 
density (OR 0.205; 95% CI 0.102–0.414), and maximum 
nodule diameter (OR 3.303; 95% CI 1.659–6.576) as 
independent predictive indicators of high Ki-67 expres-
sion in stage IA lung adenocarcinoma. The established 
nomogram, which was validated internally and exter-
nally, further demonstrated high accuracy, making it 
more universally applicable and practical than the meth-
ods proposed in the aforementioned studies. The nomo-
gram model in the present study visualizes the regression 
equation in a graphical format, providing a convenient 
and intuitive tool for clinicians to calculate the probabil-
ity of high Ki-67 expression in stage IA lung adenocarci-
noma and to facilitate personalized predictions. The ROC 
curves for the training set and the internal and external 
validation sets showed that the model had high discrimi-
native ability and accuracy. The results of the calibration 
and decision curve analyses suggested the good consis-
tency and clinical utility of the model.

Fig. 2 A middle-aged woman with stage IA lung adenocarcinoma. (A, B) Computed tomography images showing mixed ground-glass opacities in 
the right lower lobe, with clear boundaries; no lobulation, spiculation, or pleural indentation sign (→); and a bronchial air sign within the lesion, with a 
maximum nodule diameter of 2.54 cm. Pathological image showing invasive adenocarcinoma, with predominant acinar growth (hematoxylin and eosin 
staining ×200). (D) Pathological image showing low Ki-67 expression (Ki-67 immunohistochemistry ×40). According to the nomogram, the total score 
was 80, and the preoperative probability of high Ki-67 expression was approximately 9%. The postoperative pathological diagnosis was a Ki-67 index of 
5%, indicating low Ki-67 expression
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The results of a recent phase III clinical study revealed a 
greater local recurrence rate after segmentectomy (10.5% 
vs. 5.4%) than after lobectomy in early-stage NSCLC 
(tumor diameter ≤ 2  cm, CT tumor solid component 
ratio > 0.5). However, the 5-year overall survival rate was 
greater after segmentectomy than after lobectomy (94.3% 
vs. 91.1%) [30]. Although the local recurrence rate was 
greater after segmentectomy in this study, segmentec-
tomy preserved more lung tissue, which is beneficial for 
potential postoperative treatments for recurrence, other 
cancers, or life-threatening diseases, resulting in a rela-
tively greater overall survival rate after segmentectomy. 
Therefore, the results of the present study suggested that 
segmentectomy should be the preferred surgical proce-
dure for early-stage NSCLC. Some studies have reported 
that the expression level of Ki-67 and tumor stage affect 
PFS, which is consistent with the results of this study 
[10].

This study utilized the comprehensive features of CT 
images of lesions to develop a predictive model for Ki-67 
expression in stage IA lung adenocarcinoma to deter-
mine its clinical usefulness. Decision curve analysis was 
applied in this study to confirm the predictive value 
of the predictive model, and both internal and exter-
nal validation were performed in this study to provide 
more insight into the generalizability of the combined 
model. It is widely acknowledged that the heterogeneity 
of tumor biology leads to varied prognoses reflecting the 
metastatic or invasive behavior of a particular tumor [8]. 
Therefore, this study aimed to avoid the impact of tumor 
heterogeneity on the accuracy of the predictive model. 
We assessed the predictive accuracy of Ki-67 expression 
levels, as determined by our model, in estimating the 
prognosis of stage IA lung adenocarcinoma. Patients pre-
dicted to have a high Ki-67 LI by our nomogram exhib-
ited worse RFS than those with a low Ki-67 LI. Compared 

Table 3 Logistic regression analysis of significant clinical characteristics and CT features of patients with stage IA lung 
adenocarcinoma with high Ki-67 expression
Independent predictive factors β OR Odds ratio (95% CI) P
Sex -1.072 0.342 0.165 ~ 0.710 0.004
Lobulation -0.814 0.443 0.213 ~ 0.922 0.030
Tumor density type -1.582 0.205 0.102 ~ 0.414 < 0.001
Maximum nodule diameter 1.195 3.303 1.659 ~ 6.576 0.001
CI confidence interval

Fig. 3 An elderly man with stage IA lung adenocarcinoma. (A, B) Computed tomography images showing a solid nodule in the right upper lobe, with 
shallow lobulation (→), spiculation, no pleural indentation sign, and a maximum nodule diameter of 2.12 cm. Pathological images showing invasive ad-
enocarcinoma, predominantly of the solid type and partly of the acinar type (hematoxylin and eosin staining ×200). (D) Pathological image showing high 
Ki-67 expression (Ki-67 immunohistochemistry ×40). According to the nomogram, the total score was 224, and the probability of high Ki-67 expression 
was approximately 85%. The postoperative pathological diagnosis was a Ki-67 index of 25%, indicating high Ki-67 expression
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to preoperative biopsies and rapid intraoperative Ki-67 
immunohistochemistry, this approach can predict tumor 
proliferative activity and identify the risk of recurrence 
preoperatively, aiding clinicians in selecting appropri-
ate surgical approaches. This model has the potential to 
improve postoperative survival rates and reduce recur-
rence rates in patients with early-stage lung cancer. To 
further validate the clinical utility of this model, future 
research will explore its application in the choice of surgi-
cal approach and its effects on postoperative survival and 
recurrence rates and whether the model can be used to 
evaluate the choice of adjuvant targeted therapy options. 
Due to the lack of biological interpretability, the applica-
tion of radiomic models in clinical settings is hindered 
[31]. Compared with radiomics, the interpretation of 
lesion features in CT scans has more advantages in clini-
cal applications. Naturally, we will also include radiomics 
in our future research to achieve greater accuracy.

This study has two limitations. First, due to the rela-
tively limited sample size, it was impossible to completely 
avoid confounding and selection biases. Second, this 
study was retrospective, and differences in CT equipment 
and scanning parameters may have affected the results.

In conclusion, clinical and MSCT features, including 
sex, maximum nodule diameter, lesion nature, and lobu-
lation, allow differentiation between high and low Ki-67 
expression in stage IA lung adenocarcinoma. The com-
bined diagnostic model and nomogram established in 
this study, along with the nomogram, provide improved 
preoperative predictions of Ki-67 expression, offering 
significant value in the diagnosis, treatment, and prog-
nostic assessment of early-stage lung cancer.

Table 4 Receiver operating characteristic curve analysis to predict high Ki-67 expression in stage IA lung adenocarcinoma
Factors Odds ratio (95% CI) Cutoff value Sensitivity Specificity P
Sex 0.647(0.568 ~ 0.725) Male 66.7% 62.6% < 0.001
Maximum nodule diameter 0.739(0.669 ~ 0.810) > 1.3 cm 91.2% 52.0% < 0.001
Tumor density type 0.752(0.682 ~ 0.821) mGGO 61.8% 85.7% < 0.001
Lobulation 0.666(0.588 ~ 0.743) Yes 71.6% 61.5% < 0.001
Predictive model 0.853(0.799 ~ 0.907) > 0.4 85.7% 72.5% < 0.001
CI, confidence interval

Fig. 4 ROC curves of patient sex, tumor density type, lobulation, maximum nodule diameter and high Ki-67 expression in stage IA lung adenocarcinoma 
in the training cohort according to the predictive model. AUC, area under the receiver operating characteristic curve
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Fig. 5 Nomogram model based on clinical and computed tomography features for predicting high Ki-67 expression in stage IA lung adenocarcinoma. 
According to the four indexes (sex, tumor density type, tumor lobulation, and maximum nodule diameter) of each patient, the vertical lines between 
each index and the nomogram points were drawn to obtain the score for each index. The scores of the five indicators are then summed to obtain the 
total score. Finally, a vertical line is drawn between the total score and the nomogram risk to predict the probability of high Ki-67 expression in stage IA 
lung adenocarcinoma

 



Page 11 of 14Li et al. BMC Medical Imaging          (2024) 24:143 

Fig. 6 Calibration curve of the nomogram model based on clinical and CT features for predicting high Ki-67 expression in stage IA lung adenocarci-
noma. Internal (A) and external (B) validation show a well-calibrated curve between the predictive model and actual observations, indicating the high 
discrimination and accuracy of the model. Receiver operating characteristic curves of the nomogram prediction model for internal (C) and external (D) 
validation. Decision curve analysis to evaluate the clinical net benefit of the preoperative prediction model for high Ki-67 expression in stage IA lung 
adenocarcinoma. Decision curve analysis (E) was used to evaluate the clinical net benefit of the preoperative prediction model for high Ki-67 expression 
in stage IA lung adenocarcinoma

 



Page 12 of 14Li et al. BMC Medical Imaging          (2024) 24:143 

Acknowledgements
Not applicable.

Author contributions
Zhengteng Li, Hongmei Liu, Yang Chen: Conceptualization, Methodology, 
Software Zhengteng Li, Min Wang: Data curation. Xiankai Wang, Dongmei Pan: 
Visualization, Investigation. Hongmei Liu: Supervision. Zhengteng Li, Aidong 

Ma: Validation. Zhengteng Li: Writing – original draft. Yang Chen: Writing- 
Reviewing and Editing.

Funding
Key R&D Program of Jining (2023YXNS074).
Projects of Science & Technology Innovation and Development Plan in Yantai 
City (No. 2023YTZC06030386).

Fig. 7 Kaplan–Meier curves depicting recurrence-free survival according to the pathological Ki-67 labeling index (LI) (A) and the predicted Ki-67 LI (B). 
After stratifying by the Ki-67 LI (low or high), patients with both pathological and predicted high Ki-67 LI values had poorer RFS than patients with low 
Ki-67 LI values (P < 0.001)

 



Page 13 of 14Li et al. BMC Medical Imaging          (2024) 24:143 

Data availability
The datasets generated or analyzed during the study are available from the 
corresponding author on reasonable request.

Declarations

Ethics approval
The experimental protocol was established according to the ethical 
guidelines of the Helsinki Declaration and was approved by the Human Ethics 
Committee of Jining No.1 People’s Hospital (KYLL-202312-227) and Yantai Yeda 
Hospital (202,209,101). Specific informed consent was not required according 
to Local Ethics Committee rules for retrospective study design.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Radiology, Jining No.1 People’s Hospital, No. 6 Jiankang 
Road, Rencheng District, Jining 272000, China
2Thyroid and Breast Surgery, Jining No.1 People’s Hospital, No. 6 Jiankang 
Road, Rencheng District, Jining 272000, China
3Department of Radiology, Yantai Yeda Hospital, Yantai Economic and 
Technological Development Zone, No. 11 Taishan Road, Yantai  
264000, China

Received: 11 January 2024 / Accepted: 21 May 2024

References
1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2021. CA Cancer J 

Clin. 2021;71(1):7–33. https://doi.org/10.3322/caac.21654
2. Janssen EM, Dy SM, Meara AS, Kneuertz PJ, Presley CJ, Bridges JFP. Survival 

outcomes in a prospective randomized multicenter phase III trial comparing 
patients undergoing anatomical segmentectomy versus standard lobectomy 
for non-small cell lung cancer up to 2 cm. Lung Cancer. 2022;172:108–16. 
https://doi.org/10.1016/j.lungcan.2022.08.013

3. Li HH, Qi LN, Ma L, Chen ZS, Xiang BD, Li LQ. Effect of KI-67 positive cellular 
index on prognosis after hepatectomy in Barcelona Clinic Liver Cancer stage 
A and B hepatocellular carcinoma with microvascular invasion. Onco Targets 
Ther. 2018;11:4747–54. https://doi.org/10.2147/OTT.S165244. Published 2018 
Aug 10.

4. Scholzen T, Gerdes J. The Ki-67 protein: from the known and the 
unknown. J Cell Physiol. 2000;182:311–22. https://doi.org/10.1002/
(SICI)1097-4652(200003)182:3%3C311::AID-JCP1%3E3.0.CO;2-9

5. Ahn HK, Jung M, Ha SY, Lee JI, Park I, Kim YS, et al. Clinical significance of Ki-67 
and p53 expression in curatively resected non-small cell lung cancer. Tumor 
Bio. 2014;35:5735–40. https://doi.org/10.1007/s13277-014-1760-0

6. Wen S, Zhou W, Li CM, Hu J, Hu XM, Chen P, et al. Ki-67 as a prognostic marker 
in early-stage non-small cell lung cancer in Asian patients: a meta-analysis of 
published studies involving 32 studies. BMC Cancer. 2015;15:520. https://doi.
org/10.1186/s12885-015-1524-2

7. Yang C, Zhang J, Ding M, Xu K, Li L, Mao L, et al. Ki67 targeted strategies for 
cancer therapy. Clin Transl Oncol. 2018;20:570–5. https://doi.org/10.1007/
s12094-017-1774-3

8. Atari M, Imai K, Nanjo H, et al. Rapid intraoperative Ki-67 immunohisto-
chemistry for lung cancer using non-contact alternating current electric 
field mixing. Lung Cancer. 2022;173:75–82. https://doi.org/10.1016/j.
lungcan.2022.09.007

9. Wiener RS, Schwartz LM, Woloshin S, Welch HG. Population-based risk for 
complications after transthoracic needle lung biopsy of a pulmonary nodule: 
an analysis of discharge records. Ann Intern Med. 2011;155:137–44. https://
doi.org/10.7326/0003-4819-155-3-201108020-00003

10. Wang D, Chen D, Zhang C, Chai M, Guan M, Wang Z, et al. Analysis of the 
relationship between Ki-67 expression and chemotherapy and prognosis 
in advanced non-small cell lung cancer. Transl Cancer Res. 2020. https://doi.
org/10.21037/TCR.2020.03.72

11. Chen C, Zhu WD, Zhang XH, Zhu YH, Huang JA. Value of Ki-67 and computed 
tomography in the assessment of peripheral lung adenocarcinoma. Br J 
Biomed Sci. 2016;73:32–7. https://doi.org/10.1080/09674845.2016.1146434

12. Yan J, Wang H, Zhou H, He H, Qiu L, Wang Z. Correlation between expression 
of Ki-67 and MSCT signs in different types of lung adenocarcinoma. Med 
(Baltim). 2020;99:e18678. https://doi.org/10.1097/MD.0000000000018678

13. Yan J, Xue X, Gao C, Guo Y, Wu L, Zhou C, et al. Predicting the Ki-67 prolifera-
tion index in pulmonary adenocarcinoma patients presenting with subsolid 
nodules: construction of a nomogram based on CT images. Quant Imaging 
Med Surg. 2022;12:642–52. https://doi.org/10.21037/qims-20-1385

14. Yamashita S, Moroga T, Tokuishi K, Miyawaki M, Chujo M, Yamamoto S, et 
al. Ki-67 labeling index is associated with recurrence after segmentectomy 
under video-assisted thoracoscopic surgery in stage I non-small cell lung 
cancer. Ann Thorac Cardiovasc Surg. 2011;17:341–6. https://doi.org/10.5761/
atcs.oa.10.01573

15. Liu Z, Feng H, Ma S, Shao W, Zhang J, Zhang Z, et al. Clinicopathological 
characteristics of peripheral clinical stage IA lung adenocarcinoma with 
high Ki-67 expression. Transl Cancer Res. 2021;10:152–61. https://doi.
org/10.21037/tcr-20-2608

16. Xu J, Liu P, Da J, Hao J, Peng W, Sun G. Prognostic value of Ki-67 in stage I non-
small-cell lung cancer: a meta-analysis involving 1931 patients. Pathol Res 
Pract. 2019;215:855–60. https://doi.org/10.1016/j.prp.2019.02.020

17. Wei DM, Chen WJ, Meng RM, Zhao N, Zhang XY, Liao DY et al. Augmented 
expression of Ki-67 is correlated with clinicopathological characteristics 
and prognosis for lung cancer patients: an up-dated systematic review and 
meta-analysis with 108 studies and 14,732 patients. Respir Res 2018;19:150. 
Published 2018 Aug 13. https://doi.org/10.1186/s12931-018-0843-7

18. Aoki T, Tomoda Y, Watanabe H, et al. Peripheral lung adenocarcinoma: 
correlation of thin-section CT findings with histologic prognostic fac-
tors and survival. Radiology. 2001;220(3):803–9. https://doi.org/10.1148/
radiol.2203001701

19. Bianco FJ Jr. Nomograms and medicine. Eur Urol. 2006;50:884–6. https://doi.
org/10.1016/j.eururo.2006.07.043

20. Okudela K, Woo T, Saigusa Y, Arai H, Matsumura M, Mitsui H, et al. A method 
to obtain reproducible Ki-67 indices in lung adenocarcinoma. Histopathol-
ogy. 2021;78:414–23. https://doi.org/10.1111/his.14234

21. Wei DM, Chen WJ, Meng RM, Zhao N, Zhang XY, Liao DY, et al. Augmented 
expression of Ki-67 is correlated with clinicopathological characteristics and 
prognosis for lung cancer patients: an up-dated systematic review and meta-
analysis with 108 studies and 14,732 patients. Respir Res. 2018;19:150. https://
doi.org/10.1186/s12931-018-0843-7

22. Zhou Y, Hu W, Chen P, Abe M, Shi L, Tan SY, et al. Ki67 is a biological marker 
of malignant risk of gastrointestinal stromal tumors: a systematic review 
and meta-analysis. Medicine. 2017;96:e7911. https://doi.org/10.1097/
MD.0000000000007911

23. Ma X, Zhou S, Huang L, Zhao P, Wang Y, Hu Q, et al. Assessment of relation-
ships among clinicopathological characteristics, morphological computer 
tomography features, and tumor cell proliferation in stage I lung adenocarci-
noma. J Thorac Dis. 2021;13:2844–57. https://doi.org/10.21037/jtd-21-7

24. Gu Q, Feng Z, Liang Q, Li M, Deng J, Ma M, et al. Machine learning-
based radiomics strategy for prediction of cell proliferation in non-small 
cell lung cancer. Eur J Radiol. 2019;118:32–7. https://doi.org/10.1016/j.
ejrad.2019.06.025

25. Naidich DP, Bankier AA, MacMahon H, Schaefer-Prokop CM, Pistolesi M, Goo 
JM, et al. Recommendations for the management of subsolid pulmonary 
nodules detected at CT: a statement from the Fleischner Society. Radiology. 
2013;266:304–17. https://doi.org/10.1148/radiol.12120628

26. Youguo Z, Chengye W, Xiaofei C, Xuefei Z, Changhong L. Analysis of the rel-
evance between computed tomography characterization and pathology of 
pulmonary ground-glass nodules with different pathology types. Turk Gogus 
Kalp Damar Cerrahisi Derg. 2023;31:95–104. https://doi.org/10.5606/tgkdc.
dergisi.2023.22239. Published 2023 Jan 30.

27. Huang Z, Lyu M, Ai Z, Chen Y, Liang Y, Xiang Z. Pre-operative prediction of 
Ki-67 expression in various histological subtypes of Lung Adenocarcinoma 
based on CT Radiomic features. Front Surg. 2021;8:736737. https://doi.
org/10.3389/fsurg.2021.736737

28. Yanagawa M, Tsubamoto M, Satoh Y, Hata A, Miyata T, Yoshida Y, et al. Lung 
adenocarcinoma at CT with 0.25-mm section thickness and a 2048 Matrix: 
high-spatial-resolution imaging for Predicting Invasiveness. Radiology. 
2020;297:462–71. https://doi.org/10.1148/radiol.2020201911

https://doi.org/10.3322/caac.21654
https://doi.org/10.1016/j.lungcan.2022.08.013
https://doi.org/10.2147/OTT.S165244
https://doi.org/10.1002/(SICI)1097-4652(200003)182:3%3C311::AID-JCP1%3E3.0.CO;2-9
https://doi.org/10.1002/(SICI)1097-4652(200003)182:3%3C311::AID-JCP1%3E3.0.CO;2-9
https://doi.org/10.1007/s13277-014-1760-0
https://doi.org/10.1186/s12885-015-1524-2
https://doi.org/10.1186/s12885-015-1524-2
https://doi.org/10.1007/s12094-017-1774-3
https://doi.org/10.1007/s12094-017-1774-3
https://doi.org/10.1016/j.lungcan.2022.09.007
https://doi.org/10.1016/j.lungcan.2022.09.007
https://doi.org/10.7326/0003-4819-155-3-201108020-00003
https://doi.org/10.7326/0003-4819-155-3-201108020-00003
https://doi.org/10.21037/TCR.2020.03.72
https://doi.org/10.21037/TCR.2020.03.72
https://doi.org/10.1080/09674845.2016.1146434
https://doi.org/10.1097/MD.0000000000018678
https://doi.org/10.21037/qims-20-1385
https://doi.org/10.5761/atcs.oa.10.01573
https://doi.org/10.5761/atcs.oa.10.01573
https://doi.org/10.21037/tcr-20-2608
https://doi.org/10.21037/tcr-20-2608
https://doi.org/10.1016/j.prp.2019.02.020
https://doi.org/10.1186/s12931-018-0843-7
https://doi.org/10.1148/radiol.2203001701
https://doi.org/10.1148/radiol.2203001701
https://doi.org/10.1016/j.eururo.2006.07.043
https://doi.org/10.1016/j.eururo.2006.07.043
https://doi.org/10.1111/his.14234
https://doi.org/10.1186/s12931-018-0843-7
https://doi.org/10.1186/s12931-018-0843-7
https://doi.org/10.1097/MD.0000000000007911
https://doi.org/10.1097/MD.0000000000007911
https://doi.org/10.21037/jtd-21-7
https://doi.org/10.1016/j.ejrad.2019.06.025
https://doi.org/10.1016/j.ejrad.2019.06.025
https://doi.org/10.1148/radiol.12120628
https://doi.org/10.5606/tgkdc.dergisi.2023.22239
https://doi.org/10.5606/tgkdc.dergisi.2023.22239
https://doi.org/10.3389/fsurg.2021.736737
https://doi.org/10.3389/fsurg.2021.736737
https://doi.org/10.1148/radiol.2020201911


Page 14 of 14Li et al. BMC Medical Imaging          (2024) 24:143 

29. Fu Q, Liu SL, Hao DP, Hu YB, Liu XJ, Zhang Z, et al. CT Radiomics Model for 
Predicting the Ki-67 index of Lung Cancer: an exploratory study. Front Oncol. 
2021;11:743490. https://doi.org/10.3389/fonc.2021.743490

30. Saji H, Okada M, Tsuboi M, Nakajima R, Suzuki K, Aokage K et al. Segmentec-
tomy versus lobectomy in small-sized peripheral non-small-cell lung cancer 
(JCOG0802/WJOG4607L): a multicenter, open-label, phase 3, randomized, 
controlled, nonnon-inferiority trial. Lancet 2022:399(10335):1607–17. https://
doi.org/10.1016/S0140-6736(21)02333-3

31. Bi WL, Hosny A, Schabath MB, et al. Artificial intelligence in cancer imaging: 
clinical challenges and applications. CA Cancer J Clin. 2019;69(2):127–57. 
https://doi.org/10.3322/caac.21552

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.3389/fonc.2021.743490
https://doi.org/10.1016/S0140-6736(21)02333-3
https://doi.org/10.1016/S0140-6736(21)02333-3
https://doi.org/10.3322/caac.21552

	Nomogram for the preoperative prediction of Ki-67 expression and prognosis in stage IA lung adenocarcinoma based on clinical and multi-slice spiral computed tomography features
	Abstract
	Introduction
	Materials and methods
	Patient characteristics
	CT scans
	Clinical data and CT scan analysis
	Pathology
	Follow-up
	Statistical analysis

	Results
	Interobserver agreement
	Patient characteristics and CT morphological characteristics
	Establishment of the binary logistic regression model and nomogram
	Ki-67 LI and RFS

	Discussion
	Analysis of clinical data and MSCT features of Ki-67 expression in stage IA lung adenocarcinoma
	Analysis of the logistic regression results and predictive performance and application of the prediction model

	References


