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Preoperative Changes of Lung Nodule on Computed Tomography and Their Relationship With Pathological Outcomes
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Background: Whether changes of lung nodules on computed tomography could bring us helpful information related to their pathological outcomes remained unclear.

Materials and Methods: This retrospective study was carried out among 1,185 cases of lung nodules in Shanghai Chest Hospital from January 2015 to April 2017, which did not shrink or disappear after preoperative follow-up over three months. Their imaging features, changes, and clinical characteristics were collected. A separate analysis was performed in nodules with or without growth in long-axis diameter after follow-up, searching significant changes related to nodule malignancy and the median interval of follow-up for reference. Further study was performed similarly in malignant nodules for discrimination of malignant grading.

Results: Most nodules were stable (n = 885, 75%), whereas others grew (n = 300, 25%). For predicting nodule malignancy, increase in density (>10 Hounsfield units, median follow-up of 549 days) played an important role in growing group whereas it failed in stable group, and the increase in size was less significant in growing group. For discrimination of malignant grading, increase in density (>70 Hounsfield units, median follow-up of 366 days) showed its significance in stable group, and so did increase in size in growing group (maximum diameter growth >3.3 mm, median follow-up of 549 days, or average diameter growth >3.1 mm, median follow-up of 625 days).

Conclusions: There were significant changes of lung nodules by follow-up on computed tomography, related to their pathological outcomes. The predictive power of increase in density or size varied in different situations, whereas all referred to a long-time preoperative follow-up.
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INTRODUCTION

Lung cancer is the leading cause of cancer-related death worldwide (1). Low-dose computed tomography (LDCT) lung screening trials were organized and performed in various countries, for the purpose of early diagnosis of lung cancer and therefore reducing mortality. The National Lung Screening Trial (NLST), the most famous one, showed a relative reduction of 20% in lung cancer mortality by LDCT (2). However, some lung nodules generated by benign diseases, such as infections and tuberculosis, have also been detected and then resected, which consequently leads to unnecessary medical costs and additional psychological anxiety (3). Nowadays, thin-section computed tomography (TSCT) has been widely used in clinical examination, which has made it possible to detect small nodules that may be the early stage of lung cancer, while at the same time stressing the concern of side effects of computed tomography (CT). Newly updated Fleischner Society Guidelines (4) recommended a follow-up interval of at least 3 months for nodules detected incidentally before resection. However, there was still some mist veiling the importance of preoperative follow-up on CT, which might be one possible reason for low guidelines adherence with pulmonologists (5).

In current practice, lung nodules identified by CT are managed according to the widely accepted guidelines that heavily rely on nodule size (4, 6–9). While recently researchers found that growth rate of nodules (10) and solid portions (11, 12) were also the risk factors of lung cancer, Lindell R. M. et al. clarified different growing patterns of lung nodules that were then diagnosed as lung cancer at last (13). These indicated that regarding to nodule malignancy, it was far from enough for judgment with only the consideration of nodule size. Changes of lung nodules through follow-up on CT, such as nodule growth and nodule density variation (which inferred solid portion variation), should also be considered before surgery. Moreover, it remains unclear whether the significance of these changes varied in different situations of discussing nodule malignancy and its grading. The purpose of our study was to carry out an analysis on predicting nodule malignancy and furthermore malignant grading, among lung nodules that grew and those without growth after follow-up individually, to find and compare the significance of nodule changes in different situations.



MATERIALS AND METHODS


Patient Selection and Study Design

This retrospective study was approved by the institutional review board of Shanghai Chest Hospital, and written informed consent was waived. We reviewed the medical and radiological records of lung nodules detected on CT in our hospital from January 2015 to April 2017. Study subjects were enrolled only if (a) baseline and preoperative levels of CT results were available, and enrolled lung nodule was primary in every patient, which was smaller than 3 cm; (b) they had been followed up over 3 months before resection; (c) they were free of neoadjuvant therapy by any form; (d) they were resected after follow-up and their pathological outcomes were available; and (e) they did not shrink or disappear after follow-up. Clinical characteristics of patients were collected, including age, gender, smoking status, height, weight, and body mass index (BMI). Baseline level means the first time of nodule detection on CT, and preoperative level means the last time of CT scan just before nodule resection.

There were four major analyses in our study discussing about what actual role would changes of lung nodules play in the prediction of nodules' pathological outcomes: Analysis 1: prediction of nodule malignancy in growing nodules; Analysis 2: prediction of nodule malignancy in stable nodules; Analysis 3: discrimination of nodule malignant grading in growing malignant nodules; and Analysis 4: discrimination of nodule malignant grading in stable malignant nodules (Figure 1). Growing and stable nodules were divided according to whether they showed growth in long-axis diameter after follow-up over 3 months. Nodule malignancy and its grading were classified as “pathological classification” part said in the later section. We discussed the significance of changes of lung nodules in predicting nodule malignancy and furthermore malignant grading and compared them in different situations.
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FIGURE 1. Flowchart of this study.




CT and Nodule Measurements

Computed tomography scans were obtained with 128-detector row scanners (Brilliance, Philips, Cleveland, OH, USA) using the helical technique at the end of inspiration during one breath-hold. The scanning parameters were as follows: X-ray voltage, 120 kVp; tube current, 200 mA; pitch, 0.641; scan FOV, 400 mm.

All measurements were taken on the lung window setting (mean: −500 HU, width: 1,500 HU), on the CT section that displayed the largest nodule dimensions. Without the knowledge of pathological diagnosis, two radiologists having experience of at least 5 years independently evaluated the measurement of imaging parameters of 1,185 nodules, and any disagreement between their results was resolved by consensus. The long-axis diameter was measured as maximum diameter (MD), and then, the short-axis diameter was measured orthogonally to the long-axis as vertical maximum diameter (VMD). Nodule thickness (NT) was measured according to the CT section thickness and numbers of CT sections that nodule spanned. Average diameter (AD) was counted as the average of MD, VMD, and NT. We recorded nodules as “pure ground-glass nodule (PGGN)” if they contained no solid component but only ground-glass opacity (GGO), lesions of slightly increased CT attenuation through which the normal lung parenchyma structures, airways, and vessels are visually preserved (14), others as “mixed ground-glass nodule (MGGN)” if they were a combination of both GGO and solid portion, and “solid nodule (SN)” was composed entirely of the solid component. CT value was measured as the mean density of nodule in Hounsfield units. The consolidation-to-tumor ratio (CTR) was defined as the ratio of the long-axis diameter of consolidation and tumor. Both the ground-glass opacity and solid component were considered when the measurements were taken.



Changes of Nodules on CT Scans

Growth was defined as an increase in long-axis diameter by at least 2 mm from baseline level (15) through follow-up, which was the divider of growing nodules and stable nodules. Changes of nodules on CT scans mainly included an increase in nodule size and an increase in nodule density in this study. On behalf of the increase in size, MD growth or AD growth was counted as the increase of MD or AD from baseline level to operative level, respectively. MD growth in ratio was the ratio of MD growth and MD, and AD growth in ratio was valued in the same way. Additionally, the volume doubling time (VDT) was also calculated based on the Schwartz formula: VDT = [t*log2]/[log Vt/V0], where “t” is the interval between follow-up on CT, “Vt” is the preoperative volume, and “V0” is the baseline volume (16). “V” is counted based on the formula: V = 4π(AD/2) ∧3/3. In line with the previous study (17), VDT was calculated only if the nodule volume changed by at least 25% from baseline level. On behalf of the increase in density, CT value increase was measured as the increase of nodule mean density in Hounsfield units from the baseline level.



Pathological Classification

All enrolled lung nodules were resected after follow-up, and they were later diagnosed by a pathology specialist in our hospital after preparing formalin-fixed and paraffin-embedded (FFPE) specimens. Their pathological outcomes were recorded in our study, as shown in Table 1. The pathological classification of lung nodules was according to “The 2015 World Health Organization (WHO) Classification of Tumors of the Lung, Pleura, Thymus, and Heart” (18). Lung cancer was nodules clarified with malignancy. High-grade malignant nodules referred to nodules that were malignant and pathologically invasive, whereas low-grade malignant nodules were nodules that were malignant but free of pathological invasion.


Table 1. Pathological classification of lung nodules after follow-up.
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Statistical Analysis

Continuous variables were examined by the Kolmogorov–Smirnov test, in which those according to normal distribution were analyzed with the independent sample t-test and described as “mean (standard deviation),” whereas others were analyzed with the Mann–Whitney U test and presented as “medians [IQRs].” Categorical variables were analyzed by the chi-squared test or Fisher's exact test, described as “frequency (proportion).” Receiver operating characteristic (ROC) curves were drawn to evaluate the predictive power of all factors, and the cutoff values were determined among significant factors where the Youden's indexes were at their maximums. Later, univariate logistic regression analyses in method of Enter were used to find the significant relative features. Additionally then, multivariate logistic regression analyses in method of Forward (LR) stepwise regression were used to find the independently significant covariates. Finally, these independently significant covariates were used to draw ROC curves together with their area under ROC curves (AUCs) and 95% confidence intervals (Cis) in four groups. All statistical tests were two-sided, with p < 0.05 considered statistically significant. Statistical analysis was done using IBM SPSS Statistics 26.0.




RESULTS

In total, 1,185 enrolled lung nodules included 885 (75%) stable nodules and 300 (25%) growing nodules (details of enrolled nodules are shown in Table 2). As for lung nodules diagnosed as lung cancer by pathological examination, there were 278 growing malignant nodules, whereas 781 malignant nodules were stable. More details of malignant nodules are listed in Table 2 and Supplementary Table 1.


Table 2. CT features, changes, and clinical characteristics of enrolled cases.
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Increase in Nodules' Density or Size After Follow-Up

Computed tomography value increase, another word as an increase in density, showed a significant discrepancy between growing nodules diagnosed as benign lesions and that diagnosed as lung cancer (Table 2), whereas it seemed to be nothing different between benign and malignant stable nodules (Table 2). However, in the case of malignant nodules only, CT value increase was quite different between stable nodules of low-grade malignancy and that of high-grade malignancy (Supplementary Table 1). CT value increase showed no significant difference between the two grades of malignancy among growing malignant nodules (Supplementary Table 1).

An increase in size was discussed among growing nodules, and no significant discrepancy was found between benign and malignant growing nodules (Table 2). Nevertheless, in the case of malignant nodules, MD growth, AD growth, AD growth in ratio, as well as VDT were clarified significantly different between growing nodules of low-grade malignancy and that of high-grade malignancy (Supplementary Table 1).



Prediction of Nodule Malignancy in Growing Nodules

Among 300 growing nodules, baseline CT value, baseline CTR, preoperative CTR, and CT value increase, as well as age, height, and weight of patients were significant relative factors of nodule malignancy in univariate logistic regression analysis (Table 3). Baseline CT value, CT value increase, and age remained independent predictors in multivariate logistic regression analysis (Table 3). It revealed that CT value increase>10 HU after follow-up (n = 197, median = 549 days) (Table 4) was of significant value in predicting malignancy in growing nodules (AUC = 0.688, 95% CI: 0.565–0.810) (Figure 2).


Table 3. The univariate and multivariate analysis of predicting nodule malignancy in growing nodules.
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Table 4. The relationship between changes of lung nodules observed on CT and their pathological classification.
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FIGURE 2. ROC curves of CT value increase and other predictors for malignant lesions in growing nodules. The predictive effect of significant covariates in growing nodules was presented in ROC curves, among which CT value increase showed a good performance predicting malignancy.




Prediction of Nodule Malignancy in Stable Nodules

As for 885 stable nodules, baseline and preoperative features were found significantly relative to malignant outcomes (Supplementary Table 2). However, CT value increase was found a lack of significance in prediction of nodule malignancy among stable nodules by either univariate or multivariate logistic regression analysis (Supplementary Table 2), inferring that it was quite the different case of predicting nodule malignancy in stable nodules or growing ones even if an increase in density was observed in both cases.



Discrimination of Malignant Grading in Growing Malignant Nodules

Among 278 growing malignant nodules, univariate logistic regression analysis revealed that nodule type, baseline MD, baseline VMD, baseline NT, baseline AD, baseline CT value, baseline CTR, preoperative MD, preoperative VMD, preoperative NT, preoperative AD, preoperative CT value, preoperative CTR, and MD growth, AD growth, AD growth in ratio, and VDT over follow-up, as well as gender and height of patients were significant relative factors of high-grade malignancy (Table 5). Whereas baseline MD, baseline CT value, preoperative CT value, MD growth, and AD growth remained independent predictors in multivariate logistic regression analysis, we could infer from it that changes of growing nodules, such as MD growth >3.3 mm (AUC = 0.750, 95% CI:0.692–0.809) after follow-up (n = 134, median = 549 days) (Table 4), as well as AD growth>3.1 mm (AUC = 0.747, 95% CI:0.689–0.804) after follow-up (n = 119, median = 625 days) (Table 4) were significant in predicting high-grade malignancy (Figure 3).


Table 5. The univariate and multivariate analyses of discriminating malignant grading in growing malignant nodules.
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FIGURE 3. ROC curves of MD growth and AD growth and other predictors for high-grade malignancy in growing nodules. The predictive effect of significant covariates in growing malignant nodules was presented in ROC curves, among which either MD growth or AD growth showed a good performance in discriminating high-grade malignancy.




Discrimination of Malignant Grading in Stable Malignant Nodules

Regarding to 781 stable malignant nodules, baseline MD, baseline VMD, baseline NT, baseline AD, baseline CT value, baseline CTR, preoperative CT value, preoperative CTR, and CT value increase from baseline level, as well as age, gender, height, and weight of patients were significant relative factors in predicting high-grade malignancy in univariate logistic analysis (Table 6). baseline MD, baseline AD, baseline CT value, preoperative CTR, and CT value increase, as well as age of patients remained independent predictors in multivariate logistic regression analysis (Table 6), we could infer from it that CT value increase>70 HU, was a significant change of stable nodules after follow-up (n = 60, median = 366 days) (Table 4) in predicting high-grade malignancy (AUC = 0.559, 95% CI:0.512–0.607) (Figure 4) among stable nodules.


Table 6. The univariate and multivariate analysis of discriminating malignant grading in stable malignant nodules.
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FIGURE 4. ROC curves of CT value increase and other predictors for high-grade malignancy in stable nodules. The predictive effect of significant covariates in stable malignant nodules was presented in ROC curves, among which CT value increase also showed a good performance discriminating high-grade malignancy.





DISCUSSION

In this study, we collected the details of follow-up CT data among lung nodules that did not shrink or disappear after follow-up over 3 months. We summarized significant changes of lung nodules by follow-up on CT which could predict their pathological outcomes and found that the predictive power of increase in density or size varied in different situations, whereas all referred to a long-time preoperative follow-up.

Nowadays, nodule size and growth rate remain the most widely used predictors to assess the probability of nodule malignancy, followed by nodule management according to the international guidelines (4, 7, 8, 19). Moreover, recent guidelines (4, 8) introduce nodule volume and VDT as the indicators of lung cancer. Several types of research have explored the predictive factors among CT quantitative parameters, radiomics features, and CT texture features to identify the invasiveness of lung nodules (11, 12, 20–23). However, it remained unclear what actual role would changes of lung nodules play in the prediction of nodules' pathological outcomes and whether they would always be significant in different situations, which was discussed in this article.

A plenty of previous researches (10, 13, 24, 25) have clarified that there are different growth patterns in lung cancer, among which some are stable whereas the others grow at fairly steady increments or demonstrated periods of accelerated growth. We presumed it a different case to talk about an increase in size and growth, and there might be other factors apart from growth that would show significant relevance with nodule malignancy and furthermore malignant grading. It needed further discussion with the ignorance of the confounding effect caused by nodule growth. Therefore, in our study, stepwise analyses were performed in different groups that grow nodules and stable ones, discussing prediction of nodule malignancy and furthermore malignant grading.

In this study, enrolled lung nodules were collected according to the inclusion and exclusion criteria, and we found that lung adenocarcinoma accounted for the majority of enrolled nodules compared with other lung diseases. Among them, invasive adenocarcinoma was sorted into high-grade malignant disease, whereas minimally invasive adenocarcinoma and adenocarcinoma in situ were classified as low-grade malignant diseases.

We noticed that CT value increase was a significant covariate associated with nodule malignancy in growing nodules, whereas we found that it failed to predict nodule malignancy in stable nodules. Nevertheless, it was still useful for predicting high-grade malignancy in stable malignant nodules. It was an interesting point of view that CT value increase, which might represent the increase of solid portion of nodules after follow-up, played different roles in the prediction of nodule pathological outcomes in different cases.

As for the increase in size, we found that MD growth and AD growth were of significant value in predicting high-grade malignancy after follow-up, whereas they seemed to fail in predicting nodule malignancy in growing nodules. Several studies had proved that lung nodules of high-grade malignancy, such as invasive adenocarcinoma, squamous cell carcinoma, and small cell carcinoma, tended to be an exponential increase in size (26, 27). These findings were in line with our study.

Regarding to lung nodules that were stable in size over 90 days in our study, there was no significant change of nodules on CT after follow-up predicting lung cancer, whereas we still found that baseline AD>7.2 mm, baseline CT value < -478 HU, and baseline CTR (consolidation-to-tumor ratio) <0.78, and preoperative CT value < -305 HU were significant predictors for lung cancer. Cruickshank et al. (28) concluded that the majority of solitary pulmonary nodules are benign with a small proportion representing early potentially curable lung cancer. Cohen et al. (29) indicated that part-solid nodules that persisted on a CT scan after 3 months had a high risk of malignancy compared to solid nodules. These might explain that nodules with lower CT value or lower CTR are more possible to be lung cancer. Moreover, larger AD was strongly associated with lung cancer, which was in line with the international management (4, 7, 8, 19) and the statement of Wang et al. (30). Moreover, discrepancy found in predicting nodule malignancy between stable and growing nodules inferred that it was a different situation for discussing the meaningful changes of stable nodules and growing nodules.

Nodules that shrunk after follow-up were excluded from discussion in our study, because they tended to be infections or other benign lesions. There was a large part of stable nodules in our study, which were mainly the early stage of lung adenocarcinoma. Therefore, their slow change was expected. Stable nodules might be resected in our hospital because of an increase in density, bad outcomes of other preoperative examination (such as serum tumor markers testing, PET/CT screening), or patients' will. In our study, we found that it was not a good idea to resect stable nodules decisively by the proof of increase in density, which was lack of significance in such prediction.

Nevertheless, our study possessed some limitations. First, our research was a retrospective study, as such, with a possibility of selection bias. Second, the distribution of cases in our study was not balanced, and there were relatively less cases in benign lesions. Third, our study did not investigate the prognosis of enrolled cases; thus, further study is needed. In this study, we aimed to discuss the relationship between changes of lung nodules that happened on follow-up CT scans and their pathological outcomes. Enrolled nodules were all scanned on CT at least two times and were finally resected and examined for pathological diagnosis. Lung nodules scanned on CT only once or those which were not resected after follow-up were excluded due to their insufficient data for discussion. Therefore, relatively less cases diagnosed as benign lesions were possible.

In conclusion, significant changes of lung nodules by follow-up on CT, related to their pathological outcomes, were found in our study. An increase in density and increase in size were proved to be significant covariates associated with nodule pathological outcomes. The practical value of increase in density or size varied in different situations, whereas all referred to a long period of preoperative follow-up.
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